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Abstract

Tatrogenic anemia caused by diagnostic blood sampling is a common problem in the intensive care unit, where con-
tinuous monitoring of blood parameters is very often required. Cumulative blood loss associated with phlebotomy
along with other factors render this group of patients particularly susceptible to anemia. As it has been proven that
anemia in this group of patients leads to inferior outcomes, packed red blood cell transfusions are used to alleviate
possible threats associated with low hemoglobin concentration. However, the use of blood components is a proce-
dure conferring a set of risks to the patients despite improvements in safety. Iatrogenic blood loss has also gained
particular attention in neonatal care, where cumulative blood loss due to samples taken during the first week of
life could easily equal or exceed circulating blood volume. This review summarizes the current knowledge on the
causes of iatrogenic anemia and discusses the most common preventive measures taken to reduce diagnostic blood
loss and the requirement for blood component transfusions in the aforementioned clinical situations (Adv Clin

Exp Med 2016, 25, 1, 191-197).
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Iatrogenic anemia is an anemia caused by
healthcare professionals through diagnostic blood
sampling. With advancements in medicine in
which there is a constant demand for more lab-
oratory tests to provide state-of-the-art care, the
amount of blood drawn can easily reach levels
that cause a decrease in hemoglobin concentra-
tion to an anemic level. This is particularly true
in neonatal and intensive care units, where physi-
cians rely on a continuous monitoring of laborato-
ry values and samples are often taken many times
a day. Even if justified, the number of blood tests
sometimes exceeds its purpose and can perpetu-
ate anemia in patients who are already medically
compromised.

The problem of iatrogenic anemia has been
most extensively studied and cared for in the neo-
natal setting, where literally every drop of blood
counts. If one did not have guidelines for diag-
nostic testing in neonates, one could easily draw
enough blood to deplete a patient’s entire circu-
latory blood volume. The response has been to

implement various measures which reduce the
amount of blood taken for laboratory tests, such
as: the use of pediatric test tubes and the introduc-
tion of “Point of Care” analyzers [1].

In the intensive care unit, we often observe
a great amount of blood sampling in order to re-
ceive continuous feedback regarding the status of
the patient. The patient becomes an icon and test-
ing replaces the physical exam and interview as the
standard of care [2]. There are limited guidelines
for how and when to draw blood in adults, which
puts patients at greater risks for developing iatro-
genic anemia [3]. In contrast, in the neonatal ward,
where there is a greater susceptibility of children
to iatrogenic anemia, the ways of preventing iatro-
genic anemia have been well defined.

Most ICU units have poor methods of regula-
tory control to reduce the occurrence of iatrogenic
anemia. In some situations, such as hematopoietic
stem cell transplantation performed in hematolog-
ic intensive care units, blood drawn for testing can
easily reach 100 mL per day when complications
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arise (2 x basic blood morphology, coagulation,
biochemistry, cross match, blood cultures - 3 sets
of double cultures and blood loss due to the vol-
ume that has to be discarded from catheters before
samples can be taken). Indeed, 100 mL of blood
drawn for diagnostic tests can result in a signifi-
cant decrease of hematocrit by 1.9% [4]. As im-
portant as blood count monitoring is in the hema-
tological ICU, studies that address the question to
what extent iatrogenic anemia may be seen in pa-
tients after hematopoietic stem cell transplantation
(HSCT) have not been done.

In this short review we will briefly discuss pre-
ventive measures against iatrogenic anemia in
two of the most common settings where it occurs:
the neonatal intensive care unit (NICU) and the
ICU. We will look at their advantages, limitations,
and how they may be implemented in the care of
patients.

Prevention of Iatrogenic
Anemia in Pediatric Care

In the neonatal ward, anemia in premature ne-
onates depends on: the blood volume at birth (due
to early or late clamping of the umbilical cord),
the rate of erythropoiesis and the amount of blood
loss due to blood sampling [1]. According to sever-
al studies, diagnostic testing is the main reason of
blood loss during ICU stay in all age groups [5-7].
The presence of arterial lines or central venous
catheters contributes to a 2.3- to 4-fold higher me-
dian number of blood samplings per day [8]. The
indications for placing a central venous catheter,
such as fluid resuscitation and drug administra-
tion, facilitate more efficient medical care; howev-
er blood sampling from such lines, including the
arterial lines, is extensive since collecting blood is
made more convenient and more accessible by an
already placed needle. A study performed by Val-
entine et al., which aimed to determine the amount
of blood loss in the pediatric intensive care unit,
showed that samples drawn from indwelling cen-
tral venous catheters have significantly greater
overdraw volumes compared to peripheral venous
catheters (143% + 39%, p < 0.001) [9].

The number of blood samples drawn by al-
ready placed lines can be over-abusive, especial-
ly since the blood volume in children is about
80 mL/kg. A 3 kg newborn would thus have a cir-
culating volume of about 240 mL. Evidently, this
information has been implemented in the meth-
ods and protocols for diagnostic testing in the neo-
natal ward. In a neonate with a weight of less than
1500 g, 1 mL of blood would represent more than
1% of their total blood volume [5].

One of the measures that most neonatal and
other pediatric wards have implemented to reduce
blood loss is the use of pediatric-sized tubes, forc-
ing the technician to naturally draw a smaller vol-
ume of blood. However, the use of pediatric test
tubes faces its own challenges. Most analyzers are
designed for standard adult tubes with a blood vol-
ume of 5-7 mL in comparison to a 500 pL test-tube
used in pediatrics [10]. The laboratory therefore
must prepare to have an analyzer to handle the
smaller pediatric tubes, because the lack of proper
equipment will result in manual processing, which
may lead to human errors during different phases
of blood analysis [10].

In the last decade we have seen the introduc-
tion of Point of Care (POC) analyzers for diag-
nostic testing. This newer method prevents un-
necessary blood loss from blood sampling. It is an
instrument that allows tests to be performed out-
side of the hospital laboratory setting, and most
importantly, it only requires a small volume of
blood, which has the potential to reduce iatrogen-
ic anemia [10, 11]. The POC analyzer has earned
special favor in the ICU because it reduces the time
needed for the traditional steps in laboratory pro-
cessing such as specimen transport, preparation of
the specimen and data entry. It allows physicians
to almost instantly receive pertinent information
about a patient’s status. This is crucial in situations
where the status of patients continuously chang-
es. By using quicker measures to obtain diagnostic
information about a patient, physicians should be
able to respond better clinically [12]. The fact that
the POC only requires a small volume of blood in
comparison to traditional phlebotomy practices,
allows a decrease in blood loss and in turn, a de-
creased need for blood products, which is partic-
ularly important for infants, neonates and fragile
patients that one may find in the ICU [12]. An ex-
ample of the use of POC in the adult ICU is when
measuring cardiac markers in a patient with sus-
pected myocardial infarction. The POC analyzer
will provide the results of the blood test in minutes
and the patient may be quickly sent for percutane-
ous coronary intervention (PCI).

Several studies have been performed to com-
pare the values of different hematological param-
eters obtained with the standard methodology of
phlebotomy to those of the POC analyzers’ mi-
crosystem. Their aim was to validate the intro-
duction of the microsystem into everyday clinical
practice. In a study conducted by Papa et al., cap-
illary and venous blood samples were taken from
150 neonates. All blood samples were processed in
their traditional blood analyzer, Sysmex XE-2100
(TOA Medical Electronics, Kobe, Japan), and out-
put a complete blood count and differential counts
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of leukocytes, reticulocytes and erythroblasts. Ad-
ditionally, 10 microliters from each sample were
analyzed using the POC instrument, ABXMicros-
-CRP200 (Horiba Medical, Montpellier, France).
The POC analyzer calculated the following param-
eters within 70 s: white blood cell (WBC) count,
red blood cell (RBC) count, hemoglobin (Hb)
concentration, hematocrit (Hct), mean corpuscu-
lar volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentra-
tion (MCHC), red cell distribution width (RDW),
platelet count (PLT), plateletcrit (PCT), mean
platelet volume (MPV), platelet distribution width
(PDW), and the percentages and absolute counts
of lymphocytes, monocytes and granulocytes [1].
Their results indicated that the data obtained from
the ABXmicros was reliable enough for the mea-
surement of Hb concentration but the RBC and
platelet count needed to be read with caution be-
cause of a slight overestimation of these values. The
advantage is nevertheless that POC testing utilizes
approximately 18 uL of blood per testing, whereas
the standard pediatric test tube uses 3.5 mL (adults
8.5 mL) [13]. Moreover, the immediate availabili-
ty of results allows the possibility of rapid medical
intervention [1], which not only is vital to the care
of critical neonates but also in the adult ICU, as it
may optimize transfusion requirements [14].

The use of POC has the possibility of reduc-
ing the number of RBC transfusions. In a study
at Stanford Medical University, it was noted that
low birth weight infants experience extensive
blood sampling, which results in anemia and con-
sequently RBC transfusions. When clinicians in-
troduced a POC system called iSTAT, they no-
ticed a statistical difference. The iSTAT measures
pH, pCO2, hemoglobin, hematocrit, Na+, K+ and
Ca2+. The implementation of this device resulted
in a 30% decrease in total number of phlebotomies
and a 43% decrease in transfusions in a group of
2-week-old neonates [15].

The POC system has gained popularity in ma-
ny fields and this has led to a wide range of analyz-
ers developed to measure different values of mark-
ers, electrolytes and other substances in the blood,
and even more are being developed as the trend
in countries like the USA shows an increase in the
use of bedside point of care testing (POCT) [16].
As the usage of the POC analyzers becomes more
common, regulatory standards have been critical-
ly imposed.

Spectroscopic noninvasive measurement might
be considered as an alternative to blood sam-
pling [17]. It is described as a modality that will
both combat iatrogenic anemia and painful blood
sampling simultaneously. This device uses a hand-
-held probe on the forearm with a halogen white

light which passes through skin. The change in
light wavelength is compared to a standard con-
trol to obtain a value of hemoglobin concentration.
It was the first report of a noninvasive estimation
of hemoglobin from the skin of pre-term infants
with good correlation to venous hemoglobin val-
ues, thus offering an alternative noninvasive meth-
od of measuring hemoglobin level. However the
function of this device is limited to the measure of
hemoglobin and more data is often needed in the
intensive care unit. It shows that there is potential
for alternative ways of dealing with the problem of
iatrogenic anemia [18].

Prevention of Iatrogenic
Anemia in Intensive
Care Units

The ICU is a setting with a high rate of physi-
cian consultations but is usually not governed by
blood sampling guidelines. Every new physician
introduced into a patient’s management of care
may decide to order their own lab results. This fact
is often overlooked, but if the ICU would formu-
late their own guidelines for blood testing, inde-
pendent to the wishes of consulting physicians, the
number of blood test could in some cases be re-
duced 20-fold [19].

The physician’s decision to draw blood for
tests can be regulated by special protocols [20].
A computerized support system tracks lab, phar-
macology, radiology and other services ordered by
physicians, allowing them to benchmark the per-
formance of various physicians. This was done
by comparing the activity profiles of several phy-
sicians, and in doing so, they managed to reduce
the orders of CBC’s and basic metabolic profiles by
25-30% [21]. This reduction is substantial and de-
creases blood loss and resulting iatrogenic anemia.
Tracking physicians’ work may seem intrusive and
in some ways offensive, however, it also a help-
ful way of optimizing a physician’s work, which is
beneficial for patient care.

At a surgical intensive care unit in Geneva,
Switzerland, guidelines were created based on reg-
ular feedback from appropriate tests for arteri-
al blood gases (ABGs). Arterial blood gases is the
most common lab test done in the ICU and indi-
cations for this test are often up to the physician’s
own judgment [22]. A physician is meant to know
when to order the appropriate laboratory tests, but
as it often may get stressful during working-shifts,
observations like respiratory rate or altered pat-
tern of breathing were seldom taken into account
in the decision to measure ABGs. Subsequently,
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an algorithm was proposed that took into account
new findings in patient status as well as cutaneous
oxygen saturation into standard information of the
partial pressure of carbon dioxide. The algorithm
would then inform the physician at what time in-
tervals it would be necessary to measure blood gas-
es again. However, the benefit of using the algo-
rithm was meager and, in general, did not influence
patients’ statuses or surgical outcomes. The average
number of blood gas analyses dropped from 8.2 to
4.8 per patient day. The length of stay and mortal-
ity rate was the same as in the control group [22].
The report, however, did not look at the effect on
hemoglobin, which would require another study.

Anemia of chronic disease is a well-elicited
condition, where patients have a blunted erythro-
poietin response and cannot mobilize iron storage
for hemoglobin production. Critically ill patients
also have, in addition to the many reasons that can
cause anemia in the ICU (overt or occult blood loss
routes, red blood cell senescence, hemodilution),
including our main focus on frequent phleboto-
mies, a lower erythropoietin response [23]. There is
a natural increase in the response of erythropoietin
as anemia progresses, which is a normal physiolog-
ical feedback loop, but it does not always occur in
critically ill patients. Exacerbating blood-loss will
thus have a greater impact on ICU patients who are
not fit to recover from phlebotomy compared to an
otherwise-healthy person. Thus, such patients of-
ten require PRBC transfusions to alleviate the pos-
sible risks associated with anemia. A few random-
ized trials aimed at guiding transfusion policy in
intensive care units have been performed, but for
now, there is no clear conclusion speaking in fa-
vor of a liberal transfusion strategy (transfusion
trigger = 10 g/dL, Hb target = 10-12 g/dL) [24].
It seems that very ill patients without cardiovas-
cular comorbidities might benefit from more re-
strictive transfusion strategies (transfusion trig-
ger =7 g/dL, Hb target = 7-9 g/dL) [25]. Therefore,
BJH recommends a default transfusion threshold
of 7 g/dL and a target of 7-9 g/dL in most critical-
ly ill patients [24]. Interestingly, a new internation-
al randomized trial involving patients with septic
shock in the ICU showed no significant differenc-
es in mortality between groups of patients who un-
derwent PRBC transfusions with lower and higher
hemoglobin thresholds [26].

Administration of epoetin alfa in critically ill
patients leads to a significant decrease in packed
RBC transfusion requirements in patients receiv-
ing epoetin alfa [27, 28]. Although this type of pro-
phylaxis for critically ill patients may not always be
cost-efficient, even though it may reduce the need
for blood transfusions, it is definitely worth looking
into as a way of preventing iatrogenic anemia and

requires further study. At present, the official guide-
lines published by the British Journal of Haematol-
ogy clearly state that “erythropoietin should not be
used to treat anaemia in critically ill patients until
further safety and efficacy data are available” [24].

Patients suffering from chronic kidney disease
are also susceptible to anemia because of eryth-
ropoietin underproduction associated with renal
failure. Erythropoiesis stimulating agents (ESA)
are widely used in clinical practice to augment he-
moglobin level in this group of patients. ESA pre-
vent further advancement of renal dysfunction
along with the development of cardiovascular dis-
ease [29]. However, inflammatory states, which of-
ten occur in critical care patients, have been recog-
nized as a factor which may diminish the response
to erythropoiesis stimulating agents. [30] Thus, it
seems plausible that this group of patients could
particularly benefit from measures taken to reduce
diagnostic blood loss.

Lyon et al. suggested a mathematical mod-
el that can be used to anticipate hemoglobin lev-
el decrement in patients who are exposed to
repetitive diagnostic blood loss due to blood sam-
pling [31]. The model takes into account two fac-
tors contributing to hemoglobin loss: red blood
cell senescence and diagnostic blood loss due to
phlebotomy. It can be easily adjusted to predict the
onset of anemia in critical care patients by setting
the hemoglobin synthesis rate to zero, based on the
fact that bone marrow suppression and insufficient
erythropoiesis often occur in these patients. The
model shows that most female and male patients
will reach the transfusion threshold of Hb 7 g/dL
within 30 and 24 days, respectively.

The use of pediatric test tubes in the adult set-
ting is another way of reducing blood loss. The ac-
tual blood required to measure data is 3-100 pL,
but it is common practice that phlebotomists draw
full large-volume tubes regardless [32]. Sanchez-
Giron et al. demonstrated that by using small-vol-
ume tubes (SVT), the overall median blood-loss
from laboratory testing (BLLT) could be reduced
by 73% and 74% in critical patients, from an orig-
inal median BLLT of 159.8 mL to 61.8 mL. The
study pointed out that the most frequently or-
dered tests were in chemistry, hematology, and co-
agulation, which were done in 1.1, 1.2, and 1.5 mL
tubes, respectively. The 2.7 mL tubes were rarely
encountered and was noted for use in only one sit-
uation for each testing category (e.g. chemistry: to-
tal iron binding capacity). The main concern with
the use of SVT was that many laboratories lack
equipment for analyzing them (as discussed pre-
viously). There are certain laboratory instruments
needed to handle the small volume tubes, and if
not available, some of the diagnostic steps need to
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be done manually. This is not only time consum-
ing but may also cause errors. Though it is a ben-
eficial technique, at this time, the use of SVT can
only be reserved for those laboratories capable of
handling them.

Another blood conserving method is to try to
reduce the volume of discarded blood taken before
obtaining a specimen [33]. The first batch of fill-
ing blood, e.g. from the central line, has to be dis-
carded as it might have different blood values than
circulating blood. The volume discarded can easily
range from 18-30% of the total blood drawn, and
has been said to be one of the contributors to the ex-
tensive blood loss seen in iatrogenic anemia. Mac-
Isaac et al. conducted a study using a VAMP (ve-
nous arterial blood management protection) plus
system, which allows the phlebotomist to withdraw
the “blank” blood using the syringe attached to the
needle and then re-infuse the “blank” blood after
obtaining the appropriate blood specimen. The
study focused on confirming or rejecting the the-
ory that the “blank” played a role in the decrease
of hemoglobin in ICU patients. Unfortunately,
their results demonstrated that only a minuscule
(20 mL/day) amount was saved by this method and
that there was only a small increase in hemoglobin
level in a minority of the non-transfused patients.
However, in that particular minority, the research-
ers did not control the fluid resuscitation volume,
and they concluded that the rise in hemoglobin
probably was attributed to this uncontrolled vari-
able and not the saving of the “blank”. [33]

Summary

There are many factors that contribute to iat-
rogenic anemia in different specialties of medi-
cine. Laboratory testing drives a large percentage
of medical decision making. So far, the main factor
which controls unnecessarily frequent testing is the
increase in hospital financial costs, where the over-
use of blood sampling, together with other diag-
nostic tests, are major expenses [3]. What happens
when there is no roof to how much money can
be spent on laboratory tests? This may only apply
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