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Abstract

Background. Sternal dehiscence is a serious postoperative complication of cardiac surgery observed
in 0.2-5% of procedures performed by median sternotomy.

Objectives. Assessment of factors, including the method of sternum closure, which may affect the incidence
of this complication.

Material and methods. A total of 5,152 consecutive patients undergoing surgery with median sternotomy
accessin the Cardiac Surgery Department of the Pomeranian Medical University between 2010 and 2014 were
included in the study. The analysis centered on cases of sternal dehiscence, which occurred in 45 patients
(0.9%).

Results. Factors such as age (p < 0.05), body mass (p < 0.005) and coronary artery bypass surgery (CABG)
(p < 0.005) were found to be significant risk factors. Diabetes and chronic obstructive pulmonary disease
(COPD) also had an impact on an increased risk of sternal dehiscence (p < 0.006 and p < 0.015). However,
the differences were only significant in the whole study group. Apart from CABG, the type of operation did
not affect the incidence of dehiscence. Logistic regression analysis found independent risk factors for the de-
velopment of sternal dehiscence: body mass index (BMI) (odds ratio (OR): 2.1; p < 0.019), diabetes (OR: 2.4;
p < 0.004), COPD (OR: 2.7; p < 0.016), and redo procedure (OR: 3.0; p < 0.014). There were no significant
differences in postoperative mortality between these groups — 6.7% in the group with sternal dehiscence
and 3.9% in the group without dehiscence.

Conclusions. Introducing a more durable sternum stabilization method with 8+ loops helped to improve
conditions for bone union and reduced the risk of dehiscence. Therefore, we suggest that centers which still
use 6-loop sternal closure should consider shifting to a stronger technique.

Key words: risk factors, cardiac surgery, median sternotomy
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Introduction

Sternal dehiscence after a cardiac surgery procedure
is still a very serious complication observed in 0.06-12.50%
of patients and associated with an increase in perioperative
mortality.!=* In a previous publication we described 298
cases (2.1%) of sternal dehiscence after 14,117 procedures
performed between 1990 and 2009.° The previous analysis
was performed due to modification of the postoperative
sternum closure technique, which happened at the begin-
ning of 2010. Instead of 6 single wire loops we started to use
a closure with 8-12 single loops, depending on the quality
of osseous tissue of the sternum, but mostly depending
on the body weight of the patient with a simple assump-
tion of 1 loop for every 10 kg of body weight and no fewer
than 8 loops per patient.

After 5 years from the introduction of the new sternal
closure technique, we decided to examine whether it had
an impact on the incidence of postoperative sternum de-
hiscence. Naturally we are aware of the fact that the results
of both papers are not comparable due to the retrospective
nature of the studies they describe. The scope of the proce-
dures, demographic characteristics of the assessed group,
environmental factors and methods of treatment have
changed. The patients are older (therefore diabetes oc-
curs more often) and have a higher body mass index (BMI),
which means they are more susceptible to sternal dehis-
cence. Although we have a specific standard of preventive
antibiotic therapy, the drug resistance of some bacteria
has reached almost 100%. The previously predominat-
ing Gram-positive bacteria were replaced by Gram-posi-
tive and opportunistic strains that were not a risk factor
in the past.® However, there are some positive changes.

One of the new techniques that increase the effective-
ness of sternum closure is the application of cement, simi-
lar to the one used in dentistry.” Yet it seems that the most
significant breakthrough has been made in the techniques
employed for dealing with complications. The introduc-
tion of vacuum-assisted closure (VAC), a still undervalued
modality in our opinion, seems to be a very important ele-
ment that shapes the treatment of surgical wound healing
complications such as sternal dehiscence.®

The study aimed to analyze factors which may have
an influence on the incidence of sternal dehiscence in pa-
tients undergoing surgery in our center during the period
of 5 years from the introduction of a new sternal stabiliza-
tion method.

We compared groups with sternal dehiscence and with-
out this condition by performing an analysis of popula-
tion factors, concomitant diseases and perioperative data.
The study was based on data retrieved from the computer-
ized Departmental Database that contains data gathered
from our institution since 1990.

The statistical analysis was performed using STATIS-
TICA v. 10 (StatSoft, Inc., Tulsa, USA). The x? test, t-test,
Mann-Whitney U test, logistic regression analysis, and

M. Listewnik, et al. Sternal dehiscence after open heart surgery

discriminant analysis were used in the study. The results
have been presented as percentage and mean values + stan-
dard deviation (SD). The threshold for statistical signifi-
cance was p < 0.05.

Material and methods

The retrospective study included consecutive patients
who underwent surgery with sternotomy access in the peri-
od from 1/01/2010 to 31/12/2014. Sternal dehiscence requir-
ing surgical intervention was found in 45 (0.87%) patients
out of 5,152 operations with median sternotomy access.

Fifty-four patients were not included, as they had valve
replacement procedures (in 1 case also a graft of ascend-
ing aorta prosthesis) with minimal access by partial upper
sternotomy and the operative technique precluded full
sternal dehiscence.

The technique of primary sternum closure was identical
to that used in the years 1990—2009 apart from increas-
ing the number of loops to 8+. As to secondary closures,
if the dehiscence was mainly due to loosening of wire
loops, we tried tightening them by pulling and twisting
the wire. If a full dehiscence occurred, the standard, Robit-
sek or Martinez closure technique was used. In a few cases
we additionally used bone cement to stabilize the closure.

The introduction of VAC as a method of choice whenever
sternal wound infection was suspected was a significant
improvement. Fluid collection or purulent discharge from
the wound, skin dehiscence, a fistula, or a suspicion of he-
matoma in the wound were indications for partial or com-
plete opening of the wound and applying VAC therapy.
During the period of the study, we used systems of several
companies, predominantly Hartmann (Paul Hartmann
AG, Heidenheim, Germany), KCI (Kinetic Concepts, Inc.,
San Antonio, USA) and Smith&Nephew (Smith & Nephew,
Inc., London, UK). In VAC therapy, the wound is drained
using a controlled level of negative pressure. This elimi-
nates the necessity of frequent dressing changes (a few
times a day when using a conventional approach). Vacuum
assisted closure dressings are changed every 3 to 4 days
with a simultaneous lavage or debridement of the wound
and culture. Two subsequent negative results of culture
were indications for closing the wound. Due to a controlled
level of negative pressure, the VAC dressing causes a local
vasodilation, increases the temperature of neighboring
tissues and is conducive to the migration of leucocytes
as well as removing wound discharge. By restricting con-
tact with the infected wound secretion (the VAC foam
is covered with a self-adhesive, microporous membrane)
the risk of environmental contamination and transfer
of bacteria to the staff or other patients is reduced. The use
of VAC therapy obviously entails an increase in treatment
cost. Nevertheless, a comparison of all expenses involved
in treatment with VAC and conventional therapy shows
that the former is much more cost-efficient.®
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The entire study group was composed of 5,152 pa-
tients aged 17-90 years (mean 64.7 +9.28). There were
3,646 men (age: 63.7 £9.04 years) and 1,506 women
(age: 67.1 £9.56 years). The mean BMI was 28.7 +4.44
in the whole study group, 28.0 +4.07 in men and 28.6 +5.23
in women. In spite of a very similar result, the differences
were statistically significant. There were no statistically
significant sex-specific differences in normal body weight
and obesity. The majority of underweight patients were
men, and as far as overweight, and severe, morbid and
super obesity were concerned, the majority were women.

Due to the rising average age of patients undergoing sur-
gery, there were more patients with diabetes and chronic
obstructive pulmonary disease (COPD) in comparison
to the previous study period. Diabetes was reported in 1,649
(32.0%) patients, significantly more often in women than
in men. The COPD was reported in 327 (6.3%) patients,
without any sex-specific differences. The most prevalent
disease was hypertension; 3,528 (68.4%) of the patients
were treated for this condition, women again forming
the majority. The same trend was observed for coexist-
ing chronic renal failure, which was diagnosed in 409
(7.9%) patients. In contrast, myocardial infarction was
found significantly more often in men. Overall there were
2,188 (42.4%) patients with this diagnosis. Furthermore,
we also analyzed the impact of an additional factor de-
fined as movement limitations. Such condition may occur
as a consequence of many diseases such as: stroke with
significant paresis, advanced degenerative changes in facet
joints and lower limb joints, multiple sclerosis, morbid and
super obesity, amputation in the area of lower limbs, as well
as elephantiasis and edema of lower limbs in the course
of post-thrombotic syndrome. Movement limitations may
heighten the risk of sternal dehiscence due to increased
stress on the shoulder girdle during recovery (when getting
up from bed and walking). Movement limitations were
found in 369 (7.2%) of the patients undergoing surgery,
women representing a significant majority.

Another indicator of the functional status of the heart
that we investigated was ejection fraction (EF). Mean EF
value was around 50% in the entire group; a significantly
higher result was reported in women.

Mean cardiopulmonary bypass (CPB) duration, which
may be treated as an approximate indicator of the severity
of surgery, was 65.2 min in the entire group, significantly
longer in women.

The mean value of the perioperative mortality risk in-
dex Euroscore Logistic (ESL) was 6.8%. Women had a sig-
nificantly higher mortality risk (9.3% vs 6.4%). This was
reflected in actual perioperative mortality, exactly half
the predicted value (3.9%), but also with a significant ma-
jority of deaths in female patients (5.5% vs 3.3%). The data
is presented in Table 1.

In the reported interval, most of the operations (4,701)
were conducted in CPB. The most frequently performed
procedures were: coronary artery bypass grafts (CABG
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— 2,964), procedures for heart valves (590), aortic aneu-
rysms (287), and combinations of CABG with 2 other types
of procedures (822). Among procedures performed without
cardiopulmonary bypass (CPB) (451), off-pump coronary
artery bypass surgery (OPCAB) formed the largest group
(424). The annual number of patients who had surgery
with median sternotomy access was between 997 and 1,093
(mean 1,030 +38.7) in the reported period. Table 2 sum-
marizes the types of operations performed. Due to a large
number of combinations, we only included the main types
of procedures.

Out of 4,222 CABG operations, 3,798 (90.0%) were
performed using the standard approach in cardiopulmo-
nary bypass, whereas 454 (10.0%) were off-pump proce-
dures. The dominating model of operation was a single
bypass graft from the left internal thoracic artery (LITA)
to the branch of the left anterior descending artery (LAD)
and a bypass graft from the saphenous vein, usually se-
quential, to other coronary vessels. Apart from LITA,
the right internal thoracic artery (RITA) and radial artery
from the non-dominant hand, i.e. mostly left, was used.

Using at least one thoracic artery as a bypass conduit
to the LAD belongs to the so-called golden standard.
We use it in our center whenever it is possible and indi-
cated. We avoid using ITAs in exceptional situations, es-
pecially when: 1. the patient undergoes emergency surgery,
is being resuscitated, or presents with low output syndrome
and harvesting the ITA could delay revascularization and
pose a risk of hypoperfusion in the site of anastomosis
due to contraction of the ITA under the influence of high
doses of catecholamines often used in such situations;
2.if a difference in blood pressure of more than 30 mm Hg
to the detriment of the planned side of ITA harvesting
was detected or stenosis of the ITA was diagnosed an-
giographically; 3. when LAD is not included in planned
revascularization; 4. during reoperation, when one ITA
was previously used or damaged and the other one is not
suitable for harvesting; 5. when the harvested ITA cannot
be grafted (atherosclerotic lesions, dissection or other type
of damage inflicted during harvesting) or when an area
of the patient’s chest including the ITA was previously
injured or irradiated.

Of'the 3,798 patients included in the CABG group, a sin-
gle ITA (SITA) was used in 3,247 patients. The ITA was
harvested but was unsuitable for grafting in 32 patients and
replaced by a venous bypass graft. This subset of patients
was included in the SITA group. To this group we also
added 1 patient from outside the CABG group whose ITA
was harvested but could not be grafted because the LAD
had severe atherosclerotic lesions and was too narrow.

Both ITAs were used in 329 patients. Five patients, who
had 2 arteries harvested but only 1 (4) or none (1) suitable
for grafting, were added to this group. For reasons men-
tioned above, no bypass grafts with I'TAs were performed
in 148 patients. They had 1-4 venous bypass grafts and
in 2 cases also a graft from the radial artery.
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Table 1. Pre- and perioperative data of whole patient group treated by sternotomy in years 2010-2014

Sex

M/F ratio
Age

Age
Body mass index (BMI)

BMI

Underweight

Normal weight

Overweight

Obesity

Severe obesity

Morbid and super obesity
Diabetes mellitus (DM)
DM
COPD
COPD
Hypertension (HTN)

HTN

CRF

MI

ML
Ejection fraction (EF)

EF

CPB time

EuroScore Logistic (ESL)
ESL

Early mortality

Death

Patient data

History of chronic renal failure (CRF)

History of myocardial infarction (MI)

Movement limitations (ML)

Cardiopulmonary bypass time (CPB)

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

men
women

Number of patients

3,646
1,506

241
64.7 £9.28

63.7 £9.29
67.1 £9.69

28.7 £4.44

28.0 +4.07
286 +5.23

60
41

632
279

1,718
569

1,014
421

203
165

18
32

1,649

1,110
539

327

225
102

3,528

2,431
1,097

403

260
143

2,188

1,657
531

369

241
128

49.2 £11.44

48.0 1147
52.1 £10.86

65.2 £30.11

64.5 £29.60
67.1 £31.18

6.8 £8.80

59815
8.9+992

203

120
83

70.7
293

2.8
1.7

17.6
19.0

38.8
479

283
28.7

5.7
1.3

0.5
2.2

320

304
35.8

6.3

6.2
6.8

68.5

66.7
728

7.8

71
9.5

204

454
353

7.2

6.6
8.5

39

33
55

p-value

p < 0.001

p < 0.001

p < 0.02

p=032

p < 0.001

p=093

p < 0.001

p < 0.001

p < 0.0001

p=042

p < 0.0001

p=0005

p < 0.0001

p < 0.02

p < 0.001

p < 0.009

p < 0.001

p < 0.0002

COPD - chronic obstructive pulmonary disease; NYHA — New York Heart Association; CCS — Canadian Cardiovascular Society.
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Table 2. Type of procedures performed by sternotomy on patients
operated on in years 2010-2014
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reconstruction procedure. Enlarging the wound opening
and/or applying VAC dressing were not counted as recon-

lsolated | Procedures struction procedures. Early dehiscence up to 30 days from
Type of procedure procedures C('):r:télxgg In total surgery developed in 38 (84.4%) patients, delayed dehis-
wi . . . . .

' cence in seven (15.6%) patients. Six patients had previously
rAegatli;aneurysm 287 85 372 7.2 undergone a revision of the operative wound (one of the pa-

) ) tients twice) due to bleeding (4 patients) and/or thrombus
Aortic valve and mitral 64 45 109 5 h he rich . .
valve procedures : that pressed on the right atrium (3 patients).

. The partial reconstructions, performed 45 times in 33 pa-
Aortic valve 3 3 658 8 . . . . . -
procedures 04 54 5 12 tients, mostly entailed pulling and tightening the loose wire
Mitral valve loops due to perceived mobility of the separated sternum
procedures 198 3 o1 100 and, in some cases, adding wire loops (1-2) to the lower
Isolated tricuspid part of the sternum body. If a patient developed full de-

" 24 21 45 10 . .

valve procedures hiscence, complete sternal osteosynthesis was needed, and
Other procedures i 5 38 07 this was performed 25 times in 22 patients. In total, 70 dif-
in CPB ' ferent types of reconstruction were conducted.

CABG 2964 e 2964 | 575 A partial reconstruction only was required in 23 pa-
OPCAB 424 - 424 8.2 tients. A single reconstruction was sufficient in 19 pa-
Other offpump tients, whereas 2 were needed in 4 patients (27 procedures,

27 = 27 0.5 . . .

procedures in total). Complete sternal osteosynthesis was required
In total 4,318 834 5152 | 1000 in 22 patients. In 17 patients, the Robicsek closure (10 pa-

CPB - cardiopulmonary bypass; CABG — coronary artery bypass grafts;
OPCAB - off pump coronary artery bypass; * Valve procedures were
omitted if they were performed together with aortic aneurysm repair;

** 1 patient from the isolated procedures group was included in the CABG
group, because his left ITA was harvested (but not grafted); *** Tricuspid
valve procedures were omitted if they were performed together with
aortic or mitral valve procedures; **** 833 CABG procedures were not
included here, as they were performed with other operations listed
above.

Among 424 patients who had off-pump surgery, one ITA
was used in 234 (55.2%) patients. In 3 patients, however,
the ITA was not suitable for grafting. Both ITAs were
harvested in 184 patients (43.4%), although in one case
a damaged I'TA was not used. Six (1.4%) patients received
a planned graft from the saphenous vein. The data is pre-
sented in Table 3.

Sternal dehiscence was found in 45 (0.9%) of the patients
undergoing surgery by median sternotomy. The onset
of dehiscence was calculated as the difference between
the date of the first surgery and the date of the first sternal

tients), the standard technique (5 patients), the Martinez
closure (1 patient), and the standard technique with Kryp-
tonite reinforcement (1 patient) were used. In 12 patients
there was a single procedure, whereas 5 complete recon-
structions were followed by 11 partial procedures.

In 4 patients, first reconstructions were partial, fol-
lowed by the Robicsek closure (2 patients), the standard
technique (1 patient) and the standard technique with
Kryptonite reinforcement (1 patient). In total, 6 partial
reconstructions were performed in this group. One pa-
tient had 1 partial and 4 complete procedures of sternum
closure (2 with the standard method, 1 with the Robicsek
closure and 1 with steel plates used to stabilize the chest
due to destruction of the sternum).

Furthermore, 29 patients required treatment with VAC
therapy. Two hundred and thirty-seven VAC kits were used
in the early dehiscence group, 47 in the late dehiscence
group (284 in total). The data is presented in Table 4.

Concomitant bacterial wound infection was diag-
nosed in 26 of 45 (57.8%) dehiscence cases. In the rest

Table 3. Type of revascularisation procedures performed on patients operated on in years 2010-2014

Category | CABG | OPCAB | In total |

p-value
) 3,280 234 3,514
Number of used (harvested) single [TAs (86.4%) (55.2%) (83.2%) p < 0.00001
. 334 184 518
Number of used (harvested) bilateral ITAs (8.8%) 43.4%) (12.3%) p < 0.00001
L . . 184 6 190
Number of revascularizations without using an ITA 4.8%) (1.4%) 4.5%) p <0.01
) . 3,798 424 4,222
Total number of patients undergoing surgery (100.0%) (100.0%) (100.09%) -
Mean number of bypass grafts per patient 3.02 +0.95 2.27 +0.68 295 +0.95 p < 0.001
Mean number of arterial grafts per patient 119 £0.52 1.75+0.78 1.24 £0.58 p <0.001

CABG - coronary artery bypass grafts; OPCAB - off pump coronary artery bypass; ITA — internal thoracic artery.
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Table 4. Primary procedures and methods of treatment patients after
early and late dehiscence of sternum

Type of procedure 11 Late
yp P dehiscence | dehiscence
Number of patients with sternal 38 7
dehiscence 84.4% 15.6%
Type of primary procedure:
Aortic aneurysm and/or heart valve
procedure + CABG 12 -
CABG 23 7
OPCAB 2 -
Aortic aneurysm/heart valve
procedure without CABG 1 -
Time between surgery and sternal 5-30 36-125
dehiscence [days] 175 £7.1 66.6 £9.9
Postoperative re-explorations before
. 4 2(3)
sternal dehiscence
Procedures due to partial dehiscence 40 5
or instability of the sternum.
Full sternal closures 22 3
Number of patients who received VAC 27 5
treatment
. 2-29 7-17
Number of VAC kits used 963 +698 124701

CPB - cardiopulmonary bypass; CABG — coronary artery bypass grafts;
OPCAB - off pump coronary artery bypass; VAC — vacuum-assisted closure.

of the patients, cultures from the sternal wound were nega-
tive. Lysogenic conversion of 3—4 bacteria in the wound
was observed in isolated cases, conversion of 2 bacteria was
observed in 10 patients. One type of bacteria dominated
in the remaining 14 cases. Half of the cultured strains
were Gram-positive bacteria (21), the other half (20) were
Gram-negative. Details for the bacterial strains are shown
in Table 5.

Table 5. List bacterial strains cultured from the wound of sternum
in patients after dehiscence

Bacteria | Gram stain | Number of cases
Enterococcus faecalis G+ 6
Enterococcus faecium G+ 5
Staphylococcus epidermidis G+ 5
Staphylococcus aureus G+ 4
Peptoniphilus asaccharolyticus G+ 1
Enterobacter cloacae G- 5
Pseudomonas aeruginosa G- 4
Escherichia coli G- 2
Klebsiella pneumoniae G- 2
Morganella morganii G- 2
Serratia marcescens G- 2
Heamophilus influenzae G- 1
Proteus mirabilis G- 1
Stenotrophomonas maltophilia G- 1
In total G+/- 41

M. Listewnik, et al. Sternal dehiscence after open heart surgery

Results

Sternal dehiscence occurred about 1.7 times more often
in men than in women (M:F = 4:1 in the dehiscence group;
2.4:1 in patients without dehiscence), but the differences
were not statistically significant. Yet, it should be remem-
bered that both groups differed in terms of age. Patients
in the dehiscence group were significantly older, although
when adjusted for sex it may be noted that the differences
were significant only in men, while the mean age of women
was similar in both groups. Obesity dominated in the de-
hiscence group, whereas overweight was prevalent among
patients without this complication. This translated into
significant differences in mean BMI values between both
groups — 30.2 +4.51 vs 28.2 +4.45. The disparities remained
significant when the groups were analyzed by sex. Diabetes
was the only condition among concomitant and previous
diseases found significantly more often in patients with
sternal dehiscence. Differences were also statistically sig-
nificant with regard to COPD, but after incorporating sex
differences they were only significant in men. No statisti-
cally detectable differences were found for hypertension,
renal failure, previous myocardial infarction, poor mobil-
ity, NYHA (New York Heart Association) class IV, or stage
IV of CCS (Canadian Cardiovascular Society). The mean
EF values and CPB duration also did not differ significantly
between the 2 groups. We found, however, that the risk
of dehiscence doubled in patients who required a redo pro-
cedure due to severe hemodynamic instability, ischemia,
bleeding, or compression of the heart by thrombus (5.2%
vs 13.3%, p < 0.035).

There were also no statistically significant differences
in predicted (using the EuroScore Logistic index) and ac-
tual early mortality rate. In the sternal dehiscence group,
actual mortality was nearly the same as the predicted rate.
In the group without dehiscence, actual mortality was
about half the predicted mortality. The data is presented
in Table 6.

Unilateral or bilateral ITA use during a procedure in-
creased the risk of dehiscence up to 1.1% and 0.96%, respec-
tively. In the remaining subgroups, the risk of dehiscence
was markedly lower and did not exceed 0.5%. The results
are presented in Tables 7 and 8.

The only accompanying procedure that was never
performed by sternotomy as an independent procedure
was RF ablation to treat abnormal conduction pathways
in the atria. In total, 230 (4.5%) such procedures were per-
formed, including 93 ablation procedures combined with
isolated CABG in CPB and 4 OPCAB procedures. Only
one (0.4%) patient from the sternal dehiscence group had
a previous accompanying RFA procedure.

In order to analyze the effect of individual risk factors
more accurately, we performed logistic regression analysis
(LRA) of 16 risk factors: sex, age, BMI, EF, ESL, move-
ment limitations, chronic renal failure, diabetes, COPD,
CABG, use of 1 or 2 ITAs, CPB time, NYHA class IV,



Adv Clin Exp Med. 2019;28(7):913-922 919

Table 6. Differences in pre- and perioperative data between patients with and without dehiscence after sternotomy

Patients with Patients without
Results ) .
dehiscence dehiscence
Number of cases 45 (0.9%) 5,107 (99.1%) -
men 36 (80.0%) 3,610 (70.7%) _
oex women 9.(20.0%) 1,497 (39.3%) p=0.17
M/F ratio 41 241 -
Age 66.8 £6.54 64.7 £9.56 p < 0.05
Ae men 63.3+89 59.0 £10.0 p < 0.0004
9 women 66.8 +7.7 61.5+7.8 p < 0.0002
Body mass index (BMI) 30.2 +4.51 28.2 +4.45 p < 0.005
BMI men 299 +4.96 28.0 +4.06 p <0.04
women 316113 28.6 £5.25 p < 0.001
Diabetes mellitus (DM) 23 (51.1%) 1,626 (31.8%) p < 0.006
DM men 15 (41.7%) 1,095 (30.3%) p=014
women 8 (88.9%) 531 (35.5%) p < 0.003
COPD 7 (5.6%) 320 (6.3%) p <0.015
CoPD men 6 (16.7%) 225 (6.2%) p <0.015
women 1(11.1%) 102 (6.8%) p=0.88
Hypertension (HTN) 36 (80.0%) 3,492 (68.4%) p=0.09
HTN men 27 (77.2%) 2,404 (66.6%) p=0.29
women 9 (100.0%) 1,088 (72.7%) p=0.14
History of chronic renal failure (CRF) 7 (15.6%) 396 (7.7%) p=0.052
CRF men 5(13.9%) 255 (7.1%) p=0.11
women 2 (22.2%) 141 (9.4%) p=019
History of myocardial infarction (MI) 21 (46.7%) 2,167 (42.4%) p=057
M men 18 (50.0%) 1,639 (45.4%) p=0.58
women 3(33.3%) 528 (35.3%) p=09
Movement limitations (ML) 4 (8.9%) 365 (7.1%) p=0.65
ML men 4 (11.1%) 237 (6.6%) p=0.57
women 0 (0.0%) 128 (8.5%) p=0.75
Ejection fraction — EF [%)] 46.2 +12.42 49.2 £11.43 p=0Mn
EF [%] men 458 +13.10 48.1 £11.45 p=0.31
4 women 478 £9.72 521 +10.87 p=022
NYHA Class IV 3(6.67%) 300 (5.87%) p=092
men 3(8.33%) 176 (4.87%) _
NYHA Y women 0(0.0%) 124 (8.28%) p=092
CCS Stage IV 12 (26.7%) 903 (17.7%) p=0.17
s v men 8(22.2%) 644 (17.8%) p =064
women 4 (44.4%) 259 (17.3%) p=0.09
Cardiopulmonary bypass time [min] 65.9 £29.09 65.2 £30.10 p=0.87
) ) men 679 +29.23 64.4 +29.60 p=05
CPB time min] women 587 +29.02 671 +31.20 b =041
EuroScore Logistic [%] 6.3 £6.55 6.8 +£8.82 p=0.65
o men 6.4 +6.85 59+8.16 p=0.71
ESL [%] women 6.2 +5.56 891994 p=0.19
Re-exploration after primary procedure (RE-EX) 6 (13.3%) 264 (5.17%) p=0.035
men 6 (16.7%) 209 (5.79%) _
RE-EX procedures women 0.(0.0%) 55 (3.67%) p=0.035
Early mortality 3(6.7%) 200 (3.9%) p=057
Death men 2 (5.5%) 118 (3.3%) p=031
women 1(11.1%) 82 (5.5%) p=10

COPD - chronic obstructive pulmonary disease; NYHA — New York Heart Association; CCS — Canadian Cardiovascular Society.
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Table 7. Frequency of dehiscence of sternum depending on isolated
coronary or valve procedures and combined operation

Sternal
0 -
Type of procedure dehiscence % p-value
Aortic aneurysm isolated 1 03 _
repair* with CABG 1 1o | P=094
Aortic and mitral isolated 0 0.0 —086
valve procedures with CABG 1 22 p=5
Aortic valve isolated 0 0.0 —017
procedures with CABG 4 1.1 p=5
Mitral valve isolated 1 0.5 — 049
procedures with CABG 5 16 p=5
isolated 0 0.0
Other procedures with CABG 0 00 -
CABG 30 1.0
p =042
OPCAB 2 0.5
In total 45 09 5,152

*Valve procedures performed together with aortic aneurysm repair were
treated as aneurysm repair procedures.

Discussion

Sternal dehiscence is a surgical complication which has
been reported since 1957, when Julian presented his idea
of opening the chest through median sternotomy,” soon
accepted as the best method of access to the anterior me-
diastinum. Unfortunately, mortality reached 50% when
concomitant mediastinitis presented. The introduction
of a new method of close wound treatment in 1963, which
used irrigation drainage with an antibiotic-containing solu-
tion, helped to reduce mortality to 20% in the most severe
cases.® The first studies on the causes of sternal dehiscence
appeared at the end of the 1960s due to the rapid increase
in the number of CABG procedures and the postoperative
complications that had been reported. More than 20 differ-
ent causes that could directly or indirectly affect the inci-
dence of sternal dehiscence have been identified in the liter-
ature. It has been established that this complication develops
more frequently in men due to the musculature of the chest,

Table 8. Frequency of dehiscence of sternum depending on using ITAs grafts

dehiscence

@izt Sternal
1. | Surgery with 1 (harvested) ITA 38
2. | Surgery with 2 (harvested) ITAs 5
3. | Other procedures without using (harvesting) an ITA 2
In total 45

dZ\rlmiitstZl:ltce ‘ Dehiscence rate
3,476 1.09 p < 0.005"4
513 0.96 p <0.03%4
1,120 0.18 p < 0.005°
5107 0.87 =

ITA - Internal Thoracic Artery; '1.vs 3; 2. vs 3;3142.vs 3;41.vs 2, p = 0.81.

stage IV of CCS, and reexploration after primary proce-
dure. The LRA showed that only BMI (p < 0.015; OR = 1.08;
95% CI = 1.02-1.15), diabetes (p < 0.007; OR = 2.34;
95% CI = 1.27-4.31), COPD (p < 0.019; OR = 2.68; 95%
CI =1.18-6.11), and re-exploration (p < 0.012; OR = 3.12;
95% CI = 1.29-7.5) were independent factors which sig-
nificantly affected the incidence of sternal dehiscence. Re-
sults were confirmed with discriminant analysis. The data
is presented in Table 9.

Table 9. Results of logistic regression analysis and discriminant analysis

Independent Odds ratio

-95% Cl | +95% Cl p-value

risk factor ((0]2]

Logistic regression analysis
BMI 2.1 1.13 3.82 p<0.019
Diabetes 24 1.33 445 p < 0.004
COPD 2.7 1.2 6.24 p <0.016
Re-exploration 3.0 1.24 7.21 p <0014
Discriminant analysis

BMI = = - p <0013
Diabetes - - - p <0.002
COPD - - - p <001

Re-exploration - - - p <0.009

BMI - body mass index; COPD - chronic obstructive pulmonary disease.

but also in women with large breasts and patients with dia-
betes, patients who are overweight, patients who regularly
take steroids, patients receiving immunosuppressive treat-
ment, patients who smoke tobacco, and patients with COPD.
Advanced age was also identified as another factor increas-
ing the risk of sternal dehiscence.?*1°

The technique of proper incision has been stressed
as an important perioperative factor since the beginnings
of median sternotomy as a surgical procedure.!'? A seri-
ous deviation from the symmetry axis of the incision may
often result in complicated healing. Mistakes in sternal
closure may have a similar effect.*!2 Moreover, such fac-
tors as time of the operation and exposition of the medi-
astinum, use of hypothermia, cardiopulmonary bypass,
increased blood transfusions, reoperations due to bleed-
ing, and most importantly — using 1, and especially 2 in-
ternal thoracic arteries as conduits during surgery were
indicated as having an impact, although bilateral ITA use
is sometimes challenged in the literature.3-7 Postopera-
tive factors that may increase the risk of sternal dehiscence
include chest compression during resuscitation, intensive
cough among tobacco smokers and patients with COPD,
but also intake of specific medicines.'®! In addition, other
lung complications that result in strong cough, prolonged
intubation and mechanical ventilation may increase the risk
of sternal dehiscence. The most serious complication that
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often accompanies sternal dehiscence is an infection
of the wound, soft tissues, sternum and mediastinum.14-16:20

Prevention of sternal dehiscence is mostly accomplished
by eliminating all controllable factors, for example, discon-
tinuation of smoking at least 1 month before surgery and
reduction of body mass. Using proper techniques of chest
opening and closure is also of vital importance.'~2° Reop-
eration due to bleeding or other causes is also a risk factor
confirmed in clinical trials.2°

Infection of the operative wound and sternal dehiscence
are 2 closely associated complications, although it is rarely
possible to determine which one causes the other. There-
fore, appropriate aseptic and antiseptic procedures can
have a major impact on the incidence of these complica-
tions.2%2! In patients with diabetes, it is crucial to maintain
glycemic control with insulin infusions in the early post-
operative period and appropriately titrated doses in later
phases of treatment.!®? Early weaning from mechanical
ventilation and rehabilitation from the moment of awaken-
ing after surgery contribute to reducing the rate of respira-
tory complications and consequently to decreasing sternal
dehiscence rates.?°

In 2009, we conducted a similar analysis that covered
patients undergoing surgery between 1990 and 2009.
We observed at that time that sternal dehiscence was
much more frequent among men. Furthermore, patients
with sternal dehiscence were significantly older and had
a higher BMI. Diabetes and COPD were significantly more
frequent in the dehiscence group.® Similar results were
obtained in the current study. In comparison to the previ-
ous study period, the patients are older and have a higher
BMI. The incidence of diabetes and COPD, factors associ-
ated with age, has also increased significantly. Moreover,
we monitored the impact of other factors that had not been
analyzed before, such as concomitant hypertension, renal
failure, previous myocardial infarction, and movement lim-
itations, but we did not find any influence on the incidence
of the observed cases of sternal dehiscence. In contrast
to the previous study, although men dominated in the de-
hiscence group, the differences attributed to sex lost their
statistical significance.

The largest differences pertain to the association be-
tween using internal thoracic arteries and postopera-
tive sternal dehiscence. The results of both studies show
that harvesting thoracic arteries significantly increased
the risk of postoperative dehiscence. However, using our
strengthened method of sternum closure reduced that risk
by half (2.1% vs 1.1%). In the previous study, use of both
thoracic arteries increased the risk of dehiscence to 4.6%.
In the current study using 1 or 2 thoracic arteries did not
have any influence on the risk (1.1% vs 1.0%). The risk
of dehiscence after operations without revascularization
of the myocardium fell 14 times in comparison to the pre-
vious study — from 1.4% to 0.1%.

The discriminant analysis of the influence of risk factors
on sternal dehiscence performed during previous studies

1

demonstrated the significance of 3 independent risk fac-
tors: age, sex and BMI.°

In the present study, an LRA was performed. Diabetes,
COPD, BMI and re-exploration were identified as inde-
pendent risk factors. These results were confirmed by DA.

Certainly, it may be argued that the current and previ-
ous study group are too different from each other to al-
low a comparison. However, 2 opposing processes need
to be taken into consideration. On one hand, there are
the growing risks due to ongoing trends in modern societ-
ies such as population ageing, an increasing rate of lifestyle
diseases such as diabetes and obesity, and an intensifica-
tion of unfavorable changes in the surrounding environ-
ment — a rising number of antibacteria-resistant bacteria.
On the other hand, the operative techniques and methods
of postoperative patient management are improving, asep-
tic and antiseptic techniques in the operative field have
been enhanced, and the conditions of hospital stay have
been ameliorated. All of the above processes took place
gradually, in contrast to the modification of sternal clo-
sure, which happened at the beginning of the 5-year study
period. Though the results may be referred to 1 specific
cardiac surgery center, we believe that some general sug-
gestions may be inferred.

Conclusions

Introducing a more durable sternum stabilization
method with 8+ loops helped to improve conditions for
bone union and reduced the risk of dehiscence. There-
fore, we suggest that centers which still use 6-loop sternal
closure should consider shifting to a stronger technique.
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