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The patient with anemia
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Purpose of review
Anemia remains a global health issue. This review addresses the recent findings on anemia in surgical
patients and its significance in perioperative setting.
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Recent findings
The prevalence of anemia in surgical populations is high, ranging from one-third of population to nearly
100%. Anemia is an independent, modifiable risk factor for a growing list of unfavorable events,
complications and diminished functional outcomes (lasting for months following discharge), as well as a
major predisposing factor for allogeneic blood transfusions. Therefore, timely screening and diagnosis of
anemia prior to elective surgeries is of great importance. Nonetheless, studies suggest that many
opportunities to properly manage anemia in perioperative setting are lost. Patient blood management
provides a framework of evidence-based strategies to effectively reduce the risk of occurrence of anemia
and treat it with the ultimate goal of improving patient outcomes. Studies on the clinical impact of
patient blood management strategies are emerging.
Summary
Active screening for anemia and proper management of it in perioperative setting is essential. Several
strategies to prevent anemia – including elimination of unnecessary diagnostic blood draws – are
effective and reasonable approaches.
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INTRODUCTION
Anemia remains a global health issue. It is estimated
that one out of every three to four human beings
across the world meets the WHO definition of anemia (hemoglobin <13 g/dl in adult men and 12 g/dl
in adult nonpregnant women) [1,2]. Anemia is often
multifactorial and various causes including nutritional deficiencies (iron, vitamin B12 and folic acid),
inflammatory processes and blood loss (acute
or chronic) usually play a role to some degree. Iron
deficiency – absolute or functional – is common
in anemia and it can be easily treated using supplemental iron [3,4].
The overall prevalence of anemia in surgical
patients is believed to be higher than general
population [5]. Anemia is particularly important in
patients undergoing surgery for a number of reasons.
In general, some patients undergo surgery due to
chronic conditions that also increase the risk of anemia (e.g. chronic cardiac disease or malignancies).
Other surgeries such as certain orthopedic procedures
are typically performed more commonly in elderly
populations who face increased prevalence of anemia. Not only procedures associated with high blood
loss may cause or exacerbate anemia, but hospital
www.co-anesthesiology.com

stay on its own is increasingly being recognized as
a risk factor for anemia. On the contrary, presence
of anemia in surgical patients is a risk factor for
allogeneic blood transfusion – a major independent
contributor to unfavorable outcomes – and a growing list of other complications. This review addresses
the recent findings on anemia in surgical patients
and its significance in perioperative setting.

REVIEW
Prevalence and significance of anemia
in surgery
Anemia is a common, independent and modifiable
risk factor for various unfavorable outcomes in a
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KEY POINTS
 The prevalence of anemia is high in general population
and even higher in surgical patients. The prevalence
often continues to rise throughout the hospital stay and
it persists beyond discharge, even for months
and years.
 A growing body of evidence implicates anemia with
worsening of outcomes in various surgical
patient populations.
 Anemia is a major risk factor for allogeneic blood
transfusion in perioperative setting, and the evidence
on the independent link between transfusion and worse
outcomes continues to grow as well, giving more
reasons to take anemia more seriously.
 Surgical patients often face high risk of blood loss,
during and following surgery. For example, repeated
and unwarranted diagnostic blood draws can lead to
significant blood loss, and they should be avoided
unless when likely to affect the care of the patients.
 PBM focuses on maintaining hemoglobin level,
optimizing hemostasis and minimizing blood loss using
evidence-based strategies to improve the outcomes of
patients. These measures effectively reduce the risk of
occurrence of anemia, and reduce its severity and
negative impact when present.

wide range of patient populations including
surgical patients. Recent studies continue to demonstrate the negative impacts of anemia in various
surgical populations. In addition, the presence of
‘unexplained’ anemia in the preoperative setting
should alert the clinicians to rule out the possibility
of underlying conditions such as kidney disease or
malignancy. Iron-deficiency anemia without overt
bleeding can be a sign of gastrointestinal cancers
and other conditions such as atrophic gastritis, celiac disease or gastrointestinal ulcers [6].
Table 1 summarizes the findings of a number
of recent publications on the prevalence of anemia
and its impact on outcomes in surgical patients
[7 ,8–17]. In a systematic review of studies in
patients with fractured hips, preoperative anemia
was independently associated with increased risk of
death in half of the studies [18]. A recent metaanalysis focused on the association between preoperative anemia and outcomes in surgical patients
(excluding pediatric and obstetric populations
as well as trauma, burn and transplant surgeries)
[19]. Main outcomes included 30-day or in-hospital
mortality, acute kidney injury, stroke and
myocardial infarction, with subgroup analyses on
cardiac and noncardiac surgery patients. The
&

investigators identified 24 studies encompassing a
total of nearly 950 000 surgical patients, of which
39.1% had preoperative anemia. Anemia was
independently associated with increased risk of
mortality [odds ratio (OR) 2.90, 95% confidence
interval (CI) 2.30–3.68], acute kidney injury (OR
3.75, 95% CI 2.95–4.76) and infection (OR 1.93,
95% CI 1.17–3.18) across the populations, and
increased risk of stroke (OR 1.28, 95% CI 1.06–
1.55) in patients undergoing cardiac surgery. Significant heterogeneity was noted between the studies, and it could not be determined whether anemia
was an independent risk factor of unfavorable
outcomes or a marker of underlying diseases [19].
Considering the totality of evidence on the
link between anemia and worse outcomes, it is
not unreasonable to conclude that anemia can often
act as a marker of underlying diseases. Indeed, as the
term ‘anemia of chronic disease/inflammation’
might suggest, the presence of anemia can be a result
of underlying inflammatory processes. Another
common example is iron deficiency, which has been
independently linked to worse outcomes regardless
of anemia. Again, in this context, anemia can be
viewed as a ‘marker’ of underlying conditions.
Nonetheless, and as demonstrated by numerous
other studies, there is little doubt on the independent link between anemia and worse outcomes. It is
important to note that this role does not necessarily
contradict the role of anemia as a marker of underlying illness, and the two roles can coexist in the
same patient more often than not.

Anemia and the risks of transfusion
Across various populations, anemia dramatically
increases the risk of red blood cell transfusions by
as much as five-fold or more [19]. In a study of over
4000 patients who underwent elective hepatectomy, preoperative anemia was diagnosed in
22.7% of the patients. Anemia was independently
associated with 2.8-fold increased risk of blood
transfusion and significantly longer duration of
hospital stay (10.0 vs. 7.4 days), which translates
to substantial resource utilization [20 ]. In a recent
multicenter study in patients undergoing major
orthopedic surgery in Europe, anemia was associated with more than five-fold increased risk of being
transfused during surgery [11]. In another study in
288 elderly patients undergoing cardiac surgery,
preoperative anemia (alongside postoperative bleeding volume) was among the main risk factors of
transfusion [21].
The link between transfusion and worse outcome has been supported by countless studies.
The bulk of evidence on the outcomes of
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Table 1. Recent findings on prevalence and significance of anemia in surgery
Study

Population

Prevalence of anemia

Impact of anemia on outcomes

DeLarochelliere
&
et al. [7 ]

438 patients undergoing TAVR in a
single center

64.4% before the procedure

Anemia independently associated with
worsening of various functional and
quality-of-life measures

Ebner et al. [8]

331 out-patients with stable chronic HF

At baseline, 30% with anemia,
45% with ID and 19% with ID
anemia

62% at 6-month follow-up
Exercise capacity significantly lower in
patients with anemia and ID
After adjusting for other factors, anemia
was an independent predictor of
mortality
Gierth et al. [9]

A multicenter study of 684 patients
undergoing radical cystectomy for
transitional cell carcinoma of bladder

Landes et al. [10]

Over 11 000 patients who underwent
PCI

Lasocki et al. [11]

1500 patients who underwent major
elective knee, hip or spine surgery at
17 hospitals across six European
countries

39.3% in preoperative period

Anemia was an independent predictor of
cancer recurrence and mortality
(cancer specific and all-cause)
Previous history of anemia was
independently associated with
mortality or myocardial infarction

14.1% in the preoperatively
period

Anemia was associated with increase
rate of postoperative complications

85.8% in the postoperative period
Patients with preoperative anemia
had a mean Hb drop of 1.9 g/
dl in the postoperative period,
vs. 3 g/dl drop in Hb of
patients who were not anemic
at baseline
Menendez et al.
[12]

A nationwide study of over 3 million
total joint arthroplasty surgeries

Seicean et al. [13]

668 patients undergoing open surgery
for intracranial aneurysms (60%
ruptured)

Anemia identified among the risk factors
of in-hospital, postoperative
myocardial infarction
29.6% in preoperative period

Preoperative anemia independently
associated with preoperative
complications, need for reoperation
and longer hospital stay

Shacham et al. [14] 1248 patients admitted with STEMI who Anemia at admission detected in Anemia at admission was independently
underwent PCI
27% of patients who developed
associated with the risk of AKI
AKI and 12% of those without
AKI
Spiegelstein et al.
[15]

Over 2300 patients undergoing
nonemergent-isolated CABG

Mean preoperative Hct was
38.9  4.8%

Lower preoperative Hct was
independently associated with
increased risk of perioperative major
morbidity in higher risk patients

Uchilda et al. [16]

337 patients admitted for PCI

17.5% at admission

Anemia was an independent significant
risk factor for adverse outcomes and
worse prognosis during the median
follow-up period of 4.5 years

Viola et al. [17]

13 500 patients undergoing total joint
arthroplasty in a single center

19% in the preoperative period

Anemia independently associated with
increased risk of complications,
particularly cardiac and genitourinary
complications

AKI, acute kidney injury; CABG, coronary artery bypass grafting; Hb, hemoglobin; Hct, hematocrit; HF, heart failure; ID, iron deficiency; PCI, percutaneous
coronary intervention; STEMI, ST segment elevation myocardial infarction; TAVR, trans-catheter aortic valve replacement.

transfusions comes from uncontrolled observational studies that are prone to the risk of bias and
confounders. The link has been shown in almost
every type of patient population and procedure. In a
440
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multicenter study of 765 patients undergoing resection of gastric adenocarcinoma with curative intent,
22% of the patients received allogeneic blood transfusion in the perioperative period. Transfusion was
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an independent risk factor for decreased recurrencefree and overall survival (hazard ratio 1.64, 95% CI
1.13–2.37 and hazard ratio 1.79, 95% CI 1.21–2.67,
respectively) [22]. In a study of nearly 3000 patients
who underwent major vascular surgeries, 25% of
patients were transfused at a median hemoglobin
level of 7.7 g/dl. Preoperative anemia was an
independent and strong predictor of perioperative
transfusion (OR 4.2, 95% CI 3.3–5.1), whereas perioperative transfusion was independently associated
with increased risk of death (OR 6.9, 95% CI 3.2–
15), myocardial infarction (OR 8, 95% CI 3.7–17)
and pneumonia (OR 7.4, 95% CI 3.3–17) [23].
In a study of 1444 patients who underwent
cardiac surgery with cardiopulmonary bypass in
16 hospitals in Canada, 37% had preoperative anemia, 35% developed intraoperative anemia and 43%
of the patients received blood transfusions. After
adjusting for other confounders, patients with a
combination of having anemia and receiving transfusion had the highest risk of developing acute
kidney injury [24]. The interaction between anemia,
transfusion and comorbidities such as cardiac
or kidney disease has been long recognized and
highlights the importance of aggressive treatment
(and prevention) of anemia and more judicious use
of blood transfusions [25].
Clinical trials on transfusion practices have also
provided some valuable evidence, but one has to
remember that no clinical trial to date has compared
transfusion with no transfusion (or other alternative
treatments, with exception of a few ill-fated trials on
artificial blood substitutes), and these trials at best
can compare the impact of less vs. more transfusions. In addition, clinical trials are no guarantee
against low quality of evidence and persistent risk of
bias [26].
Several studies including large clinical trials over
the past few years have supported the notion that
more liberal use of blood transfusion is associated
with worse or comparable outcomes compared with
more judicious use of red blood cells. More recently,
few studies have questioned this notion. In a
randomized controlled trial on 198 cancer patients
undergoing major abdominal surgery, the use of a
liberal transfusion strategy (hemoglobin threshold
<9 g/dl) was associated with 16% lower risk of occurrence of the primary composite outcome of
mortality or major morbidity compared with restrictive transfusion strategy (hemoglobin threshold
<7 g/dl) [27 ]. Of note, the study arms had some
differences in baseline characteristics and surgical
procedures that might affect the outcomes favoring
the liberal transfusion strategy arm.
A recent meta-analysis looked at six trials comparing liberal transfusion strategies (usually based
&

on a target hemoglobin threshold of 10 g/dl) vs.
restrictive transfusion strategies (usually based on
an 8 g/dl hemoglobin threshold), involving 2722
patients undergoing surgery for hip fracture [26].
Of note, almost 75% of the patients came from just
one trial, and over 60% of these cases had a history
of cardiovascular disease. There was no significant
difference in postoperative mortality between the
liberal and restrictive transfusion strategies
(risk ratio 0.92, 95% CI 0.67–1.26 for 30-day
mortality and risk ratio 1.08, 95% CI 0.80–1.44
for 60-day postoperative mortality). Overall, trends
toward lower risk of postoperative morbidity
(including thromboembolic events, stroke, wound
infection and pneumonia) were observed in patients
randomized to more restrictive transfusion strategies, whereas a trend toward lower risk of heart
failure and myocardial infarction was observed
among patients managed with more liberal transfusion strategies. In addition, more liberal use of
blood transfusions did not have any significant
impact on functional recovery (risk ratio 1.00,
95% CI 0.87–1.15) [26]. This finding is of particular
interest, as ‘accelerating recovery’ has been one of
the common anecdotal and inappropriate ‘indications’ for use of allogeneic blood. This is further
supported in a recent clinical trial in 284 anemic
elderly hip fracture patients who were randomized
to a restrictive (hemoglobin <9.7 g/dl) or liberal
(hemoglobin <11.3 g/dl) transfusion strategy during
the first 30-day postoperative period. There was no
significant difference in recovery in daily living
activities or 90-day mortality between the patients
managed with liberal and restrictive transfusion
strategies [28].
On the contrary, long-term follow-up of 1016
patients enrolled in a large trial of liberal vs. restrictive transfusion strategy (FOCUS trial) indicated
that the long-term mortality did not differ between
the patients randomized to liberal vs. restrictive
strategies [29]. The interpretation of this finding
depends on the viewpoint of the interpreter: For
some, this is an evidence that liberal transfusion
poses no additional long-term risk to this high-risk,
elderly population [29], while it can also be argued
that this study shows the futility of a high-risk and
costly treatment. The ongoing debate over various
transfusion strategies highlights the importance of
management of anemia in perioperative setting: if
anemia is properly managed and prevented in surgical patients, the patients will be less likely to reach
a threshold for transfusion (even the liberal ones).
Simply put, why should we preoccupy ourselves
with the debate between two options, when we
can effectively avoid both by planning ahead of
time [30]?
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Toward better management of anemia
It is often stated that prevention is better than treatment, and anemia in the surgical setting is among
the best examples. Left untreated, anemia will
expose the patients to risks of its own, and the risks
of transfusion. Effort to control and minimize bleeding (surgical and iatrogenic such as phlebotomies
for tests) is key in preventing and reducing the
severity of anemia and avoiding many of its
consequences. Interestingly, the presence of preoperative anemia (alongside a number of other factors
including older age, comorbidities, prolonged
length of surgery and the use of anticoagulants)
was among the main risk factors associated with
increased surgical blood loss in a study in orthopedic
surgeries [31]. Similarly, anemia was found to be
independently associated with increased risk of
bleeding following primary percutaneous coronary
intervention in a study of 770 patients with STelevation myocardial infarction [32]. The increased
blood loss in anemic patients is expected to exacerbate the anemia, creating a positive feedback
loop with serious negative consequences.
In a recent systematic review of 49 studies performed in patients undergoing hip and knee arthroplasty, intraoperative use of tranexamic acid was
found to be associated with decreased surgical blood
loss, increased hemoglobin level, reduced risk of
transfusion and shorter hospital stay. The use of
topical hemostatic agents was also found to be
effective [33].
The clinical team should remain vigilant and
continue the efforts to minimize blood loss in the
postoperative period as well. Diagnostic blood draws
are gaining more attention as one of the factors
contributing to development of hospital-acquired
anemia (or exacerbation of pre-existing anemia). In
a study on 248 critically ill patients, the use of smallvolume phlebotomy tubes for blood draws was
associated with significantly lower volume of blood
draw compared with conventional phlebotomy
tubes (mean  standard deviation 174  182 vs.
299  355 mL, P ¼ 0.001) [34]. Although in this
study no difference in the amount of blood transfusions was noted, this study indicates that patients
can lose around 5% of their total blood volume to
diagnostic blood tests alone during their hospital
stay. The use of small-volume (e.g. pediatric) tubes is
a simple strategy. Also, standing orders of tests without specific indication and orders for diagnostic
tests that are not likely to affect the course of clinical
management of the patients should be avoided.
Implementing an educational programme for
internists at a hospital – highlighting the notion
that daily blood tests should be ordered only if the
results are likely to change the patient care – was
442
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associated with a reduction of complete blood
counts from 1.46 to 1.37 per patient per day [35 ].
With the advancements of technology, the ability to
run complete tests in much smaller specimens – as
low as 50 ml blood in one example [36] – will soon
become a reality.
New advancements in medical technologies
come with the hope of more accurate and less
invasive diagnostic tests. Continuous noninvasive
hemoglobin monitoring is of special interest, as not
only does it allow for noninvasive measurement of
hemoglobin level without drawing any bloods, but
it also provides continuous, real-time data that can
aid clinicians in making better-informed clinical
decisions (e.g. in face of rapidly declining hemoglobin level that might otherwise go undetected for
long until a blood test is performed). However, the
accuracy and precision of these devices have been a
matter of contention [37]. Evidence generally
suggests low bias despite wide variations compared
with conventional methods of measurement of
hemoglobin, and hence, currently available noninvasive hemoglobin monitoring devices should
be used to supplement more accurate blood tests
rather than substitute them [37,38].
Patient blood management (PBM) provides a
road map to address anemia and other modifiable
risk factors in patients – particularly surgical patients
– to improve clinical outcomes. PBM relies on multidisciplinary, evidence-based medical and surgical
approaches to maintain hemoglobin level, optimize
hemostasis and minimize blood loss [39]. Emerging
studies continue to support the effectiveness of these
approaches individually and in concert under PBM
programmes in reducing the risk of anemia and
achieving better outcomes for patients [40 ]. Among
all the strategies, timely detection and management
of anemia remains one of the simplest and most
effective approaches, which is still being frequently
ignored [41]. The call for early detection and management of anemia during the preoperative period – a
golden opportunity in patients scheduled for elective
surgery – is growing stronger. Neither us the clinicians nor our patients can afford missing this opportunity. Algorithms to guide the detection and
management of anemia in preoperative setting are
available [6,41,42 ]. In a study across 17 hospitals in
Europe, the prevalence of preoperative anemia was
reduced to 8%, whereas the prevalence in other centers was more than twice higher, around 18.5%. Tests
used to assess iron status were performed significantly
more frequently in the centers implementing PBM
strategies [11]. It is regrettable that a substantial
number of hospitals still continue to fail to properly
diagnose and manage anemia in their patients,
exposing them to avoidable significant risks [11].
&
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Once anemia diagnosis is made, treatment
should be guided by the results of the diagnostic
work-ups, and it includes iron and erythropoiesisstimulating agents [43,44]. As indicated earlier,
functional iron deficiency is common in surgical
patients, necessitating iron therapy. However,
management of anemia in surgical patients is often
a race against time and given the limited absorption
of iron from gastrointestinal tract, intravenous iron
formulae are preferred for faster and better results
[5,44]. As a highly bioactive element, iron plays roles
in many pathways, and just as its deficiency can lead
to a multitude of problems, the consequences of its
administration to the body may also be far-reaching.
Some studies have linked iron administration with
oxidative stress and immunomodulatory effects
[45]. Increased risk of infections is also a known
risk [46]. Hypersensitivity reactions have also been
reported, but more recent parenteral iron preparations are generally safer in this regard and
preferred over the older preparations (namely high
molecular weight iron dextran) [47]. Recently, it has
been shown in the Ferric CarboxymaltOse evaluatioN on perFormance in patients with IRon
deficiency in coMbination with chronic Heart Failure (CONFIRM-HF) trial that treatment of irondeficient heart failure patients with intravenous
iron is associated with improved functional capacity
and quality of life, in addition to reducing the risk of
subsequent hospital admissions [48]. This makes a
strong case for using intravenous iron in irondeficient heart failure patients. A number of
randomized controlled trials in other populations
have compared intravenous iron with oral iron or
placebo, and some have provided evidence in support of efficacy of intravenous iron in correcting
anemia, reducing transfusions and (to less extent)
improving clinical outcomes [46,49].
Although the use of intravenous iron in anemic
surgical patients appears to be reasonable and based
on sound theoretical grounds, the evidence from
the studies in perioperative setting is limited, with
no report of large randomized trials published
recently. A recent systematic review could identify
only four studies that focused on the impact of
perioperative intravenous iron on outcomes in anemic patients. In one small study, concomitant use of
intravenous iron and ESAs in preoperative setting
was associated with reduced blood transfusion,
shorter hospital stay and reduced mortality. However, in the three other studies, postoperative use of
intravenous iron (with or without ESAs) was not
associated with reduced transfusion utilization
[50]. Clearly, more studies are needed to better
characterize the clinical impact of intravenous iron
treatment in perioperative setting. A number of

trials including the Prevention of Recurrent Venous
Thromboembolism (PREVENT) trial are underway,
and they are hoped to provide the needed evidence
on the use of iron in the surgical patients [51].
Novel strategies to diagnose and manage anemia
are under investigation. Hepcidin, the master regulator of iron metabolism in the body and a key
player in anemia of inflammation and functional
iron deficiency – continues to receive significant
interest. Briefly, under normal circumstances and
when adequate iron is available to support erythropoiesis, hepcidin acts to maintain iron hemostasis,
by inhibiting iron absorption from the gastrointestinal tract, and iron mobilization from its stores
(liver and reticuloendothelial system). Conversely,
when iron deficiency is sensed, hepcidin is downregulated, allowing more iron absorbed by the enterocytes and mobilized from iron stores in the body.
On the contrary, hepcidin is upregulated under
inflammatory conditions, leading to reduced bioavailability of iron and contributing to anemia
of inflammation and functional iron deficiency.
Given its central role in iron regulation, hepcidin
remains promising as a biomarker for diagnostic
tests, as well as a potential therapeutic target for
anemia [52]. In a study of 165 patients undergoing
cardiac surgery, plasma hepcidin was the only
hematological parameter that was reliably associated with the outcomes [53].

CONCLUSION
Anemia continues to pose a significant risk to
patients undergoing surgery. The prevalence ranges
from that of general population (1/3–1/4) to nearly
100%, depending on the population, risk factors and
timing of assessment. Anemia is an independent risk
factor for worsening of outcomes and a major predisposing factor for allogeneic blood transfusion – a
costly and high-risk treatment with dubious effectiveness. Timely screening and diagnosis of anemia
prior to elective surgeries can greatly reduce the risk
by providing the clinicians with a golden opportunity to properly manage anemia and optimize the
patients for the upcoming surgery. This screening is
most appropriate for patients scheduled to undergo
surgeries with potential for sizeable blood loss. One
practical strategy is to consider anemia screening
for any patients scheduled for procedures that are
routinely subject to blood type and screen or crossmatch. The presence of comorbidities that increase
the risk of anemia (e.g. cardiovascular diseases) or are
known to be associated with higher prevalence of
anemia and/or iron deficiency (e.g. heart failure) can
also be considered in making the decision to screen
for anemia ahead of the surgery.
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Although surgery acts as a contributing factor to
development or exacerbation of anemia, the evolution of anemia continues in the postoperative
period and beyond discharge into years. Therefore,
clinicians should remain vigilant and actively screen
for anemia in the postoperative period and as part of
subsequent surveillance of their patients.
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