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Anemia in Surgery - Definition and Prevalence
Half a century ago, a World Health Organization (WHO) study 

group on nutritional deficiencies defined anemia as hemoglobin levels 
less than 13 g/dL in men and less than 12 g/dL in women [1]. In the 
surgical literature, a wide variety of definitions for anemia have been 
used [2], which complicates the determination of its true prevalence, 
and makes interpretation and comparison of studies assessing anemia 
and outcomes difficult. 

The prevalence of anemia in patients awaiting elective procedures 
may be widely underestimated. Depending on surgical subspecialty, it 
ranges from 30% in cardiovascular [3-5] and critically ill patients [6], to 
76% in patients with advanced colon cancer [7]. The underlying cause 
of preoperative anemia often remains unclear [2,8]. 

The strict definition of anemia based solely on hemoglobin values 
may be suitable for epidemiologic assessment purposes, but it is of 
limited value for clinical practice. Hemoglobin levels do not adequately 
reflect the amount of red blood cells in circulation. Rather, they 
are substantially determined by plasma volume [9], as impressively 
demonstrated with the significant changes of hematocrit values 
following postural changes in healthy subjects [10]. While this may 
be of lesser importance in chronic anemia, it is crucial for decision 
processes in critically ill patients, where fluctuations of plasma volume 
are frequent.

Anemia in Surgery – Significance of the Problem 
The high prevalence of mild to moderate anemia found in 

asymptomatic patients awaiting elective surgery could suggest that 
preoperative anemia is more a laboratory than a clinically relevant 
finding. However, multiple studies have demonstrated that anemia in 
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Summary
Anemia is a frequent finding during routine assessment of patients prior to elective surgery. In this setting, 

anemia has been demonstrated to be a risk factor for negative post-operative outcomes as well as increased 
intra- and postoperative transfusion requirements.

Historically, blood products were given in abundance to surgical patients, based on liberal “transfusion 
triggers”, i.e. mildly decreased hemoglobin or hematocrit levels prompted the transfusion of blood. Current 
guidelines propose a more restrictive approach for surgical patients, reflecting the increased recognition of 
complications of blood products beyond hemolytic transfusion reactions and disease transmission. Transfusion-
related acute lung injury, immunosuppression, alloimmunization, and even increased recurrence of malignancies 
have been associated with the administration of blood transfusions, and are of particular concern in the surgical 
population. Restoration of homeostasis and augmentation of oxygen delivery to tissues are the most common 
indications to administer blood products in surgical patients; their capability to achieve these goals, however, is 
rather limited.

A stronger focus on preoperative optimization of elective surgical patients, including earlier detection and 
treatment of anemia, along with increased efforts to minimize intraoperative blood loss may be the most promising 
strategies to avoid the complications associated with both anemia and blood products.

the preoperative setting indeed has significant clinical implications, 
and is more than just a marker of co-morbidities [5,11-18]. In patients 
who refuse blood products, a direct correlation was found between 
decreasing preoperative hemoglobin levels and increasing incidence 
of postoperative complications and rising mortality [12,13]. Large 
retrospective analyses have confirmed anemia as an independent risk 
factor for postoperative complications in general (non-cardiac) surgery 
[11,12,14,15,17], as well as in high-risk cardiac and vascular surgery 
[5,16,19]. 

Primary pathomechansim of anemia is a decrease of calculated 
oxygen delivery (DO2) to tissue, with DO2 = CO x CaO2 (CO: cardiac 
output; CaO2: arterial oxygen content). With CaO2 = (Hgb x 1.34 x 
SaO2) + (0.0031 x PaO2) [Hgb: hemoglobin; SaO2: arterial oxygen 
saturation; PaO2: partial pressure of oxygen], the hemoglobin level is 
the most important determinant of CaO2. 

A decrease in DO2 does not immediately lead to a compromise of 
oxygen consumption in peripheral tissue (VO2), which remains stable 
secondary to two primary compensatory mechanisms: (1) an increase 
in the oxygen extraction ratio (O2ER), defined as (SaO2 - SvO2) / SaO2 

Journal of
Blood Disorders & TransfusionJo

ur
na

l o
f B

loo
d Disorders&Transfusion

ISSN: 2155-9864



Citation: Leichtle SW, Mouawad NJ, Bander JJ (2011) Anemia and Transfusions in Surgical Patients: Current Concepts and Future Directions. 
J Hematol Thromb Dis  S1:002. doi:10.4172/2155-9864.S1-002

Page 2 of 5

ISSN: 2155-9864 JBDT, an open access journalHematologic Oncology: Diagnosis & TherapeuticsJ Blood Disord Transfus

presents similar to acute respiratory distress syndrome (ARDS) 
with diffuse pulmonary infiltrates on chest radiography, or may be 
mistaken for cardiogenic pulmonary edema typical of fluid overload. 
The suggested pathomechanism is leukocyte sequestration in the 
pulmonary vasculature, and donor-related factors and antibodies were 
found to have a significant effect on the incidence of this complication 
[24].

In fact, TRALI is considered to be associated with plasma from 
female donors containing antibodies secondary to alloimmunization 
during pregnancy. Exclusion of female plasma donors in the United 
Kingdom resulted in a significant decrease of TRALI [25] and a 
recommendation to exclude female plasma donors was also introduced 
in the U.S. in 2006 [26]. An extremely low rate of TRALI (1 in 51,443) 
was reported in the 2009 National Blood Collection and Utilization 
Survey Report [23], but other contemporary studies suggest that TRALI 
is still a significant problem in up to 2.4% of cardiac surgery patients 
[27]. TRALI can occur with the transfusion of any blood product, and 
treatment is primarily supportive, with a mortality rate of up to 10%.

The immunosuppressive effect of blood transfusions was 
impressively demonstrated by the use of blood transfusions for 
immunosuppression after kidney transplants decades ago [28], and has 
been confirmed by more recent results [29]. This effect not only explains 
the increased susceptibility of transfused patients to nosocomial 
infections [30], but might also be responsible for a concerning 
association of blood transfusions and malignancy.

Increased recurrence rates after curative resections of colon cancer 
in patients who received blood transfusions were initially suggested 
almost three decades ago [31], and a more recent randomized controlled 
trial comparing autologous versus allogenic blood transfusions also 
demonstrated lower long-term survival and higher recurrence of 
colon cancer in patients who received blood transfusions [32]. A 
large meta-analysis summarizing the many heterogenous studies on 
this topic affirmed the concern that perioperative transfusions may 
increase recurrence rates after curative resections for colon cancer 
significantly with OR = 1.42; 95% CI, 1.20 – 1.67 [33]. This meta-
analysis also demonstrated a dose-dependent relationship between 
blood transfusions and the risk for cancer recurrence, with odds ratios 
ranging from 1.40 (95% CI, 1.18 – 1.67) after transfusion of one to two 
units of blood, to 1.69 (95% CI, 1.40 – 2.03) and 2.02 (95% CI, 1.65 – 
2.48) with the transfusion of three to four, and five or more units of 
blood, respectively. 

Additionally, higher nosocomial infection rates [30,34], increased 
mortality and longer hospital stays were demonstrated in critically ill 
patients [35,36]; and more frequent postoperative complications and 
higher mortality rates were found after coronary artery bypass graft 
(CABG) [37] and colorectal operations during which blood products 
were transfused [18,32]. 

Utilization of Blood Transfusions in Surgical Patients

Approximately 50% of patients in intensive care units receive at least 
one blood transfusion during their hospital stay [38,39]. Perioperative 
transfusions are given in 36% of pancreaticoduodenectomies, and in up 
to 84% of abdominal aortic aneurysm repairs [40]. 

Blood transfusions are commonly given to augment DO2 in patients 
with decreased hemoglobin levels and low physiologic reserve. One unit 
of RBCs can raise hemoglobin levels by approximately 1g/dL, but this 
hemoglobin increase is not consistently associated with improvement 
of oxygen delivery or oxygen consumption [41,42]. Packed red blood 

(SvO2: venous oxygen saturation), and (2) an increase of CO. The latter 
can be well tolerated by healthy subjects [20,21], but patients without 
sufficient cardiac reserve, particularly the elderly, may not be able to 
employ this compensatory mechanism. Moreover, increases in stroke 
volume and heart rate to raise CO are accompanied by increases in 
myocardial oxygen consumption, potentially exacerbating pre-existing 
compromised flow dynamics, thus leading to ischemia, and possibly 
explaining the higher rate of cardiac complications and death in anemic 
patients. 

Complications of Blood Transfusions in Surgical Patients

Traditionally, blood products were given in abundance to surgical 
patients based on liberal “transfusion triggers”, i.e. even mildly decreased 
hemoglobin or hematocrit levels prompted the transfusion of blood 
products. These levels used to initiate transfusions were often more 
arbitrary, or institution-, rather than evidence-based. Surgeons’ views 
on anemia and blood transfusions, however, have undergone significant 
changes in the last decade, and current transfusion guidelines propose a 
more restrictive approach [22].

One of the most recent official sources of information about national 
trends in of blood product utilization is “The 2009 National Blood 
Collection and Utilization Survey Report” issued by The United States 
Department of Health and Human Services [23]. In 2008, 15 million 
red blood cell transfusions (RBCs) were given in the U.S; surgical 
specialties (general, orthopedic, and cardiac surgery combined) had the 
second highest use of transfusions (23.6% of all RBCs used per hospital 
in 2008; General Medicine: 28.2%). Transfusion reactions that required 
further diagnostic or therapeutic interventions were reported in 60,110 
of the more than 23 million units of blood products transfused in 2008, 
including RBCs, plasma, and platelets. Adverse reactions of blood 
products reported to the Transfusion Service are illustrated in Figure 1. 

Modern surveillance systems and advanced testing methods have 
substantially reduced the number of complications of blood products, 
but they do remain a potentially serious threat. In addition to febrile 
and hemolytic transfusion reactions, and the potential transmission 
of infectious diseases, some adverse effects of blood products are of 
particular concern in surgical patients.

Transfusion-related acute lung injury (TRALI), characterized by 
dyspnea and hypoxia within hours of blood product administration, 

Figure 1: Adverse reactions to blood transfusions (TACO: Transfusion-
associated circulatory overload; TRALI: Transfusion-related acute lung injury), 
based on the 2009 National Blood Collection and Utilization Survey Report [23].

Dyspnea
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In addition to more general transfusion guidelines that can assist 
in the selection of patients that would most likely benefit from blood 
products [34], a promising, and novel approach may be the concept of 
“physiologic” transfusion triggers such as O2ER. Defined as the ratio 
of VO2 and DO2 (O2ER = VO2 / DO2), O2ER increases in reaction to 
declining DO2 in order to maintain VO2. Rearranging the equation 
O2ER = VO2 / DO2 = [SaO2 – SvO2] / SaO2 = 1 – SvO2, assuming SaO2 
= 1, oxygen extraction can be estimated based on SvO2 measurements 
[53]. In the intensive care unit setting, ScvO2 measurements are 
frequently available and can be used to approximate SvO2. O2ER > 
50% is generally considered a sign of impending exhaustion of this 
compensatory mechanism and impending decrease of VO2. This 
threshold might be used to consider the transfusion of RBC. In practice, 
a small observational study in cardiac surgery patients suggested less 
frequent and more appropriate blood utilization when adding O2ER as 
a guide for transfusions [54]. 

Preoperative Optimization of Patients

Early detection of anemia and intervention in the preoperative 
setting may avoid the negative consequences of both preoperative 
anemia and blood transfusions. While most elective operations no 
longer entail preoperative hospitalization and comprehensive laboratory 
testing, the preoperative office visit may offer the opportunity to detect 
potentially reversible or modifiable anemia. 

Anemia secondary to nutritional deficiencies is common in the 
elderly [8], and evaluation for common causes such as iron or vitamin 
deficiency can be performed easily and cost-efficiently. Oral ferrous 
sulfate can be employed successfully in most cases of mild anemia, 
and intravenous supplementation can be used in more severe cases 
to raise hemoglobin levels by approximately 1-2 g/dL per three weeks 
of treatment [55]. Anemia due to cobalamin (vitamin B12) and folate 
deficiency also responds to replacement within approximately 10 days, 
but replacements might have to be given intravenously. 

For more severe forms of anemia, as seen in patients with 
chronic disease and malignancies, erythropoietin (EPO) has been 
used successfully in many protocols. Several studies demonstrated 
substantial benefits with the use of EPO, including decreased 
transfusion requirements and lower mortality in critically ill patients 
and in patients with gastrointestinal cancer [56,57]. Beneficial effects 
were demonstrated with as little as a single dose of EPO and iron one 
day prior to cardiac surgery in a recent study [58]. The enthusiasm 
for the use of EPO, however, has been curbed by inconsistent success 
with EPO [59], and by serious concerns about the adverse effects of 
EPO. These include an increased risk for thrombosis and stroke [54], 
and a potentially direct stimulating effect of EPO on tumor cell growth 
[60,61]. 

Blood Conservation Strategies

Valuable lessons about preoperative optimization and intraoperative 
blood conservation can also be learned from the treatment of patients 
who refuse blood products. In addition to the administration of iron 
and EPO, these patients are frequently subjected to maximally blood-
saving techniques in the operating room. Hypotensive anesthesia and 
utilization of blood salvage were demonstrated to successfully minimize 
blood loss in spine surgery [62], and strict blood conservation strategies 
can help to maintain normal hematocrit levels even after major heart 
surgery [63].

Some strategies employed in these patient groups may be associated 
with additional complications and risks (e.g. EPO administration, 

cells represent an inferior substitute of whole blood, as reflected by the 
significantly altered properties of RBCs used for transfusion purposes. 

Stored properly, RBCs may be used for up to 42 days. Over time, 
however, they acquire storage lesions, marked by decreases in pH 
and ATP, and increases in lactic acid, potassium and ammonia levels. 
Depletion of 2,3-DPG causes a left shift of the oxygen dissociation 
curve [43,44], and the ability of RBCs to deliver oxygen to peripheral 
tissue becomes substantially impaired. Additionally, levels of 
proinflammatory cytokines rise over time, and the transfusion of older 
RBCs is associated with worse outcomes [45,46]. Usually, RBCs stored 
the longest are utilized first, with transfused RBCs being on average 18 
days old [23]. Older RBC’s, which may not be able to deform, may cause 
tissue ischemia and lactic acidosis by occlusion of capillaries [41]. 

In summary blood transfusions are only of limited efficacy in 
restoring oxygen delivery to tissue, are not capable of restoring 
normal blood physiology, and are not without significant associated 
complications. 

A different trend seems to emerge in the setting of trauma and acute 
traumatic hemorrhage, where the previously propagated concept of 
aggressive crystalloid resuscitation gets increasingly replaced by reliance 
on blood products, primarily based on the experience with massive 
transfusion protocols in the recent wars in Iraq and Afghanistan. In this 
setting, the early use of plasma and RBCs, preferably in high FFP: RBC 
ratio, has been demonstrated to achieve superior outcomes [47-49].

Recommendations for the Use of Blood Transfusions

Evidence to restrict blood transfusions comes from a series of 
randomized controlled trials in cardiac surgery and critically ill 
patients. The Transfusion Requirements in Critical Care (TRICC) trial 
has caused a paradigm shift in the view of anemia and transfusions 
in critically ill patients [50]. A large randomized controlled trial in 
25 Canadian intensive care units, the TRICC trial demonstrated that 
a restrictive transfusion strategy with goal hemoglobin levels of more 
than 7 g/dL was not associated with higher 30-day mortality than a 
liberal transfusion strategy with goal hemoglobin levels of more than 
10 g/dL. Moreover, the restrictive transfusion strategy proved to be 
beneficial for younger and healthier patients with age less than 55 years 
and APACHE II scores of less than 20, respectively.

A clinical trial in patients undergoing CABG surgery also 
demonstrated that a liberal transfusion strategy, triggering blood 
product administration if hemoglobin levels fell below 9 g/dL did not 
confer any advantage over a more restrictive strategy that only allowed 
for blood transfusions if hemoglobin levels fell below 8 g/dL [51].

Additional support for restrictive transfusion triggers came from 
the Transfusion Requirements after Cardiac Surgery (TRACS) trial. It 
demonstrated the non-inferiority of a restrictive transfusion strategy 
with a goal hematocrit ≥24% compared to a liberal transfusion 
strategy prompting administration of blood products to achieve a goal 
hematocrit ≥30% in high-risk surgical patients who had undergone 
cardiopulmonary bypass operations [52].

Based on these and other similar findings, current guidelines for 
trauma patients affirm the role of RBCs in the acute resuscitation 
of patients in hemorrhagic shock, but also emphasize the safety of 
restrictive transfusion strategies even in high-risk patients with stable 
cardiac disease, or on mechanical ventilation. “Transfusion triggers” 
based on absolute hemoglobin or hematocrit levels should therefore be 
considered an obsolete concept.
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hypotensive anesthesia), and are certainly not routinely applicable to all 
surgical patients. However, the success of intraoperative blood saving 
techniques indicates the potential for improvement with regard to 
hemostasis in many operations. 

Most importantly, effective measures can be as safe and simple as 
judicious utilization of postoperative blood draws, by avoiding “routine” 
laboratory studies and using pediatric tubes if necessary.

Conclusion
Preoperative anemia in surgical patients represents a challenge that 

is most likely underappreciated in both its incidence and potential for 
harm. Blood transfusions are an effective means of resuscitation in the 
context of trauma and acute hemorrhage, but should not be considered 
a viable, routine treatment strategy for anemia. Awareness of these 
considerations is essential to improve patient outcomes. Preoperative 
optimization of elective surgical patients and utilization of blood saving 
techniques intraoperatively may be the most promising strategies to 
address these challenges. 
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