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Abstract
The effect of red cell transfusion is frequently overrated, probably because decision makers are not always
familiar with oxygen physiology. Even halving the hemoglobin does not lead to a critical shortage of oxygen
supply for the tissues, as long as circulation is normal.
However, preoperative anemia is proven to be correlated to deterioration of surgical patients’ outcome. The
reason for this is debatable, and most scientists estimate anemia as a surrogate parameter for patients’ general
condition and co-morbidity.
There are several studies regarding anemia and red cell transfusion within the huge database from the
American College of Surgeons National Surgical Quality Improvement Program, these studies often apply highly
sophisticated statistical approaches. Some studies found that preoperative anemia is independently associated
with an increased risk of postoperative mortality and morbidity, but this is not confirmed by other researchers,
despite using the identical data source. Therefore, up to now there is no conclusive evidence that preoperative
anemia exclusively influences the outcome of surgical patients.
The average reader of scientific literature cannot always cope with the complicated statistical methods
employed, thus being unable to comprehend the message of a publication. To make it even worse, highly ranked
statisticians estimate up to 90% of medical studies to be biased and claim that unreliable data are the rule in
medical literature.
The more sophisticated research methods are applied, the more comprehensibility is needed for publishing
results, following the suggestion of Leonardo da Vinci, “Simplicity is the ultimate sophistication”.
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Red cells are given to improve oxygenation of the tissues. The
oxygen supply of a normal, cardiopulmonary stable adult individual
with hemoglobin concentration (cHb) of 15 g/dl corresponding with
an oxygen-concentration of 21 ml/dl is about 1,000 ml/min, whereas
the-utilization (consumption) is 200-250 ml/min [1]. Ergo the available
oxygen (supply) exceeds the demand (consumption) about four- to
fivefold. As demonstrated in Table 1, an anemia with cHb 7.5 g/dl does
not even nearly jeopardize oxygen supply as long as blood circulation
is adequate.
The ability of compensating anemia by increasing cardiac output
and/or oxygen extraction rate in normovolemic mammals has been
extensively investigated [2,3] finding its clinical equivalent in the
successful treatment of Jehovah’s witnesses [4-6].
The rationale for transfusing red cells seems to be often emotional
instead of evidence based. In a prospective study Senay and coworkers
evaluated 1,854 non-transfused cardiosurgical patients asking
provocatively [7]. ‘Is it the patient or the physician who cannot tolerate
anemia?’ They investigated two groups regarding to the lowest (nadir)
hematocrit during bypass, either <21% (n=174) or >21% (n=1,680).
cHb (g/dl)
in rest (ml/min)

O2-content (ml/dl)

O2-supply
(ml/min)

15

21

1,000

10

14

700

7.5

11.5

550

O2-consumption
200-250

Table 1: Oxygen supply as a function of hemoglobin concentration (cHb) and
oxygen content under physiologic conditions (O2-Saturation 99-100%; cardiac output ~ 5 l/min) in an adult individual.
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Mortality rate was 0% and 1% respectively. The authors concluded, ‘it’s
the physician who cannot tolerate anemia’. Representative for others
with similar results Bennet-Guerrero et al. reported about variations of
transfusion practice in the US [8]. They investigated the data of 102,470
patients with coronary artery bypass graft (CABG) from 798 hospitals.
Between otherwise comparable groups of patients the rates of red cell
transfusion ranged from 7.8 to 92.8%.
For many years there have been data from physiologic studies
demonstrating that red cell transfusion in hemorrhagic or septic
volume-resuscitated patients with ‘moderate to severe’ anemia has no
effect on microcirculation and oxygen consumption [3,9]. Sadaka et
al. performed a prospective observational study in patients with severe
sepsis and initial cHb of 7.23 g/dl and serum lactate of 4.1 mmol/l
[10]. One hour after transfusing red cells thereby elevating the cHb
approx. 20% there was no change in tissue oxygenation or lactate levels
as shown in Figure 1. Robertson and Bennet-Guerrero reviewed the
impact of transfused erythrocytes on global and regional oxygenation
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Figure 1: Influence of red cell transfusion on microcirculation and tissue
oxygenation [10].

[1]. They defined a cHb of 7.0 g/dl as ‘moderate anemia’ being safe in
patients without severe cardiac dysfunction. They also emphasized
that the hemoglobin concentration (cHb), particularly in hemorrhagic
shock can only be applied as transfusion trigger after consideration of
the patients volume status.
It is obvious that physicians frequently overestimate the effect of red
cell transfusion.

Red cell (RC) Transfusion and Outcome
There is evidence that homologous (allogeneic) blood transfusion
impairs outcome in surgical patients [11-14]. In the severely ill most
studies reported that the risks of RC-transfusion outweigh the benefit
[15]. The deterioration of outcome after red cell transfusion is not alone
related to the general risk of the patient. Paone and coworkers have
recently investigated 31,818 CABG patients divided into four groups
with low, moderate, medium, and high risk [16]. In all four groups the
effect of transfusion was qualitatively similar, transfusion leading to
significant increase in postoperative morbidity and mortality.
The multicenter study of Ferraris et al. [11] in non-cardiac surgical
patients compared about 15,000 patients receiving a single unit of
homologous red cells to nearly 900,000 non-transfused patients.
Patients with no transfusion had a significant better outcome (mortality,
wound healing, pneumonia and sepsis morbidity). Murphy et al. in a
single center retrospective analysis of propensity matched groups of
CABG patients (transfused vs. non-transfused) found out that red cell
transfusion was an independent predictor of mortality, infectious and
ischemic morbidity and length of hospital stay (LOS) [13]. Interestingly,
nadir (lowest) hematocrit during Extracorporeal Circulation (ECC),
even <21% had no influence on outcome data.
The currently available evidence clearly indicates that red
cell transfusion is independently associated with deterioration of
postoperative outcome in surgical patients. The pathophysiology of
this dysfunction is unknown yet, though there are suggestions that
transfusions may induce a shift of the immunologic environment
[17,18]. We believe future studies have to focus on red cell transfusion
and its impact on immune modulation.

Permissive Anemia
Against the background of the available data, as well as the success of
bloodless surgery, great efforts were made to avoid red cell transfusions;
including permissive anemia by applying restrictive transfusion triggers
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[6]. The first large randomized study comparing restrictive (cHb<7.0 g/
dl) with liberal (cHb<10.0 g/dl) transfusion regimen in anemic (cHb
≤ 9.0 g/dl) normovolemic critically ill patients was conducted by the
Canadian group of Hébert et al. [19]. They reported that the outcome
in the restrictive group was even better compared to the liberal group.
Their data have been frequently confirmed, including elective surgical
patients, patients with cardiovascular disease and infants on intensive
care unit [20-22]. Current recommendations and guidelines regarding
erythrocyte transfusion can be summarized, red cell transfusion is
always indicated when cHb is <6.0 g/l, and never when cHb is ≥ 10.0
g/dl [23].
These data suggest, that many if not most red cell transfusions are
administered with debatable indication.

Preoperative Anemia
There is also concern about anemic patients in the preoperative
period. Dunne and coworkers in patients with colonic cancer and
patients with hip fractures as well as Wu and coworkers in patients
>65 years old with noncardiac surgery reported the negative impact
of preoperative anemia on relevant outcome characteristics including
hospital mortality [24,25]. All these research groups concluded that
associated co-morbidity rather than preoperative anemia alone may
have led to a poorer outcome. They recommend the correction of
anemia prior to surgery with iron, folate and vitamin B supplementation
and the administration of erythropoietin.

Preoperative Anemia as an Independent Risk Factor
There are some studies where the authors tie themselves down to
the conclusion that preoperative anemia is an independent risk factor
for deteriorating patients’ outcome [26,27]. Discussing the particular
issue we have to consider the common reader’s increasing difficulties to
comprehend published medical information. The difficulties are
1. To understand the adequacy of the methods including statistics
2. To interpret the results and
3. To be able to relate to the authors’ conclusions.
One large study may be exemplary for these problems. In 2011
Musallam et al. published a retrospective cohort study about the
influence of preoperative hematocrit (hct) on postoperative outcome,
using the database from the American College of Surgeons National
Surgical Quality Improvement Program [26]. Altogether 227,425
patients during 2008 with non-cardiac surgery were included. The
authors defined two levels of preoperative anemia, ‘mild’ as hct >29
- <36% (women) and 39% (men) resp., ‘moderate-to-severe’ as hct ≤
29%. They created separate multivariate logistic regression models for
30-day mortality and composite morbidity adjusting the preoperative
hematocrit to potential clinical confounders. The statistics applied
included separate sensitivity analysis of 34,905 excluded cases, which
had no documented preoperative hct values. Their results (Figure 2)
demonstrate preoperative anemia being an independent risk factor
for patients’ outcome, with an increase of mortality from 0.78% (no
anemia) to 3.52% (mild anemia) to 10.17% (moderate-to-severe
anemia). The authors state, ‘Preoperative anemia, even to a mild degree,
is independently associated with an increased risk of 30-day mortality
and morbidity in patients undergoing major noncardiac surgery’. They
suggest at least in elective cases to treat anemia with iron, vitamins and
erythropoietin before surgery, asking for further studies evaluating a
cost/benefit ratio for this strategy. The sponsor of Musallams study,
Vifor Pharma, is the world’s largest producer of intravenous iron. The
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4.73 vs. 10.17% respectively. The fact that their data are not at all in
accordance with Musallam et al. (Table 2) though using the identical
database, leaves the reader clueless.

30

Incidence (%); p < 0.001

No anemia (158,196)

24

Mild anemia (57 970)
Severe anemia (11,359)

18

12
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Figure 2: Mortality and morbidity of non-cardiac surgical patients (number in
brackets) related to preoperative hematocrit (hct): No anemia = hct ≥ 39%;
mild anemia = hct >29 - <36(women)/<39% (men); severe anemia ≤ 29%
Musallam et al. [26].

employer of one co-author, Novartis-Sandoz, was in 2011 involved in
developing the generic ‘epoetin alfa’, a recombined erythropoietin used
to treat anemia. We state expressively that we do not assume the authors
intended to promote any pharmaceutical products. On the other
hand no drug company supports research projects without expecting
benefits for their business. Taking the results and the conclusions of this
study seriously, physicians are in a dilemma. Treating anemia means
either transfusion which may even worsen the patients’ situation, or
conservative treatment with iron, vitamins and erythropoietin leading
to a significant delay of surgery that is not acceptable for many patients,
particularly those with cancer. Additionally the effect of iron therapy
on perioperative anemia is not sufficiently documented yet, [28] and
the administration of erythropoietin is expensive, costs that have to be
repaid by the patient in most countries. Though we appreciate the great
effort of Musallam et al. we cannot follow their drift when it comes
to interpreting their results. Their conclusion that preoperative anemia
is an independent risk factor for postoperative outcome contradicts
clinical observations and is not backed by any physiological data.

Preoperative Anemia is a Symptom
Musallam et al. substantiate their conclusions with the large number
of patients and an outstanding statistical effort [26]. Our difficulties of
comprehension start with the term ‘anemia’, as we consider neither a
hematocrit <36 and <39% resp. nor ≤ 29% as clinical relevant anemia.
Within Musallams discussion, dealing extensively with statistical
aspects we miss any pathophysiological consideration why preoperative
anemia may lead to impaired postoperative outcome in otherwise
adequately treated patients. Anemia even in its ‘moderate-to-severe’
form (hct ≤ 29%) provides more than double of the oxygen needed by
the tissues (Table 1). Furthermore the exclusion of co-morbidity and
perioperative transfusion rates 2.52%, 10.49%, and 35.88% respectively
in ‘non-‘, ‘mild’-, ‘moderate to severe’-anemia patients as confounding
factors by the authors is inexplicable, even if statistic rules may allow
such ‘acrobatic’.
Some of the studies about deterioration of surgical patients’
outcome after red cell transfusion used the identical database as
Musallam. Two of them, Ferraris et al. and Glance et al. included noncardiac patients with preoperative anemia, comparable to Musallams
classification [11,12]. Both Ferraris (‘mild’ anemia) and Glance (‘severe’
anemia) when compared to Musallam had similar or bigger groups, less
transfusions and consequently lower mortality rates: 1.19 vs. 3.52% and
J Blood Disorders Transf
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This apparent confusion teaches us an important lesson. The
‘outcome’ of scientific research is anything but exclusively related
to design and methods, but also to the research question. Studies,
such as Musallam et al., Ferraris et al. and Glance et al. are based on
formidable large amounts of data, prospectively collected by 173, >200
and 211 resp different hospitals with non-standardized diagnostic and
therapeutic procedures [11,12,26]. Bearing this in mind, under certain
circumstances even a small single center study may compete with them.
In the mentioned study of Senay et al. about cardiosurgical patients,
the group with a nadir hematocrit of <21% during ECC had a mean
initial hematocrit of 36%, which is a ‘mild anemia’ following Musallams
classification. The mortality rate of these patients was 0%, compared to
3.52% (Musallam) and 1.19% (Ferraris) respectively [7,11,26].
Considering the current literature we rate preoperative anemia
as an important surrogate parameter for patients’ general condition,
affecting the perioperative course. We don’t find yet any comprehensible
pathophysiologic explanation why preoperative anemia should
exclusively have an impact on postoperative morbidity and mortality,
and why its effect on patients’ outcome should be different to intra- and
postoperative anemia [1,6,12,21].

Statistics-Blessing or Curse?
The demonstrated contradictions may be due to data selection and
different statistical approaches. We assume many readers of scientific
articles, even if they are experts in the medical issue are no longer able
to cope with the variety of sophisticated and complicated statistics, thus
being dependent on authors’ and editors’ competence and reliability.
However, believing in results and conclusions of impressing studies in
high ranking journals, even if they are contrary to their own experience,
many physicians will reconsider and change therapeutic strategies,
possibly falsely.
The Greek statistician John Ioannidis is one of the world’s foremost
experts on the credibility of medical research. He claims that the vast
majority of the published medical information that doctors rely on
is flawed [29]. The fact that his work broadly targets everyone else’s
work in medicine, as well as everything that physicians do and the
health advice we get, Ioannidis may be one of the most influential
scientists alive. Yet for all his influence, he worries that the field of
medical research is so riddled with conflicts of interest that it might
be chronically resistant to change. His conclusions have been strictly
opposed by Jager and Leek estimating after all a 14%, thus ‘tolerable’
rate of false information [30]. However their analysis only included
less than 4% of the papers published and only the five highest ranked
‘Severe-to-moderate’
Anemia

‘Mild’ Anemia
Author

Musallam 2011 Ferraris 2012[11]

Musallam
2011

Glance
2011[12]

Preoperative
Hematocrit (%)

> 29-< 36/39

34.85 (mean)

≤ 29

<28

n

57,870

908,391

11,359

10,100

Perioperative
Transfusion (%)

10.49

1.67

35.88

21.0

Mortality (%)

3.52

1.19

10.17

4.73

Table 2: Outcome and transfusion rate in surgical patients with ‘mild’ and
‘moderate to severe’ preoperative anemia, following the classification of
Musallam et al. [26].
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medical Journals. In his reply Ioannidis insists that, ‘sadly’, wrong
methods and unreliable data are the rule in medical literature [31]. He
acknowledges that researchers supported by drug companies don’t even
have to manipulate data intentionally. Wasn’t it possible, he asked, that
drug companies were carefully selecting the topics of the supported
studies? “Maybe sometimes it’s the questions that are biased, not the
answers” he said.
This trip into the mysteries of statistics may demonstrate that we as
practicing medical doctors are often dealing with an issue far beyond
our expertise. However, even the most sophisticated study should
neither blur our clinical experience nor paralyze our logical thinking.

Conclusions
We don’t find any conclusive evidence that preoperative anemia
alone deteriorates patients’ outcomes; additionally there is no
pathophysiological model to explain it. Instead, we believe that anemia
is merely a symptom of concomitant morbidity leading to complications
and death. Patients with preoperative anemia and major surgery have
an above average rate of perioperative red cell transfusions, which is a
proven independent risk factor for outcome deterioration.
Every effort should be done to avoid allogeneic red cell transfusion
until it is really indicated. This includes maintaining normovolemia,
permissive anemia, autologous transfusion, and professional blood
management with the implementation of mandatory guidelines. The
treatment of preoperative anemia in elective surgery is another option.
However, it can be applied only to a small group of patients, due to
limiting factors, such as time, costs and uncertain effect.
As a consequence of rapidly growing databases available to
everybody there will be more and more large retrospective studies
trying to answer various scientific questions. The more sophisticated
research methods are applied, the more comprehensibility is needed
for publishing results, following the suggestion of Leonardo da Vinci,
“Simplicity is the ultimate sophistication”.
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