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Perioperative Quality Initiative and Enhanced Recovery 
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on the Management of Preoperative Anemia and Iron 
Deficiency in Adult Cardiac Surgery Patients
Nicole R. Guinn, MD,* Jonathon Schwartz, MD,† Rakesh C. Arora, MD, PhD,‡  
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Charles Scott Brudney, MC, ChB,¶ and Elliott Bennett-Guerrero, MD,† on behalf of the Perioperative 
Quality Initiative (POQI-8) and the Enhanced Recovery After Surgery-Cardiac Society (ERAS-C) Investigators      

Preoperative anemia is common in patients presenting for cardiac surgery, with a prevalence of 
approximately 1 in 4, and has been associated with worse outcomes including increased risk 
of blood transfusion, kidney injury, stroke, infection, and death. Iron deficiency, a major cause of 
anemia, has also been shown to have an association with worse outcomes in patients undergo-
ing cardiac surgery, even in the absence of anemia. Although recent guidelines have supported 
diagnosing and treating anemia and iron deficiency before elective surgery, details on when 
and how to screen and treat remain unclear. The Eighth Perioperative Quality Initiative (POQI 8) 
consensus conference, in conjunction with the Enhanced Recovery after Surgery-Cardiac Surgery 
Society, brought together an international, multidisciplinary team of experts to review and evalu-
ate the literature on screening, diagnosing, and managing preoperative anemia and iron defi-
ciency in patients undergoing cardiac surgery, and to provide evidence-based recommendations 
in accordance with Grading of Recommendations, Assessment, Development and Evaluation 
(GRADE) criteria for evaluating biomedical literature. (Anesth Analg 2022;135:532–44)

GLOSSARY
AWP = average wholesale price in US dollars; EMR = electronic medical record; CBC = complete  
blood count; CI = confidence interval; CKD = chronic kidney disease; ERAS-CS = Enhancing 
Recovery After Surgery-Cardiac Society; ESA = erythropoietin stimulating agents; GRADE = Grading of 
Recommendations, Assessment, Development and Evaluation; H&P = History & Physical; Hb = hemo-
globin; ICU = intensive care unit; IDA = iron-deficiency anemia; IV = intravenous; LMW = low molecular 
weight; LOE = level of evidence; LOS = length of stay; MRI = magnetic resonance imaging; OR = odds 
ratio; PBM = patient blood management; PO = per os; POC = point of care; POQI = Perioperative 
Quality Initiative; RBC = red blood cells; STS/SCA/AmSECT/SABM = Society of Thoracic Surgeons/
Society of Cardiovascular Anesthesiologists/American Society of ExtraCorporeal Technology/Society for 
the Advancement of Blood Management; TDI = total dose infusion; WHO = World Health Organization

Effective patient blood management (PBM) 
remains an integral component of the opti-
mal care of cardiac surgical patients. The 

recent Society of Thoracic Surgeons/Society of 
Cardiovascular Anesthesiologists/American Society 
of ExtraCorporeal Technology/Society for the 
Advancement of Blood Management (STS/SCA/
AmSECT/SABM) Update to the Clinical Practice 
Guidelines on Patient Blood Management1 provides 
guidance on several key areas including optimizing 
coagulation and interdisciplinary blood conservation 
modalities. Another key element of PBM is the man-
agement of preoperative anemia, which is present in 
approximately 1 in 4 patients undergoing nonemer-
gent cardiac surgery.2–4 Preoperative anemia is inde-
pendently associated with worse outcomes, including 
mortality, and associated with blood product transfu-
sion, with its associated risks.5,6 This is of particular 
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importance to the aging cardiac surgery patient popu-
lation, who have high rates of anemia and thus red 
blood cell (RBC) transfusion risk.7

Anemia optimization and transfusion avoidance is 
observed in patients who decline blood products for 
personal or religious reasons. Many have argued that 
the techniques used to manage these patients should 
be more broadly applied.8 While both the recent 
aforementioned update1 and Enhanced Recovery 
After Surgery-Cardiac Society (ERAS-CS) guide-
lines9 have provided the recommendations that pre-
operative identification of anemia and its antecedent 
causes should be investigated, key considerations 
such as timing, dosing and agent(s) to be used remain 
unclear. In the recent ERAS-CS guidelines, it was rec-
ognized that preoperative anemia is common and 
associated with poor outcomes in patients undergo-
ing noncardiac surgery, yet “…the data supporting 
improved outcomes in the literature on [cardiac sur-
gery was] weak.”9 Tibi et al1 have recommended the 
use of erythropoietin stimulating agents (ESA) and 
iron supplementation in the preoperative phase, but 
did not provide details on the effective implementa-
tion of this approach. Furthermore, the identification 
of potential barriers to the use of these agents and 
cost-effectiveness requires additional consideration. 
Therefore, the objective of this initiative was to pro-
vide clinicians and investigators practical guidance in 
keys areas related to the management of anemia in the 
preoperative cardiac surgery patient, using a modified 
Delphi process and the Grading of Recommendations, 
Assessment, Development and Evaluation (GRADE) 
methodology.10,11

METHODOLOGY
The Perioperative Quality Initiative (POQI) is a non-
profit organization that assembles international, 
multidisciplinary teams to develop consensus-based 
recommendations on perioperative medicine.12 The 
POQI methodology combines elements of both evi-
dence appraisal and expert opinion, while acknowl-
edging the limitations of available literature to 
provide practical recommendations. The eighth POQI 
meeting convened with the Cardiac ERAS Society 
between October 20 and 22, 2021, in Sacramento, CA, 
to address perioperative issues with cardiac surgery. 
Three separate working groups with expertise in 
blood management, acute kidney injury, and opioid 
use were created. Before the meeting, group mem-
bers were assembled to include multidisciplinary 
representation from surgery, anesthesiology, nursing, 
and critical care, with experts from the United States, 
Canada, and the United Kingdom. Led by 2 co-chairs, 
group members performed individual electronic lit-
erature searches to generate bibliographies of rele-
vant articles before the meeting. Questions regarding 

controversies in the field or where there was a lack of 
consensus were identified by all group members and 
compiled and finalized by the group chairs (N.R.G. 
and E.B.-G. for blood management group). Four pre-
determined questions were addressed by the blood 
management working group: (1) How should patients 
undergoing nonemergent cardiac surgery be evalu-
ated for preoperative anemia in terms of timing and 
necessary laboratory studies? (2) For anemic patients 
identified before nonemergent cardiac surgery, how 
should anemia be treated? (3) What are the barriers 
to identifying and treating anemia in cardiac surgery 
patients and how can they be mitigated? (4) What 
is the financial impact of preoperative anemia man-
agement for cardiac surgery patients (does the cost 
of care result in cost savings in terms of transfusion 
avoidance or other improved outcomes)? Literature 
pertaining to the above questions was assembled 
before the meeting and reviewed across the work-
ing group. Sampling and selection of the literature 
was performed through a PubMed search using the 
terms including “preoperative anemia,” “iron defi-
ciency,” “patient blood management,” and “cardiac 
surgery” and excluding case reports, editorials, and 
commentaries, or articles not published in the English 
language.

A Modified Delphi process was utilized in the 
construction of the recommendations as described 
in prior POQI consensus statements.11,12 Over the 3 
days of the meeting, questions were refined and rec-
ommendations developed via 4 plenary sessions and 
3 small group sessions. Voting was conducted openly 
during conference plenary sessions, which included 
the entirety of conference members reviewing each 
working group’s statements. While partiality, influ-
ence, and bias cannot be excluded completely during 
the voting, the plenary session moderators actively 
encouraged dissenting opinions to be presented. 
Dissenting opinions were recognized and accounted 
for, and any debates over disagreeing opinions 
helped expand group knowledge and awareness 
on issues associated with a drafted consensus state-
ment. These iterative sessions served to solidify 
the consensus statements. The strength of evidence 
and recommendations were established using the 
GRADE methodology.10,13,14 During the final POQI 
conference session, all members from all 3 working 
groups voted to agree or disagree with the state-
ments and recommendations (Table 1). Voting was 
recorded for transparency (Supplemental Digital 
Content 1, Supplement 1, http://links.lww.com/
AA/E8), and if there were any dissenting votes, an 
accompanying dissenting opinion was included in 
the manuscript, although the goal was to achieve 
unanimous consensus. Difference of opinion as to 
the strength of the evidence was also voted on and 
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recorded during the voting period (Supplemental 
Digital Content 1, Supplement 1, http://links.lww.
com/AA/E8). Of note, no dissenting opinions were 
encountered with voting sessions on the following 
recommendations.

SUMMARY OF RECOMMENDATIONS AND 
SUPPORTING EVIDENCE
Question 1: How Should Patients Undergoing 
Nonemergent Cardiac Surgery Be Evaluated for 
Preoperative Anemia in Terms of Timing and 
Necessary Laboratory Studies?
Anemia and iron deficiency represent 2 distinct, but 
often concurrent, clinical diseases that warrant atten-
tion in the patient awaiting cardiac surgery. The 
prevalence of anemia in patients undergoing cardiac 
surgery has been estimated to range from 20% to 30%, 
and roughly 30% to 80% of these anemic patients suf-
fer from an iron-deficiency anemia (IDA).2,15,16 Anemia 
before cardiac surgery has been associated with an 
increase in transfusion risk, postoperative morbidity, 
and mortality.2–4

Iron deficiency may also present as an isolated 
disease without anemia during laboratory screen-
ing before cardiac surgery. Nonanemic iron defi-
ciency has been estimated to occur in around 20% of 
patients scheduled for cardiac surgery (Figure 1).17–19 
Nonanemic iron deficiency has emerged as a risk fac-
tor for outcomes following cardiac surgery. Patients 
with nonanemic iron deficiency undergoing cardiac 
surgery may have lower postoperative hemoglobin 
(Hb) levels, and be more likely to receive allogeneic 
transfusions and experience complications and pro-
longed hospital stay.17,19

Management of anemia and iron deficiency should 
follow the model of perioperative medicine, where 
integrated medical care begins from the moment 
that surgery is contemplated.20 The time between 
contemplation of surgery to the identification of ane-
mia, which may differ globally across health systems, 
should be minimized. Prompt screening and evalua-
tion of anemia before cardiac surgery permits timely 
administration of therapies to treat underlying disease 
states and prevent postoperative complications. In 
some cases, additional time for referral to specialists 
like hematologists is necessary to elucidate less com-
mon disease states amenable to preoperative therapy. 
Therapeutic efficacy with iron replacement is time-
dependent and varies with the severity of deficiency 
and pharmacologic preparations used. For example, 
intravenous (IV) iron replacement can raise Hb in 
IDA by 1 to 2 g/dL over 2 to 4 weeks, depending on 
the specific preparation.21,22 Therefore, with relation 
to timing, we recommend screening all patients for 
anemia and iron deficiency as soon as surgery is con-
templated, preferably 4 or more weeks before surgery.

Anemia has been described as a clinical syndrome 
of “blood failure” associated with decreased RBC 
mass and oxygen delivery to tissues. Laboratory mea-
surement of Hb concentration continues to serve as 
the surrogate for RBC mass in the diagnosis of ane-
mia, given the ease of measuring the former over 
the latter.23 The World Health Organization (WHO) 
defined anemia in 1968 as Hb concentrations below 
13 g/dL in men and concentrations below 12 g/dL 
in women.24 These values were derived from small 
studies in primarily northern European individu-
als, with minimal documentation on the sampling 

Table 1. POQI 8 Consensus Statements and Recommendations
Strengtha LOEb 

Statement 1.1 We recommend screening all patients for anemia and iron deficiency as soon as surgery is contemplated. Strong B
Statement 1.2 We recommend measurement of hemoglobin concentration as a screening tool for anemia. Strong A
Statement 1.3 We recommend measurement of ferritin and transferrin saturation as a screening tool for iron deficiency. Strong B
Statement 1.4 We recommend further work-up for patients identified as being anemic to determine etiology and appropriate 

treatment (laboratory work-up including CBC, if anemia identified by POC testing, creatinine, vitamin B12, 
folate, reticulocyte count, H&P).

Strong B

Statement 2.1 We recommend preoperative treatment for anemia. Strong B
Statement 2.2 We recommend preoperative treatment of iron deficiency with or without anemia. Strong C
Statement 2.3 We recommend treatment of iron-deficiency anemia with intravenous iron preferred over oral iron when there is 

limited time before surgery.
Strong B

Statement 2.4 We recommend referral for consideration of erythropoietin stimulating agents treatment for the following patient 
populations: patients who decline red cell transfusion, have moderate to severe anemia, or have anemia 
secondary to chronic kidney disease and/or anemia of chronic inflammation.

Strong B

Statement 3.1 We recommend the use of a structured clinical pathway to evaluate and treat preoperative anemia in cardiac surgery. Strong B
Statement 3.2 We recommend leveraging the EMR to provide alerts to clinicians to identify patients who are anemic before 

surgery and prompt further evaluation.
Weak C

Statement 4.1 We recommend the use of a preoperative anemia care coordination program as a cost-effective method to 
improve outcomes.

Weak C

Abbreviations: CBC, complete blood count; EMR, electronic medical record; GRADE, Grading of Recommendations, Assessment, Development and Evaluation; 
H&P, History & Physical; LOE, level of evidence; POC, point of care; POQI, Perioperative Quality Initiative.
aStrength of recommendation per GRADE process.
bLOE per GRADE process.
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methodology for the Hb concentration distribution.25 
Though the WHO definition for anemia has served as 
the foundation for numerous studies on PBM, alter-
native thresholds have been proposed. For example, 
1 study in patients undergoing orthopedic surgery 
revealed female patients receive nearly twice as 
many transfusions as males using the WHO anemia 
thresholds.26 Utilizing a single preoperative anemia 
threshold defined by a Hb concentration below 13 g/
dL may be more appropriate than WHO criteria, and 
would result in more female patients being diagnosed 
with anemia preoperatively that should be treated to 
reduce perioperative transfusions.23,26 Although nor-
mal Hb distributions may vary with factors such as 
age, ethnicity, and physiologic factors, for example, 
dwelling at high altitudes or pregnancy,25,27 the benefit 
of tailoring anemia cutoffs to specific cardiac surgery 
subpopulations remains uncertain. Nonetheless, we 
recommend measurement of Hb concentration as a 
screening tool for anemia.

Iron deficiency is a prevalent condition across 
both anemic and nonanemic patients undergoing 
cardiac surgery. About 30% to 80% of cardiac surgery 
patients with preoperative anemia have IDA, and an 
additional 20% to 50% of nonanemic cardiac surgery 
patients possess an iron deficiency.15,16,21 The pres-
ence of iron deficiency with or without anemia has 
been associated with lower postoperative Hb levels, 
increased transfusion requirements, and mortality.17,19 
The results of a prospective observational study ana-
lyzing 730 patients undergoing elective cardiac sur-
gery found patients with preoperative iron deficiency 
had a 3-fold risk in 90-day mortality.19

Laboratory demonstration of IDA classically rests 
on detection of low circulating iron levels, transferrin 

saturation, and ferritin levels. Indeed, low serum fer-
ritin levels are characteristic for an absolute iron defi-
ciency.28 Patients undergoing cardiac surgery may 
present with nonanemic iron deficiency in the setting 
of a negative iron balance. Over time, the negative iron 
balance can evolve into an absolute deficiency with 
resultant iron-restricted erythropoiesis.29 Low ferritin 
levels correlate strongly with reduced stainable iron 
from bone marrow in patients without inflammation. 
When inflammation and comorbidities are present, 
serum ferritin levels may fail to drop below the typi-
cally used 30 µg/L cutoff owing to ferritin’s role as 
an acute phase reactant. Consequently, a ferritin level 
below 100 µg/L combined with a reduced transferrin 
saturation below 20% has been recommended to diag-
nose iron deficiency.28,30

Several studies investigating the impact of iron 
deficiency with or without anemia have used a serum 
ferritin cutoff of 100 µg/L.17,19,21,31 One study found 
that a ferritin level below 100 µg/L identified low iron 
stores with a sensitivity (64.9%) and specificity (96.1%) 
against the gold standard bone marrow hemosiderin 
staining.32 However, when tested against the gold 
standard of a functional response to IV iron, both the 
sensitivity and specificity dropped by roughly 20% 
using the same ferritin threshold. Transferrin satu-
ration demonstrated a better sensitivity (59%–81%) 
and specificity (63%–78%) for detecting a functional 
response to iron therapy as compared with ferri-
tin alone.30 The combined measurement of ferritin 
and transferrin saturation as part of routine iron 
deficiency screening may therefore offer a superior 
strategy over ferritin or transferrin alone. Additional 
measurements, like mean corpuscular volume, reticu-
locyte Hb content, hepcidin, percent hypochromic 

Figure 1. Summary of anemia prevalence and association with transfusion in cardiac surgery patients. Figure reused with permission from 
the Perioperative Quality Initiative.
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RBCs, soluble transferrin receptor, ferritin index, and 
C-reactive protein may all serve to provide a compre-
hensive assessment for iron-restricted erythropoie-
sis.23,29 Therefore, in light of the above, we recommend 
measurement of ferritin and transferrin saturation as 
an initial screening tool for iron deficiency.

Anemia identified preoperatively warrants evalua-
tion for underlying conditions amenable to treatment. 
In the cases where IDA has been identified, timely 
evaluation for the cause should occur. Gastrointestinal 
blood loss, potentially from a serious underlying 
pathology, remains a common cause for iron defi-
ciency in men and postmenopausal women.33,34 
Multifactorial anemias, however, are likely in the 
elderly, malnourished, and in patients suffering 
chronic inflammatory states. In such individuals, 
other underlying conditions beyond iron deficiency 
should be treated to ensure that the anemia resolves 
while iron levels are restored.35 When anemia pres-
ents along with thrombocytopenia or leukopenia, fur-
ther investigation for a blood dyscrasia should occur 
ideally in consultation with a hematologist. If newly 
diagnosed renal disease accompanies an anemia, then 
referral to a nephrologist should occur.23 Therefore, 
we recommend further work-up for all patients iden-
tified as being anemic to determine the etiology and 
appropriate treatment.

Question 2: For Anemic Patients Identified 
Before Nonemergent Cardiac Surgery, How 
Should Anemia Be Treated?
Once anemia has been identified, the question remains 
if and how to treat it before nonemergent cardiac sur-
gery. Preoperative anemia is associated with worse 
perioperative outcomes, including increased risk of 
infection, stroke, acute kidney injury, and mortality,2–4 
as well as being a strong predictor of perioperative 
transfusion.26,36 Although there is limited evidence 
demonstrating that treating anemia preoperatively 
reduces complications other than transfusion, there is 
significant reduction in transfusion if anemia is effec-
tively treated before surgery.31,37,38 Due to the costs and 
potential risks associated with transfusion, transfu-
sion reduction alone may be sufficient reason to treat 
anemia before elective surgery. As more recent stud-
ies suggest, additional benefits to treating anemia, for 
example, reduced length of stay (LOS)39 and risk of 
readmission,40 the rationale to treat anemia preopera-
tively increases. We recommend that anemia should 
be treated before elective surgery to decrease periop-
erative transfusion and mitigate additional associated 
risks (Figure 2).

Additionally, to optimize RBC mass throughout 
the perioperative period, we recommend treatment of 
iron deficiency, with and without anemia, before sur-
gery. Iron deficiency is common in patients presenting 

for elective cardiac surgery and has been associated 
with worse perioperative outcomes.19,39 Adequate iron 
stores are needed to recover from postoperative blood 
loss and allow for regeneration of RBCs. Cardiac 
surgery is associated with a significant loss of RBC 
mass, and without adequate iron stores, patients will 
be unable to mount a hemopoietic response postop-
eratively. Additionally, the postsurgical inflammatory 
state may further inhibit RBC production,33 rendering 
postoperative treatment less effective.

Options for Treatment: Oral and IV Iron. If time 
allows (eg, at least 6 weeks), oral iron is the preferred 
treatment for preoperative anemia/iron deficiency 
as it is inexpensive and readily available. Oral 
iron formulations include ferrous salts, such as 
ferrous sulfate and ferrous gluconate, and other 
formulations such as ferric citrate and polysaccharide 
iron complexes.41 Dosing is usually based on the 
amount of elemental iron, with doses ranging from 
60 to 200 mg. For example, oral ferrous sulfate has 
65 mg of elemental iron per 325 mg tablet. Oral iron 
formulations are typically dosed every other day, 
as this has been shown to be as effective as daily 
dosing with fewer side effects, since daily dosing 
leads to decreased absorption due to elevated levels 
of hepcidin.42 However, even with consecutive 
day dosing, bioavailability remains poor, with less 
than a quarter of the iron absorbed.42 Additionally, 
absorption of oral iron is inhibited by inflammatory 
states, concomitant use of proton-pump inhibitors, 
and ingestion of tannins (such as in tea) and calcium.43 
Due to the numerous gastrointestinal side effects with 
oral iron, patient compliance is low,44 and even if it 
is tolerated, it can take months of supplementation 
to fully replete iron stores, a time period that many 
patients needing cardiac surgery cannot wait.

Multiple studies have demonstrated the superiority 
of IV iron over oral iron to rapidly replete iron stores 
and increase Hb.45–47 There are numerous formulations 
of IV iron available, some of which can replete iron 
stores in a single dose (total dose infusion [TDI]), and 
all of which have similar safety and efficacy.43 There are 
considerable differences in the cost of the various for-
mulations (Table 2), with the newer formulations offer-
ing TDI that can be given quickly, but at a higher price. 
The choice between formulations is made primarily by 
availability, patient insurance, and patient preference 
regarding number of required infusions and calculated 
iron deficit. The appropriate dose can be calculated 
using the Ganzoni formula,50 however, it is common to 
simply administer 1 g of IV iron to replete stores, then 
reassess for additional dosing if needed.

IV iron can be given in the outpatient setting, 
although it requires an IV catheter and appropriate 
monitoring. With high molecular weight iron dextran 
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no longer in use, allergic reactions from the available 
formulations are rare, although sensitivity reactions 
related to the labile free iron may occur and include 
symptoms such as flushing, chest tightness, and 
myalgias, without accompanying shortness of breath 

or edema, and which are usually self-limited and do 
not require treatment.43 Treatment with IV iron can 
typically improve Hb within 2 to 4 weeks, after which 
Hb and ferritin can be rechecked to assess response 
and need for additional therapy.51

Figure 2. Anemia treatment algo-
rithm. Figure reused with per-
mission from the Perioperative 
Quality Initiative. CKD indicates 
chronic kidney disease; H&P, 
History & Physical; Hb, hemo-
globin; IV, intravenous; RBC, red 
blood cells.

Table 2. Iron formulations summary43,48

Formulation Route Dosing 
Number of 
infusionsa AWP 

Estimated 
cost/1000 mg Additional considerations 

Ferrous sulfate PO 325 mg N/A $0.78/tablet N/A Limited absorption, significant gastrointestinal 
side effects

Iron sucrose IV 200 mg 5 $16.90 (2.5 mL vial) $338 Requires multiple doses
LMW Iron Dextran IV 1000 mg 1 $28.79 (2 mL vial) $288 Requires test dose, longer infusion time
Ferric gluconate IV 125 mg 8 $7.27 (5 mL vial) $582 May be given as IV push, requires multiple doses
Ferumoxytol IV 510 mg 2 $327.75 (17 mL vial) $655 May affect MRI
Ferric derisomaltose IV 1000 mg 1 $2464.27 (10 mL vial) $2464 Short infusion time
Ferric carboxymaltose IV 750 mg 1.3 $885.84 (15 mL vial) $1329 Risk of hypophosphatemia

Abbreviations: AWP, average wholesale price in US dollars49; IV, intravenous; LMW, low molecular weight; MRI, magnetic resonance imaging; PO, per os.
aTo replete with a total of 1000 mg iron, which is a routine dose for all the formulations.
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For patients with <6 weeks before surgery, or for 
patients unable to tolerate oral iron, we recommend 
treating IDA with IV iron due to the more rapid resto-
ration of iron stores with IV iron.

Options for Treatment: ESAs. Hesitation toward 
the use of ESAs in cardiac surgery patients stems 
primarily from the United States Food and Drug 
Administration’s Black Box Warning, which warns 
of increased risk of thrombosis and mortality. These 
risks are likely mitigated when ESAs are limited to a 
short perioperative course, and recent data suggest 
that treatment of preoperative anemia with a brief 
course of ESAs reduces transfusion without increased 
risk of thrombosis in cardiac surgical patients.31,38 
Nonetheless, routine use remains controversial, 
with some clinical practice guidelines supporting 
their use in cardiac surgery1 while others do not.52 
There are certain patients more likely to benefit from 
use of ESAs to correct anemia, for whom treatment 
should be considered, and we recommend referral 
for consideration of ESA treatment for select patient 
populations. Patients who decline RBC transfusion 
are at increased risk of organ ischemia and mortality 
with severe anemia,53 and therefore may warrant 
treatment to higher Hb levels before major surgery.8 
Additionally, patients with anemia secondary to 
chronic kidney disease or anemia of inflammation, and 
underlying bone marrow suppression, may benefit 
from treatment.23 Finally, patients with moderate to 
severe anemia should be referred to a specialist for 
anemia management and consideration of ESAs, as 
they may be at higher risk for transfusion, and the 
benefits of treating these patients may outweigh the 
potential risks.33

Question 3: What Are the Barriers to Identifying 
and Treating Anemia in Cardiac Surgery Patients 
and How Can They Be Mitigated?
While we propose that it is worthwhile to identify 
and treat anemia before elective cardiac surgery, 
we acknowledge that there are potential barriers to 
implementation. Studies examining this have sum-
marized the key barriers to be access to knowledge 
and information, patient needs and resources, knowl-
edge and beliefs, available resources, and networks 
and communications.54

We have summarized the main barriers to diagno-
sis and treatment of anemia in cardiac surgery, listed 
chronologically, as follows (Figure 3):

 1. Culture (acknowledging anemia as a modifi-
able risk factor)

 2. Educational gaps (types of anemia and time 
required to diagnose and correct)

 3. Inadequate measurement

 4. Time to optimize
 5. Availability of resources

The first barrier involves adapting the institutional 
culture to accept anemia as a modifiable risk factor 
that should be prioritized as an element of preop-
erative care in elective cardiac surgery. Numerous 
randomized controlled studies demonstrating simi-
lar outcomes in patients with restrictive versus lib-
eral transfusion strategies may have led to a general 
acceptance of the overall safety of transfusion,55–58 
prompting physicians to simply treat anemia with 
transfusion. Although the risks associated with alloge-
neic blood may be mitigated with restrictive transfu-
sion strategies and leukoreduction of blood products, 
they remain a limited resource with associated costs, 
which has been highlighted during the recent blood 
shortage. Cultivating recognition on the importance 
of a thorough preoperative anemia assessment and 
treatment course preoperatively as opposed to using 
transfusion as the first line of treatment is essential. 
Changing culture requires education on the risks of 
anemia, and the benefits of addressing it, for patients, 
physicians, and administrators.

A related barrier to implementation is the educa-
tional gap surrounding the types and treatment of 
anemia. Educational gaps related to anemia appear to 
be common,59 and are related to logistics of anemia 
screening, types of anemia, management of anemia 
with oral iron versus IV iron supplementation, and 
use of ESAs. There are also gaps concerning postop-
erative anemia management. Addressing these gaps 
requires structured educational programs.

Another barrier relates to inadequate screening for 
anemia. Many patients do not have routine laboratory 
studies until a day or 2 before surgery, and even when 
a patient is identified as having anemia, further test-
ing and diagnosis of cause are incomplete.60 To avoid 
missing the opportunity to evaluate anemia once rec-
ognized, it is possible to draw all necessary laboratory 
studies at the time of initial anemia screening, and 
only run the additional tests if and when anemia is 
identified, through leveraging the electronic medical 
record (EMR).61 The EMR can also be used to prompt 
for anemia evaluation as soon as surgery is sched-
uled, and in institutions that have it, we recommend 
leveraging the EMR to provide alerts to clinicians to 
identify patients who are anemic before surgery and 
prompt further evaluation.

Inadequate time for optimization preoperatively 
is a major barrier to treating anemia before cardiac 
surgery, and in some countries, for example, United 
States, is probably the most significant. In some set-
tings, market and competitive pressures may play a 
role as there may be concern that allowing a longer 
preoperative duration may increase the likelihood 
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that the patient will cancel surgery or seek treat-
ment with a competitor. Another reason a surgeon 
may want to do surgery as quickly as possible is 
concern that a delay may lead to worse outcome 
for the patient, for example, death or deterioration 
before surgery. Unfortunately, there are limited data 
regarding how delaying cardiac surgery affects out-
comes. Indirect evidence comes from countries with 
centralized health systems, where waitlists for elec-
tive procedures are common.62 One study compar-
ing patients who had urgent cardiac surgery versus 
those who waited a mean time of 2.8 months for 
elective surgery showed no difference in in-hospital 
mortality or LOS among a retrospective cohort of 
568 patients, despite other differences between the 
2 groups. Another study of over 2000 patients found 
a 0.7% risk of death while waiting for cardiac sur-
gery, but no increased risk of death associated with 
prolonged wait times.63 Among patients with steno-
sis of the left main coronary artery awaiting cardiac 
surgery, the authors of one study of 561 patients con-
cluded that there did not appear to be an association 
between wait times and morbidity or mortality.64 
Of note, a subset of these 561 patients, who waited 
out of the hospital for surgery, had a median wait 
time of 30 to 49 days.64 Several studies have tried to 
determine risk factors for increased mortality with 
delaying surgery, to better identify which patients 
could wait without adverse consequences.65 A ret-
rospective study in Canada of over 12,000 patients 

showed that 0.8% of patients died while waiting for 
cardiac surgery, and risk factors for death while on 
the waitlist included age, aortic surgery, decreased 
ejection fraction, urgent surgery, prior myocardial 
infarction, hemodynamic instability during cardiac 
catheterization, hypertension, and dyslipidemia.66 
Being able to identify which patients are at risk 
of adverse outcomes associated with waiting may 
help determine the risks and benefits of proceeding 
directly to surgery versus undergoing preoperative 
optimization.

Despite studies showing decreased transfusion 
with treatment of anemia only days before surgery,31,67 
it usually takes weeks to months to see the full benefit 
of anemia treatment. Ideally, patients should be eval-
uated as early as possible to allow adequate time for 
diagnosis and treatment.68 Capturing patients earlier, 
at the time surgery is contemplated, may allow for 
adequate time to address these needs. Use of a struc-
tured clinical pathway may increase the likelihood of 
success, as evidenced through the work involved set-
ting up PBM pathways,21 and we recommend the use 
of a structured clinical pathway to evaluate and treat 
preoperative anemia in cardiac surgery.

Finally, to leverage the EMR and create a structured 
clinical pathway/program, resources from the insti-
tution are required. Engaging with stakeholders to 
capture data and demonstrate the cost-effectiveness 
of these programs is necessary to secure resources and 
grow a successful program.69

Figure 3. Barriers to addressing preoperative anemia. Figure reused with permission from the Perioperative Quality Initiative.
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Question 4: What Is the Financial Impact of 
Preoperative Anemia Management for Cardiac 
Surgery Patients (Does the Cost of Care 
Result in Cost Savings in Terms of Transfusion 
Avoidance or Other Improved Outcomes)?

Cost-effectiveness is primarily an indirect measure-
ment, derived from measuring variables and metrics 
that drive total cost of care. These variables include 
transfusion rate and volume, hospital LOS, intensive 
care unit (ICU) LOS, ICU cost of care, discharge dispo-
sition and unplanned 30-day readmission. Additional 
costs include costs associated with management of 
transfusion and transfusion-related risks (eg, trans-
mitted infections). Finally, it should be noted that there 
is value (cost avoidance) attributed to patient and/
or surgeon satisfaction associated with transfusion 
avoidance that is often implied but rarely measured. 
The following discussion focuses on cost to the insti-
tution, however, it is recognized that costs incurred by 
both patients and insurers are also important.

Financial modeling to implement a preoperative 
anemia management program has been reported, 
highlighting key direct and variable costs for hospital 
implementation of an anemia management program, 
including staffing, equipment, laboratory assays, 
facilities, and medications.70 In this model, implemen-
tation costs were minimized by utilizing preexisting 
clinical spaces within the hospital to avoid signifi-
cant facility costs. An example estimate for hospital 
implementation costs, extracting direct and variable 
cost data from the previous model, is provided in 
Table 3. Exact costs, however, will likely vary by insti-
tution, location, and staffing requirements. Two dif-
ferent annual cardiothoracic surgery case volumes 
are provided to demonstrate impacts by variable 
costs associated with case volume. An IV iron ther-
apy course was estimated to cost approximately $300 
USD, though treatment courses could be as high as 
$2500 USD depending on the preparation (Table  2). 
The prevalence of iron deficiency warranting IV iron 
therapy was estimated to range from 20% to 64%.

Actual preoperative anemia management cost-
effectiveness data are limited. Among the few data 
that exist, cost-effectiveness data reflect metrics that 
are typically extracted from hospital clinical costing 
systems, and capture net cost of care, direct variable 
cost of care, and/or total costs at the admission level 
and/or post discharge level (all adjusted or nonad-
justed). Direct cost considers fixed costs for maintain-
ing a care coordination program (ie, staffing) as well 
as therapeutic options (ie, IV iron formulation choice 
and use of ESAs), whereas variable costs include items 
such as diagnostic laboratories for the patient and the 
hospital. Cost-effectiveness or the return on invest-
ment considers direct and variable cost of care as well 
as direct contribution margin and cost avoidance for 

the total episodic cost of care. Data on cost-effective-
ness are summarized below and demonstrate varying 
impact on transfusion and limited data on length of 
stay, readmission, and cost of care.

In 2008, the Western Australia Department of 
Health initiated a health-system–wide blood man-
agement program. In a retrospective study of 605,046 
patients admitted to 4 adult tertiary-care hospitals 
between July 2008 and June 2014, comparison of 
final year with baseline, demonstrated units of RBCs, 
fresh frozen plasma, and platelets transfused per 
admission decreased 41% (P < .001).71 The authors 
concluded that this decrease in product transfusion 
represented an estimated activity-based savings of 
between AU$80 to 100 million (US$78–97 million). 
The reduction in transfusion was also associated with 
risk-adjusted reductions in-hospital mortality (odds 
ratio [OR], 0.72; 95% confidence interval [CI], 0.67–
0.77; P < .001), length of stay (incidence rate ratio, 
0.85; 95% CI, 0.84–0.87; P < .001), hospital acquired 
infections (OR, 0.79; 95% CI, 0.73–0.86; P < .001), and 
acute myocardial infarction-stroke (OR, 0.69; 95% 
CI, 0.58–0.82; P < .001). They concluded that imple-
mentation of a blood management program was 
associated with improved outcomes, reduced blood 
product utilization, and product-related cost savings. 
A major limitation of this analysis is that a historical 
control group (several years change in practice) was 
used, therefore, it is not known if the improvement in 
outcomes/cost savings was caused by the decrease 
in transfusion or to other factors which undoubtedly 
changed during this time.

More rigorous evidence, albeit in noncardiac sur-
gical patients, comes from a 2020 randomized con-
trolled trial that compared the use of 1000 mg IV ferric 
carboxymaltose with placebo 10 to 42 days before 
major open abdominal surgery in 388 patients (per-
protocol analysis) with anemia (defined as Hb <13.0 
mg/dL for men, and <12.0 mg/dL for women).40 The 
authors reported no significant differences between 
groups for any end points and reported similar mean 
time from treatment to surgery in each group. The 
authors, however, reported that anemia was corrected 
in only 21% of patients who received IV iron, calling 
into question the efficacy of IV iron treatment, and 
they did not evaluate for etiology of anemia before 
treatment. These authors reported that readmission 
to the hospital following surgery was significantly 
lower in the first 8 weeks after surgery (13% vs 22%, 
rate ratio 0.54, 95% CI, 0.3–0.85) as well as at 6 months 
(26% vs 32%, rate ratio 0.64, 95% CI, 0.4–0.92) in the 
group who received IV iron.

In a retrospective analysis, it was reported that 
targeted preoperative anemia management with IV 
iron in elective colorectal surgery was associated 
with reductions in RBC transfusions and LOS.72 In 
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this patient population, Trentino et al72 also con-
ducted a retrospective cost analysis and reported 
that net hospital costs (revenue minus expenses) 
among patients for elective colorectal surgery were 
significantly less after implementation of a preop-
erative anemia clinic, iron screening, and IV iron 
management compared to controls.73 They applied 
propensity matching techniques with multivari-
able regression models to adjust for differences in 
baseline characteristics between groups. They mea-
sured and compared units of RBCs transfused per 
admission which decreased 53% (142 vs 303 units 
per 1000 discharges; P = .006), and mean hospital 
length of stay which decreased 15% (7.7 vs 9.1 days; 
P = .008) in the screened and treated group. Forty-
one percent of the screened patients received IV iron 
for anemia. The mean net hospital cost was $2629 
lower in the group screened (P < .001).72 In another 
retrospective study, elective orthopedic and gyneco-
logic surgery patients treated through a preopera-
tive anemia clinic compared to propensity matched 
controls demonstrated a significant reduction in 
RBC transfusion (12.6% vs 26.8%; P = .005) with a 
reduced LOS in the gynecologic surgery subgroup 
(2.2 vs 3.1 days; P = .002), although it did not include 
any cost analysis.74

In a recent retrospective observational study by 
Cahill et al.39 among 240 patients evaluated before 
cardiac surgery, 22% were found to be anemic with 45 
of 52 (87%) having iron deficiency and 7 (13%) having 
anemia without iron deficiency. The 2 most common 
treatments applied were IV iron ± folate (n = 36/45; 
80%) and oral iron (n = 9/45; 20%). As compared to 
historical patients, study patients had significantly 
higher day-of-surgery Hb (10.6 ± 1.4 vs 9.8 1.3 g/dL; 
P < .001), lower utilization of RBC transfusion (0.86 
± 1.4 vs 2.78 ± 2.4; P < .001), fewer days in the ICU 
(2.1 ± 2.0 vs 4.0 ± 3.5; P = .002), and shorter total LOS 
(6.9 ± 4.8 vs 12.9 ± 6.8; P < .0001). Study patients also 
showed lower overall complication rates (P < .0001). 
Analysis of RBC acquisition cost and transfusion cost 
showed savings of 69% ($293 vs $945 and $656 vs 
$2116, respectively).

The predominance of preoperative anemia care 
coordination and management data are associ-
ated with decreased perioperative transfusion with 
inference to decreased cost of care. Therefore, we 

recommend the use of a preoperative anemia care 
coordination program as a cost-effective method 
to improve outcomes. Questions remain, however, 
regarding whether preoperative anemia care coor-
dination and management portend a direct positive 
health economic impact.75

CONCLUSIONS
Anemia and iron deficiency are common in patients 
undergoing cardiac surgery and are associated with 
RBC transfusion. Accumulating evidence has led to 
strategies that clinicians can implement to address 
these important unmet needs. Notwithstanding the 
above, there is still a need for additional high-quality 
evidence to show that these best practices result in 
improved patient satisfaction and fewer complica-
tions. E
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