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Abstract
Background. The operative reconstruction of a torn or insufficient anterior cruciate ligament has become 
a routine surgical procedure in orthopedics. The long-term success of an anterior cruciate ligament recon-
struction depends on the ability of the graft to heal adequately in a bone tunnel. Investigators studying 
reconstructions described healing within a tunnel as osseous ingrowth and incorporation. In particular, 
helping the healing using autologous material for the best integration process was a new idea that helped 
us to set up this study.

Objectives. The purpose of this study is to show the effect of platelet-rich plasma on bone-tendon healing.

Material and methods. Ten New Zealand rabbits were used. The study had 2 groups: (1) a study group 
including the right extremities of rabbits in which tendon-bone integration was strengthened by platelet-
rich plasma and (2) a control group including the left extremities of rabbits in which tendon-bone integra-
tion was without platelet-rich plasma. On the 56th day postoperatively, the portion of the distal femur 
containing the tunnel was amputated following the euthanization process for histological evaluation.

Results. In the histological evaluation of the tendon-integrated bone segments with platelet-rich plasma, 
the integration of tendon in the bone was successful without any necrosis formation in most of the tissues. 
However, in the control group without platelet-rich plasma, the integration was distorted in many zones 
and some cystic morphologies were present.

Conclusions. The findings of this study showed that using platelet-rich plasma during tendon-to-bone 
implantation has positive effects histologically. In the literature, many studies are available that have in-
vestigated the effect of platelet-rich plasma on anterior cruciate surgery radiologically. However, the histo-
logical findings are more reliable than radiological findings because bone-tendon integration is a biological 
process.

Key words: platelet-rich plasma, anterior cruciate ligament, tendon, integration, revision surgery
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Lesions of the anterior cruciate ligament (ACL) repre-
sent one of the most common traumas in sporting prac-
tice and have shown a tendency to increase in the last few 
years.1 Operative reconstruction of a torn or insufficient 
ACL has become a routine surgical procedure in ortho-
pedics.2 The most commonly used grafts for this proce-
dure are autologous bone-patellar tendon-bone, ham-
string, and quadriceps tendons. Biomechanical testing 
has shown that the initial strength of the graft materials is 
higher than that of the intact ACL.3 Hence, the most frag-
ile linkage between the 2 tissues is the femoral and tibial 
fixation points rather than the graft itself.4 This finding 
has led to the commercial development of certain fixation 
materials. These materials are functional only before tis-
sue healing occurs. Ultimately, the long-term success of 
an ACL reconstruction depends on the ability of the graft 
to heal adequately in a bone tunnel.

Researchers studying reconstructions have described 
healing within a tunnel as osseous ingrowth and incorpo-
ration in the surrounding tissue and then toward the ten-
don tissue.5 Healing using autologous material for the best 
integration process was the idea that initiated this study.6

In 1990, Gibble and Ness introduced fibrin glue, alter-
natively referred to as fibrin sealant or fibrin gel, a bioma-
terial that was developed in response to the necessity for 
improved hemostatic agents with adhesive properties.7

Platelet-rich plasma (PRP) gel is an autologous modifi-
cation of fibrin glue that has been described and used in 
various applications with apparent clinical success.8 PRP 
obtained from autologous blood is used to deliver growth 
factors in high concentrations to the site of the bone de-
fect or a region requiring augmentation.9

Late union of the graft and tunnel expansion due to re-
peated movement is a significant problem associated with 
primary and revision ACL surgery. It is believed that the PRP 
improves the integration between the bone and the graft.

Material and methods
A  total of 10 New Zealand rabbits, weighing 3000– 

–3500 g, were used. The study was comprised of 2 groups: 
A study group including the right extremities of the rab-
bits (10 right knees) in which bone-tendon integration 
was strengthened using PRP; and a control group includ-
ing the left extremities of the rabbits (10 left knees) in 
which bone-tendon integration was performed without 
PRP. The Research Ethics Commission gave consent for 
the use of laboratory animals for the experiments (Mar-
mara University, 24.03.2008–13.03.2008).

PRP preparation

The PRP was prepared using RegenKit THT Autologous 
Platelet-Rich Plasma (A-PRP) (RegenKit® THT, Stryker, 
Kalamazoo, USA), which is a PRP preparation with high 

platelet recovery and viability, physiological levels of leu-
kocytes, and the entire plasma component of blood rich 
in growth factors.

All animals were anesthetized using 100  mg/kg intra-
peritoneal ketamine hydrochloride plus 3–5 mg/kg chlor-
promazine. Eight milliliters of blood was collected from 
the marginal ear vein of the rabbits under strict aseptic 
conditions. The blood samples were transferred to a Re-
gen THT tube that had thixotropic gel to separate the red 
blood cells from the whole blood. The samples were then 
centrifuged for 8 min at 3400 rpm, and PRP was extracted 
using the syringe.

Surgical procedure

After the blood samples were taken, a preoperative dose 
of intramuscular cefazolin sodium (0.1 mg/kg) was given 
for prophylaxis against infection. After the posterior side 
of the right ankle of the rabbits was shaved and before 
sterile covering, povidone iodine was used for prepping. 
Cutaneous and subcutaneous incisions were made over 
the Achilles tendon; 3 cm of the tendon was cut off from 
the insertion to the calcaneus and proximal musculoten-
dinous part. The 2 ends of the graft were sutured with 2/0 
vicryl using the Krackow technique, and the thicknesses 
of the tendons were measured.

The  prepared tendons were covered in a  wet gauge. 
Later the distal parts of both femurs were shaved and 
covered with sterile drapes. An approximately 2-cm inci-
sion was made anterior to the distal aspect of the right 
femur. After advancing through the skin and subcutane-
ous layers, the quadriceps was deviated laterally to reach 
the bone. After incising the periosteum, it was detached 
to the posterolateral aspect of the femur. Using a K-wire, 
a 1-cm deep tunnel was drilled with an appropriate-thick-
ness (as the graft thickness) cannulated drill (Fig. 1). After 
the tunnel preparation, the tunnel was filled with PRP so 
that the graft was totally covered with PRP as it advanced 
into the tunnel. The graft was sutured to the posterome-
dial periosteum at the point where it exited the tunnel. 
The PRP was again applied inside the tunnel (Fig. 2). Later 
all the layers, skin, and subcutaneous tissue were closed 
in the appropriate order and a dressing was applied to the 
wounds. In the control group (left femurs), except for the 
PRP application, all other procedures were performed in 
the same manner.

Postoperative care

In  the postoperative period, intramuscular cefazolin 
sodium 0.1 mg/kg was administered for 5 days for anti-
biotic prophylaxis. Every 3 days, the dressing was applied 
on both the incision areas. After 10 days, the sutures were 
removed. On the 56th day postoperatively, the portion of 
the distal femur containing the tunnel was amputated for 
histological evaluation.
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Preparation for microscopy

For light microscopy, the tissue samples were fixed in 
10% buffered formalin for 48 h, dehydrated in ascending 
alcohol series, and embedded in paraffin wax. Approxi-
mately 7-µm-thick sections were stained with Masson’s 
trichrome stain to demonstrate the general morphology.

Results
The  histological evaluation revealed that the tendon-

bone integration was successful in most of the tissues 
without any necrosis (Figs. 3Ra, Rb). Inflammatory cellu-

larity in the integration zones was less in the study group 
compared to the control group. However, in the control 
group (Figs.  4La,  Lb), the integration was distorted in 
many zones and some cystic morphologies were present 
(Table 1).

Discussion
Autologous bone-patellar tendon-bone graft offers the 

strongest healing potential because it relies mainly on 
bone-to-bone integration between the graft bone plug 
and the tunnel wall.10 However, it has some donor-site 
morbidity, which has led surgeons to search for alterna-
tive graft sources. Hamstring grafts are the most used 
alternative. These grafts have less donor-site morbidity, 
but the initial bone-tendon attachment is weaker than 
the bone-bone attachment, which limits rehabilitation 
and delays return to activity.10 Hamstring grafts also have 
a  slower rate of healing.11,12 Hence, there was a need to 
look for ways to improve the bone-tendon healing, which 
was thought to be multifactorial, involving biomechanical 
and biological factors.13 New fixation materials have been 
developed recently for more stable biomechanical bone-
tendon fixation.14 However, these materials are functional 
only before tissue healing occurs.

The  long-term success of an ACL reconstruction de-
pends on adequate graft healing into a bone tunnel.15 For 
this reason, researchers have focused more on increasing 
integration using growth factors. Strategies to improve 
tendon-bone tunnel healing have focused on providing ap-
propriate molecular signals and cell differentiation result-
ing in an effective healing response between tendon and 
bone.16 Some studies have been demonstrated to improve 
bone ingrowth into a tendon graft placed in a bone tunnel 
with the use of osteoinductive cytokines.16–19 Hyperbaric 
oxygen, low intensity pulsed ultrasound and extracorpore-
al shock waves could induce marked increases in vascular-
ity, which improve new bone formation.16,20,21 Osteocon-
ductive materials may also play a role in improving tendon 
healing in a bone tunnel via enriched bone ingrowth.16,18,20 
Chen CH et al. evaluated the effect of a periosteum-envel-
oping tendon graft on tendon-bone healing in 2 different 
experimental models in rabbits and they concluded that 

Fig. 1. Diagram showing the direction of the femoral tunnel

Fig. 2. PRP injected into the tunnel after the tendon was fixed

Table 1. Histologic scorin g (semi-quantitative histologic analysis)

Histological findings with 
Masson's Trichrome stain

Study group
(10 right knees)

Control group
(10 left knees)

Cellularity + + + +

Morphologic disorganization 
in integration

– + + +

Edema – + + +

Tendon layout – + + +

Each parameter displays: (–) none, (+) mild, (+ +) moderate, or (+ + +) 
severe. Masson’s Trichrome stain. ×100 and ×200 (insets).
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a superior healing process and stronger healing strength 
could be achieved when the periosteum was sutured on 
the tendon graft inserted into a bone tunnel.22,23 Chen CH 
et al. also evaluated the periosteal progenitor cells (PPC)-
BMP-2 hydrogel for tendon-bone healing in 2 different ex-
perimental models and they concluded that PPC-BMP-2 
is a powerful inducer of tendon-bone healing through the 
neoformation of fibrocartilage.24,25

PRP is rich in growth factors and proteins, such as 
 fibrinogen.26–28 The growth factors play an important role 
in the regulation of growth and development of a variety 
of tissues.29 They accelerate the wound healing processes 
by increasing cellular proliferation, matrix formation, 
oste oid production, connective tissue healing, angio-
genesis, and collagen synthesis.30 PRP contains platelet-
derived growth factor (PDGF), transforming growth fac-
tor beta 1 (TGF-β1), platelet-derived epidermal growth 
factor (PDEGF), platelet-derived angiogenesis factor 

(PDAF), insulin-like growth factor 1 (IGF-1), platelet fac-
tor 4 (PF-4), vascular endothelial growth factor (VEGF), 
fibroblast-derived growth factor (FGF), epidermal growth 
factor (EGF), and bioadhesive proteins such as fibrinogen, 
fibronectin, and vitronectin.31,32

There is no consensus regarding the use of growth factors 
in ACL surgery.1,33,34 The  structure of the ACL becomes 
tendon-like 9–12 months after surgery. Ventura et al. ob-
served that the transformation from autologous quadru-
pled hamstring tendon graft (QHTG) to new ACL was fast-
er in the PRP-treated group than in the controls. Hence, it 
was assumed that the growth factors, which were obtained 
using the Biomet-Merck Gravitational Platelet Separation 
(GPS) technique and applied to the femoral and tibial tun-
nels during the surgery, could accelerate the integration 
of the new ACL in the femoral and tibial tunnels. Com-
puted tomography (CT) data confirmed this hypothesis.1 
In a study by Vogrin et al., PRP was applied to the femoral 

Fig. 3Ra. Integration zones of the tendon in bone (double-
headed arrow); tendon integration points with connective 
tissue in periphery the (arrowheads); (*) indicates the tendon; 
Ra – right knee (study group) Fig. a

Fig. 3Rb. Integration of the tendon in bone tissue without any 
edema (double-headed arrows); the nidus of tendon integration 
(arrows); Rb – right knee (study group) Fig. b
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and tibial tunnels as well as on the graft itself after autograft 
reposition.35 Contrast-enhanced magnetic resonance im-
aging (MRI) studies were performed 4–6 and 10–12 weeks 
after the surgery. After 4–6 weeks, the PRP-treated group 
demonstrated a significantly higher level of vascularization 
in the osteoligamentous interface compared to the control 
group. It was concluded that locally applied PRP enhanced 
early revascularization of the graft in the osteoligamentous 
interface zone after ACL reconstruction. In  a  2010 study 
by Silva et al., the patients were sequentially enrolled into 
4 groups: Group A without PRP; group B with PRP in the 
femoral tunnels at the end of the surgery; group C with PRP 
in the femoral tunnels at the end of the surgery and intra-
articularly 2  and 4  weeks after the surgery; and group  D 
with PRP activated with thrombin in the femoral tunnels.13 
All patients underwent MRI of the knee 3 months after the 
surgery to evaluate the signal intensity of the fibrous inter-
zone in the femoral tunnels. However, no difference was 

found among the groups when comparing the signal inten-
sity of the fibrous interzone on MRI.

The results of the aforementioned studies were consis-
tent with the radiological findings. However, histological 
findings are more reliable than CT and Magnetic Reso-
nance Imaging (MRI) findings because bone-tendon inte-
gration is a biological phenomenon. The molecular find-
ings are difficult to demonstrate with CT or MRI. In the 
present study, PRP was applied to the femoral tunnel after 
Achilles tendon graft reposition. After 8 weeks, bone-ten-
don integration was studied histologically. The bone-ten-
don integration in most of the tissues was successful with-
out any necrosis in the study group. Also, inflammatory 
cellularity was less in the study group compared to the 
control group. However, the integration was distorted in 
many zones and some cystic morphologies were present 
in the control group. These findings indicate improved 
bone-tendon integration using PRP.

Fig. 4Lb. Edema is present in the integration zone (double-
headed arrow) with prominent cellularity; (*) indicates cystic 
morphology in the tendon containing bone tissue (arrow); 
Lb – left knee (control group) Fig. b

Fig. 4La. The edemateous interval between the bone and the 
tendon (double-headed arrows) where the integration is not 
proper; La – left knee (control group) Fig. a
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Browning et al. found that PRP contains a mixture of an-
abolic and catabolic mediators. Synoviocytes treated with 
platelet-rich plasma responded with secretion of matrix 
metalloproteinases, which might increase cartilage catab-
olism.36 However, similar results were found in the study 
by Demirag et al. using alpha-2-macroglobulin.11 Bilateral 
ACL reconstruction was performed with the use of the ip-
silateral semitendinosus tendon in rabbits. Alpha-2-mac-
roglobulin was injected into the knee joint in one limb, 
and the contralateral limb served as a control. Their re-
sults demonstrated that alpha-2-macroglobulin blockade 
of matrix metalloproteinases can enhance bone-tendon 
healing. Consequently, PRP and alpha-2-macroglobulin 
injection during the same procedure may increase the ef-
fect of PRP on bone-tendon integration.

Another issue regarding the growth factors in PRP is 
the varying effects of different growth factors of the same 
pool. Platelet sequestration results in a  platelet concen-
trate that, upon activation, releases a cascade of growth 
factors contained in the alpha granules. The growth fac-
tors released from the platelets signal the local mesen-
chymal cells and epithelial cells to migrate, divide, and 
increase collagen and matrix formation. Each growth fac-
tors can be studied to distinguish their effects on bone-
tendon integration by means of their biomechanical and 
histological properties. Some growth factors may have 
a negative influence on bone-tendon integration accord-
ing to the study results, so extracting these growth factors 
may improve bone-tendon integration.

A limitation of this study was that it lacked biomechani-
cal tests, extra-articular fixation, and tendon fixation 
techniques. Bone-tendon integration was also affected by 
intra-articular materials during healing, however this was 
fixed extra-articularly. The graft was sutured to the peri-
osteum. It is not a strong fixation technique compared to 
other fixation techniques that are used in ACL surgeries. 
This might have affected the results of the present study 
results negatively.

PRP was used as a source of growth factors in this study 
and tendon graft integration was evaluated histologically. 
The bone-tendon integration was successful without any 
necrosis in the study group. The histological findings will 
be more reliable with radiological findings. However, the 
biomechanical properties of this integration still need to 
be explored.
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Abstract
Background. Mesenchymal stem cells (MSC) are considered promising in tissue repair and regeneration 
medicine due to their proliferation and differentiation ability. Many properties of MSC are affected by cy-
tokines, and IFN-γ has been shown to regulate MSC in many aspects. Senescence affects the proliferation, 
differentiation and cytokine secretion of MSC.

Objectives. To investigate the effects of IFN-γ on the senescence-associated properties of MSC.

Material and methods. The MSC used in our study were isolated from the bone marrow (BM) of mice. 
Cell vitalities were measured by CCK8. The phenotypes and ROS of mBM-MSC were analyzed by flow cy-
tometry. Cellular senescence was detected using SA-β-gal stains. IL-6 and CXCL1 secretions were measured 
by ELISA.

Results. mBM-MSC can differentiated into osteocytes and adipocytes. They expressed CD29, CD106, and 
Sca-1, and did not express CD31, CD45 or FLK1. Our study showed that the cell vitalities of mBM-MSC were 
significantly reduced after IFN-γ treatment for 5 days, and the cell numbers were obviously lower after 
IFN-γ treatment for 5, 10 or 15 days. The IFN-γ group increased SA-β-gal-positive cells and reactive oxygen 
species (ROS) significantly after 15 days of IFN-γ treatment. Moreover, IL-6 and CXCL1 secretions were up-
regulated by IFN-γ.

Conclusions. Our study shows IFN-γ can induce senescence-like characteristics in mBM-MSC, suggesting 
a novel target for anti-aging therapy.

Key words: IFN-γ, senescence, mesenchymal stem cells
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Mesenchymal stem cells (MSC) have been isolated 
from many kinds of tissues, and MSC derived from bone 
marrow have been studied the most. MSC proliferate in 
culture flasks quickly in vitro and differentiate into cells of 
the mesoderm, such as osteoblasts, adipocytes, chondro-
cytes, tendon and muscle cells under certain conditions.1 
Further research has also shown that MSC can differenti-
ate into cells of the ectoderm and endoderm.2 Thus, MSC 
is supposed to be promising in tissue repair and regenera-
tion medicine.

MSC undergoes genomic mutation after long term in 
vitro culture, and becomes senescent.3 The  senescence 
of MSC in vitro has been shown to be a continuous pro-
cess, and senescence progress starts in the early passages.4 
 Additionally, MSC can be induced to premature senes-
cence. Oxidative stress was one of the major inducers of 
premature senescence of MSC.5 Like other cells, the pro-
liferations of MSC were reduced by cellular senescence, 
and senescent MSC were stained by SA-β-gal.6 The oste-
ogenic and adipogenic differentiation potential of MSC 
were reduced by cellular senescence.7 Moreover, the cy-
tokine secretion of MSC was affected.8 Thus, senescence 
affects many characteristics of MSC, and influences their 
in vivo function.

MSC are able to regulate the immune response and 
change the cytokine secretion of immune cells.9 IFN-γ is 
one of the major cytokines for Th1 response, which is crit-
ical for cellular immunity. MSC can suppress IFN-γ pro-
duction of CD4+, CD8+ and NK cells, and IFN-γ changes 
many properties of MSC.9 IFN-γ induces MSC-expressed 
IDO1, which inhibits the proliferation of immune cells, 
and MSC itself.10,11 IFN-γ also inhibits the osteogenic and 
adipogenic differentiation potential of human and mouse 
MSC.11 CD106 and CD54 expressions on MSC could be 
up-regulated by IFN-γ, and they are important for the 
hematopoietic support and immune modulation abili-
ties of MSC.12 Moreover, IFN-γ is also an inducer of the 
chemokine secretion of MSC.13 IFN-γ has been shown to 
induce senescence of many kinds of cells, including can-
cer cells, melanocytes and endothelial cells.14–16 IFN-γ re-
duces proliferation of these cells while inducing ROS and 
DNA damage signaling. However, research on the effects 
of IFN-γ on stem cell senescence is limited.

In our study, we studied the effect of IFN-γ on mBM-
MSC senescence-associated properties. We  discovered 
that IFN-γ could suppress the proliferations of mBM-MSC 
and induce senescence-like characteristics of mBM-MSC. 
Additionally, IFN-γ regulated the senescence-associated 
cytokine IL-6 and CXCL1 production of mBM-MSC.

Material and methods

Generation of mouse bone marrow 
mesenchymal stem cells

Bone marrow cells were collected from 6–10 week old 
C57BL/6 mice by flushing femurs and tibias with 2  mL 
needles. The cells were seeded in a  flask at a density of 
106/cm2. The  basic culture medium for the isolation 
of MSC was the MesenCult™ Proliferation Kit (Stem-
cell Technologies, Vancouver, Canada) or Dulbecco’s 
modified Eagle’s medium containing 10% FBS. Three days 
later, non-adherent cells were removed from the culture. 
The cells were cultured at 37°C in an atmosphere main-
taining 5% CO2 and passed at 80% confluence. Cells of 
passage 7 to passage 12 were used. The experimental pro-
cedures used in this study had been approved by the eth-
ics committee within Zhejiang Hospital.

Flow cytometric analysis

The  phenotypes of mBM-MSC were analyzed using 
the following antibodies: PE-Cy7-conjugated-CD31; PE-
conjugated-CD29, CD45, CD106; APC-conjugated-FLK1 
and Sca-1. Non-specific isotype-matched antibodies ser-
ved as controls. All of the antibodies were purchased from 
eBioscience (San Diego, USA). Cells were analyzed using 
flow cytometry in a  Beckman Coulter FC 500, and the 
data was analyzed using the FlowJo software (FlowJo LLC, 
Ashland, USA).

Osteogenic and adipogenic differentiation

mBM-MSC were plated in 24-well plates at a  density 
of 3000 cells/cm2. The  medium was changed with spe-
cific induction medium 24  h  later. For osteogenic and 
adipogenic differentiation induction, kits were purchased 
from Cyagen Biosciences Inc. (Santa Clara, USA). After 
3 weeks of induction, the cells were stained using Alizarin 
red S or oil red O solution.

Proliferation assay

For the cell vitality assay, mBM-MSC were seeded 103 
per well in 0.1  mL of DMEM with 10% FBS in 6-well 
plates. In  the IFN-γ stimulated group, IFN-γ (1  ng/mL 
or 10 ng/mL) was added. The cells were analyzed using 
a  Cell Counting Kit-8 (Beyotime Biotechnology, Shang-
hai, China). For cumulative population doublings (CPD) 
assay, mBM-MSC were seeded 5 × 104 per well in 2 mL of 
DMEM with 10% FBS in 6-well plates, and the medium 
changed after adherence to the flask. In the IFN-γ stimu-
lated group, IFN-γ (10 ng/mL) was added. Cells were de-
tached in the 5th, 10th and 15th days. The cells were count-
ed and CPD were calculated.
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Senescence-associated beta-galactosidase 
(SA-β-gal) staining

mBM-MSC stimulated by IFN-γ (10 ng/mL) for 15 days 
were studied. The control group was mBM-MSC cultured 
without IFN-γ for 15  days. The  culture mediums were 
discarded, and cells were washed with phosphate buffered 
saline. SA-β-gal staining was performed using a SA-β-gal 
staining kit (Genmed Scientifics Inc., Plymouth, USA) fol-
lowing the supplier’s instructions. The percentages of SA-
β-gal positive cells out of the total number of cells were 
counted.

Reactive oxygen species detection

mBM-MSC stimulated by IFN-γ (10 ng/mL) for 15 days 
were studied. Culture mediums were discarded, and 
the cells were washed with phosphate-buffered saline. 
The cells were incubated with 10 μM H2DCFDA (Sigma-
Aldrich, St. Louis, USA) for 30  min and ROS were de-
tected by flow cytometry.

ELISA

mBM-MSC stimulated by IFN-γ (10 ng/mL) for 15 days 
were isolated and seeded 3  ×  104 per well in 0.5  mL of 
DMEM with 10% FBS in 24-well plates. The IFN-γ group 

was treated with 10 ng/mL. Cell-free supernatants were 
collected 24  h  later and kept in a  refrigerator at –80°C. 
IL-6 and CXCL1 ELISA kits were purchased from eBio-
science (San Diego, USA), which were used following the 
supplier’s instructions.

Statistical analysis

The data was analyzed for statistical significance using 
GraphPad Prism software (San Diego, USA). The  data 
was presented as mean ± SEM. Student’s unpaired t-test 
and ANOVA with Bonferroni post-hoc test were used to 
determine significance. P < 0.05 was considered to be sta-
tistically significant.

Results

Isolation of mouse bone marrow 
mesenchymal stem cells

After seeding, the bone marrow cells adhered to the 
flask, and proliferated quickly in the culture. Unlike in 
humans, several kinds of cells with different appearances 
could proliferate in the first few passages. Flow cytom-
etry analysis showed that there were large amounts of 
CD45+ cells.The  percentage of CD45+ cells became very 

Fig. 1. Isolation of mBM-MSC. Cells 
of passage 7 to passage 12 were 
used. mBM-MSC were tested from 
3 C57BL/6 mice and shown. Images 
for morphology and differentiation 
of mBM-MSC were taken by 
LEICA DMIL LED microscope

Fig. 1a. Morphology of mBM-MSC

Fig. 1b. Adipogenic differentiation 
potential of mBM-MSC. Cells were 
stained using oil red O

Fig. 1c. Osteogenic differentiation 
potential of mBM-MSC. Cells were 
stained using Alizarin red S

Fig. 1d. Phenotypes of mBM-
MSC. Cells were analyzed by flow 
cytometry in a Beckman Coulter FC 
500 cytometer, and the data was 
analyzed using the FlowJo software
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low after passage 6 and the cells become uniform (Fig. 1a). 
Thus, the cells of passage 7 to passage 12 were used for 
the experiments. We tested their differentiation abilities 
and phenotypes. They differentiated into osteocytes and 
adipocytes under certain differentiation-inducing condi-
tions (Figs. 1b, c). They expressed CD29, CD106, and Sca-
1, while not expressing CD31, CD45 and FLK1 (Fig. 1d).

IFN-γ inhibit proliferation of mBM-MSC

We tested the effects of IFN-γ on mBM-MSC prolifera-
tion. One ng/mL and 10 ng/mL IFN-γ were used to stim-
ulate mBM-MSC. After 120  h, CCK8 were used to test 
cell vitalities. The cell vitalities were significantly reduced 
by either concentration of IFN-γ (Fig. 2a, p < 0.001), and 
the OD in the 10  ng/mL IFN-γ group were lower than 
the OD in the 1 ng/mL IFN-γ group. Because of that, we 
used 10 ng/mL IFN-γ to treat mBM-MSC for 15 days and 
tested its effect on mBM-MSC proliferation. In the IFN-γ 
group, proliferation of mBM-MSC was reduced signifi-
cantly after 5, 10 or 15 days’ treatment (Fig. 2b, p < 0.05 
after 5 days, p < 0.001 after 10 and 15 days).

IFN-γ induce mBM-MSC SA-β-gal and ROS

As the proliferation potentials of mBM-MSC were re-
duced by IFN-γ, we supposed that IFN-γ might be an in-
ducer of mBM-MSC senescence. Therefore, we stained 
the SA-β-gal on the mBM-MSC. The percentages of SA-
β-gal positive cells in the IFN-γ group were almost 3 times 
that of the control group (Figs. 3a and b, p < 0.01). ROS 
were suggested to be important for premature senescence. 
As expected, ROS were up-regulated in mBM-MSC after 
15 days of IFN-γ treatment (Fig. 4).

IFN-γ up-regulated IL-6 and CXCL1 
production of mBM-MSC

We  tested the IL-6 and CXCL1 production after 
15  days of IFN-γ treatment. IL-6  secretions were sig-
nificantly up-regulated after 15  days of IFN-γ treat-
ment (Fig. 5a, 5.21 ± 0.27 pg/mL in the control group vs 
49.97 ± 2.86 pg/mL in the IFN-γ group, p < 0.001). Addi-
tionally, the CXCL1 secretions were up-regulated signifi-
cantly (Fig. 5b, 17.61 ± 1.00 pg/mL in the control group vs 
40.92 ± 2.64 pg/mL in the IFN-γ group, p < 0.01).

Fig. 2. IFN-γ inhibited proliferation of 
mBM-MSC

Fig. 2a. mBM-MSC were cultured with 
IFN-γ (1 ng/mL or 10 ng/mL) for 120 h, 
and cell vitalities were detected by 
CCK8. The data represents a single 
experiment, each performed in 
triplicate (*** p < 0.001)

Fig. 2b. mBM-MSC were cultured with 
IFN-γ (10 ng/mL) for 15 days. The cells 
were processed and counted. CPD 
were calculated. The data represents 
a single experiment, each performed 
in triplicate (*p < 0.05, *** p < 0.001)

Fig. 3. IFN-γ induced SA-β-gal of mBM-MSC. mBM-MSC were cultured with IFN-γ (10 ng/mL) for 15 days

Fig. 2a. Cells of none-confluent state were washed with PBS, fixed with 4% formaldehyde and stained in a staining solution containing 1 mg/mL 5-bromo-4-
chloro-3-indolyl-β-D-galactoside for 16 h. Images were taken by LEICA DMIL LED microscope

Fig. 2b. Percentages of SA-β-gal positive cells out of the total number of cells were counted. The data represents a single experiment, each performed in 
triplicate (**p < 0.01)
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Discussion
Mesenchymal stem cells are populations of stem cells 

possessing great proliferation potential, while senescence 
limits its proliferate and function. Many studies have 
been done on replicative senescence of MSC before our 
research, and our data shows that the Th1 cytokine IFN-γ 
accelerates senescence-like characteristics in mBM-MSC.

Consistent with other research, IFN-γ reduced the pro-
liferations of mBM-MSC in our study. A  long-term in 
vitro culture with IFN-γ induced SA-β-gal expression of 
MSC, suggesting the role of IFN-γ on the dysfunctions 
of many organs in aging. Studies have shown that MSC 
could regulate the immune response, especially inhibit-
ing the Th1 response.10,17,18 It has been suggested that the 
IFN-γ produced by T/B/NK cells could activate the im-
mune modulation effects of MSC, and MSC inhibits the 
proliferation and IFN-γ production of these cells.10,18 Our 
data suggests high concentrations of IFN-γ could be an 
inducer of MSC senescence, and inflammatory cytokines 
could cause damage to MSC. It has been suggested that 
IFN-γ is an inducer of reactive oxygen species in endo-
thelial cells, hepatocytes and melanocytes.15,16,19 In  our 
study, reactive oxygen species rose after 15 days of IFN-γ 
treatment. ROS are thought to be one of the major factors 
that cause cellular DNA damage, and subsequent senes-
cence.20 Thus, we suppose that IFN-γ induced ROS could 
be the cause of senescence of mBM-MSC.

Cellular senescence induces many cytokines, which was 
suggested to be the senescence-associated secretory phe-
notype (SASP).21 SASP is controlled by NF-κB, and could 
exacerbate cellular senescence.22 IL-6 and CXCL1 were 
important cytokines in the SASP of mice.23 The up-regu-
lation of IL-6 and CXCL1 by IFN-γ were consistent with 
the inducing senescence of MSC by IFN-γ. IL-6 is an im-
portant cytokine that regulates immune cells like B cells, 
Th17 cells and monocytes, so the effects of increasing IL-6 
production of MSC might affect the immune responses.24 
Additionally, CXCL1 is related to immune response and 
angiogenesis.25,26 Thus, 15 days of IFN-γ treatment might 
change the immune modulation and supportive effect of 
mBM-MSC. Other cytokines might also be influenced, 
and further studies are needed.

In summary, we have discovered that IFN-γ could in-
duce senescence-like characteristics of mBM-MSC, sug-
gesting a novel target for anti-aging therapy. Further stud-
ies will focus on the change of differentiation, immune 
modulation and supportive potential of MSC, and the 
mechanisms of IFN-γ induced MSC senescence.
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Abstract
Background. Endometriosis is one of the most common chronic gynecological diseases.

Objectives. The aim of the study was to examine the effects of curcumin and/or deferoxamine on cell 
proliferation in a rat model of endometriosis.

Material and methods. Thirty female 12-week-old albino Wistar rats, weighing 200–250 g, were used 
in this study. All the rats underwent ovariectomy and 0.1-mg β-estradiol 17-valerate pellets were placed 
intraperitoneally. An experimental model of endometriosis was created in all the animals. To create the 
experimental model, an approximately 1-cm long section of the uterus was taken, primarily from the right 
horn of the uterus. Autologous fragments were then placed between the peritoneum and muscle. The ani-
mals were divided into 3 groups: Group A, treated only with the vehicle used for curcumin and deferox-
amine; group B, treated with curcumin (100 mg/kg body weight); and group C, treated with deferoxamine 
+ curcumin (100 mg/kg body weight). After biopsy samples were obtained, the sections were stained with 
hematoxylin and eosin. Immunostaining for cytokeratin-7 and proliferating cell nuclear antigen (PCNA) 
was performed. Blood iron levels were measured using a Perkin Elmer AAnalyst 800 Atomic Absorption 
Spectrophotometer.

Results. The endometrial implant size increased in Group A, but treatment with curcumin (p = 0.01) and 
deferoxamine + curcumin (p = 0.007) reduced the implant size. In ectopic endometrial epithelial cells, 
there were significant decreases in PCNA immunoreactivity between groups A and B (p = 0.044) and be-
tween groups A and C (p = 0.033).

Conclusions. Treatment with curcumin alone and/or in combination with deferoxamine contributed to 
a reduction in implant size and cell proliferation in a rat endometriosis model. Iron-chelating agents may 
act in the same manner when used in women with endometriosis; however, further studies from different 
perspectives are still needed.
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Endometriosis is one of the most common chronic gy-
necological diseases; it causes infertility, pelvic pain, dys-
pareunia and dysmenorrhea. The pathogenesis of this dis-
order remains unknown.1 Histologic and cellular changes 
observed in eutopic and ectopic endometrial tissues from 
experimentally induced endometriosis are almost iden-
tical to those observed in women with endometriosis.2–4 
Iron levels are reportedly increased in women with en-
dometriosis and in research animals with experimentally 
induced endometriosis.5–7 Iron plays an important role 
in the progression of endometriosis because it affects cell 
pro liferation.6,7

Deferoxamine is an iron-chelating agent that is used 
to remove iron from the blood. Treatment with deferox-
amine or with curcumin has produced significant results 
for some patients with endometriosis, pancreatic cancer 
and β-thalassemia.6,8–10

Curcumin is the active agent of the turmeric plant (Cur-
cuma longa, turmeric, saffron root, turmeric). Turmeric 
is a perennial herbaceous plant with yellow flowers and 
large leaves that belongs to the ginger family and is widely 
grown in China and India.11,12 Curcumin has been used 
as a coloring agent in many foods, cosmetics and drugs, 
and is known to have antioxidant, anticarcinogenic, an-
tiatherogenic and anti-inflammatory actions in addition 
to its iron-chelating effects.11,12 Its anti-inflammatory ef-
fects (as an inhibitor of NF-ĸB) have attracted increasing 
attention in recent years. Curcumin forms Fe+3-curcumin 
complexes by binding Fe+3, which increases its known ef-
fects. Its chemical binding capacity is greater for Fe+3 than 
Fe+2, depending on the dose and time of application.10

The present study investigates the impact of curcumin, 
alone and in combination with deferoxamine, on cell pro-
liferation and/or implant growth in endometriotic tissues 
in in vivo experiments, with the aim of establishing the 
basis for a novel therapeutic strategy for the treatment of 
endometriosis.

Material and methods

The animals and surgical procedures

After the experimental procedures were approved by the 
local animal ethics committee, 30 female albino Wistar rats 
(12 weeks old, weighing 200–250 g) were obtained from the 
Experimental Animal Center of Trakya University. The ini-
tial body weights of the animals were measured. All the 
animals underwent ovariectomies (to eliminate estrogen 
from the ovaries) under ketamine- and xylazine-induced 
anesthesia (respectively: Alfamine, Alfasan Internation-
al BV, Woerdam, The  Netherlands; and Rompun, Bayer 
AG, Leverkusen, Germany). Next, 21-day release 0.1-mg 
β-estradiol 17-valerate pellets (E-203, Innovative Research 
of America, Sarasota, USA) were placed intraperitoneally. 
All the animals were examined at the same stage of the es-

trous cycle by waiting 5 days after this procedure. There-
after, an experimental model of endometriosis was created 
surgically using the method described by Rezende et  al.4 
Briefly, to create the experimental model, an approximately 
1-cm-long section of the uterus was removed, primarily 
from the right horn of the uterus 1 cm above the cervix, 
and the cylinder-shaped section of the uterus was flattened. 
The myometrium was split from the endometrium under 
a microscope, and the dimensions of the 4 endometrial im-
plants thus obtained were measured. Four implants were 
placed between the peritoneum and muscle. Ten days af-
ter this process, 2  test animals were checked, and it was 
confirmed that the endometriosis model had been created 
macroscopically and microscopically.

After the establishment of surgically induced endome-
triosis, the animals were grouped as follows:

Group A was administered injectable water via an intra-
peritoneal (i.p.) route for 3 days, and then dimethylsulfox-
ide (DMSO, Merck KGaA, Darmstadt, Germany) via an 
intragastric (i.g.) route for 20 days, starting on postopera-
tive day 10 of the endometriosis model.

Group B was administered 100 mg/kg curcumin (Sig-
ma-Aldrich Corporation, St. Louis, USA) per day via an 
i.g. route. The curcumin was dissolved in DMSO and ad-
ministered for 20 days, starting on postoperative day 10 of 
the endometriosis model.

Group C  was administered 100  mg/kg deferoxamine 
(Desferal 0.5 g vials, Novartis AG, Istanbul, Turkey) dis-
solved in injectable water at 6-hour intervals for 3  days 
via an i.p. route. Then 100 mg/kg curcumin per day was 
administered by an i.g. route for 20 days, starting on post-
operative day 10 of the endometriosis model.

A  total of 30 animals (n  =  10 each group) were used 
to develop the endometriosis model. Three animals in 
group A, 1 animal in group B and 3 animals in group C 
died at different stages of the experimental protocol. 
In addition, 2 animals in group B did not display any sign 
of ectopic endometriosis at the end of the curcumin treat-
ment. These animals were therefore excluded from the 
study and 7 animals were used from each group.

After administering the agents, the body weights of the 
animals were measured, biopsy materials were obtained 
under ketamine/xylazine anesthesia, and the sizes of the 
endometriotic-like implants were again measured.

Histological and immunohistochemical 
techniques

All eutopic and ectopic materials were fixed in 10% form-
aldehyde and embedded in paraffin. The  samples were 
then cut into 5 µm sections and stained with hematoxy-
lin and eosin (H & E) to microscopically confirm whether 
a model of endometriosis had been created. For immuno-
histochemical confirmation of the ectopic areas, a mono-
clonal mouse cytokeratin-7 antibody (5F282:sc-70936, 
Santa Cruz Biotechnology Inc., Dallas, USA) was used.
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For the immunohistochemical procedures, the slides 
were deparaffinized in toluene and rehydrated in a graded 
alcohol series. For antigen retrieval, the slides were boiled 
for 15 min in a 10-millimolar citrate buffer (pH 6). Subse-
quently, the sections were immersed in 3% hydrogen per-
oxide for 5 min. To block non-specific staining, the slides 
were incubated in a humidified chamber with 5% normal 
horse serum (Vector Laboratories Inc., Burlingame, USA) 
in Tris-buffered saline (TBS) for 30 min at room tempera-
ture. The excess serum was drained and the sections were 
incubated with a  monoclonal mouse PCNA  antibody 
(F-2, sc-25280, 1 : 300 dilution in TBS; Santa Cruz Bio-
technology Inc.) and a monoclonal mouse cytokeratin-7 
antibody (Santa Cruz Biotechnology Inc.) at room tem-
perature for 1 h. Biotinylated horse anti-mouse antibody 
(Vector Laboratories Inc.) was added at a 1 : 400 dilution 
to both primary antibodies for 30 min. The sections were 
then incubated with a streptavidin-biotin-peroxidase kit 
(Vector Laboratories Inc.), and the resultant immunore-
activity was visualized using 3,3-diaminobenzidine tetra-
hydrochloridedihydrate (DAB; Vector Laboratories Inc.). 
After the sections were slightly counterstained with he-
matoxylin, they were mounted with coverslips.

The intensity of proliferating cell nuclear antigen (PCNA) 
immunoreactivity was evaluated in a  semi-quantitative 
manner using the intensity categories and procedure sug-
gested by Seval et  al.: “0, no staining; 1+, weak but de-
tectable staining; 2+, moderate or distinct staining; and 
3+, intense staining. For each tissue, a histological score 
(HSCORE) value was derived by calculating the sum of the 
percentages of cells that stained in each intensity category 
and then multiplying that value by the weighted intensity 
of the staining using the formula HSCORE  =  ΣPi(i  + l), 
where i represents the intensity scores and Pi is the cor-
responding percentage of cells”.13 Five randomly selected 
areas on each slide were evaluated under a  light micro-
scope at ×200 magnification at different times by 2 inves-
tigators who were blind as to the tissue types and sources, 
and the percentage of cells at each intensity within these 
areas was determined. The mean value of the 2 investiga-
tors’ scores was the basis for the statistical calculations.

Atomicabsorption spectrometry (AAS) 
technique

Blood taken from the hearts of the animals was kept at 
–80°C, and the blood iron levels were measured using an 
atomic absorption spectrophotometer.

Iron (Fe) atomic absorption standard solution (1000 mg/L) 
was used (Inorganic Ventures, Christiansburg, USA). 
The Fe concentrations were determined using a Perkin El-
mer AAnalyst 800 Atomic Absorption Spectrophotometer 
(AAS, International Equipment Trading Ltd., Mundelein, 
USA) with a deuterium lamp and an air/acetylene burner.

The instrumental parameters of the iron element were 
as follows:

– the hollow cathode lamp was operated at 5 mA for Fe;
– working wavelength: 248.3 nm;
– slit width: 0.2 nm

One milliliter serum samples obtained from the blood 
samples stored at –80°C were immersed in water at room 
temperature until they began to appear homogeneous; 
a wet solubilization method was then applied. The min-
eral acids and oxidizing acids used in this method are ef-
fective substances for solubilizing both organic and inor-
ganic substances. Solubilization occurs because the acids 
remove the matrix from the samples. For this purpose, 
2 mL of an HClO4-HNO3 acid mixture (1 : 6) was added to 
the samples, and these samples were incubated in a sealed 
polyethylene container overnight. This process produced 
an exact solubilization of the iron content with the oxidant. 
The solubilized serum samples were filtered into polyeth-
ylene bottles using filter paper, and the filtrates were di-
luted to a volume of 10 mL using distilled water. A blank 
solution was obtained using the same procedure. The iron 
in the solubilized serum samples was determined using 
the atomic absorption spectrophotometer. A standard ad-
dition technique was used for the AAS determination due 
to potential interference present in the tested sample.

Statistical analysis

The  statistical analysis was carries out using SPSS 11 
software (SPSS Inc., Chicago, USA). The results were ex-
pressed as mean ± standard deviation (SD). In all cases, 
p < 0.05 was considered statistically significant. To eval-
uate statistically significant differences between the 
3 groups, the initial and final body weights were assessed 
using a paired t-test. An ANOVA test was used to com-
pare the endometriotic-like implants sizes, serum iron 
levels and PCNA immunoreactivity data in each group.

Results
Animal weights, measurement of iron 
in the blood and endometriotic-like 
implant size

The body weights of the animals were measured by the 
same person using the same scale. No significant differ-
ences were found between the initial and final weights in 
any of the 3 groups (Table 1).

The  blood iron level measurements were repeated 
3 times during the experiment. The blood iron levels in 
the 3 groups were not significantly different (p = 0.991; 
Table 2).

When the measurements of the endometriotic-like 
implants at the beginning of the experiment were com-
pared, no significant differences were observed between 
the 3 groups (p = 0.762; Table 1). At the end of the experi-
ment, however, the endometriotic-like implant sizes were 
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significantly reduced in groups b and  c – the curcumin 
and curcumin + deferoxamine groups – as compared with 
group a (Table 1).

Histopathological evaluation

In all 3 groups, the eutopic endometrium was observed 
to have a normal histological appearance (Fig. 1a). The ec-
topic endometrium was characterized by the coexistence 
of both glands and stromal structures and a remarkable 
surrounding fibrotic connective tissue. Areas within the 
ectopic endometrium were found to be particularly well 

vascularized. Glandular epithelia were observed to have 
an appearance similar to that of the eutopic epithelial 
glands (Fig. 1b).

Cytokeratin-7 antibodies in the eutopic and ectopic en-
dometrium exhibited immunoreactivity in the glandular 
epithelial cells (Figs. 1c, 1d).

Immunohistochemical evaluations

PCNA immunoreactivity was used to assess the prolif-
eration rate of epithelial cells in in the eutopic and ectopic 
endometria of the control animals, the curcumin-treated 

Table 1. Comparison of animal body weights and endometriotic-like implant sizes before and at the end of the experiment

Parameters Group a (n = 7) Group b (n = 7) Group c (n = 7)

Initial body weight (g) 211.85 ± 12.32  214.57 ± 6.67 193.42 ± 15.61

Final body weight (g) 211.28 ± 12.10 219.28 ± 6.1 201.28 ± 23.61

Endometriotic-like implant size before experiment (mm3) 10.98 ± 2.69   10.56 ± 1.75 11.37 ± 1.23

Endometriotic-like implant size at the end of the experiment (mm3) 32.89 ± 5.79    23.33 ± 5.41*  23.23 ± 2.95*

* compared with group a, p < 0.05. Values are presented as mean ± SD.

Table 2. Blood iron levels and proliferating cell nuclear antigen (PCNA) immunoreactivity results

Parameters Group a (n = 7) Group b (n = 7) Group c (n = 7)

Blood iron (mg/L)  3.23 ± 0.96  3.22 ± 0.48 3.18 ± 0.40 

PCNA immunoreactivity in eutopic endometrium 111.43 ± 32.50 100.00 ± 30.35 91.25 ± 28.63

PCNA immunoreactivity in ectopic endometrium 106.83 ± 23.41   69.00 ± 26.32*  67.00 ± 15.25*

* compared with group a, p < 0.05. Values are presented as mean ± SD.

Fig. 1. H & E and cytokeratin-7 
evaluation. Eutopic and ectopic 
(arrows) endometria stained 
with H & E are shown in a and b, 
respectively. Cytokeratin-7 
immunoreactivity in endometrial 
glandular cells in eutopic and 
ectopic (arrows) endometria is 
shown in c and d, respectively. 
Magnification x200
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animals and the curcumin-with-deferoxamine-treated 
animals. The values are shown in Table 2.

When the PCNA immunoreactivities in the eutopic en-
dometria of groups a, b and c were compared, no signifi-
cant differences were found among the groups (p = 0.454; 
Figs. 2a, 2c, 2e and Table 2).

In the ectopic endometrium, PCNA immunoreactivity 
was significantly lower in groups b and c compared with 
group a  (p = 0.044 and p = 0.033, respectively; Figs. 2b, 
2d and 2f; Table  2). A  comparison between the ectopic 
endometria in groups b and c revealed no significant dif-
ferences (p = 1.00; Figs. 2d–f).

Fig. 2. Proliferating cell nuclear antigen (PCNA) immunoreactivity in eutopic (left column; a, c and e) and ectopic (right column; b, d and f ) endometria. No 
statistically significant differences were found among the groups a, b or c in eutopic endometria based on PCNA immunoreactivity. However, in ectopic 
endometria (arrows), PCNA immunoreactivity was significantly higher in group a (b) than in group b (d) and c (f ). Magnification x200
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Discussion
Endometriosis is an increasingly important disease that 

affects women of reproductive age and can cause infertil-
ity. Interest in this disease continues to grow among in-
vestigators, as a cure has yet to be found.14,15

In  the present study, no differences were observed in 
the 3  groups’ pre- and post-experimental body weights 
(Table  1), which coincides with other researchers’ find-
ings.16 These results suggest that neither curcumin alone 
nor curcumin in combination with deferoxamine signifi-
cantly affects metabolic activity in rats.

Iron levels, which are known to be increased in endo-
metriosis, are considered a possible marker for endome-
triosis or experimental endometriosis.5–7,17,18 The present 
study measured blood iron levels to determine whether 
they would change with curcumin alone or in combina-
tion with deferoxamine in eutopic and/or ectopic endo-
metrial tissues. This study also investigated whether cell 
proliferation and the sizes of the endometrial implants or 
the development of experimental endometriosis would 
be affected in the groups that received curcumin alone or 
curcumin + deferoxamine.

In  the present study, atomic absorption spectropho-
tometry showed that the blood iron levels were not signif-
icantly different between the 2  treatment groups. These 
results suggest, at least in part, that neither curcumin nor 
its combination with deferoxamine affect serum iron lev-
els in a rat endometriosis model. However, Langendonckt 
et al. suggested that serum iron concentrations were high-
er than in peritoneal fluid using a colorimetric method in 
women with endometriosis.18

In a study by Zhang et al., a similar endometriosis mod-
el was created by inserting large endometrial implants. 
Subsequently, 3 different doses of curcumin (50, 100 and 
150 mg/kg) were administered to the animals. Those au-
thors reported that the endometriotic-like implant sizes 
were significantly decreased in each group.16 The results 
of the group administered 100 mg/kg of curcumin were 
the same as those observed in the curcumin group in 
the present study. Similarly, Hendarto et al. emphasized 
that curcumin had reduced the size of endometriotic-like 
implants in experimental endometriosis in mice.19 In all 
3  studies, including the current findings, curcumin’s re-
duction of the size of endometriotic-like implants is very 
promising, and warrants further studies aiming toward 
the development of a novel therapeutic strategy for treat-
ment of endometriosis.

Weiser et  al. suggested that curcumin decreases cell 
proliferation, suppresses the secretion of vascular endo-
thelial growth factor (VEGF) and causes apoptosis in eu-
topic endometrial cells in women with and without endo-
metriosis.20 Recent studies have revealed that curcumin 
nearly reversed the activity of matrix metalloprotein-
ases (MMP)-2, MMP-3 and MMP-9, and that increasing 
MMP-2, MMP-3 and MMP-9 levels in patients with en-

dometriosis exacerbated the disease.21–23 In addition, cur-
cumin, which is also an inhibitor of NF-ĸB can block all 
the potential effects of NF-ĸB by activating various path-
ways and increasing the secretion of different proteins in 
endometriosis.24–27

Defrère et  al. found that the proliferative activity of 
epithelial cells in the ectopic endometrium decreased 
when deferoxamine was applied to nude mice with ex-
perimental endometriosis.6 They concluded that an iron 
overload does not affect the occurrence of new lesions. 
Moreover, it may cause endometriosis to spread by in-
creasing epithelial cell proliferation in these lesions.6 Ac-
cording to this view, which is parallel to the present au-
thors’ ideas, iron-chelating treatments may be useful for 
endometriosis, reducing the proliferation of lesions by 
preventing iron loading in the pelvic cavity.17 Although 
the present authors did not observe further improve-
ment in experimental endometriosis using the curcumin 
+ deferoxamine combination as compared with curcum-
in alone, future studies examining increases in the dose 
and timing of this combination may reveal possible ad-
ditive effects to a significant level when compared with 
curcumin alone.

Conclusions
In conclusion, to the best of the authors’ knowledge, this 

is the first experimental endometriosis study demonstrat-
ing the combined effect of curcumin and deferoxamine. 
The  findings suggest that the combined use of different 
iron-chelating agents may lead to a  reduction in endo-
metrial implant sizes and cell proliferation when used to 
treat endometriosis. However, further studies from many 
different perspectives are required.
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Abstract
Background. The increasing incidence of estrogen-dependent breast cancer and the presence in the envi-
ronment of a large number of factors that interact with estrogen receptors have sparked interest in chemical 
influences on estrogen-dependent processes. In a previous work, the authors examined the interaction 
of estradiol with chromium. In the present article the importance of estradiol biotransformation in these 
interactions is investigated. There is no information in the available literature about the role of metabolites in 
exposure to chromium. It seems important because estradiol metabolites have various carcinogenic abilities 
and their formation during biotransformation could be increased or decreased by environmental enzyme 
inducers or inhibitors. The metabolites could play a detoxifying role or create a toxic synergism in free radical 
processes induced by chromium VI (CrVI).

Objectives. The aim of this study was to evaluate the influence of 2 17β-estradiol metabolites – 4-hy-
droxyestradiol (4-OHE2) and 16α-hydroxyestrone (16α-OHE1) – in conditions of oxidative stress caused 
by CrVI.

Material and methods. Human blood, erythrocytes or mitochondria isolated from human placen-
tas after natural deliveries were used in the experiments. The influence of CrVI, 4-OHE2 and 16-OHE1 on 
thiobarbituric acid reactive substances (TBARS), the hydroxyl radical (•OH), superoxide dismutase (SOD), 
glutathione peroxidase (GPx) and glutathione-S-transferase (GST), and the interactions of the metabolites 
exposed to chromium expressed by these factors were examined.

Results. 4-OHE2 reduced the level of TBARS induced by CrVI in mitochondria (p < 0.05) and in erythro-
cytes (p < 0.05), and increased SOD activity (p < 0.05). 16α-OHE1 increased the activity of GST in eryth-
rocytes exposed to CrVI (p < 0.05).

Conclusions. The metabolites do not have toxic interactions with CrVI. On the contrary, they exhibited 
a protective effect. The mechanism of protection varied: 4-OHE2 decreased TBARS and increased SOD activ-
ity, while 16α-OHE1 increased GST activity.

Key words: oxidative stress, interactions, chromium VI, 4-hydroxyestradiol, 16α-hydroxyestrone
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The increasing incidence of estrogen-dependent breast 
cancer has sparked researchers’ interest in the influence 
of environmental factors on estrogen-dependent pro-
cesses. The interaction of xenobiotics with estrogens has 
been widely studied in case of environmental toxins that 
interact with estrogen receptors (xenoestrogens). How-
ever, chromium is recognized as a metalloestrogen, and 
there are only a few reports in the available literature on 
chromium/estrogen interaction.1–3 There is no informa-
tion about the role of estradiol metabolites in exposure 
to chromium. The problem seems important because the 
metabolites have various carcinogenic abilities, and their 
formation during estradiol biotransformation could be 
increased or decreased by environmental enzyme induc-
ers or inhibitors. The main biotransformation pathway of 
estradiol is hydroxylation. The final products of C-4, C-16 
or C-2  hydroxylation are 4-hydroxyestradiol (4-OHE2), 
16-α-hydroxyestrone (16α-OHE1) or 2-metoxyestradiol 
(2-MeOE2) respectively. The role of these metabolites in 
carcinogenesis is unknown; however, there are some re-
ports on the presence of 4-OHE2-adducts in breast cancer 
tissue and on the anticancer activity of 2-MeOE2.4

Chromium is widely present in the environment. Its 
toxicity depends on the valence. The International Agency 
for Research on Cancer (IARC) classifies chromium (VI) 
as a proven human carcinogen.Interactions between es-
trogens and carcinogenic factors need special attention 
because estrogen itself possesses carcinogenic activity, 
so synergistic effects with carcinogenic chromium could 
be very dangerous. Because exposure to metals is wide-
spread, an elucidation of their roles in the etiology and 
development of hormone-related diseases such as breast 
cancer may have significant implications in risk reduction 
and disease prevention. Chromium compounds are able 
to generate free radicals, which have an indisputable role 
in carcinogenesis.5 Estrogens in general act as free-radical 
scavengers, but also demonstrate prooxidative activity. 
Not only chromium but also estrogens are present in en-
vironment. The metabolites of estrogen used in contra-
ception or hormonal replacement therapy are found in 
ground water and wastewater. They also circulate in the 
environment via communal waste, increasing the risk of 
hormonally active compounds interacting with xenobi-
otics. A number of publications describe the presence of 
active hormonal compounds originating from waste or 
breeding farms and their influence on the environment.6,7

The authors’ previous work demonstrated the protective 
role of 17β-estradiol (E2) in chromium-induced lipid per-
oxidation in human erythrocytes, but in the mitochondri-
al membranes of human placenta, the opposite phenome-
non was observed: 17β-estradiol increased CrVI-induced 
lipid peroxidation in mitochondria, so a toxic interaction 
was noted.3 The mechanism of this interaction partially 
correlated with hydroxyl radical (•OH) formation, since 
E2 increased •OH generation in mitochondria exposed 
to low (0.05 and 0.5 µg/mL) CrVI concentrations. These 

interactions were not observed for superoxide dismutase 
(SOD) activity.

It seems valid to assess the role of estradiol metabolites in 
the processes outlined above. Environmental toxins often 
change the biotransformation pathways, acting as inductors 
or inhibitors of particular enzymes. The aim of the present 
study was to evaluate the influence of estradiol metabolites 
4-OHE2 and 16α-OHE1 on mitochondria and erythrocytes 
when exposed to CrVI. There are no data on that topic at 
present. It is known that the biotransformation of estradi-
ol plays important role in carcinogenesis, and the level of 
some metabolites, e.g. 16α-OHE1,is increased in women 
with breast cancer.8 In this work the influence of 16α-OHE1 
and 4-OHE2 on the lipid peroxidation level (TBARS) and 
hydroxyl radical generation (•OH level), elements of the en-
zymatic and non-enzymatic antioxidant barrier such as su-
peroxide dismutase (SOD), and detoxifying capacity mea-
sured by GST activity was tested. All the experiments were 
conducted on human cells in vitro: erythrocytes of blood or 
mitochondria obtained from placenta.

Material and methods
The study was conducted on an in vitro model, using 

human cell erythrocytes and mitochondria. The  study 
was approved by the Wroclaw Medical University Ethics 
Committee (permit KB-292/2013). Mitochondria were 
isolated from human placenta, obtained after natural de-
liveries from the Clinic of Reproduction and Obstetrics, 
Wroclaw Medical University (Poland), by a  previously 
described method.9 The  isolated mitochondrial pellet 
was suspended in 50 mMTris-HCl buffer (pH 7.4), and 
the level of protein was measured usingthe Lowry meth-
od.10 The suspension was portioned into Eppendorf tubes 
(1 mL) and stored at –80°C, no longer than 3 months be-
fore use. The mitochondrial suspension was used for the 
evaluation of lipid peroxidation (TBARS), hydroxyl radi-
cal generation (•OH), superoxide dismutase (SOD) and 
glutathione-S-transferase (GST) activities.

Fresh human blood taken on sodium citrate for SOD, 
GST and TBARS determination was obtained from healthy 
donors at Wroclaw University Hospital. The erythrocytes 
were isolated by whole blood centrifugation for 10  min 
at room temperature (3000 rpm). The plasma and white 
blood cells were then removed and the resulting pellet of 
erythrocytes was washed 3  times in phosphate buffered 
saline (PBS). The erythrocytes were suspended in PBS at 
a 10% concentration for the SOD, GST and TBARS mea-
surements.

Potassium dichromate (K2Cr2O7) (POCH S.A., Gliwice, 
Poland) was used as the CrVI source. The  CrVI con-
centrations used in the experiments were 0.05  μg/mL, 
0.5 μg/mL and 1.0 μg/mL.

Estradiol metabolites 16α-hydroxyestrone (3,16α-Dihy-
droxy-1,3,5(10)-estratrien-17-one) (Steraloids Inc., New-
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port, USA) and 4-hydroxyestradiol (Estra-1,3,5(10)-tri-
ene-3,4,17ß-triol) (Sigma-Aldrich Corp., St. Louis, USA) 
were dissolved in 96% ethanol (P.P.H. POCh  S.A.) to 
a concentration of 10 mM stock solution and used diluted 
in PBS for every experiment at concentrations of 1.0 µM, 
5.0 µM and 10.0 µM.

Appropriate controls were assayed in parallel to the 
samples. All the experiments were performed gradually, 
using different sources of red blood cells and mitochon-
dria in each exposure scenario.

Determination of TBARS concentration

In mitochondria

The mitochondrial suspension (1 mL) was incubated in 
a water bath with a shaker at 37°C for 30 min with 30 µL 
of CrVI, 16α-OHE1, 4-OHE2 or a  mixture (to assess in-
teraction). The incubation was stopped by adding 0.5 mL 
of 20% trichloroacetic acid (TCA). Then 1.5 mL of 0.67% 
thiobarbituric acid (TBA) and 30 µL of 1% buthylhydroxy-
toluene (BHT) were added and the samples were heated 
at 95°C for 15 min. The cooled mixture was centrifuged 
to pellet the protein. The TBARS concentration was mea-
sured spectrophotometrically at 535 nm and expressed as 
nM per mg of mitochondrial protein, using the molar ab-
sorption coefficient 1.56 × 105 M–1 cm–1.11,12

The effects of metabolite interactions with chromium 
VI on TBARS concentration were examined in every con-
centration: 4-OHE2 and 16α-OHE1 at 1.0 µM, 5.0 µM and 
10.0 µM; CrVI at 0.05 μg/mL, 0.5 μg/mL and 1.0 μg/mL. 
First the mitochondria were incubated at 37°C for 30 min 
with 16α-OH or 4-OHE2 at the appropriate concentra-
tion, then chromium VI was added to the sample and the 
incubation was continued at 37°C for 30 min. Then the 
TBARS concentration was measured by the method de-
scribed above.

In erythrocytes

The  compounds being studied were added in 20  µL 
quantities to 2 mL of erythrocyte suspension prepared as 
described above, and the samples were incubated at 37°C 
for 0.5 h in a water bath with shaker. The TBARS concen-
tration was then measured as described by Stocks et al.13 
The  concentration of lipid peroxidation products was 
read from a standard curve, prepared with tetra ethoxy-
propane and expressed in nM/g Hb. Hemoglobin in the 
blood was determined using Drabkin’s reagent.

Determination of hydroxyl radical 
generation

The mitochondrial suspension (0.5 mL) was incubated 
at 37°C (15  min) with 15  µL of 1% t-BOOH, 0.5  mL of 
20  mM deoxyribose and either 4-OHE2, 16α-OHE1 or 

CrVI; and to assess interactions, 4-OHE2 combined with 
CrVI, or 16α-OHE1 combined with CrVI. After incuba-
tion, the samples were centrifuged and 0.8 mL of the su-
pernatant was collected; then 0.5  mL of 2.8% TCA  and 
0.5  mL of 1% TBA  in 0.1 M  NaOH were added to the 
supernatant. The  samples were incubated at 100°C for 
20  min, then cooled and centrifuged. The  level of •OH 
generation was measured spectrophotometrically at 
532 nm and calculated using the molar coefficient of ab-
sorption 1.56 × 105 M–1cm–1.12,14

Determination of superoxide  
dismutase activity

Superoxide dismutase activity was measured with 
a RANSOD kit (Randox Laboratories Ltd., Crumlin, UK) 
according to the manufacturer’s instructions.15,16 The as-
say is based on the xanthine oxidase reaction, where 
superoxide anion product reacts with 2−(4−iodophe-
nyl)−3−(4−nitro−phenol)−5−phenyltetrazolium chloride 
(INT) to form a red formazan dye measured at a wave-
length of 492 nm. The strength of inhibition of formazan 
dye formation reflects the activity of SOD in the tested 
sample. The assay mixture, with a final volume of 0.2 mL, 
included xanthine oxidase, xanthine, INT and the sample. 
Absorbance was measured at 492 nm after the addition 
of xanthine oxidase. On the basis of the absorbance in-
crease after 1  min and comparison with the calibration 
curve, the percentage of reaction inhibition and hence of 
SOD activity was calculated according to the kit manu-
facturer’s instructions. The  results were compared with 
a sample containing CrVI, prepared in the same way, but 
without estrogens.

Determination  
of glutathione-S-transferase activity

Glutathione S-transferase activity was assayed using 
1-Chloro-2, 4-dinitrobenzene (CDNB), which is suitable 
for the broadest range of GST isoenzymes.17 Upon conju-
gation of the thiol group of glutathione to the CDNB sub-
strate, there is an increase in absorbance at 340 nm. So-
lutions of samples containing CrVI, 16α-OHE1, 4-OHE2 

or mixtures of them were mixed with the substrate on 
a shaker, and the absorbance was immediately measured 
at a  wavelength of λ  =  340  nm on a  plate reader (Stat-
Fax 2100 Awareness Technology, Block Scientific Inc., 
Bellport, USA). The increase in absorbance in the tested 
sample was directly proportional to the GST activity.

In order to evaluate the effect of estradiol metabolites 
on human placental mitochondria or erythrocytes stimu-
lated with CrVI, the mitochondrial or erythrocyte suspen-
sion was preincubated at 37°C for 30 min with appropriate 
concentrations of the estradiol metabolites (16α-OHE1 or 
4-OHE2). Then a solution of CrVI was added to the sample 
and incubation was continued at 37°C for 30 min. Finally, 
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the level of the factor being tested was measured and com-
pared with controls containing chromium in the appropri-
ate concentration but without estradiol metabolites.

Statistical analyses

All statistical analyses were performed using Student’s 
t-test or one-way ANOVA  for repeated measurements. 
Differences between the groups were considered signifi-
cant at p  <  0.05. The  variability of the distribution was 
checked with the Lilliefors test. Pearson’s correlation co-
efficient was used to describe correlations. The statistical 
evaluation of the results was carried out using STATIS-
TICA 10 software (StatSoft Inc., Tulsa, USA).

Results
The effect of CrVI compounds, 4-OHE2 and 16-αOHE1 

on TBARS and •OH concentration, and on the activities 
of SOD and GST, both in mitochondria from human pla-
centa and in erythrocytes from blood is presented. In or-
der to better interpret the combined action of CrVI and 
the metabolites, the effect of the individual compounds 
(CrVI, 4-OHE2 or 16-αOHE1) on selected parameters in 
the mitochondria and erythrocytes was also presented 
(Table 1).

It  was found that all the concentrations of chromium 
VI used in the tests (0.05, 0.5 and 1.0 µg/mL) increased 
the lipid peroxidation measured by TBARS concentra-
tion in the mitochondrial and erythrocyte suspension in 
comparison with equivalent controls (Table 1). The com-
bined action of estrogens and CrVI showed that 4-OHE2 
at a concentration of 1.00 µM significantly (p < 0.05) re-
duced the level of chromium-induced (0.05 and 0.5 µg/mL 
of CrVI) lipid peroxidation in erythrocytes. Decreases in 

TBARS concentrations were not observed for the highest 
chromium concentrations (Table 2).

Unexpectedly, in mitochondria treated with CrVI, 
the metabolite 4-OHE2 also reduced the TBARS level 
(p  <  0.05) with a  clear negative statistically significant 
dose/response dependency (Pearson correlation coef-
ficient r  =  –0.972 for 0.05  µg/mL CrVI; r  =  –0.9494 for 
0.5 µg/mL CrVI; r = –0.9856 for 1.0 µg/mL CrVI; p < 0.001) 
(Fig. 1). The statistically significant effect of 4-OHE2 was 
observed on lipid peroxidation caused by CrVI at all 3 dos-
es: 0.05 μg/mL, 0.5 μg/mL and 1.0 μg/mL. The largest de-
crease in TBARS levels was at the highest concentration 
of 4-OHE2 (10.0 µM). This is interesting, because the au-
thors’ previous report described17-β-estradiol (E2) having 
the opposite effect on erythrocytes than on mitochondria 
exposed to chromium.3

The other estradiol metabolite, 16α-OHE1, in contrast 
to 4-OHE2, did not decrease chromium-induced lipid 

Fig. 1. Effect of 4-OHE2 on mitochondrial TBARS level upon Cr(VI) exposure 
*Difference significant vs control (K) without 4-OHE2 (containing CrVI in 
appropriate concentration) (p < 0.05) ** statistically significant correlation 
(p < 0.05)

Table 1. The mean levels of the examined parameters in mitochondria and erythrocytes after exposure to CrVI, 4-OHE2 or 16-alfa-OHE1

Compound 
– concentration

TBARS in 
mitochondria

[nM/mg protein]

TBARS in 
erythrocytes

[nM/g Hb]

•OH in 
mitochondria

[nM/mg protein]

SOD in 
mitochondria

[U/mg protein]

SOD in 
erythrocytes 

[U/g Hb]

GST in 
mitochondrial 
[U/mg protein]

GST in 
erythrocytes

[U/g Hb]

CrVI [µg/mL]
Control (0)
0.05
0.5
1.0

2.69 ± 0.22
 4.13 ± 0.19*
 4.13 ± 0.21*
 4.17 ± 0.11*

 1.24 ± 0.11
  1.86 ± 0.13*
  1.9 2± 0.13*

 1.66 ± 0.09

5.52 ± 0.4
  6.16 ± 0.16*

 5.85 ± 0.27
 5.59 ± 0.26

84. 5± 8.5
 61.13 ± 11.2*
 74.98 ± 15.2*

81.22 ± 20.1

 79.5 ± 12.5
 51.1 ± 6.2*
69.16 ± 9.8*
76.43 ± 11.5

0.12 ± 0.02
0.10 ± 0.03

0.096 ± 0.02*
 0.090 ± 0.004*

0.095 ± 0.01
  0.080 ± 0.004*
  0.080 ± 0.003*
  0.081 ± 0.002*

4-OHE2 [µM]
Control (0)
1.0
5.0
10.0

2.58 ± 0.12
3.08 ± 0.40
2.89 ± 0.35
2.41 ± 0.39

 1.08 ± 0.16
 1.02 ± 0.19
 1.15 ± 0.22
 1.48 ± 0.36

 4.82 ± 1.20
 5.23 ± 1.55
 6.41 ± 1.28
 6.60 ± 2.15

125.2 ± 20.3
160.0 ± 18.3

 285.0 ± 35.2*
 350.0 ± 46.1*

106.9 ± 15.2
 259.0 ± 17.3*
 212.2 ± 32.3*
 317.6 ± 47.2*

2.29 ± 0.05
2.18 ± 0.11

 1.88 ± 0.19*
  1.50 ± 0.126*

 0.85 ± 0.22
0.47 ± 0.2

0 .49 ± 0.28
 0.56 ± 0.17

16-α-OHE1 [µM]
Control (0)
1.0
5.0
10.0

3.32 ± 0.31
3.01 ± 0.29
3.72 ± 0.40
3.94 ± 1.20

  3.4 ± 0.23
 2.8 ± 0.9
 2.9 ± 0.8
3.25 ± 0.9

8.80 ± 2.4
8.05 ± 1.9

 8.95 ± 0.79
  8.5 ± 1.25

138.2 ± 18.0
168.0 ± 23.5
185.0 ± 42.8
172.0 ± 79.2

124.0 ± 19.2
 166.4 ± 22.3*

125.0 ± 17.2
130.0 ± 21.2

 1.43 ± 0.15
1.37 ± 0.2

 1.28 ± 0.11
 1.15 ± 0.12

1.38 ± 0.1
  1.73 ± 0.04*
  1.71 ± 0.35*
  1.81 ± 0.12*

*p < 0.05 as compared with control (0) [CrVI = 0 µg/mL; 4-OHE2 = 0 µM; 16α-OHE1 = 0 µM].
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peroxidation in erythrocytes and mitochondria (data not 
shown). It could therefore be concluded that 16α-OHE1 
did not participate in the decrease in lipid peroxida-
tion shown by E2 exposed to CrVI in the authors’ previ-
ous study.3 It appears that the positive effect of E2 could 
be increased by its biotransformation to 4-OHE2, not to 
16α-OHE1.

The studies of the joint effects of 4-OHE2 or 16-αOHE1 

and CrVI in mitochondria revealed that neither of the 
metabolites in combination with CrVI influenced •OH 
generation (data not shown). These results suggest that 
the effect of the examined compounds on free radical pro-
cesses engages a mechanism that is not dependent on the 
•OH level.

As to the enzyme activity studies, CrVI in doses of 
0.05  µg/mL and 0.5  µg/mL decreases SOD in a  statisti-
cally significant way in comparison to equivalent con-
trols, in both erythrocytes and in mitochondria (p < 0.05) 
(Table 1). The joint influence of metabolites and CrVI on 
SOD revealed the clear stimulative effects of all concen-
trations of 4-OHE2 on SOD activity in erythrocytes ex-
posed to CrVI; dose/response dependency was observed 
for CrVI in concentrations of 1.0 µg/mL and 0.5 µg/mL 
(r = 0.5908 and r = 0.6041 respectively; p < 0.05).

Most of the data showed a  statistically significant in-
crease in SOD activity treated with 4-OHE2 and CrVI in 
comparison to controls where erythrocytes were exposed 
to chromium alone (Fig. 2). As in erythrocytes, 4-OHE2, 

significantly increased SOD activity in mitochondria ex-
posed to CrVI (Table 3), but without clear dose/response 
dependency. No effects of 16α-OHE1 on SOD activity in 
erythrocytes or mitochondria were observed (data not 
shown).

In all the doses used, chromium VI decreased GST ac-
tivity in erythrocytes and in mitochondria (p  <  0.05) in 
comparison to equivalent controls (0) (Table 1). In eryth-
rocytes exposed to 0.05 μg/mL, 0.5 μg/mL and 1.0 μg/mL 
of CrVI, the metabolite 16α-OHE1 caused a clear increase 
in GST activity (Fig. 3). The most significant effect was 
observed when erythrocytes were exposed to the lowest 
dose of CrVI (0.05 μg/mL). The effect on mitochondria 

was not significant (data not shown). No influence of 
4-OHE2 on GST activity was observed in erythrocytes or 
mitochondria exposed to CrVI.

To  summarize, it was observed that neither 4-OHE2 

and 16α-OHE has toxic reactions to CrVI; on the con-
trary, they even show positive, protective effects in mi-
tochondria and in erythrocytes exposed to CrVI: 4-OHE2 
decreases lipid peroxidation in mitochondria and eryth-
rocytes, increasing SOD activity. The  positive role of 

Fig. 3. Influence of 16α-OHE1 on erythrocyte GST activity upon Cr(VI) 
exposure *difference significant vs control (K) without 16α-OHE1 
(containing CrVI in appropriate concentration) (p < 0.05)

Table 2. Effects of 4-OHE2 (1.0; 5.0 and 10 µM) on TBARS levels in 
erythrocytes exposed to CrVI (0.05, 0.5 and 1.0 µg/mL)

Cr (VI)
concentration
[µg/mL]

TBARS concentration [nM/gHb]±SD

control
4-OHE2 concentration [µM]

1.0 5.0 10.0

0.05 1.86
± 0.13

1.42*
± 0.12

1.74
± 0.08

1.99
± 0.11

0.5 1.92
± 0.12

1.66*
± 0.11

1.12*
± 0.12

1.76
± 0.21

1.0 1.66
± 0.09

1.60
± 0.23

1.61
± 0.19

1.62
± 0.10

* difference significant as compared with the control without 4-OHE2 

(containing only CrVI) (p < 0.05).

Table 3. Effects of 4-OHE2 (1.0, 5.0 and 10 µM) on mitochondrial SOD 
activity in exposure to CrVI (0.05, 0.5 and 1.0 µg/mL)

CrVI
concentration
[µg/mL]

SOD activity [U/mg protein] ± SD

control
4-OHE2 concentration [µM]

1.0 5.0 10.0

0.05 61.13
± 11.2

126.37*
± 24.96

93.07
± 13.02

99.05*
± 558

0.5 74.98
± 15.2

218.87
± 102.19

221.96*
± 76.32

138.42*
± 19.37

1.0 81.22
± 20.1

129.48*
± 14.32

152.62*
± 15.13

150.19*
± 36.32

* difference significant as compared with the control without 4-OHE2 

(containing only CrVI) (p < 0.05).

Fig. 2. Effect of 4-OHE2 on erythrocyte SOD activity upon Cr(VI) exposure 
*difference significant vs control (K) without 4-OHE2 (containing CrVI in 
appropriate concentration) (p < 0.05) ** statistically significant correlation 
(p < 0.05)
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16α-OHE1 involves a  different mechanism, influencing 
phase-II detoxification by stimulating glutathione trans-
ferase activity.

Discussion
The  role of estradiol in oxidative stress is prominent 

because it demonstrates free radical scavenging activi-
ties. This activity is enabled by the presence of a hydroxyl 
phenolic group that acts as a  proton donor in chemical 
reactions.18 The  estrogenic radical formed in this de-
protonation is stabilized by electron delocalization inside 
the aromatic ring. On the basis of this mechanism, it can 
be concluded that the estradiol metabolites 4-OHE2 and 
16α-OHE1 should demonstrate similar properties, since 
both these compounds contain an aromatic ring substi-
tuted with a hydroxyl group. It follows that 4-OHE2 should 
be an even stronger free-radical scavenger in cells than in 
the substrate, since it contains a  second additional phe-
nolic group typical of catecholestrogens. The catecholic 
structure favors transformation to o-quinone and semi-
quinone radicals, which are less toxic than the hydroxyl 
radical. The  catecholic structure also has the ability to 
neutralize other free radicals. The  quinons are reduced 
with quinine reductase or CYP reductase and removed by 
conjugation with reduced glutathione.4

Some authors have demonstrated that 4-OHE2 reduc-
es the toxic effects of oxidative stress in cells and oxida-
tive DNA-damage.19–21 The  current study also confirm 
the ability of 4-OHE2 to decrease chromium VI-induced 
lipid peroxidation. The metabolism of estradiol is based 
mainly on hydroxylation reactions induced or blocked by 
endo- or exogenous compounds that induce or inhibit cy-
tochrome P450. C-4 hydroxylation leads to 4-OHE2 for-
mation, but C-16 hydroxylation leads to 16α-OHE1.

The  influence of estradiol and its metabolites on oxi-
dative stress has been widely discussed in the literature, 
however there is little information about the role of estra-
diol in xenobiotic-induced oxidative stress.22 Sowers et al. 
hypothesized that physiological levels of estradiol and its 
metabolites 2-hydroxyestrone and 16α-hydroxyestrone 
decrease oxidative stress measured as isoprostane levels 
in women’s plasma; unfortunately, a  test on 1647 smok-
ing and non-smoking women at the age of 47–57 did 
not confirm this hypothesis.23 On the other hand, Tang 
et  al. showed that 4-hydroxyestrone acted as an inhibi-
tor of  lipid peroxidation in tissue cultures, while Seeger 
et  al. demonstrated that 2-metoxyestrone and 2-hydro-
xyestrone blocked lipid peroxidation more efficiently 
than estradiol and 16α-hydroxyestrone in the serum of 
healthy subjects.24,25

Estrogens may act as pro-oxidants or antioxidants de-
pend on their concentration.26 The present study shows 
that in contrast to 4-OHE2, 16α-OHE1 does not decrease 
CrVI-induced lipid peroxidation. The advantageous effect 

of 4-OHE2 on lipid peroxidation in mitochondria suggests 
that the increase in TBARS in mitochondria exposed to 
chromium treated with 17β-estradiol described in the au-
thors’ earlier publication is in fact a result of substrate not 
metabolite interaction between E2 and CrVI; 4-OHE2 is 
not involved in this interaction.3 The mechanism of the 
antioxidative action of 4-OHE2 in exposure to CrVI seems 
to be connected with stimulation of SOD activity, espe-
cially in erythrocytes exposed to CrVI. While previous 
studies have shown that CrVI compounds strongly inhibit 
SOD activity, the present work demonstrates that this ef-
fect can be repaired by 4-OHE2.27 It can be concluded that 
increased formation of 4-OHE2 in estradiol biotransfor-
mation appears beneficial for the inhibition of oxidative 
stress in mitochondria and erythrocytes exposed to CrVI 
compounds.

Human erythrocytes seem to be anappropriate model 
to study the estrogen-chromium effect on the antioxida-
tive barrier. They contain antioxidative enzymes (SOD, 
catalase, GPx) and non-enzymatic antioxidants (vitamins 
C and E, beta-carotene and uric acid). Additionally, CrVI 
has the ability to accumulate in human erythrocytes. 
It  has been shown that increased levels of estrogens in 
erythrocytes in female rats protect them from induced 
trauma/hemorrhagic shock (T/HS). In  comparison to 
erythrocytes in male rats, a  positive action in lowering 
red blood cells’ deformability was observed.28,29 The cur-
rent study compared 2  cell models. Both mitochondria 
and erythrocytes were sensitive to the influence of chro-
mium- and estrogen-caused oxidative disturbances. 
In  most cell types mitochondria are the predominant 
source of reactive oxygen species (ROS), including super-
oxide anion, H2O2 and •OH. Although estrogen synthesis 
occurs in mitochondria, exogenously added estrogens are 
also transported to this organelle;their lipophilic prop-
erties allow them to diffuse through the lipid bilayer of 
cell membranes.30 Mitochondria have a  unique charac-
teristic that allows them to participate in growth signal 
transduction. They are a regulatable source of ROS in re-
sponse to external stimuli, for example metaloestrogens 
or  estrogens.31

Mitochondria are a major target of estrogens. It appears 
that through their interaction with the cytoskeleton, ex-
port of cleaved signaling peptides, and/or generation of 
ROS, mitochondria may transduce signals to the nucleus 
for the activation of transcription factors involved in the 
cell cycle progression of estrogen-dependent cells. These 
interactions between estrogens and mitochondria merit 
future investigation, which could shed new light on the 
role of mitochondria in cell growth. In the present study 
these organelles were used to examine the interactions 
between estrogens and metalloestrogen in reaction to 
oxidative stress.25,30,32

Considering the results obtained in relation to CrVI-
induced carcinogenesis, the 4-OHE2 metabolite demon-
strated a positive effect on the free radical reaction, while 
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16α-OHE1 did not. These results support the general as-
sumption that the introduction of another phenol group 
to the aromatic ring of estradiol (4-OHE2) increases the 
free radical scavenging properties of the metabolite-
formed. The 16α-OHE1 metabolite also shows a positive 
effect, but by a different mechanism. It influences the sec-
ond phase of detoxification, thus increasing GST activity. 
It can be postulated that the biotransformation of estra-
diol to 4-OHE2 and 16α-OHE1 in exposure to CrVI has 
advantageous results.

Conclusions
4-hydroxyestradiol reduces the level of lipid peroxida-

tion induced by CrVI compounds in mitochondria and 
in  erythrocytes, increasing SOD activity. 16α-hydroxy-
estrone increases the activity of GST in erythrocytes ex-
posed to CrVI.
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Abstract
Background. Tissue engineering is a strategy aimed at improving the regeneration of injured tissues.

Objectives. The aim of the present study was to determine whether a tri-copolymer composed of cross-
linked collagen, chondroitin sulfate and hyaluronic acid (Col + CS + HA) provides a better environment for 
fibroblast and embryonic nerve cell culture than a collagenous scaffold (Col).

Material and methods. The porosity of each of the matrices was characterized with a scanning electron 
microscope. Fibroblasts were isolated from rat wound granulation tissue (polypropylene net implanted 
subcutaneously). Embryonic nerve cells were obtained from the brains of rat embryos. The cells were ap-
plied to scaffolds and then stained with bisbenzimide to calculate cell entrapment within the material. 
The metabolic activity of the cells cultured within the scaffolds was tested using the 3-(4,5-dimethythiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay.

Results. The Col scaffolds had a homogenously porous structure with a pore diameter of 50 μm for 70% 
of pores. The pore diameter in the tri-copolymer (Col + HA + CS) ranged from 24 to 160 μm (95% of 
total pore volume). Four times more cells (fibroblasts and embryonic nerve cells) were trapped within the 
superficial part of the collagenous scaffold than that of the tri-copolymer. On the third day of culture the 
metabolic activity of the fibroblasts within the 2 tested scaffolds was significantly higher than in the con-
trol conditions (cell culture on a laminin-coated surface). Also, the embryonic nerve cells demonstrated 
increased metabolic activity in Col + CS + HA scaffolds than the Col scaffolds.

Conclusions. Both fibroblasts and embryonic nerve cells could be seeded within the 2 tested scaffolds. 
Both the scaffolds provide good conditions for fibroblast culture. However, the Col + CS + HA tri-copolymer 
is preferable for embryonic nerve cell engineering.

Key words: collagen, fibroblasts in vitro, embryonic nerve cells
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Large wounds lead to disturbances of homeostasis. Im-
mediately following an injury, hemostasis and inflamma-
tion are induced. These processes are followed by cell mi-
gration and proliferation phases, after which fibroblasts 
begin the synthesis of an extracellular matrix. Together, 
these processes lead to scar formation that rearranges the 
continuity of the tissue.1 Large wounds heal very slowly 
due to the large space that needs to be covered by the scar. 
Although limited results can be obtained by treating large 
wounds with conventional methods, tissue engineering 
provides a chance to achieve better outcomes.

Cell engineering is a new strategy developed to regener-
ate nerve tissues. The engineered cells are supported by 
a biodegradable scaffold that not only forms a mechanical 
strut, but also may exert a regulatory influence on cell mi-
gration, proliferation and extracellular matrix synthesis. 
Thus, the implants obtained not only close the wound but 
also stimulate the self-repair or self-regeneration of the 
wound.2

The favorable physical and chemical properties of col-
lagenous (Col) scaffolds for regenerative medicine have 
been described by Pietrucha et  al.3–6 The  Col materials 
create a  supportive microenvironment for fibroblasts, 
osteoblasts and embryonic nerve cells.2,6–8 Wound fibro-
blasts are thought to enter the scaffold from the margins 
of the wound and participate in scar formation. Collagen 
may regulate the function of cells in the wound by binding 
to the integrin subfamily (α1β2, α2β2, α10β2 and α11β2), 
which would influence granulation tissue remodeling, an-
giogenesis, fibroblast adhesion and myofibroblast differ-
entiation in the wound.9

Hyaluronic acid (HA) is a polysaccharide composed of 
glucuronic acid and N-acetylglucosamine. A scaffold con-
taining hyaluronic acid promotes wound repair in rats, 
accelerates wound closure, supports re-epithelialization 
and angiogenesis in mice, and stimulates fibroblasts to re-
lease growth factors in rats.10–11 Chondroitin sulfate (CS), 
composed of glucuronic acid and N-acetylgalactosamine, 
was found to promote fibrotic scar formation in an injury 
of the central nervous system.12 CS is negatively charged 
due to the presence of SO4

2– and COO– moieties in the 
molecule, and this negative polarity allows the adhesion 
of growth factors and cells. In addition, CS influences the 
migration of cells.13

Some studies report that scaffolds composed of colla-
gen, HA and CS have beneficial effects when used for skin 
or cartilage regeneration.14,15 The materials were seeded 
with skin fibroblasts or adipose-derived stem cells.14 
Li et al. constructed a scaffold composed of collagen, hyal-
uronic acid and chondroitin-6-sulfate for nucleus pulpo-
sus tissue engineering. The copolymer was characterized 
by a highly porous structure, hydrophilic properties, good 
mechanical stability, low immunogenicity and good bio-
compatibility.16

The aim of the present study was to determine whether 
supplementation of a Col scaffold with CS and HA can in-

fluence the biological properties necessary for fibroblast 
and embryonic nerve cell culture, so that the scaffold pro-
viding the best environment for a given purpose can be 
selected. A previous study found that a scaffold composed 
of collagen cross-linked with CS constitutes a good envi-
ronment for embryonic nerve cells.6 A novel element of 
the present study was that it investigated whether a col-
lagen tri-copolymer with the addition of HA  and CS 
(Col + HA + CS) can enhance cultures not only of embry-
onic nerve cells, but also wound fibroblasts. In this way, 
the study determined the usefulness of this tri-copolymer 
for tissue engineering.

Material and methods

The animals

The experiments were performed on 7 male and 9 fe-
male Wistar rats weighing 230 ± 40 g. The animals were 
kept on a  12 : 12 light/dark cycle (from 7:00) and were 
given free access to standard rat feed (Bakutil, Radzyń 
Podlaski, Poland) and tap water ad libitum. The study was 
approved by the Local Ethics Committee in Łódź, Poland.

Wound model

A 4 cm skin incision was made in the left lumbar re-
gion of each anesthetized rat and 3 × 2 cm polypropyl-
ene mesh was inserted subcutaneously. The incision was 
closed with 4 silk sutures. Four weeks after the wound was 
made, the implant, overgrown by connective tissue, was 
removed under aseptic conditions.17

Fibroblast isolation and culture

The  removed implants containing granulation tis-
sue were stored in RPMI 1640 medium (Gibco, Pais-
ley, UK) containing gentamicin (25 μg/mL) and fungizone 
(2.5 μg/mL). After mincing, the tissue was incubated in 
0.1% collagenase solution (37oC, 5% CO2) for 40  min. 
 After centrifugation (5 min, 1000 rpm), the samples pel-
lets were washed with Dulbecco’s modified Eagle’s medi-
um (DMEM) containing 10% fetal calf serum, gentamicin 
and fungizone (Gibco, Paisley, UK), then centrifuged and 
plated on dishes. The  non-adherent cells were washed 
out after 2 h. The cells were cultured in a CO2 incubator 
at 37oC in a 100% humidified atmosphere of 5% CO2 and 
95% air. Six-well plates (TPP Techno Plastic Products AG, 
Trasadingen, Switzerland) were used for cell culture.

After reaching confluence, the cells were trypsinized 
and passaged to new flasks. New cultures were set up at 
an initial cell density of 8 × 103/cm2. Bürker’s chamber was 
used for cell counting. Necrotic cells were stained using 
trypan blue elimination assays. After the second passage, 
the experiments were carried out in DMEM contain-
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ing 3% calf serum and antibiotics at the concentrations 
given above; the calf serum concentration was lowered 
to decrease interference from fibroblast-scaffold inter-
actions. The  isolated cells were identified as fibroblasts 
as described in an earlier study by the current authors.17 
Both fibroblasts and embryonic nerve cells were used in 
2 experiments for cell entrapment and for 3-(4,5-dimeth-
ythiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) 
assays. Each experimental group consisted of 7 wells with 
the cells of different animals.

Isolation and culture of embryonic  
nerve tissue

Pregnant Wistar rats were euthanized and embryos at 
day 17 of gestation were isolated from the uterus in cold 
phosphate buffered saline (PBS, Gibco, Paisley, UK).  After 
removal of the brains, the meninges and blood vessels were 
excised. The brain samples were incubated with 1 mL of 
enzymatic solution composed of collagenase (1  mg/mL), 
(Sigma, St. Louis, USA) and dispase (2  mg/mL), (Gib-
co, Paisley, UK) at room temperature (5  min) to remove 
the connective tissue. The  brains were then incubated 
with 2 mL trypsin (5 min at 37oC), (Gibco, Paisley, UK). 
The trypsin was neutralized with 5 mL of medium, (MACS 
NeuroBrew-21, Miltenyi Biotec, Bergisch Gladbach, Ger-
many) after which the sample was centrifuged at 1000 rpm.

The  cells were resuspended with 100  µL of medium 
(MACS NeuroBrew-21, Miltenyi Biotec, Bergisch Glad-
bach, Germany) and gently triturated (3-5 X). The  cells 
were then seeded on laminin-coated 6-well plates (TPP, 
Trasadingen, Switzerland).

The  embryonic nerve cells were cultured in MACS 
NeuroBrew-21 containing gentamicin (25 μg/mL) and 
fungizone (2.5 μg/mL). The  phenotype of the cells was 
determined by flow cytometry. The entrapment study and 
MTT experiments were performed on cultures of cells 
derived from 9 animals.

Flow cytometry experiments

Flow cytometry experiments were performed to deter-
mine the phenotype of the isolated embryonic nerve cells. 
After fixation with BD Cytofix (BD Biosciences, Franklin 
Lakes, USA), the embryonic nerve cells were permeabi-
lized by incubation with BD Phosflow Perm Buffer III 
(BD Biosciences, Franklin Lakes, USA). The samples were 
then washed with PBS and centrifuged (5 min, 1000 rpm).

The permeabilized cells were stained (4–8oC for 30 min) 
in BD Pharmingen stain buffer (BD Biosciences, Franklin 
Lakes, USA), with the following antibodies:
– mouse anti-Microtubule-Associated Protein 2B (MAP2B) 

conjugated with Alexa Fluor 488 (BD Biosciences, 
Franklin Lakes, USA);

– mouse anti-Myelin Basic Protein (MBP) conjugated 
with PE (Abcam, Cambridge, USA);

– mouse anti-Glial Fibrillary Acidic Protein (GFAP) con-
jugated with PE (BD Pharmingen, San Diego, USA);

– goat anti-mouse IgG2b heavy chain isotype control con-
jugated with FITC (BD Pharmingen, San Diego, USA);

– mouse IgG2b isotype control conjugated with PE (BD 
Pharmingen, San Diego, USA); 

– mouse IgG1 k  isotype control conjugated with Alexa 
Fluor 488 (BD Pharmingen, San Diego, USA).
The stained cells (3 × 104/samples) were analyzed using 

a  Becton-Dickinson FACScan analytical flow cytometer 
(Becton Dickinson, Franklin Lakes, USA).

Preparation and characterization 
of ternary composite collagen-based 
scaffolds

The collagen/hyaluronic acid/chondroitin sulfate (Col + 
+ HA + CS) matrices were constructed as described pre-
viously, with some modifications.18 In  brief, a  disper-
sion in dilute acetic acid (pH 3.2) of type I porcine col-
lagen (Col) (Euroimplant, Rybie, Poland), hyaluronic acid 
(HA) from Streptococcus equi with molecular weight of 
1.6 × 103 kDa, (Sigma-Aldrich, St. Louis, USA) and chon-
droitin sulfate (CS) from shark cartilage with an average 
molecular weight of 20 kDa, (Sigma-Aldrich, St. Louis, 
USA) at a ratio of 6 : 1 : 1 was freeze-dried at –50oC to 
form 3D sponge-shaped porous scaffolds. For compari-
son, sponges from pure Col were also prepared. To  im-
prove the functional properties of the scaffolds, all the 
collagenous sponges were treated with a  carbodiimide-
based process as previously described, but with signifi-
cant modifications: The  sponges were cross-linked at 
room temperature by immersion in an 80% ethanol-water 
solution containing 33 mM 1-ethyl-3-(3-dimethyl ami-
nopropyl) carbodiimide hydrochloride (EDC) and 6 mM 
N-hydroxysuccinimide (NHS).19,20 After the reaction, the 
matrices were thoroughly washed in 0.1 M Na2HPO4, and 
then with deionized water. Finally, the cross-linked ma-
trices were again lyophilized at –55oC. All the collagen-
based scaffolds were sterilized with ethylene oxide (EtO). 
The multi-component porous sponges were then applied 
as matrices for culturing cells to form a hybrid tissue-like 
structure intended for cell engineering.

As noted above, the addition of hyaluronic acid to an 
earlier investigated scaffold (Col + CS) created a tri-copo-
lymer (Col + CS + HA), the potential of which for embry-
onic nerve cell and wound fibroblast culture had not been 
investigated prior to the present study.6

The porosity of each of the matrices was characterized 
using a  Nova NanoSEM 230 scanning electron micro-
scope (FEI Company, Eindhoven, the Netherlands) with 
an Apollo 40 SDDEDS X-ray microanalyser (EDAX McK-
ee Drive Mahwah, USA). The operating parameters were 
as follows: A low vacuum setting of 70 Pa, an accelerat-
ing voltage of 10 kV and LVD detector selected. Cross-
sections or surface sections of the sponge were obtained 
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by breaking the specimens after freezing them in liquid 
nitrogen. An image analysis application was used to de-
termine the average diameter of the pores, with at least 
200 pores assessed on each specimen at ×100 and ×400 
magnification. Fig. 1 shows the results of the pore analysis 
of 2 collagen-based scaffolds.

Cell entrapment study

Wound fibroblasts were seeded on the scaffolds at 
a density of 104/well of 96-well plates (TPP, Trasadingen, 
Switzerland) and incubated for 24 h in DMEM contain-
ing 3% fetal calf serum, gentamicin and fungizone (37oC, 
5% CO2). Embryonic nerve cells were added to a 96-well 
plate at a density of 104 cells per well. They were then in-
cubated for 24 h in MACS NeuroBrew-21 medium (Milt-
enyi Biotec, Bergisch Gladbach, Germany). After being 
washed with PBS, the samples were incubated for 30 min 
(37oC, 5% CO2) with bisbenzimide (1 µg/mL in PBS). Af-
ter incubation, the scaffolds were washed with PBS, and 
the stained nuclei of the fibroblasts were counted under 
the microscope at ×100 magnification.3

MTT experiments

The  experiments were performed in 96-well plates 
(TPP, Trasadingen, Switzerland). The  cells were applied 
to the scaffold at a density of 104 cells per well. After 2 or 
3 days of culture, the samples were washed 3 times with 
PBS, and then 50  µL of 3-(4,5-dimethythiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT reagent, 5 mg/mL, 
Sigma, St. Louis, USA) was added to each well. The sam-
ples were then incubated for 4 h at 37oC in a humid at-
mosphere containing 5% CO2. The  MTT solution was 
removed and 200  µL DMSO was added to each sample 
and incubated for 10 min. After the addition of Sorensen’s 
buffer (0.1 M NaCl + 0.1M C2H5NO2; pH = 10.5), the ab-
sorbance was determined at a wavelength of 570 nm us-
ing an EL × 800UV Universal Microplate Reader (BioTek 
Instruments Inc., Winooski, USA). Three groups of cells 
were studied: control cultures (2D), cultures on Col scaf-
folds and cultures on Col + CS + HA scaffolds. The con-
trol cells were seeded on a laminin-coated surface.

Statistical analysis

The  Kruskal-Wallis test was used for the statistical 
analysis. Statistical differences between more than 2  in-
dependent groups were evaluated by multiple compari-
sons of mean ranks. The U-Mann Whitney test was used 
for the evaluation of statistical differences between 2 in-
dependent groups. The  statistical differences between 
2  dependent groups were calculated using the t-test for 
2  dependent samples (when the data distribution was 
normal) or the Wilcoxon test (when the data distribu-
tion was not normal). The threshold of significance was 
p < 0.05. The calculations were performed using STATIS-
TICA 12.5 software (Dell Statistica, Tulsa, USA).

Results
The Col scaffolds were found to have a homogenously 

porous structure with a pore diameter of 50 µm in 70% 
of the pores. For 15% of the total pore volume, the pore 
diameter ranged from 50 µm to 140 µm. However, for the 
tri-copolymer (Col + HA + CS), the pore diameter ranged 
from 24 to 160 µm for 95% of the total pore volume of the 
scaffold (Figs. 1 and 2).

Fibroblasts were isolated from the granulation tissue 
of the wound. The phenotype of the cells was confirmed 
by electron microscopy as described in an earlier study.17 
The embryonic nerve cells were differentiated into neu-
rons (MAP2B positive cells, Fig.  3), oligodendrocytes 
(MBP positive cells, Fig. 4) and astrocytes (GFAP positive 
cells, data not shown).6

Fibroblasts were able to enter both Col and Col + CS + 
+ HA scaffolds, but the Col  +  CS  +  HA  scaffolds were 
less populated on the upper surface. Statistically signifi-

Fig. 1. Distribution of pore diameters of collagen-based scaffolds modified 
with EDC and NHS: (K1) scaffold composed of collagen

Fig. 2. Distribution of pore diameters of collagen-based scaffolds modified 
with EDC and NHS: (K2) tri-copolymer scaffold composed of collagen, 
chondroitin sulfate and hyaluronic acid
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cant differences were observed in the numbers of fibro-
blasts infiltrating the Col and Col  +  CS  +  HA  scaffolds 
(Fig. 5). At the same time, the embryonic nerve cells were 
entrapped by both the Col and Col + CS + HA scaffolds, 
but significantly higher numbers of cells were found in the 
former than the latter (Fig. 6).

The metabolic activity of the cells was analyzed after 2 
or 3 days of culture. On the 2nd day, lower fibroblast meta-
bolic activity was found in the Col + CS + HA scaffolds 
than in the controls (a 2D cell culture on a laminin-coated 
surface). On the 3rd day, however, the metabolic activity 
of the fibroblasts in Col and Col + CS + HA scaffolds was 
higher than in the controls. Interestingly, while the meta-

bolic activity of the fibroblasts fell from day 2 to day 3 
in the control cultures, the opposite occurred in the scaf-
folds composed of Col + CS + HA, with fibroblast activity 
doubling from day 2 to day 3 (Fig. 7).

On the 2nd and 3rd days of culture, embryonic nerve 
cells within the Col scaffolds demonstrated decreased 
metabolic activity compared with the controls. In the Col 
scaffolds, the metabolic activity of the embryonic nerve 
cells was significantly higher on the 3rd day of culture than 
on the 2nd day. Within the Col + CS + HA scaffolds, the 
embryonic nerve cells demonstrated increased metabolic 
activity on both days 2 and 3 of culture compared to the 
Col scaffolds (Fig. 8). Lower metabolic activity of both fi-
broblasts (Fig. 7) and embryonic nerve cells (Fig. 8) was 
noted on day 3 of culture, compared with day 2 in the con-
trol groups.

Fig. 3. Fluorescence-activated cell sorting (FACS) profiles showing the 
expression of microtubule-associated protein (MAP2b) on embryonic 
nerve cells (lower panel) compared with the control (upper panel)

Fig. 4. FACS profiles showing the expression of myelin basic protein (MBP) 
on embryonic nerve cells (lower panel) compared with the control (upper 
panel)

Fig. 5. Number of fibroblasts stained with bisbenzimide entrapped by 
scaffolds made of collagen (Col) and of collagen with chondroitin sulfate 
and hyaluronic acid (Col + CS + HA). Each value expresses the mean of 6 
samples ± standard deviation (SD)

Fig. 6. Number of embryonic nerve cells stained with bisbenzimide 
entrapped by scaffolds made of collagen (Col) and of collagen with 
chondroitin sulfate and hyaluronic acid (Col + CS + HA). Each value 
expresses the mean of 6 samples ± standard deviation (SD)
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Discussion
Earlier studies indicated that the secondary triple helix 

structure of collagen present within Col scaffolds remained 
unchanged, thus allowing the optimal biological proper-
ties of the scaffold to be used in regenerative medicine.3–6 
In the present study, the presence or absence of cross-links, 
CS and HA in the collagen sponges had a significant effect 
on the overall structure and distribution of the intercon-
nected pores (Figs. 1, 2). After cross-linking collagen alone, 
the sponges exhibited an almost homogenous distribution 
of pores, with 70% of the pores having a diameter of 50 µm 
(Fig. 1, K1). Moreover, the results also showed that pore 
sizes ranging from 50 to 140 µm made up about 15% of the 
total pore volume. Conversely, the pore size of the ternary 

composite Col-HA-CS sponges, cross-linked with EDC/
NHS, was significantly lower than in the collagen sponges 
without HA and CS (Fig. 2, K2). The largest fraction, com-
prising at least 70% of the total pore volume of the sponge, 
was occupied by pores ranging from 24 to 90 µm in size. 
Only 15% of the Col + HA + CS scaffolds contained pores 
much larger than 90  µm, i.e. ranging between 127 and 
196 µm. Wang et al. reported that the pores of tri-copoly-
mer Col + CS + HA (9 : 1 : 1) scaffolds were uniform and 
widely interconnected, with a mean diameter of 109 µm.21 
The dimensions of pores in collagenous scaffolds prepared 
by Yannas et al. ranged from 20 to 125 µm.22 Huang et al. 
observed that in a collagen and glycosaminoglycan copoly-
mer, the pore size ranged from 20 to 140 µm.23

The  present study showed good fibroblast and em-
bryonic nerve cell entrapment within the Col scaffolds 
(Figs.  5,  6). The  presence of a  relatively high density of 
cells settled within the Col material implies appropriate 
porosity, allowing the passage of different cell types into 
the scaffold. Moreover, more fibroblasts than embryonic 
nerve cells were entrapped in the Col scaffold. This ef-
fect is believed to be caused by the size and shape of fi-
broblasts, which may be a better fit for the pores. In ad-
dition, the Col + CS + HA scaffolds were about 4 times 
less populated than the Col scaffolds and controls. Thus, 
supplementation of the scaffold with chondroitin sulfate 
and hyaluronic acid decreases the ability of the Col scaf-
fold to catch both fibroblasts and embryonic nerve cells. 
In a previous study, the numbers of embryonic nerve cells 
in the Col scaffolds and in a Col-chondroitin sulfate com-
posite were found to be the same.6 In the present study, the 
addition of HA may disrupt the closed, honeycomb-like 
structure of the Col scaffold and cause the formation of 
open interconnections between pores, leading to the low 
populations of seeded fibroblasts and embryonic nerve 
cells observed in the tri-copolymer Col + CS + HA scaf-
folds.24 Although all the applied cells were entrapped with-
in the scaffolds, different numbers of cells were found on 
the superficial parts of the scaffolds.

The  metabolic activity of fibroblasts and embryonic 
nerve cells in the control groups (Figs. 6, 7) was found to 
be lower on the 3rd day of culture than on the 2nd day. This 
effect was probably caused by the limitations of a 2D cul-
ture and intensive cell-cell interactions. Bracke et al. re-
ported inhibition of several energy-requiring activities in 
confluent epithelial cells, but MTT conversion increased 
only in confluent cells with a dysfunctional E-cadherin/ 
/catenin complex, implying that cell metabolism may be 
regulated by cell-cell adhesion via the E cadherin/catenin 
complex.25 Interestingly, this effect was not observed in 
3D cultures created within the scaffolds (Figs. 7, 8). Thus, 
both Col and Col + CS + HA scaffolds provide favorable 
environments for fibroblast culture.

The results of the present study confirm that the meta-
bolic activity of fibroblasts within the 2 types of scaffold 
were better on the 3rd day than the 2nd day of the culture 

Fig. 8. Metabolic activity of embryonic nerve cells cultured for 2 or 3 days 
on a laminin coated surface (CTR), in collagen scaffolds (Col) and in 
scaffolds composed of collagen chondroitin sulfate and hyaluronic acid 
(Col + CS + HA). Each value expresses the mean of 8 samples ± standard 
deviation (SD)

Fig. 7. Metabolic activity of fibroblasts cultured for 2 or 3 days on a laminin-
coated surface (CTR), in collagen scaffolds (Col) and in scaffolds composed of 
collagen, chondroitin sulfate and hyaluronic acid (Col + CS + HA). Each value 
expresses the mean of 8 samples ± standard deviation (SD)
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(Fig. 7). In addition, on the 2nd day of culture, the fibro-
blasts within the Col + CS + HA scaffolds demonstrated 
lower metabolic activity than in the controls. However, 
a  rapid increase in metabolic activity was seen in the 
Col + CS + HA scaffolds on the 3rd day of culture. These 
findings confirm those of earlier studies showing that 
a collagen-containing scaffold has good properties for tis-
sue engineering.2,6,7 Fibroblasts seeded in collagen-gela-
tin sponges have been used as a drug delivery system, as 
they allow up-regulation of growth factor synthesis; these 
sponges appeared to be biocompatible with fibroblasts.26 
Moreover, fibroblasts cultured within scaffolds with uni-
directional collagen fibers secrete regulatory factors that 
modulate the wound-healing process.27 The  collagen 
present in the extracellular space may also influence en-
dogenous collagen expression.28

In the present study, the Col scaffolds did not guarantee 
good conditions for the culture of embryonic nerve cells: 
The cells seeded within the Col material displayed lower 
metabolic activity than in either the control cultures or 
the Col  +  CS  +  HA scaffolds. These results correspond 
with the data from the authors’ previous study showing 
that embryonic nerve cells cultured within a scaffold com-
posed of collagen and chondroitin sulfate demonstrate 
better metabolic activity than those in a  Col scaffold.6 
The authors therefore recommend the tri-copolymer for 
embryonic nerve cell engineering.

The  authors’ earlier study showed that a  Col scaffold 
supplemented with CS provides good conditions for em-
bryonic nerve cell culture.6 The addition of CS improved 
the metabolic activity of the cells compared with those 
in the Col scaffold.6 The  present study found that cells 
seeded in tri-copolymer scaffolds demonstrated bet-
ter metabolic activity than those in scaffolds composed 
of Col alone. This reaction is believed to be due to hyal-
uronic acid modifying the structure of collagen, allowing 
the formation of interconnections between pores, which 
supports the migration of cells to internal pores, allows 
for better communication between cells and improves the 
nutrition of the seeded cells.24 Since high concentrations 
of hyaluronic acid, chondroitin sulfate and heparin sulfate 
are known to be present in the brain, the collagenous scaf-
fold was supplemented with glycosaminoglycans for nerve 
cell culture.29 Chondroitin sulfate is known to exert a reg-
ulatory influence on the differentiation and migration of 
endogenous neural precursor cells.23 In  addition, stem 
cells seeded in scaffolds containing hyaluronic acid were 
characterized with better survival and differentiation.30

Conclusions
The study showed that fibroblasts and embryonic nerve 

cells were entrapped by both of the scaffolds used (Col 
and Col + CS + HA). However, cell entrapment was about 
4  times more efficient within the Col scaffolds than the 

Col + CS + HA scaffolds for both of the tested cell cul-
tures. Both the Col and Col + CS + HA scaffolds provided 
a good environment for fibroblasts; but since the scaffolds 
composed of Col + CS + HA guaranteed better conditions 
for the culture of embryonic nerve cells than Col alone, 
the tri-copolymer Col + CS + HA is recommended for the 
engineering of embryonic nerve cells.
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Abstract
Background. Soluble triggering receptor expressed on myeloid cells-1 (sTREM-1) is a cell-surface recep-
tor presented on neutrophils, macrophages and monocytes. Elevated sTREM-1 levels are a marker of acute 
microbial infections, and have also been reported in chronic lung diseases. IL-6 and IL-13 are effective mark-
ers in distinguishing these diseases. IL-6 has been shown to play an important role in chronic obstructive 
pulmonary disease (COPD), while IL-13 is described as one of the key mediators of allergic asthma.

Objectives. The aim of the study was to evaluate the level of sTREM-1 in bronchoalveolar lavage flu-
id (BALF) from stable mild-to-moderate asthma and COPD patients and to compare the utility of BALF 
sTREM-1 measurements in asthma/COPD differentiation with those of IL-6 and IL-13.

Material and methods. The concentration of sTREM-1, IL-6 and IL-13 was evaluated by ELISA in the 
BALF of stable mild-to-moderate asthma and COPD patients.

Results. There were no significant differences in BALF sTREM-1 levels between asthma and COPD patients 
(52.5 pg/mL for asthma vs 73.4 pg/mL for COPD, p = 0.492), in contrast to the differences in the IL6/IL13 
ratio (0.68 in COPD, 0.22 in asthma, p = 0.043).

Conclusions. The study showed that BALF sTREM-1 levels do not discriminate between mild-to-moderate 
asthma and COPD. In contrast, the IL-6/IL-13 ratio measured in BALF effectively differentiated these two 
diseases in their stable state. These results suggest that the most important marker of inflammation in 
mild-to-moderate obstructive lung disease is not microbiology-dependent.
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Triggering receptor expressed on myeloid cells 
(TREM-1) is a cell-surface receptor presented on neutro-
phils, macrophages and monocytes. There is evidence that 
TREM-1 is involved in host immune response to micro-
bial infection.1 However, little is known about the natural 
ligands for TREM-1. Recently, peptidoglycan recognition 
protein 1 (PGLYRP1), a neutrophil granule protein with an-
tibacterial properties, was found to be a functional ligand 
for TREM-1.2 Activation of TREM-1 causes rapid neutro-
phil degranulation, increasing pro-inflammatory cytokine 
production (CXCL8, tumor necrosis factor α  [TNF-α], 
IL-1β) and inhibiting IL-10 expression in monocytes and 
macrophages.3,4 Upregulation of TREM-1 is associated 
with the release of its soluble form (sTREM-1), which 
can be detected in various biological fluids, including se-
rum, sputum and bronchoalveolar lavage fluid (BALF).5,6 
Soluble TREM-1 is generated through proteolytic cleav-
age of membrane-anchored TREM-1 by matrix metallo-
proteinases with the subsequent release of the TREM-1 
ectodomain into the microenvironment.7 Alternatively, 
sTREM-1 may be secreted by neutrophils in response to 
lipopolysaccharide (LPS) stimulation during de novo pro-
tein synthesis.8 Soluble TREM-1 acts as a  decoy for the 
natural TREM-1 ligand and reduces its activation.9 Solu-
ble TREM-1 is detectable in infectious diseases caused by 
extracellular microorganisms. Earlier studies have shown 
that an elevated level of serum sTREM-1 might be an im-
portant marker of sepsis, as well as bacterial and fungal 
pneumonia.5,10 TREM-1 is also an amplifier of the inflam-
matory reaction. This probably explains the increase in 
TREM-1 or sTREM-1 expression found in non-infectious 
inflammatory disorders such as COPD, asthma, inflam-
matory bowel disease and acute pancreatitis.11–14

The role of sTREM-1 in airway inflammatory diseases, 
asthma and COPD, seems interesting not only in terms of 
the mechanisms of the inflammatory reaction. If TREM-1 
is involved in airway inflammation, it might be hypoth-
esized that it could be a  marker of asthma or COPD. 
To date, there are no established and reliable biochemi-
cal factors that are used in the differential diagnosis or 
monitoring of asthma and COPD.15 Two cytokines, IL-6 
and IL-13, are probably the most effective in distinguish-
ing these diseases. Sputum IL-6 level is increased in asth-
ma and COPD compared to healthy subjects.16 IL-6 has 
been shown to play a particular role in COPD: Elevated 
concentrations of it correlate with impaired lung function 
and are related to high frequencies of COPD exacerba-
tions.17 On the other hand, IL-13 is described as one of 
the key mediators of allergic asthma, promoting eosino-
phil predominance, goblet cell hyperplasia and mucus 
hypersecretion in the respiratory tract.18 Elevated levels 
of IL-13  have been found in samples from the respira-
tory tract of asthma patients compared to healthy people. 
It  has previously been shown that the ratio of IL-6 and 
IL-13 concentration in induced sputum is significantly 
different in asthmatics than in COPD patients.19

To date, the concentration of sTREM-1 in asthma and 
COPD patients has been evaluated in serum and plasma 
only. Systemic sTREM-1 levels correlated positively with 
asthma and COPD severity and negatively with lung 
function, and are a good marker of neutrophilic inflam-
mation.11,12,20 To the authors’ knowledge, there have been 
no studies on sTREM-1 concentrations in respiratory sam-
ples from asthma and COPD patients. Also, the level of 
sTREM-1 has not been compared with other asthma or 
COPD biomarkers. The aims of this study were therefore 
(1) to evaluate sTREM-1 concentrations in BALF from 
asthma and COPD patients; and (2) to compare the utility 
of BALF sTREM-1 measurements in asthma/COPD dif-
ferentiation with that of IL-6 and IL-13.

Material and methods

Characteristics of the patients

Eight patients with mild to moderate asthma (classified 
according to the Global Initiative for Asthma recommen-
dations) and 11 patients with stage I-II COPD (classified 
according to the Global Initiative for Chronic Obstruc-
tive Lung Disease recommendations) were enrolled in 
the study.21,22 All the patients were stable and had been 
free from exacerbations for at least 8  weeks before the 
start of the study. None of the patients had had respira-
tory infections for at least 1 month preceding the enroll-
ment. The  only concomitant respiratory inflammations 
in the participants were related to the upper airways: 
6 patients (2 with asthma, 4 with COPD) had chronic si-
nusitis, and 4 patients (1 with asthma, 3 with COPD) had 
chronic rhinitis.

An  important inclusion criterion was treatment with 
bronchodilators only, with no systemic or local anti-
inflammatory treatment with corticosteroids. The  only 
treatment used by the asthma patients before inclusion 
in the study were short-acting β2-agonists (SABAs) as 
needed (7 patients), and long-acting β2-agonists (LABAs) 
and SABAs as needed (one patient). In the COPD group, 
6 patients were treated with SABAs only, 2 with long-act-
ing muscarinic antagonists (LAMAs), 2 with LABAs and 
1 with LAMAs and LABAs.

The  study was approved by the Ethical Committee of 
the Medical University of Warsaw, and written informed 
consent was obtained from all the patients enrolled.

Bronchoalveolar lavage

Flexible bronchoscopies (using an Olympus BF-1T160 
bronchoscope, Olympus Corporation, Tokyo, Japan) 
were performed under local anesthesia (2% lidocaine) 
after premedication with inhaled salbutamol (400  µg), 
intramuscular atropine (0.5  mg) and oral midazolam 
(7.5  mg). Supplemental oxygen was applied during the 
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entire procedure and blood oxygen saturation was moni-
tored with a pulse oximeter (Pulsox DP-8, Konica Minolta 
Inc., Tokyo, Japan). Following macroscopic inspection of 
the bronchial tree, BAL was performed by wedging the 
bronchoscope in the bronchi of the middle lobe or the 
lingula and administering 4 × 50 mL sterile NaCl warmed 
to 37°C. Gentle suction was applied to recover the BALF 
into sterile containers. The  subsequent steps of BALF 
processing were completed according to American Tho-
racic Society (ATS) recommendations.23 The  cells were 
evaluated and counted in May-Grünwald-Giemsa stained 
smears. The supernatants were stored at –70°C.

sTREM-1, IL-6 and IL-13 analysis

Soluble TREM-1, IL-6 and IL-13 concentrations in BALF 
were measured using appropriate ELISA  kits (IQ  Prod-
ucts, Groningen, Netherlands for sTREM-1; R&D Sys-
tems, Minneapolis, USA for IL-6 and IL-13) according to 
the manufacturers’ instructions. The  lower limits of de-
tection were 7 pg/mL for sTREM-1, 0.76 pg/mL for IL-6 
and 13.2 pg/mL for IL-13.

Statistical analysis

The results are presented as median and range of val-
ues. The  statistical analysis was performed using STA-
TISTICA 12.0 software (StatSoft Inc., Tulsa, USA). Dif-
ferences between continuous variables were tested using 
Fisher’s exact test or the nonparametric Mann-Whitney 
U test. Correlations between variables were analyzed with 
Spearman’s rank test. Differences were considered statis-
tically significant at p < 0.05.

Results

Clinical characteristics of the asthma 
and COPD patients

The basic comparative characteristics of the asthma and 
COPD patients are shown in Table 1. The patients with 
COPD were significantly older than the asthmatics. Spi-
rometry results showed a  significantly stronger impair-
ment of respiratory function in COPD than in asthma.

Cellular composition of BALF  
in asthma and COPD

A  significantly lower proportion of lymphocytes was 
found in the BALF of the COPD patients when compared 
to the asthmatics (Table 2).

Comparison of BALF sTREM-1, IL-6 and  
IL-13 concentration in asthma and COPD

There were no significant differences in the BALF 
sTREM-1 concentration between asthma and COPD (Fig. 1). 
The  median sTREM-1 concentration was 52.5  pg/mL 
(38.3–102.5  pg/ML) for asthma and 73.4  pg/mL (20.4– 
–226.9  pg/mL) for COPD. No correlations between 
sTREM-1 concentration and the proportions of inflam-
matory cells in asthma or COPD were noted.

The  median concentrations of IL-6 in BALF were: 
14.3  pg/mL (0–62.6  pg/mL) and 24.6  pg/mL (7.8– 
–75.5  pg/mL) for asthma and COPD respectively; and 
the median concentrations of IL-13 were 40.4  pg/mL 
(35.5–71.5 pg/mL) and 42.8 pg/mL (32.2–53.5 pg/mL) for 
asthma and COPD, respectively. The IL-6/IL-13 ratio was 
calculated for both groups. In  2  cases (from the COPD 
group) an undetectable level of IL-6 concentration was 
arbitrarily set as 0.76 pg/mL (the lower detection limit of 
the ELISA kit). IL-6/IL-13 ratio was significantly higher 
in the COPD (0.68 [0.15–1.55]) than in the asthma group 
(0.22 [0.02–0.99]) (p = 0.043) (Fig. 2).

Table 1. Demographic and clinical data of patients with asthma and COPD. 
The values are expressed as median and range of values; p-values were 
obtained using Fisher’s exact test or the Mann-Whitney U test

Characteristics Asthma COPD p-value

Gender (male/female)  6/2  8/3 0.664

Atopy (n) 7 5 0.079

Age (yrs) 43.5 (21–65) 65 (52–78) 0.0005

Smoking exposure 
(pack/years)

0 (0–21) 45 (30–100) 0.00002

Disease duration 
(months)

44.5 (12–264) 48.5 (12–216) 0.6574

FEV1(% predicted) 92 (52–121) 73 (65–95) 0.0008

FVC (% predicted) 113 (87–143) 104 (83–123) 0.0327

FEV1/FVC (%) 67 (49–90) 56 (43–64) 0.00005

COPD – chronic obstructive pulmonary disease, FEV1 – forced expiratory 
volume at first second, FVC – forced vital capacity.

Table 2. The cellular composition of the bronchoalveolar lavage fluid 
(BALF) of asthma and COPD patients. The sum of all non-epithelial cells 
was counted as 100%. The values are expressed as median and range of 
values; p-values were obtained using the Mann-Whitney U test

BALF cells Asthma COPD p-value

Macrophages (%) 84.5 (73–92) 92 (51–98) 0.146

Lymphocytes (%) 12 (7–16) 4 (1–25) 0.027

Neutrophils (%) 1.5 (1–7) 3.5 (1–23) 0.101

Eosinophils (%) 1.5 (0–11) 0 (0–4) 0.274
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Discussion
The  study showed a  measurable concentration of 

sTREM-1 in lavage fluid from peripheral airways. The re-
sults demonstrated that the level of sTREM-1 in BALF 
was not significantly different in asthma and COPD pa-
tients. This finding suggests that sTREM-1 is not suit-
able for the differentiation of obstructive lung diseases in 
their stable phase. Simultaneously, the study confirmed 
that measurement of other BALF biomarkers, IL-6 and 
IL-13, can more efficiently distinguish between asthma 
and COPD.

To the authors’ knowledge, this is the first study com-
paring the BALF concentration of sTREM-1 in asthma 
and COPD patients. To  date, only serum/plasma levels 

of sTREM-1 in asthma and COPD have been evaluated. 
Previous studies have demonstrated increased systemic 
sTREM-1 concentrations in asthma and COPD patients, 
and a relationship between serum sTREM-1 levels and the 
severity of the disease.12,20 Bucova et al. found that in asth-
ma patients, plasma sTREM-1 correlated with the clinical 
stage and disease severity, and was highly elevated dur-
ing disease exacerbations.12 On the other hand, a study by 
Rohde et al. that included COPD patients showed no dif-
ferences in serum sTREM-1 levels between patients with 
advanced stable disease and those with COPD exacerba-
tions.11 As sTREM-1 is regarded as a marker of infection 
and a significant proportion of COPD exacerbations are 
related to airway infections, this finding seems surprising. 
The authors of the study concluded that the lack of any 

Fig. 1. sTREM-1 levels in the BALF of asthma and COPD 
patients. The values are expressed as median and range of 
values. The statistical analysis was performed using the Mann-
Whitney U test

Fig. 2. The IL-6/IL-13 ratio in the BALF of asthma and COPD 
patients. The values are expressed as median and range of 
values. The statistical analysis was performed using the Mann-
Whitney U test (p < 0.05)
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increase in sTREM-1 during acute exacerbations may be 
explained by the high baseline levels of sTREM-1 caused 
by bacterial colonization present in patients with moder-
ate to severe COPD, making any further increase during 
acute exacerbation COPD undetectable.

Serum levels of sTREM-1 in patients with asthma and 
COPD exacerbations were compared by Phua et  al. Al-
though the authors found no differences between the 
entire COPD and asthma groups, they noted a  higher 
sTREM-1 level in Anthonisen type 1 COPD exacerbations 
compared to asthma and Anthonisen type 2 and 3 COPD 
exacerbations.24 This seems to be consistent with the role 
of sTREM-1 in bacterial infections.

The  results of the studies cited above prompted the 
present authors to investigate whether sTREM-1 concen-
trations in local respiratory samples (BALF) differ in pa-
tients with stable asthma and stable COPD. Interestingly, 
the BALF levels of sTREM-1 in the present study are com-
parable with serum/plasma sTREM-1 levels reported by 
other authors in mild stable asthma and COPD.11,12 This 
may suggest that the systemic sTREM-1 level reflects the 
local expression of sTREM-1 in the respiratory tract. Al-
though higher sTREM-1 concentrations were observed 
in the BALF of the COPD patients than in the asthma 
patients, the difference was not statistically significant. 
The lack of statistical significance may be at least partial-
ly related to the small number of patients in this study. 
Nevertheless, based on the preliminary data, it might be 
concluded that sTREM-1 level in lower airway respiratory 
samples does not discriminate stable asthma and COPD. 
Since, to the authors’ knowledge, the BALF sTREM-1 lev-
els in stable asthma and COPD have not been reported 
before, no comparison of the current results with other 
studies is possible.

In light of the existing data, the major clinical applica-
tion of sTREM-1 measurement seems to be the differen-
tiation between bacterial and viral infections.11,25 This 
might be of particular interest in airway and pulmonary 
infections. Shu et al. reported that sTREM-1 may differ-
entiate between mycobacterial colonization and active 
mycobacterial pulmonary disease.26 Because of potential 
relationships between airway infections and chronic ob-
structive airway diseases, the measurement of sTREM-1 
concentrations in respiratory samples seems to have both 
clinical and research applications. It has been shown that 
the microbial composition of the airways may be an im-
portant determinant of the risk of developing asthma or 
COPD.27 If  sTREM-1 is a  sensitive marker of microbial 
colonization in the respiratory tract, this may add some 
new data on the pathogenesis of obstructive airway dis-
eases. The need for a sensitive biomarker of bacterial in-
fection might be exemplified by the fact that over 70% of 
the bacterial species on body surfaces cannot be cultured 
by currently available techniques.28 The  results of the 
present study suggest that the microbial burden in stable 
mild-to-moderate asthma and COPD is similar. The rela-

tionship between the sTREM-1 concentration in the lungs 
and microbiological dependency in asthma and COPD 
certainly needs further investigation.

To  compare BALF sTREM-1 levels with other recog-
nized asthma and COPD biomarkers this study also inves-
tigated the BALF concentrations of 2 cytokines – IL-6 and 
IL-13. It has previously been reported that concentrations 
of IL-6 are increased in COPD, whereas IL-13 is elevated 
in asthma.29,30 However, IL-6 and IL-13 are not specific 
for a  single disease. Therefore, it was assumed that the 
IL-6/IL-13 ratio characterizes asthma and COPD more 
accurately than the levels of either single cytokine, since 
the level of an individual cytokine may change dynami-
cally in the course of the disease.19 The results obtained 
supported this hypothesis. The IL-6/IL-13 ratio in BALF 
was significantly different in asthma than in COPD, even 
though there was no difference between BALF sTREM-1 
levels in these 2 diseases.

The study has some limitations. The major flaw is the 
small number of patients included in the study. This was 
due to the preliminary nature of the research and to the 
relatively invasive bronchoscopic procedure required to 
collect BALF. The small number of patients did not per-
mit a further sub-analysis of sTREM-1 levels in patients 
with different asthma and COPD phenotypes. The  fact 
that only one type of biological sample was used in the 
study might be considered a  second limitation. It  could 
have been interesting to compare BALF sTREM-1 con-
centrations with sTREM-1 levels in induced sputum, 
exhaled breath condensate and serum. Third, since the 
study did not include a  control group, no comparison 
could be made between BALF sTREM-1 concentrations 
in patients with obstructive pulmonary diseases and in 
healthy subjects.

Conclusions
The study showed that BALF sTREM-1 levels are simi-

lar in mild-to-moderate asthma and COPD. In contrast, 
the IL-6/IL-13 ratio measured in BALF effectively differ-
entiated asthma and COPD. Further studies that involve 
patients with different asthma and COPD phenotypes 
and different degrees of disease severity are warranted to 
elucidate whether BALF sTREM-1 concentrations might 
be considered one of the local inflammatory markers in 
obstructive lung diseases.
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Abstract
Background. Autoimmune rheumatic diseases (ARDs), involving immune disturbances resulting from 
auto-inflammatory mechanisms, are a group of diseases characterized by autoimmunity and autoimmune-
mediated organ damage. Thymoma, whose mechanism is also associated with immune abnormalities, 
is the most common neoplasm of the anterior mediastinum. But thymoma with ARDs is relatively less 
frequent. The clinical characteristics of the coexistence of ARDs and thymomas are still not very clear. And 
the therapeutic strategy for ARDs combined with thymomas varies, with an uncertain outcome.

Objectives. The aim of this study was to investigate the clinical characteristics of the coexistence of ARDs 
and thymomas in order to speculate whether a thymectomy is effective for ARDs combined with thymo-
mas, and to seek the proper therapeutic strategy for treating ARDs combined with thymomas.

Material and methods. We presented 2 cases of the coexistence of ARDs and thymomas. Then, we sum-
marized 20 cases (including our 2 cases) in which the ARD was diagnosed concurrently with, or prior to, 
the thymoma.

Results. Pure red cell aplastic anemia (PRCA) might be associated with an ARD and a thymoma, and a thy-
mectomy may lead to the appearance, exacerbation, or remission of ARDs.

Conclusions. Searching for a thymoma is necessitated if a patient with ARDs experiences PRCA and the 
effects of thymectomy in ARDs combined with thymomas may be associated with the onset sequence of 
ARDs and thymomas.

Key words: autoimmune rheumatic diseases, thymoma, PRCA, thymectomy
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Autoimmune rheumatic diseases (ARDs) are a group of 
rare, heterogeneous disorders characterized by autoim-
munity and autoimmune-mediated organ damage. They 
affect an estimated 7.6–9.4% of the population worldwide, 
and they include systemic lupus erythematosus (SLE), 
Sjögren’s syndrome (pSS), rheumatoid arthritis (RA), der-
matomyositis (DM), and systemic sclerosis (SSc), etc.1 
Thymoma is the most common tumor in the anterior 
mediastinum.2 However, the combination of an ARD and 
a thymoma in the same patient is relatively less frequent. 
Herein, we will present 2 ARD cases that also simultane-
ously had a thymoma.

Case 1

A  60-year-old Chinese woman was diagnosed with 
SLE in 2005 at another hospital because she had polyar-
thritis, alopecia, neutropenia, and low complete C3/C4 

levels, along with positive antinuclear antibody and anti- 
-dsDNA antibody tests. She was 1st treated with predni-
sone (50 mg/day), wilfordii (60 mg/day), and methotrex-
ate (10  mg/week), and her maintenance treatment in-
cluded prednisone (10 mg/day) for a long time while her 
disease was stable. She was admitted to our hospital in 
March 2014 because of dizziness, fatigue, and mild short-
ness of breath that had persisted for 3 months. A physi-
cal examination revealed a  pale appearance and mild 
lower extremity edema. Laboratory findings were as fol-
lows: hemoglobin, 30 g/L; ANA, positive, (with a titer of 
1 : 160; granular pattern); anti-dsDNA antibody, negative; 
anti-histone antibody and antiribosomal protein antibod-
ies, positive; complement C3 and C4, 483.0  mg/L and 
55.3 mg/L, respectively; and Coombs and Ham tests, neg-
ative. The albumin level was 30.9 g/L. A bone marrow cy-
tology test performed in another hospital was as follows: 
active bone marrow hyperplasia; granulocyte prolifera-

Fig. 1. Computed tomography of the chest showing 
a mass in the anterior mediastinum (case 1)
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tion; and significantly reduced red blood cell hyperplasia. 
The megakaryocytes were normal and the platelets were 
distributed in clusters. The peripheral blood slides were 
normal. Pure red cell aplastic anemia (PRCA) was diag-
nosed. A chest computed tomography (CT) scan revealed 
a mass in the right anterior mediastinum that measured 
68  mm  ×  62  mm (Fig.  1), with a  right pleural effusion. 
A CT-guided percutaneous needle biopsy of the mass was 
performed on March 28. The pathological result showed 
a type B3 thymoma (Fig. 2), according to the World Health 
Organization (WHO) classification. A  thymectomy was 
not performed because she had severe anemia. She was 
treated as follows: methylprednisolone (40  mg/day), hy-
droxychloroquine (0.2 g/day), and regular blood transfu-
sions. Hydroxychloroquine (0.2 g/day) and regular blood 
transfusions were continued, and for daily maintenance, 
methylprednisolone was gradually reduced to 12  mg. 
Upon her follow-up, her disease was deemed to be stable.

Case 2

A 63-year-old Chinese woman with a history of hypo-
thyroidism was diagnosed with Sjögren’s syndrome in 
2007 at our hospital based on dry mouth, dry eyes, positive 
antinuclear antibody and anti-SSA/SSB tests, and positive 
corneal fluorescein staining, along with a tear film break-
up time of 3 s. Anti-Sm antibody and anti-dsDNA anti-
body tests were both negative. A urinalysis was negative 
for proteinuria, and a chest radiograph was normal at that 

time. She was treated with methylprednisolone (40 mg/
day), wilfordii (60 mg/day), leflunomide (10 mg/day), and 
levothyroxine (100 μg/day) for her illness. This treatment 
protocol was continued, and for daily maintenance, meth-
ylprednisolone was gradually reduced to 4 mg. The dis-
ease was stable during follow-up. The patient was admit-
ted to our hospital again because of lower limb edema on 
August 19, 2014.

Upon admission, a physical examination revealed 4 den-
tal caries with a  residual root only and lower extremity 
edema. The  laboratory findings were as follows: blood 
cell counts, normal; proteinuria, 3+; 24-h urinary protein, 
3.43  g; globulin, 51.60  g/L; albumin, 27.50  g/L; triglyc-
eride, 1.58  mg/L; cholesterol, 6.27  mmoL/L; ANA  titer, 
1  :  320 (homogeneous pattern); anti-SSA  and anti-SSB 
tests, positive; and anti-Sm antibody and anti-dsDNA an-
tibody tests, negative. A chest CT revealed a  large mass 
measuring 39  mm  ×  31  mm in the area of the thymus 
(Fig. 3).

A  thymectomy was performed on August 26, 2014. 
A  type B3 thymoma was considered according to the 
WHO classification, and the tumor did not involve any 
other structures (Fig.  4). More than 1  month after the 
thymectomy, the patient was admitted to our hospi-
tal again because of exacerbation of lower extremity 
edema; the laboratory values were as follows: Blood cell 
counts, normal; proteinuria, 3+; globulin, 28.60  g/L; al-
bumin, 24.08  g/L; triglycerides, 1.58  mg/L; cholesterol, 
7.70 mmoL/L; ANA titer, 1 : 320 (homogeneous pattern); 

Fig. 2. a) Low-power photo-
micro graph of the thymic mass 
(H & E, ×40); b) middle-power 
photomicrograph of the thymic 
mass (H & E, ×200); c) higher-
power photomicrograph of the 
thymic mass (H & E, ×400) 
(case 1)

a

b

c
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and anti-SSA  and anti-SSB tests, still positive. A  color 
Doppler ultrasound revealed thromboses in the external 
iliac vein, right femoral vein, and popliteal vein. Then, an-
ticoagulant and thrombolytic therapy was administered 
(low-molecular-weight heparin calcium  [4100u BID  ip], 
urokinase [20wu QD IV gtt], and argatroban [20 mg BID 
IV gtt]). The  lower extremity edema gradually subsid-
ed. After that, the patient was treated with rivaroxaban 
(10 mg QD po) as a maintenance anticoagulant treatment.

Discussion
ARDs are a group of diseases involving immune distur-

bances resulting from auto-inflammatory mechanisms 
that are frequently the underlying cause.1 A thymoma is 
the most frequent tumor of the thymus, the mechanism 
of which is also associated with immune abnormalities.2 
Structural and functional changes in the thymus may lead 
to the loss of self-tolerance and may occur with autoim-

Fig. 3. Computed tomography of the chest showing 
a mass in the right anterior mediastinum (case 2)

Fig. 4. a) Low-power photomicro-
graph of the thymic mass (H & E, 
×40); b) middle-power 
photomicrograph of the thymic 
mass (H & E, ×200); c) higher-
power photomicrograph of the 
thymic mass (H & E, ×400) (case 2)

a

b

c
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mune diseases.2 There are 3 morphological types of thy-
momas based on genetic alterations according to 2004 
WHO classifications: A, B (B1, B2, and B3), and AB. Car-
cinoma of the thymus is designated as type C. Compared 
with type A, B1, B2, and AB, the B3 subtype has high 
15-year recurrence rates and a  poor prognosis.3 A  thy-
moma is commonly associated with a variety of systemic 
and autoimmune disorders such as PRCA, hypogamma-
globulinemia, pancytopenia, collagen diseases, and most 
commonly, myasthenia gravis (MG); sometimes 2 or even 
3 autoimmune diseases coexist.4

In recent years, there have been a few case reports re-
garding the coexistence of ARDs and thymomas, such 
as SLE, RA, DM, SSc, and pSS.5–20 Several reports docu-
mented the appearance of ARD after a  thymectomy for 
a  thymoma. Other reports described the appearance of 
a  thymoma years after a patient was diagnosed with an 
ARD, as in our 2  cases. In  some cases, the 2  diagnoses 
were concurrent. Herein, we have summarized 20 cases 
(including our 2 cases) and have included relatively com-
plete information. For all 20 cases, the ARD was diagnosed 
concurrently with or prior to the thymoma (Table 1).

The association of a thymoma with an ARD is not fre-
quent. In clinical studies, the prevalence of SLE in patients 
with a thymoma varied between 1.5 and 2%.16 PRCA has 
been associated with a thymoma or ARD. Approximate-
ly 2–5% of patients with a  thymoma will have PRCA.21 
PRCA could also arise as a complication of an ARD such 
as SLE, but it is very rare.22,23 However, the coexistence 
of all 3 disorders – an ARD, a thymoma, and PRCA – in 
the same patient is extremely rare. To  our knowledge, 
there have been 6 previous reports of cases with an ARD, 
a  thymoma, and PRCA.12,19,24–27 However, for only 2 of 
them, an ARD was diagnosed concurrently or prior to 
a thymoma and PRCA.12,19 Herein, we reported on a case 
(case 1) of a patient with the SLE–thymoma–PRCA triad. 
The patient developed PRCA and a thymoma 9 years after 
being diagnosed with SLE. All the patients in the 3 cases 
were females aged 48, 60, and 63 years, and they had SLE 
for 3, 9, and 9 years, respectively. Therefore, PRCA might 
be associated with an ARD and a thymoma, particularly 
in older patients who have an ARD disease course with 
a  long duration. We speculate that PRCA may be asso-
ciated with a thymoma, although there is no significant 
relationship between the occurrence of PRCA  and the 
pathological type of thymoma. Searching for a thymoma 
is necessitated if a patient with ARD experiences PRCA.

The  therapeutic strategy for ARDs combined with 
thymomas varies, with an uncertain outcome. Underly-
ing conditions involving ARDs and thymomas should 
be treated. A  thymectomy or gamma irradiation of the 
thymus gland may be performed for a thymoma. Neither 
chemotherapy nor irradiation is beneficial for the treat-
ment of ARDs.8,28 The immunologic effects of a thymec-

tomy for an ARD are also not clear. Several reports have 
documented the appearance, exacerbation, or remission 
of an ARD after a thymectomy.15 Of all the cases reviewed 
in this report, almost all 9 patients who were diagnosed 
ARD and a  thymoma at the same time achieved remis-
sion through either surgery or radiation.8–11,13–16,18 In one 
of these cases, the patient with pSS was deemed to be in 
remission with surgery alone.18 However, for the patients 
who were diagnosed with an ARD before the thymoma, 
none achieved remission with surgery alone. Medicines 
such as corticosteroids, cyclophosphamide, or cyclospo-
rine should also be used to treat ARDs. In spite of this, 
most patients experience an exacerbation, or their dis-
ease becomes refractory to treatment.6,7,11,12 As for our 
1st case, the patient did not undergo surgery, and her SLE 
and PRCA were deemed stable. As for our 2nd case, the 
patient’s condition worsened secondary to massive pro-
teinuria and vein thrombosis several months after the 
thymectomy. It has also been reported that patients with 
SLE, a thymoma, and PRCA died of a pulmonary embo-
lism after having a  thymectomy.27 Therefore, a  thymec-
tomy or radiation would be effective for helping patients 
achieve remission with an ARD if the ARD were concur-
rently diagnosed with a  thymoma; however, if the ARD 
were diagnosed prior to the thymoma, then in addition to 
treatment for the thymoma, a corticosteroid or immuno-
logical inhibitor should be used to help obtain remission 
for the ARD. Sometimes rituximab, donor lymphocyte 
infusion (DLI), or hematopoietic stem cell transplanta-
tion (HSCT) could also be used to treat the complication, 
PRCA.19,29 We  surmise that if a  thymoma and an ARD 
occur simultaneously, the thymoma might exert a role in 
the development of ARDs, as seen with MG. A thymecto-
my or radiation might be helpful for achieving remission 
with an ARD. If the thymoma were to occur several years 
after the ARD, it would not be clear if the thymoma was 
the primary abnormality or the immunologic abnormali-
ties seen in patients with an ARD would lead to thymus 
disorders and tumor development. A thymectomy or ra-
diation is not always associated with remission from an 
ARD and might sometimes cause an exacerbation. It  is 
necessary to study additional cases to elucidate the ef-
fects of thymectomy in ARDs combined with thymomas 
and to help provide additional guidance for treatment.

In conclusion, we reported 2 cases and compiled a se-
ries of cases involving an ARD combined with a thymoma. 
The data indicated that ARDs can coexist with thymomas 
and that a thymoma should be included in the differential 
diagnosis if a patient with an ARD complains of PRCA. 
The  result of a  thymectomy for a  patient with an ARD 
can be unpredictable. Indeed, ARDs involve a multisys-
tem disease with heterogeneous and varied manifesta-
tions. Therefore, study of additional cases is necessitated 
for exploring issues related to ARDs and thymomas.
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Abstract
Background. Two members of the vascular endothelial growth factor (VEGF) family, VEGF-C and -D, are 
known as lymphangiogenic growth factors and play an important role in tumor lymphangiogenesis via 
activation of the VEGF receptor (VEGFR)-3, which is expressed in lymphatic endothelial cells. D2-40 is a spe-
cific antibody for lymphatic vessel density (LVD).

Objectives. In the present study, we have aimed to evaluate whether intra- and peri-tumoral D2-40-pos-
itive lymphatic vessels affect lymph node metastasis and to investigate the relationship between LVD and 
lymph node metastasis in breast cancer.

Material and methods. We have evaluated the relationships between lymph node metastasis and 
VEGF-C, VEGF-D, VEGFR-3 and D2-40 expressions in breast cancer cells using immunohistochemistry. 
VEGF-C, VEGF-D and VEGFR-3 expression were found in tumor cells in the majority of the cases (83.75, 97.5 
and 95%, respectively).

Results. There was a significant positive relationship between VEGF-D expression and lymph node metas-
tasis (p < 0.05) however no significant association was found in VEGF-C and VEGFR-3 expressions. It was 
found that patients with high-expression of VEGF-D have a high level of both peri- and intra-tumoral LVD 
compared to those with low expression of VEGF-D (p < 0.05).

Conclusions. Our results support that examination of VEGF-D expression in breast cancer cells may be 
beneficial in the identification of lymph node metastasis.
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Breast cancer is the most commonly diagnosed cancer 
in Turkish women as well as women worldwide.1 Accord-
ing to GLOBOCAN 2012, the most common cause of 
cancer mortality among women in Turkey is breast can-
cer. Although several molecular and clinicopathological 
factors have been investigated in breast cancer prognosis, 
lymph node status is still the most important prognostic 
factor.2 Lymph node-positive breast cancer is associated 
with poor prognosis as compared to node-negative tu-
mors and also the number of involved lymph nodes is the 
most important and widely used independent prognostic 
factor in breast cancer.3

Breast cancer has a predilection to initially metastasize to 
the axillary lymph nodes, most commonly via the lymphat-
ic system.4 Members of the vascular endothelial growth 
factor (VEGF) family, VEGF-C and VEGF-D are thought to 
be the lymphangiogenic factors that stimulate lymphangio-
genesis via activation of VEGF receptor (VEGFR)-3 specifi-
cally expressed on lymphatic endothelial cells.5 Although 
the exact mechanisms and the role of lymphangiogenesis 
are unclear, VEGF-C and VEGF-D are believed to stimulate 
lymphangiogenesis. VEGFR-3 is expressed predominantly 
in the lymphatic endothelium and thus is considered to be 
a major regulator of lymphangiogenesis.

Staining of lymphatic endothelial cells by immunohisto-
chemistry allows visualization of lymphatic vessels within 
and around tumors. D2-40/podoplanin is well known as 
one of the selective markers of lymphatic endothelial cells 
and therefore is used as a marker for identifying lymph 
vessels and detecting peri- and intra-tumoral lymphatic 
vessel density (LVD).

VEGF-C is considered to be a  relatively specific lym-
phatic endothelial growth factor in normal tissues. Al-
though VEGFR-3 is described as a  predominantly lym-
phatic endothelial marker, Valtola et  al. showed that 
VEGFR-3 is also very weakly expressed in the capillary 
endothelium of normal breast tissue.6 The authors dem-
onstrated that both intraductal and invasive cancer cells 
contain VEGF-C protein. VEGF-C, VEGF-D and their 
binding to the cognate receptor VEGFR-3 in the regula-
tion of lymphangiogenesis is accepted, but their value for 
lymph node metastasis in breast cancer is controversial. 
In a number of studies, elevated VEGF-C expression has 
been reported in 30–40% of breast cancer. Although some 
studies have demonstrated that VEGF-C expression is sig-
nificantly correlated with lymph node metastasis, some 
authors have found no correlation with lymphatic vessel 
invasion (LVI) or lymph node metastasis.7,8

The aim of this study was to investigate the possible re-
lationships between VEGF-C, VEGF-D and VEGFR-3 ex-
pressions, LVD as determined by D2-40 and lymph node 
metastasis in primary invasive breast cancer. To the best 
of our knowledge, this is first study from Turkey which 
has evaluated the possible correlation between lymph 
node metastasis and the expression of VEGF-C, VEGF-D 
and VEGFR-3 and in breast cancer.

Material and methods
The study consisted of 80 female patients with invasive 

breast carcinoma (stage 1, stage 2 or stage 3), aged 31–
80 years (mean 52 ± 14 years) who received primary sur-
gical treatment by one surgical oncologist (A.E.) between 
2008 and 2013 at the Department of Surgical Oncology, 
Ankara University Faculty of Medicine, and had suffi-
cient paraffin-embedded tumor specimens. No patients 
had distant metastasis or received neoadjuvant chemo-
therapy or radiation therapy prior to surgery. The study 
was carried out with the approval of the Ethics Commit-
tee of Ankara University Faculty of Medicine (project 
no.  03-81-13) and a  grant from the Scientific Research 
Project of Ankara University (project no. 13B3330015).

Immunohistochemical staining

For the 80 cases, the best paraffin block that showed the 
histological features of the tumor was selected; 4 µm sec-
tions were cut and stained using the streptavidin-biotin 
peroxidase method on a  “Ventana automatic immunos-
taining device” (BenchMark XT Staining Module, Ven-
tana Medical Systems) for VEGFR-3 (ABCAM), VEGF-C 
(ABCAM), VEGF-D (ABCAM) and D2-40 (DAKO) at 
1 : 150, 1 : 20, 1 : 200 and 1 : 100 dilutions, respectively 
(Table 1). The antibody dilutions and sources are shown 
in Table 1. Appropriate control tissues were included in 
each staining run.

Cytoplasmic staining in invasive tumor cells was consid-
ered as positive in the assessment of VEGFR-3, VEGF-C 
and VEGF-D staining. The staining results were evaluated 
using the immunoreactive score (IRS) proposed by Rem-
mele and Stegner (9) with a slight modification as follows: 
staining intensity (SI) × percentage of positive cells (PP). 
SI was defined as 0 = negative; 1 = weak; 2 = moderate; 
3 = strong. PP was evaluated as 0 = negative; 1 = 1–50% 
positive cells; 2 = 51–100% positive cells. An IRS of 0 to 2 
was considered as low-expression. IRSs from 3 to 6 were 
accepted as high-expression. In the D2-40 evaluation, the 
number of D2-40 stained lymphatic vessels were counted 
on 10 intra-tumoral (located within the tumor) and 10 
peri-tumoral (located in the adjacent non-tumoral pe-
ripheral tissue) high power fields (HPFs).

Table 1. Source and technical characteristics of antibodies

Antibody Clone Dilution Source

VEGFR-3 ab51496
mouse monoclonal

1 : 150 ABCAM

VEGF-C ab9546
rabbit polyclonal

1 : 20 ABCAM

VEGF-D ab155288
rabbit monoclonal

1 : 200 ABCAM

D2-40 M3619
mouse monoclonal

1 : 100 DAKO
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Statistical analysis

Between-group comparisons were evaluated using the 
Mann-Whitney U-test or ANOVA  test. The  Lease Sig-
nificant Difference (LSD) test was used for the post-hoc 
tests to determine which specific groups differ signifi-
cantly from one another. Mean differences in peri- and 
intra-tumoral LVD and IRS counts were compared with 
the use of the paired t-test. The χ2 test or Fisher’s exact 
test were used to see if there was a relationship between 
2 categorical variables. A p value < 0.05 was considered 
to be statistically significant. The statistical analysis was 
done using IBM SPSS Statistics Premium 22 V (License 
manager name: spss.hacettepe.edu.tr).

Results
VEGFR-3 expression was observed in tumor cells in 76 of 

80 (95%) breast cancer patients. VEGF-C immunoreactiv-
ity was detectable in 67 (83.75%) patients. VEGF-D expres-
sion in tumor cells was found in 78 (97.5%) cases (Fig. 1).

Lymph node metastasis (N1 to N3) was positive in 51 
(63.75%) patients. No significant association was found 
between VEGF-C or VEGFR-3 expression and lymph 
node status. However, a  significant positive relationship 
between VEGF-D expression and the presence of N2 
or N3 lymph node metastasis was observed (p  <  0.05). 
As seen in Table 2, patients with N2 and N3 lymph node 
metastasis had a significantly higher IRS for VEGF-D.

Intra-tumoral LVD ranged from 0 to 3, peri-tumoral 
LVD ranged from 1 to 12 (Fig. 2). To correlate LVD and 
VEGF-D expressions, the patients were divided into 

2 groups with regard to VEGF-D expression: low-level of 
VEGF-D expression and high-level of VEGF-D expression. 
There were 10  patients with low-expression of VEGF-D 
and 70 patients with high expression of VEGF-D. As shown 
in Table 3, patients with high-expression of VEGF-D were 
observed to have high levels of both peri- and intra-tumor-
al LVD compared to those with a low level of VEGF-D ex-
pression. In addition, VEGFR-3 expression in tumor cells 
was found to be significantly correlated with peri-tumoral 
LVD (p < 0.05), but not with intra-tumoral LVD (Table 3).

In addition to lymph node status, we evaluated the re-
lationships between VEGF-C, VEGF-D and VEGFR-3 ex-
pressions and other clinicopathological variables. It was 
found that there were no significant correlation between 
VEGF-C, VEGF-D and VEGFR-3 expressions and the pa-
tient’s age, tumor size, TNM stage or tumor grade (data 
not shown).

Table 2. Relationship between lymph node status and mean VEGF-D IRS

Lymph node status VEGF-D (IRS) p value*

N0 2.69 ± 0.26 0.058

N1 3.23 ± 0.29

N2 2.81 ± 0.59

N3 4.11 ± 0.59

* ANOVA test was used ; p = 0.01 for N0 vs N3, and p = 0.031 for N2 vs N3, 
with LDS test

Table 3: Peri- and intra-tumoral lymphatic vessel density (LVD) according to the level of VEGF-D and VEGFR-3 expressions

Level of VEGF expressions Peritumoral LVD p-value* Intratumoral LVD p-value*

VEGF-D

low expression (n = 10) 2.4 ± 0.8 0.002 0.8 ± 0.4 0.031

high expression (n = 70) 5.5 ± 3.1 1.29 ± 0.7

VEGFR-3

low expression (n = 12) 3.1 ± 2 0.014 1.2 ± 0.8 0.650

high expression (n = 68) 5.5 ± 3.1 1.3 ± 0.6

* Mann-Whitney U test was used.

Fig. 1. Strong and diffuse VEGF-D staining in carcinoma cells, ×20

Fig. 2. Lymphatic vessels in peri-tumoral area, D2-40, ×10
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Discussion
It is known that breast cancer may spread via the lym-

phatic vessels into the axillary lymph nodes.4 Lymphatic 
vessel invasion (LVI) has also been shown to significantly 
correlate with lymph node metastasis as well as sentinel 
and non-sentinel lymph node metastasis.10 VEGF-C and 
VEGF-D are known as lymphangiogenic factors; both 
growth factors mediate their biological activity mainly by 
VEGFR-3.11

Although the relationships of VEGF-C and -D with 
lymph node metastasis are still a controversial issue, they 
are generally accepted to be significantly associated with 
the extent of lymph node metastasis in breast cancer.12 
Bando et al. evaluated intra-tumoral levels of VEGF-C and 
VEGFR-3 by using enzyme-linked immunosorbent assay 
in human breast cancer tissues and found that there was 
no significant prognostic value of VEGFR-3.11 Recently, 
some authors have demonstrated that different molecu-
lar subtypes of breast cancer correlate with the expression 
of VEGF-C and/or VEGF-D.13,14 Raica et al. investigated 
the differential of expressions VEGF-C, VEGFR-3 and 
D2-40 by immunohistochemistry to evaluate lymphangi-
ogenesis and the lymphatic microvessel density in breast 
cancer patients.13 They found that VEGF-C expression 
significantly correlated with lymph node metastasis, but 
not tumor grade. The authors showed the highest level of 
VEGF-C expression in HER2 and luminal types and the 
lowest expression in basal-like carcinoma. In contrast, Liu 
et al. showed that triple-negative breast cancer correlates 
with a high expression of VEGF-C and -D.14

Although some researchers have suggested that 
VEGF-C, but not VEGF-D, has an important role in lym-
phangiogenesis, others believe that VEGF-D is a predic-
tor for lymphatic metastasis, and an independent prog-
nostic factor.15–19 The  first group of researchers have 
suggested that VEGF-C promotes lymphangiogenesis 
and that tumor lymphangiogenesis in turn promotes 
lymphatic metastasis.15,16,20 In  the present study, we 
showed that VEGF-C, VEGF-D, and VEGFR-3 were ex-
pressed in a substantial percentage of breast carcinomas. 
VEGF-D expression was associated with lymph node 
metastasis, however there were no significant correla-
tions between the expressions of VEGF-C and VEGFR-3 
and lymph node status. In  a  study by Nakamura et  al., 
LVD was evaluated by podoplanin immunostaining and 
the relationships between LVD and lymph node status as 
well as VEGF-C immunoreactivity and some clinicopath-
ological parameters were analyzed.20 The authors found 
that increased LVD was correlated with lymph node me-
tastasis and VEGF-C expression. In their series, peri-tu-
moral lymph vessels were slightly higher in number when 
compared to intra-tumoral lymph vessels. Similarly, we 
have also observed that peri-tumoral lymph vessels were 
significantly higher than intra-tumoral lymphatic vessels 
in our study.

Contrary to the findings of the previous studies demon-
strating that high expression of VEGF-C in human breast 
cancer is significantly correlated with lymph node metas-
tasis and unfavorable prognosis, we have not observed 
any correlation of VEGF-C expression in tumor cells with 
lymph node status. In  some studies, peri-tumoral LVD 
was found to be an independent risk factor for axillary 
lymph node metastasis.10,21 In a recent study, VEGF-C and 
-D expressions were significantly associated with peri-
tumoral LVD, as determined by D2-40 staining, but not 
intra-tumoral LVD in breast cancer.22 The  authors have 
found that peri-tumoral LVD was associated with lymph 
node metastasis, LVI and advanced tumor stage and thus 
they suggested that tumor derived VEGF-C and -D induce 
peri-tumoral lymphangiogenesis, which may be related to 
lymphatic invasion and metastatic spread. Mohammed 
et  al. showed that high expressions of VEGF-A  and -C, 
but not of VEGF-D, were associated with a higher LVD 
and lymph node metastasis.16 In  another study by Gu 
et al., LVD was found to be significantly associated with 
lymphatic metastasis and advanced tumor stage.17 In their 
series, increased LVD was significantly correlated with 
high expressions of VEGF-C and -D. In their study, there 
was a close correlation between VEGF-D expression and 
lymphatic metastasis. In  our study, VEGF-D expression 
was found to be significantly associated with both peri-
tumoral and intra-tumoral LVD. There was also a signifi-
cant correlation between VEGF-D expression and lymph 
node metastasis. We have observed that peri-tumoral, but 
not intra-tumoral, LVD was closely related to the high ex-
pression of VEGFR-3 in breast cancer cells.

In  summary, our findings suggest that high level 
VEGF-D expression by breast cancer cells may induce 
lymphangiogenesis in the peri-tumoral and intra-tumoral 
region and thus contribute to a high peri- and intra-tu-
moral LVD, leading to lymphatic vessel invasion and met-
astatic spread to lymph nodes. According to the previous 
published studies and our present series, we can suggest 
that inhibition of VEGF-D expression to control peri- and 
intra-tumoral lymphangiogenesis may contribute to the 
development of novel therapeutic strategies for breast 
cancer treatment.23
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Abstract
Background. Cardiovascular (CV) incidents are the major cause of mortality in maintenance dialysis (MD) 
patients undergoing peritoneal dialysis (PD) or hemodialysis (HD). CV injury indicators may be useful to 
investigate the dialysis modality influence on survival.

Objectives. The aim of this study was to compare selected laboratory and echocardiographic (ECHO) 
markers of CV injury in terms of dialysis vintage (DV), CV-related mortality and all-cause mortality.

Material and methods. The study involved 301 patients on HD (n = 301) and PD (n = 58), who were 
divided into subgroups according to DV. The subjects’ medical histories included diabetes mellitus (DM), 
myocardial infarction (MI), stroke, CV deaths and deaths from non-CV causes. Their CV parameters were 
measured with ECHO for the left ventricle ejection fraction (EF), posterior wall (LVW) and interventricu-
lar septum (IVS). Serum analyses of cardiac troponin T (TnT) and N-terminal pro-brain natriuretic peptide 
(BNP) were also carried out.

Results. In the subgroup with a DV of 4 years, the PD and HD patients were of a similar age, and had similar 
mortality and morbidity rates and CV markers, except for thicker IVS in the HD patients.

Conclusions. Focusing on the data analysis based on mortality, and both laboratory and echocardiograph-
ic markers of cardiovascular injury, PD seems to be a more favorable method of dialysis. The advantage of PD 
was noted in subjects with a DV < 2 years. HD showed no outcome benefit over PD in longer DV.
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There is a lack of objective guidelines for initiating renal 
replacement therapy (RRT) with peritoneal dialysis (PD) 
or hemodialysis (HD) in patients with end-stage renal 
disease (ESRD) who develop uremic complications before 
receiving kidney transplantation. In routine practice, the 
choice of which dialysis modality to initiate is often based 
on the physicians’ inclination, the patient’s preferences, 
and any contraindications to one therapy or the other.1–5 
Clinical trials that randomize the dialysis modality initi-
ated are currently lacking, since RRT qualification guide-
lines are based on social and ethical aspects.6 Exploring 
the outcomes in current dialysis patient populations may 
therefore be worthwhile. Studies of that kind could ana-
lyze the effect of dialysis over different time periods, called 
the “dialysis vintage”, as well as look for trends in patient 
survival, and could thus define mortality risk markers for 
different dialysis vintage periods.6 As a result of the highly 
subjective criteria for dialysis initiation, populations un-
dergoing maintenance HD or PD are significantly hetero-
geneous in terms of age, gender, ESRD background and 
comorbidities.1,3 This means there is a  need for reliable 
markers to objectively compare the safety of the different 
dialysis modalities. Recent epidemiological data confirm 
that cardiovascular (CV) incidents are the major contrib-
utors to the high mortality rate in the ESRD population.7 
Consequently, CV injury markers may be useful predic-
tors in determining the effect of the 2 dialysis modalities 
on the recipient’s survival.

Previous studies have provided evidence emphasizing 
the value of serum cardiac troponin T (cTnT) as a predic-
tor of CV incidents and mortality.8,9 N-terminal pro-brain 
natriuretic peptide (NT-proBNP) has been found to be 
another useful prognostic marker associated with mortal-
ity in dialysis patients.9–11 The correlation between ESRD 
and development of CV disease (CVD) is well known. Re-
nal failure affects both the structure and the function of 
the myocardium, which can be detected using echocar-
diography.12–14 It would be beneficial to conduct a study 
comparing different CV variables and observing potential 
CV injury in patients on HD and PD.

The aim of the current study was to compare selected 
markers of CV injury in terms of their impact on morbidi-
ty and mortality within 2 cohorts of Polish patients under-
going maintenance dialysis with HD and PD respectively. 
After separating the dialysis patients into subgroups ac-
cording to dialysis vintage, the outcomes of each group 
were analyzed.

Material and methods
A total of 359 Polish patients undergoing chronic dialy-

sis during the period from 2010 to 2014 were followed-up 
for 24  months. They comprised 301  patients on thrice-
weekly in-center HD (Group H) and 58 on home PD 
(Group P). The exclusion criteria were a  lack of written 

consent, RRT vintage lower than 6 weeks and age below 
18 years old. Subjects with a history of dialysis modality 
conversion before qualification to the study were also ex-
cluded. The patients in this study provided informed writ-
ten consent, and the Poznan University of Medical Sci-
ences Ethics Committee approved the study.

The  patients’ history included the ESRD background, 
diabetes mellitus (DM), myocardial infarction (MI) dur-
ing follow-up, stroke during follow-up and end-point 
(death, renal transplantation, conversion to another type 
of dialysis or termination of dialysis). The cause of death 
was specified as CV (including sudden cardiac arrest, 
acute MI, venous thromboembolism and consequences 
of heart failure) or non-CV. Each of the 2 dialysis modal-
ity groups were divided into 3  subgroups depending on 
the dialysis vintage: a) HD and PD patients in subgroups 
HA and PA received dialysis for < 104 weeks (< 2 years); 
b) patients included in subgroups HB and PB remained 
on dialysis treatment with HD and PD respectively for 
104–208 weeks (2–4 years); and c) subgroups HC and PC 
included patients whose dialysis vintage on HD and PD 
respectively exceeded 208 weeks (> 4 years).

A number of procedures were performed on each pa-
tient at the beginning of observation (for HD patients 
before the midweek dialysis session). Blood samples were 
obtained before dialysis to analyze CV injury markers 
cTnT (using the Elecsys®/cobas e™ cTnT fourth-gener-
ation assay, Roche Diagnostics, Basel, Switzerland) and 
NT-proBNP. Transthoracic echocardiography was per-
formed following current guidelines to assess left ventricle 
parameters: ejection fraction, posterior wall (LVW) and 
interventricular septum (IVS) thickness.15 The statistical 
analysis was carried out using STATISTICA 12.5 software 
(StatSoft, Tulsa, USA). All correlations were calculated 
using the Spearman correlation coefficient. The compari-
sons of the HD and PD group variables were performed 
using either the Mann-Whitney or the t-test, depending 
on normality. A  survival analysis was conducted using 
Kaplan-Meier curves. Logistic regression was used for 
a multivariable analysis of markers affecting mortality.

Results

Characteristics of the HD  
and PD study participants

A  summary of patient characteristics is shown in Ta-
ble  1. The  301 HD patients studied were significantly 
older than the 58 PD patients (64 ± 15 vs 56 ± 17 years; 
p < 0.001), and they were more often men (63% vs 48%; 
p < 0.05). The mean dialysis vintage was longer for HD pa-
tients than for PD patients (264 ± 216 vs 135 ± 96 weeks; 
p < 0.001). Globally there was no significant difference in 
the incidence of DM, MI or stroke. The gross mortality, 
expressed as a percentage, was higher for HD than for PD 
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patients (29.6% vs 10.3%; p < 0.001), while CV mortality 
was comparable for HD and PD (Table 2). The rate of trans-
plantation was higher in PD than HD patients (15.5% vs 
7.6%; p < 0.05). The mean concentrations of cardiac mark-
ers were substantially higher in HD than PD patients: For 
NT-proBNP it was 12192 ± 12873 vs 6571 ± 10203 pg/mL 
(p < 0.001); for cTnT it was 75.5 ± 84.4 vs 71.8 ± 99.1 ng/mL 
(p < 0.05). Echocardiography demonstrated that both the 
mean IVS (14.1 ± 2.8 vs 12.2 ± 2.1 mm; p < 0.001) and the 
LVW (13.4 ± 2.3 vs 12.0 ± 2.3 mm; p < 0.01) were thicker 
in HD than PD patients, while the 2 groups did not differ 
with regard to EF. Selected correlations are presented in 
Table 3.

The Kaplan-Meier curves illustrate that DM was a main 
factor shortening survival time, both in patients on HD 
(Fig.  1a; p  <  0.05) and those on PD (Fig.  1b; p  <  0.05). 
Age > 65 years appeared to be a negative prognostic fac-
tor only for the HD patients (Fig. 1c; p < 0.01), not for PD 
patients (Fig. 1d).

There are numerous risk factors and potential predic-
tors of dialysis recipients’ mortality and their influence is 
not independent. For precise assessment of each param-
eter’s influence in vivo, is necessary to combine them in 
models. Multivariable logistic regression analysis was in-
troduced to create models including statistically signifi-
cant identify markers affecting all-cause and CV mortal-

Fig. 1. Kaplan-Meier survival probability curves; a) HD survival with/without DM; b) PD survival with/without DM; c) age-dependend survival on HD;  
d) age-dependend survival on PD; DM – diabetes mellitus; HD – hemodialysis; PD – peritoneal dialysis.

Table 1. Comparison of groups on hemodialysis (H) and peritoneal dialysis (P)

Parameter H P p-value

Age, years 64 ± 15 56 ± 17 < 0.001

Patients, n 301 58

Males/females, n 190/111 28/30 < 0.05

Dialysis vintage, weeks 264 ± 216 135 ± 96 < 0.001

Comorbidity and deaths

DM, n 95 19 0.99

MI, n 48 5 0.13

Stroke, n 26 2 0.16

All-cause deaths, n 89 6 < 0.01

Cardiovascular-related 
deaths, n

44 5 < 0.001

Tx, n 23 (7.6%) 9 (15.5%) < 0.05

Predictors investigated 

BNP, pg/mL 12192 ± 12873 6571 ± 10203 < 0.001

cTnT, ng/mL 75.5 ± 84.4 71.8 ± 99.1 < 0.05

IVS, mm 14.1 ± 2.8 12.2 ± 2.1 < 0.001

LVW, mm 13.4 ± 2.3 12.0 ± 2.3 < 0.01

EF, % 57.9 ± 11.2 54.8 ± 11.6 0.15

Data are presented as mean ± standard deviation; BNP – N-terminal pro-
brain natriuretic peptide; cTnT – cardiac troponin T; DM – diabetes mellitus; 
DN – diabetic nephropathy; EF – ejection fraction of left ventricle; GN – glo-
merulonephritis; HT – hypertension; IVS – interventricular septum; LVW – left 
ventricle posterior wall; MI – myocardial infarction; Tx – kidney transplantation.

a

c

b

d
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ity of the patients on HD; a corresponding model for PD 
was not possible due to the low mortality rate in the PD 
group. Both of the models presented for HD revealed that 
an increase in cTnT levels, dialysis vintage < 104 weeks 

and age > 65 years were connected with a higher risk of 
death (Table 4; p < 0.001). None of the models including 
markers of CV injury other than cTnT as variables ap-
peared significant.

A. Dialysis vintage < 2 years: Subgroup HA  
vs subgroup PA 

In  the study group, 13.6% of the HD patients and 
48.3% of the PD patients had been on dialysis for less 
than 24  months (p  <  0.001). As shown in Table  5, the 

Table 2. All-cause mortality and CV-related mortality in terms of dialysis 
modality

Parameter
Survived entire 

follow-up 
period

Died during 
follow-up 

period
All

Dialysis modality all causes

HD (n) 212 89 301

% of the HD subgroup 70.4% 29.6%a 100%

PD (n) 52 6 58

% of the PD subgroup 89.7% 10.3%a 100%

Dialysis modality CV-related 

HD (n) 257 44 301

% of the HD subgroup 85.4% 14.6%a 100%

PD (n) 53 5 58

% of the PD subgroup 91.4% 8.6%a 100%

a p < 0.001; CV – cardiovascular; HD – hemodialysis; PD – peritoneal 
dialysis.

Table 3. Correlations between selected factors in HD and PD patients

Dialysis/parameter Parameter r p-value

HD + PD

Death age 0.19 < 0.001

Death DM 0.12 < 0.05

Age DM 0.20 < 0.05

HD

MI death 0.10 0.08

BNP death 0.22 < 0.001

cTnT death 0.23 < 0.001

cTnT MI 0.06 0.3

cTnT LVW 0.47 < 0.001

BNP LVW 0.41 < 0.001

Death DM 0.08 0.1

Age DM 0.15 < 0.05

PD

MI death 0.90 < 0.001

cTnT death 0.29 < 0.05

BNP death 0.16 0.2

cTnT MI 0.25 0.06

cTnT LVW –0.14 0.4

BNP LVW –0.05 0.8

Death DM 0.37 < 0.05

Age DM 0.45 < 0.05

BNP – N-terminal pro-brain natriuretic peptide; cTnT – cardiac troponin T; 
DM – diabetes mellitus; HD – hemodialysis; IVS – interventricular 
septum; LVW – left ventricle posterior wall; MI – myocardial infarction; 
PD – peritoneal dialysis.

Table 4. Logistic regression multivariable analysis of all-cause and  
CV-related mortality risk factors among the HD patients

Covariate OR 95% CI p-value

All-cause deaths < 0.001

TnT 4.25 2.30–7.85 < 0.001

HD vintage 0.45 0.31–0.66 < 0.001

Age 2.18 1.25–3.81 < 0.01

CV-related deaths < 0.001

TnT 3.61 1.75–7.44 < 0.001

HD vintage 0.49 0.31–0.76 < 0.01

Age 2.80 1.33–5.90 < 0.01

CI – confidence interval; cTnT – cardiac troponin T; HD – hemodialysis; 
OR – odds ratio.

Table 5. Comparison of subgroups on hemodialysis (HA) and peritoneal 
dialysis (PA) for < 104 weeks (< 2 years)

Parameter HA PA p-value

Age, years 65.5 ± 18.5 50.9 ± 17.1 < 0.01

Patients, n 41 28

Males/females, n 26/15 12/16 0.15

Dialysis vintage, weeks 66.4 ± 26.6 57.0 ± 26.7 0.11

Comorbidity and deaths

DM, n 15 7 0.22

MI, n 8 1 0.05

Stroke, n 2 1 0.76

All-cause deaths, n 28 1 < 0.001

Cardiovascular-related 
deaths, n

15 1 < 0.01

Tx, n 6 7 0.29

Predictors investigated

BNP, pg/mL 13967 ± 13449 4464 ± 7643 < 0.01

cTnT, ng/mL 70.1 ± 56.0 40.5 ± 50.0 < 0.001

IVS, mm 12.7 ± 3.8 12.1 ± 2.5 0.73

LVW, mm 13.3 ± 3.2 11.8 ± 2.7 0.37

EF, % 61.0 ± 9.5 55.3 ± 11.4 0.38

Data are presented as mean ± standard deviation; BNP – N-terminal 
pro-brain natriuretic peptide; cTnT – cardiac troponin T; DM – diabetes 
mellitus; DN – diabetic nephropathy; EF – ejection fraction of left ventricle; 
GN – glomerulonephritis; HT – hypertension; IVS – interventricular septum; 
LVW – left ventricle posterior wall; MI – myocardial infarction; Tx – kidney 
transplantation.
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HA  patients were significantly older than the PA  pa-
tients (65.5  ±  18.5 vs 50.9  ±  17.1  years; p  <  0.01) while 
the gender distribution in the 2  subgroups was compa-
rable. There was no significant difference noted in the 
mean dialysis vintage, the presence of DM or the inci-
dence of stroke. A  substantially higher incidence of MI 
(8 vs 1; p < 0.05) and higher mortality rate (28 [15 CV] 
vs 1; p < 0.001) were recorded in group HA in compari-
son to group PA. In  the HA  group, 6  patients received 
kidney transplants, and kidney function improved in 
2  subjects with no further dialysis requirement. In  the 
PA  group, 7  patients underwent transplantation, while 
2  converted to HD. The  mean serum concentrations of 
CV markers were higher in the HA group compared to 
the PA group: For NT-proBNP they were 13967 ± 13449 
vs 4464  ±  7643  pg/mL (p  <  0.01), and for cTnT they 
were 70.07 ± 55.98 vs 40.54 ± 49.95 ng/mL (p < 0.001). 
The  mean values of echocardiographic parameters did 
not differ between these 2 subgroups.

B. Dialysis vintage 2–4 years: Subgroup HB  
vs subgroup PB

A similar proportion of HD and PD patients had a di-
alysis vintage of 2–4 years. The mean age, gender distri-
bution and dialysis vintage were similar in the HB and PB 
subgroups (Table  6). Additionally, the incidence of MI, 

stroke, DM and mortality rate did not differ significantly 
in the HB and PB groups. In  the HB group, 10  patients 
received kidney transplants, and 1 patient was switched 
to PD. In the PB group, 1 patient underwent a transplant 
and 5 required the conversion to HD. No differences were 
observed between these 2  subgroups with regard to the 
mean serum values of CV markers NT-proBNP and cTnT 
or echocardiographic indicators IVS, LVW, EF.

C. Dialysis vintage > 4 years: Subgroup HC  
vs subgroup PC

Among the patients with a dialysis vintage of > 4 years, 
there was a  higher proportion of HD than PD patients 
(49.5% vs 22.4%; p < 0.001). The mean age and gender dis-
tribution in the HC and PC subgroups were comparable 
(Table 7). The mean dialysis vintage was slightly higher in 
the HC subgroup than in the PC subgroup (404 ± 232 vs 
286 ± 45 weeks; p = 0.06). There was no significant differ-
ence in the incidence of MI, stroke or the presence of DM. 
The death rate was also comparable in these 2 subgroups. 
Within the HC subgroup, 7  patients received kidney 
transplants, while 1 patient was transferred to another HD 
center and was lost to further follow-up. One PC patient 
received a  transplant and 3  required conversion to HD. 
The mean concentrations of NT-proBNP and cTnT were 
comparable in subgroups HC and PC. Among the echo-

Table 6. Comparison of subgroups on hemodialysis (HB) and peritoneal 
dialysis (PB) for 104–208 weeks (2–4 years)

Parameter HB PB p-value

Age, years 62.7 ± 16.3 57.8 ± 17.3 0.24

Patients, n 111 17

Males/females, n 66/45 8/9 0.34

Dialysis vintage, weeks 149.7 ± 29.2 148.9 ± 33.2 0.78

Comorbidity and deaths

DM, n 33 7 0.43

MI, n 16 1 0.31

Stroke, n 8 1 0.81

All-cause deaths, n 23 2 0.39

Cardiovascular-related 
deaths, n

12 1 0.54

Tx, n 10 1 0.67

Predictors investigated

BNP, pg/mL 9164 ± 11477 8012 ± 12156 0.24

cTnT, ng/mL 62.3 ± 65.7 103.7 ± 149.1 0.97

IVS, mm 12.3 ± 2.1 12.4 ± 1.8 0.57

LVW, mm 12.4 ± 1.8 12.25 ± 1.8 0.78

EF, % 56.9 ± 10.2 52.17 ± 13.5 0.45

Data are presented as mean ± standard deviation; BNP – N-terminal 
pro-brain natriuretic peptide; cTnT – cardiac troponin T; DM – diabetes 
mellitus; DN – diabetic nephropathy; EF – ejection fraction of left ventricle; 
GN – glomerulonephritis; HT – hypertension; IVS – interventricular septum; 
LVW – left ventricle posterior wall; MI – myocardial infarction; Tx – kidney 
transplantation.

Table 7. Comparison of subgroups on hemodialysis (HC) and peritoneal 
dialysis (PC) for > 208 weeks (> 4 years)

Parameter HC PC p-value

Age, years 64.4 ± 13.8 63.7 ± 13.1 0.90

Patients, n 149 13

Males/females, n 98/51 5/8 0.76

Dialysis vintage, weeks 403.7 ± 232.0 285.5 ± 44.5 0.06

Comorbidity and deaths

DM, n 47 5 0.62

MI, n 24 3 0.53

Stroke, n 16 0 0.22

All-cause deaths, n 38 3 0.85

Cardiovascular-related 
deaths, n

17 3 0.22

Tx, n 7 1 0.64

Predictors investigated

BNP, pg/mL 13973 ± 13354 9337 ± 12177 0.22

cTnT, ng/mL 86.6 ± 100.6 97.3 ± 83.7 0.30

IVS, mm 14.7 ± 2.8 12.2 ± 1.6 < 0.01

LVW, mm 13.7 ± 2.3 12.3 ± 1.8 0.11

EF, % 58.1 ± 11.8 56.9 ± 10.3 0.65

Data are presented as mean ± standard deviation; BNP – N-terminal 
pro-brain natriuretic peptide; cTnT – cardiac troponin T; DM – diabetes 
mellitus; DN – diabetic nephropathy; EF – ejection fraction of left ventricle; 
GN – glomerulonephritis; HT – hypertension; IVS – interventricular septum; 
LVW – left ventricle posterior wall; MI – myocardial infarction; Tx – kidney 
transplantation.
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cardiographic parameters analyzed, only IVS differed sig-
nificantly: It was thicker in subgroup HC (14.71 ± 2.75 vs 
12.22 ± 1.56 mm; p < 0.01).

Discussion
In the current study, characteristics of HD and PD pa-

tients treated over different periods of time (dialysis vin-
tage) were compared within each vintage group.  Although 
the HD population studied was significantly older than 
the PD patients, it did not present a higher incidence of 
DM, MI or stroke. A natural, increasing proportion of HD 
patients with a longer dialysis vintage was observed, pos-
sibly due to the time-dependent limitation of the perito-
neum as a dialytic membrane resulting in a need for con-
version from PD to HD.16,17 Another explanation for the 
increasing proportion of HD patients with a longer dialy-
sis vintage is the higher incidence of renal transplantation 
in PD patients.

A higher mortality rate was observed on HD as com-
pared to PD, but this was limited to patients on dialysis for 
less than 2 years. There are numerous causes that could 
be responsible for the higher early mortality observed 
among HD patients. The  first possible cause is the sig-
nificantly lower mean age of the patients undergoing PD. 
As expected, age and death rate were correlated (Table 3), 
and the influence of age on death rate was illustrated by 
Kaplan-Meier curves (Fig. 1c). This result is due to this 
study’s aim of comparing patients in terms of dialysis vin-
tage. PD is often more likely in younger ESRD patients 
because it offers them more independence as compared 
to HD. Another probable explanation is that the start of 
PD is usually characterized by less urgency. Therefore, di-
alysis initiation with PD is mainly reserved for patients 
under pre-dialytic care who are in stable condition and 
receiving conservative treatment.18 A  3rd hypothesis for 
the higher mortality rate in HD during the first 2 years of 
therapy may be related to psychosocial and economic fac-
tors related to HD and PD: Patients who choose PD seem 
to be more active, have lower rate of comorbidities and 
benefit from having better family support.19,20

Although CV-related mortality compared to total all-
cause mortality was in fact higher in PD, overall mortal-
ity rates – both CV-related and all-cause mortality – were 
higher in HD. Signs of non-specific CV injury, reflected by 
both laboratory markers (cTnT, NT-proBNP) and echo-
cardiographic indicators (IVS, LVW) were more promi-
nent in HD than in PD patients. Furthermore, increases 
in both cTnT and NT-proBNP showed a positive correla-
tion with the mortality rate in HD patients, while in PD 
patients only cTnT correlated with mortality. Increases 
in both cTnT and NT-proBNP were, however, con-
nected with LV wall hypertrophy in the HD population. 
 Interestingly, the laboratory CV injury markers analyzed 
appeared to be predictors of overall all-cause mortality, 

but not specifically of CV-related mortality. These results 
indicate that dialysis and ESRD may induce specific CV 
injuries that lead to increased mortality which are not 
reflected in myocardial hypertrophy or in EF decrease. 
It can only be suggested that these 2 echocardiographic 
findings may illustrate a  mechanism of myocardial ad-
aptation to an increased CV burden, rather than a direct 
cause of poor outcomes.

The  results outlined above appear to show that PD 
has an advantage in terms of patient outcomes. Howev-
er, due to the lack of randomized trials comparing HD 
and PD in the ESRD population,an objective compari-
son of both modalities is difficult.6 As a  possible alter-
nate solution, propensity score-stratified (PS) models 
that serve as an equivalent of randomization have been 
proposed. A study by Liem et al. confronted a PS model 
with a  multivariable-adjusted (MV) model in survival 
estimation.21 The  same variables were included in both 
models. With the PS model, covariate balance between 
the groups was achieved. On the other hand, the features 
from the PS model were entered into the MV model as 
covariates. Eventually, the hazard ratios for mortality in 
both models appeared to be identical: 0.99 vs 0.97 respec-
tively for the MV and PS models.21 In the current study, 
a  MV logistic regression model was introduced to esti-
mate the influence of the variables analyzed on the dif-
ferences between the subgroups undergoing HD or PD 
in order to assess their influence on the disproportion-
ate outcomes. A strong disadvantage of both the PS and 
MV models is their low utility for small sample sizes as in 
the current study. Furthermore, due to the low mortality 
rate in the PD study group, a significant logistic regres-
sion MV model could not be created for this population. 
In the HD population, an increase in cTnT, dialysis vin-
tage < 104 weeks and age > 65 years were associated with 
increased overall and CV mortality.

Previous studies – either prospective, often performed 
in small groups and lacking the statistical power of large 
cohort analyses, or retrospective, which rely on a  large 
number of patient samples in national or dialysis center 
registries – have not delivered definitive proof of one mo-
dality being superior over the other.22–28 Research based 
on PD and HD groups adjusted for demographic factors 
and comorbidities has commonly warned of increased 
global mortality in PD populations.22,25,26 Nevertheless, 
after the year 2000, improvements in dialysis methods and 
supportive therapies appear to have resulted in a  more 
substantial decrease of mortality rates among PD patients 
compared to HD patients.7,20,27,29,31,32 Hence, in order to 
determine the advantages of each modality, there must be 
an up-to-date analysis of overall outcomes taking influ-
ential factors into account. Differences between HD and 
PD long-term survival have been reported to depend on 
the dialysis vintage. Previous studies have announced dif-
ferent cutoff points that are favorable for PD as an initial 
dialysis modality.7,24,26,30,33 The results of the current study 
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showed a significantly better prognosis for both survival 
and the probability of renal transplantation in patients on 
maintenance PD for less than 24 months. A favorable out-
come for HD was not observed either in the medium term 
or in the longest dialysis vintage group.

Most recent studies reveal a survival advantage for PD 
patients younger than 65  years old, non-diabetics and 
those with only one comorbidity.20,30,34,35 According to the 
current results and those of other research groups, initiat-
ing dialysis with PD seems to be more favorable in  general. 
The exception is that a longer dialysis vintage reduces the 
advantage of PD.20,30–32,34,35 Nonetheless, without select-
ing specific patient characteristics, no survival benefit 
was proved for any of the HD vintage subgroups. A pro-
spective comparison of survival among patients convert-
ed from PD – after the favorable vintage of up to 2 years 
–  to HD would be required. A crucial variable that was 
not considered by this study is a patient’s quality of life on 
the preferred dialysis modality. Its influence on survival is 
immeasurable using non-randomized comparative analy-
ses of the advantages of HD and PD.

This prospective observational study comparing the 
effectiveness of dialysis modalities carries several limi-
tations. First, due to limitations arising from the ESRD 
population, it does not have the quality of a randomized 
trial. Patients who had initiated RRT in a different modal-
ity were excluded; however, patients with an unplanned 
switch to HD were qualified. Moreover, the analysis did 
not take into account comorbidities other than those 
mentioned, or changes in a  patient’s health status over 
time. Another source of bias emerged from demographic 
differences between the populations compared. Never-
theless, the patients’ demographic and psychosocial vari-
ations play a major role in modality selection; therefore 
a comparison of heterogeneous populations of ESRD pa-
tients on different dialysis modalities seems reasonable. 
To  evaluate the influence of demographic variables on 
survival, a multivariable analysis was performed; however, 
its value is limited by the relatively low number of patients 
in the PD group and – as a result – its low mortality rate. 
The data presented in the study do not include vascular 
access in HD patients or PD regimens.

A definite advantage of this study is that it represents 
a contemporary prospective multifactorial comparison of 
a fairly large Polish cohort of patients undergoing mainte-
nance dialysis. The qualification criteria excluded patients 
who had converted from one dialysis modality to another, 
to eliminate this source of bias. Focusing on the frequen-
cy of CV-related mortality in the ESRD population, the 
patients on each modality were divided into subgroups 
according to their dialysis vintage, and (as described 
above) analyzed in terms of selected co-morbidities, CV 
incidents, CV-related mortality and all-cause mortality. 
Laboratory markers and echocardiographic indicators of 
CV injury were evaluated as potential predictors of a poor 
prognosis.

In  summary, in terms of mortality, as well as labora-
tory markers and echocardiographic indicators of car-
diovascular injury, PD seems a  more favorable method 
of dialysis. Nevertheless, PD recipients were younger and 
had more often received early pre-dialysis nephrological 
care. The  influence of these factors on the parameters 
measured cannot be precisely calculated. Therefore, the 
advantage of PD cannot be clearly confirmed. Moreover, 
this advantage of PD was observed only in patients on di-
alysis for less than 2 years. With longer dialysis vintages, 
the laboratory and clinical advantages of PD were no lon-
ger present. However, even with longer dialysis vintages, 
HD showed no benefit with regard to outcomes. In addi-
tion to individual preferences of patients, PD seems to be 
the dialysis method of choice for candidates anticipating 
early kidney transplantation. Nevertheless, a  more reli-
able analysis of the benefits of each modality would re-
quire an evaluation of the patients’ quality of life.
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Abstract
Background. Potential benefits of screening need to be carefully balanced against the financial burden for 
the national health care system.

Objectives. To assess the cost-effectiveness of population-based mammographic screening in the 3-mil-
lion region of Lower Silesia (Poland) after initial and 3 subsequent rounds.

Material and methods. Data was collected in a prospective manner using the databases of the official 
computer system for the monitoring of prophylaxis programs (SIMP), National Health Fund (Lower Silesia 
Regional Branch) and the Lower Silesia Cancer Registry. The expenses from each analyzed year were ob-
tained from the Regional Coordinating Center for Screening Programs. The number of screen-detected and 
pathologically proven invasive and ductal in situ cancers was calculated. Costs of cancer detection were 
measured, converted into US dollars (USD), and expressed in 2015 USD using the comparison of purchasing 
power of money calculated with the Consumer Price Index.

Results. The total expense for the screening program in the initial round (2007–2008), first (2009–2010), 
second (2011–2012) and third (2013–2014) subsequent rounds was 4 732 383, 6 043 509, 6 484 834, 
and 5 900 793 USD whereas the number of cancer detected was 1049, 987, 1312, and 1070. The cost-
effectiveness ratio obtained in the program for each year was 4511, 6123, 4943, and 5515 USD per cancer 
found. The average cost of breast cancer detection in screening program in the region of Lower Silesia in 
years 2007–2014 was 5243 USD.

Conclusions. The low cost of breast cancer detection in mammographic screening program makes it ap-
plicable for the health care systems in emerging economies.

Key words: breast cancer, mammographic screening, cost-effectiveness
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Introduction
Despite important advances in therapy and translation-

al research, strategies for breast cancer control are geared 
towards early detection of the disease.1–3 In high-income 
economies, such as US or Western European Countries, 
mammographic screening has been widely implemented, 
leading to various improvements in breast cancer treat-
ment outcomes.3–6 However, cost-effectiveness of or-
ganized and centralized screening has to be taken into 
account when a  nation-wide program is introduced, in 
particular in emerging countries. Although Poland is 
ranked by the World Bank as belonging to high-income 
countries (http://data.worldbank.org/country), the gross 
national income (GNI) per capita (13 730 USD) remains 
considerably lower than in Western Europe, and is just 
slightly above the borderline value (12 616 USD), which 
results in strongly limited health care budget. There is 
mixed data regarding the economic attractiveness of 
mammographic screening in low- and middle-income 
countries. The evidence base is still too small to general-
ize these findings and draw significant conclusions.3

Lower Silesia is a  region with 3 million inhabitants in 
southwest Poland. Since the introduction of mammo-
graphic screening, approximately 60  000  women have 
been screened each year. During the initial (2007–2008) 
and first subsequent (2009–2010) round of screening the 
technical recall rate was 0.27% and 0.1%, whereas further 
assessment rate 6.2% and 4.5%, respectively. The  can-
cer detection rate (both invasive and ductal in situ) was 
6.6/1000 and 5.5/1000 while cancer detection rate, ex-
pressed as a multiple of the expected breast cancer inci-
dence rate, was 3.8 and 3.3, respectively.7 Positive predic-
tive value of screening test and the further assessment 
was 11 and 77%, respectively.7,8 The  general assessment 
using early indicators reveals that diagnostic service con-
forms to the European standards on an acceptable or even 
desirable level.9 Because these operational objectives are 
accomplished, the program has a chance to replicate a sig-
nificant reduction in breast cancer mortality achieved in 
randomized trials. On the other hand, the potential ben-
efits of screening need to be carefully balanced against 
the financial burden for the national health care system.10 
However, except for our preliminary report from the first 
year of screening, no other complex analysis of breast 
cancer detection costs has been done yet.11

The aim of this study was to evaluate the cost-effective-
ness of population-based mammographic screening in 
the region of Lower Silesia.

Material and methods
Population-based breast cancer screening in Poland 

has been fully introduced on January 1, 2007 (after a pilot 
phase in 2006) by the Polish National Health Fund. This 

nation-wide program targets women aged 50–69 that are 
not undergoing treatment or being followed-up due to 
breast cancer. Personal invitation letters are issued cen-
trally by the National Health Fund based on its population 
register. Two-view screen-film mammography, cranio-
caudal and oblique, is used as a standard screening test. 
Routine round length of the program is 2 years. All wom-
en with radiological findings categorized as BIRADS 3–5 
are recalled for assessment. The second level diagnostic 
tools are breast clinical examination, additional imaging, 
and invasive investigations if needed. Following further 
assessment women are referred to the mammography at 
the routine round length of the program (benign lesions), 
to the short-term follow-up after 6  months (lesions of 
uncertain potential of malignancy), or to the treatment if 
breast cancer had been detected on biopsy (core-needle 
or vacuum-assisted).

Data was collected in a prospective manner using SIMP 
computer system (the official electronic system for moni-
toring of prophylaxis programs), as well as the databases of 
the regional branch of National Health Fund and the Low-
er Silesian Cancer Registry. The amount of expenses dur-
ing the each analyzed year was obtained from the Regional 
Coordinating Center for Screening Programs. The num-
ber of screen-detected cancers comprises both ductal 
carcinomas in situ and invasive breast cancers. Costs of 
invasive investigations are included into the costs of the 
further assessment with the exception of vacuum-assisted 
biopsy that is reimbursed separately. Costs were measured, 
converted into US dollars (USD), and expressed in 2015 
USD using the comparison of purchasing power of money 
calculated with the Consumer Price Index (CPI). Calcula-
tions were done using the database of Polish National Bank 
(www.nbp.pl) to determine exchange rates and the Mea-
suring Worth service to measure the worth of amounts in 
USD over the time (www.measuringworth.com).

Results
The expense for screening mammograms in the initial 

round (2007–2008), first (2009–2010), second (2011–
2012) and third (2013–2014) subsequent rounds was 
4 051 666, 5 453 418, 5 767 905, and 5 244 519 USD, while 
the cost of invitation letters was 135 667, 144 320, 188 130, 
and 144 886, respectively. Expenses connected to further 
assessment were 207 167, 208 739, 183 991, and 163 615 
USD. Operating costs related to the activity of the Region-
al Coordinating Center for Screening Programs included 
screening promotion, advertising campaigns, courses for 
health professionals, as well as the maintenance of infor-
mation phone-line and website, data collection and analy-
sis. These costs amounted to 337 883, 237 032, 344 808, 
and 347  773 USD. To  sum up, the total expense for the 
screening program was 4 732 383, 6 043 509, 6 484 834, 
and 5 900 793 USD, whereas the number of cancer detect-
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ed was 1 049, 987, 1 312, and 1 070. The cost-effectiveness 
ratio obtained in the program for each year was 4  511, 
6 123, 4 943, and 5 515 USD per cancer found. During the 
8  years of program, the expense for screening mammo-
grams and further assessment was 20 517 508 and 763 512, 
respectively, while the cost of invitation letters and the 
operating cost of the Regional Coordinating Center was 
613 003 and 1 267 496, respectively. The total expense for 
screening program and the number of detected cancers 
was 23 161 519 and 4 418, respectively. The average cost 
of breast cancer detection in screening program in the re-
gion of Lower Silesia in years 2007–2014 was 5 243 USD. 
The year-by-year analysis is presented in details in Table 1.

Discussion
To  compare the costs and effects among different 

screening programs is difficult. Cost-effectiveness of 
mammographic screening generally favors the organized 
and centralized programs, mainly because of better or-
ganization, attendance rate, extended invitation scheme 
covering a large part of the eligible population and com-
prehensive quality assurance procedures.10 Published 
cost-effectiveness ratios may differ tremendously, but are 
often the result of different methods of calculation, time 
periods considered, including or excluding downstream 
cost. The  effects of screening depend on many factors, 
such as the epidemiology of disease, the health care sys-
tem, the quality of program, and the costs of health care.12 
Estimation using a  computer model showed that these 
marked differences make it impossible to set up one uni-
form policy for all the countries.10,12 When we evaluate 
the cumulative expense for mammographic screening 
with regard to the number of cancers found, our pro-
gram looks favorable. If  we assess the similar period at 
the start of program, the reported cost of cancer detection 
expressed in 2014 USD varied from 11 385 (Italy, 1991–
1992) to 12  925 (Spain, 1995–1996).13,14 Our screening 
seems to be much more cost-effective but the limitations 
of that comparison should be kept in mind. This differ-
ence is hard to explain. It might have been influenced by 

many factors, since the number of cancers detected is the 
product of screening sensitivity, incidence of breast can-
cer in the eligible population, and the percentage of wom-
en screened.15 Moreover, lower reimbursement rates and 
salary levels in the Polish health care system compared to 
those in Western Europe are among many other possible 
explanations.

Burnside et al. used a special economic model to simulate 
mammography and estimate the aggregate cost and quality 
of screening in the US. The model generates the total USD 
(2001) spent on screening for the base case assumptions. 
Assuming approx. 65% attendance rate, a  4–7.8% recall 
rate, and a 30–35% cancer to biopsy ratio, the total cost 
would be 4 517 billion USD while the number of biopsies 
performed would be 337 000.15 Through this model, the 
costs and cancers detected can be evaluated using differ-
ent recall and biopsy characteristics. This model shows 
that approaching the screening goal of maximum par-
ticipation (100%) would produce extremely different cost 
characteristics depending on the practice style param-
eters. The low recall rate (2.5–3.5%) and high cancer to 
biopsy ratio (47%) style saves over 697 million USD and 
over 137 000 biopsies as compared with the base case. On 
the other hand, the high recall rate (11%) and low cancer 
to biopsy ratio (< 11%) style would cost almost 3 198 bil-
lion USD more than the base case and would generate 
1 156 000 more biopsies. An analysis of the number of 
women who can be screened and evaluated for a  fixed 
expenditure also reflects the financial impact of distinct 
practice characteristics. For example, if 4 billion USD 
is available for breast cancer screening, the program 
screens (using the base case values) 67.3% of the popula-
tion; 87 968 cancers will be diagnosed, and 295 000 wom-
en will undergo biopsy. This program, which uses a low 
recall rate and high cancer to biopsy ratio screens 75.5% 
of the population; 98  541 cancers will be detected, and 
244  000  women will undergo biopsy. The  benefit is an 
additional 10  000 breast cancers diagnosed early by 
mammography with a  reduction in over 50  000 biop-
sies. In contrast, a program performed with high recall 
rate and a low cancer to biopsy ratio would screen only 
the 50.1% of the eligible population; 713 000 women will 

Table 1. Detailed cost of breast cancer screening in the region of Lower Silesia in the years 2007–2014 expressed in 2015 USD

Expenses 2007 2008 2009 2010 2011 2012 2013 2014

Screening mammograms 1 851 666 2 200 000 2 566 667 2 886 751 3 007 820 2 760 085 2 701 437 2 543 082

Recall and further assessment 82 500 124 667 110 000 98 739 99 779 84 212 88 671 74 944

Invitation letters 99 000 36 667 38 500 105 820 93 185 94 945 90 491 54 395

Regional coordinating center 156 383 181 500 119 167 117 865 183 395 161 413 192 465 155 308

Total expense 2 189 549 2 542 834 2 834 334 3 209 175 3 384 179 3 100 655 3 073 064 2 827 729

Cancers detected1 543 506 463 524 666 646 537 533

Expense per cancer detected 4032 5025 6122 6124 5081 4800 5723 5305

1 invasive cancers and ductal carcinomas in situ.
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undergo biopsy, yet only 65 911 cancers will be detected. 
For the same health care USD, an excess of 418 000 bi-
opsies are carried out as compared with the base case. 
Despite this aggressive style, more than 22  057 cancers 
go undetected by mammography because of the low par-
ticipation rate.15

Theoretic models suggest that the marginal cost per year 
of life saved by screening can be reduced up to 23% with 
substitution of minimal-invasive biopsy for open surgery.16 

Liberman et  al. estimated that stereotactic biopsy could 
decrease cost of diagnosis by 50% with annual national 
reduction in cost approaching 200 billion USD.17 Rubin 
et al. compared the cost-effectiveness of distinct methods 
of invasive investigation in their analysis of consecutive bi-
opsy procedures for non-palpable mammographic abnor-
malities performed from 1984 (needle-localized surgery) 
to 1998 (vacuum-assisted core biopsy). Increased use of 
minimal-invasive techniques, instead of open biopsies, 
resulted in a significant decrease in the total expense for 
cancer detection from 19 503 to 14 490 USD (1998).18 If ex-
pressed in 2014 USD, the cost of breast cancer diagnosis is 
reduced from 28 380 to 21 010 USD, which gives an impor-
tant 7 370 USD saving per each cancer case.

The studies mentioned above clearly indicate that some 
performance indicators can reflect the cost-effectiveness 
of the screening program. Taking this under consider-
ation, our service seems to work well. The  recall rate is 
acceptable (in the base case range), minimal-invasive bi-
opsy rate (core-needle and vacuum-assisted) is on a desir-
able level (95%), while the cancer to biopsy ratio is very 
high (72%).7,8 The  main disadvantage of our analysis is 
the fact that since vacuum-assisted biopsy is reimbursed 
separately, its cost is not included into a total expense for 
screening program. For the attendees’ convenience, over 
90% of screening mammograms are completed in many 
small services outside our hospital in strict accordance 
to high quality standards. However, a vast majority of the 
vacuum-assisted procedures in the region of Lower Sile-
sia and almost all of these biopsies for screen-detected 
abnormalities are performed in our institution. Hence, 
some conclusions can be drawn. The reimbursement rate 
for vacuum-assisted procedure in Poland between 2007 
and 2009 was approximately 1 000 USD. This type of bi-
opsy offers considerable advantages, but because of the 
limited budget it was generally reserved for microcalcifi-
cations (under stereotactic guidance) and for very small 
mass lesions (ultrasound-guided). In 2007 the number of 
cancers found in the screening program was 543. As we 
reported elsewhere, in the same year a minimal-invasive 
biopsy rate was 95%, while a  benign to malignant ratio 
was 1 : 2.55, which gives a cancer to biopsy ratio as high as 
72%.19 To confirm a malignant histology of screen-detect-
ed lesions, a  total number of core-needle and vacuum-
assisted biopsies performed in that year was 254 and 462, 

respectively. If we include the additional cost of vacuum-
assisted procedures (462 000 USD) into the total expense 
for screening program the cost of cancer detection will 
rise up to 4 517 USD, which still remains low.

In conclusion, our findings indicate that because of low 
cancer detection cost a population-based mammographic 
screening conforming the European quality standards is 
cost-effective for emerging economies. It  should be an 
important part of the public policy even in countries with 
strongly limited health budget.
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Abstract
Background. Helicobacter pylori (H. pylori) infection can occur as a mixed infection caused by several 
strains of H. pylori.

Objectives. The aim of the study was to determine the frequency of colonization of the gastric mucosa by 
strains of H. pylori with different susceptibility to antimicrobial agents.

Material and methods. The study was carried out on gastric biopsies taken from 54 previously untreated 
Polish children and adolescents. Of the 15 positive cultures, from each primary medium, 6 single H. pylori 
colonies were isolated, making a total of 90 isolates, and the susceptibility to metronidazole (MZ), amoxicil-
lin (AC) and clarithromycin (CH) was determined by E-test method. The presence of the cagA gene and vacA 
alleles (s1, s2, m1, m2) was determined by PCR.

Results. Positive culture for H. pylori was noted in 15/54 (27.7%) of patients. All H. pylori isolates were 
susceptible to AC, 27.8% were resistant to MZ and 38.9% to CH. The results showed 7/15 (46.7%) of chil-
dren were infected with H. pylori strains with antibiotic heteroresistance, resistant to CH (5/15, 33.3%) and 
to MZ (2/15, 13.3%). The cagA + vacA s1/m2 combination was predominant genotype among detected 
H. pylori strains. The isolates possessing different antimicrobial susceptibility profiles in the same patient 
were identified.

Conclusions. Microbiological analyses confirmed the presence of isolates possessing different antimicro-
bial susceptibility profiles in 47% of examined children with H. pylori infection. Different antimicrobial sus-
ceptibility profiles of H. pylori isolates detected in the same patient may influence the success of eradication 
therapy.

Key words: mixed infections, resistance, genotypes
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Helicobacter pylori (H. pylori) infections affect more than 
half of the global population. Most infected people live in 
developing countries, where the infection rate can be as 
high as 90%.1 In Poland, 58% are infected and the incidence 
of infection increases with age, whereas approximately 32% 
of children under 18 years of age are infected.2 In most cas-
es, the infection is asymptomatic, but it may have a chronic 
course. Early infection carries a greater risk of developing 
diseases of the upper gastrointestinal tract, such as peptic 
ulcers and gastric cancer in the future.1,3 Resistance to an-
tibiotics and chemotherapeutics are the primary causes of 
eradication failure and the high costs of treatment. Further-
more, it is believed that in some individuals a mixed infec-
tion with several strains of H. pylori with varying antibiotic 
susceptibility can be present. These strains may be isolated 
from biopsies taken from different locations in the stomach 
or the mixed infection can be identified by isolating sev-
eral strains from one biopsy. However, data on this topic is 
scarce.4 Drug resistance is a worldwide problem. There are 
some differences in the primary resistance to clarithromy-
cin (CH) and metronidazole (MZ) in different countries.5,6 
In Poland, the primary and secondary resistance of H.  pylori 
strains to CH is up to 22 and 54%, whereas primary and 
secondary resistance to MZ is 41 and 68%, respectively.2 
H. pylori strains are characterized by genetic diversity. It is 
known that the differences in virulence of these organisms 
depend on various alleles of the vacA gene and the pres-
ence of pathogenicity island CagA  containing cagA  gene. 
The presence of the cagA gene and specific variants of the 
vacA  gene are related to the level of cytotoxic activity of 
the pathogen as well as to the clinical consequences of the 
infection. Determination of certain genotypes can be the 
basis of the analysis of the diversity of strains in infected 
individuals.7–9 The aim of the study was to determine the 
frequency of colonization of the gastric mucosa by strains 
of H.  pylori with different susceptibility to antimicrobial 
agents within individual patients.

Material and methods
The study was conducted on gastric biopsy specimens 

taken from 54 consecutive children aged 3–18 years (me-
dian 15 years) who were diagnosed and treated in the 2nd 
Department of Pediatrics, Gastroenterology and Nutri-
tion at the Wroclaw Medical University, Poland during 
January, February, and March 2014. Patients had not been 
previously diagnosed and treated for H. pylori infection. 
Patients who had previously had H. pylori infection or re-
ceived antibiotics within the last 2 months were excluded 
from the study. A total of 4 gastric biopsy specimens were 
taken during endoscopy of the upper gastrointestinal tract 
from each child: 2 biopsies from the antrum and 2 from 
the corpus for histopathology and microbiology examina-
tions. The biopsy specimens were evaluated histologically 
according to the Updated Sydney System.10 Biopsies col-

lected for microbiological examination were placed im-
mediately after collection in sterile saline (0.15 M NaCl) 
and processed within 2  h at the Department of Micro-
biology, Wroclaw Medical University. The  isolation and 
identification of strains were performed as described pre-
viously.11 After obtaining a positive culture, 6 single colo-
nies of H. pylori were isolated from each medium (with 
special attention to differences in the size of colonies) 
and transferred to new plates with Columbia agar supple-
mented with 7% of hemolyzed horse blood which were 
incubated for 3–4  days in microaerophilic conditions.  
Of the 15 positive cultures, 6  single H.  pylori colonies 
were isolated from each primary medium, making a total 
of 90 isolates. Susceptibility of strains to the antibiotics 
amoxicillin (AC), clarithromycin (CH), and metronida-
zole (MZ) was determined by gradient diffusion (E-test, 
BioMerieux) on Mueller-Hinton agar (Oxoid) supple-
mented with 10% horse blood under microaerophilic 
conditions.11 The  strains were considered resistant to 
AC, CH and MZ when the minimum inhibitory concen-
tration (MIC) values were > 0.12, > 0.5 and > 8 mg/mL, 
respectively.11 DNA  isolation and determination of the 
cagA  gene and vacA  alleles in isolated strains were per-
formed as described elsewhere.12 Statistical analysis was 
performed by χ2  test with or without Yates’ correction. 
A p-value < 0.05 was considered significant for all tests. 
Statistical analyses were done by using STATISTICA 
v. 10.0 software (StatSoft).

The study was undertaken according to the Declaration 
of Helsinki. Informed written consent was obtained from 
all parents and from patients older than 16 years of age.

Results
On the basis of endoscopy and histopathology findings 

the 54 examined children were diagnosed with gastric ul-
cer (n = 1), duodenal ulcer (n = 2), ulcers of the stomach 
and duodenum (n = 1), chronic gastritis (n = 34), and other 
gastrointestinal disorders (n = 16) including gastroesoph-
ageal reflux disease, celiac disease, lactose intolerance, 
impaired intestinal absorption with low body weight, ir-
ritable bowel syndrome, dyspepsia, Crohn’s disease and 
ulcerative colitis. H. pylori infection was detected in 16/54 
(29.6%) of children and a positive culture for H. pylori was 
noted in 15/54 (27.7%) of patients. All tested strains were 
sensitive to AC (MIC ≤ 0.016 mg/L). The percentage of 
H.  pylori strains resistant to MZ was 27.8% and to CH 
38.9%. One patient was infected with a strain resistant to 
both MZ and CH. Strains resistant to CH showed vary-
ing degrees of resistance (MIC, 0.5–256 mg/L) and strains 
resistant to MZ showed a high degree of resistance (MIC, 
8–256 mg/L) (Fig. 1). In 8/15 (53.3%) of patients, H. pylori 
strains possessed the same antimicrobial susceptibility 
profiles. H. pylori strains with heteroresistance to MZ and 
CH were detected in 7/15 (46.7%) of children. Infection 
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with H. pylori strains with heteroresistance to CH and to 
MZ was demonstrated in 5/15 (33.3%) and 2/15 (13.3%) 
of patients, respectively (Table 1). Three patients (no. of 
patients: 6, 8, 14) were infected with strains resistant and 
sensitive to CH, whereas, in 2 children, H. pylori strains 
resistant to CH, but with significantly different MIC val-
ues   (32 and 256) were isolated (patient 1 and 3) (Table 2). 
In 2 children, isolates with different resistance to CH were 
identified from corpus biopsies, while in isolates from the 
antrum differences in susceptibility to antibiotics were 
not observed. Genetic analyses, determining the presence 
of the cagA gene and vacA  alleles (s1, s2, m1, m2) were 
done in 22 selected H. pylori isolates, of which 14 strains 
with heteroresistance profiles were isolated from children 
with mixed infection, and 8 strains were isolated from pa-
tients with infections caused by a single strain. The most 
common infection was caused by strains with the cagA+ 

vacA s1/m2 genotype (36.4%). Correlation between sus-
ceptibility profile and bacterial genotypes is present in 
Table 3. Strains resistant to MZ were cagA– (66.7%) and 
cagA+ (33.3%), and the difference was statistically signifi-
cant (p = 0.0003). In examined children with culture posi-
tive for H. pylori, the strains possessing the s1 allele and 
cagA gene were predominant. The vacA s2/m2 genotype 
was more common in children with chronic gastritis.

Discussion
The analysis of data from 10 countries in different con-

tinents showed a large variation of resistance of H. pylori 
to CH in children (13.9–84.9%).13 The high percentage of 
resistance is probably due to the increased use of CH in 
the treatment of respiratory infections in children.13 Re-

MZ – metronidazole, CH – clarithromycin.

Fig. 1. MIC values for H. pylori isolates obtained from gastric biopsies

Table 1. Analysis of antimicrobial susceptibility profile of H. pylori strains in examined patients

MZ + CH 
combination

Patients with positive culture for H. pylori (n = 15)

Number of patients 
with negative 

culture for H. pylori 

Number 
of examined 

children

number of patients with strains of 
the same antimicrobial susceptibility 

profile 

number of patients with strains of 
different antimicrobial susceptibility 

profile 

MZ + CH MZ CH

MZ-S, CH-S 4/15 (26.7%) – –

MZ-R, CH-S 2/15 (13.3%) – –

MZ-S, CH-R 2/15 (13.3%) – –

MZ-R+S, CH-S – 2/15 (13.3%) –

MZ-S, CH-R+S – – 3/15 (20%)

MZ-S, CH-R+R – – 1/15 (6.7%)

MZ-R, CH-R+R – – 1/15 (6.7%)

Total 8/15 (53.3%) 7/15 (46.7%) 39 54

MZ – metronidazole; CH – clarithromycin; No. – number; S – sensitive; R – resistant; R+R – heteresistance of isolates isolated from the same patient;  
R+S – isolates resistant and sensitive isolated from the same patient.
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Table 2. Characteristics of H. pylori isolates with different sensitivity to clarithromycin and metronidazole

Number of patient Source of biopsy Number
of isolate

MZ CH

MIC [mg/L] S/R MIC [mg/L] S/R

1 antrum 1, 2 1 S 256 R

3 0.25 256

4, 5 0.5 32 R

6 1 32

2 antrum 1, 2, 3 256 R 0.016 S

4, 5 0.25 S 0.016

6 0.19 0.016

3 antrum 1, 2 256 R 256 R

3 128 256

4, 5, 6 256 32 R

4 antrum 1, 6 256 R 0.016 S

2 256 0.023

3 128 0.016

4 128 0.032

5 256 0.032

5 antrum 2, 3 0.25 S 4 R

1, 4, 5 0.38 3

6 0.19 4

6 corpus 1 0.5 S 0.016 S

2, 6 0.75 48 R

3 0.5 0.016 S

4 0.75 64 R

5 0.5 64

7 antrum 1, 5 0.125 S 8 R

2, 6 0.094 8

3 0.094 12

4 0.125 12

8 corpus 1 0.023 S 16 R

2, 3 0.047 12

antrum 4, 5, 6 0.023 S 0.016 S

9 antrum 1, 2, 3 0.125 S 0.016 S

4 0.125 0.023

5 0.094 0.023

6 0.094 0.016

10 antrum 2 0.25 S 0.032 S

1, 3, 4 0.5 0.016

5, 6 0.5 0.032

11 antrum 1 256 R 0.023 S

2, 3 256 0.016

4, 5, 6 256 0.032

12 antrum 1, 6 0.023 S 0.016 S

2, 3 0.016 0.016

4, 5 0.032 0.032

13 antrum 1, 6 256 R 0.016 S

2 0.125 S 0.016

3 0.125 0.047

4, 5 256 R 0.047
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sistance of H.  pylori strains to MZ in children showed 
an even wider range (7.4–95%), which might result from 
differences in the frequency of treatment with MZ for 
various infectious diseases.13 In  European children the 
percentage of strains resistant to CH is higher (>  30%) 
than in adults (17.5%), whereas the percentage of strains 
resistant to MZ is lower (25.7%).14 This study showed 
a high prevalence of strains resistant to both MZ and CH. 
The resistance to CH was higher (38.9%) than the previ-
ously reported resistance to this drug observed in chil-
dren in Poland (9–29%), and the resistance to MZ (27.8%) 
was located in the middle of the range (16–43%).2 H. py-
lori strains resistant to CH showed a wide range of MIC; 
in the strains resistant to MZ, the MIC values were very 
high (192–256 mg/L). In our study, all strains of H. pylori 
were susceptible to amoxicillin. These results are similar 
to other reports.2,5,13 Primary resistance to amoxicillin is 
very rare (0–2%); however, in some countries, strains re-
sistant to AC have been detected.2,5,13

Gastric mucosa can be colonized with single or multiple 
strains of H.  pylori. Furthermore, this colonization may 
lead to the presence of many sub-populations of H.  pylori, 
as the result of genetic mutation or recombination.15 Ge-
netic exchange of genes between different strains may 
contribute to the emergence of more virulent strains. It is 
believed that H.  pylori undergoes a  recombination with 
heterologous strains much more frequently than is the 
case with other bacterial species.16 In  addition, during 
exposure to the antibiotics used to treat other infections, 
multiresistant phenotypes of H. pylori may occur, which 
is probably associated with the instability of the genom-
ic DNA  of the pathogen as well as with the acquisition 
of another strain.17 The presence of H. pylori infections 
with mixed strains confirmed with genetic analyses varies 
from 0 to 85% in different reports.18 Studies in European 
and Western countries have shown that the majority of 
H. pylori strains isolated from different parts of the stom-
ach possessed homogeneous DNA  profiles. In  contrast, 

No. of patient Source of biopsy No.
of isolate

MZ CH

MIC [mg/L] S/R MIC [mg/L] S/R

14 antrum 1 0.25 S 96 R

2, 3 0.25 0.016 S

4, 6 0.5 96 R

5 0.5 128

15 antrum 1, 5 0.38 S 0.016 S

2, 6 0.25 0.016

3 0.25 0.032

4 0.38 0.032

MZ – metronidazole; CH – clarithromycin; S – sensitive; R – resistant; No. – number; MIC – minimal inhibitory concentration.

Table 2. Characteristics of H. pylori isolates with different sensitivity to clarithromycin and metronidazole – cont.

Table 3. Correlation between susceptibility profiles and genotypes among isolated H. pylori strains

Genotype
Resistant H. pylori strains Sensitive H. pylori 

strains Total

MZ
no. (%)

CH
no. (%)

MZ + CH
no. (%) no. (%) no. (%)

cagA (–) s1/m1 – – – – –

s1/m2 – – 2/22 (9%) – 2/22(9%)

s2/m1 – – – – –

s2/m2 2/22 (9%) – – – 2/22 (9%)

total 2/22 (9%) – 2/22 (9%) – 4/22(18%)

cagA (+) s1/m1 1/22 (5%) 2/22 (9%) – 3/22 (14%) 6/22 (27%)

s1/m2 – 4/22 (18%) – 4/22(18%) 8/22 (36%)

s2/m1 – – – – –

s2/m2 1/22(5%) 1/22(5%) – 2/22 (9%) 4/22 (18%)

total 2/22(9%) 7/22 (32%) – 9/22(41%) 18/22 (82%)

MZ – metronidazole; CH – clarithromycin; no. – number.
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the populations of China and Mexico are often infected 
with mixed strains, genetically heterogeneous, which is 
associated with a high incidence of infection in the popu-
lations.4,16,17 In our study, infection with H. pylori strains 
with different sensitivity to the MZ and CH was identified 
in 7 out of 15  children (46.7%). It  can be assumed that 
such high levels might be the result of a high incidence of 
H. pylori infection in the Polish population. Our results 
also showed that clarithromycin-heteroresistance was 
more frequent in the analyzed strain than the resistance 
to metronidazole. The common use of clarithromycin in 
treating respiratory tract infections in Polish children may 
explain these findings. However, to our knowledge, this 
is the first study on H.  pylori infection with antibiotic-
heteroresistant strains in a Polish population, and more 
research on this subject is needed in Poland.

The vacA and cagA genes are used as markers of the ge-
nomic diversity of H. pylori strains.8,9 In East Asia, almost 
all strains of H.  pylori are cagA+. In  Europe and Africa 
approximately 60–80% of the strains are cagA+.19 In  this 
study, the presence of the cagA gene was found in 81.8% of 
the strains. This result is significantly higher than that ob-
served in other studies in Poland.20 Two children infected 
with heteroresistant H.  pylori strains showed differences 
in the presence of the cagA gene. These strains differed in 
the resistance to MZ; those sensitive to MZ were cagA+, 
whereas the strains resistant to MZ were cagA–, suggest-
ing an infection in a  single patient with different strains. 
Among the H. pylori isolates with heteroresistance isolated 
from the same patient, the presence of different genotypes, 
related to the presence of the cagA  gene, was detected. 
It  appears that isolates with varying resistance and with 
different genotypes came from a mixed H. pylori infection. 
However, in the remaining 5  children, the isolates with 
a  different resistance and with the same genotype prob-
ably came from a single strain infection. It may be that in 
these patients, the initially susceptible strains acquired re-
sistance through mutation and genetic recombination, and 
then later, 2 subpopulations existed together in the gastric 
mucosa. These results require further analysis and charac-
teristics of the genetic profile of tested strains to confirm or 
exclude infection with mixed strains of H. pylori.

Conclusion
In conclusion, in 47% of the examined children infected 

with H.  pylori, microbiological analyses confirmed the 
presence of isolates possessing different antimicrobial sus-
ceptibility profiles, and the infection was more commonly 
caused by strains resistant to CH. Among the isolates with 
different resistance to CH and MZ isolated from the same 
patient, different genotypes were detected, which may 

suggest a mixed infection. Different antimicrobial suscep-
tibility profiles of H. pylori isolates detected in the same 
patient may influence the success of eradication therapy.
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Abstract
Background. The outcome of endovascular therapy can be influenced by a number of factors, either de-
mographic, biochemical, angiographic or procedural. Knowledge about these factors may help in the in-
dividualization of therapeutic methods, surveillance intensity, and should, ultimately, improve intervention 
efficacy.

Objectives. The aim of this study was to estimate the effect of clinical and biochemical factors on the late 
outcome of lower limb artery stenting.

Material and methods. The medical documentation of 91 patients with at least a 1 year follow-up  after 
the stenting of a lower limb artery was retrospectively evaluated. Uni- and multivariate analyses were 
 performed.

Results. Primary patency within an approximately 1.5-year follow-up amounted to 68.2%. The probabil-
ity of freedom from target lesion revascularization was significantly greater in patients with dyslipidemia. 
According to the Cox proportional-hazards analysis, the risk of target extremity revascularization was sig-
nificantly affected by the following (hazard ratio [HR], 95% confidence interval): Age (0.93, 0.88–0.99); 
dyslipidemia at inclusion (0.046, 0.01–0.23); LDL blood concentration (1.02; 1.01–1.04); hematocrit (1.2, 
1.02–1.42); mean platelet volume (0.66, 0.44–0.99); INR (1.58, 1.13–2.21); and aPTT (1.18, 1.07–1.3).

Conclusions. Endovascular treatment with stenting in patients with atherosclerotic peripheral arterial dis-
ease is effective, but the risk of primary patency loss was affected by the presence of dyslipidemia, age, and 
blood coagulation parameters. The effect of dyslipidemia on stent failure occurrence should be evaluated 
in further studies.

Key words: risk factors, dyslipidemia, peripheral artery disease, in-stent restenosis, blood coagulation
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The  endovascular treatment of peripheral artery dis-
ease (PAD) is still progressing and is associated with 
many complications that reduce its later benefits, such 
as in-stent thrombosis, stent fracture, in-stent restenosis 
(ISR) and stent infection.1,2 A  common factor affecting 
the outcome of endovascular therapy is atherosclerosis 
progression, which requires consecutive limb revascular-
ization outside the primary treated site. One year after an 
endovascular procedure, the primary patency of a  stent 
implanted into an iliac artery amounts to 81–94%, and 
60–82% for stents implanted into a femoropopliteal seg-
ment of the vascular bed, depending on the indications 
for the procedure (claudication or critical limb ischemia, 
CLI) and lesion severity (stenosis or total occlusion).1,2

Advances in special equipment dedicated to endovas-
cular therapy has helped to reduce the prevalence of the 
above-mentioned complications, and offer the possibility 
of treating stent failure. Among such techniques are the 
use of: a) percutaneous angioplasty using plain old balloon 
angioplasty (POBA), drug-eluting balloons (DEB), and cut-
ting balloons or cryoplasty; b) different scaffold techniques 
with the use of bare metal stents (BMS), drug-eluting 
stents (DES), cytokine- or growth-factor-eluting stents, 
covered stents, and bare or drug-eluting bioresorbable vas-
cular scaffolding (BVS); as well as c) debulking techniques 
(atherectomy, and turbo-booster and excimer lasers).1,3–12 
Few of these modern techniques are widely available, and 
many are also more aggressive and expensive. Therefore, 
they cannot be used for all patients. For this reason, the 
proper identification of patients with a high risk of loss of 
stent primary patency, which may be an effect of both ath-
erosclerosis progression and smooth muscle (neointima) 
proliferation, may help in the individualization of patients’ 
qualification for respective treatment methods and, in this 
way, improve percutaneous therapy outcome. Such pa-
tients might also have different surveillance patterns. How-
ever, the majority of papers focus mainly on the following 
predictors of the primary patency of stenting: angiographic 
lesion severity (stenosis or occlusion), procedural factors 
(indications for procedure [claudication vs critical limb 
ischemia], type of patency restored [subintimal or intralu-
minal], length of stent, and outflow state).2,3,11–14 For this 
reason, we analyzed the effect of clinical and biochemical 
factors on the outcome of lower limb artery stenting.

Material
The medical documentation of 91 consecutive patients 

treated endovascularly between 2008 and 2013 with lower 
extremity artery stenting due to atherosclerosis was ret-
rospectively evaluated. The inclusion criteria were as fol-
lows: a) first-time stenting of lower extremity arteries due 
to chronic leg ischemia; b) complete follow-up, for at least 
1 year with visits at 1, 3, 6, and 12 months after the en-
dovascular procedure, and then at least every 6 months. 

The  exclusion criteria were: a) stent occlusion due to 
thrombosis or fracture, b) lack of compliance with sugges-
tion regarding a change in lifestyle and the taking of medi-
cines, and c) surgical revascularization during follow-up 
after stenting.

Percutaneous procedures in aorto-iliac level were per-
formed in 26 (28.6%) patients. Among them 4 (15%) had 
grade A of lesion severity according to TASC classifica-
tion, 4 (15%) grade B, 10 (38.5%) grade C, and 8 (31.5%) 
grade D.2 In femoro-popliteal segment interventions were 
done in 65 (71.4%) individuals. Of them, 4 (6%) patients 
had lesions in the severity of grade A, 14 (21%) grade B, 
20  (31%) grade  C, and 27  (42%) grade  D. Twenty five 
(27.5%) patients with intervention in femoro-popliteal 
segment needed additional angioplasty in the arteries be-
low the knee to improve run-off. One stent was implanted 
in 49/91 (54%) subjects. Two stents were introduced in 
10/26 (38%) patients with the lesions in aorto-iliac seg-
ment, and 32/65 (49%) individuals with femoro-popliteal 
intervention. Thirty percent of patients were treated due 
to critical limbs ischemia (Table 1).

Table 1. Clinical data of patients with and without TLR

Parameter TLR
n = 29

TLR-free
n = 62 p-value

Age (years) 63.2 ± 9.5 62.9 ± 8.4 0.86

Gender (male, n%) 24 (83%) 49 (79%) 0.68

Critical limb ischemia (n, %) 12 (41.4%) 15 (24.2%) 0.078

Smoking habit (n, %) 14 (48%) 33 (53%) 0.66

Hypertension (n, %) 19 (66%) 44 (71%) 0.60

Diabetes mellitus (n, %) 10 (35%) 16 (26%) 0.40

Fasting glucose (mg/dL) 106.4 ± 35.7 106.6 ± 25.6 0.98

BMI (kg/m2) 25.5 ± 4.8 28.5 ± 4.8 0.14

History of CAD (n, %) 13 (45%) 25 (42%) 0.78

History of stroke (n, %) 4 (14%) 5 (8%) 0.43

History of CHF (n, %) 4 (14%) 12 (20%) 0.48

LDL cholesterol (mg/dL) 116.0 ± 41.7 124.8 ± 38.9 0.40

Triglycerides (mg/dL) 118.2 ± 46.0 145.1 ± 69.6 0.12

Dyslipidemia (n, %) 16 (55%) 55 (89%) 0.0002

Leucocytes count (g/L) 9.1 ± 2.6 9.1 ± 2.5 0.93

Hemoglobin (g/L) 13.3 ± 1.8 13.5 ± 1.7 0.64

Hematocrit (%) 39.7 ± 4.9 39.9 ± 4.5 0.88

MCV (fl) 88.3 ± 5.8 89.2 ± 5.5 0.52

Platelets count (g/L) 290.5 ± 115.5 271.6 ± 112.6 0.47

MPV (fl) 9.4 ± 1.5 9.5 ± 1.3 0.67

Creatinine (mg/dL) 1.04 ± 0.23 1.1 ± 0.2 0.77

INR 1.44 ± 0.2 1.04 ± 0.2 0.08

aPTT (s) 33.2 ± 9.2 30.5 ± 5.0 0.14

TLR – target lesion revascularization; BMI – body mass index; CAD – coro-
nary artery disease; CHF – congestive heart failure; LDL – low-density lipo-
protein; MCV – mean corpuscular volume; MPV – mean platelet volume; 
INR – international normalized ratio; aPTT – activated partial thromboplas-
tin time. Some data was also presented earlier.13
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Methods
According to the reference data, the following pa-

rameters were taken into consideration for analysis: 
age, gender, symptoms, smoking habits, hypertension, 
dyslipidemia (defined as low-density lipoprotein [LDL] 
cholesterol blood concentration at admission for a  first 
endovascular procedure ≥ 100 mg/dL, and/or triglycer-
ide blood concentration on admission for a  first endo-
vascular procedure ≥ 150 mg/dL in spite of hypolipemic 
therapy with statins), diabetes mellitus, history of coro-
nary artery disease (CAD), percutaneous coronary inter-
vention (PCI), coronary artery bypass graft (CABG), past 
stroke, history of congestive heart failure (CHF), chronic 
kidney disease with blood creatinine level of > 2 mg/dL, 
weight, height, body mass index (BMI), bilateral ankle-
brachial index (ABI), claudication distance, and bio-
chemical parameters (LDL cholesterol, triglycerides, 
leucocyte count, hemoglobin concentration, hematocrit, 
mean corpuscular volume, platelet count, mean platelet 
volume [MPV], creatinine, activated partial thrombo-
plastin time [aPTT], prothrombin time expressed as an 
international normalized ratio [INR], fasting blood glu-
cose, and blood group).15 The kind of pharmacotherapy 
recommended was also analyzed (aspirin, clopidogrel, 
angiotensin-converting enzyme inhibitor [ACEI], angio-
tensin receptor blocker [ARB], beta-adrenergic receptor 
blocker, calcium channel antagonist, statin, type of statin, 
ezetimibe, fenofibrate, enoxaparin, warfarin, and aceno-
coumarol). All subjects were treated with aspirin, statin, 
ACEI, and beta-blockers.

The patients were followed up 1, 3, 6 and 12 months af-
ter the procedure and then every 6 months. On each con-
trol visit, symptom severity and the result of color-coded 
duplex ultrasound examination were evaluated. The need 
for revascularization was considered when resting leg 
pain, or claudication limiting usual daily physical activ-
ity was accompanied by a reduction of vessel diameter by 
70% or more (peak systolic velocity index > 2.4) or com-
plete vessel occlusion appeared.

Main outcomes measured

During the period between percutaneous procedure 
performance and February 18, 2014 (the date of the Bio-
ethical Committee agreement), the following main ef-
fectiveness outcomes of the analysis were taken: freedom 
from target lesion revascularization (TLR), target extrem-
ity revascularization (TER), and target limb amputation 
(TLA).15 TLR was defined as repeat percutaneous (endo-
vascular) revascularization for a  lesion anywhere within 
the stent or the 5  mm border proximal or distal to the 
stent due to symptom recurrence and target lesion oc-
clusion (mainly due to IRS). This was treated with angio-
plasty (POBA  or DEB) or stent-into-stent implantation. 
TER was defined in the wider criteria than usual, as the 

revascularization of a previously stented lower limb both 
due to the target lesion or a  new lesion at least 10  mm 
outside the proximal or distal border of the stent due to 
symptom recurrence (claudication impeding normal daily 
functioning of the patient or critical limb ischemia) and 
lesion diameter stenosis ≥ 50% (effect of atherosclerosis 
progression).15 TLA was defined as minor or major am-
putation of a previously stented limb during the follow-up 
period.

The safety outcomes were also analyzed retrospectively. 
They were established as a  major adverse event (MAE) 
and were as follows: in-hospital TLA as a result of endo-
vascular procedure complication, periprocedural acute 
coronary syndrome (ACS), stroke, CHF exacerbation, 
acute kidney injury (AKI), and death. TLA was defined as 
a minor or major amputation of a previously stented limb 
during hospitalization during which an endovascular pro-
cedure was performed. Post-procedural AKI was defined 
as an abrupt increase in creatinine blood concentration 
within 7 days after an endovascular procedure.

Ethics

The study protocol was approved by the local Bioethics 
Committee (agreement number KB139/2014). All proce-
dures have been conducted in compliance with the Dec-
laration of Helsinki.

Statistical analysis

A  licensed version of StatSoft, Inc. (2011), STATIS-
TICA  (data analysis software system), v. 10 was used. 
The  normal distribution of the study variables was 
checked using the Shapiro-Wilk test. The  results were 
mainly presented as the mean ± standard deviation (SD) 
or n, %. The statistical significance of the differences be-
tween patients needing an end-point procedure and pa-
tients not requiring such treatment was verified using the 
unpaired student’s t-test and Fisher’s exact test (Table 1). 
The survival analysis for the 91 subjects was carried out 
using Cox’s F test, the log-rank test in the Kaplan- Meier 
method for 2  groups, and Cox proportional-hazards 
 analysis.

Results
The mean observation time amounted to 544 ± 503 days. 

Within this follow-up, 29/91 (31.9%) of the subjects re-
quired TLR, and the primary stent patency amounted to 
68.1%. An additional 3 patients needed an endovascular 
intervention with regard to lesions localized outside the 
previously implanted stent. For this reason, 32 (35.2%) of 
the patients required TER. Minor or major leg amputa-
tion was performed in 5 (5/91; 5.5%) patients. The major-
ity of these patients required TLR (4/5, 80%; p = 0.038). 
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The  mean period between the first endovascular pro-
cedure and TLR, TER, and leg amputation amounted 
to 221 ± 304 days, 264 ± 368 days, and 455 ± 521 days, 
respectively. The mean time between TLR and minor or 
major leg amputation amounted to 314 ± 484 days.

Ninety-one patients were included. Their demographic 
and clinical data in relation to end-point occurrence are 
presented in Table 1. The only significant difference be-
tween patients who required TLR (Table 1), TER or leg 
amputation and those who were free from these safety 
end-points was a lower prevalence of dyslipidemia upon 
admission among the former (Table  1). Diabetes melli-
tus, hypertension, smoking or history of cardiovascular 
event did not affect significantly the prevalence of TLR 
(Table  1, Fig.  2). When an analysis on TLR occurrence 

was performed separately for patients with interventions 
concerning aorto-iliac or femoro-popliteal segments as 
well as the severity of TASC grade of lesions localized in 
respective vascular segments, the effect of investigated 
clinical and biochemical risk factors on TLR prevalence 
was statistically not significant.2

Information regarding the use of the Kaplan-Meier 
analysis for 2  groups and the Cox regression model 
showed a significant negative association between the be-
tween the duration of TLR-free period and the presence 
of dyslipidemia at admission, which reduced the risk of 
TLR by about 20 times (Fig. 1). The positive correlation 
between TLR occurrence and aPTT and INR values on 
the day of the first endovascular procedure was found 
(Table  2). Initial BMI and MPV negatively affected the 

Fig. 1. Kaplan-Meier TLR-free survival curve in patients 
with and without dyslipidemia

Fig. 2. Kaplan-Meier TLR-free survival curve in patients 
with and without diabetes mellitus
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length of freedom from TLR but only with borderline 
statistical significance (Table  2). Meanwhile, TER risk 
had a positive association with LDL blood concentration 
and aPTT and INR values, as well as a negative correla-
tion with the patient’s age, dyslipidemia, and MPV value 
at the day when endovascular procedure was performed 
(Table 3). No MAE occurred in any of the patients.

Discussion
For this paper, we retrospectively analyzed the medi-

cal documentation of patients undergoing endovascular 
treatment due to lower extremity ischemia. The standard 
end-points were evaluated as the outcome measure using 
survival analysis. We found that within an approximately 
1.5-year follow-up about 30% of the patients had required 
TLR or TER (about 70% primary stent patency). Such en-
dovascular therapy outcomes corroborate the results of 
other authors.1,2

The loss of primary stent patency is an effect of in-stent 
restenosis, related mainly to neointima proliferation, and/
or atherosclerosis progression. In  this study, TLR risk 
was significantly smaller in patients with dyslipidemia 

(Table  1, Table  2, Fig.  1), greater BMI (borderline), and 
MPV (borderline), as well as in those with shorter aPTT 
and INR on the day of the first endovascular procedure 
(Table 2). Meanwhile, TER occurrence was related to the 
patient’s age, LDL cholesterol blood concentration, hema-
tocrit, and MPV, aPTT and INR values (Table 3).

The results obtained (Table 1–3, Fig. 1) seem to be in-
consistent with the state of art knowledge concerning 
pathophysiology and the management of cardiovascular 
disorders, due to at least 2  reasons. Firstly, we did not 
show a  statistically significant effect of diabetes (Fig.  2), 
smoking, and hypertension on the risk of TLR (Table 1, 2), 
and secondly, we found that dyslipidemia decreased an 
established end-point risk. However, it is known that el-
evated LDL cholesterol is recognized as one of the main 
traditional risk factors for cardiovascular diseases, athero-
sclerosis development and progression, and LDL choles-
terol concentration below 70  mg/dL, below 100  mg/dL, 
and below 115 mg/dL are proposed as its target levels dur-
ing therapy depending on individual patient risk stratifi-
cation.16,17 Although risk factors for TLR in patients with 
lower limbs ischemia may be different than for coronary 
artery atherosclerosis progression, there is also some 
evidence that patients with continuing dyslipidemia had 

Table 2. The Cox proportional-hazards regression model for target lesion revascularization (TLR). χ2 = 43.4; p = 0.0042

Parameter β-coefficient β 95% CI p-value Hazard
ratio

Hazard ratio
95% CI

Age (years) –0.06 –0.12–0.11 0.11 0.95 0.88–1.01

Gender (female/male)  0.78 –0.71–2.26 0.31 2.17 0.49–9.56

Smoking –0.46 –1.39–0.48 0.34 0.63 0.25–1.61

Hypertension  0.38 –0.70–1.46 0.49 1.46 0.49–4.3

Diabetes mellitus  0.81 –0.34–1.96 0.17 2.25 0.71–7.11

Dyslipidemia –2.99 –4.65– –1.34  0.001 0.05 0.01–0.26

BMI –0.17 –0.36–0.02 0.08 0.84 0.70–1.02

History of CAD –0.49 –1.67–0.68 0.41 0.61 0.19–1.98

Past stroke –0.56 –2.15–1.03 0.49 0.57 0.12–2.79

History of CHF –0.35 –2.16–1.47 0.71 0.71 0.12–4.34

Creatinine > 2 mg/dL  1.66 –0.42–3.74 0.12 5.27  0.66–42.22

LDL cholesterol (mg/dL)  0.01 –0.01–0.03 0.21 1.01 0.99–1.03

Triglycerides (mg/dL) –0.01 –0.02–0.01 0.60 0.99 0.98–1.01

Leucocytes count (G/L) –0.01 –0.12–0.1 0.85 0.99 0.89–1.10

Hematocrit (%)  0.11 –0.5–0.26 0.18 1.11 0.95–1.3

MCV –0.03 –0.13–0.08 0.64 0.97 0.87–1.08

Platelets count (G/L) –0.01 –0.01–0.01 0.30 0.99 0.99–1.00

MPV (fL) –0.39 –0.82–0.05 0.08 0.68 0.44–1.05

Creatinine (mg/dL)  1.65 –1.38–4.67 0.29 5.19  0.25–106.8

INR  0.92 0.42–1.42  0.001 2.52 1.52–4.16

aPTT  0.13 0.04–0.23  0.005 1.14 1.04–1.25

Fast glucose (mg/dL) –0.01 –0.03–0.02 0.62 0.99 0.97–1.02

CI – confidence interval; BMI – body mass index; CAD – coronary artery disease; CHF – congestive heart failure; LDL – low-density lipoprotein; MCV – mean 
corpuscular volume; MPV – mean platelet volume; INR – international normalized ratio; aPTT – activated partial thromboplastin time.
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worse outcomes after B, C and D classes of femoropopli-
teal lesion subintimal angioplasty with stenting.18,19 More-
over, aggressive therapy with statins in patients with PAD 
significantly reduced all-cause mortality and the risk of 
stroke and showed a trend towards decreasing the risk of 
other cardiovascular end-points.20 Statins also improved 
survival for 1 year after vascular surgery and demonstrat-
ed decreased incidence of lower extremity embolic com-
plications after endovascular aortic repair.21,22 In addition, 
several studies in recent years have shown that statins im-
proved pain-free walking distance, ankle-brachial index 
and treadmill exercise time.23,24 However, they did not af-
fect long-term stent or bypass patency and limb salvage.25

In our study, a greater MPV value significantly decreased 
the risk of TER by approximately 34% (Table 3). In many 
investigations, an increase in MPV, but without a clear-
ly defined cut-off value, was recognized as a  marker of 
platelet renewal due to the baccelerated consumption in 
the thrombotic processes.26,27 Larger platelets may poten-
tially take part in acute cardiovascular events, including 
peripheral artery disease, unprovoked deep vein throm-
bosis, and pulmonary embolism, as well as in chronic ISR 
processes (growth factors accelerate neointima prolifera-
tion).26–29 This data makes it difficult to explain our obser-

vations, which showed a favorable effect of greater MPV 
on TER risk with an average HR of 0.66 (Table 3).

Abnormalities in plasma coagulation factors are rec-
ognized mainly as a  risk for venous thrombo-embolic 
disease. However, our investigation showed that longer 
blood coagulation times (greater aPTT, and INR) result 
in increased risk of TLR and TER (Table 2, 3). This sug-
gests that decrease in blood coagulation had paradoxical-
ly unfavorable effect on treatment outcomes in patients 
with PAD. The effect of blood coagulation disorders on 
the course of PAD has been investigated in the past, but 
without finding a significant effect on intermittent clau-
dication, and in the prevention of restenosis/reocclusion 
following peripheral endovascular treatment.30,31

Being aged over 45 in males and 55 in females is rec-
ognized as a  risk factor for cardiovascular event and 
death.16,17 In our study, paradoxically, older patients had 
a 7% decreased risk of TER (Table 3). However, in a re-
cent study by Dippel et al., increased age was also found 
to decrease the occurrence of TLR (HR 0.77; 95% CI 
0.61–0.96) when they compared the use of excimer laser 
atherectomy (ELA) with adjunctive percutaneous trans-
luminal angioplasty (PTA) with PTA alone in a Cox pro-
portional-hazards model.3 It is worth underlining that in 

Table 3. The Cox proportional-hazards regression model for target extremity revascularization (TER). χ2 = 39.44; p = 0.013

Parameter β-coefficient β 95% CI p-value Hazard
ratio

Hazard ratio
95% CI

Age (years)  –0.069 –0.13– –0.01 0.02 0.93 0.88–0.99

Gender (female/male)  0.89 –0.62–2.4 0.25 2.43 0.54–11.0

Smoking –0.40 –1.25–0.46 0.36 0.67 0.29–1.58

Hypertension  0.10 –0.85–1.06 0.83 1.11 0.43–2.89

Diabetes mellitus  0.56 –0.53–1.67 0.31 1.76 0.59–5.26

Dyslipidemia –3.08 –4.69– –1.48   0.0001  0.046 0.01–0.23

BMI –0.09 –0.26–0.08 0.31 0.92 0.77–1.09

History of CAD –0.08 –1.19–1.02 0.88 0.92 0.30–2.78

Past stroke –0.91 –2.56–0.74 0.28 0.40 0.08–2.09

History of CHF –0.32 –2.01–1.37 0.71 0.72 0.13–3.92

Creatinine > 2 mg/dL  1.48 –0.54–3.49 0.15 4.40 0.59–33.11

LDL cholesterol (mg/dL)   0.019 0.002–0.035  0.024 1.02 1.00–1.04

Triglycerides (mg/dL)  –0.002 –0.014–0.01 0.75 0.99 0.99–1.01

Leukocytes count (G/L)   0.001 –0.08–0.08 0.97 1.00 0.92–1.09

Hematocrit (%)  0.18 0.02–0.35 0.03 1.20 1.02–1.42

MCV (fL) –0.06 –0.17–0.05 0.27 0.94 0.84–1.05

Platelets count (G/L)  –0.002 –0.01–0.002 0.28 0.99 0.99–1.00

MPV –0.42 –0.82– –0.01  0.045 0.66 0.44–0.99

Creatinine (mg/dL)  1.85 –1.06–4.75 0.21 6.35 0.35–116.1

INR  0.46 0.12–0.79 0.01 1.58 1.13–2.21

aPTT  0.16 0.07–0.26  0.001 1.18 1.07–1.30

Fast glucose (mg/dL)  –0.001 –0.02–0.02 0.95 0.99 0.98–1.02

CI – confidence interval; BMI – body mass index; CAD – coronary artery disease; CHF – congestive heart failure; LDL – low-density lipoprotein; MCV – mean 
corpuscular volume; MPV – mean platelet volume; INR – international normalized ratio; aPTT – activated partial thromboplastin time.
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this study, similar to our observations, diabetes mellitus 
was not an independent variable determining risk of TLR 
(Fig.  2). The  negative correlation between age and TLR 
risk may be explained by greater atherosclerotic plaque 
stabilization, better collateral circulation development, 
and, possibly, a less invasive therapeutic attitude to older 
individuals.

As with most researchers authors, we could not avoid 
some methodological shortcomings that could have in-
fluenced the strength of the deductions based on our 
results. The main limitations of the paper are the retro-
spective type of analysis, the small sample size, the lack 
of inclusion of all peripheral artery stenting performed at 
our center, and the lack of a random selection of patients 
included in the analysis (potential selection bias). How-
ever, completion of these aforementioned requirements 
exceeded our abilities due to the great number of proce-
dures introduced into our database (more than one thou-
sand), and the lack of a complete follow-up for the treated 
patients. Moreover, the small number in the sample made 
it impossible to divide the patients according to the level 
of stenting performed, aortoiliac and femoropopliteal, 
which would certainly affect the risk of TLR and TER.2 
On the other hand, the limitations mentioned did not in-
terfere with our ability to achieve statistical significance in 
the analyses undertaken, although our results, especially 
concerning their lipidal aspects, should be interpreted 
carefully. On the other hand, any doubts that have arisen 
show the need to perform more studies on hypolipidemic 
medication regarding standard end-points in patients 
with PAD after stenting.

Conclusions
Endovascular treatment with stenting in patients with 

atherosclerotic peripheral arterial disease is effective 
(70% of primary stent patency), especially as these pro-
cedures may be repeated and may postpone the need for 
a leg amputation.

Risk of TLR and TER was decreased to the greatest 
extent by the presence of dyslipidemia in spite of statins 
therapy.

The  effect of dyslipidemia, hypolipidemic therapy, 
MPV, and main plasma coagulation tests (aPTT and INR) 
on the risk of TLR and TER need to be evaluated.
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Abstract
Background. One of the underestimated causes of chronic pelvic pain (CPP) in women may be pelvic 
congestion syndrome (PCS) that is defined as the presence of varicose of ovarian and pelvic veins associated 
with chronic pain in the region of the pelvis. This pain is present longer than 6 months and intensifies with 
prolonged standing, coitus and menstruation. The disease constitutes a diagnostic as well as therapeutic 
problem, thus posing a challenge for the clinician. Transcatheter ovarian vein embolization might be a safe 
and effective option for PCS treatment.

Objectives. The objective of this study was to evaluate the efficacy of ovarian vein embolization ovarian as 
a method of the PCS treatment.

Material and methods. Between 2002–2012, 11 embolization procedures were performed in 10 wom-
en (age range: 34–43; median age 39) with the diagnosis of PCS. One patient underwent embolization 
procedure twice. In 1 case the combined therapy of endovascular embolization and surgical phlebectomy 
of vulvar varices was performed.

Results. There were no major intrainterventional complications. In all the patients (100%) a significant 
improvement in the clinical status was noted. The procedure improved the quality of life in the patients. 
Three women (30%) had a mild recurrence of the symptoms at mid-term follow-up. Among 8 women 
who had complained of dyspareunia prior to embolization 6 patients reported complete pain relief, in other 
2 cases the pain subsided partially. There was a significant decrease in the severity of symptoms associated 
with hemorrhoids.

Conclusions. We consider embolization of insufficient ovarian veins an effective and safe way of treatment 
in a well-selected group of patients with PCS.

Key words: chronic pelvic pain, pelvic congestion syndrome, transcatheter embolization, ovarian vein 
insufficiency
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The syndrome of chronic pelvic pain (CPP) in women 
has been defined as “non-menstrual pain” of more than 
6 months in duration.1,2 Pain within the region of pelvis 
may be caused by many different conditions, thus making 
the diagnosis difficult. The  incidence of CPP in women 
aged between 18 and 50 has been estimated as ca. 15%. 
It constitutes 10–40% of all outpatient gynecological vis-
its.2 In the USA, 35% of diagnostic laparoscopies and 15% 
of all hysterectomies have been performed because of the 
reported chronic pelvic pain.1 The economic significance 
of the CPP cannot be underestimated: in the USA, in 15% 
of women with chronic pelvic pain, labor efficiency is re-
duced by ca. 14.8 working hours per month, thus causing 
the financial losses of ca. 14 billion dollars per year.1,3 It is 
estimated that the total cost of medical care of chronic 
pelvic pain patients makes 39 billion dollars per year.1,3–6

There are many different conditions that can result in 
chronic pelvic pain. These might range from alimentary 
tract disorders through urological to gynecological dis-
eases. Recent rapid advances in both diagnostic imaging 
modalities and interventional therapeutic procedures 
enhanced the ability of physicians to precisely diagnose 
and to treat effectively anatomical lesions responsible for 
chronic pelvic pain in most women.

Pelvic congestion syndrome (PCS) was first described 
by Richet in 1857 as a chronic dull pelvic pain caused by 
increased venous pressure, and the severity of the illness is 
associated with the number and tortuosity of dilated veins. 
The incidence of chronic pelvic pain is high; varicose veins 
have been observed in 10% of all women and 60% of them 
report CPP.4 In  spite of this relatively high incidence of 
CPP, PCS is correctly diagnosed in rare cases, possibly 
due to the limited diagnostic value of traditional exami-
nation methods. Pelvic congestion syndrome may present 
with a variety of other symptoms, e.g. dyspareunia, tender 
lower abdomen, vaginal discharge, vulvar swelling, neu-
ropathy, rectal discomfort or frequent urination. Extensive 
pelvic varices are not only the cause of the CPP but poten-
tially can also have a  fatal outcome, due to a pulmonary 
embolism resulting from deep vein thrombosis.5

PCS results from pathological blood reflux seen typical-
ly in left ovarian vein, most frequently during pregnancy 
(Fig. 1).

The pathomechanism is similar as in varicose veins of 
the lower limbs and can be induced by hormonal chang-
es as well as by the mechanical resistance and pressure. 
The cause of PCS may also be associated with anatomical 
abnormalities, such as compression of the left renal vein 
by the superior mesenteric artery (the nutcracker syn-
drome), its retroaortic course or a  venous hypertension 
secondary to anomalies of the inferior vena cava (IVC). 
The literature provides for cases of pelvic varices caused 
due to compression of the left common iliac vein by the 
right common iliac artery (May-Thurner syndrome), 
which may result in venous thrombosis of the lower limbs 
(Fig. 2). Concomitant vulvar varicose veins may develop 

also externally through the great saphenous vein (GSV) 
and in particular through the collateral medial marginal 
vein, which is the junction between the venous circulation 
of the lower limb and the internal iliac vein (hypogastric 
vein) (Fig. 3). Some role may also be attributed to the vein 
that drains the muscles of the thigh, the branch that arises 
from the common femoral vein.

Most frequently, the female patients see a general prac-
titioner or a surgeon because of the chronic pain in the 
lower abdomen, frequently associated with exertion. 

Fig. 1. Venogram demonstrating insufficient, dilated left ovarian vein

Fig. 2. Venogram presenting dilated left pelvic veins due to May-Thurner 
syndrome
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A physical examination sometimes reveals that the ten-
derness in localized in the ovaries. Symptoms aiding the 
diagnosis might also be the lower extremities varicose 
veins disease, but, above all, the vulvar varices and to 
some lesser degree the hemorrhoidal varices.

Imaging methods are the most critical in the evaluation 
of pelvic varicose veins. The recently developed non-inva-
sive or minimally invasive procedures, as the US (including 
Color Doppler, duplex-Doppler, Power Doppler imaging), 
CT or MRI techniques replaced the traditional phlebogra-
phy in diagnosing the pelvic varices, with the transvaginal 
US imaging being a preliminary imaging modality.7–10

Traditional phlebography allows direct visualization 
of the tortuous and dilated ovarian veins and is still con-
sidered the gold standard reference for an accurate in-
patient diagnosis of PCS. There are several methods for 
direct opacification of the dilated varicose veins includ-
ing selective venous catheterization of the ovarian veins, 
injection of contrast medium into vulvar varices. These 
methods are rarely used now because they are invasive 
and expose the patients, especially those of child-bearing 
age, to irradiation.7,11,12

There are 3 diagnostic criteria for establishing the di-
agnosis of pelvic congestion: a tortuous pelvic vein with 
a  diameter more than 4  mm, slow blood flow (about 
3 cm/s), and the dilated communicating arcuate veins.11 
Pelvic varices are visualized as dilated, tortuous, opacified 
tubular structures around the uterus and the ovary, with 
a possible extension into the broad pelvic ligament. They 
can also involve the paravaginal venous plexus.13

Based on above mentioned clinical presentation and re-
sults of imaging modalities we established a diagnosis of 

PCS in a  relatively small group of patients and qualified 
them for predominantly endovascular treatment. The pur-
pose of our study was to evaluate the efficacy of ovarian 
vein embolization as a method of the treatment of PCS.

Material and methods
This retrospective analysis includes 10  multiparous 

women (n = 10) aged between 34 and 43 (mean age 39) 
with clinical suspicion of PCS that were referred to our 
institution in order to confirm the diagnosis and to un-
dergo the treatment. All ten patients (100%) suffered 
from chronic pelvic pain. Eight women (80%) complained 
of dyspareunia and tender lower abdomen. Five women 
(50%) complained of rectal discomfort and/or frequent 
urination. Three of the 10  patients (30%) suffered from 
neuropathy of pubic region. In  2  patients (20%) vaginal 
discharge was observed.

The pre-hospitalization examinations allowed us to ex-
clude some other potential conditions causing pelvic pain, 
especially those associated with the digestive system and 
endometriosis.

Non-invasive portion of diagnostic protocol of PCS 
consisted of both lower-extremity venous duplex scan 
and a transvaginal duplex scan. In the case of inconclusive 
or ambiguous results of the ultrasound scan, magnetic 
resonance imaging angiography (MRA) was additionally 
performed. Finally, the minimally invasive venography of 
pelvic veins was carried out.

Eleven procedures of ovarian vein (OV) embolization 
were carried out in 10  women under local anesthesia. 
Transfemoral approach was used in all the cases. After 
the puncture of the right femoral vein cobra catheter was 
advanced into the left renal vein (LRV). Subsequently, 
the left ovarian vein (OV) was catheterized and a veno-
gram was obtained to identify the gonadal vein tribu-
taries and pelvic collaterals. Venograms were obtained 
in a  semi-upright position of the patients and during 
Valsalva maneuver. A selective venography of right OV 
was performed with direct cannulation from the IVC. 
The indication for embolization included the following: 
an OV diameter of more than 10 mm, moderate to se-
vere congestion within the ovarian plexus, uterine ve-
nous engorgement, and filling of the contralateral pelvic 
veins. All the 10 cases were treated with a transcatheter 
coil embolization using Gianturco 0.035-inch MReye 
embolization coils (Cook Medical) of various diameter 
and various length depending on individual anatomical 
conditions. Three patients needed an additional embo-
lization with the use of embolization glue – the mixture 
of histoacryl glue (n-butyl-2-cyanoacrylate –  NBCA) 
(Histoacryl; B.  Brown, Melsungen, Germany) with oil 
iodinated contrast medium (Lipiodol® UltraFluide; 
Guerbet, USA Guerbet) in concentration 17–25%. Next, 
a follow-up venogram was obtained to confirm both the 

Fig. 3. Venogram demonstrating varicose veins of the left perineal region 
that communicate with varicosities within minor pelvis
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occlusion of OV and the concomitant parallel trunks as 
well as the patency of the LRV. Finally, the catheter was 
removed.

In 1 patient the 2nd procedure was performed 12 months 
following the first embolization due to the manifestation 
of accessory ovarian vein insufficiency. One patient un-
derwent a  combination of endovascular embolization 
and surgical phlebectomy of vulvar varices. The  diag-
nosed pathology, the type of intervention and the results 
of the treatment are summarized in Table 1. The follow-
up included an evaluation of a clinical presentation every 
2 months and a Doppler-US examination was carried out 
in each patient every 6 months.

Results
The ovarian vein embolization was performed with no 

major general or local complications. Only in 1 case some 
embolization glue migrated into the pulmonary circula-
tion, thus causing a  clinically insignificant right lower-
lobe embolism that was controlled immediately during 
the procedure. In 1 case, a paroxysmal tachyarrhythmia 
was observed during the procedure and it was controlled 
intraprocedurally without any long-term consequences.

In  most of the cases, the ovarian vein embolization 
using coils proved sufficient and in 3 cases it was neces-
sary to additionally use histoacrylic glue. In  1  case the 

Fig. 4. Descending venography showing partially 
double insufficient ovarian vein

Table 1. Diagnosed pathology, type of intervention and results of treatment of patients with diagnosed PCS

No. Pathology Number of embolizations/ 
/embolization agent

Follow-up 
(months)

Clinical outcomes 
(regression of symptoms)

 1. insufficiency of left ovarian vein (OV) 1/coils 13.9 complete regression

 2. insufficiency of left OV 1/coils 22.5 significant regression

 3. insufficiency of left OV 1/coils 14 complete regression

 4. insufficiency of left OV 1/coils 26 complete regression

 5. insufficiency of left internal iliac vein and left OV 2/coils; coils and glue 16 significant regression

 6. insufficiency of left OV 1/coils 12 complete regression

 7. insufficiency of duplicated left OVs
vulvar varicosities, lower limb varicosities 

combined treatment:
3/surgery; coils; coils + glue

 8 significant regression

 8. insufficiency of left OV 1/coils 13.9 complete regression

 9. insufficiency of left OV 1/coils 13.9 complete regression

10. insufficiency of duplicated left OV 1/coils + glue  2 complete regression
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combination of surgical and endovascular approach was 
implemented. The 1st stage of the treatment included the 
surgical removal of varicose veins in the lower limbs and 
partially the vulvar varicose veins. The 2nd stage consisted 

of 2  embolizations of ovarian veins that appeared to be 
double, with one of them seemingly unchanged. Eventu-
ally, the additional sclerotherapy of vulvar varicosities was 
performed with the total pain relief.

Fig. 5a. Second procedure with embolization of 
duplicated left ovarian vein

Fig. 5b. Coil embolization of the left ovarian 
vein
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We did not observe a contrast extravasation during the 
embolization procedure. There were no major morbidity 
rates and no mortality rate neither intrainterventionally 
nor during the follow-up.

The mean follow-up period amounted to 16.4 months 
(range: 2–26 months). In all the patients the significant im-
provement of the clinical status was observed. In  7  cases 
(70%) total pain relief was observed. In  3  women (30%) 
a  mild recurrence of the symptoms was noted after 
8–12  months postinterventionally; however, it was not 
necessary to repeat the embolization procedure in those 
patients after an initial 100% symptoms relief.

Among 8 women who had complained of dyspareunia 
prior to embolization, 6 patients reported complete pain 
relief, in other 2 cases pain subsided partially. There was 
a significant decrease in the severity of hemorrhoids as-
sociated symptoms.

Discussion
In  1950 Topolanski-Sierra coined the term of chronic 

pelvic congestion and demonstrated the relationship be-
tween chronic abdominal pain and pelvic varicose veins, 
and stressed the necessity of its treatment.14 One of the 
suggested methods of treatment included chemical dam-
age of the fallopian tubes by the administration of gosere-
lin acetate.15 In 1980, Rundquist described a new method 
of surgical treatment, with extraperitoneal ligation of the 
left ovarian vein. This method proved effective in the 

treatment of the lower abdominal pain.16,17 It found many 
followers, especially in the context of the negative evalu-
ation of hysterectomy. In 33% of patients after hysterec-
tomy no relief of symptoms was observed and in 20% of 
patients symptoms reoccurred.18–20 Overall, each kind of 
surgical approach is associated with the risk of anesthesia, 
laparotomy or laparoscopic treatment.

First introduced in 1993 by Edwards et  al., the tech-
nique that truly revolutionized PCS treatment involves 
catheterization of the ovarian veins.21 The  procedure is 
usually performed during the diagnostic phlebography 
and it involves venous obliteration with a foam or embo-
lization agent.

There is no data from randomized trials relating to PCS 
treatment. Several published results of trial series do not 
attempt to compare the embolization of incompetent pel-
vic veins with the other, alternative methods. Random-
ized trials are of particular significance especially when 
the main symptom of the disease is the pain, because pain 
is highly subjective. The aforementioned published trial 
results relate to the retrospective cases. The  search of 
the literature on the subject has been conducted with the 
use of the MEDLINE database and covered the period to 
March 2012 included. The largest series of clinical trials 
and case studies discussed by various authors are listed in 
the Table 2.25–30

In addition to the evaluation of clinical efficacy of the 
embolization procedure for the treatment of PCS, at-
tempts have been made to develop the uniform diagnos-
tic criteria and to determine if the chronic pain is caused 

Fig. 5c. Postembolization follow-up venogram 
showing the proper patency of the left renal 
vein
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solely by vascular lesions. The significance of B-mode US, 
duplex Doppler imaging, CT and magnetic resonance 
imaging for the differential diagnostic considerations has 
been stressed.31,33 The  authors note that the published 
material hardly suggests guidelines for the diagnosis of 
PCS; moreover, the definitions of symptoms and of pel-
vic pain vary greatly among studies. Furthermore, in the 
majority of trials no statistical methods have been applied 
for the objective presentation of the results. In his pub-
lication, Ball argues whether an acute pain in the lower 
abdomen is indeed caused by pelvic varices.34 The author 
demonstrates that not all patients with vascular lesions 
suffer from pelvic pain.

So far there have been no unambiguous randomized 
trials or criteria that would qualify women for PCS treat-
ment. However, the long history of research on the es-
sence of this condition allowed for the development of ef-
fective and minimally invasive treatment for women with 
this chronic illness. There are many different conditions 
that can directly cause the main symptom: dull pain in 
the lower abdomen. Anatomic abnormalities, pregnan-
cies, hormonal changes, body weight gain or the lower 
extremities varicose vein disease can all contribute to the 
unidirectional course and intensification of PCS. Venous 
valve incompetence can result in pelvic engorgement and 
resultant edema thus causing pelvic pain. This pain is ex-
acerbated after prolonged sitting, at the end of a day, dur-
ing or directly after sexual activity (dyspareunia), during 
menstruation. There are also other unspecific symptoms 
of varying intensity. Women affected with these symp-
toms can experience nausea, depression, tender lower 
abdomen, vaginal discharge, vulvar swelling, neuropa-
thy, rectal discomfort or frequent urination. Most often 
 affected women are in the pre-menopausal age; therefore, 
the suggested causes include the estrogen influence that 
significantly weakens venous walls. Pelvic vein thrombo-
sis is a potentially fatal condition and is seen as a compli-
cation of the abovementioned condition.

Contemporary medical imaging techniques have broad-
ened diagnostic procedures. Pelvic ultrasound scans, trans-
vaginal US and CT have become the first imaging diag-
nostic procedures in patients with chronic pelvic pain. 
They all visualize the uterus and its vicinity. It is, however, 
the computed tomography with the use of contrast media 

that demonstrated the highest efficacy in visualizing the 
vascular lesions. Then again, the US in the duplex Dop-
pler mode allows for the dynamic evaluation of the blood 
flow, the detection of reversed flow in the left ovarian vein. 
In chronic pelvic pain the transvaginal ultrasound can be 
especially useful for the preliminary diagnoses of tumors 
and cysts, and endometric cysts. However, the proper di-
agnosis is often missed because women lie down for a pel-
vic examination. In  this position, the ovarian veins will 
not fill enough with blood to reveal the vascular changes. 
It should be remembered that a standard transvaginal US 
will not reveal vascular changes and is reliable only when 
duplex Doppler modality is implemented.

In  their advanced diagnostic management most diag-
nosticians rely on MRI. This procedure can be carried 
out as an outpatient procedure, it is non-invasive, does 
not require ionizing radiation and is of particular value 
in diagnosing the pelvic varicose veins. Typical findings 
in patients with PCS on MRI include dilated, enhancing 
tubular structures near the ovaries and uterus, with pos-
sible extension into the broad pelvic ligament. As indicat-
ed by the clinical experience, MRI has become the most 
valuable diagnostic modality, particularly in T1-weighted 
scans and above all with volumetric 3D imaging following 
intravenous injection of gadolinium.

Traditional phlebography still seems to be the golden 
standard reference for the best visualization of the venous 
circulation and above all it allows for therapeutic proce-
dures. However, it should be remembered that it is an 
invasive procedure and, therefore, should be undertaken 
after appropriate non-invasive demonstration of lesions 
as both a  diagnostic and therapeutic procedure. In  this 
procedure, it is possible to plan and perform the occlu-
sion of insufficient veins.

Laparoscopy is the most commonly used diagnostic 
technique used in women with chronic pelvic pain. This 
direct visualization is an excellent tool to exclude other 
pelvic pathologic conditions such as, e.g. endometriosis. 
It  is, however, not useful for varicose vein diagnosis be-
cause it requires women to lie down for the procedure and 
involves insufflations of carbon dioxide that conceals path-
ological vessels and, as a rule, yields unsatisfactory results.

In our material the patients reported substantial (30%) 
or complete relief (70%) of their pain following trans-

Table 2. Outcomes of clinical trials trials

Study Country Number of patients Mean follow-up
(months)

Clinical outcomes 
(regression of symptoms)

Maleux et al., 20001 Belgium  41  19.9 significant: 58.9%

Venbrux et al., 20022 USA  56  22.1 significant or partial: 96%

Pieri et al., 20033 Italy  33  12.0 significant: 100%

Kim et al., 20064 USA 127  45.0 significant: 83%

Kwon et al., 20075 Korea  67 ~44.8 significant or partial: 82%

Gandini et al., 20086 Italy  38  12.0 significant: 100%
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catheter ovarian vein embolization. In the present study, 
8 (80%) patients underwent only one embolization. One 
patient required a  multistage treatment, involving em-
bolization of ovarian veins and varicose veins surgery 
(including vulvar varicosities). There was significant re-
lief of the following symptoms after embolization: pelvic 
pain; pain prior to and during menstruation, pain during 
and after sexual activity and moderate reduction of com-
plaints that were associated with maintaining a standing 
position. The procedures performed did improve the pa-
tient’s quality of life. No major local or general compli-
cations were observed. The present study was based on 
a limited number of patients, so all the results have to be 
interpreted with caution. However, there is still a lack of 
randomized controlled trials estimating ovarian vein em-
bolization as a  treatment of choice of PCS. Despite the 
limitations of our study we believe that venography with 
ovarian vein embolization could be the optimal therapeu-
tic approach for pelvic congestion syndrome.
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Abstract
Background. Hard ticks are the main vectors of tick-borne encephalitis virus (TBEV). Free carnitine (FC) 
and acylcarnitines (AC) have the basic role in β-oxidation as well as the modulation of immune and nervous 
system. Homeostasis of carnitines in the TBE patients was not studied so far.

Objectives. This study aimed to evaluate FC and AC serum concentrations in patients with meningitis due 
to TBEV infection before and after 14 ± 3 days of treatment.

Material and methods. The study was performed in 14 patients aged 48 ± 29 years that were divided 
a posteriori (based on their FC level before and after treatment) into 2 subgroups: 1–8 and 9–14. Diagnosis 
was based on the neurological, serological and pleocytosis evaluation.

Results. The FC level in patients 1–8 before treatment (24.1 ± 8.1) was significantly lower than in patients 
post-treatment (34.4 ± 8.3), lower than in the control group (40.5 ± 7.6), and lower than in patients 9–14 
before treatment (40.0 ± 13.5) but not lower than in the patients 9–14 after treatment (24.7 ± 7.3 µmol/L), 
respectively, p < 0.05. AC concentration in the patients 1–8 before treatment (4.7 ± 2.2) was apparently 
lower than in patients post-treatment (9.5 ± 3.9 µmol/L) but the values were not significantly different. 
In patients 9–14 before treatment the AC concentration (16.3 ± 12.6) was higher than in patients after 
treatment (5.3 ± 4.0 µmol/L), but the difference was not statistically significant.

Conclusions. FC and AC homeostasis in circulation was disturbed in the patients with meningitis due to 
TBEV infection patients. The mean levels of FC and AC in 60% of the patients were below the normal range 
but normalized after treatment whereas in 40% of the patients they were near or at a normal range and 
significantly decreased after treatment. Explanation of this intriguing finding and its clinical significance is 
not easy without further studies.

Key words: carnitine deficiency, tick-borne encephalitis, free carnitine, acyl-carnitine
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Introduction
Tick-borne encephalitis (TBE) RNA virus (TBEV) from 

the Flavivirus genus belongs to the neurotropic viruses. 
Infection with the TBEV is initiated by a bite from an in-
fected hard tick (i.e. Ixodes ricinus). The virus is present in 
the tick’s saliva where there is a natural anesthetic; there-
fore, the tick bite may be unnoticed. The ticks may trans-
mit more than one pathogen, thus complicating diagnosis 
and treatment of the TBE.1 In 65–70% of TBEV infected 
humans, the virus does not cause any symptoms but in 
symptomatic patients the disease develops in 2  stages. 
First signs may include high temperature, headache, tired-
ness, muscle pain, which last 1–8 days after which most 
of the patients recover. In the second phase, the brain and 
spinal cord become affected by the virus that manifests 
in: meningitis, meningoencephalitis or meningoencepha-
lomyelitis.2,3

Free carnitine (FC) and acylcarnitines (AC) are im-
portant, multifactorial substances. The  majority of the 
FC originates from the diet, whereas about 25% is syn-
thetized de novo from lysine and methionine in the liv-
er, kidney and brain but not in the skeletal and cardiac 
muscles. FC provides fatty acids as well as the products of 
their peroxisomal partial oxidation into the mitochondria 
for the β-oxidation.4,5 It removes an excess of toxic acyl-
CoA from mitochondrial matrix, regulates acyl-CoA/free 
CoA ratio, and supplies acetyl groups for the synthesis of 
acetylcholine and for acetylation of nuclear histones in 
the central nervous system.6 “Secondary” roles of carni-
tine include its actions as an immune system, gene and 
protein modulator, antioxidant, anti-inflammatory and 
anti-apoptotic factor.7 Low serum carnitine levels were 
shown in patients with impaired immune reactions, 
metabolic disorders, recurrent infections, and chronic fa-
tigue syndrome.4,5,8 Carnitine deficiency may result from 

the malnutrition, malabsorption, peritoneal dialysis, and 
increased urinary AC excretion.5,9 FC and AC may have 
an unexplored role in the pathophysiology of the tick-
borne encephalitis resulting from TBE virus infection. 
Therefore, we aimed to evaluate serum concentration of 
the FC and AC in adult patients with meningitis result-
ing from TBEV infection, before and after supportive and 
symptomatic treatment.8 Their homeostasis in the TBE 
patients was not studied so far.

Material and methods

Patients

The  study group included 14 adults (6  male, 8  female) 
aged 48 ± 29 years with meningitis resulting from TBEV 
infection. Diagnosis was based on the neurological evalu-
ation and serological determinations in the sera and ce-
rebrospinal fluid (CSF). Upon admission all the patients 
exhibited typical symptoms seen in the TBE virus infec-
tion: fever lasting 1–3 weeks, headache, arthralgia, myal-
gia. Supportive and symptomatic treatment of the patients 
lasted 14 ± 3 days. The study group was divided a posteriori 
(based on the results of the FC determinations before and 
after treatment) into 2  subgroups: patients number 1–8 
(4 male, 4 female) aged 44 ± 18 years, in whom the FC con-
centration increased as a result of treatment and patients 
number 9–14 (2  male, 4  female) aged 51  ±  19  years, in 
whom the FC concentration decreased after treatment. Se-
rological and biochemical characteristics of both subgroups 
are shown in Table 1. Exclusion criteria: primary carnitine 
deficiency, patients with borreliosis, other recent viral in-
fections, genetic and metabolic disorders, heart, renal and 
hepatic failure. The control group consisted of 32 healthy 
male (n = 17) and female (n = 15) aged 42 ± 11 years.

Table 1. Cerebrospinal fluid (CSF) and serum parameters in the TBE patients exhibiting increase (subgroup 1–8) or decrease (subgroup 9–14) of free carnitine 
(FC) concentration after 14 ± 3 days of treatment

Biological 
fluid Parameters

Subgroup 1–8 Subgroup 9–14
Reference values

before treatment after treatment before treatment after treatment

mean ± SD 

CSF total protein 67.6 ± 12.9 66.7 ± 45.9 56.7 ± 18.2 44.2 ± 3.4 15–45 mg/dL

albumin 43.0 ± 9.8 24.4 ± 10.9 41.3 ± 12.8 nd 10–30 mg/dL

glucose 56.8 ± 5.9 60.4 ± 11.3 62.0 ± 7.7 49.5 ± 0.5 48–85 mg/dL

chloride 119 ± 2.6 118 ± 1.4 113 ± 1.1 117 ± 1.5 120–130 mM/L

pleocytosis 112 ± 52.4 34.8 ± 19.8 58.8 ± 28.8 22.0 ± 2.0 < 5 cells/µL

 median (range)

IgM 30.2 (2.1, 147) nd 1.9 (1.8, 351) nd antibody index < 1.4

IgG  29.8 (6.0, 75.0) nd 11.6 (0.0, 87.0) nd cut-off < 10 U/mL

Serum IgM 45.7 (6.5, 207) nd 9.3 (8.1, 500) nd antibody index < 1.4

IgG 56.3 (19.1, 156) nd 79.2 (22.0, 115) nd cut-off < 10 U/mL

Data are mean ± SD or median and range; nd – not determined.



Adv Clin Exp Med. 2017;26(2):277–280 279

Methods

Serological determinations

IgM and IgG antibodies against TBEV in the serum and 
CSF samples were assayed using ELISA Enzygnost Anti-
TBE/FSME Virus [IgG, IgM] kit from Siemens, Marburg, 
Germany. Performance of the assay and interpretation of 
the data was done according to the Manufacturer’s in-
struction. The  data consistently indicated recent TBEV 
infection in our patients.

Carnitine assay

Free (FC) and total (TC) carnitine was determined in 
duplicates as previously detailed.9,10 FC was measured in 
the serum filtrates without hydrolysis of acyl-carnitines, 
based on the reaction of FC with acetyl-CoA and carni-
tine acetyltransferase. TC concentration was quantified in 
the serum filtrates after hydrolysis of the carnitine esters: 
TC – FC = AC. Sensitivity of the method was 4.0 µmol/L. 
Inter- and intra-assay coefficient of variation (CV%) was 
4.0 and 7.0%, respectively.

Statistical analysis

Data is expressed as mean ± SD or median (range) and 
was analyzed with STATISTICA  (v. 8.0, StatSoft, Po-
land), using the Student t-test for independent samples. 
The  normality of the variables distribution was tested 
using Shapiro-Wilk statistics and normality plots. Differ-
ences between 2 independent groups were analyzed using 
U  Mann-Whitney non-parametric test. Differences be-
tween patients before and after treatment were tested us-
ing the Wilcoxon signed rank test. Statistical significance 
was assumed at p < 0.05.

Results
Serum concentrations of FC measured before and af-

ter 14  days of treatment in 14  patients with meningitis 
resulting from TBE virus infection are shown in Fig.  1. 
In  the patients 1–8 the FC levels increased, whereas in 
the patients 9–14 they decreased after treatment. Before 
treatment, FC levels in patients 1–8 and 10, 13 were below 
normal range, whereas in patients 9, 11, 12, 14 within the 
normal range.

Mean concentrations of the FC and AC are shown in Ta-
ble 2. Mean FC levels in the patients 1–8 before treatment 
(24.1 ± 8.1 µmol/L) were significantly lower (p < 0.05) than 
in patients post-treatment (34.4 ± 8.3 µmol/L), and lower 
than in healthy controls (40.5 ± 7.6 µmol/L), lower than 
in patients 9–14 before treatment (40.0 ± 13.5 µmol/L), 
but not lower than in patients 9–14 post-treatment 
(24.7  ±  7.3  µmol/L), p  >  0.05. As a  result of treatment, 

FC level in the patients 1–8 reached the values seen in 
healthy controls (Table 2). In contrast, FC level in patients 
9–14 before treatment was the same (40.9 ± 13.5 µmol/L) 
like in the control group (40.5 ± 7.6 µmol/L) and statis-
tically significantly decreased (24.7  ±  3.7  µmol/L) after 
treatment (p < 0.05) (Table 2).

Mean AC concentration in the patients 1–8 before 
treatment (4.7 ± 2.2 µmol/L) was apparently lower than 
that after treatment (9.5  ±  3.9  µmol/L), but the differ-
ence did not reach statistical significance, although it 
was significantly lower than that seen in healthy con-
trols (13.5 ± 8.4 µmol/L, p < 0.001) (Table 2). In the pa-
tients 9–14 before treatment the AC concentration 
(16.3 ± 12.5 µmol/L) was apparently higher than that seen 

Fig. 1. Serum free carnitine in patients with meningitis due to tick-borne 
encephalitis virus infection before and after 14 days of treatment

Table 2. Mean serum free carnitine (FC) and acylcarnitine (AC) concentra-
tion in the patients from subgroups 1–8 and 9–14 with meningitis due to 
tick-borne encephalitis virus (TBEV) infection before and after treatment

Group Patients FC
(μmol/L)

AC
(μmol/L)

(I) control group 40.5 ± 7.6 13.5 ± 8.4

TBE patients

(II) 1–8 (before) 24.1 ± 8.1 4.7 ± 2.2

(III)  1–8 (after) 34.4 ± 8.3 9.5 ± 3.9

(IV)  9–14 (before) 40.9 ± 13.5 16.3 ± 12.5

(V) 9–14 (after) 24.7 ± 3.7 5.3 ± 4.0

p-values

II vs I < 0.000 < 0.007

 III vs I ns ns

 IV vs I ns ns

V vs I < 0.000 < 0.001

 II vs III < 0.011 ns

 IV vs V < 0.027 ns

 II vs IV < 0.016 ns

II vs V ns ns

 III vs IV ns ns

III vs V < 0.045 < 0.033

values are mean ± SD; ns – not significant; vs – versus.
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after treatment (5.3 ± 4.0 µmol/L), but the difference was 
not statistically significant (p > 0.05), Table 2.

In the patients 1–8, IgM index (positive > 1.4) and IgG 
level (cut-off 10 standard units, U/mL) at admission was 
(median and range) 45.7 (6.5, 207) and 56.3 (19.1, 156), 
and in the CSF 30.2 (2.1, 147) and 29.8 (6.0, 75.0), respec-
tively. In the patients 9–14 IgM index and IgG concentra-
tion (U/mL) was 9.3 (8.1, 500) and 79.2 (22.0, 115), and 
in the CSF 1.9 (1.8, 351) and 11.6 (0.0, 87.0), respectively. 
Pleocytosis (cut-off  <  5 cells/µL) in the patients 1–8 at 
admission was 112  ±  52.4 cells/µL and after treatment: 
34.8 ± 19.8 cells/µL, whereas in the patients 9–14 it was 
58.8 ± 28.8 cells/µL and 22.0 ± 2.0 cells/µL, respectively. 
There were no statistically significant differences between 
biochemical parameters, IgG and IgM titers and pleocy-
tosis between subgroups as well as between subgroups 
before and after treatment, respectively (Table 1).

Discussion
In this preliminary, observational study we have shown 

that FC and AC homeostasis in circulation is disturbed in 
the patients with meningitis due to TBEV infection. Sup-
portive and symptomatic treatment of the patients and/or 
their natural healing process had an impact on the carni-
tine levels. Upon admission, the majority of our patients 
exhibited a substantial deficiency of the serum FC. Ener-
gy-dependent immunological mobilization of the infected 
organism (synthesis of the IgG/IgM anti-TBEV antibod-
ies, anti- and pro-inflammatory cytokines) and decreased 
food intake may be responsible for the lowering of carni-
tines in circulation and tissues.4,5 Normal availability of 
FC is crucial for the efficient β-oxidation, generation of 
AC and supply of the energy. Although glucose, not fatty 
acids, is a major source of energy in the brain, it has been 
shown that FC and AC deficiency (i.e. due to starvation) 
may cause metabolic encephalopathy.8 About 99% of the 
carnitines are present inside the cells, but it is believed 
that circulating fraction of FC, TC and AC reflects their 
homeostasis in whole organism.5

Although all the patients were recovering well from the 
disease, we have noticed 2 types of patients. FC and AC 
serum levels in patients 1–8 prior to treatment were be-

low the normal range, and significantly increased as a re-
sult of treatment. In contrast, FC and AC levels in patients 
9–14 prior to treatment were significantly higher than 
those in the patients 1–8 before treatment and decreased 
below the normal range after treatment (Fig. 1, Table 2). 
Explanation of this intriguing finding is not easy without 
further basic and clinical studies on a numerous groups 
of patients.

Due to the small number of patients, it was not possible 
(or allowed) to perform an analysis of the correlations be-
tween carnitine concentrations and biochemical param-
eters, pleocytosis and IgM and IgG titers. It is tempting to 
speculate that differences in metabolic rate and immune 
system among the patients may be responsible for the ob-
served phenomenon.

Some symptoms that accompany various clinical types 
of the TBE may co-result from the deficiency of carni-
tines. Carnitines supplementation has been shown to im-
prove the overall energy status of the brain and the whole 
organism and to ameliorate symptoms of various diseases 
including neurological disturbances.7 However, this topic 
also requires further studies.
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Abstract
Background. The use of new imaging techniques has contributed significantly to earlier diagnosis and 
treatment of cardiac tumors.

Objectives. The aim of the study was to analyze data from children with cardiac tumors in terms of clinical 
presentation, the role of noninvasive diagnostic procedures and the long-term outcome.

Material and methods. The data analyzed retrospectively concerned 30 children in whom cardiac tu-
mors were diagnosed from January 1995 to July 2015. The cardiac evaluation included a review of the sub-
jects’ medical records and medical history, a physical examination, standard 12-lead electrocardiography, 
echocardiography and 24-h Holter ECG monitoring at the time of diagnosis and at 6–12 month intervals 
during the follow-up at the authors’ outpatient clinic.

Results. Most of the children did not need cardiac surgery; surgical tumor excision was necessary in 3 cases 
only. There was 1 death in the follow-up period. Rhabdomyoma was diagnosed in 22 cases, and in 16 of 
them tuberous sclerosis was confirmed during the follow-up period. In the remaining 8 cases, fibroma was 
the most likely diagnosis.

Conclusions. The symptomatology of cardiac tumors in children can vary greatly, from the absence of any 
symptoms up to heart failure and respiratory distress indicating the need for surgical intervention. The di-
agnosis of cardiac tumors relies almost exclusively on noninvasive imaging techniques. The observations in 
this study confirm the fact that the most common cardiac tumor in children is rhabdomyoma, which may 
disappear spontaneously. Most patients with cardiac tumors do not require treatment.
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It is still difficult to estimate the incidence of cardiac tu-
mors in the pediatric population.1–3 Most heart tumors are 
benign, and rhabdomyoma is the most common of them.1,2 
Malignant and metastatic tumors have been described, 
but they are rare. Cardiac tumors are mainly manifested 
by murmurs, arrhythmias, cyanosis, respiratory distress, 
hemopericardium or exudative pericarditis and heart fail-
ure.1,2 The use of new imaging techniques has contributed 
significantly to earlier diagnosis and treatment.1–3

The aim of this study was to analyze data from children 
with cardiac tumors in terms of the clinical presentation, 
the role of noninvasive diagnostic procedures and the 
long-term outcome.

Material and methods
The  data analyzed retrospectively concerned 30  chil-

dren in whom cardiac tumors were diagnosed from 
January 1995 to July 2015 (Table 1) at the authors’ clinic. 
The cardiac evaluation included a review of the subjects’ 
medical records and medical history, a physical examina-
tion, standard 12-lead electrocardiography, echocardiog-
raphy and 24-h Holter ECG monitoring at the time of di-
agnosis and at 6–12 month intervals during the follow-up 
period. As there is no uniform heart failure functional 
classification for children, the present authors decided to 
use the Ross classification (or a modification thereof ) for 
children below 14 years of age and the New York Heart 
Association (NYHA) functional classification for children 
aged 14 or over.

From 1995 to 2005, echocardiography was the only 
noninvasive imaging tool available at the clinic. Since 
2005 cardiac computed tomography (CT) has also been 
available, since 2010 magnetic resonance imaging (MRI) 
as well.

Because of the great progress in prenatal diagnosis, 
since 2007 it has been possible to diagnose children with 

a positive family history of tuberous sclerosis (TSC) pre-
natally. At the authors’ center, all children with TSC un-
dergo a  noninvasive cardiac investigation. The  required 
medical and/or cardiosurgical management and out-
comes were noted for all the children in the present study.

Results
The  baseline characteristics of the study group are 

presented in Table 1. There were 30 children, 17 females 
(57%) and 13 males (43%). Their ages ranged from 1 day to 
16 years (median: 44 days) at the time of diagnosis.

Table 2 shows the patients’ clinical presentation at the 
time the cardiac tumors were diagnosed. A positive fam-
ily history of TSC was present in 3 cases (10%), and in all 
of them the diagnosis of TSC was made prenatally and 
confirmed postnatally.

Five neonates (17%) were diagnosed immediately post-
partum – 3 were referred due to the presence of a heart 
murmur and 2 because of an irregular heart rate.

In  3  other cases (10%), respiratory distress and heart 
failure with low cardiac output were the reasons for the 
cardiac consultation.

Other signs of cardiac tumors in the study group were 
heart murmurs in 15 cases (50%) and various forms of ar-
rhythmia in 7 cases (23%). There were 5 children (17%) 
who did not manifest any cardiac symptoms. They had 
already undergone a cardiac investigation due to a clini-
cal picture of tuberous sclerosis in 3, for a sport eligibility 
qualification in 1, and because of the prolongation of an 
upper respiratory tract infection in 1.

Electrocardiograms and 24-h Holter ECG monitor-
ing showed abnormalities and a  variety of arrhythmias 
in 7 children at the time of diagnosis. Nonspecific ST-T 
changes were present in 3 cases and aberrant intraven-
tricular conduction in 2 cases. Coexisting right and left 
ventricular hypertrophy and right atrial enlargement were 
noted in 3 other cases. Tachycardia was discovered in 3 
cases and bradycardia in 2 others (in 1 case with a pro-
longed PR interval). Six children had more than 1 abnor-
mality at the time of diagnosis.

Table 1. Characteristics of the study group of 30 children with cardiac 
tumors

Study group, n 30

Female/male, n (%) 17 (57%)/13 (43%)

Age at diagnosis, median (range) 44 days, (1 day to 
16 years)

Family history of TSC, n (%) 3 (10%)

Prenatal diagnosis, n (%) 3 (10%)

Cardiac symptoms at the time of diagnosis, n (%) 25 (83%)

Rhabdomyoma diagnosed on the basis of echo 
exam, n (%) 

22 (73%)

Fibroma suspected, n (%) 8 (27%)

CT/MRI, n (%) 8 (27%)

Neurological consultation, n (%) 30 (100%)

n – number of children; TSC – tuberous sclerosis.

Table 2. Clinical symptoms and signs at diagnosis

Study group, n 30

Family history of TSC, n (%) 3 (10%)

Heart failure, n (%) 3 (10%)

Heart murmur, n (%) 15 (50%)

Arrhythmias and conduction abnormalities, n (%) 7 (23%)

No cardiac symptoms, n (%) 5 (17%)

n – number of children; TSC – tuberous sclerosis.
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Images

Echocardiography was the primary imaging method 
used in all patients (Figs. 1–4). Rhabdomyoma (Figs. 1a, 
1c, 1e, 1f ) was diagnosed in 22 cases; in 16 of them tuber-
ous sclerosis was confirmed during the follow-up period. 
All 16 patients who had confirmed TSC showed multiple 
rhabdomyomas on echocardiography. The size of the tu-
mors ranged from 4 mm to 3 cm.

Recently, computed tomography scanning and mag-
netic resonance imaging have been carried out in select-
ed cases. The  indications for scanning were a  suspicion 
of tumor infiltration (MRI in 2 cases – Figs.  2c–d), dif-
ficulties in determining the tumor morphology and its 
boundaries by echocardiography (MRI in 3 cases and CT 
in 3  others). In  the remaining 8 cases, fibroma was the 
most likely diagnosis based on echo and MRI examina-
tions (Figs. 2a–d, 3a–b).

Fig. 1. Main features 
of cardiac tumors in 
children

Fig. 1a. Cardiac 
rhabdomyomas in an 
infant

Fig. 1b. Surface 
electro cardiogram, 
showing supraventricle 
tachycardia. 
Further diagnostic 
procedures revealed 
Wolff-Parkinson-
White syndrome. 
Transthoracic 
echocardiography in 
a modified 4-chamber 
view revealed round 
echogenic masses 
(arrows) bulging into 
the cavity of the left 
and right ventricles. 
The infant was found 
to have tuberous 
sclerosis

Fig. 1c–d. Transthoracic 
echocardiography in 
a 4-chamber view (c) 
in a 2-month-old girl, 
performed because 
of first degree atrio-
ventricular block (d). 
A pathological mass is 
seen in the left atrium 
(arrow)

Fig. 1e–f. Cardiac 
rhabdomyomas. 
Neonatal echocardio-
graphy in a 4-chamber 
view (e) and in 
a short-axis view (f ), 
showing multiple 
homogenous left and 
right ventricular cavity 
masses (arrows)
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Management and outcomes

Table 3 presents the treatment regimens and outcomes 
in the study group.

Three infants (10%) were severely hemodynamically 
compromised and required cardiac surgery. In 2 of them 
the left ventricle outflow tract was obstructed by the tu-
mor, and in the third both left and right outflow tracts 
were obstructed by multiple rhabdomyomas. In  these 
3 cases subtotal tumor excision was performed. This en-
abled histological evaluations, which confirmed the pres-
ence of rhabdomyomas.

Three neonates and 1 other infant with various forms of 
arrhythmias (due to supraventricular re-entry tachycardia 
in 3 of them and focal atrial tachycardia in 1 case) were 
successfully treated for their symptoms with several an-
tiarrhythmic drugs, applied according to standard guide-
lines.

Overall rhythm abnormalities were noted in 10 patients 
during the follow-up period: 2 had premature ventricu-
lar beats (Figs.  3c–f), 3  had supraventricular premature 
beats, 1  had ectopic atrial tachycardia, 3  had supraven-
tricular re-entry tachycardia (Fig. 1b) and 1 had first de-
gree atrioventricular block (Fig. 1d). The rest of the chil-
dren had no documented arrhythmias.

Follow-up results

Table  4 presents the follow-up results. As of August 
2015, 29 of the patients (97%) were alive. There was 1 non-
cardiac death: A  patient with TSC and cardiac rhabdo-
myomas without the need for surgical intervention who 
died suddenly at home at the age of 7 years. The child was 
severely mentally handicapped; at the parents’ request, no 
autopsy was conducted.

At the last follow-up visit, 4 of the children were in 
functional class I  according to the Ross classification 

Table 3. Treatment regimens and outcomes

Study group, n 30

No medical/cardiosurgical management, n (%) 22 (73%)

Surgery < age 1 year, n (%) 3 (10%)

Surgery > age 1 year, n (%) 0 (0%)

Reoperation, n (%) 0 (0%)

Number of children treated with antiarrhythmic 
drugs, n (%)

4 (13%)

Spontaneuos resolution of the tumor, n (%) 12 (40%)

Death, n (%) 1 (3%)

n – number of children.

Fig. 2a–b. Transthoracic 
echocardiography of 
a child at the age of 
2 years showing a right 
ventricular tumor

Fig. 2c–d. Cardiac 
magnetic resonance 
image showing 
a fibroma in the right 
ventricle
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(or  modification thereof ), and 25 were in the NYHA func-
tional class I.

Spontaneous resolution of the cardiac tumor occurred 
in 12 of the 16  children with a  confirmed diagnosis of 
tuberous sclerosis. The  mean time for the resolution of 
rhabdomyomas was 4 years, based on serial echo exami-
nations (Fig. 4). In the rest of the study group, there was no 
progression on echo or MRI visualization, and no further 
indication for cardiac surgery. During observation peri-
ods of up to 20 years, none of the patients required a re-
operation. Cardiac pharmacotherapy was not required by 
22 children in the study group (73%).

Table 4. Follow-up data at last cardiac evaluation

Alive, n (%) 29 (97%)

NYHA I 25/25

Ross (or modified Ross) I 4/4

Arrhythmias and conduction disturbances, n (%)
VPB
SVPB
AET
AVRT
AVB I

2 (7%)
3 (10%)
1 (3%)

3 (10%)
1 (3%)

TSC confirmation and neurological follow-up, 
n (%)

16 (55%)

VPB – ventricular premature beat; SVPB – supraventricular premature 
beat; AET – atrial ectopic tachycardia; AVRT – atrioventricular reentry 
tachycardia; AVB I – first degree atrioventricular block.

Fig. 3a–b. Transthoracic 
echocardiography in 
a modified 4-chamber 
view and in the 
parasternal long-axis 
view, performed in 
a teenage athlete due 
to ventricular ectopies 
revealed in surface 
electrocardiogram 
(3c–f ). A pathological 
mass is visible in the 
apex of the left 
ventricle (arrow). 
Cardiac magnetic 
resonance image 
confirmed a fibroma in 
the left ventricle
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Discussion

Tumor incidence

Primary cardiac tumors are found in approximately 1 in 
10  000 (0.01%) of routine post-mortem examinations of 
patients of all ages.4–7 Simcha et  al. found an incidence of 
8/10 000 (0.08%) in infants and children.8 Between 1950–
1970 they diagnosed primary cardiac tumors in 8 children 
based on data from clinical symptoms, electrocardiography, 
angiocardiography and in only 2 cases were tumors found 
during the autopsy. Although cardiac tumors are uncom-
mon, the number of cardiac lesions detected annually has in-
creased significantly during recent decades, due to improved 
imaging techniques.9 During the 20 years from 1995 to 2015 
the present authors diagnosed 30 cases of cardiac tumors in 
children at the Medical University of Gdańsk Department of 
Pediatric Cardiology and Congenital Heart Defects.

Clinical presentation  
and required management

In the present study group, nonspecific heart murmurs 
(in 15 out of 30  children) and arrhythmias (in 7 out of 
30 children) were the most frequent symptoms leading to 
cardiac consultations. This coincides with other authors’ 
observations.1,2,10,11 However, it should be emphasized 

that after birth, patients may not present obvious clinical 
findings, despite an extensive cardiac involvement.

In cases of newborns and infants with large rhabdomy-
omas who are critically symptomatic, presenting respira-
tory distress and congestive heart failure, cardiac surgery 
is required.12–14 In the present study group 3 infants (10%) 
required cardiac surgery due to severe hemodynamic 
disturbances. Thomas-de-Montprevillea et al. presented 
almost 20  years of surgical experience with 59  patients 
(both adults and children), and one of their conclusions 
was that “there is a group of heart tumors requiring sur-
gery mainly because of the mass effect”.15 Burke and Vir-
mani reviewed the literature concerning heart tumors in 
children, and with regards to rhabdomyomas they con-
cluded: “Due to a natural history of spontaneous regres-
sion of rhabdomyomas many patients are followed with-
out surgery. However, serious symptoms may precipitate 
the need for surgical resection”.10

As Moradian et al. wrote: “Sudden death has been at-
tributed to arrhythmias in pediatric patients of all ages. 
These arrhythmias may be a result of either severe hemo-
dynamic compromise or contiguous location of tumors 
to the conduction system”16; another reported cause is 
ectopic tachyarrhythmia caused by a  tumor.12 In  the lit-
erature, all common rhythm disturbances have been re-
ported.10,13,16–19 In  a  review of 224 fetuses and neonates 
with cardiac tumors collected from the literature, Isaacs12 

Fig. 4. Transthoracic echocardio-
graphy (4-chamber view) 
of a child with a confirmed 
diagnosis of tuberous sclerosis. 
Regression of rhabdomyomas 
after 4 years of follow-up
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confirmed the observations of Moradian et al.16 and his 
conclusions were similar to the present authors’.

While it is well established that cardiac rhabdomyomas 
are often the only manifestation of TSC2,12,13,20, it is dif-
ficult to estimate the true incidence of rhabdomyomas, as 
this tumor often regresses over time. The published data 
suggest that in 30% to 91% of cases, cardiac rhabdomyo-
mas are associated with TSC.2,21 In  a  study by Beghetti 
et  al. 41% of cardiac rhabdomyomas cases were associ-
ated with TSC2, in contrast to the data reported by Holley 
et al., who stated that the incidence was 91%.21 Despite the 
considerable discrepancies in the frequency of coexisting 
rhabdomyiomas and TSC, both Beghetti et al. and Holley 
et al. emphasize that the seizures were a leading symptom 
of TSC. In tuberous sclerosis it is not the cardiac manifes-
tations but rather the cerebral ones that are crucial to the 
prognosis.13,18 In  the present study all the children with 
cardiac tumors underwent neurological consultations, 
and all the children with TSC have been under regular 
neurological supervision.

Diagnosis

Lately the diagnosis for most patients with cardiac tu-
mors is established before they are one year old, or even 
prenatally.12,18 Verhaaren et  al. reported 87 cases with 
a prenatal diagnosis of rhabdomyoma.22

As Moradian et  al. wrote: “Fetal cardiac rhabdomyo-
mas, albeit rare, are the most common fetal cardiac tu-
mors. More than 60% of prenatally detected cardiac tu-
mors are rhabdomyomas, and these are often associated 
with tuberous sclerosis”.16

In most cases it is not easy to obtain a cardiac tumor 
biopsy, either by percutaneous or catheter biopsy; there-
fore, imaging plays a central role in the evaluation of car-
diac tumors.3,23 The primary imaging modality is echocar-
diography, but in doubtful cases other imaging modalities 
are employed to enhance visualization. Other centers 
confirm that MRI is an important tool in the evaluation of 
cardiac neoplasms, helping to accurately predict the type 
of cardiac tumor and establish a treatment strategy.3,24,25,26

Data from the literature and the results of the pres-
ent study show that most primary cardiac tumors that 
occur in children and young people are benign neo-
plasms.1,2,27,28,29,30 According to previous research, rhab-
domyomas and fibromas are the most frequently occur-
ring cardiac tumors in children.1,2 The  present authors’ 
long-term observations support this statement.

The clinical presentation of cardiac tumors, along with 
morphologic findings obtained from echocardiography 
with additional CT and MRI in selected cases, now gives 
enough information for the identification of different tu-
mor types. The scope and need for future multicenter re-
search in this field should be considered.

Spontaneous tumor regression

Beghetti et al.2 reported partial or complete spontane-
ous regression in 54% of 44 analyzed patients. In the pres-
ent study, spontaneous resolution of the tumor occurred 
in 12 out of 16 children with a confirmed diagnosis of tu-
berous sclerosis (75%) in a mean time of 4 years, based on 
repeated echo examinations. In the rest of the study group 
there was no progression on echo and/or MRI visualiza-
tion, and no further indication for a cardiac surgery.

Conclusions
The symptomatology of cardiac tumors in children can 

vary greatly: from the absence of any symptoms to a heart 
failure and respiratory distress requiring surgical inter-
vention. Due to the individual course of the disease, all 
patients, even asymptomatic ones, require regular cardiac 
follow-ups, including imaging and electrocardiographic 
procedures. Currently, the diagnosis of cardiac tumors 
relies almost exclusively on noninvasive imaging tech-
niques: echocardiography, CT and/or MRI. The authors’ 
observations confirm the fact that the most common 
cardiac tumor in children is rhabdomyoma, which may 
disappear spontaneously in the majority of patients over 
the long term. Most patients with cardiac tumors do not 
require treatment.

Limitations

As a  retrospective study, the data collection was lim-
ited because of the long follow-up period. The available 
medical records were limited to those obtained as part of 
routine cardiac care at the authors’ center.
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Abstract
Background. Acromegaly is a rare and serious syndrome that is commonly associated with pituitary neo-
plasms. Thyroid multinodular disease is a common finding in acromegaly. Leptin is a polypeptide hormone, 
and studies have shown that it can increase cell proliferation and inhibit apoptosis.

Objectives. The aim of the study was to determine the relationship of serum leptin levels with certain 
blood parameters and determine if growth hormone receptor (GHR)-d3/fl gene polymorphism is associ-
ated with thyroid nodules in acromegalic patients.

Material and methods. A total of 24 acromegalic patients with or without thyroid nodules were included 
in the study. Gene polymorphisms and blood parameters were examined.

Results. A marked increase was observed in serum leptin concentration in acromegalic patients with thy-
roid nodules compared to patients without them (p < 0.05). GH levels were lower in patients without 
nodules than in patients with nodules (p < 0.05). Blood glucose levels were higher in patients with nodules 
compared to those without them (p < 0.05), and the presence of thyroid nodules was associated with 
decreased blood low-density lipoprotein (LDL) levels compared to patients without nodules (p < 0.05). 
A significant relationship was observed between growth hormone receptor (GHR)-d3/fl gene polymor-
phism and leptin levels in acromegalic patients with thyroid nodules (p < 0.001).

Conclusions. These data from acromegalic patients indicate that thyroid nodules are associated with in-
creased serum leptin, GH and blood glucose levels and with decreased LDL levels. GHR-d3/fl gene polymor-
phism status was strongly related to higher leptin levels.

Key words: thyroid, gene polymorphism, acromegaly, hormone, endocrinology
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Acromegaly is associated with excessive secretion of 
growth hormone (GH) and insulin-like growth factor-1 
(IGF-1), resulting in bone overgrowth and an increase in 
soft tissue.1 Thyroid nodules are a common clinical prob-
lem in females. Epidemiological studies have shown the 
prevalence of palpable thyroid nodules to be approximately 
5% in women and 1% in men living in iodine-sufficient 
parts of the world.2,3 In  contrast, high-resolution ultra-
sound can detect thyroid nodules in 19–67% of randomly 
selected individuals, with higher frequencies in women and 
the elderly.4 Thyroid enlargement can also be seen in acro-
megalic patients.5,6 Long-term elevation of serum GH levels 
in acromegaly is associated with goiter development and is 
probably caused by the mitogenic effects of IGF-1.7

Changes in enzyme activity may lead to somewhat 
higher serum triiodothyronine (T3) and lower reverse T3 
(rT3) concentrations in patients with active acromegaly, 
although the levels are usually within physiological rang-
es.8,9 The  prevalence rates of certain benign and malig-
nant neoplasms are higher in acromegalic patients com-
pared with the healthy population.10

Leptin is a potent anorexigenic hormone found in the 
anterior pituitary and secreted by adipose tissue in pro-
portion to adipose content. It is a product of the obesity 
(Ob) gene that regulates both satiety and energy expen-
diture.11 Leptin is secreted with diurnal fluctuations, and 
greater secretion is observed in subjects who are obese 
or who have insulin resistance.12,13 While a negative influ-
ence of thyroid hormones on serum leptin concentrations 
has been described, some authors report no influence of 
thyroid hormones on leptin levels.14–17

There are many reports concerning the stimulatory ef-
fect of leptin on cell mitosis and its involvement in the 
carcinogenesis of breast, colon, prostate, lung, kidney and 
ovary cells. Studies have shown that leptin’s abilities to in-
crease cell proliferation and inhibit apoptosis are involved 
in creating certain types of tumors.18–24 Specifically, in-
creased expression of leptin and its receptor are well docu-
mented in papillary thyroid cancer. Similar to other tumor 
types, some authors reported that leptin exerts oncogenic 
effects on papillary thyroid carcinoma cells by stimulating 
cell proliferation and inhibiting apoptosis.25–27

The principal regulator of GH sensitivity is the GH re-
ceptor (GHR) and consists of an extracellular domain of 
246 amino acids, a  single transmembrane domain, and 
a  cytoplasmic domain. The  encoding gene has 9 exons, 
but there are 2 isoforms of the GHR in humans generated 
by the deletion of exon 3 of the gene, resulting in 3 geno-
types: homozygous GHR-fl, homozygous GHR-d3, and 
heterozygous GHR-d3/fl.28

Objectives
Acromegaly is frequently associated with thyroid en-

largement, and the size is dependent on the duration of 

GH excess.5,6 Thyroid multinodular disease is a common 
finding in acromegaly.5,7,29,30 The reported frequencies of 
diffuse goiter and nodular goiter in acromegalic patients 
are 78–92 and 63%, respectively.5 Leptin, an Ob gene 
product, is secreted exclusively by adipocytes and regu-
lates energy balance. Because GH modulates fat mass, it 
is possible that GH and chronic GH excess affects leptin. 
The aim of this study was to examine leptin levels in acro-
megalic patients, with or without thyroid nodules, and to 
identify any relationship with GHR gene polymorphism.

Material and methods

Study design

The  study was performed according to the Helsinki 
Declaration and was approved by the Ethical Commit-
tee of Pamukkale University (09/198). All the patients 
and volunteers provided written acknowledgement of 
informed consent for participation. The study group in-
cluded 24 patients with acromegaly (13 males, 11 females; 
mean age, 52.04  ±  standard deviation [SD] 9.46; range, 
30–68  years), including 17  patients with thyroid nod-
ules (9 males and 8 females; mean age, 51.05 ± SD 9.66; 
range, 19–84 years) and 7 patients without thyroid nod-
ules (4 males, 3 females; mean age, 46 ± SD 17.6; range, 
30–68 years). The participants’ anthropometric measure-
ments and blood parameters were evaluated.

The diagnosis of acromegaly was established on the ba-
sis of criteria proposed by Freda and confirmed by patho-
logical examination of surgically resected tissues31. Clini-
cal signs, magnetic resonance imaging (MRI), and GH 
and IGF-1 levels were assessed to support the diagnosis. 
Active acromegaly was associated with increased serum 
levels of GH and IGF-1, and modified sellar morphology 
visible on MRI, indicating the presence of a pituitary ad-
enoma.

The main inclusion criteria were age over 18 years and 
the presence of acromegaly.

The patients included in the study were not surgically 
or medically treated for acromegaly (e.g. with somatosta-
tin, dopamine analogs or GH receptor antagonists) at the 
time of inclusion in the study. Exclusion criteria included 
pregnancy, the use of any drugs at the time of the study 
or current surgical treatment for thyroid nodules. On this 
basis 11 patients were excluded from the study.

Clinical and laboratory assessment

Height and weight were measured in light clothing 
without shoes. Body height and weight were measured 
by a statometer and digital electronic scale, respectively. 
Body mass index (BMI) was calculated as the patient’s 
weight in kilograms divided by the square of his/her 
height in meters. The  average value of systolic and dia-
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stolic blood pressure measurements were taken with the 
subject in a sitting position at 2- to 3-min intervals after 
resting for at least 15 min.

Serum levels of glucose, total cholesterol, triglycer-
ide, high- and low-density lipoprotein (HDL and LDL) 
cholesterol, alkaline phosphatase (ALP), calcium and 
phosphorus were analyzed with commercial kits (Beck-
man-Coulter Inc., Brea, USA) in an LX-20 autoanalyzer 
(Beckman-Coulter Inc., Brea, USA). Levels of serum in-
sulin, free T3, free thyroxine (T4), thyroid-stimulating 
hormone, prolactin, GH, leptin, IGF-1 and insulin-like 
growth factor-binding protein 3 (IGFB3) were measured 
in an Immulite 2000 immunoassay analyzer (Siemens 
Healthcare, Erlangen, Germany) using the chemilumines-
cence method.

Genetic analysis

DNA was isolated from peripheral blood with a  stan-
dard phenol/chloroform extraction method. Genotyping 
for the d3 gene was performed by the polymerase chain 
reaction (PCR) method using a  personal thermal cycler 
(Techgene, USA). PCR was conducted in 50 μL reaction 
mixture containing about 1 μg of DNA sample, 5 μL re-
action buffer (x10) include 160 mM (NH4)2SO4, 670 mM 
Tris-HCl (pH 8.8), 0.1% Tween-20, 5 μL dNTP (2 mM),  
3 μL MgCl2 (25 mM), 1 U platinum Taq-polymerase and 
100 pmol of each primer. The following primers were used: 
G1 5’-TGT GCT GGT CTG TTG GTC TG-3’, G2 5’-AGT 
CGT TCC TGG GAC AGA GA-3’ and G3 5’-CCT GGA 
TTA ACA  CTT TGC AGA  CTC-3’ (32). Amplification 
was performed for 39 cycles comprised of denaturation, 
extension and annealing at temperatures of 94°C for 30 s, 
57°C for 30 s, and 68°C for 30 s, respectively. The final ex-
tension time was carried out at 68°C for 10 min. The ini-
tial denaturation stage was carried out at 95°C for 2 min. 
The  fragments obtained were electrophoresed in a  1% 
agarose gel and visualized by ethidium bromide staining 
under ultraviolet (UV) light. The polymorphism detected 
by PCR was evident as a 935-bp fragment in the presence 
of the full-length (fl/fl) fragment and as a 592-bp product 
in the presence of the deletion (d3/d3). Each sample was 
described as d3/d3, d3/fl, or fl/fl.

Statistical analysis

Descriptive statistics, proportions for categorical vari-
ables, and means and SDs for continuous variables were 
used to describe the study groups. Comparisons between 
acromegalic patients with and without thyroid nod-
ules were made with Student’s t-tests. The  results were 
expressed as means  ±  standard error. Mann-Whitney 
U tests were performed to analyze between-group differ-
ences in continuous variables. Values were considered to 
be statistically significant when p < 0.05. Comparisons of 
gene polymorphisms and leptin levels were made by one-

way analysis of variance (ANOVA). Regression analysis 
was used to tease out the impact of the genotype. All sta-
tistical analyses were carried out using SPSS 10.0 software 
(SPSS Inc., Chicago, USA).

Results
A  total of 24 acromegalic patients were included: 

13 males (9 with nodules and 4 without) and 11 females 
(8 with nodules and 3 without). The  mean ages of the 
participants with and without nodules were 51.05 ± 9.66 
and 54.57 ± 9.18, respectively (p > 0.05). The participants’ 
anthropometric measurements and blood parameters are 
shown in Table  1. In  the patients with nodules, statisti-
cally significant increases were observed in IGFB3, blood 
glucose and leptin levels, and decreases were noted for 
GH, BMI, homeostasis model assessment (HOMA), LDL 
and phosphorus (P) levels.

In  this study, the frequencies of the GHR-fl/fl, d3/d3, 
and d3/fl genotypes were 62.5, 29.1, and 8.34%, respec-
tively. There was a strong relationship between gene poly-
morphism status and leptin levels in acromegalic patients 
(Table 2). A marked increase was observed in serum leptin 
levels in patients with the GHR-d3/fl genotype (p < 0.01).

Discussion
Acromegaly is an acquired disorder related to excessive 

production of GH and IGF-1 and characterized by pro-
gressive somatic disfigurement and systemic manifesta-
tions.33 Leptin, a neuroregulatory peptide, is secreted by 
adipose tissue in proportion to adipose content. Because 
GH modulates fat mass, the study was undertaken to in-
vestigate the possible effects of acromegaly on leptin in 
patients with and without thyroid nodules.

The  growth-promoting effects of GH on thyroid fol-
licular cells or a concurrent TSH excess are the conven-
tional hypotheses linking acromegaly to thyrotoxicosis.30 
Current evidence favors a TSH-independent mechanism 
in most cases.34 In addition, G protein abnormalities can 
constitutively activate GH-releasing hormone (GHRH) re-
ceptors leading to acromegaly, as well as cause constitutive 
TSH receptor activation leading to thyrotoxicosis.35 This 
may also be a  possible mechanism underlying the com-
bination of acromegaly and thyroid nodules studied here.

In  this study, serum leptin levels in acromegalic pa-
tients with different GHR genotypes (fl/fl, d3/d3, or d3/fl) 
were examined, and a statistically significant relationship 
between gene polymorphism status and nodule forma-
tion was observed. While no differences were found in 
homozygous fl and d3 patients, a marked predisposition 
for thyroid nodule development was observed in patients 
that were heterozygous (d3/fl). Specifically, patients with 
the GHR-d3/fl genotype exhibited both increased leptin 
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levels and a predisposition to nodule formation. Notably, 
nodules were found in all patients with the GHR-d3/fl 
genotype (Table 2).

GH plays an important role in the regulation of adiposity 
and modulates fat deposition and accumulation via regu-
latory molecules in preadipocytes and adipocytes.36 Some 
authors have reported that GH excess is associated with 
decreased leptin levels and decreased fat mass.37 In con-

trast, the present study found that increased leptin levels 
were associated with decreased GH levels in acromegalic 
patients with thyroid nodules. Lower leptin levels have 
been reported in acromegalic patients.1,38 Different treat-
ments for acromegaly lead to increased leptin levels.39–41 
Collectively, the evidence indicates that leptin secretion is 
reduced in active acromegaly, presumably reflecting re-
duced body fat stores. Restoration of GH secretion is as-

Table 1. Mann Whitney U test results of clinical and laboratory characteristics of acromegalic patients with or without thyroid nodule

Parameters
Acromegalic patient with thyroid 

nodule (n = 17)
Acromegalic patient without 

thyroid nodule (n = 7) U p-value
mean rank sum of ranks mean rank sum of ranks

Age (years) 14.07 201.50 11.85  98.50 48.500 ns

BMI (kg/m2) 14.00 238.00  8.86  62.00 34.000 < 0.05*

Weight (kg) 13.38 227.50 10.36  72.50 44.500 ns

Height (cm) 12.29 209.00 13.00  91.00 56.000 ns

Fasting glucose (mg/dL) 14.41 245.00  7.86  55.00 27.000 < 0.05*

Insulin (µIU/mL) 13.53 203.00 10.00  70.00 42.000 ns

HOMA  13.97 237.50  8.93  62.50 34.500 < 0.05*

GH (ng/L) 11.97 203.50 15.79  96.50 50.500 < 0.05*

IGF1 (ng/L) 12.76 217.00 11.86  83.00 55.000 ns

IGFB3 (µg/L) 11.76 200.00 14.29 100.00 47.000 < 0.05*

Total cholesterol (mg/dL) 13.41 228.00 10.29  72.00 44.000 ns

Triglyceride (mg/dL) 13.35 227.00 10.43  73.00 45.000 ns

LDL (mg/dL) 12.12 206.00 13.43  94.00 53.000 ns

HDL (mg/dL) 12.26 208.50 13.07  91.50 55.000 ns

TSH (µIU/mL) 12.94 220.00 11.43  80.00 52.000 ns

Leptin (ng/mL) 13.24 225.00  9.71  75.00 47.000 < 0.05*

FT3 (pg/mL) 12.15 206.50 13.36  93.50 53.500 ns

FT4 (ng/dL) 11.97 203.50 13.79  96.50 50.500 ns

COR (µg/dL) 13.26 225.50 10.64  74.50 46.000 ns

PRL (ng/mL) 12.88 219.00 11.57  81.00 53.000 ns

CA (mg/dL) 12.29 209.00 13.00  91.00 56.000 ns

P (mg/dL) 13.85 235.50  9.21  64.50 36.500 < 0.05*

ALP (IU/L) 13.16 210.50  9.36  65.50 37.500 ns

Right thyroid lobe (mm) 12.38 210.50 12.79  89.50 57.500 ns

Left thyroid lobe (mm) 13.21 224.50 10.79  75.50 47.500 ns

Isthmus (mm) 10.22 163.50 14.92  89.50 27.000 ns

ns – non-significant, * significant differences between the groups (p < 0.05).

Table 2. GHR gene polymorphisms; leptin, IGF-1, and GH levels; and BMI in acromegalic patients with or without thyroid nodule

Patients n Leptin level BMI IGF-1 GH

fl/fl genotypes with nodule 11  6.44 ± 9.09a 28.70 ± 4.61  740.54 ± 326.89 15.77 ± 11.96

fl/fl genotypes without nodule 4  3.25 ± 4.74a 25.72 ± 2.99  436.50 ± 300.98 9.86 ± 7.07

d3/d3 genotypes with nodule 4  7.57 ± 8.60a 28.60 ± 2.65  393.50 ± 272.94 5.36 ± 3.37

d3/d3 genotypes without nodule 3  4.79 ± 2.80a 26.93 ± 1.66 1045.00 ± 677.62 31.43 ± 25.93

d3/fl genotypes with nodule 2 28.19 ± 3.46b 35.15 ± 0.63  563.00 ± 216.37 4.96 ± 9.19

p-value < 0.01** ns ns ns

** The differences between the means of groups carrying different letters in the same column are statistically significant (p < 0.01), ns – non-significant.
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sociated with an increase in leptin levels, probably due to 
an increase in fat stores.1 Leonhardt et al. reported a sig-
nificant increase in serum leptin levels in a hypothyroid 
patient compared to hyperthyroid and normal controls.42 
Similar results were reported by Yoshida et al.43 Leptin is 
also related to the progression of some tumors, including 
thyroid cancers.18–22,24–27

In the present study, a marked increase in leptin levels 
was observed in acromegalic patients with thyroid nod-
ules compared to those without. These findings indicate 
that the thyroid may have a greater effect on leptin levels 
than the pituitary. The mechanism underlying the link be-
tween leptin and LDL levels is not clear. However, some 
authors have reported that leptin has a pro-oxidant effect. 
Previous reports have described leptin having a  direct 
effect on endothelial cell generation of reactive oxygen 
species that have been shown to play a role in LDL oxi-
dation.44–46 In this study, decreased LDL levels may be re-
lated to higher leptin levels in acromegalic patients with 
thyroid nodules.

GHR polymorphism has been reported in acromegaly,but 
to the best of the authors’ knowledge, this is the first study 
investigating anthropometric measurements, blood pa-
rameters and gene polymorphism in acromegalic patients 
with or without thyroid nodules.32 Although the study in-
cluded only a small group of patients because of the rarity 
of the combination of the 2 conditions and the unusual 
inclusion criteria, the results indicate that thyroid nodules 
are associated with changes in some parameters in acro-
megalic patients. Practitioners need to take these results 
into consideration when treating acromegalic patients. 
At the same time, although the GHR-d3/fl genotype was 
a predisposing factor in acromegalic patients in this study, 
there were no differences in IGF-1 levels in these patients. 
The possible cause of this may be related to other growth 
factors, and higher leptin levels may contribute to thyroid 
nodule development. This is a preliminary result, and fur-
ther studies are needed.
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Abstract
Background. Displaced proximal humeral fractures remain a challenge to orthopedic surgeons.

Objectives. The purpose of this study was to evaluate the functional and radiological outcomes of patients 
with comminuted proximal humeral fractures treated with closed reduction and percutaneous screw fixa-
tion (CRPF).

Material and methods. The authors retrospectively reviewed 38 cases of displaced proximal humeral 
fractures (2-, 3- or 4-part fractures according to the Neer classification) that were treated using the CRPF 
technique from May 2009 to April 2013. From this group 26 patients were followed up for a period ranging 
from 9 to 24 months (averaging 12.9 months) and evaluated for the functional and radiological outcomes 
by a series of standard questionnaires and measurements.

Results. The fractures in all 26 patients were healed within an average time of 14.6 weeks (ranging from 
11 to 27 weeks), and the mean interval between the operation and fully functional activity was 18.6 weeks 
(ranging from 15 to 32 weeks). At the final follow-up visit, no patient showed shoulder instability; the 
mean range of abduction motion was 146.5° (ranging from 72° to 180°). For all patients, no statistically 
significant difference in the functional outcomes was observed between their 6-month and final follow-up 
visits; or in the radiological findings between their immediate post-operative and final follow-up examina-
tions.

Conclusions. The CRPF technique is a safe and effective therapeutic option for comminuted proximal hu-
meral fractures. Good stability is obtained and aggressive impairment of the soft tissue and periosteum 
around the fracture is avoided, which allows for an early painless range of motion. The technique promotes 
bone healing, prevents ischemic osteonecrosis of the head of the humerus and leads to few complications.

Key words: functional outcome, radiological outcome, proximal humeral fracture, fracture fixation, per-
cutaneous technique
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Although comminuted proximal humeral fractures are 
among the most common fractures in the elderly popula-
tion, treatment of this injury remains a challenge and is 
still an issue of debate. The Neer classification is one of 
the most popular systems for assessing fractures of this 
kind. No displaced or minimally displaced fractures can 
be treated conservatively with success. Displaced 2-part, 
3-part and 4-part fractures should be treated for reduc-
tion and stabilization.

Considerable therapeutic options for these fractures 
have been described in past years.1 However, for some 
elderly osteoporosis patients or more comminuted  cases, 
the stability of percutaneous pinning fixation cannot meet 
the requirements of fixation and early functional activity. 
Therefore, compressing inter-fracture fragments is of great 
importance for restoring post-operative motor function.

Percutaneous annulated screw fixation, first described 
by Chen et al., was developed specifically for comminuted 
proximal humeral fractures, and appeared to offer im-
proved fixation intensity of these fractures through the 
use of multiple annulated compression screws oriented in 
different directions to maximize the screw compression 
effects and the resistance to displacement.2 Although this 
technique is demanding, it can be very effective for un-
stable 2-part and 3-part fractures and even some 4-part 
fractures in patients whose bone quality is not good.

The aim of this study was to evaluate the post-operative 
outcomes of 26 patients with displaced proximal humeral 
fractures treated with closed reduction and percutaneous 
screw fixation (CRPF). The  authors reviewed the func-
tional outcomes, radiographic outcomes and complica-
tions to investigate the hypothesis that CRPF is an effec-
tive therapeutic alternative for unstable proximal humeral 
fractures.

This was a retrospective clinical study and was approved 
by the Institutional Review Board of the Fourth Military 
Medical University and Tangdu Hospital (Xi’an, China). 
All the participants provided their written informed con-
sent to participate in this study, and the ethics committee 
approved the consent procedure.

Material and methods

Patients

From May 2009 to April 2013, 38 patients with closed 
displaced proximal humeral fractures were treated using 
the CRPF technique at the Department of Orthopedic 
Surgery, Tangdu Hospital (Xi’an, China). Open reduction 
and internal fixation (ORIF) treatment was performed 
when the initial closed reduction failed or the fracture 
had re-displaced on repeat radiographs taken 5–7  days 
later. All fractures were stabilized with the percutaneous 
annulated screw fixation technique by experienced or-
thopedic surgeons. Out of the 38 patients, 26 were evalu-

ated for their clinical outcomes, and the other 12 patients 
were excluded: 2 patients changed their address or phone 
number and could not be contacted, 3 declined partici-
pation, 5 suffered closed reduction failure or the fracture 
had re-displaced and underwent ORIF treatment, and the 
remaining 2 patients suffered humeral head splitting frac-
tures involving the articular surface, which were not suit-
able for CRPF treatment. Open fracture injuries were not 
fit for this therapeutic technique, and were not brought 
into this study. The 26 participants’ general information 
and fracture types were recorded preoperatively (Table 1).

Operative planning  
and surgical technique

The  authors’ CRPF technique has been described in 
detail elsewhere but will be reviewed in brief here.3 All 
the patients were treated surgically within 2 weeks of the 
injury (Fig. 1a). The operations were carried out with the 
patient in a modified beach-chair or supine position with 
the involved scapula positioned over the edge of the table. 
Under general anesthesia or nerve-blocking anesthesia, 
with fluoroscopic control, closed reduction was realized 
to obtain good fragment contact and alignment. Guide 
pins were inserted through the deltoid into the humerus 
towards the humeral head, or crossing from the greater 
tubercle to the distal fracture end.

Good fragment alignment and the position of the guide 
pins were confirmed by fluoroscopic imaging. Then  
4.5-mm AO/ASIF annulated compression screws were 
used for fixation along the guide pins. Three to 4 screws 
were inserted in each case (Fig. 1b). After the insertion of 
the screws for compression fixation, all of the guide pins 
were extracted, and each incision was closed with num-
ber-5 Ethicon sutures.

Post-operatively, the shoulder was passively moved with 
gradually improved range. In severely comminuted cases, 
the shoulder was fixed in a shoulder brace for 3–4 weeks, 
and then shoulder rehabilitation was performed gradu-
ally. The patients were examined in the outpatient clinic 

Table 1. General patient information and fracture types

Details Number (%) 

Age (years) 63.6 (range: 36–79) 

 < 60 years old  9 (34.6) 

 > 60 years old 17 (65.4) 

Side left: 11 (42.3)
right 15 (57.7) 

Gender female 8 (30.8)
male 18 (69.2) 

Isolated fracture 20 (76.9) 

Multiple fractures  6 (23.1) 

Fracture pattern  
(Neer classification)

2-part 7 (26.9)
3-part 17 (65.4)

4-part 2 (7.7) 
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Fig. 1a. Anteroposterior and lateral position 
radiographs showing a displaced 3-part 
fracture of the proximal humerus involving 
the surgical neck and greater tuberosity

Fig. 1b. Anteroposterior and lateral position 
radiographs taken immediately after the 
operation, showing the head and greater 
tuberosity fragment with alignment restored 
and fixed with 4 annulated compression 
screws oriented in different directions

Fig. 1c. AP and lateral position radiographs 
taken 3 months after the operation, showing 
the bridging bone between the fragments, 
which both indicate that bone union has 
been achieved



Z. Yu, et al. Percutaneous fixation for humeral fractures290

3 weeks, 6 weeks, 3 months, and 1–2 years after sur-
gery. The AP position and lateral position were obtained 
through chest X-rays at each visit to assess alignment, 
union and any signs of avascular necrosis (Fig. 1c).

Follow-up

A  total of 26  patients participated in the follow-up,  
which ranged from 9 to 24 months (averaging 12.9 months). 
The patients Constant scores and American Shoulder and 
Elbow Surgeons (ASES) scores, along with a visual analog 
scale (VAS) survey, were registered at the 6-month post-
operative follow-up and the subsequent follow-up visits 
when the patients attended an outpatient clinic.

Chest radiographs to check the post-operative AP and 
lateral position of the shoulder were taken at week 6, week 
12 and every subsequent 6th week until bony union was 
achieved. Bone healing was determined by a combination 
of painless palpation of the shoulder and radiographic 
evidence of bridging bone on AP and lateral radiographs.

Radiographic studies

All the patients enrolled in the study had accessible, im-
mediate post-operative radiographs. Radiological bony 
union was determined by the attending surgeon as at least 
3 cortical unions. To score the residual deformity, angu-
lation and displacement were considered independently, 
and each fragment (the humeral head, greater tuberosity 
and lesser tuberosity) was scored individually. The  final 
score for each case was the sum of the scores allocated to 
each fragment. An  angulation between 20° and 45° was 
scored as 1 point and > 45° was scored as 2 points. A dis-
placement between 0.5 and 1 cm was scored as 1 point 
and > 1 cm was scored as 2 points. If the angulation and 
displacement were lower than 20° and 0.5 cm, respectively, 
the quality of the reduction was considered excellent and 
scored as 0 points.4 Data are expressed as mean ± stan-
dard deviation (SD).

Clinical evaluation

Clinical evaluation of the results was done in accor-
dance with the patients’ VAS surveys, Constant scores 
and ASES scores a minimum of 1 year post-operatively.

Pain was assessed with the VAS, with a  maximum of 
10  points for this evaluation. Physical examination in-
cluded measurements of the passive and active ranges of 
motion of the shoulder with a standard goniometer. Care 
was taken to prevent compensatory trunk movement dur-
ing the shoulder range-of-motion measurements.

The Constant score is a 100-point scoring system com-
posed of the following parameters: Pain, daily life activi-
ties, range of motion and power. Only the active range of 
motion was considered. The  range of motion was mea-
sured and compared with the opposite shoulder.

The ASES questionnaire, which was designed by the re-
search committee of the American Shoulder and Elbow 
Surgeons in 1994, score totals 100  points and allocates 
50 points for measuring function and 50 points for pain. 
The goal of this questionnaire was to develop a standard-
ized method for evaluating shoulder function based en-
tirely on patient self-evaluation.

Statistical analysis

SPSS software (v. 11.0, SPSS Inc., Chicago, USA) was 
used for the data analysis. Statistical comparisons of the 
patients’ 6-month post-operative functional scores and 
the final follow-up were done using Student’s t-test, with 
statistical significance set at p < 0.05. Means were com-
pared by use of the Kruskal-Wallis test if the data did not 
follow a normal distribution. Similarly, comparisons of re-
sidual deformity in the post-operative radiographs and the 
final follow-up were also carried out using Student’s t-test.

Results
As shown in Table  2, all the fractures were healed 

 after a  follow-up ranging from 9 to 24  months (aver-
aging 12.9  months). There were no superficial or deep 
wound infections, nor were there any nerve palsies after 
surgery. There was 1 case of varus abnormality, 2 cases 
of stiffness of the shoulder joint, 2 cases of ischemic os-
teonecrosis, 1  case of delayed union, 2 cases suffering 
from migration of at least one screw (screw removal sur-
gery was performed about 6 months post-operatively, 
and fortunately no migration of fracture fragments was 
seen), and 4 cases of traumatic arthritis of shoulder joint.

Table 2. Surgical details of the 26 cases of comminuted proximal humeral 
fractures

Details Number (%)

Average time to surgery 6.8 days (ranging 0–16 days) 

Pre-operative preparation traction: 5 (19.2)
external fixator or brace: 9 (34.6)
emergency operation: 12 (46.2) 

Mean operation time 48.5 min (ranging 24–96 min) 

Number of implants 2: 3 (11.5)
3: 13 (50.0)
4: 10 (38.5) 

Post-operative immobilized 
time 

under 1 week: 5 (19.2)
1–2 weeks: 10 (38.5)
2–3 weeks: 6 (23.1)
3–6 weeks: 3 (11.5)
6 weeks or more: 2 (7.7) 

Main complication varus abnormality: 1 (3.8)
joint stiffness: 2 (7.7)
ischemic osteonecrosis: 2 (7.7)
traumatic arthritis: 4 (15.4)
delayed union: 1 (3.8)
migration of screws: 2 (7.7) 
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Clinical evaluations  
of post-operative follow-up

All fractures healed within a  post-operative follow-
up period ranging from 9 to 24  months (averaging 
12.9  months). The  mean interval between the opera-
tion and bone union was 14.6 weeks (ranging from 11 to 
27 weeks), and the mean time between the operation and 
fully functional activity was 18.6 weeks (ranging from 15 
to 32 weeks). At the final clinical evaluation, shoulder sta-
bility was achieved in all the patients, and the mean range 
of abduction motion was 146.5° (72°–180°) (Table 3).

Radiological evaluations

All cases except for 1  delayed union achieved radio-
graphic union within 3 months. Table 4 shows the degree 
of residual deformity along with the fracture type accord-
ing to the Neer classification. No significant differences 
were observed between the immediate post-operative im-
aging and the final follow-up imaging.

The statistical analysis demonstrated that the number 
of fragments displaced in the fracture showed a  trend 

toward correlating with the residual deformity (i.e., the 
higher the number of fragments, the higher the residual 
deformity, p < 0.05). This means that the higher the se-
verity of the fracture, the worse the quality of reduction 
and the higher the residual deformity after surgical treat-
ment.

Post-operative functional evaluations

At the 6-month follow-up, the VAS pain score, the 
Constant score and the ASES score were respective-
ly 1.72  ±  1.24, 73.6  ±  24.8 and 77.4  ±  20.5. At the final 
follow-up, these 3  scores were respectively 1.62  ±  0.97, 
79.5 ± 24.7 and 80.6 ± 15.3. As shown in Table 5, there 
was no significant difference between the 6-month post-
operative score and the final follow-up score in any of the 
3 scoring systems.

The  VAS was used to measure the average daily pain 
experienced in the shoulder for each patient. For the pur-
poses of the statistical analysis, the patients were divided 
into 3  groups based on the Neer classification: 2-part, 
3-part and 4-part fractures. The mean VAS pain score for 
each group was 1.46 for 2-part fractures, 1.78 for 3-part 
fractures, and 1.95 for 4-part fractures. There was no sig-
nificant difference in this functional evaluation between 
the 3  fracture types (p > 0.05), or between the 6-month 
visit and the final follow-up (p > 0.05).

The mean Constant score for the entire group was 73.6. 
At the 6-month follow-up visit the mean Constant score 
for the 3 fractures types was 75.5 for 2-part fractures, 73.4 
for 3-part fractures and 59.2 for 4-part fractures. There 
was no significant difference in the mean Constant score 
for the 3  fracture types between the 6-month follow-up 
visit and the final follow-up (p > 0.05), but it decreased 

Table 5. Post-operative functional scores of the patients

Fracture classification Post-operative
(6 months) Final follow-up p-value

VAS 2-part fracture 
3-part fracture 
4-part fracture 

1.46 ± 1.13
1.78 ± 0.94
1.95 ± 0.38

1.51 ± 1.22
1.63 ± 1.06
1.75 ± 0.28

> 0.05

Constant score 2-part fracture 
3-part fracture 
4-part fracture 

75.5 ± 25.8
73.4 ± 23.5
59.2 ± 12.4

79.5 ± 23.1
74.9 ± 18.4
60.5 ± 7.21

> 0.05 

ASES score 2-part fracture 
3-part fracture 
4-part fracture 

79.9 ± 17.3
76.2 ± 24.2
66.8 ± 10.5

82.5 ± 12.7
79.0 ± 17.5
68.4 ± 9.3

> 0.05

Table 3. Clinical data of the 26 cases of comminuted proximal humeral 
fractures

Details Number 

Mean follow-up period 12.9 months (range: 9–24 months) 

Mean range of abduction motion 146.5° (range: 72°–180°) 

Mean time of bone union 14.6 weeks (range: 11–27 weeks) 

Mean time to fully functional 
activity

18.6 weeks (range: 15–32 weeks) 

Table 4. Radiological outcomes of the patients

Fracture classification Post-operative Final follow-up p-value

2-part fracture (7 cases) 1.7 ± 1.2 1.5 ± 1.1 > 0.05

3-part fracture (17 cases) 2.3 ± 1.9 2.2 ± 1.8 > 0.05

4-part fracture (2 cases) 3.9 ± 0.7 3.8 ± 0.7 > 0.05

Mean value (26 cases) 2.0 ± 1.5 1.9 ± 1.3 > 0.05
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from 79.5 to 60.5 (p < 0.05) with the increase of fracture 
fragment numbers.

The ASES score totals 100 points and allocates 50 points 
for measuring function and 50 points for pain. The format 
for this questionnaire has several advantages: It is relative-
ly quick to complete, it is simple to score, it can be admin-
istered by telephone or by mail/internet, and it is widely 
accepted by most researchers.5 In  this study, the mean 
ASES score was also calculated for the aforementioned 
3 fracture types; it was 79.9 for 2-part fractures, 76.2 for 
3-part fractures and 66.8 for 4-part fractures. The mean 
ASES score improved from 77.4 to 80.6 (p > 0.05) between 
the 6-month follow-up and the final evaluation.

Discussion
Displaced proximal humeral fractures remain a  chal-

lenge to orthopedic surgeons, usually resulting in mal-
union and ischemic osteonecrosis from conservative 
management or poor shoulder function due to aggressive 
impairment. In conservative treatment, using an external 
brace often causes permanent joint stiffness because of 
the restriction of early functional motion. At the same 
time, traditional ORIF with insertion of a buttress plate 
through a curve incision usually requires extensive strip-
ping of the complicated soft tissue, including the pecto-
ralis major insertion, caput longum musculi bicipitis bra-
chii, and even the subscapularis muscle, which can often 
lead to devascularization of fracture fragments, perma-
nent joint stiffness and increased risks of infection and 
nonunion.

Recently, the CRPF technique has gained popularity due 
to improved rigidness, compared with traditional conser-
vative treatment or closed reduction and percutaneous 
pinning (CRPP) fixation. The  compression of fracture 
fragments from the screw thread provides better fixation 
intensity, which consequently improves the healing rate, 
shortens the healing time and decreases ischemic osteo-
necrosis of the head of the humerus. Based on the results 
of this paper, for nearly 60% of the patients post-operative 
immobilized time is no more than 2 weeks, and for more 
than 80% percent of the patients immobilized time is 
3 weeks or under. The main purpose of immobilization is 
to eliminate post-operative swelling of soft tissue, promote 
muscle healing and to provide sufficient time for the for-
mation of primary bone callus between the fracture frag-
ments, all of which are requisite conditions for achieving 
fully functional activity post-operatively. The main treat-
ment goals in proximal humeral fractures are to restore 
the joint stability, congruity and alignment with minimal 
soft tissue dissection to allow early joint motion and good 
shoulder function. As a typical minimally invasive surgi-
cal technique, CRPF shows considerable advantages in 
minimizing soft tissue injury and enabling the patients to 
perform functional activities much earlier.

Soft tissue preservation is also a very critical issue in the 
treatment of comminuted proximal humeral fractures, 
because such a surgical approach with inadequate expo-
sure often involves some important soft tissue injury, such 
as the axillary nerve, radial nerve, axillary vessels and ro-
tator cuff.6–8 When percutaneous techniques are used, 
knowledge of anatomy is very important. Otherwise, even 
when percutaneous guide pins are inserted, the adjacent 
neurovascular bundle is susceptible to injury by the guide 
pins. The guide pins on the lateral cortex should be placed 
in a  safe zone that avoids both the radial and axillary 
nerves. The radial nerve is relatively safe if the guide pins 
are kept above the deltoid insertion. The axillary nerve is 
located an average of 5 cm distal to the acromion; howev-
er, it may take a more variable path, particularly the ante-
rior branches.9 When placing screws through the deltoid, 
a protective sleeve should be used to decrease the risk of 
nerve injury. It  is also important to ensure that humeral 
retroversion averages 19°, and percutaneous guide pins or 
screws must be directed posteromedially to achieve this 
angle.

In  the authors’ experience, CRPP is rather a demand-
ing surgical technique. First, it is not very easy to achieve 
acceptable reduction using indirect reduction techniques. 
If acceptable alignment cannot be achieved, the technique 
should be abandoned in favor of a more traditional open 
reduction.10 Poor bone quality and fracture comminut-
ing are relative contraindications to this technique. Also, 
the patients must be cooperative and able to comply with 
the post-operative protocol and rehabilitation. Therefore, 
careful patient selection is recommended, as well as close 
follow-up in the first 4 weeks after surgery to minimize 
loss of reduction and fixation.

This study also focused on possible operative risks and 
post-operative complications. The  1st risk is that CRPF 
is truly technically demanding, and during the operation 
process, surgeons are exposed to radiation, and may need 
to try more than once to select very suitable annulated 
lag screws after the closed reduction and temporary guide 
pin fixation have been achieved. Of course, the process of 
placing screws should also be done very carefully, since 
improper fixing of fragile fragments can lead to further 
comminuting. Removal of the screws after facture heal-
ing is achieved is also quite a difficult process because the 
percutaneous incisions are usually small and the deltoid 
muscle is rather strong. The removal operation often re-
quires a longer incision than the therapeutic process; just 
as everything in the world has 2 sides, a minimally inva-
sive surgical technique will inevitably entail more difficul-
ties during internal fixation removal.
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Abstract
Background. Neutrophil CD64 (nCD64) is a promising marker for diagnosing bacterial infections. Several 
studies have investigated the performance of nCD64 for diagnosing neonatal sepsis and the results are vari-
able. Interest in nCD64 for detecting serious bacterial infections is increasing rapidly.

Objectives. The aim of the present study was to carry out a meta-analysis to systematically evaluate the 
diagnostic accuracy of nCD64 in neonatal sepsis. As far as the authors know, no previous studies have un-
dertaken this.

Material and methods. A review of studies from Pubmed, Embase and the Cochrane Library, from incep-
tion through June 2015, found 7 studies (involving 2213 neonates) fulfilling the inclusion criteria. These 
7 studies were subjected to a bivariate meta-analysis of sensitivity and specificity and a summary receiver-
operating characteristic (SROC) curve; I2 was used to test heterogeneity, and the source of heterogeneity 
was investigated by influence analysis and meta-regression.

Results. The pooled sensitivity and specificity were 80% (95%CI, 69–88%) and 83% (95%CI, 71–90%), 
respectively. The area under the SROC curve (AUC) was 0.88 (95%CI, 0.85–0.91). The studies had substan-
tial heterogeneity (I2 = 87.1%).

Conclusions. The results showed that nCD64 is a reliable biomarker for diagnosing neonatal sepsis 
(AUC = 0.88).

Key words: meta-analysis, neonatal infection, CD64, neonatal sepsis
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Neonatal sepsis is one of the most common causes 
of morbidity and mortality for neonates all over the 
world,particularly in developing countries.1–4 The  inci-
dence of neonatal sepsis is approximately 3–40 per 1000 
live births, and the mortality rate ranges from 9% to 20%.5,6

It  is difficult to identify neonatal sepsis early because 
of a lack of specific clinical manifestations. The signs are 
hard to distinguish from non-infectious disorders such 
as maladaptation, respiratory distress syndrome and as-
piration syndromes.7,8 Blood culture is regarded as the 
reference standard for the identification of serious bac-
terial infection, but it is time-consuming (2–4 days) and 
has high false negative/positive rates.9 This means that 
broad-spectrum antibiotics are applied to all suspected 
neonates in case of potential serious outcomes. As a re-
sult, drug-resistant strains appear and neonatal health-
care costs escalate.10

Several biochemical markers have been studied for the 
early diagnosis of neonatal sepsis, especially C-reactive 
protein (CRP) and procalcitonin (PCT). However, the 
specificity and the value of these markers are not suffi-
ciently reliable. Therefore, a persistent search for better 
biomarkers of neonatal sepsis is still very necessary.

CD64, a  high affinity receptor that binds monomeric 
IgG, is normally expressed by monocytes and weakly on 
resting neutrophils.11 The expression of neutrophil CD64 
(nCD64) is considered to be a very early phase of the host’s 
immune response to bacterial infection, increasing about 
one hour after invasion.12,13 It is stimulated by inflamma-
tory cytokines, then increases in a graded manner. nCD64 
expression remains stable for more than 24 h. The devel-
opment of flow cytometric technology (FCM) has made 
it possible to measure nCD64 quickly and precisely with 
minimal blood volumes.14,15

Interest in nCD64 for detecting serious bacterial infec-
tions is increasing rapidly. The performance of nCD64 in 
diagnosing neonatal sepsis has been investigated in sev-
eral studies and the results are variable.8,16,17 Taking all the 
above into consideration, The  aim of the present study 
was to carry out a meta-analysis to systematically evalu-
ate the accuracy of nCD64 in diagnosing neonatal sepsis.

Material and methods

Search strategy and selection criteria

Two investigators systematically searched the PubMed, 
Embase and the Cochrane Library databases for studies 
that assessed the accuracy of nCD64 in the diagnosis of 
neonatal sepsis.

The  PubMed and the Cochrane Library combined 
search term used was (CD64) AND (neonatal sepsis OR 
neonatal infectious OR sepsis), and the Embase combined 
search term was (CD64) AND (sepsis). The  databases 
were searched from their inception through June 2015.

A  study was considered eligible for inclusion in the 
present review if it provided data on nCD64 for neonates 
with or without sepsis. Moreover, nCD64 measurement 
had to be performed when suspected sepsis presented be-
fore antimicrobial therapy. In  the septic group, patients 
had either culture-proven or clinically diagnosed sepsis; 
in the non-septic group, neonates had benign clinical dis-
orders. Only studies written in English were included.

Furthermore, the studies had to provide sufficient in-
formation to construct a 2 × 2 contingency table with false 
and true positives and negatives provided. All studies that 
involved healthy neonates and patients older than 28 days 
were excluded. Animal experiments, reviews, correspon-
dences, case reports, expert opinions and editorials were 
excluded.

Neonatal sepsis diagnosed in the first 72 h of life was 
considered early onset sepsis (EOS); after 72 h it was con-
sidered late onset sepsis (LOS). The Quality Assessment 
of Diagnostic Accuracy Studies (QUADAS) tool was used 
to assess the methodological quality of the studies includ-
ed.18 If agreement could not be reached, differences were 
resolved by a 3rd investigator (ZM).

Data extraction

Two investigators independently extracted the data. 
If  major discrepancies were observed between the data 
reported in the studies and the data calculated, the cor-
responding authors were contacted via e-mail with a re-
quest for the raw data. If no response was received after 
sending a reminder, the study was excluded.

The data extracted from the selected studies included 
the first author; the year of publication; the study design; 
the number of septic/non-septic patients; the standard of 
sepsis diagnosis (culture-proven, clinical); the method of 
nCD64 analysis; the analysis cut-off values; the number of 
true positive (TP), false positive (FP), false negative (FN) 
and true negative (TN) specimens; sensitivity/specificity 
and the positive/negative predictive value (PPV/NPV).

Data analysis

All the studies that evaluated nCD64 in neonates with 
culture-proven or clinically diagnosed sepsis in compari-
son with ill neonates that had other conditions were in-
cluded in the analysis.

A  bivariate mixed-effects regression model was per-
formed to synthesize the pooled sensitivity, specificity, 
positive/negative likelihood ratios (P/N LRs) and the di-
agnostic odds ratio (DOR). This model did not transform 
pairs of sensitivity and specificity of individual studies 
into a single indicator of diagnostic accuracy, but ensured 
the two-dimensional nature of the data, taking into ac-
count any correlations between pairs of studies. A sum-
mary receiver-operating characteristic (SROC) curve was 
also constructed, plotting sensitivity vs specificity, and 
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the area under the curve (AUC) was calculated. Statisti-
cal heterogeneity among the studies was evaluated by I2 
statistics. Values of 25, 50 and 75% for the I2 test were con-
sidered low, moderate and high statistical heterogeneity, 
respectively. The  publication bias of the included stud-
ies was assessed by Deek’s funnel plot asymmetry test. 
The Spearman correlation coefficient between the logits 
of sensitivity and specificity was used to evaluate the pres-
ence of a threshold effect in the accuracy of nCD64. Fa-
gan’s nomogram was used to calculate post-test probabili-
ty (PTP). All the above analyses were performed using the 
Midas Module in Stata software, v. 12 (Stata Corporation, 
College Station, USA) and Metadisc 1.4 (XI Cochrane 
Colloquium, Barcelona, Spain). A p-value < 0.05 was con-
sidered statistically significant.

Results

Study selection process

The database search retrieved 308 studies. After review-
ing the titles and abstracts, 266 articles were excluded, 
consisting of 98 duplicates, 15 case reports, 93 commen-
taries, 9 meta-analyses, 13 reviews, 12 meeting abstracts 
and poster presentations and 26 that did not investigate 
the diagnostic accuracy of neutrophil CD64 as a marker 
for sepsis. A further 35 were excluded after a full text re-
view, leaving 7 studies for inclusion.19–25 The 35 articles 
included 22 in which the reference group or control group 
did not correspond to the definitions of the present meta-
analysis, 2 that involved adult/pediatric or mixed popula-
tions and 13 for which 2 × 2 contingency tables could not 
be made (Fig. 1).

Characteristics of the studies included

Seven studies were included in the review. The  2213 
neonates in these studies came from different parts of the 
world. Among these 2213 patients, 869 (39%) had sepsis 
(culture-proven or clinical) and 1344 were non-septic 
but with other critical conditions. The study population 
sizes ranged from 32 to 1156. All the studies were carried 
out in newborn intensive care units (NICUs) and nCD64 
expression was measured using flow cytometry analysis. 
The  types of study design were either prospective case-
control or cohort studies. The quality of the 7 studies was 
generally high, satisfying the majority of the QUADAS 
criteria (Table 1).

Diagnostic accuracy of nCD64

Significant heterogeneity between studies was dem-
onstrated (I2  =  87.1%) for DOR. The  pooled sensitivity 
of nCD64 for the diagnosis of neonatal sepsis was 80% 
(95%CI, 69–88%), and the specificity was 83% (95%CI, Ta
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71–90%) (Fig. 2). The pooled DOR was 19 (95%CI, 6–57), 
whereas the pooled P/N LRs were 4.6 (95%CI, 2.5–8.6) 
and 0.24 (95%CI, 0.14–0.41), respectively. The area under 
the SROC curve for CD64 was 0.88 (95%CI, 0.85–0.91) 
(Fig.  3). Fagan’s nomogram for likelihood ratios indi-

cated that using nCD64 expression to diagnose neonatal 
sepsis increased the post-probability to 54% when the 
results were positive and reduced the post-probability 
to 6% when the results were negative (Fig.  4). The  ef-
fect of the diagnostic threshold was not significant 
(p-value = 0.71 > 0.05). Deek’s funnel plot asymmetry test 
revealed the existence of publication bias with asymmetry 
in the data (p-value = 0.03 < 0.05) (Fig. 5).

Discussion
Neonatal sepsis is one of the most common causes of 

neonatal deaths. Diagnosing neonatal sepsis is a serious 
challenge, because there is no single test that can be used 
for its early confirmation or exclusion.14,26 Recently, many 
researchers have focused on nCD64 as a marker of neona-
tal sepsis.8,16,17 In the light of this, the current meta-anal-
ysis was undertaken to estimate the efficiency of nCD64 
for diagnosing neonatal sepsis.

As noted earlier, PCT is a  very promising diagnostic 
marker of neonatal sepsis.27 The sensitivity of PCT is 81% 
and the specificity is 79%. In the present study, the sensitiv-
ity and specificity of nCD64 were 80 and 83% respectively, 
which is similar to PCT. CRP is also an excellent marker 
and has been applied in clinical practice.28 The sensitivity 
of CRP ranges from 30 to 97%, and the specificity ranges 
from 75 to 100%.29 In the present meta-analysis, the sensi-
tivity of nCD64 ranges from 57 to 89%, and the specificity 
ranges from 62 to 100%, indicating that nCD64 is a reli-

Fig. 2. 
The sensitivity 
and specificity 
of neutrophil 
CD64 assays 
for diagnosing 
neonatal sepsis

Fig. 1. Study selection. Some studies were excluded for more than one reason 
* Did not investigate the diagnostic accuracy of neutrophil CD64 as 
a marker for sepsis.
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able marker in the diagnosis of neonatal sepsis. Positive 
and negative likelihood ratios (P/N LRs) and post-test 
probability (PTP) are also relevant for clinicians. They 
both show whether a patient with a positive or negative 

test actually has sepsis or not. A PLR of 4.6 indicates that 
a  neonatal with sepsis is 4.6  times more likely to have 
a positive test result than a neonatal without. The PTP for 
a positive test result is 54% with a given pretest probability 
of 20%. Likewise, a NLR of 0.24 reduces the PTP to 6% for 
a negative result. The area under the SROC curve is 0.88. 
However, significant statistical heterogeneity exists in the 
analysis (I2 = 87.1%). Still, the interpretation of the above 
findings should not be ignored.

Several methods were tried to find the source of the 
high heterogeneity, including the threshold effect, pub-
lication bias, influence analysis and meta-regression.30 
The  different cutoff values for nCD64 did not account 
for the statistical heterogeneity through the analysis 
of threshold effect (p = 0.71 > 0.05). Deek’s funnel plot 
asymmetry test showed the existence of publication bias 
(p-value = 0.03 < 0.05), which is a source of heterogene-
ity. No valuable information was found through the sen-
sitivity analysis and meta-regression. The  meta-regres-
sion analysis included study design (prospective cohort 
or control-case study) and the gestational age of the neo-
nates (preterm or not). The lack of a uniform definition 
of neonatal sepsis may potentially contribute to the high 
heterogeneity, especially for the clinically septic but cul-
ture-negative newborns, although the concept of clinical 
sepsis is widely used. This means that the selected stud-
ies use different criteria for the definition of sepsis. Thus, 
the spectrum of disorders and disease varies among the 
studies included. Considering that age may be a poten-
tial source of heterogeneity, studies in which over 15% 
of the neonates were older than 28 days were excluded. 
Studies involving healthy neonates as controls in whom 
nCD64 will not be applied in routine clinical testing were 
also excluded, so they cannot be representative of the 
population studied in the current meta-analysis.

This meta-analysis has several limitations. First, sub-
stantial heterogeneity was detected among the studies 
included, but none of the study characteristics accounts 

Fig. 3. The summary receiver-operating characteristic curve (SROC) 
showed a 95% confidence contour and 95% prediction contour

Fig. 4. Fagan’s nomogram of the neutrophil CD64 test for diagnosing 
neonatal sepsis

Fig. 5. Deek’s funnel plot for the assessment of potential publication bias
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for the majority of this heterogeneity. The studies differ in 
many ways, especially the definition criteria for neonatal 
sepsis and the postnatal age of the enrolled neonates. This 
important limitation will continue to exist in the research 
in this field until a uniform definition of neonatal sepsis 
is formulated.31,32 Second, a wide range of cut-off values 
in the reported nCD64 tests caused a  wide variation in 
sensitivity and specificity. Even when the same method 
of measuring nCD64 expression was used, cut-off values 
were still different.21,23 Third, publication bias was de-
tected. Studies with satisfactory results are more likely 
to be published, which can lead to overestimates of diag-
nostic accuracy. To  overcome this problem, the authors 
searched again for further studies, but could not find ad-
ditional relevant articles. Finally, only 1  study evaluated 
the performance of neutrophil CD64 in diagnosing EOS19 
and only 2 evaluated it for LOS.21,22 The rest of the stud-
ies scarcely reported the percentage of EOS and LOS. So 
the accuracy of nCD64 for the diagnosis of EOS and LOS 
cannot be assessed.

In conclusion, nCD64 is a helpful marker for diagnosing 
neonatal sepsis. A study by Dhlamini et al. also shows that 
nCD64 has a high negative predictive value for excluding 
neonatal sepsis.33 But the results of nCD64 tests cannot be 
used alone to diagnose neonatal sepsis, as neonatal sepsis 
is a pathophysiological process rather than a specific syn-
drome and is too complex to be described by a single test. 
Further studies to determine the optimal cut-off values 
and to formulate a uniform definition of neonatal sepsis 
are urgently required.
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Abstract
Background. N-terminal pro-brain natriuretic peptide (NT-proBNP) release is associated with left ven-
tricular expansion and pressure overload. Elevation of serum levels of natriuretic peptides is observed in 
patients with impaired as well as preserved left ventricular systolic function. High NT-proBNP has been 
shown to be related not only to preload but also to increased afterload, especially blood pressure and arte-
rial stiffness.

Objectives. The aim of the study was to evaluate the association of NT-proBNP and echocardiographic 
parameters in hypertensives with metabolic syndrome.

Material and methods. The study group comprised 133 patients (99 men; mean age 45.9 ± 9.4 years) 
with at least a 3-month history of arterial hypertension (stages 1 and 2) and fulfilling the diagnostic criteria 
for metabolic syndrome. Following initial clinical assessment, which included NT-proBNP levels, they un-
derwent two-dimensional echocardiography.

Results. Echocardiographic abnormalities were observed in 60 subjects (45.1%), including left ventricular 
diastolic dysfunction (LVDdf) in 41 (30.8%) and left ventricular hypertrophy (LVH) in 35 (26.3%). Higher 
NT-proBNP concentrations were observed in patients with LVH, especially in the presence of LVDdf. Further 
analysis demonstrated that NT-proBNP correlated negatively with septal E’ (r = –0.38; p = 0.015) and 
heart rate (r = –0.42; p = 0.006) in patients with LVDdf, and positively with left ventricular end diastolic 
diameter (r = 0.46; p = 0.006) and left ventricular mass index (r = 0.49; p = 0.005) in subjects with 
LVH. However, the analysis of ROC curves revealed no NT-proBNP level of good sensitivity and specificity in 
diagnosing LVDdf/LVH (maximal area under the curve 0.571).

Conclusions. Even a relatively low NT-proBNP concentration can be a useful marker of left ventricular 
hypertrophy and end-diastolic wall stretch. However, in the present study there was no NT-proBNP level of 
satisfactory predictive value to diagnose LV abnormalities.

Key words: natriuretic peptides, echocardiography, left ventricular hypertrophy, left ventricular diastolic 
dysfunction
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N-terminal pro-brain natriuretic peptide (NT-proBNP) 
is the amino terminal fragment of brain natriuretic pep-
tide that is released from the heart in response to ven-
tricular expansion and pressure overload.1,2 Elevation of 
serum levels of natriuretic peptides is observed in patients 
with impaired as well as preserved left ventricular systolic 
function, especially those with heart failure.3,4 However, 
high NT-proBNP has been shown to be related not only 
to preload but also to increased afterload, especially high 
blood pressure and arterial stiffness.5 In  patients with 
arterial hypertension NT-proBNP has been found to be 
a marker of impaired diastolic function and left ventricu-
lar hypertrophy (LVH).5,6 Most studies have focused on 
the relation between natriuretic peptides and echocardi-
ographic measurements, especially left ventricular mass 
index (LVMI) and markers of left ventricular diastolic 
dysfunction (LVDdf) derived from mitral flow analysis 
and tissue Doppler imaging.6,7,8 Such observations have 
also been confirmed by magnetic resonance imaging.9,10 
NT-proBNP has also been identified as cardiovascular 
risk factor.11,12 However, most of these studies included 
non-homogenous groups of patients in which co-morbid-
ities could have influenced NT-proBNP assessment.

The  aim of the analysis presented in this paper was 
therefore to evaluate the association of NT-proBNP levels 
and echocardiographic parameters in patients with essen-
tial arterial hypertension and metabolic syndrome.

Material and methods
The  study included 133  patients (99  men; mean age 

45.9 ± 9.4 years) with at least a 3-month history of arte-
rial hypertension (stages 1 and 2), defined according to 
the current guidelines.13 Exclusion criteria were: (1) con-
firmed secondary arterial hypertension, (2) improperly 
controlled arterial hypertension with  3 or more medi-
cines, (3) heart failure, (4) cardiomyopathy, (5) signifi-
cant heart rhythm disorders, (6) significant valvular heart 
disease, (7) chronic kidney disease, (8) chronic obstruc-
tive pulmonary disease, (9) diabetes, (10) polyneuropa-
thy, (11) peripheral vascular diseases, (12) age < 18 years 
or > 65 years.

All the subjects fulfilled the International Diabe-
tes Federation (IDF) diagnostic criteria for metabolic 
syndrome,and were recruited from 2 clinical studies per-
formed in the Department of Cardiology and Internal 
Diseases of the Military Institute of Medicine (Warszawa, 
Poland) from March 2008 to May 2012.14 Both studies 
were conducted according to the Good Clinical Practice 
guidelines and the Declaration of Helsinki, and had the 
approval of the local ethics committee (nos. 3/WIM/2008 
and 44/WIM/2010). Each patient provided written in-
formed consent to participate in the study. The  demo-
graphic and clinical characteristics of the study group are 
shown in Table 1.

Table 1. Basic clinical characteristics

Parameters Study group (n = 133)

Clinical parameters

Age [years], mean ± SD 45.9 ± 9.4

BMI [kg/m2], mean ± SD 32.2 ± 4.1

Male, n [%] 99 (74.4)

SBP [mm Hg], mean ± SD 143.4 ± 16.0

DBP [mm Hg], mean ± SD 91.2 ± 10.1

HR [bpm], mean ± SD 71.7 ± 10.1

Family history of AH, n [%] 79 (59.8)

Controlled AH, n [%] 21 (15.8)

Treated AH, n [%] 68 (51.1)

ACEI, n [%] 39 (29.3)

BB, n [%] 30 (22.6)

CB, n [%] 23 (17.3)

Diuretics, n [%] 42 (31.6)

ARB, n [%] 20 (15.0)

Treated dyslipidemia, n [%] 71 (53.4)

Echocardiography

LVEDD [mm], mean ± SD 50.1 ± 3.8

LA dimension [mm], mean ± SD 38.4 ± 4.5

LVMI [g/m2], mean ± SD 96.5 ± 22.0

IVRT [ms], mean ± SD 92.0 ± 13.7

E/A , mean ± SD 1.12 ± 0.28

DT [ms], mean ± SD 184.4 ± 37.7

Septal E’, mean ± SD 8.70 ± 2.27

E/E’ ratio, mean ± SD 8.84 ± 2.32

LV enlargement, n [%] 2 (1.5)

LA enlargement, n [%] 44 (33.3)

LVDdf, n [%] 41 (30.8)

LVH, n [%] 35 (26.3)

Laboratory tests

Creatinine [mg/dL], mean ± SD 0.848 ± 0.150

eGFR [mL/min/1.73m2], mean ± SD 99.1 ± 16.5

FG [mg/dL], mean ± SD 102.8 ± 13.1

T-C [mg/dL], mean ± SD 221.2 ± 47.5

LDL-C [mg/dL], mean ± SD 131.9 ± 39.2

HDL-C [mg/dL], mean ± SD 47.3 ± 14.0

TG [mg/dL], mean ± SD 215.9 ± 116.0

NT-proBNP [pg/mL], mean ± SD 34.5 ± 26.6

A – mitral valve inflow phase A velocity; ACEI – angiotensin converting 
enzyme inhibitor; AH – arterial hypertension; ARB – angiotensin receptor 
blocker; BB – beta-blocker; BMI – body mass index; CB – calcium blocker; 
DBP – diastolic blood pressure; DT – deceleration time; E – mitral valve 
inflow phase E velocity; eGFR – estimated glomerular filtration rate; 
FG – fasting glucose; HDL-C – high density lipoproteins; HR – heart 
rate; IVRT – isovolumetric diastolic time; LA – left atrium; LDL-C – low 
density lipoproteins; LV – left ventricle; LVDdf – left ventricular diastolic 
dysfunction; LVEDD – left ventricular end diastolic diameter; LVH – left 
ventricular hypertrophy; NT-proBNP – N-terminal pro-brain natriuretic 
peptide; SBP – systolic blood pressure; septal E’ – septal annulus early 
diastolic velocity; T-C – total cholesterol; TG – triglycerides.
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Clinical examinations were performed with particular 
consideration for any family history of arterial hyperten-
sion, cardiovascular risk factors and symptoms indicating 
a secondary cause of arterial hypertension. Office blood 
pressure measurement (Omron M4 Plus, Kyoto, Japan) 
was carried out by a technique compliant with the Euro-
pean Society of Cardiology guidelines.13 Laboratory tests 
included evaluation of renal function (creatinine, glomer-
ular filtration rate) and metabolic disturbances.

Two-dimensional echocardiography was performed us-
ing standard parasternal, apical, and subcostal views 
(2.5 MHz transducer VIVID 6E GE Medical System, Wau-
watosa, USA). The dimension of the left atrium (LA), left 
ventricular end diastolic diameter (LVEDD) and interven-
tricular septum diameter (IVSD) were measured in the 
parasternal long-axis view. The  left ventricular ejection 
fraction was calculated according to Simpson’s formula, 
employing a  two-dimensional image of the LV chamber 
during the systole and diastole in the 4- and 2-chamber 
apical views.

LVH was diagnosed according to the formula recom-
mended by the American Society of Echocardiography 
(ASE) for estimating LV mass from 2D linear LV mea-
surements and indexed to body surface area (the cut-off 
values were LVMI > 115 g/m2 for men and > 95 g/m2 for 
women).15

Mitral valve inflow was recorded in the apical 4-cham-
ber view with the pulsed-wave Doppler gate positioned in 
the LV at the level of the mitral valve edges. The E/A ratio 
and phase E deceleration time were measured. The api-
cal 5-chamber view allowed simultaneous registration of 
the flow pattern through the aortic and mitral valves and 
isovolumic diastolic time calculation. Tissue Doppler im-
aging was performed in the apical views to obtain mitral 
annular velocity. The sample volume was positioned at or 
within 1 cm of the septal insertion sites of the mitral leaf-
lets and adjusted as necessary (usually 5–10 mm) to cover 
the longitudinal excursion of the mitral annulus during 
diastole. Additionally, mitral septal annulus early diastolic 
velocity (septal E’) was measured and the E/E’ ratio was 
calculated. A  diagnosis of LVDdf was based on current 
guidelines.15,16 The following values were considered ab-
normal: left atrium > 40 mm for men and > 38 mm for 
women, E/A < 0.8, deceleration time > 200 ms, isovolumic 
diastolic time ≥ 100 ms, septal E’ < 8 cm/s, E/E’ ratio > 8.

Laboratory tests included fasting glucose, total choles-
terol (T-C), low density lipoprotein cholesterol (LDL-C), 
high density lipoprotein cholesterol (HDL-C), triglycer-
ides, creatinine, estimated glomerular filtration rate (eGFR, 
calculated using the MDRD equation) and NT-proBNP, 
estimated using the Elecsys® proBNP Assay (Roche Diag-
nostics, Hague Rd., Indianapolis, USA). Only patients with 
NT-proBNP below 125 pg/mL were included in the statis-
tical analysis.

The  statistical analysis was performed using STATIS-
TICA 7.0 software (StatSoft Inc., Tulsa, USA). The  dis-

tribution and normality of data were assessed by visual 
inspection and using the Shapiro-Wilk test. Continuous 
variables were presented as means ± standard deviations 
(SD); categorical variables were presented as absolute 
and relative frequencies (percentages). To analyze differ-
ences between subgroups, the analysis of variance (ANO-
VA) was used for normally distributed variables and the 
Kruskal-Wallis test when the data were not normally dis-
tributed. Detailed inter-subgroup comparisons were per-
formed using the appropriate post-hoc tests. For categor-
ical variables, the χ2 test and Fisher exact test were used. 
The assessment of the relations between NT-proBNP and 
other parameters was performed using the Spearman cor-
relation coefficient. A p-value of < 0.05 was taken to indi-
cate statistical significance.

Results
The  basic characteristics of the study group are pre-

sented in Table 1. Echocardiographic abnormalities were 
observed in 60 subjects (45.1%), including LVDdf in 41 
cases (30.8%, all presenting with impaired relaxation, no 
pseudonormal or restrictive filling pattern observed), 
and LVH in 35 cases (26.3%). Left atrium enlargement 
was observed in 44 subjects (33.3%), and abnormal left 
ventricular end diastolic diameter in only  2 (1.5%). No 
significant abnormalities in LV wall contractility, left 
ventricular ejection fraction or heart valves were ob-
served.

A comparative analysis was performed for 4 subgroups 
selected on the basis of the presence of LVDdf and/or 
LVH: Subgroup  A consisted of patients without either 
LVDdf or LVH; subgroup B comprised cases with LVDdf 
but without LVH; Subgroup C was made up of patients 
without LVDdf but with LVH; while subgroup  D had 
both LVDdf and LVH. Significant differences between 
the subgroups were observed for NT-proBNP (p < 0.05), 
higher concentrations of which were observed in the pa-
tients with LVH, especially in the presence of LVDdf (sub-
group D) – see Fig. 1.

The  patients with echocardiographic abnormalities 
were older and were characterized by higher systolic and 
diastolic blood pressure. Subgroup B had a higher heart 
rate, especially in comparison with subgroup C. Left atri-
um enlargement and higher left ventricular end diastolic 
diameter were related to LVH, especially in tandem with 
LVDdf (subgroup D). Only incidental differences were ob-
served for the other parameters assessed (Table 2).

Further analysis demonstrated that NT-proBNP corre-
lated negatively with septal E’ (r = –0.38; p = 0.015) and 
heart rate (r = –0.42; p = 0.006) in patients with LVDdf, 
and positively with left ventricular end diastolic diameter 
(r  =  0.46; p  =  0.006) and LVMI (r  =  0.49; p  =  0.005) in 
subjects with LVH. No significant correlation with other 
parameters was found (Table 3, Fig. 2).
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To evaluate the discriminative power of NT-proBNP as 
a classifier of echocardiographic abnormalities (LVH and/
or LVDdf), the receiver operating characteristic (ROC) 
was calculated. An analysis of the curves (Fig. 4) revealed 
that no NT-proBNP level combined both good sensitiv-
ity and good specificity (maximal area under the curve: 
0.571). The  NT-proBNP level with 80% sensitivity was 
15.5  pg/mL (with 34.2% specificity), and the level with 
80% specificity was 58.8 pg/mL (with 21.7% sensitivity).

Fig. 1. Comparison of NT-proBNP concentration between subgroups 
selected on the basis of the presence of LVDdf and/or LVH

Table 2. Comparison between subgroups selected on the base of presence of LVDdf and/or LVH

Parameters

Subgroups p-values

A
n = 73

B
n = 25

C
n = 19

D
n = 16

ANOVA/ 
Kruskal-Wallis/
χ2/Fisher tests

post-hoc tests

Clinical parameters

Age [years], mean ± SD 43.4 ± 9.8 46.6 ± 8.2 49.2 ± 8.3 52.2 ± 6.1 < 0.05 A vs D*

BMI [kg/m2], mean ± SD 32.1 ± 3.9 33.3 ± 4.2 30.9 ± 4.6 32.3 ± 3.7 ns

Male, n [%] 59 (80.8) 19 (76.0) 11 (57.9) 10 (63.5) < 0.05 A vs C*

SBP [mm Hg], mean ± SD 139.0 ± 14.9 147.5 ± 13.9 145.1 ± 16.2 154.7 ± 17.0 < 0.05 A vs D*

DBP [mm Hg], mean ± SD 89.6 ± 9.3 93.9 ± 11.0 89.5 ± 11.3 96.3 ± 8.9 < 0.05 A vs B*
A vs D*

HR [bpm], mean ± SD 71.7 ± 9.3 76.6 ± 10.2 64.8 ± 10.3 72.4 ± 9.1 < 0.05 A vs C*
B vs C**

Family history of AH, n [%] 44 (60.3) 16 (64.0) 11 (57.9) 8 (50.0) ns

Controlled AH, n [%] 13 (17.8)  3 (12.0)  3 (15.8)  2 (12.5) ns

Untreated AH, n [%] 31 (42.5) 11 (44.0) 13 (68.4) 10 (62.5) < 0.05 A vs C*

Treated AH, n [%] 42 (57.5) 14 (56.0)  6 (31.6)  6 (37.5) < 0.05 A vs C*

ACEI, n [%] 26 (35.6)  4 (16.0)  3 (15.8)  6 (37.5) ns

BB, n [%] 16 (21.9)  7 (28.0)  4 (21.1)  3 (18.8) ns

CB, n [%] 13 (17.8)  5 (20.0)  3 (15.8)  2 (12.5) ns

Diuretics, n [%] 27 (37.0)  8 (40.0)  2 (10.5)  5 (31.3) < 0.05 A vs C*

ARB, n [%] 11 (15.1)  7 (28.0)  2 (10.5) 0 (0.0) < 0.05 B vs D*

Echocardiography

LVEDD [mm], mean ± SD 49.7 ± 3.6 49.5 ± 3.4 50.9 ± 4.3 51.9 ± 4.2 < 0.05 A vs D*
B vs D*

LA dimension [mm], mean ± SD 38.3 ± 2.6 38.5 ± 3.4 39.1 ± 3.5 37.7 ± 9.8 ns

LV enlargement, n [%] 0 (0.0) 0 (0.0) 1 (5.3) 1 (6.25) < 0.05 A vs C*
A vs D*

LA enlargement, n [%] 19 (26.0) 8 (32.0) 9 (47.4) 8 (50.0) < 0.05 A vs C*
A vs D*

Laboratory tests

Creatinine [mg/dL], mean ± SD 0.867 ± 0.159 0.824 ± 0.133 0.839 ± 0.138 0.806 ± 0.139 ns

eGFR [mL/min/1.73 m2] mean ± SD 99.9 ± 17.8 100.6 ± 15.4 94.7 ± 12.2 98.2 ± 16.4 ns

* p < 0.05; ** p < 0.01; A – mitral valve inflow phase A velocity; ACEI – angiotensin converting enzyme inhibitor; AH – arterial hypertension; ARB – angiotensin 
receptor blocker; BB – beta-blocker; BMI – body mass index; CB – calcium blocker; DBP – diastolic blood pressure; DT – deceleration time; E – mitral valve 
inflow phase E velocity, eGFR – estimated glomerular filtration rate; HR – heart rate; IVRT – isovolumetric diastolic time; LA – left atrium; LV – left ventricle; 
LVDdf – left ventricular diastolic dysfunction; LVEDD – left ventricular end diastolic diameter; LVH – left ventricular hypertrophy; SBP – systolic blood pressure; 
septal E’ – septal annulus early diastolic velocity.
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Discussion
The results of the present study confirmed significant 

differences between patients with and without LVH and/
or LVDdf. The inter-group differences in age, blood pres-
sure and echocardiographic abnormalities are well known 
and do not require additional comments. Thus, address-
ing the aim of the study, the discussion focuses on the as-
sociation of NT-proBNP with hemodynamic and struc-
tural echocardiographic parameters.

The  analysis revealed that even NT-proBNP val-
ues  <  125  pg/mL are clinically important and provide 
pathophysiological information. The  results confirmed 
the association of NT-proBNP release with both LVH and 
left ventricular filling pattern. The accuracy of low values 
of natriuretic peptides for detecting abnormalities in heart 
morphology and hemodynamics has been confirmed in 
some studies. Mueller et al. defined the NT-proBNP level 
of 39 pg/mL as highly sensitive (90%) in detecting cardi-
ac structural diseases in echocardiography.17 Lubien et al. 

Fig. 2a. Correlations of NT-proBNP with LVMI in patients with LVH Fig. 2b. Correlations of NT-proBNP with LVEDD in patients with LVH

Table 3. Correlations between NT-proBNP and other parameters in patients with LVDdf (left column) and LVH (right column)

LVDdf (n = 41) LVH (n = 35)

NT-proBNP versus

Parameters R p-value Parameters R p-value

Age 0.27 0.086 age –0.23 0.175

SBP –0.01 0.943 SBP 0.17 0.335

DBP 0.13 0.420 DBP 0.09 0.596

HR –0.42 0.006 HR 0.08 0.642

BMI 0.06 0.732 BMI 0.12 0.493

Creatinine –0.19 0.241 creatinine –0.18 0.298

eGFR 0.06 0.708 eGFR 0.33 0.055

IVSDD 0.19 0.229 IVSDD 0.26 0.129

LVEDD 0.14 0.400 LVEDD 0.46 0.006

LA dimension 0.21 0.204 LA dimension 0.24 0.170

LVMI 0.23 0.165 LVMI 0.49 0.005

LVEF –0.09 0.588 LVEF –0.19 0.289

IVRT 0.25 0.113 IVRT –0.08 0.633

E/A  –0.29 0.070 E/A  –0.02 0.905

DT 0.16 0.316 DT 0.01 0.958

Septal E’ –0.38 0.015 septal E’ –0.02 0.911

E/E’ 0.22 0.169 E/E’ 0.06 0.753

A – mitral valve inflow phase A velocity; BMI – body mass index; DBP – diastolic blood pressure; DT – deceleration time; E – mitral valve inflow phase 
E velocity, eGFR – estimated glomerular filtration rate; HR – heart rate; IVRT – isovolumetric diastolic time; LA – left atrium; LV – left ventricle; LVEDD – left 
ventricular end diastolic diameter; NT-proBNP – N-terminal pro-brain natriuretic peptide; SBP – systolic blood pressure; septal E’ – septal annulus early 
diastolic velocity.
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used a cut-off value of brain natriuretic peptide 62 pg/mL 
to indentify patients with LVDdf with 85% sensitivity and 
83% specificity.7 Karaca et al. reported even better accura-
cy – 80% sensitivity and 100% specificity – with a cut-off 
value of 37 pg/mL.18 Wei et al. noted the high diagnos-
tic value of brain natriuretic peptide > 40 pg/mL in the 
assessment of left ventricular end diastolic diameter.19 
The authors of those studies suggested that low natriuret-
ic peptide levels might be able to rule out clinically signifi-
cant echocardiographic abnormalities.

NT-ProBNP and left ventricular 
hypertrophy

In the present study patients with arterial hypertension 
and LVH had higher values of NT-proBNP. Moreover, 
NT-proBNP correlated positively with left ventricular 
end diastolic diameter. These observations confirm the 
association of NT-proBNP concentration with prolonged 
LV overload and myocyte stretch.20 These effects are even 
more apparent in the case of LVH. Goetze et al. confirmed 
that increased NT-proBNP is independently related to the 
echocardiographic features of LVH in the general popula-
tion (3497  patients).21 A  correlation between NT-proB-
NP and LVMI evaluated by magnetic resonance imaging 
was also shown by Hildebrandt et al.9 Moreover, Rivero 
Otero et al. found that NT-proBNP was elevated in pa-
tients with LVH, even in normotensives.22 Therefore, NT-
proBNP, as a biochemical marker of LVMI,23 appears to 
be useful in screening for LVH.4 In contrast, some studies 
have revealed no association between natriuretic peptides 
and LVH, especially in the early phase of arterial hyper-
tension.24 Talwar et al. found that the presence of LVH did 
not affect NT-proBNP concentrations when LV diastolic 
function was not impaired.25 However, the results of the 
present study show that even relatively low values of NT-
proBNP concentration reflect LVMI, supporting its po-
tential role as a marker for LVH.

NT-ProBNP and LVDdf

There was no significant difference in NT-proBNP be-
tween subgroups with and without LVDdf when LVMI 
was not increased (subgroups A and B). This can be ex-
plained by the fact that the study group included patients 
with mild/moderate arterial hypertension and without 
any severe hemodynamic dysfunction (no subjects with 
advanced pseudonormal or restrictive filling pattern). 
However, further analysis revealed that a higher level of 
NT-proBNP was related to lower septal annulus early di-
astolic velocity (septal E’), an indicator of LV filling pres-
sure. The association of NT-proBNP and LVDdf in arterial 
hypertension has been shown in other studies. Mak et al. 
observed a significant correlation of brain natriuretic pep-
tide level with E/E’ (r = 0.48), another marker of LVDdf.26 
Ceyhan et al. found an even more pronounced relation-
ship between NT-proBNP and E/E’ (r = 0.80, p < 0.0001), 
but in a small sample group (n = 40).2 Those observations 
might be explained by defective active relaxation and in-
creased stiffness resulting in elevated left ventricular fill-
ing pressures. In  those patients, higher NT-proBNP re-
lease was probably provoked by LV pressure overload and 
tension. This kind of neurohormonal response can be an 
early marker of misbalance in ventricular-vascular inter-
actions.27,28

None of the patients in the present study reported 
symptoms specific for heart failure. However, Lubien 
et al. found that natriuretic peptide levels rose along with 
diastolic abnormalities, even before the patient had pre-
sented with any clinical symptoms.7 It is known that hy-
pertensive patients with abnormal left ventricular filling 
patterns are often asymptomatic during daily activities, 
and become “symptomatic” only when experiencing high 
levels of exercise stress, when LV pressures increase.29 
Early identification of patients with a higher risk of heart 
failure seems to be crucial to the prevention of the adverse 
cardiovascular events.

To sum up, like Bettencourt et al.,30 the present study 
found that both LVH and hemodynamic abnormalities 
are related to higher natriuretic peptide levels. This is not 
surprising, considering that LVH is a marker of LV remod-
elling in response to increased wall stress, and LVDdf is its 
hemodynamic consequence. However, the ROC analysis 
did not indicate any NT-proBNP level as a classifier with 
both good sensitivity and high specificity, which limits the 
use of this simple marker to diagnose LV abnormalities.

Limitations

The authors are aware that the small sample size of the 
subgroups and the retrospective design are limitations of 
the study. The  low prevalence of LVDdf and LVH could 
influence the statistical power of the results. Moreover, 
pharmacotherapy could affect the hemodynamics, heart 
morphology and laboratory results. Additionally, slight 

Fig. 3. Sensitivity and specificity curves for NT-proBNP
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incidental differences were observed for other parameters 
(gender distribution, pharmacotherapy). It  is worth em-
phasizing that the concentration on hypertensives with 
metabolic syndrome limited the potential influence of 
obesity distribution on the parameters analyzed. These 
limitations should not create a  significant bias, but the 
results should be considered carefully as relating to a par-
ticular group of patients.

Conclusions
Echocardiography and NT-proBNP are shown to be 

complementary methods in the assessment of hemody-
namic disturbances in arterial hypertension. Even rela-
tively low NT-proBNP concentrations can be a  useful 
marker of left ventricular hypertrophy and end-diastolic 
wall stretch. However, in the present study, there was no 
NT-proBNP level of satisfactory predictive value to diag-
nose LV abnormalities.
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Abstract
Background. Pulmonary thromboembolism (PE) is a major disease in respiratory emergencies. Thoracic 
CT angiography (CTA) is an important method of visualizing PE. Because of the high radiation and contrast 
exposure, the method should be performed selectively in patients in whom PE is suspected.

Objectives. The aim of the study was to identify the role of clinical scoring systems utilizing CTA results to 
diagnose PE.

Material and methods. The study investigated 196 patients referred to the hospital emergency service in 
whom PE was suspected and CTA performed. They were evaluated by empirical, Wells, Geneva and Miniati 
assessments and classified as low, intermediate and high clinical probability. They were also classified ac-
cording to serum D-dimer levels. The sensitivity, specificity, positive predictive value (PPV) and negative 
predictive value (NPV) were calculated and evaluated according to CTA findings.

Results. Empirical scoring was found to have the highest sensitivity, while the Wells system had the high-
est specificity. When low D-dimer levels and “low probabilty” were evaluated together for each scoring 
system, the sensitivity was found to be 100% for all methods. Wells scoring with a cut-off score of 4 had 
the highest specificity (56.1%).

Conclusions. Clinical scoring systems may be guides for patients in whom PE is suspected in the emer-
gency department. The empirical and Wells scoring systems are effective methods for patient selection. 
Adding evaluation of D-dimer serum levels to the clinical scores could identify patients in whom CTA should 
be performed. Since CTA can only be used conservatively, the use of clinical scoring systems in conjunction 
with D-dimer levels can be a useful guide for patient selection.

Key words: pulmonary embolism, clinical scoring systems, Wells score
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Pulmonary embolism (PE) is a disease with high mor-
bidity and mortality if not treated, and early diagnosis is 
of vital importance.1 However, the symptoms, clinical and 
laboratory findings have low sensitivity and specificity in 
confirming a  diagnosis of PE.2 Diagnostic tests to con-
firm or rule out PE may be expensive and are not always 
available. Thoracic CT angiography (CTA) is an impor-
tant method for direct visualization of the embolism, but 
should be performed selectively in patients in whom PE 
suspected, because of high radiation and contrast expo-
sure.3 Other invasive methods such as pulmonary angi-
ography involve the risk of some complications, limiting 
their routine usage in these patients.4

The  combination of medical history, physical examina-
tion and some simple laboratory parameters have been used 
to predict the probability of PE.5,6 Empirical scoring is one 
of these systems, and it mostly shows the clinical decision 
of the clinician.7 The Wells criteria are one of the most ob-
jective predictive systems, categorizing patients into low, 
intermediate and high risk for PE.8 Geneva scoring is also 
based on objective variables including arterial blood gas pa-
rameters.9 The Miniati scoring system, another pre-test, has 
similar results as ventilation-perfusion scintigraphy (V/Q 
scan) in predicting the presence of PE.10 After appropriate 
selection of patients that meet the criteria for further evalu-
ation for PE, these pre-tests can reduce unnecessary imag-
ing and radiation exposure while optimizing PE treatment.6

In addition to clinical scoring systems, D-dimer levels 
are used where deep venous thrombosis (DVT) and PE 

are suspected. A normal serum D-dimer level may exclude 
a diagnosis of PE.11 Clinical scores combined with D-di-
mer levels have been shown to be useful for excluding PE.6

Since clinical scoring systems can serve as a guide for the 
prediction of PE, the aim of this study was to identify their 
role in correlation with CTA findings for diagnosing PE.

Material and methods
The study involved 196 patients admitted to the Dokuz 

Eylul University emergency department in 2009 in whom 
CTA was performed due to suspected PE. The study was 
approved by the university ethics committee.

The hospital files of the 196 patients were investigated 
retrospectively. All the data, including demographics and 
medical histories, clinical signs and symptoms, laborato-
ry and radiographic test results (arterial blood gas [ABG] 
analysis, enzyme-linked immunosorbent assay [ELISA], 
serum D-dimer measurement by the turbidimetric 
method, electrocardiography [ECG], chest X-ray, lower 
extremity venous Doppler ultrasound) were recorded. 
The clinical scores were evaluated according to empirical 
scoring (Table 1a), the Wells criteria (Table 1b), Geneva 
scoring (Table 1c) and the Miniati system (Table 1d).7–10 
The patients were classified as low, intermediate or high 
clinical probability of PE according to their clinical scores, 
and were also categorized as “PE likely” or “PE unlikely” 
by a modified Wells score with a cut-off score of 4 points.

Table 1a. Empirical scoring system7

High probability

1 Risk factor present

2 Unexplained dyspnea, tachypne, or pleuritic pain present

3 Unexplained radiographic or gas exchange abnormality present

Intermediate probability 

4 Neither high nor low clinical probability 

Low probability 

5 Risk factor not present

6 Dyspnea, tachypnea, or pleuritic pain possibly present but explainable by another condition

7 Radiographic or gas exchange abnormality possibly present but explainable by another condition

Table 1b. Wells scoring system8

Clinical signs and symptoms of DVT (min of leg swelling and pain with palpation of the deep veins) + 3.0

PE as or more likely than an alternative diagnosis + 3.0

Heart rate greater than 100 + 1.5

Immobilization or major surgery in the previous 4 weeks + 1.5

Previous DVT/PE + 1.5

Hemoptysis + 1.0

Active cancer (treatment ongoing or within the last 6 months or palliative) + 1.0

A score of less than 2.0 indicates low pre-test probability, a score between 2.0 and 6.0 indicates intermediate pre-test probability and a score of more than 6.0 
indicates high pre-test probability.
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The patients’ CTA images and the reports of the radio-
diagnostics department were reviewed. They were divid-
ed into 2 groups according to whether PE was present or 
not. The  patients with positive radiological findings for 
PE were categorized as the PE group. The parameters of 
each scoring system were categorized into 2 groups de-
pending on the presence of PE.

The clinical scoring of the patients was analyzed using 
SPSS 11.0 software (IBM Corp., Armonk, USA). Sensitiv-
ity, specificity, positive and negative predictive values were 
calculated and compared. The combination of a negative 
D-dimer level and a clinical score of low probability was 
treated as another group and compared with the rest of the 
patients regarding the presence or absence of PE. χ2 statis-
tics were used to compare categorical variables. The sta-
tistical significance of any differences was evaluated by the 
non-parametric Mann-Whitney U-test when the data were 
from a highly non-normal distribution, and by the T test 
when the data were from a normal distribution. The area 
under the reciever operating characteristic (ROC) curve 
was calculated for each scoring system.

Results
The  study group included 107  males (54.6%) and 

89 females (45.4%) suspected of PE; their mean age was 
64.18  ±  17.44. Dyspnea (73%) and chest pain (45.9%) 

were the most frequent symptoms. Tachypnea (42.3%) 
and tachycardia (14.8%) were the most frequent physical 
exami nation findings. Immobilization (41%), the presence 
of malignancy (18%) and surgical history (16%) were the 
most frequent risk factors for PE in the study group.

Doppler ultrasound was performed in 51 of 106  pa-
tients with suspected deep vein thrombosis (DVT); DVT 
was confirmed in 21 of the 51 patients (41.2% of those in 
whom Doppler ultrasound was performed). Transthorac-
ic echocardiography (TTE) revealed abnormal echocar-
diographic features (seen in PTE) in 9 out of 16 patients 
in whom TTE was performed.

Arterial blood gas analysis was carried out 88.8% of 
the patients in the study group; it demonstrated hypoxia 
and hypocapnia in 55 patients (31.6%), only hypoxia in 48 
(27.6%), and only hypocapnia in 43 (24.7%).

D-dimer levels were measured in 141  patients and 
found to be elevated in 117 patients (83%), with a cut-off 
level of 500 ng/mL.

PE was diagnosed by CTA  in 39  patients (19.9%). 
The  mean age of these patients was 68.85  ±  15.56, and 
there was no statistically significant difference be-
tween ages of the patients in groups with or without PE 
(p = 0.062). The patients with PE included 13 men (33.3%) 
and 26 women (66.7%). Out of the total 196 patients in 
whom PE was suspected, 12.1% of the men (13/107) and 
29% of the women (26/89) had PE. There was no statisti-
cally significant relationship between the presence of PE 
and gender (p = 0.064).

Immobility was the most frequently seen risk factor for 
PE in patients who were diagnosed with PE by CTA. Mul-
tiple predisposing factors for PE were noted in 32.1% of 
these patients. No risk factor was found to be significant 
correlated with the presence of PE.

Dyspnea, cough and chest pain were the most frequent 
symptoms among the PE patients. Fever and syncope were 
found to be significantly more frequent in the PE group 
than among patients not diagnosed with PE (Table 2).

Tachycardia, signs of DVT (including pain, swelling and 
tenderness, etc.) and tachypnea were the most frequent 
physical examination findings. There was a  statistically 
significant relationship between tachycardia, hypoten-
sion, signs of DVT and the presence of PE (p = 0.0001, 
0.008 and 0.0001 respectively) (Table 2).

Table 1c. Geneva scoring system9

Age in years 60–79
≥ 80

+ 1
+ 2

Previous DVT or PE + 2

Heart rate greater than 100/min + 1

Recent surgery + 3

Pa CO2, kPa < 4.8
4.8–5.19

+ 2
+ 1

Pa O2, kPa < 6.5
6.5–7.99
8–9.49

9.5–10.99

+ 4
+ 3
+ 2
+ 1

Chest X-ray plate-like atelectasis
elevation of hemidiaphragm

+ 1
+ 1

Geneva Score: 0–4: low probability, 5–9: intermediate probability, > 9: high 
probability.

Table 1d. Miniati clinical scoring system10

High probability

Acute dyspnea, chest pain or syncope (min. one symptom present) not explainable by another condition, with:

Electrocardiographic signs of right heart failure, pulmonary oligemia, amputation of hilar artery or pulmonary infarction (min. 2 findings present)

Intermediate probability

One symptom present without electrocardiographic signs and radiological findings 

Low probability 

No symptom present or any possible diagnosis (such as COPD or pneumonia) that can be an explanation for these symptoms
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Among the patients who had PE, empirical scoring in-
dicated that 26 (89.7%) had a high clinical probability of 
having PE, 11 (13.8%) had an intermediate probability and 
2  (2.3%) had a  low clinical probability. According to the 
Wells scoring criteria, 20 PE patients (90.9%) had a high 
probability, 15 (22.4%) had an intermediate probabil-
ity and 4 (3.7%) had a  low probability of having PE. Ac-
cording to Geneva scoring only 4 PE patients (3.7%) had 
a  high clinical probability. According to Miniati scoring 
only 3 patients had a high clinical probability of PE, and 
all 3 (100%) indeed had PE (Table 3).

The  sensitivity of the various scoring systems for PE 
was found as 94.9% for empirical scoring, 89.7% for the 
Wells criteria, 84.6% for Geneva scoring, and 92.3% for 
the Miniati system. The  specificity was 54.1, 65.6, 53.5 
and 56.7% respectively; PPV was 33.9, 39.3, 31.1 and 34.6 
respectively; while NPV was 97.7, 96.3, 93.3 and 96.7% re-
spectively. It was remarkable that empirical scoring had 

the highest sensitivity, while the Wells method was found 
to have the highest specificity.

D-dimer levels were analyzed in 141  patients. They 
were high in 117  patients (83%), with a  cut-off value of 
500 ng/mL according to the ELISA test. D-dimer sensitiv-
ity was found to be 96.3%; specificity was 20.2%; PPV was 
22.2% and NPV was 95.3%.

The area under the ROC curve was calculated as 0.76, 
0.69, 0.75, 0.74 and 0.82 respectively for the Wells scoring 
system, Geneva scoring, empirical scoring, Miniati scor-
ing and the Wells system with a cut-off score of 4 (Fig. 1).

Normal serum D-dimer levels in conjunction with low 
probability scores for PE were evaluated together in every 
scoring system (Table 4); sensitivity was found to be 100 % 
in all methods. Wells scoring with a cut-off score of 4 had 
a specificity of 56.1%. There was no PE in any patient with 
a normal D-dimer level and a low probability score in any 
scoring system.

Table 2. Symptoms and physical examination findings in relation to the presence of PE

Symptoms and physical 
examination findings

PE present in CTA
(n = 39) (%)

No PE in CTA
(n = 157) (%) p-value

Dyspnea  32/143 (22.4) 111/143 (77.6) 0.108*

Chest pain 13/90 (14.4) 77/90 (85.6) 0.056*

Palpitation  5/29 (17.2) 24/29 (82.8) 0.460*

Hemoptysis  2/12 (16.7) 10/12 (83.3) 0.560*

Fever  8/21 (38.1) 13/21 (61.9) 0.033*

Cough 14/39 (35.8) 25/39 (64.2) 0.530*

Syncope  8/13 (61.5)  5/13 (38.5) 0.001*

Tachypnea 19/83 (22.9) 64/83 (77.1) 0.235*

Tachycardia 28/91 (30.8) 63/91 (69.2)  0.0001*

Hypotension 10/24 (41.7) 14/24 (58.3) 0.008*

DVT sign 20/37 (54.1) 17/37 (45.9)  0.0001*

* χ2 test.

Table 3. The presence of PE in relation to clinical scores according to the 4 systems

Clinical scoring systems with probability of PE PE present in CTA
(n = 39) (%)

No PE in CTA
(n = 157) (%)

Empirical score high probability 26/29 89.7 3/29 10.3

intermediate probability 11/80 13.8 69/80 86.3

low probability 2/87 2.3 85/87 97.7

Wells score high probability 20/22 90.9 2/22 9.1

intermediate probability 15/67 22.4 52/67 77.6

low probability 4/107 3.7 103/107 96.3

Geneva score high probability 4/12 33.3 8/12 66.7

intermediate probability 29/94 30.9 65/94 69.1

low probability 6/90 6.7 84/90 93.3

Miniati score high probability 3/3 100 0/0 0

intermediate probability 33/101 32.7 68/101 67.3

low probability 3/92 3.3 89/92 96.7
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Discussion
Symptoms or physical examination parameters can 

guide the clinician in the assessment of PE. In the pres-
ent study, dyspnea and chest pain were the most common 
symptoms, while tachypnea and tachycardia were the 
most frequent physical examination findings in patients 
admitted to the emergency department with suspected 
PE. These results were similar to other studies.12 Tachy-
cardia, hypotension and signs of DVT, symptoms like syn-
cope and fever were found to be higher in the PE group, 
which was statistically significant. Although symptoms 
and signs are not considered specific for a PE diagnosis, 
they have an important role in predicting PE.13

Immobility, malignancy and recent surgery were found 
to be the most frequent risk factors for PE.14 In the pres-
ent study, there were no statistically significant differences 
between patients with or without PE regarding predispos-

ing factors. The presence of multiple risk factors (32.1%) 
in the patients in the study group is thought to be the rea-
son for this result.

As over-investigation of PE in emergency departments 
still remains an important problem and PE has a  high 
mortality without treatment, early diagnosis is very im-
portant. There are some diagnostic procedures, such 
as pulmonary angiography or CTA  which are invasive 
and expensive, and are not available in all medical cen-
ters.1,15,16 Clinical scoring systems are used to optimize 
the management of patients with suspected PE and to 
help select patients who should be examined further for 
PE. Clinical assessments have been highlighted by several 
prospective studies. The most important and prominent 
clinical evaluation systems for PE are the empirical, Wells, 
Geneva and Miniati pre-tests.

The empirical scoring system is one of the clinical as-
sessments used for evaluating the presence of PE. In one 
study PE diagnostic rates were found to be 89.9, 11.7 and 
2.8% of the cases ranked by empirical scoring as high, 
intermediate and low probability respectively.17 In  the 
present study, the PE diagnostic rates were 89.7% of the 
high probability cases, 13.8% of the intermediate prob-
ability cases and 2.3% of the low probability cases. Gülcü 
et al. found empirical assessment more sensitive and use-
ful than other pre-tests in the diagnostic management of 
PE.18 The results of the present study show that that the 
empirical scoring system had the highest sensitivity and 
NPV, which makes it an effective method for patient se-
lection for further evaluation with CTA.

The Prospective Investigation of Pulmonary Embolism 
Diagnosis (PIOPED) study was an important prospec-
tive study which found that 68% of the high probability 
cases, 30% of the intermediate probability cases and 9% 
of the low probability cases had PE.12 Wells et al. devel-
oped a  prediction system by scoring clinical data from 
the PIOPED study. PE rates were reported to be 66.7%, 
20.5% and 3.6% in high, intermediate and low probabil-
ity groups, respectively, according to the Wells criteria.2 
In the present study, 90.9% of the cases rated high prob-
ability according to the Wells system had PE, as did 22.4% 
of those rated intermediate and 3.7% of those rated low 
probability. Although some studies have suggested that 
the Wells score does not guarantee exclusion of PE, espe-
cially in older patients, this pre-test has been reported to 
be more useful than other tests in the diagnosis of PE in 
respiratory emergencies in most studies.6,19 In the present 
study it was remarkable that the Wells method was found 
to have the highest specificity and PPV of all 4 pre-tests.

The Geneva scoring system had been developed by Wicki 
et al; 81% of the high probability cases according to Geneva 
scoring had PE, as did 38% of the intermediate probability 
cases and 10% of the low probability cases.9 In one study 
the Geneva score was reported to be one of the most useful 
diagnostic tools for PE.20 The present study showed 33.3, 
30.9 and 6.7% rates of PE in the Geneva high, intermediate 

Fig. 1. Scoring systems with the area under the ROC curves. Diagonal 
segments are produced by ties 
Wells2 – Wells system with a cut-off score of 4.

Table 4. The presence of PE according to clinical scores combined with 
D-dimer levels

Combination of D-dimer levels  
and scoring systems

 PE in BT 
angiography

PE (+) PE (–)

D-dimer level and empiric score 27 114

The other combinations*
Normal D-dimer level and low probability

27
 0

101
 13

D-dimer level and Wells score 27 114

The other combinations*
Normal D-dimer level and low probability

27
 0

 94
 20

D-dimer level and Geneva score 27 114

The other combinations*
Normal D-dimer level and low probability

27
 0

 96
 18

D-dimer level and Miniati score 27 114

The other combinations*
Normal D-dimer level and low probability

27
 0

103
 11

D-dimer level and Wells score with a cut off score of 4 19  41

High D-dimer level & Wells score > 4
Normal D-dimer level & Wells score ≤ 4

19
 0

 18
 23

* The other combinations: Normal D-dimer level and intermediate/high 
probability; high D-dimer level and any probability.
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and low probability groups respectively, which meant that 
this scoring system had lower specificity, sensitivity, PPV 
and NPV than the other 3 scoring systems.

The  Prospective Investigative Study of Acute Pulmo-
nary Embolism Diagnosis (PISAPED) study, which used 
a  scoring system called the Miniati method, included 
acute symptoms of PE, electrocardiographic signs and 
radiological findings.10 PE was diagnosed in 91% of the 
cases classed as high probability according to the Miniati 
method, 47% of the intermediate probability cases and 9% 
of the low probability cases.10 In the present study PE was 
found in 100% of those the Miniati method rated as high 
probability, 32.7% of those rated intermediate and 3.3% of 
those rated low probability. As the 100% high probabil-
ity comprised only 3 patients, the Miniati scoring system 
does not seem to be a strong assessment tool.

D-dimer levels are an important test for excluding PE, 
especially with the help of clinical scoring systems.12 
On  their own, D-dimer levels have high sensitivity and 
NPV, but low specificity and PPV; the low specificity of 
35–40% limits the clinical usefulness of D-dimer lev-
els.20,21 Low D-dimer levels have been used as a guide for 
excluding patients with low or intermediate probability 
of suspected PE.2,12,22 Some studies have shown that the 
combination of normal D-dimer levels and low clinical 
probability was safe for the exclusion of PE; van Belle et al. 
documented a 3-month incidence of venous thromboem-
bolism (VTE) of only 0.5% of after excluding PE with an 
unlikely clinical score and normal D-dimer levels.23–26 
In the present study the combination of normal serum D-
dimer levels and low probability in all the scoring meth-
ods had a result of 100% sensitivity, which means no PE 
was detected in these patients. In the subgroup of patients 
with normal D-dimer levels and low/intermediate proba-
bility, sensitivity was 100% only in the Wells and empirical 
scoring systems. These results show that normal D-dimer 
levels and low clinical probability in all systems, and low/
intermediate probability in the Wells or empirical scoring 
methods, are useful combinations for ruling out PE.

Wells et  al. updated their scoring system by creating 
2 categories (PE likely or unlikely) with a cut-off score of 
4 points to improve the simplicity of the method, which 
was named as modified Wells score.23 In a previous study, 
modified Wells scores and D-dimer levels were evaluated 
together, which was found to be more successful in ex-
cluding PE.23,26,27 In  the present study the specificity of 
the dichotomized Wells system combined with D-dimer 
levels was 56.1%, which was the highest of all the clini-
cal scoring systems combined with D-dimer levels. This 
result shows that the dichotomized version of the Wells 
system combined with D-dimer levels may be an impor-
tant method for the diagnosis of PE.

The  Wells assessment system, which was found to be 
useful for diagnosis of PE in the present study, is one of 
the most popular methods currently used in emergency 
departments. Data showing that the combination of nor-

mal serum D-dimer levels and low probability of PE in 
scoring systems mostly exclude the diagnosis of PE have 
also been reported in several studies.23–25 Empirical scor-
ing, which is not as popular as Wells scoring nowadays, 
was also found to be a  useful method for patients with 
suspected PE. The present study indicates that the empir-
ical method can be used frequently for patient selection in 
the emergency department.

The present study has some potential limitations. First 
of all, it is retrospective. The  authors believe that it is 
objective, as patients with the suspicion of PE were in-
cluded in the study, not only patients with PE. A prospec-
tive study in which the patients are followed up for a few 
months and evaluated with a CTA for the presence of PE 
may be more objective in comparing the clinical scoring 
systems. Another limitation was the small number of pa-
tients in some of the subgroups.

Conclusions
Clinical scoring systems may be a  guide for the diag-

nostic management of patients in whom PE is suspected. 
The empirical scoring system and Wells criteria have been 
found to be the most useful methods for patient selection. 
Further evaluation of serum D-dimer levels in combination 
with clinical scores could determine the group of patients 
in whom CTA should be performed. The combination of 
normal serum D-dimer levels and low probability scores 
in any clinical scoring system is a reliable method for the 
exclusion of PE, which can avoid subjected these patients 
to CTA. The combination of the dichotomized Wells score 
and D-dimer level seems to be important in diagnosing PE. 
Evaluation using clinical scoring systems and D-dimer lev-
els is practical for use in the emergency department to rule 
out a diagnosis of PE and to guide the diagnostic algorithm 
for patient selection for further evaluation.
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Abstract
Background. L-carnitine has been used for several years as an adjuvant therapy in oxidative stress, blood 
sugar, high-sensitivity C-reactive protein (CRP), anemia, etc. However, the efficacy of L-carnitine treating in-
sulin resistance (IR) remains controversial. Homeostasis model assessment of Insulin Resistance (HOMA-IR) 
is widely used in the clinical evaluation of patients with IR.

Objectives. A meta-analysis, including randomized controlled trials (RCTs), was performed to assess the 
effect of L-carnitine on HOMA-IR patients.

Material and methods. The Cochrane Library, PubMed, and EMBASE databases were systematically 
searched to identify RCTs which evaluated the effects of L-carnitine on HOMA-IR patients. We screened rel-
evant studies according to predefined inclusion and exclusion criteria. In the selected articles, we extracted 
the data: study design, sample size, age, L-carnitine dose and regimen, body mass index (BMI) of patients, 
mode of administration, study duration and study outcomes.

Results. A total of 5 studies were included for the meta-analysis. The result showed L-carnitine was useful 
in the treatment of IR (WMD –0.724, CI –0.959 –0.488, p < 0.0001). Evaluation at 3, 6, 9, 12 months, the 
p-values were 0.875, 0.165, 0.031, 0, 007, respectively.

Conclusions. L-carnitine was useful in treating patients with IR. L-carnitine can treat IR more effectively 
with prolonging the medication time. However, more RCTs with long-term L-carnitine treatment of IR are 
needed to confirm the viewpoint.
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Many factors can cause insulin resistance (IR), such as 
infection, acidosis, excessive stress, smoking, exposure to 
secondhand smoking.1 IR means the cells require high-
er concentrations of insulin in order to produce insulin 
response.2 Plasma IR, induced by high insulin and high 
sugar content, can lead to metabolic syndrome, gout and 
type II diabetes.3–5

Homeostasis model assessment of Insulin Resistance 
(HOMA-IR) was first proposed by Turner of the Uni-
versity of Oxford research group in 1985 and has been 
widely used in the clinical evaluation of insulin sensitiv-
ity.6 HOMA-IR was calculated as [serum insulin (IU/L) × 
× Plasma glucose (mmol/L)]/22.5.6 The HOMA model is 
used to estimate cell function from fasting plasma insulin 
and glucose concentrations. A higher score of HOMA-IR 
indicates more severe IR. HOMA-IR of the normal is less 
than 2.68.

L-carnitine is an important transporter of long-chain 
fatty acids which is primary synthesized in the liver and 
kidney.7 Its shortage will impair the use of fat as fuel, 
which will result in an acute metabolic decompensation.8 
Previously, L-carnitine was mainly used to lose weight and 
to assist in dialyzing kidneys.9,10 Recently, several studies 
have reported its use in treating IR.11,12 However, the real 
effect of L-carnitine on IR remains unclear. Therefore, we 
performed this meta-analysis.

Data sources and search strategy
Two investigators (XY and JWJ) independently searched 

the Cochrane Central Register of Controlled Trials, 
PubMed, and EMBASE databases from inception to 
2014–2010. The search terms were “L-carnitine” and “in-
sulin resistance”. If the 2 investigators had disagreements, 
it would be resolved by a 3rd person (MTL).

Study selection

When selecting studies, we obeyed the following criteria.
Inclusion criteria: Randomized Controlled Trials (RCTs) 

which evaluated the effects of L-carnitine on HOMA-IR. 
HOMA-IR as the index in assessing the degree of IR in 
patients. Treatment time was less than 6 months. Publica-
tions written in English.

Exclusion criteria: Non-randomized controlled trials. 
Results were not evaluated by HOMA-IR. Studies did not 
offer the detailed data.

Study quality assessment

The  Newcastle-Ottawa Scale was used to assess the 
methodological quality of the included studies based on 
their selection of participants, comparability of groups 
and exposure/outcome ascertainment. A total score of 6 
or higher (max score, 9) was used to identify higher-qual-

ity studies. The quality of these studies was evaluated by 
2 authors (XY and JWJ) independently. If 2 investigators 
had disagreements, it would be resolved by the 3rd person 
(MTL).

Data extraction and management

The following data was extracted: study design, sample 
size, mean age of patients, body mass index (BMI) of pa-
tients, L-carnitine dose and regimen, mode of administra-
tion, study duration and study outcomes. The  data was 
independently extracted by 2 authors (XY and JWJ) and 
disagreements were resolved by the 3rd author (MTL).

Data synthesis and statistical analysis

Using the data derived from these RCTs, we used the 
weighted mean differences (WMDs) to report the contin-
uous outcomes, and 95% confidence intervals (CIs) were 
also calculated.13 Subgroup analysis was used to assess the 
differences at evaluation time of 3, 6, 9, 12  months, re-
spectively. I2 was used to assess the heterogeneity among 
the selected studies. The meta-analyses were performed 
with STATA  12.0 software (copyright 1985–2011 Stata-
Corp LP).

Results

Study selection and characteristic

Searching the database with time limit from the data-
base set up date to October 2014. A total of 581 studies 
were included in the search and then 314 studies based 
on animal experiments, theme inconsistent, letters, re-
view and meta-analysis were excluded. After reading the 
full text content roughly, we excluded the papers which 
were not randomized controlled trial, not relevant to L-
carnitine and not relevant to IR. Then, we further ana-
lyzed the rest of the data. We further excluded 22 articles 
which presented with different indicator of IR and units 
of IR. Finally, 5 studies were included in the meta-analy-
sis.11,12,14–16 Details of the study selection process and rea-
sons for study exclusion were presented in Fig. 1.

These 5 studies involved a  total of 631  patients, in 
which 319 were treated with L-carnitine and 312 with pla-
cebo. Study duration ranged from 4 weeks to 12 months. 
The characteristics of included studies were summarized 
in Table 1. In the 5 articles, the Nos score (95% CI) was 
6 ± 2. The detail rules of NOS scoring system are listed 
in Table 2.
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Effects of L-carnitine treatment  
on HOMA-IR

The results showed that L-carnitine could treat HOMA-
IR compared to the placebos (WMD –0.724, CI –0.959 
TO –0.488, p < 0.0001) Fig. 2. Little heterogeneity exist-
ed in the analysis (I2 =  0%). The  results of comparisons 
among different evaluation time indicated that the treat-
ment of L-carnitine became more and more effective with 
time elapsed (3, 6, 9, 12 months: p = 0.875, 0.165, 0.031, 
0.007, respectively) Table 3.

Discussion
IR is a  state in which a  given concentration of insu-

lin produces a  less-than-expected biological effect.17 
IR widely exists in a variety of diseases not just in diabe-
tes.8,18 IR makes up a broad clinical spectrum including 
obesity, glucose intolerance, diabetes, and the metabolic 
syndrome which will impair the patients’ quality of life, 

lower their survival rate and produce a heavy economic 
burden on society.9,15,19,20 However, no therapy has been 
found to treat IR effectively. Recently, several studies re-
searched the use of L-carnitine in treating IR.21

L-carnitine is an important transporter of long-chain 
fatty acids that can be synthesized endogenously from ly-
sine and methionine or obtained from the diet.16 L-carni-
tine is widely used in the maintenance of hemodialysis to 

Table 3. Different evaluation time comparison chart

Treatment time WMD [95%CI] I2 p-value

3 months –0.062 (–0.762 to 0.638) 0.0% 0.875

6 months –0.459 (–1.099 to 0.181) 0.0% 0.165

9 months –0.201 (–0.385 to –0.018) 0.0% 0.031

12 months –0.257 (–0.443 to –0.071) 0.0% 0.007

More detailed comparative analysis was conducted, based on 2 of the 
5 enrolled literatures, which had longer experimental time. The analysis 
results showed that the longer the treatment time, the smaller p-value, 
indicating that with the extension of treatment time, the effect of 
L-carnitine is more significant.

Fig. 1. Flow diagram of literature 
searching and selecting

Database search
(from incep�on to 2014-10)  

n = 581

Excluded:
(n = 133) le�ers, review and meta-analysis
(n = 131) animals’ trial
(n = 50) theme inconsistent

Read the full text content roughly
n = 267

Further excluded:
(n = 105) non-randomized controlled trial
(n = 89) not relevant to L-carni�ne
(n = 45) not relevant to insulin resistance

Further evalua�on of data integrity
n = 27

Included in meta-analysis
n = 5

Excluded for:
(n = 16) other Insulin resistance index 
(n = 6) different units of measurement

581 studies were published from the set-up of the database to October 2014. We excluded 
le�ers, review, meta-analyses, and studies based on animal experiments, studies with inconsistent
theme, and other that did not meet the inclusion criteria. Five studies were included in present 
meta-analysis.



Adv Clin Exp Med. 2017;26(2):333–338 337

replenish carnitine depletion and has several important 
proven physiological functions, such as offering nutri-
tion, remedying anemia, adjusting dyslipidemia, curing 
hyperparathyroidism, developing cognitive functions and 
enhancing the quality of life in patients.12,22

HOMA-IR is a useful index in evaluating IR and is wide-
ly used in the evaluation of IR. Several studies showed 
that HOMA-IR and euglycemic hyperinsulinemic glucose 
clamps (the IR’s gold standard).23

Therefore, we performed the meta-analysis to evalu-
ate the effect of L-carnitine on HOMA-IR. Five papers 
of L-carnitine treating in IR were included in the meta-
analysis. The results showed that L-carnitine was useful 
in reducing the HOMA-IR. Little heterogeneity existed 
in the analysis. Two of the selected articles included the 
evaluation time separately at 3, 6, 9, 12 months, then we 
made a further analysis. The results showed that the treat-
ment of L-carnitine became more and more effective with 
time elapsed.

The  meta-analysis had several advantages. Firstly, the 
heterogeneity among the included studies was insignifi-
cant. Secondly, all of the articles included in the meta-
analysis were randomized controlled trials. Thirdly, the 
articles included in the meta-analysis have high quality by 
using NOS score tool which has high validity and reliabil-
ity. Lastly, the paper assessed the efficacy of L-carnitine in 
3, 6, 9, 12 months separately.

However, this meta-analysis had some limitations. 
Firstly, the use of mean  ±  SD of HOMA-IR was proba-

bly unsuitable as it is unlikely to be normally distributed 
and  quartile range seemed to be more suitable. However, 
all the results in the included studies were expressed as 
mean  ±  SD, then we contacted authors to raw data but 
didn’t get a response. Secondly, the experimental time was 
not long enough in the included studies, and the treat-
ment period did not have uniform criteria. Thirdly, un-
controllable factors may exist in the included 2  groups, 
such as lifestyle, eating habits and the effects of these fac-
tors, which can impact the results significantly. Fourthly, 
the sample size was small, as only 631 patients were in-
cluded. This may not represent all the patients well. Last-
ly, only 2 articles included the evaluation time of 3, 6, 9, 
and 12 months studies separately and the result may not 
be persuasive.

Taking all the above into consideration, we need more 
RCTs with longer treatment time and better control of the 
interference factors to further research the efficiency of 
L-carnitine, which could guide clinical practice and pro-
vide sound advice for patients more efficiently.

Conclusion
L-carnitine was valid in HOMA-IR. The  longer is the 

treatment duration, the more significant is the treatment 
effect. However, more RCTs with an adequate sample 
size and hard endpoints are needed to define the effect of 
L-carnitine on patients.

Fig. 2. Forest plot of meta-analysis of L-carnitine on the HOMA-IR in patients
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Abstract
Mutations in the PALB2 gene are a predisposing factor to the development of breast cancer. PALB2 gene 
mutations have been detected in most breast cancer populations, but due to the rarity of their occurrence 
and the lack of information about their penetrance, they present a challenge when providing genetic coun-
seling for families that have a history of breast cancer. The occurrence rate of PALB2 mutations ranges from 
0.1% to 1.5% depending on the population. Despite the rarity of this mutation, information on the status of 
PALB2 mutations in carriers of this gene, as well as for members of their families who may be carriers, is of 
the utmost importance for clinical reasons, because these mutations are a high risk factor for breast cancer. 
There is a defined incidence of PALB2 mutations in patients with breast cancer and negative BRCA1/BRCA2. 
People with a high risk of breast cancer and negative BRCA1/BRCA2 should be tested for PALB2 mutations.
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PALB2 is a  protein that forms a  complex with pro-
tein BRCA2. It  functions as an assistant to the BRCA1 
and BRCA2 proteins in repairing DNA  damage, which 
is part of the body’s defense against the development of 
cancer.1,2 The  PALB2 protein supports the stabilization 
of the BRCA2 protein and specifies its location in a cell’s 
nucleus after DNA  damage.1,3 BRCA1 regulates BRCA2 
and PALB2 transfer to the damaged DNA. Cells with di-
minished PALB2 protein have disruptions in the BRCA1/ 
BRCA2-dependent DNA repair path.4

Mutations in the PALB2 gene are a predisposing factor 
to the development of breast cancer. It has been suggested 
that PALB2 mutations, being a high risk factor for breast 
cancer, are heterozygous germline mutations.5–7 PALB2 
gene mutations have been detected in multiple breast 
cancer populations; however, due to the rarity of their 
occurrence and the lack of information about their pen-
etrance, they present a challenge when providing genetic 
counseling for families that have a history of breast can-
cer.8 Zhang et al. conducted a meta-analysis with the aim 
of determining the dependencies between the most com-
mon mutations of the PALB2 gene and the risk of breast 
cancer and concluded that mutations in the PALB2 gene 
are associated with an increased risk of breast cancer.2

The risk of breast cancer among 
different populations of women 
with PALB2 mutations

The  risk of developing breast cancer in women with 
PALB2 mutation has been studied by researchers around 
the world. Dansonka-Mieszkowska et  al. conducted re-
search among Polish women.3 Their study shows that 
PALB2 mutations lead to breast cancer in approximately 
0.6% of all cases, and they state that the results of other 
studies are on the same level.7,9–12 Dansonka-Mieszkowska 
et al. also discovered a novel deletion in the PALB2 gene.3

PALB2 mutations are mainly related to familial breast 
cancer.3,7,11,12 Haanpää et  al. note that over the past few 
years, it has become clear that women with a heterozy-
gous germline mutation in the PALB2 gene are exposed 
to an increased risk of breast cancer.5 According to those 
authors, among Finnish women the percentage of cases of 
breast cancer with the occurrence of a PALB2 mutation 
is 1%. Bogdanov et  al. conducted a  study on the occur-
rence of PALB2 mutations in a population of Russian and 
German women, and reported that a mutation was de-
tected in 4 out 203 patients, which is 2%.13 Those authors 
concluded that PALB2 gene mutations contribute a small 
percentage to the development of bilateral breast cancer 
in Russia and Germany. The  fact that 2 out of 4 muta-
tions identified in the study were recurrences justifies 
special screening of cancer patients in Eastern and Cen-
tral Europe.

The  studies mentioned above do not specify the ex-
tent of the risk of breast cancer due to a mutation of the 
PALB2 gene, which remained unclear until 2014. In 2011, 
Casadei et  al. published a  study in which they estimat-
ed the risk of breast cancer in carriers of PALB2 muta-
tions; they reported that the risk is 2 to 3 times higher for 
women 55 years of age and 3 to 4 times higher for women 
85 years of age.14 In 2013, Nikkila et al. estimated that the 
risk of developing breast cancer is 6 times greater in cases 
of PALB2 heterozygosity.15 In 2014 Antoniou et al. suc-
ceeded in determining the specific risk of breast cancer 
in individuals with a mutation of the PALB2 gene.16 They 
tested 362 women from 154 families and found that com-
pared to the general population, the risk of breast cancer 
in people up to 40 years of age with PALB2 mutation is 
8 to 9 times higher; in individuals between 40 and 60 years 
of age the risk is 6 to 8 times higher; while in people over 
the age of 60 the risk is 5  times higher. In addition, the 
authors estimated that the absolute risk of breast cancer 
in women up to 70  years of age with PALB2 mutations 
ranges from 33% for women without family histories of 
breast cancer to 58% for women with family histories. 
It is interesting that the risk of breast cancer is higher in 
women under the age of 40 years and declines in subse-
quent age groups.

Interestingly, PALB2 mutations have not been observed 
in the population of Iceland17, but they have been detected 
in most of the populations studied to date. The incidence 
is low, ranging on average between 1–4%. In some popu-
lations, recurrent PALB2 mutations have been identified; 
the risk of their occurrence is comparable to the risk of 
BRCA mutation occurrence.18

Comparing PALB2 mutation 
occurrence in women  
with familial breast cancer  
and in sporadic cases

As Smith wrote, “Mutations in the PALB2 gene are re-
sponsible for a small but significant percentage of cancer 
risks in [familial breast cancer]”.19 Tischkowitz et al. con-
ducted a study to determine the risk of breast cancer in 
women whose relatives had PALB2 mutations and in those 
whose family members did not carry this mutation; the 
results indicated that the risk was higher in the women in 
the first group.20 In the study by Haanpää et al. mentioned 
earlier, 3.6% of 56 patients at high risk for breast cancer 
had PALB2 mutations.5 Those authors believe that mu-
tations are more common in women with familial breast 
cancer. Based on this, they assert that PALB2 gene muta-
tion testing should be incorporated into routine practice 
in Finland; they also suggest that PALB2 gene mutations 
are common enough that routine testing would be valu-
able worldwide. Janatova et al. found 16 cases of PALB2 
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mutation in a total of 409 women from the Czech Repub-
lic, and a high incidence (5.5%) occurred in women with 
a family history of breast cancer.21 Hartley et al. conduct-
ed a study that confirmed that while PALB2 mutations are 
rare, an increase in the number of cases of breast cancer 
in a  family increases the likelihood of PALB2 mutations 
as well.8 Women with 3 or more cases of breast cancer in 
the family have a 2.6% likelihood of having a PALB2 mu-
tation. Extensive research was carried out by Southley 
et al. on Australian women, both with and without breast 
cancer.22 They selected women in whose families PALB2 
mutations occurred as well as those without PALB2 mu-
tations. The objective of the study was to assess the oc-
currence rate and penetrance of these mutations in Aus-
tralian women. No PALB2 mutations were found in the 
healthy women. Eight women (1%) from the group with 
breast cancer or PALB2 mutations in the family also had 
PALB2 mutations; among women with breast cancer and 
no family history of PALB2 mutations, PALB2 mutations 
occurred in 5  (0.4%) cases. The  authors concluded that 
PALB2 protein tests are justified when women are carri-
ers of the BRCA1 and BRCA2 genes. In the case of women 
and family members who are carriers of the PALB2 gene 
it is sufficient to provide reasonable prevention, screen-
ing and clinical management. Heikkinen et al. conducted 
a study in southern Finland in which they found PALB2 
mutations in 19 out of 947  women (2%) with familial 
breast cancers and in 8 out of 1274 (0.6%) women with 
sporadic breast cancers.23 The  authors also noted that 
carrying a PALB2 mutation is connected with a  shorter 
lifespan, especially in patients with familial breast cancer. 
However, Fernandes et al. conducted a study showing that 
69 out of 1479 patients (4.7%) were carriers of PALB2 mu-
tations; 1.05% of the patients with familial breast cancer 
had PALB2 mutations, whereas among the low-risk pa-
tients the percentage amounted to 0.38%.24

PALB2 mutations with negative 
BRCA1 and BRCA2

Many researchers have taken an interest in the ques-
tion of PALB2 mutations without BRCA1 and BRCA2 
mutations and the possibilities of introducing tests for 
PALB2 into routine practice. Blanco et  al. investigat-
ed the incidence of mutations in PALB2  patients with 
breast cancer and negative BRCA1/BRCA2, both with 
and without a  history of pancreatic cancer in the fam-
ily.25 Those authors found that the frequency of PALB2 
mutations in their study group was 1.5%. According to 
them, previous studies indicated that the frequency of 
PALB2 mutations in breast cancer families ranges from 
0%26,27, through 2.1%28 up to 4.8% 29 Haanpää et al. stated 
that people with high risk of breast cancer and negative 
BRCA1/BRCA2 should be tested for PALB2 mutations.5 
According to them, these mutations are common enough 

that a single test for people with a high risk of cancer and 
negative BRCA1/BRCA2 should be implemented around 
the world. Hartley et al. have the same opinion, consid-
ering PALB2 mutations a “small but significant” number 
of all mutations in women in breast cancer families with 
negative BRCA1/BRCA2.8 Janatova et al. also pointed out 
that PALB2 gene mutation analysis is recommended for 
patients with hereditary breast cancer when BRCA1 and 
BRCA2 are negative, because of high frequency of PALB2 
mutations occurring in those patients.21

Another study
Teo et al. compared cancer morphology with and with-

out PALB2 mutations, evaluating 28 cases of women 
with breast cancer with PALB2 mutations and 828 cases 
without PALB2 mutations, among which 58 women with 
breast cancer had BRCA1 and BRCA2 mutations.6 Based 
on the results, the authors concluded that cancers with 
PALB2 mutations demonstrate sclerosis and that this dis-
tinguishes them from other groups of cancers.

Summary
PALB2 mutations are rare; their occurrence rate 

ranges from 0.1% to 1.5% depending on the popula-
tion.3,6,7,9,10,13,15,21 Despite the rarity of these mutations, 
information on the status of PALB2 mutations in carriers 
of this gene, as well as for the members of their families 
that may be carriers, is of the utmost importance for clini-
cal reasons, because these mutations are a high risk factor 
for breast cancer. Identifying carriers of PALB2 mutations 
means appropriate tests can be conducted and appropri-
ate treatment can be selected. Among those therapies 
are some that allow repair dysfunctions of homologous 
DNA  to be pinpointed.30 Because of the risk of breast 
cancer recurrence in patients with PALB2 mutations20, 
awareness of the presence of these mutations can lead to 
earlier detection of cancer and reduce the required treat-
ment. The  introduction of integrated PALB2 testing to 
clinical practice is still a work in progress, and identify-
ing carriers of PALB2 mutations can help to facilitate this 
process.6 Determination of PALB2 status is also impor-
tant because of cases of negative BRCA1 and BRCA2 in 
women with diagnosed breast cancer.
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Abstract
A number of investigators have evaluated the association between T744C, G52T and C34T polymorphisms 
in the P2Y12 receptor gene and clopidogrel resistance (CR), but the results of their research are controver-
sial. To quantify the evidence addressing this issue, we performed a meta-analysis of all available studies 
to evaluate the above association between the 3 different P2Y12 genotypes and CR in patients suffering 
from cardiovascular diseases. This study included articles up to October 2015. We performed a systematic 
search of PubMed, Embase, Web of Science, Cochrane database, China National Knowledge Infrastructure 
(CNKI) and WanFang database. Articles meeting the inclusion criteria were included and accumulated by 
meta-analysis including 5769 participants from 15 individual studies. For G52T polymorphism, a signifi-
cant relationship between the P2Y12 receptor gene and CR was found under the dominant genetic model 
(p < 0.05). There was a clear positive correlation between the C34T polymorphism and CR under the 
dominant, recessive, additive genetic models, respectively (p < 0.05). The evidence from the present meta-
analysis indicates that P2Y12 receptor gene C34T and G52T polymorphism might be a risk factor for the 
poor response to the platelet in patients on clopidogrel therapy, whereas a lack of association was found for 
T744C polymorphism examined by various genetic models.
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Increased platelet activation and thrombus formation 
are involved in the development and progression of car-
diovascular diseases (CVDs).1 Current oral anti-platelet 
agent thienopyridine clopidogrel inhibits adenosine di-
phosphate (ADP) binding to platelet ADP receptor P2Y12 
on the platelet surface, and thus inhibits platelet aggrega-
tion. P2Y12 has been shown to trigger platelet activation 
when stimulated in this receptor. Clopidogrel is effective 
in decreasing platelet activation and the subsequent risk 
of atherosclerosis-related CVDs including myocardial 
infraction, coronary heart disease and ischemic stroke.2 
However, in recent years, the concept of clopidogrel resis-
tance (CR) or poor responsiveness, is increasingly evoked 
in the cardiac literature.3

The mechanisms of CR have not been fully character-
ized but are likely to be multifactorial, involving possible 
genetic polymorphisms, drug interaction and variable 
absorption or metabolism.4 Five polymorphisms (T744C, 
C34T G52T, ins801A and C139T) of the P2Y12 gene have 
been identified by Fontana et  al.5 It  has been proposed 
that genetic polymorphisms of the platelet surface recep-
tor affect the responsiveness to clopidogrel. Some have 
suggested that polymorphisms of T744C and C34T G52T 
contribute to CR.6–8 However, this proposal is controver-
sial, because other studies have shown that the correla-
tions between the mutational statuses and poor response 
to clopidogrel therapy were not statistically significant.7,9 
Thus, in the present study, a  meta-analysis including 
5769 patients with CVDs was performed to clarify wheth-
er or not clopidogrel response to the platelet may be af-
fected by P2Y12 receptor gene polymorphism in patients 
with various types of CVDs. This study may help to iden-
tify the correct therapeutic approach for each individual 
patient with CVDs in order to maximize the therapeutic 
effect.

Methods

Search strategies

Published studies on the association between P2Y12 
receptor gene polymorphism and CR were retrieved by 
searching the following English and Chinese bibliographic 
databases: PubMed, Embase, Web of Science, Cochrane da-
tabase, China National Knowledge Infrastructure (CNKI) 
and WanFang database. The search strategy was based on 
the following keywords: “P2Y12” or “T744C” or “C34T” or 
“G52T” and “polymorphism” or “mutation” or “genotype” 
or “allele” and “clopidogrel” and “resistance” or “response”. 
The literature search was updated to October 2015.

Study selection

Studies included in the current meta-analysis had to be 
consistent with these criteria: a) the association of P2Y12 

gene polymorphism and CR was included; b)  provides 
the genotype frequency in the target population; c) was 
a case-control study; d) all patients had received clopido-
grel therapy. Studies were excluded if they were: (1) du-
plicates of previous publications; (2) based on incomplete 
data; (3) meta-analyses, letters, reviews, or editorial ar-
ticles; (4) publications with non-English abstracts. If more 
than 1 study by the same author using the same case series 
was published, only the study with the largest sample size 
or the most recent publication was included.

Data extraction

Two reviewers independently extracted the informa-
tion, including the name of first author, year of publica-
tion, country, disease name, diagnostic standard of CR 
and genotypes and the frequency in patients with and 
without CR. In cases of conflicting evaluations, disagree-
ments were resolved through discussions among all of the 
5 authors.

Statistical analysis

The  strength of the association between P2Y12 gene 
polymorphism and CR was represented by odds ratios 
(OR) and 95% confidence intervals (CI). The  OR and 
95% CI were calculated according to 3  genetic models 
of inheritance: dominant (heterozygotes + homozygotes 
vs wild-type homozygotes), recessive (wild-type homozy-
gotes + heterozygotes vs homozygotes), and additive (het-
erozygotes + homozygotes vs wild-type homozygotes +  
+ heterozygotes). Heterogeneity between the results of dif-
ferent studies was examined using a χ2 test. A 2-side value 
of p < 0.05 was considered statistically significant as pre-
viously described.10 A fixed effects model was used when 
p < 0.05, and a random effects was used when p > 0.05. All 
analyses were performed by RevMan, v. 5.2 for Windows 
(Cochrane Collaboration, Oxford, UK) using our previ-
ously described method.11

Results

Study selection and characteristics

As shown in Fig. 1, 297 relevant studies were identified 
using the key words by a computerized search of PubMed, 
Embase, Web of Science, Cochrane database, CNKI and 
WanFang database. According to the selection criteria as 
described in methods, 14 studies were included for me-
ta-analysis. Of the studies, there were 9 comparisons for 
T744C polymorphism, 7 and 6 comparisons for G52T and 
C34T, respectively.6,8,9,12–22 The studies were conducted in 
France, the United States, China, Croatia, Egypt, and the 
Czech Republic. The characteristics of the studies includ-
ed in this meta-analysis are presented in Table 1.
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Quantitative data synthesis

The conclusions based on the included studies showed 
that: (1) P2Y12 receptor gene T744C polymorphism had 
no association with CR (OR: 0.88, 95% CI: 0.58–1.33, 
p = 0.54), (2) CVD cases with CR had a significantly high-
er frequency of CT and TT genotypes (OR: 1.45, 95% CI: 
1.14–1.85, p = 0.003) than the CC (wild type) genotype 
of G52T under the dominant genetic model, (3) an asso-
ciation between P2Y12 C34T polymorphism and CR was 
detected under the recessive (OR: 2.19, 95% CI: 1.44–3.34, 

p  =  0.0003), dominant (OR: 2.30, 95% CI: 1.50–3.51, 
p  =  0.0001) and additive (OR: 0.57, 95% CI: 0.47–0.71, 
p < 0.00001) genetic models. These results revealed that 
mutant genotypes (G52T/C34T) of the P2Y12 receptor 
gene might be associated with an increased risk of CR.

Subgroup analysis and sensitivity analysis

For T744C and C34T polymorphisms, high heteroge-
neity was observed (I2 = 63%) according to the reported 
quantifying heterogeneity approach.10 Subgroup analy-
sis of the T744C genetic polymorphism was performed 
to determine the potential sources of the heterogeneity 
(Table  2). We  classified the studies based on the geo-
graphic region (European and American, Asian). In the 
results, whether geographic region was adjusted or not, 
this association did not change (p > 0.05). For the G52T 
polymorphism, we did not perform a subgroup analysis 
due to the limited number of included studies (only 2 
studies included from European and American regions).

We removed one study by Galic et al. in the review due 
to T744C genotype distribution in the control groups of 
these studies deviating from the Hardy-Weinberg equilib-
rium (HWE) and found that the association (OR= 1.17, 
95% CI: 0.86–1.60, p = 0.32) was not significantly altered 
after exclusion of the study, indicating that the result of 
the meta-analysis was stable.6 In addition, potential publi-
cation bias or heterogeneity was detected using visual as-

Table 1. Characteristics of the studies included in the meta-analysis

Position First author Year Country Disease Dose (mg) Definition of CR CR NCR

T744C CC + CT TT CC + CT TT

Cuisset13

Lev14

Wang18

Sun17

Galic6

Zoheir8

Shi16

Chen12

Shi15

2007
2007
2009
2011
2013
2013
2013
2014
2014

France
USA
China
China
Croatia
Egypt
China
China
China

ACS
PAD
CHD
CAD
CHD
ACS
cerebral infarction
ischemic stroke
cerebral infarction

600
300
300
300
300
NA
300
75
75

HPPR = ADP-induced aggregation > 70%
percent inhibition of ADP ≤ 10%
percent inhibition of ADP ≤ 10%
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Fig. 1. Flow diagram of study selection procedure
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sessment of the Begg’s funnel plot calculated by RevMan 
analyses. Funnel plots (Fig. 5) display symmetrical distri-
bution of OR estimations, suggesting no publication bias.

Discussion
The  strength of our study is the statistically most ex-

tensive studies to date addressing whether the risk of 

CR is associated with the frequencies of P2Y12 recep-
tor gene T744C, C34T and G52T genotypes in patients 
with CVDs. In the current review, 15 independent stud-
ies were included, comprised of 1829  patients with CR 
and 3940 patients without CR. For the first time, we used 
meta-analysis to summarize that there was probably a sig-
nificant association between P2Y12 receptor gene G52T/
C34T polymorphism and CR.

The  P2Y12 receptor, activated by ADP, plays a  critical 

Fig. 2. Forest 
plot of OR of CR 
associated with 
P2Y12 receptor 
gene T744C 
polymorphism 
in the dominant 
genetic model. 
Comparison: 
CC + CT vs TT

Fig. 3. Forest 
plot of OR of CR 
associated with 
P2Y12 receptor 
gene G52T 
polymorphism 
in the dominant 
genetic model. 
Comparison: 
TT + GT vs GG

Table 2. Subgroup analyses of the association between P2Y12 receptor gene T744C polymorphism and CR according to region

Subgroup Pooled OR
(95% CI) z-value p-value Study number Pheterogeneity (I2%)

European and American participants
Asian participants

0.93 (0.62–1.37)
1.22 (0.98–1.53)

0.38
1.75

0.70
0.08

3
6

0.41 (0%)
0.04 (57%)

Fig. 4. Forest 
plot of OR of CR 
associated with 
P2Y12 receptor 
gene C34T 
polymorphism 
in the dominant 
genetic model. 
Comparison: 
TT + CT vs CC
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role in platelet aggregation and is a target of antiplatelet 
therapeutic agents that has proven therapeutic value.23 
One of the first successful drugs is clopidogrel. Clopido-
grel is a prodrug and its metabolite inhibits ADP recep-
tor-mediated platelet aggregation. Clopidogrel is a mile-
stone in the development of antiplatelet therapy and 
entails a reduction in the risk of atherothrombotic event, 
which is the leading cause of CVDs.24,25 However, the con-
cept of CR or poor responsiveness is increasing evoked in 
the cardiac literature in antiplatelet response.3 Although 
numerous association studies reflecting the influence of 
P2Y12 receptor gene polymorphisms on CR have been 
published, the results are controversial, possibly because 
of variations in heterogeneous population, sample sizes 

and other issues. A meta-analysis by systematically com-
bining all the results of individual studies increases the 
power to detect an association.26

In the current meta-analysis, we did not find a signifi-
cant association between the T744C polymorphism and 
CR in various genetic models. This finding suggests that 
the T744C polymorphism may be not susceptible to CR 
in patients with CVDs. In  contrast, we also found that 
patients with a higher frequency of homozygous and het-
erozygous (TT + GT) genotypes of G52T had a  higher 
risk of CR than wild-type (GG) genotypes (p = 0.003). For 
C34T polymorphism, despite the statistical heterogeneity 
of the studies associating P2Y12 receptor gene C34T poly-
morphism under the dominant genetic model (p = 0.002, 

Table 3. Summary of meta-analysis of association of P2Y12 receptor gene polymorphism and CR using recessive genetic and additive models

Model Pooled OR
(95% CI) z-value p- value Study number Pheterogeneity (I2%)

Recessive genetic model

T744C (CC vs TT + TC) 1.08 (0.57–2.05) 0.23 0.82 4 0.13 (48%)

G52T (TT vs GG + GT) 2.32 (0.58–9.28) 1.18 0.24 3 0.48 (0%)

C34T (TT vs CC + CT) 2.19 (1.44–3.34) 3.64 0.0003* 4 0.20 (36%)

Additive genetic model

T744C (T vs C) 1.01 (0.83–1.24) 0.12 0.90 5 0.49 (0%)

G52T (G vs T) 0.78 (0.58–1.04) 1.67 0.09 3 0.41 (0%)

C34T (C vs T) 0.57 (0.47–0.71) 5.29 < 0.00001* 4 0.14 (45%)

Fig. 5. Begg’s funnel plots of Figs. 2, 3 and 4
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I2 = 71%), all of the included studies suggested a positive 
association between the risk of the CR and C34T poly-
morphism. We  pooled these studies with a  random-ef-
fects model and the result was consistent with the indi-
vidual study (OR: 2.30, 95% CI: 1.50–3.51, p = 0.0001).

Variability in the definitions of CR and different regions 
of population possibly contributed to the heterogeneity in 
the comparisons. The use of antiplatelet therapy, includ-
ing differing doses and lengths of the treatment, may also 
result in the heterogeneity. Antiplatelet drugs could in-
fluence the association of the P2Y12 gene polymorphisms 
with clopidogrel resistance as this might affect clopi-
dogrel and ADP binding.27 In  addition, an association 
was also found for the C34T gene polymorphism deter-
mined under the dominant, additive, and genetic models 
(p < 0.05). Conversely, in a previous study excluded in this 
meta-analysis, it was shown that there is lack of associa-
tion between the frequency of C34T polymorphism and 
the antiplatelet aggregation response of clopidogrel.28 
Our results clearly indicate augmented CR for C34T 
polymorphism.

Although considerable effects have been found in the 
current study, there are some inherent limitations. First, 
the sample size is still relatively small in the current meta-
analysis. Although 5489 total participants from 14 indi-
vidual studies were included in the analysis, < 1600 partic-
ipants were analyzed in the G52T polymorphism group. 
Fewer case subjects were included in some studies. Of the 
included studies, 3  had less than 100 participants.6,8,19 
Second, 3 different definitions of CR were adopted by re-
searchers since a standard definition of CR was not avail-
able. This may slightly weaken the comparability of the 
data. Third, the overall ORs were calculated according to 
the unadjusted estimates. It has been reported that drug-
drug interaction or coexisting polymorphisms of P2Y12 
and other genes may influence CR.22,29 This may exist in 
the included studies and could interfere with the meta-
analysis. Fourth, different clopidogrel doses (75–600 mg) 
and various times after initial therapy (6 h–7 days) were 
used in the included studies. Those may be a confounder 
in the analysis of the platelet aggregation test. Such con-
founding factors could not be extracted from the included 
studies due to a lack of information, but they limit the po-
tential to draw robust conclusions.

In  summary, this is the first meta-analysis to provide 
evidence that P2Y12 G52T/C34T polymorphism is related 
to a poor response of clopidogrel in patients, reflected by 
platelet function assay. In contrast, a  lack of association 
between T744C polymorphism and CR was found. This 
finding warrants further studies of larger sample sizes and 
multiple countries for a  more sensitivity analysis. Fur-
thermore, this study raises concerns about future stud-
ies addressing individual alternative clopidogrel-based 
antiplatelet therapy for patients with P2Y12 C34T and/or 
G52T polymorphism, and encourages a precision medi-
cine approach to the treatment of CVDs.
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Abstract
Bradycardia, atrial stretch and dilatation, autonomic nervous system disorders, and the presence of trig-
gers such as atrial premature contractions, are factors which predispose a person to paroxysmal AF. Atrial 
pacing not only eliminates bradycardia but also prevents atrial premature contractions and dispersion of 
refractoriness, which are a substrate for atrial fibrillation. As the prolonged duration of atrial activation dur-
ing pacing, especially from locations changing the physiological pattern of this activation (right atrium 
lateral wall, right atrium appendage), negatively influences both a mechanical and an electrical function of 
the atria, the atrial pacing site affects an atrial arrhythmogenesis. A conventional atrial lead location in the 
right atrium appendage causes non-physiological activation propagation, resulting in a prolongation of the 
activation time of both atria. This location is optimal according to a passive fixation of the atrial lead but the 
available contemporary active fixation leads could potentially be located in any area of the atrium. There is 
growing evidence of the benefit of pacing, imitating the physiological propagation of impulses within the 
atria. It seems that the Bachmann’s bundle pacing is the best pacing site within the atria, not only positively 
influencing the atrial mechanical function but also best fulfilling the so-called atrial resynchronization func-
tion, in particular in patients with interatrial conduction delay. It can be effectively achieved using only one 
atrial electrode, and the slight shortening of atrioventricular conduction provides an additional benefit of 
this atrial pacing site.
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In the electrical conduction system of the heart, an im-
pulse is generated by the sinoatrial node, located between 
the superior vena cava ostium and the crista terminalis, 
and it is propagated down and ahead through the right 
atrium and simultaneously to the left atrium.1 Electrical 
coupling of both atria is predominantly provided by con-
nections at the level of the Bachmann’s bundle and the 
coronary sinus. The true septum (the fossa ovalis and its 
limbus) is asynchronous and discordant, usually without 
contralateral conduction during the sinus rhythm or the 
atrial pacing.2 This course of activation leads to a prop-
er propagation – the 1st part to contract is the right atri-
um free wall, then the interatrial septum and afterwards 
the posterior, anterior and lateral walls of the left atrium. 
An  efficient interatrial conduction leads to a  physiolog-
ical delay of the left atrium contraction/interatrial delay 
which is 24 ± 21 ms. Thereby, the activation of both atria 
is represented by a single P-wave in the surface ECG.2

Pathophysiology  
of atrial arrhythmias

The pathophysiological mechanisms underlying atrial 
arrhythmia are not yet explicitly understood. It is proba-
bly triggered by premature atrial activations, most com-
monly localized or coming from the region of pulmonary 
veins or the superior vena cava, and maintained by in-
homogeneous atrial conduction velocities and refractory 
periods. Atrial premature beats can trigger atrial fibril-
lation in at least 3 ways: an atrial premature contraction 
after a pause in the sinus rhythm, atrial premature beats 
with a  short coupling interval (the P-on-T phenome-
non), and short-long-short atrial sequences. Betts et  al. 
mapped the left atrial endocardial activation during the 
sinus rhythm and coronary sinus pacing in patients with 
paroxysmal atrial fibrillation and discovered areas of 
functional block in the posterior left atrium wall in prox-
imity to the pulmonary veins and suggested that they can 
serve as a substrate for reentrant arrhythmias, including 
an atrial flutter and atrial fibrillation.3 Bradycardia, atrial 
dilatation, disturbances of the autonomic nervous sys-
tem, atrial stretch, and the presence of triggers such as 
atrial premature contractions are factors which predis-
pose a person to paroxysmal AF.

Atrial fibrillation constitutes the most common ar-
rhythmia in the general population and its incidence dou-
bles with each successive age decade over 50 years, from 
0.5% at age 50–59 years to almost 9% at age 80–89 years. 
An  interesting epidemiological study on atrial fibrilla-
tion was conducted by O’Neal et  al.4 A  relatively large 
group of participants (5226) aged 65 years or over were 
observed for atrial fibrillation development. The analysis 
showed that a  low heart rate (below 60 beats/min) was 
associated with an increased risk of this arrhythmia, while 
no such correlation was observed for a heart rate above 

90  beats/min. This could suggest underlying autonomic 
abnormalities or subclinical sinus node dysfunction.

Atrial fibrillation is associated with atrial remodeling, 
which may be both the substrate and the consequence 
of the arrhythmia. Different kinds of remodeling have 
been described, such as an autonomic neural remodeling, 
or an electrical and a  structural remodeling. Uhm et al. 
compared effective refractory periods (ERP) in 648  pa-
tients with AF and drew the conclusion that patients with 
persistent AF have shorter ERP compared to those with 
paroxysmal arrhythmia, probably due to an electrical re-
modeling of the atria. On the other hand, patients with 
structural heart disease and sinus node dysfunction have 
longer ERP than patients with ‘lone’ AF which is associ-
ated with a  structural remodeling, ventricular diastolic 
dysfunction or left atrium enlargement.5

The influence of atrial pacing
As atrial fibrillation is an arrhythmia paroxysmal in na-

ture, the proper assessment of the antiarrhythmic influ-
ence of any kind of procedure, device or pharmacological 
treatment is difficult. Because of a higher prevalence of 
atrial fibrillation in patients with pacemakers and still an 
insufficient efficacy of pharmacotherapy in this arrhyth-
mia, the best pacing mode and the best lead location is 
still being discussed. As the prolonged duration of the 
atrial activation during pacing, especially from locations 
changing the physiological pattern of this activation (right 
atrium lateral wall, right atrium appendage), has a nega-
tive impact on both a mechanical and an electrical func-
tion of the atria, the impact of atrial pacing site locations 
on atrial arrhythmogenesis can be observed. So far the 
study findings on the best pacing site are inconsistent.

The pacing of the atria can eliminate AF triggers such 
as premature atrial activations and prevent changes in the 
refractoriness they cause, supporting the atrial synchro-
ny. Atrial pacing not only eliminates bradycardia but also 
prevents atrial premature contractions and a  dispersion 
of refractoriness which are a substrate for atrial fibrilla-
tion. A premature atrial contraction, especially during the 
vulnerable period of refractoriness, negatively influenc-
es atrial myocardium conduction velocity. In a  study by 
Hoffmann et  al., 46% of atrial fibrillation episodes were 
preceded by atrial premature contractions and 39% by 
bradycardia.6

The superiority of atrial pacing 
vs ventricular pacing

It is now well established that atrial pacing is superior 
to ventricular pacing for the prevention of atrial fibrilla-
tion as it prevents atrial premature beats and atrial brad-
ycardia episodes and helps to avoid an increase of atrial 
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pressure associated with atrioventricular dyssynchrony. 
It is well documented that single lead ventricular pacing, 
which disrupts the normal atrioventricular synchrony, 
is associated with a higher incidence of atrial fibrillation 
than dual chamber pacing (DDD) preserving atrioven-
tricular synchrony. In a study by Andersen et al., patients 
with sick sinus syndrome (SSS) were observed for 8 years. 
Atrial pacing was associated with less atrial fibrillation 
and thromboembolism, higher survival and less heart fail-
ure compared to ventricular pacing.7 A  lower incidence 
of atrial fibrillation during atrial pacing was also shown 
in a large group of 1474 patients in the Canadian Trial of 
Physiological Pacing, however it did not affect the risk of 
stroke or cardiovascular death.8

The influence of atrial pacing 
on atrial arrhythmogenesis

Hjortshøj et al. proved in a group of 396 patients that 
there is no association between the percentage of atrial 
pacing and the development of AF in patients with sick 
sinus syndrome, although earlier studies had given differ-
ent results on this matter.9 Elkayam et al. demonstrated 
that both atrial and ventricular pacing in patients with 
sick sinus syndrome are associated with a higher risk of 
AF. A group of 1507 patients was divided into quartiles 
on the basis of the atrial pacing percentage: The higher 
this percentage was, the higher the incidence of AF.10 On 
the other hand, in a study by Inoue et al. in patients with 
the atrial pacing percentage (AP%) < 50%, the AF burden 
was greater than in those with AP% > 50%, which would 
suggest a protective influence of atrial pacing on atrial fi-
brillation, however the effect was not always immediate.11

According to the results of the DANPACE study, 
a  dual-chamber DDD(R) pacing with preserved atrio-
ventricular conduction in SSS should be preferred over 
a single-lead AAIR pacing as the latter is associated with 
a two-folded risk of reoperation and a higher risk of par-
oxysmal AF. There was, however, no difference in the 
overall mortality, chronic atrial fibrillation, heart failure 
and stroke between those 2 modes of pacing.12 Such re-
sults are consistent with those of Kuniewicz et  al., who 
also pointed out that tachycardia-bradycardia syndrome 
and a  lack of antiarrhythmic pharmacological therapy 
with beta-blockers and amiodarone increases the risk of 
a persistent AF.13

An  analysis of the data from the DANPACE study 
showed that AF burden is associated with a longer base-
line PQ interval, however neither with the percentage of 
ventricular pacing nor with the length of programmed AV 
interval.14 Similarly in the MinVPace study, although some 
algorithms reduced the percentage of ventricular pacing, 
there was no reduction of atrial fibrillation incidence.15 
These 2 results can suggest that a  longer PQ interval or 
a greater percentage of ventricular pacing are only indica-

tors of a larger scope of conduction abnormalities present 
also in the atrial muscle, leading to atrial fibrillation.

As already mentioned, different pacing sites vary in 
electrophysiological properties. A conventional atrial lead 
location in the right atrium appendage causes a non-phys-
iological activation spreading, resulting in a  prolonga-
tion of atria activation which can be seen as a broadened 
P-wave in the surface electrocardiogram.

Bennett used the intracardiac electrophysiological study 
to assess atrial activation parameters during stimulation 
at the right atrial appendage, atrial septum, coronary si-
nus ostium and during a simultaneous stimulation of the 
right atrial appendage and the ostium of coronary sinus. 
The  atrial activation time was longer during the right 
atrium appendage pacing compared to other locations. 
Atrial septum, ostium of coronary sinus and dual site 
stimulation showed no significant differences. This study 
suggests potential benefits from intraatrial septum pacing 
as shortening the activation time of both atria diminishes 
the dispersion of refractoriness. Dual site pacing showed 
no additional benefits, which suggests that the septal pac-
ing should be preferred because of the simplicity of the 
procedure.16

Katsivas et al. implanted an atrial lead in the interatrial 
septum in patients with drug refractory paroxysmal atri-
al fibrillation and broad P-waves in the surface ECG and 
proved that this location resulted in shortening P-waves 
from 118 ± 10 ms to 93 ± 7 ms.17 The interatrial conduc-
tion time during pacing was shortened in comparison to 
sinus rhythm (115 ± 18.9 ms vs 97.8 ± 10.3 ms).

The manifestation of the atrial activation is a P-wave in 
the surface electrocardiogram. Lengthening its duration 
is an easily-measured manifestation of a prolonged atri-
al activation and is associated with intra- and interatrial 
conduction disturbances. Prolongation of the P-wave du-
ration is associated with the development of atrial tach-
yarrhythmias in patients with a pacemaker.18 Kirstensen 
et  al. conducted a  study in which they assessed atrial 
parameters in patients with sick sinus syndrome during 
sinus rhythm and, respectively, 70 and 100 bpm atri-
al pacing with the lead in the interatrial septum or high 
right atrium. High right atrium pacing resulted in longer 
P-waves than pacing with septal location, but during high 
rate pacing the P-wave was significantly longer than dur-
ing pacing at 70 bpm in both lead locations. The conclu-
sion was that neither P-wave dispersion nor its duration 
were predictors of atrial fibrillation paroxysm.19 De Sis-
ti et al., however, proved that in patients with sick sinus 
syndrome after permanent pacemaker implantation, the 
prolonged P-wave is an independent risk factor of atrial 
fibrillation.20

Advanced interatrial block, presenting in the surface 
ECG as a P-wave duration over 120 ms with biphasic +/- 
P-waves in lead II, III and aVF as an expression of a ret-
rograde left atrium activation, is associated with an in-
creased risk of any atrial tachyarrhythmia.21 De Sisti et al. 
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studied the sinus P-wave morphology, evaluated in leads 
II and III, in 140 patients with a recurrent paroxysmal AF 
who received pacemakers. A multivariate analysis showed 
that drugs before pacing and P-wave duration were in-
dependent predictors of AF, and an abnormal P-wave 
(biphasic +/–  or notched +/+) was the most important 
predictor of a permanent AF.21 Endoh et al. investigated 
57 patients with SSS with an atrial lead implanted in the 
right atrium appendage, who were divided into 2 groups: 
23  patients without AF before pacing and 34 with AF 
before pacing. The latter group was further divided into 
2  subgroups: 20  patients with a  paced P-wave duration 
over 130 ms in leads II and V1, and the remaining 14 pa-
tients. The  sinus P-wave was significantly longer in the 
group with a history of AF whilst a recurrence of the ar-
rhythmia was significantly higher in the group with both 
a history of AF and a longer paced P-wave. This study sug-
gests that a coincidence of SSS with AF is associated with 
intra-atrial conduction disturbances which may be aggra-
vated by RAA pacing, especially in patients with a pro-
longed paced P-wave in whom other pacing modalities 
may be needed to shorten the paced P-wave.22

Atrial electrode position
Stabile et al. studied 47 patients with paroxysmal atrial 

fibrillation requiring demand pacing who underwent dual 
chamber pacemaker implantation and an electrophysio-
logical study.23 They proved that single site atrial pacing 
is effective in reducing AF recurrences, however an atrial 
conduction delay and refractoriness dispersion decrease 
its efficacy. Pacing at RA sites at which a preferential in-
teratrial conduction exists may pre-excite the left atrium 
and shorten the total atrial activation time which may re-
sult in a reduction of the susceptibility to AF.22

Interatrial septum
De Voogt et al. compared the pacing and sensing prop-

erties of leads positioned in the right atrium appendage 
and the low interatrial septum. The  pacing threshold 
was comparable in both groups. Impedance was higher 
in the low atrial septum group but the difference was no 
longer significant after 6 months. Far-field R-wave voltage 
> 1 mV during ventricular pacing appeared in 87% of the 
cases in the right atrium appendage group and in 94% of 
the cases in the low atrial septum group, with the differ-
ence showing no clinical significance. The time between 
the spike of a ventricular pacing stimulus and the sens-
ing of the far-field R-wave in the atrium was longer in the 
RAA group.24 The low atrial septum pacing compared to 
the right atrial appendage pacing had a positive impact on 
atrial fibrillation prevention. In the study by Minamiguchi 
et al., after a 1-year follow-up in a group without a history 

of AF before implantation, 19% of patients paced in the 
right atrial appendage developed this arrhythmia while in 
the group paced in the low atrial septum, only 5.9% did so. 
Also, in the group with a positive history of AF, 22% of the 
RAA group developed persistent AF, whereas none of the 
LAS group did.25

Hakacova et  al. also assessed the properties of septal 
pacing. They divided patients with conventional indica-
tions for pacemaker implantation and recurrent AF into 
2 groups: The 1st group had the atrial lead implanted in the 
atrial septum near the foramen ovale, and the 2nd group 
received conventional right atrium appendage pacing. 
The  researchers observed no difference in mode-switch 
episodes and AF burden between the groups, although 
there was a trend for more AF in the RAA group. A lim-
itation of this study was the small group (44 patients, of 
whom only 22 completed a 12-month follow-up). Pacing 
and sensing parameters were comparable in both groups 
and there were no displacements of electrodes or lead-re-
lated complications.26 Wang et  al. compared low atrial 
septum pacing to right atrial appendage pacing in patients 
with sinus node disease and paroxysmal AF and found 
that septal pacing improved atrial mechanical function 
and synchronized interatrial contraction.27

Bachmann’s bundle
The Bachmann’s bundle is a myocardial tract that origi-

nates in the crista terminalis, medial to the superior vena 
cava, in the proximity of the sinoatrial node, which extends 
over the atrial roof to the left atrium. It is approximately 
3 cm long and in the left atrium it divides into 2 bundles 
of fibers which distribute to the left atrium. The anterior 
one advances towards the left atrium appendage, and the 
posterior one spreads between pulmonary veins. The his-
tological characteristics of the specialized fibers in the 
Bachmann’s bundle resemble those of the Purkinje tissue 
and they conduct impulses at a higher velocity than the 
surrounding myocardium, thus being a preferential path 
for the activation of the left atrium.28 The  Bachmann’s 
bundle is the fastest way to conduct an impulse between 
both atria. Disturbances in the conduction result in an 
impaired electrical and mechanical function of the left 
atrium which may contribute to the occurrence of atrial 
fibrillation.

In a study by Bailin et al., a group of 63 patients with 
the atrial lead implanted in the Bachmann’s bundle region 
was compared to 57  patients with the atrial lead in the 
right atrium appendage. They observed no differences in 
pacing and sensing properties during the whole follow-up 
period, however the P-wave duration in the Bachmann’s 
bundle group was shorter compared to the sinus rhythm 
whilst in the right atrium appendage group it was longer. 
After 1 year, patients with the right atrium appendage lo-
cation had a higher rate of a chronic AF (53% compared to 
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25%). Implantation time was comparable in both groups, 
which indicates the feasibility and a probable efficacy in 
attenuating the progression of AF.29 Bailin et al. also com-
pared the influence of the Bachmann’s bundle pacing and 
the right atrium appendage pacing on the progression to 
chronic AF in patients with paroxysmal atrial fibrillation 
without antiarrhythmic pharmacotherapy. The  study 
showed that a significantly greater number of patients in 
the BB group maintained the sinus rhythm compared to 
the right atrium appendage group (75 vs 47%). The Bach-
mann’s bundle pacing also resulted in a  decrease of 
P-wave duration compared to both RAA pacing and sinus 
rhythm, while being safe and feasible.30

A positive impact of pacing at the Bachmann’s bundle 
region was also proved in studies by our group. This lead 
location was shown to improve interatrial conduction, 
and left ventricle filling, as well as to reduce the need for 
ventricular pacing with all its adverse effects.31,32

Multisite pacing
The concept of multisite pacing, similarly to the Bach-

mann’s bundle pacing, aims to decrease the total atrial ac-
tivation times.

In the PASTA study, the influence of alternative atrial pac-
ing sites on AF incidence was analyzed. 142 patients were 
randomized into 4 atrial lead locations: free right atrial wall, 
right atrium appendage, coronary sinus ostium or dual-site 
right atrial pacing.33 AF episodes were taken into account if 
the time in AF was over 1%. No statistically significant dif-
ferences were found in AF occurrence and the percentage 
of atrial or ventricular pacing after 24 months. The AV de-
lay time was programmed to be 30 ms longer than a spon-
taneous conduction but the percentage of the ventricular 
pacing was surprisingly high, with values over 60%, but 
there were no significant differences between groups. Im-
plantation in the coronary sinus ostium and the dual-site 
implantation showed significantly longer procedure times 
and a higher rate of dislodgments of atrial electrodes. Nine-
ty percent of patients in this study were free from AF at the 
enrollment and only 3–6% developed this arrhythmia. This 
was probably a group with an initially low risk of AF and 
this study shows that in this group of patients, higher rates 
of dislodgments and longer radioscopy exposure times are 
not countervailed by antiarrhythmic advantages.

In the study by Saksena et al., 120 patients with at least 
2  symptomatic AF episodes in the preceding 3  months 
and bradyarrhythmia requiring permanent pacing un-
derwent implantation of a dual-chamber pacemaker with 
2 atrial leads in the high atrial septum and in the coronary 
sinus ostium and then were assigned to different pacing 
modes: high RA overdrive, dual-site right atrial overdrive 
or support pacing (DDI or VDI) for 6  months each in 
a  randomized sequence.34 AF free survival tended to be 
longer in the dual-site group, and the risk of a recurrence 

of arrhythmia was lower in the subgroup of antiarrhyth-
mic drug treated-patients with the dual-site overdrive 
pacing mode, especially in patients with less than 1 AF 
event per week. However, a  comparative analysis of AF 
prevention between the pacing modes is greatly impact-
ed by poor adherence and high crossover rates in support 
and overdrive high RA pacing.

Prakash et al. randomized 79 patients in the same way as 
Saksena et al. and performed echocardiographic studies 
which proved that the dual-site atrial pacing improved the 
atrial filling fraction, whilst the high right atrium pacing 
resulted in a deterioration of the left ventricle fraction.35

Delfaut et al., in their study, proved that in patients with 
drug-refractory recurrent atrial fibrillation and bradycar-
dia, the atrial pacing in combination with antiarrhythmic 
drugs eliminates or markedly reduces recurrences of ar-
rhythmia.36 The benefit was enhanced by dual-site right 
atrial pacing as compared to single-site atrial pacing at the 
high right atrium and the coronary sinus ostium.

Tse et al., in their study, suggested that overdrive pac-
ing at the right atrial appendage and the coronary sinus 
ostium simultaneously or pacing the interatrial septum 
leads to a reduction of the atrial activation time and im-
proves mechanical efficiency, which may slow down the 
progression of a proarrhythmic substrate in the atria.37

Biatrial pacing achieved by simultaneous pacing at the 
coronary sinus and the high right atrium was investi-
gated by D’Allonnes et al. in a group of 86 patients with 
tachyarrhythmias and a P-wave duration ≥ 120 ms, or an 
interatrial conduction time ≥ 100 ms.38 After 33 months, 
64% of patients maintained the sinus rhythm including 
32.6% without any documented recurrence of arrhyth-
mia. The same location of atrial leads was used in a study 
by Lau.39 In patients with paroxysmal AF without brady-
cardia, biatrial pacing above the sinus rate prolonged the 
time to clinical recurrence of arrhythmia compared to 
high right atrial pacing at 30 beats per minute.

Yu et al. analyzed the atrial conduction time and elec-
trogram width of the right posterior interatrial septum 
during drive-train stimulation at the high right atrium, 
the distal coronary sinus or both sites simultaneously and 
an early extrastimulation.40 Biatrial pacing reduced the 
atrial conduction delay caused by the early extrastimula-
tion and reduced the increase of electrogram width at the 
posterior interatrial septum. These effects could possibly 
prevent induction of atrial fibrillation. Hansen et al. inves-
tigated AF susceptibility in mongrel dogs and concluded 
that multisite pacing simultaneously at the pulmonary 
vein ostia, left atrium and right atrium decreased atrial 
activation times and reduced AF induction by 40%.41

Biatrial pacing was compared to right atrial appendage 
pacing and backup pacing by Levy et al.42 In the study, the 
pacing at a base rate of 70 beats/min showed an antifibril-
latory effect compared to an inhibited pacing at 40 beats/
min, but there was no additional benefit from biatrial pac-
ing compared to single site right atrial pacing.
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Lewicka-Nowak et  al. described the efficacy and fea-
sibility of atrial resynchronization using multisite atrial 
pacing at the Bachmann’s bundle region and the coro-
nary sinus ostium.43 In  97  patients with symptomatic, 
drug-refractory paroxysmal or persistent atrial fibrilla-
tion and a sinus P-wave duration ≥ 120 ms, this treatment 
resulted in a  decrease of the incidence and duration of 
AF-related hospitalizations, lowering the mean number 
of antiarrhythmic drugs used and the need for cardiover-
sion. In another study of theirs, in patients with similar 
characteristics, pacing of the Bachmann’s bundle and the 
coronary sinus ostium had no influence on the global he-
modynamics, nevertheless it caused an earlier and more 
synchronized LA  contraction and a  reversed right-left 
contraction sequence.44

Despite the encouraging results of some research pro-
jects, the usefulness of multisite pacing may be limited by 
the requirement for 2 atrial leads and a Y connector.

Conclusions
Atrial pacing is a method of choice in sinoatrial node 

disease. It provides the physiological electrical activation 
of the atria and, in the presence of proper atrioventricular 
conduction, it enables the physiological activation of the 
ventricles. Historically, the atrial pacing lead was located 
within the appendix of the right atrium, which was con-
strained by the lead fixation technique. The introduction 
of active fixation leads enabled almost all the atrial loca-
tions to be paced and the electrical and mechanical prop-
erties of such pacing sites are of paramount importance. 
The overview of the published studies makes it possible 
to draw a conclusion that the upper and more central lo-
cations within the right atrium seem to be superior to the 
lower and more lateral pacing sites.

The pacing sites incorporating the right atrial roof, the 
upper part of the interatrial septum and the Bachmann’s 
bundle itself make possible fast interatrial conduction and 
shorter P-wave duration, resulting in better antiarrhyth-
mic properties. More physiological impulse propagation 
seems to prevent the long-term remodeling of the atria. 
Multisite atrial pacing, despite its positive influence on 
atrial synchrony, does not seem to be widely used due to 
the adverse side effects caused by numerous intravenous 
electrodes.

The  vast area of uncertainty regarding the long term 
hemodynamic effects of different atrial pacing sites origi-
nates from the lack of large studies with longer follow-up. 
Atrial arrhythmias may not be a reliable end-point in this 
regard because other factors influence the arrhythmogen-
esis to a large extent. There is a need for prospective fol-
low up studies assessing the contribution of different 
atrial pacing sites to the development of so-called heart 
failure with preserved systolic function or even simple 
long-term observations on left atrium volume.

References
 1. Roithinger FX, Cheng J, Sippens-Groenewegen A, et al. Use of elec-

troanatomic mapping to delineate transseptal atrial conduction in 
humans. Circulation. 1999;100:1791–1797.

 2. Lemery R, Soucie L, Martin B, Tang AS, Green M, Healey J. Human 
study of biatrial electrical coupling: Determinants of endocardial 
septal activation and conduction over interatrial connections. Cir-
culation. 2004;110:2083–2089.

 3. Betts TR, Roberts PR, Morgan JM. High-density mapping of left atri-
al endocardial activation during sinus rhythm and coronary sinus 
pacing in patients with paroxysmal atrial fibrillation. J  Cardiovasc 
Electrophysiol. 2004;15:1111–1117.

 4. O’Neal  WT, Almahmoud  MF, Soliman  EZ. Resting heart rate and 
incident atrial fibrillation in the elderly. Pacing Clin Electrophysiol. 
2015;38:591–597.

 5. Uhm  JS, Mun  HS, Wi  J, et  al. Prolonged atrial effective refracto-
ry periods in atrial fibrillation patients associated with structural 
heart disease or sinus node dysfunction compared with lone atrial 
fibrillation. Pacing Clin Electrophysiol. 2013;36:163–171.

 6. Hoffmann E, Sulke N, Edvardsson N, et al. Atrial fibrillation therapy 
trial investigators. New insights into the initiation of atrial fibrilla-
tion: A detailed intraindividual and interindividual analysis of the 
spontaneous onset of atrial fibrillation using new diagnostic pace-
maker features. Circulation. 2006;113:1933–1941.

 7. Andersen HR, Nielsen JC, Thomsen PE, et al. Long-term follow-up 
of patients from a randomised trial of atrial versus ventricular pac-
ing for sick-sinus syndrome. Lancet. 1997;350:1210–1216.

 8. Kerr CR, Connolly SJ, Abdollah H, et al. Canadian trial of physiolog-
ical pacing: Effects of physiological pacing during long-term fol-
low-up. Circulation. 2004;109:357–362.

 9. Hjortshøj  S, Riahi  S, Nielsen  JC, Skjøth  F, Lundbye-Christensen  S, 
Andersen  HR. DANPACE Investigators. Does atrial pacing lead to 
atrial fibrillation in patients with sick sinus syndrome? Insights from 
the DANPACE trial. Europace. 2014;16:241–245.

10. Elkayam  LU, Koehler  JL, Sheldon  TJ, Glotzer  TV, Rosenthal  LS, 
Lamas  GA. The  influence of atrial and ventricular pacing on the 
incidence of atrial fibrillation: A meta-analysis. Pacing Clin Electro-
physiol. 2011;34:1593–1599.

11. Inoue N, Ishikawa T, Sumita S, et al. Suppression of atrial fibrillation 
by atrial pacing. Circ J. 2006;70:1398–1401.

12. Nielsen JC, Thomsen PE, Højberg S, et al. DANPACE Investigators. 
A comparison of single-lead atrial pacing with dual-chamber pac-
ing in sick sinus syndrome. Eur Heart J. 2011; 32:686–696.

13. Kuniewicz  M, Rydlewska  A, Karkowski  G, Lelakowska-Pieła  M, 
Majewski  J, Lelakowski  J. Effectiveness of atrial versus atrioven-
tricular pacing for sick sinus syndrome during long-term follow-up. 
Kardiol Pol. 2015;73:7–16.

14. Nielsen JC, Thomsen PE, Højberg S, et al. DANPACE investigators. 
Atrial fibrillation in patients with sick sinus syndrome: The asso-
ciation with PQ-interval and percentage of ventricular pacing. 
Europace. 2012;14:682–689.

15. Veasey RA, Arya A, Freemantle N, et al. The usefulness of minimal 
ventricular pacing and preventive AF algorithms in the treatment 
of PAF: The  “MinVPace” study. J  Interv Card Electrophysiol. 2010;28: 
51–57.

16. Bennett  D. Comparison of the acute effects of pacing the atri-
al septum, right atrial appendage, coronary sinus os, and the lat-
ter two sites simultaneously on the duration of atrial activation. 
Heart. 2000;84:193–196.

17. Katsivas A, Manolis AG, Lazaris E, Vassilopoulos C, Louvros N. Atrial 
septal pacing to synchronize atrial depolarization in patients with 
delayed interatrial conduction. Pacing Clin Electrophysiol. 1998;21: 
2220–2225.

18. Healey  JS, Israel  CW, Connolly  SJ, et  al. Relevance of electrical 
remodeling in human atrial fibrillation: Results of the asympto-
matic atrial fibrillation and stroke evaluation in pacemaker patients 
and the atrial fibrillation reduction atrial pacing trial mechanisms of 
atrial fibrillation study. Circ Arrhythm Electrophysiol. 2012;5:626–631.

19. Kristensen  L, Nielsen  JC, Mortensen  PT, et  al. Sinus and paced 
P  wave duration and dispersion as predictors of atrial fibrillation 
after pacemaker implantation inpatients with isolated sick sinus 
syndrome. Pace. 2004;27:606–614.



Adv Clin Exp Med. 2017;26(2):351–357 357

20. De Sisti A, Leclercq JF, Stiubei M, Fiorello P, Halimi F, Attuel P. P Wave 
duration and morphology predict atrial fibrillation recurrence in 
patients with sinus node dysfunction and atrial-based pacemaker. 
PACE. 2002;25,1546–1554.

21. Bayés de Luna A, Cladellas M, Oter R, et al. Interatrial conduction 
block and retrograde activation of the left atrium and paroxysmal 
supraventricular tachyarrhythmia. Eur Heart J. 1988;9:1112–1118.

22. Endoh Y, Nakamura A, Suzuki T, et al. Clinical significance of pro-
longed P  wave width after right atrial appendage pacing In  sick 
sinus syndrome. Circ J. 2003;67:485–489.

23. Stabile G, Senatore G, De Simone A, et al. Determinants of efficacy 
of atrial pacing in preventing atrial fibrillation recurrences. J Cardi-
ovasc Electrophysiol. 1999;10:2–9.

24. de Voogt WG, van Mechelen R, van den Bos A, Scheffer M, van Hem-
mel  NM, Levine  PA. Electrical characteristics of low atrial septum 
pacing compared with right atrial appendage pacing. Europace. 
2005;7:60–66.

25. Minamiguchi  H, Nanto  S, Onishi  T, Watanabe  T, Uematsu  M, 
Komuro  I. Low atrial septal pacing with dual-chamber pacemak-
ers reduces atrial fibrillation in sick sinus syndrome. J  Cardiol. 
2011;57:223–230.

26. Hakacova N, Velimirovic D, Margitfalvi P, Hatala R, Buckingham TA. 
Septal atrial pacing for the prevention of atrial fibrillation. Europa-
ce. 2007;9;1124–1128.

27. Wang M, Siu CW, Lee KL, et al. Effects of right low atrial septal vs 
right atrial appendage pacing on atrial mechanical function and 
dyssynchrony in patients with sinus node dysfunction and parox-
ysmal atrial fibrillation. Europace. 2011;13(9:1268–1274.

28. Savitt MA, Rankin JS. Use of Bachmann’s bundle for bipolar atrial 
pacing. Ann Thorac Surg. 1993;56:183–184.

29. Bailin SJ, Adler S, Giudici M. Prevention of chronic atrial fibrillation 
by pacing in the region of Bachmann’s bundle: Results of a multi-
center randomized trial. J Cardiovasc Electrophysiol. 2001;12:912–917.

30. Bailin S. Is Bachmann’s bundle the only site for single-site pacing to 
prevent atrial fibrillation? Results of multicenter randomized trial. 
Card Electrophysiol Rev. 2003;7:325–328.

31. Sławuta  A, Skoczyński  P, Kliś  M, et  al. Bachmann’s bundle pacing 
improves left ventricle filling and reduces the need for ventricular 
pacing. Eur Heart J. 2014;35:90(Abstract suppl).

32. Sławuta  A, Skoczyński  P, Bańkowski  T, Kliś  M, Gajek  J. Bach-
mann’s bundle pacing not only improves interatrial conduc-
tion but also reduces the need for ventricular pacing. Eur Heart J. 
2013;34:489(Abstract suppl).

33. Spitzer S, Wacker P, Gazarek S, Malinowski K, Schibgilla V. Primary 
prevention of atrial fibrillation: Does the atrial lead position influ-
ence the incidence of atrial arrhythmias in patients with sinus node 
dysfunction? Results from PASTA study. PACE. 2009;32:1553–1561.

34. Saksena  S, Prakash  A, Ziegler  P, et  al. Improved suppression of 
recurrent atrial fibrillation with dual-site right atrial pacing and 
antiarrhythmic drug therapy. J Am Coll Cardiol. 2002;40:1140–1150.

35. Prakash A, Saksena S, Ziegler PD, et al. Dual site right atrial pacing 
can improve the impact of standard dual chamber pacing on atrial 
and ventricular mechanical function in patients with symptomatic 
atrial fibrillation: Further observations from the dual site atrial pac-
ing for prevention of atrial fibrillation trial. J Interv Card Electrophysi-
ol. 2005;12:177–187.

36. Delfaut  P, Saksena  S, Prakash  A, Krol  RB. Long-term outcome of 
patients with drug refractory atrial flutter and fibrillation after sin-
gle- and dual-site right atrial pacing for arrhythmia prevention. 
J Am Coll Cardiol. 1998;32:1900–1908.

37. Tse HF, Hettrick DA, Mehra R, Lau CP. Improved atrial mechanical 
efficiency during alternate- and multiple-site atrial pacing com-
pared with conventional right atrial appendage pacing: implica-
tions for selective site pacing to prevent atrial fibrillation. J Am Coll 
Cardiol. 2006;47:209–212.

38. D’Allonnes  GR, Pavin  D, Leclercq  C, et  al. Long-term effects of 
biatrial synchronous pacing to prevent drug-refractory atrial 
tachyarrhythmia: A nine-year experience. J Cardiovasc Electrophysi-
ol. 2000;11:1081–1091.

39. Lau CP, Tse HF, Yu CM, et al. New indication for preventive pacing 
in atrial fibrillation (NIPP-AF) investigators. Dual-site atrial pacing 
for atrial fibrillation in patients without bradycardia. J Am Cardiol. 
2001;88:371–375.

40. Yu  WC, Chen  SA, Tai  CT, Feng  AN, Chang  MS. Effects of different 
atrial pacing modes on atrial electrophysiology: Implicating the 
mechanism of biatrial pacing in prevention of atrial fibrillation. Cir-
culation. 1997;96:2992–2996.

41. Hansen JC, Latchamsetty R, Lavi N, et al. High-density biatrial pac-
ing protects against atrial fibrillation by synchronizing left atrial tis-
sue. J Interv Card Electrophysiol. 2010;27:81–87.

42. Levy  T, Walker  S, Rochelle  J, Paul  V. Evaluation of biatrial pacing, 
right atrial pacing, and no pacing in patients with drug refractory 
atrial fibrillation. Am J Cardiol. 1999;84:426–429.

43. Lewicka-Nowak  E, Kutarski  A, Dabrowska-Kugacka  A, Rucinski  P, 
Zagozdzon P, Raczak G. A novel method of multisite atrial pacing, 
incorporating Bachmann’s bundle area and coronary sinus ostium, 
for electrical atrial resynchronization in patients with recurrent 
atrial fibrillation. Europace. 2007;9:805–811.

44. Lewicka-Nowak E, Dabrowska-Kugacka A, Rucinski P, Kozlowski D, 
Raczak G, Kutarski A. Atrial function during different multisite atri-
al pacing modalities in patients with bradycardia–tachycardia syn-
drome. Circ J. 2009;73:2029–2035.





Address for correspondence
Sylwia Bednarska
E-mail: friosylvie@op.pl

Funding sources
none declared

Conflict of interest
none declared

Received on June 11, 2015
Revised on August 09, 2015
Accepted on September 10, 2015

Abstract
Polycystic ovary syndrome (PCOS) is currently the leading cause of menstrual complications in women. It is 
characterized by clinical and/or biochemical hyperandrogenism, ovulation abnormalities and the presence 
of enlarged and/or polycystic ovaries in ultrasound images (12 or more small bubbles located circumfer-
entially and/or ovarian volume > 10 mL). It is often comorbid with hyperinsulinemia, dyslipidemia, over-
weight or obesity, and is a risk factor for the development of diabetes and cardiovascular diseases (CVDs). 
The treatment of patients with PCOS depends on the prevailing symptoms. The aim of this paper is to pres-
ent the etiopathogenesis, clinical and biochemical implications, and non-pharmacological and pharmaco-
logical treatment options – those approved by worldwide scientific organizations as well as new therapies 
whose initial results are encouraging enough to prompt researchers to explore them further.
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Polycystic ovary syndrome (PCOS), also known as 
the Stein-Leventhal syndrome, is one of the most com-
mon endocrinopathies among women of reproductive 
age. It  is estimated that it affects 3–15% of all women. 
An  abnormality in the ovaries is the primary cause of 
the disorder, but additional agents, such as obesity and 
environmental factors, affect the development of indi-
vidual symptoms.1 The Rotterdam criteria (2003) are the 
most widely used and relevant criteria for the diagnosis 
of PCOS. The disorder is diagnosed if 2 of the 3 specified 
conditions are met: (1) hyperandrogenism (detected by 
clinical and/or biochemical testing) (2) ovulation abnor-
malities, and/or (3) 12 or more cysts on one ovary and/or 
ovarian volume > 10 mL. There are also 2 other defini-
tions of the syndrome in addition to the Rotterdam cri-
teria. According to the criteria proposed by the National 
Institutes of Health (NIH, 2009), a diagnosis of PCOS in-
volves detection of clinical or biochemical hyperandro-
genism and chronic ovulation disorders. The Androgen 
Excess Society (2006), on the other hand, treats hyper-
androgenism as the basic PCOS disorder and the pre-
requisite for a diagnosis, in combination with one of the 
2 remaining Rotterdam criteria.2 In all these cases, PCOS 
can be diagnosed after Cushing’s syndrome, congenital 
adrenal hyperplasia and/or androgen-secreting tumors 
have been ruled out.

Based on the Rotterdam criteria, 4 phenotypes of PCOS 
can be distinguished: (1)  classic: hyperandrogenism (H), 
ovulation disorders (O) and a polycystic ovary (P) detected 
by USG (HOP); (2) with hyperandrogenism and ovulation 
disorders, but with a  normal ovarian USG image (HO); 
(3) with hyperandrogenism and a polycystic ovary USG 
image, but without ovulation disorders (HP); (4)  with 
ovulation disorders and a polycystic ovary USG image, but 
without evidence of hyperandrogenism (OP).1–3

Despite these seemingly clear criteria, the etiology of 
PCOS remains unknown, and precise treatment proce-
dures have not been established. PCOS therefore con-
tinues to be the object of research and scientific inquiry. 
In  this paper, the postulated causes and possible effects 
of the clinical and biochemical syndrome are discussed, 
along with currently accepted and novel therapeutic 
methods.

Etiopathogenesis
A defect of the ovarian cells (most likely theca cells) is 

the underlying cause of PCOS, resulting in excessive an-
drogen synthesis and the clinical and biochemical symp-
toms of the disease.1,2 In the literature, reference is made 
to the participation of genetic factors, including ethnic-
ity; there is a higher frequency of PCOS in Spanish, na-
tive American and Mexican women.41 In  their original 

description of the syndrome, Stein and Leventhal em-
phasized that a  high ratio of luteinizing hormone (LH) 
to follicle-stimulating hormone (FSH) is one of the basic 
disorders. It has also been suggested that the underlying 
causes of PCOS include increased frequency of gonado-
tropin-releasing hormone (GnRH) pulses that stimulate 
the theca cells to produce androgen; decreased levels of 
FSH (and thus a defect in the late luteal and early follicu-
lar phases); insulin resistance via a post-receptor defect in 
the fat tissue and skeletal muscles (abnormal phosphoryl-
ation of tyrosine kinase); pancreatic beta-cell dysfunction; 
and obesity.1,3 It is often impossible to determine defini-
tively what is a cause and what is an effect in the develop-
ment of PCOS. In addition, it is generally recognized that 
obesity increases menstrual disorders and hyperandrog-
enism, while weight reduction reduces the clinical signs. 
Reduced insulin sensitivity is an important issue in both 
obese and underweight women with PCOS; it is estimat-
ed that 50–70% of women with the condition show insulin 
resistance of varying intensities.3

Genetic factors

The  influence of genetic factors was highlighted by 
Davies et  al., who proved that mothers of women with 
PCOS are more likely to have a cardiovascular disease and 
that their risk of hypertension is twice as high as mothers 
of women without PCOS, while fathers of women with 
PCOS are twice as likely to have heart disease and 4 times 
more likely to have experienced cerebral stroke.5 Tan et al. 
emphasized the increased likelihood of insulin resistance 
(IR) associated with certain genes (such as INSIG2 and 
MC4R) and the particular impact of TCF7L2 SNP on the 
development of diabetes mellitus type 2 (DM2) and body 
weight gain in patients with PCOS (a  per-allele weight 
gain of 1.56 kg/m2).6 The etiology of IR was also discussed 
by Fica et al., who, while highlighting the complex mecha-
nisms of PCOS, identified insulin receptor autophospho-
rylation, reduced levels of phosphatidylinositol-3-kinase 
in muscle tissue and visceral adiposity as probable mech-
anisms.7

Hyperinsulinemia/insulin resistance

Hyperinsulinemia in combination with pancreatic beta 
cell dysfunction results in an increased risk of many dis-
eases, including type  2 diabetes, hypertension, dyslipid-
emia, endothelial dysfunction, atherosclerosis and cardio-
vascular diseases. Insulin also stimulates the theca cells 
of the ovary to produce excessive testosterone, which is 
responsible for the clinical symptoms of hyperandrogen-
ism (acne, hirsutism, alopecia).8 Cardiovascular risk is 
also elevated in women who are chronic smokers, as dem-
onstrated in a recent work by Marotti et al.4
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Inflammation

The role of inflammation in PCOS has been the subject 
of a number of studies, and direct correlations have been 
found between increased levels of inflammation markers 
(CRP, ferritin, leukocyte TNF-α, IL-6, IL-18) and the de-
velopment of PCOS. Other contributors include elevated 
levels of PAI1 and free fatty acids, influencing excessive 
phosphorylation of serine residues, leading to a rise in in-
sulin resistance.9 Newly emerging issues include a path-
ogenic correlation of the markers of iron overload with 
PCOS. Increased levels of ferritin and transferrin and 
a higher frequency of the HP2/HP2 genotype of the hapto-
globin α chain have been observed, causing a reduction of 
anti-inflammatory cytokines and antioxidant molecules, 
leading to a state of chronic inflammatory response.10,11

Clinical implications
In addition to hyperandrogenism and its related compli-

cations, the most common abnormalities associated with 
PCOS include menstrual disorders (amenorrhea or oligo-
menorrhea), often leading to infertility (in 73–74% of the 
cases), abdominal obesity (30–70%) and type 2 diabetes 
(approximately 10%).1,7 The prevalence of metabolic dis-
orders in women with PCOS is higher than in the healthy 

population, with type 2 diabetes occurring at the highest 
frequency (3–7 times), especially in Indians.2,44 Other fre-
quent disorders include hirsutism (85–90%) symptoms of 
metabolic syndrome (MS, approximately 40%), obesity/
overweight (40–60%), lipid disorders, arterial hyperten-
sion (approximately 20%) (Table 1). It is worth noting that 
any excessive weight in these patients impairs the regu-
larity of menstrual bleeding and responses to metformin 
and insulin treatment, exacerbates the symptoms of hy-
perandrogenism and also increases cardiovascular risk 
(Fig. 1).3,11,15

Recent reports have revealed a  close correlation be-
tween mental disorders and clinical PCOS symptoms 
such as acne, hirsutism, infertility, obesity and a poorer 
quality of life. A higher frequency of depression, drug-re-
lated and bipolar disorders, bulimia, anorexia or non-spe-

Fig. 1. A chart of correlated symptoms in obese PCOS patients and possible targets for treatment (*)

Table 1. Frequency of typical disorders in PCOS

Abnormality Frequency 

Infertility 73–75%

Hirsutism 85–90%

Metabolic syndrome:
  abdominal obesity
  diabetes type 2
  arterial hypertension
  disturbed lipid metabolism

40%
30–70%

10%
20%

unavailable
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cific dietary disorders was noted among PCOS patients.12 
Chronic hyperandrogenemia, which leads to increased 
aromatization of androgens to estrogens in adipose tis-
sue, may contribute further to the development of hor-
mone-dependent tumors, such as endometrial, mammary 
or ovary neoplasms.13

Taking into account the considerations presented above, 
it is advisable for routine oral glucose tolerance testing 
(OGTT) to be performed in obese women with PCOS 
(but routine OGTT is not necessary for women with 
normal body weight). Patients diagnosed with PCOS are 
included in the groups at risk of developing diabetes, in 
accordance with the standards of the Polish Diabetes As-
sociation.14

Biochemical disorders
In polycystic ovaries, abnormal steroidogenesis is man-

ifested primarily by increased production of androgens 
and estradiol, and the malfunctioning hypothalamic-pi-
tuitary-ovarian axis is manifested by increased secretion 
of LH, anti-mullerian hormone (AMH), a  higher fre-
quency of GnRH pulses and a reduction in FSH concen-
tration.1,2 These correlations (most importantly the par-
ticipation of androgens) are associated with a disturbed 
lipid profile: an increase in very-low-density lipoprotein 
(VLDL), low-density lipoprotein (LDL) and triglycer-
ides (TG), and a  decrease in HDL- and LDL-cholester-
ol, regardless of body weight. Dyslipidemia, coagulation 
disorders, increased plasminogen activator inhibitor 1 
(PAI1) and other metabolic consequences, increases in 
the coronary artery calcium score and resultant increases 
in carotid intima-media thickness (CIMT) lead to an in-
crease in the risk of cardiovascular disorders.15 Obesity/
overweight coexisting with PCOS can lead to iron defi-
ciency (through increased production of proinflammato-
ry cytokines, oxidative stress and a resultant increase in 
the levels of hepcidin, inhibiting the absorption of iron 
from enterocytes), and thus the signs of anemia in those 
women. There are many reports on the role of iron defi-
ciency in the development of diabetes and its complica-
tions. The opposite situation also occurs, and iron over-
load in obese women with PCOS as measured by levels 
of ferritin, soluble transferrin receptor (sTfR), hepcidin 
and heme iron, is also a risk factor for insulin resistance, 
type  2 diabetes and cardiac disease. Reducing the con-
sumption of red meat and the use of iron-zinc chelators 
may be beneficial.10 Bu et  al. have shown a  relationship 
between elevated serum levels of preptin (34-amino acid 
protein secreted from the beta cells of the pancreas along 
with insulin) with impaired glucose tolerance (IGT) in 
both PCOS patients and healthy controls, but found no 
correlation with PCOS status.16

The results of the available studies suggest that PCOS 
entails subclinical damage at the cellular level at an early 

stage of the disease, with the possibility of many adverse 
long-term sequelae. This indicates that it is necessary to 
implement prevention strategies and interventions that 
must sometimes be started at an early stage in the devel-
opment of the symptoms.

Currently applied treatment
The  procedures used in PCOS treatment depend pri-

marily on the desired clinical effect: infertility treatment, 
regulation of menstrual disturbances, alleviation of the 
symptoms of hyperandrogenism or obesity treatment.

For women wishing to conceive, clomifene still remains 
first-line therapy. It  is an estrogen receptor modulator 
that directly affects the hypothalamic-pituitary axis, act-
ing rapidly and effectively; 75% of the pregnancies in pa-
tients using clomifene are conceived in the first 3 months 
of treatment.1

Another drug used with PCOS patients wishing to re-
store fertility is metformin; its effectiveness can be ob-
served after 6 months of treatment.1,2 The role of metfor-
min in inducing ovulation is still controversial. It is known 
for certain that metformin contributes to reducing insulin 
levels and androgens, thus restoring the regularity of the 
ovulatory cycle and periods. Metformin is a biguanide de-
rivative, well-known for many years; it not only reduces 
insulin resistance and blood pressure, improves the lipid 
profile and antioxidant characteristics and increases the 
levels of sex hormone binding globulin (SHBG), but also 
(through its pleiotropic effect on the vascular endotheli-
um) acts to protect the cardiovascular system.21,22 In ad-
dition, its dose-dependent protective effect against the 
risk of developing endometrial, mammary, intestinal and 
hepatic cancer has been reported by several authors.19,20 
Although many researchers claim that metformin plays 
a  role in reducing body weight, a  recent study has con-
tradicted that view, pointing to the absence of any such 
correlation; the only possible relationship involves redis-
tribution of active visceral fat to inactive subcutaneous 
fat.21 The  starting dose of 500  mg once a  day at lunch 
time, increased to 3 tablets/24 h when tolerance is good, 
does not influence insulin resistance if it is not applied too 
long.1 Tang et al. have shown a negative correlation in the 
reduction of insulin resistance after 6 months of therapy, 
as opposed to a study by Oppelt et al. that found increased 
insulin resistance after a 2-year period of intervention.22,23 
Although older reports did not confirm the effect of met-
formin on clinical symptoms related to hyperandrogen-
ism, recent data indicate effects of that kind, especially in 
reducing skin problems (hirsutism, acne, acanthosis nig-
ricans).1,12

Other therapeutic options for women with the problem 
of infertility in PCOS are gonadotropins, used to induce 
ovulation, or laparoscopic surgery for patients resistant to 
pharmacological therapies. Laparoscopic techniques that 
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can successfully trigger ovulation include ovarian biopsy 
and electrocautery, laparoscopic ovarian drilling, trans-
vaginal hydrolaparoscopy, ultrasound guided transvaginal 
ovarian needle drilling or laparoscopic ovarian multi-nee-
dle intervention.1,43

PCOS patients whose goal is not pregnancy are usually 
advised to use oral contraceptives (OCP), which effectively 
restore the rhythm of bleeding, reduce hyperandrogenism 
and also contribute to reducing the risk of endometrial 
hyperplasia.1 The  effects of excessive androgen synthe-
sis on a patient’s appearance – hirsutism, acne, alopecia, 
acanthosis nigricans – are among the most frequent prob-
lems causing patients with PCOS to seek medical care. 
They are also among the main causes of deterioration in 
their quality of life, chronic stress and mental disorders, 
including depression.12 The  pharmacological therapies 
for these problems primarily make use of antiandrogen 
drugs, such as cyproterone acetate in combination with 
ethinyl estradiol (OCP), spironolactone or metformin.

Drugs that are not normally used in the treatment of 
hyperandrogenism, but which can be taken into consider-
ation, include long-acting GnRH analogs, ketoconazole, 
glucocorticoids, flutamide and finasteride.

Local procedures intended to reduce excessive hair 
growth include beauty treatments, such as hair removal, 
electrolysis, laser destruction of the follicles and/or appli-
cation of a cream containing 13.9% ornithine decarboxy-
lase inhibitor and 13.9% eflornithine. Studies have shown 
that the substances contained in the cream, applied twice 
a day for 6 months reduce hair growth. The cream is well 
tolerated and, in combination with laser epilation, is more 
effective than hair removal methods used alone.25

Another goal of therapy in PCOS is to reduce obesity, 
where in addition to lifestyle modification, diet and phar-
macological therapy with metformin, surgical methods 
have been applied. It has been demonstrated that bariatric 
procedures for the treatment of obesity greatly improve 
the profile of patients with PCOS by preventing metabolic 
syndrome; reducing body weight, blood pressure and the 
risk of cardiovascular diseases; restoring normal function 
of the hypothalamic-pituitary axis; improving reproduc-
tive function; and also, as demonstrated by Eid et al., nor-
malizing blood pressure in approximately 78% of treated 
patients with previous hypertension.24

New therapeutic options
Among the new therapeutic options for PCOS patients, 

isotretinoin –  a  popular drug used to treat acne –  de-
serves to be mentioned. In a study by Cakir et al., women 
with acne (46 without PCOS and 50 with PCOS) received 
intramuscular injections of 0.5–1 mg/kg/dL isotretinoin, 
and the effects of the treatment were observed after one 
and 2  years. In  both groups, the therapy was highly ef-
fective (91.6% achieved complete remission of their acne), 

which may lead to the use of isotretinoin as a  first line 
treatment for PCOS patients with acne, second only to 
oral contraceptive therapy. Isotretinoin may improve the 
patients’ reduced AMH levels, which correlate with ele-
vated androgen levels.26 However, the results of a recently 
published study by Cetinözman et al. indicate that severe 
acne does not correlate with the level of androgens or 
sensitivity to insulin. Isotretinoin therapy not only fails to 
produce the desired clinical effect but contributes to an 
increase in body weight and triglyceride levels in the pa-
tients.27 Due to the high costs, the multitude of potential 
adverse effects and its problematic effectiveness, isotreti-
noin treatment is not yet widely recommended in PCOS, 
although the prospects are promising.

Androgenetic alopecia (AGA) is another problem as-
sociated with PCOS. Antiandrogenic drugs (cyproterone 
acetate) and inhibitors of 5-alpha reductase (finasteride) 
are particularly effective in hyperandrogenism accompa-
nied by increased body mass, but a good response has also 
been observed with a 2% solution of a drug called minox-
idil used twice a day for at least 6 months. This chemical, 
after it is converted to its active form (minoxidil sulfate), 
opens the ATP-dependent potassium channels in cells, 
causing a vasodilatation effect by increasing the produc-
tion of vascular endothelial growth factor (VEGF) in der-
mal papillae, stimulating hepatocyte growth factor (HGF) 
production and activating the synthesis of prostaglandins, 
which are mechanisms that ultimately lead to stimulation 
of hair growth.28

Other therapeutic options include combination ther-
apy. An  interesting alternative was proposed recently 
by Vinaixa et al., who subjected non-obese women with 
PCOS to 3-month flutamide-metformin-pioglitazone 
polytherapy combined with ester-progestogen treatment, 
pointing to the benefit of such treatment with respect to 
the lipid profile (reduced LDL, increased HDL) higher an-
drogen levels as well as increased carotid intima media 
(CIM) thickness, which in turn prevents the occurrence 
of atherosclerosis and related complications.29

Another alternative is the use of thiazolidinedione de-
rivatives, which stimulate peroxisome proliferator-acti-
vated receptor type γ  (PPAR-γ), enhance insulin sensi-
tivity, reduce the level of glucose. However, these drugs 
do not reduce androgen levels and can contribute to pa-
tients’ weight gain; in addition, they are contraindicated 
for women wishing to become pregnant.30

Encouraging results suggest that metformin combina-
tion therapy with new drugs acting on the incretin sys-
tem (glucagon-like peptide receptor agonists 1-GLP-1, for 
example liraglutide or exenatide) leads to more effective 
weight reduction, lowers insulin resistance and improves 
reproductive function. However, they are still not regis-
tered as drugs with a high safety profile in women of re-
productive age.31

Several studies have recently been published on the ef-
fectiveness of vitamin D  supplementation, especially in 
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autumn and winter. The authors have pointed out that vi-
tamin D deficiency has an impact on the pathogenesis of 
insulin resistance in PCOS.32

Studies on the use of statins for the treatment of PCOS 
seem to be extremely encouraging, especially consider-
ing that approximately 70% of women with this syndrome 
are affected by lipid disorders and obesity. As blockers of 
3-hydroxy-3-methylglutaryl-coenzyme A  (HMG-CoA) 
reductase, statins have pleiotropic effects through their 
anti-inflammatory, antioxidant, antiproliferative and li-
pid-lowering activity. By blocking the formation of the 
malonic acid required for the synthesis of cholesterol, 
they inhibit the proliferation of cells in the ovarian the-
ca cell layer, with a resultant reduction in the synthesis 
of steroid hormones.1 This was confirmed by the results 
of Celik and Acbay, who demonstrated that a  12-week 
combination therapy with metformin and rosuvastatin 
is more effective in reducing the testosterone, DHEA-S, 
body weight, CRP, TG and LDL cholesterol than the use 
of either of those drugs alone.33 Other authors com-
pared the effects of different types of statins on selected 
endpoints. They proved, for example, that atorvastatin 
is more effective than simvastatin in improving insulin 
sensitivity, reducing the level of insulin in the fasting 
state, lowering blood pressure and reducing the con-
centration of advanced glycation end products (AGEs, 
which can affect the course of many diseases and degen-
erative processes). Atorvastatin also reduces the level of 
serum malondialdehyde (MDA) as a marker of oxidative 
stress. MDA is indirectly connected with the reduction 
of levels of CRP and total testosterone, and with increas-
ing levels of 25-hydroxyvitamin D  (25OHD) in PCOS 
patients.34,35

An  interesting issue is the finding that supplementa-
tion with omega-3, α-lipoic acid and N-acetyl cysteine 
results in an antioxidant, anti-inflammatory effect, 
improves insulin sensitivity and the lipid profile of 
women with PCOS.36 Salehpour et  al. demonstrated 
that N-acetyl cysteine lowers levels of testosterone, re-
duces androgen response to gonadotropin stimulation, 
improves ovulation rates and long-term health after 
6 months of  treatment.37

In recent years, attention has also been paid to the role 
of increased activity of the sympathetic nervous system 

in the pathogenesis, progression and treatment of PCOS. 
It  has been shown that increased intraovarian produc-
tion of nerve growth factor (NGF) and elevated muscle 
sympathetic nerve activity (MSNA) stimulate the devel-
opment of obesity, hyperinsulinemia, obstructive sleep 
apnea (OSA) and metabolic disorders in PCOS patients. 
In these cases the use of non-pharmacological interven-
tions (weight reduction, continuous positive airway pres-
sure in OSA, electroacupuncture stimulation of barore-
ceptors), pharmacological treatment (drugs that increase 
insulin sensitivity) and surgical procedures (renal dener-
vation) can bring surprising results.38,39

Studies on the role of fibroblast growth factors (FGFs) 
in the pathogenesis of PCOS, metabolic disorders, type 2 
diabetes and the cutaneous manifestations of hyperan-
drogenism represent an absolutely new approach. It has 
been shown that FGFs – particularly FGF-1, -10, -19 and 
-21 –  are involved not only in the regulation of carbo-
hydrate and lipid metabolism and show cardioprotective 
activity (FGF-21), but are also responsible for the cutane-
ous manifestations of excessive activity of the sebaceous 
glands.40 Decreased levels of FGF-19 have been observed 
among PCOS patients. An  analog of FGF-21 called LY 
2405319, currently being tested in clinical settings, re-
duces insulin resistance and lowers blood glucose, cho-
lesterol, triglycerides, LDL, and also helps in weight re-
duction.41

In recent years, there have been reports concerning im-
provement in insulin sensitivity in women with PCOS due 
to myo-inositol treatment. It has been shown in some clin-
ical trials that myo-inositol not only decreases glycemia 
in OGTT, the homeostatic model assessment (HOMA) 
index, and reduces the secretion of LH, DHEA, testoster-
one and progesterone but also improves the serum lipid 
profile (cholesterol, triglycerides).42 A high concentration 
of myo-inositol in the follicular microenvironment im-
proves the availability of oocytes. Therefore myo-inositol 
restores menstrual regularity, ovulation and effectively 
increases the chances of getting pregnant. However, fur-
ther studies are needed to be able to use myo-inositol for 
fertility treatment.42

Table 2 presents a summary of current and new med-
ications, with their contraindications and possible side 
effects.

Table 2. Drug treatments for PCOS

Drug Effects Contraindications Side effects

Metformin –  restores regular bleeding and 
ovulation

–  reduces insulin resistance
–  improves arterial tension values
–  improves lipid profile
–  shows antioxidant activity
–  increases sex hormone binding 

globulin (SHBG) level
–  may help reduce body weight 

–  hypersensitivity
–  renal insufficiency
–  acute or chronic diseases that may cause 

tissue hypoxia, such as cardiac or respira-
tory insufficiency

–  lactation
–  hepatic damage

–  gastrointestinal disorders
–  lactic acidosis
–  dyspepsia, diarrhea, nausea, flatulence
–  metallic aftertaste in the mouth
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Drug Effects Contraindications Side effects

Oral 
Contraceptives

–  restore regular periods
–  reduce symptoms of hyperan-

drogenism
–  reduce risk of endometrial hyper-

plasia

–  past or current thromboembolic complica-
tions, cerebro- or cardiovascular disorders

–  obesity (BMI over 30 kg/m2)
–  pregnancy or suspected pregnancy
–  valvular heart disease
–  active hepatic disease
–  mammary or uterine cancer
–  reproductive tract bleeding of unknown 

etiology
–  estrogen-dependent tumors

–  arterial hypertension
–  nausea, vomiting
–  headache
–  dermal lesions (acne, hirsutism)
–  body weight gain
–  turgid breasts
–  leg cramps
–  vaginal staining or bleeding 

Clomifene –  infertility treatment (ovulation 
induction)

–  allergy to clomifene
–  pregnancy
–  hepatic disease
–  primary hypopituitarism
–  disturbed thyroid or adrenal function
–  uterine bleeding of unknown etiology
–  hormone-dependent tumors

–  headache, vertigo
–  tiredness
–  disturbed vision
–  nausea, vomiting
–  vasomotor symptoms
–  facial flush
–  mastalgia
–  abdominal pain
–  paramenia

Eflornithine –  controls facial hirsutism –  hypersensitivity to eflornithine or any 
adjuvant

–  acne
–  chronic folliculitis barbae
–  alopecia
–  skin burning sensation
–  xerodermia
–  itching
–  erythema
–  skin formication

GnRH analogs –  inhibit androgens –  hypersensitivity to any component of the 
product or other GnRH analogues

–  pregnancy or lactation
–  metabolic disorders of the skeletal system

–  menopausal symptoms
–  loss of bone mass
–  vaginal dryness
–  insomnia, mood swings, depression
–  reduced libido

Ketoconazole –  inhibits androgens –  acute or chronic hepatic disease
–  pregnancy or lactation

–  nausea
–  alopecia
–  dry skin
–  uterine bleeding
–  headache

Steroids –  inhibit androgens –  contraindicated in patients affected by 
symptoms or diseases which may be a side 
effect of their use, e.g. diabetes, hyperten-
sion, infections 

–  adrenal suppression
–  infections
–  neuro-psychiatric abnormalities
–  carbohydrate metabolism disorders, diabetes
–  electrolyte imbalance
–  osteoporosis
–  changes in lipid and protein metabolism
–  Cushing’s syndrome
–  gastric ulcer
–  muscle weakness
–  growth disorders in children
–  glaucoma
–  menstrual disorders

Spironolactone –  inhibits androgens –  hyperkalemia
–  touch-sensitive nipples
–  mastalgia
–  menstrual disorders
–  hirsutism
–  agranulocytosis
–  headaches
–  sleepiness
–  ataxia

–  hypersensitivity
–  hyponatremia, hyperkalemia
–  primary adrenal insufficiency
–  severe renal and hepatic failure
–  acute renal failure

Flutamide –  inhibits androgens –  hypersensitivity to any component of the 
product 

–  gynecomastia, mastalgia, galactorrhea
–  diarrhea, nausea, vomiting, increased appetite
–  insomnia, fatigue
–  abnormal liver function

Table 2. Drug treatments for PCOS – cont.
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Summary
Treatment of polycystic ovary syndrome, a disease af-

fecting a  significant part of the population of women 
worldwide, remains focused on specific targets, which 
may differ between individual women. The ideal would be 
causal treatment, but due to the ongoing lack of full under-
standing of the pathogenesis of the syndrome, is not en-
tirely feasible. However, the increasing amount of research 
and continually refined new therapeutic options mean 
that the effects of the available therapies are improving.  
Despite this, unfortunately, none of them is able to com-
pletely eliminate all the symptoms and adverse consequenc-
es of PCOS. A comprehensive approach, regular check-ups 
to prevent remote effects of the disease and a healthy, ac-
tive lifestyle seem to be the best possible solution.

References
 1. Wołczyński S, Zgliczyński W. Abnormalities of the menstrual cycle. 

In: Large Interna –  Endocrinology. 2nd edition. Medical Tribune 
Poland, Warsaw 2012, 561–567.

 2. The  Rotterdam ESHRE/ASRM-sponsored PCOS consensus work-
shop group. Revised 2003 consensus on diagnostic criteria and 
long-term health risks related to polycystic ovary syndrome (PCOS). 
Hum Reprod. 2004;19(1):41–47. doi: 10.1093/humrep/deh098.

 3. Milewicz A. Reimbursement of metformin for polycystic ovary syn-
drome. Endokrynol Pol. 2013;64(5):409–414. doi: 10.5603/EP.2013.0025.

 4. Morotti E, Battaglia B, Fabbri R, Paradisi R, Venturoli S, Battaglia C. 
Cigarette smoking and cardiovascular risk in young women with 
polycystic ovary syndrome. Int J  Fertil Steril.  2014;7(4):301–312. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3901187 [Published 
online 2013 Dec 22].

 5. Davies MJ, Marino JL, Willson KJ, March WA, Moore VM. Intergenera-
tional associations of chronic disease and polycistic ovary syndrome. 
PLoS One. 2011;6(10):e25947. doi: 10.1371/journal.pone. 0025947.

 6. Tan S, Scherag A, Janssen OE et al. Large effects on body mass index 
and insulin resistance women with PCOS (FTO) variants in patients 
with polycystic ovary syndrome (PCOS). BMC Med Genet. 2010;11:12. 
doi: 10.1186/1471-2350-11-12.

 7. Fica S, Albu A, Constantin M, Dobri GA, Davila  C. Insulin resistance 
and fertility in polycystic ovary syndrome. J Med Life. 2008;1(4):415–
422. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3018970/ Pub-
lished online 2008 Nov 25.

 8. Traub ML. Assessing and treating insulin resistance in women with 
polycystic ovarian syndrome. World J Diabetes. 2011;2(3):33–40. doi: 
10.4239/wjd.v2.i3.33.

 9. Sathyapalan T, Atkin ST. Mediators of inflammation in polycystic 
ovary syndrome in relation to adiposity. Mediat Inflamm. 2010;2010: 
758656. doi: 10.1155/2010/758656.

10. McClung J, Karl P. Iron deficiency and obesity: The contribution of 
inflammation and diminished iron absorption. Nutr Rev. 2009;67: 
100–104. doi: 10.1111/j.1753-4887.2008.00145.x.

11. Bentley-Lewis R, Selly E, Dunaif A. Ovarian hypertension: Polycystic 
ovary syndrome. Endocrinol Metab Clin North Am. 2011;40:433–449. 
doi: 10.1016/j.ecl.2011.01.009.

12. Krępuła K, Bidzińska-Speichert B, Lenarcik A, Tworowska-Bardziń-
ska U. Psychiatric disorders related to polycystic ovary syndrome. 
Pol J Endocrinol. 2012;63(6):488–491.

13. Dumesic DA, Lobo RA. Cancer risk and PCOS. Steroids. 2013;78(8): 
782–785. doi: 10.1016/j.steroids.2013.04.004.

Drug Effects Contraindications Side effects

Finasteride –  reduces alopecia –  hypersensitivity to any component of the 
product

–  pregnancy, planned pregnancy or breast-
feeding

–  decreased libido
–  rash
–  enlarged and tender breasts
–  hypersensitivity reactions

Isotretinoin –  severe acne (due to reduced AMH 
levels)

–  hypersensitivity to isotretinoin, peanuts, 
soybeans or other ingredients

–  pregnancy or lactation
–  liver failure
–  hypervitaminosis A
–  increased blood lipid levels
–  use of tetracycline antibiotics 

–  dry skin and eyes with conjunctivitis
–  dry mucous membranes, cheilitis
–  contact lens intolerance
–  anemia, accelerated ESR, increase in 

transaminase activity
–  itching, skin inflammation, rash, skin 

hypersensitivity
–  muscle and joint pain
–  abnormal lipid profile

Statins –  pleiotropic effects (anti-
inflammatory, antioxidant, 
antiproliferative and lowers the 
level of lipids)

–  inhibition of cell proliferation in 
the theca layer of the ovaries and 
reduction of steroid hormone 
synthesis 

–  active liver disease (ALT, AST exceeding 
3 times the upper limit of normal values)

–  pregnancy or lactation
–  hypersensitivity

–  muscle damage (myopathy)
–  increase in liver enzymes in the serum
–  headache
–  blurred vision
–  insomnia
–  ailments of the digestive tract
–  rash
–  joint pain

Fibroblast 
growth factors 
(FGFs)

–  regulation of carbohydrate and 
lipid metabolism

–  cardioprotection
–  reduction of insulin resistance

–  unknown –  unknown 

Vitamin D3 –  improves insulin sensitivity –  poisoning with or allergy to vitamin D –  myocardial injury
–  gastrointestinal symptoms: nausea, vomiting, 

diarrhea
–  hypercalciuria, polyuria, renal damage
–  pain in the muscles or joints

Table 2. Drug treatments for PCOS – cont.



Adv Clin Exp Med. 2017;26(2):359–367 367

14. Stovall DW, Bailey AP, Pastore LM. Assessment of insulin resistance 
and impaired glucose tolerance in lean women with polycystic 
ovary syndrome. J  Womens Health. 2011;20(1):37–43. doi: 10.1089/
jwh.2010.2053.

15. Sidhwani S, Scoccia B, Sunghay A, Stephens-Archer CN, Mazzone T, 
Sam S. PCOS is associated with atherogenic changes in lipoprotein 
particle number and size independent of body weight. Clin Endo-
crinol. 2011;75:76–82. doi: 10.1111/j.1365-2265.2011.04015.x.

16. Bu Z, Kuok K, Meng J, Wang R, Xu B, Zhang  H. The  relationship 
between polycystic ovary syndrome, glucose tolerance status and 
serum preptin level. Reprod Biol Endocrine. 2012;10:10. doi: 10.1186/ 
1477-7827-10-10.

17. Domecq JP, Prutsky G, Mullan RJ. Lifestyle modification programs 
in polycystic ovary syndrome: Systematic review and meta-analy-
sis. J Clin Endocrinol Metab. 2013;98(12):4655–4663. doi: 10.1210/jc. 
2013-2385.

18. Kahal H, Atkin SL, Sathyapalan  T. Pharmacological treatment of 
obesity in patients with polycystic ovary syndrome. J  Obes. 2011: 
402052. doi: 10.1155/2011/402052.

19. Beck E, Scheen AJ. Metformin, an antidiabetic molecule with anti-
cancer properties. Rev Med Liege. 2013;68(9):444–449.

20. Chung HH, Moon JS, Yoon JS, Lee HW, Won KC. The  relationship 
between metformin and cancer in patients with type  2 diabetes. 
Diabetes Metab J. 2013;37(2):125–131. doi: 10.4093/dmj.2013. 37.2.125.

21 Badr D, Kurban M, Abbas O. Metformin in dermatology: An over-
view. J  Eur Acad Dermatol Venereol. 2013;Nov, 27:1329–1335. doi: 
10.1111/jdv.12116.

22. Tang T, Glanville J, Hayden CJ, White D, Barth JH, Balen AH. Com-
bined lifestyle modification and metformin in obese patients with 
polycystic ovary syndrome: A  randomized, placebo-controlled, 
double-blind multicentre study. Hum Reprod. 2006;21:80–89. doi: 
10.1093/humrep/dei311.

23. Oppelt PG, Mueller A, Jentsch K, et  al. The  effect of metformin 
treatment for 2 years without caloric restriction on endocrine and 
metabolic parameters in women with polycystic ovary syndrome. 
Exp Clin Endocrinol Diabetes. 2010;118:633–637. doi: 10.1055/s-0029-
1237705.

24. Malik SM, Traub  M. Defining the role of bariatric surgery in poly-
cystic ovarian syndrome patients. World J Diabetes. 2012;3(4):71–79. 
doi: 10.4239/wjd.v3.i4.71.

25. Wolf JE, Shander D, Huber F, et al. Randomized, double-blind clini-
cal evaluation of the efficacy and safety of topical eflornithine HCl 
13.9% cream in the treatment of women with facial hair. Int J Der-
matol. 2007;46:94–99. doi: 10.1111/j.1365-4632.2006.03079.x.

26. Cakir GA, Erdogan FG, Gurler A. Isotretinoin treatment in nodulo-
cystic acne with and without polycystic ovary syndrome: Efficacy 
and determinants of relapse. Int J  Dermatol. 2013;Mar;52(3):371–
376. doi: 10.1111/j.1365-4632.2012.05691.x.

27. Çetinözman F, Yazgan AD, Elçin G, Yildiz BO. Insulin sensitivity, andro-
gens and isotretinoin therapy in women with severe acne. J Derma-
tolog Treat. 2014;25(2):119–122. doi: 10.3109/09546634.2012.751482.

28. Vexiau P, Chaspoux C, Boudou P, et al. Effects of minoxidil 2% vs. 
cyproterone acetate treatment on female androgenetic alope-
cia: A controlled, 12-month randomized trial. Br J Dermatol. 2002, 
146(6):992–999. doi: 10.1046/j.1365-2133.2002.04798.x.

29. Vinaixa M, Rodriguez MA, Samino S  et  al. Metabolomics reveals 
reduction of metabolic oxidation in women with polycystic ovary 
syndrome after pioglitazone-flutamide-metformin polytherapy. 
PLoS One. 2011;6(12):e29052. doi: 10.1371/journal.pone.0029052.

31. Du Q, Yang S, Wang YJ, Wu B, Zhao YY, Fan  B. Effects of thiazoli-
dinediones on polycystic ovary syndrome: A meta-analysis of ran-
domized placebo-controlled trials. Adv Ther. 2012;29(9):763–774. 
doi: 10.1007/s12325-012-0044-6.

31. Jensterle Sever M, Kocjan T, Pfeifer M, Kravos NA, Janez A. Short-
term combined treatment with liraglutide and metformin leads to 
significant weight loss in obese women with polycystic ovary syn-
drome and previous poor response to metformin. Eur J Endocrinol. 
2014;170(3):451–459. doi: 10.1530/EJE-13-0797.

32. Thomson RL, Spedding S, Brinkworth GD, Noakes M, Buckley JD. 
Seasonal effects on vitamin D  status influence outcomes of life-
style intervention in overweight and obese women with polycys-
tic ovary syndrome. Fertil Steril. 2013;99(6):1779–1785. doi: 10.1016/j.
fertnstert.2012.12.042.

33. Celik O, Acbay O. Effects of metformin plus rosuvastatin on hyper-
androgenism in polycystic ovary syndrome patients with hyper-
lipidemia and impaired glucose tolerance. J  Endocrinol Invest. 
2012;35(10):905–910. doi: 10.3275/8371.

34. Sathyapalan T, Shepherd J, Coady AM, Kilpatrick ES, Atkin SL. Ator-
vastatin reduces malondialdehyde concentrations in patients with 
polycystic ovary syndrome. J  Clin Endocrinol Metab. 2012;97(11): 
3951–3955. doi: 10.1210/jc.2012-2279.

35. Kimura Y, Hyogo H, Yamagishi S, et al. Atorvastatin decreases serum 
levels of advanced glycation endproducts (AGEs) in nonalcoholic 
steatohepatitis (NASH) patients with dyslipidemia: Clinical useful-
ness of AGEs as a biomarker for the attenuation of NASH. J Gastro-
enterol. 2010;45(7):750–757. doi: 10.1007/s00535-010-0203-y.

36. Macut D, Bjekić-Macut J, Savić-Radojević A. Dyslipidemia and oxi-
dative stress in PCOS. Front Horm Res. 2013;40:51–63. doi: 10.1159/ 
000341683.

37. Salehpour  S, Tohidi  M, Akhound  MR, Amirzargar  N. N-acetylcys-
teine: A novel remedy for polycystic ovarian syndrome. Int J Fertil 
Steril.  2009,3:66–73. https://www.researchgate.net/publication/ 
228674382_N_Acetyl_Cysteine_A_novel_Remedy_for_Poly_Cystic_ 
Ovarian_Syndrome. Accessed 23 Aug 2009.

38. Lansdown A, Rees DA. The  sympathetic nervous system in poly-
cystic ovary syndrome: A novel therapeutic target? Clin Endocrinol 
(Oxf). 2012;77(6):791–801. doi: 10.1111/cen.12003.

39. Schlaich MP, Straznicky N, Grima M, et al. Renal denervation: A poten-
tial new treatment modality for polycystic ovary syndrome? J  Hy- 
pertens. 2011;29(5):991–996. doi: 10.1097/HJH.0b013e328344db3a.

40. Katoh M. FGFR2 abnormalities underlie a spectrum of bone, skin, 
and cancer pathologies. J Invest Dermatol. 2009;129:1861–1867. doi: 
10.1038/jid.2009.97.

41. Kharitonenkov A, Adams AC. Inventing new medicines: The FGF21 
story. Mol Metab.  2014;3:221–229. doi: 10.1016/j.molmet.2013.12. 
003.

42. Unfer V, Carlomagno G, Dante G, et  al. Effects of myo-inositol 
in women with PCOS: A  systematic review of randomized con-
trolled trials. Gynecol Endocrinol. 2012;28(7):509–515. doi: 10.3109/ 
09513590.2011.650660.

43. Erin Barthelmess Rajesh KN. Polycystic ovary syndrome: Current 
status and future perspective. Front Biosci. 2014;6:104–119. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4341818/. Published online 
2014 Jan 1.

44. Sunita J. Ramanand, Balasaheb B. Ghongane, Jaiprakash B. Rama-
nand, et  al. Clinical characteristics of polycystic ovary syndrome 
in Indian women. Indian J  Endocrinol Metab.  2013;17(1):138–145. 
doi: 10.4103/2230-8210.107858.



Advances  
in Clinical and Experimental  

Medicine


	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	21
	15
	16
	22
	17
	18
	23
	19
	20
	24
	25
	26
	27
	28
	Pusta strona
	Pusta strona
	Pusta strona
	Pusta strona
	Pusta strona
	Pusta strona
	Pusta strona
	Pusta strona
	Pusta strona
	Pusta strona
	Pusta strona
	Pusta strona



