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IMPACT CONSULTS

score ranged from 0 to 17 points. Four risk categories
of increasing severity (scores 0 to 2, 3 to 5, 6 to 8, and
9 to 13) were determined arbitrarily by the authors.
The frequency of ARF among these categories varied
between 0.4% for the lowest risk score to 21.5% for
the highest score.

This study involved a large cohort of patients, suf-
ficient to generate and validate a postoperative ARF
score that incorporated multiple independent risk
factors. Limitations included the single-center data
source and the retrospective observational design.
Nevertheless, the study provided a valuable tool for
both determining the risk of ARF for individual
patients and planning future clinical trials.

Clinical score needed for noncardiac surgery
Currently, a risk score for ARF has only been devel-
oped for patients who have had cardiac surgery; no
sufficiently powered study has yet been done for
those undergoing noncardiac surgery. The Section of
Hospital Medicine and the Department of
Nephrology and Hypertension at the Cleveland
Clinic are currently conducting a large retrospective
cohort study in patients undergoing elective noncar-
diac surgery.

Importance of identifying patients at risk
Identification of patients likely to develop ARF after
surgery is important, as it enables physicians to
improve care and to inform patients about their indi-
vidual risk. Future intervention-based trials can be
conceived to target high-risk populations to decrease
length of stay, morbidity, and mortality. 
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◆  ◆  ◆  ◆  ◆

Q: Why treat anemia in the preoperative period of
joint replacement surgery with erythropoietin?

A: Recombinant human erythropoietin (epoetin
alfa) is an effective therapy approved by the US

Food and Drug Administration (FDA) to treat pre-
operative anemia in patients undergoing knee or hip
replacement surgery.

Anemia is linked to poor outcomes
Anemia in the preoperative period is a known pre-
dictor of adverse outcomes in surgical patients.
Carson et al1 studied 125 consecutive patients who
declined blood transfusions and found that operative
mortality was 16 times greater in patients with hemo-

globin levels less than 8 mg/dL than in patients with
higher hemoglobin levels. Other studies suggest that
it is not the anemia itself that is associated with
increased mortality, but the practice of treating ane-
mia with blood transfusions.2

Blood transfusion used most often,
alternatives needed
Allogenic blood transfusion is the most commonly
used technique in the United States to correct peri-
operative anemia. Although several methods are
available to reduce the need for blood transfusion, the
use of allogenic blood remains very high; for example,
47,456 units of blood products were used in the peri-
operative period of various orthopedic surgeries at the
Cleveland Clinic in 2004.

In the next decade, with the aging of the popula-
tion, the number of major joint replacements to be
performed annually will increase, likely leading to an

AJAY KUMAR, MD*
Section of Hospital Medicine
Department of General Internal Medicine
Cleveland Clinic, Cleveland, OH

VESSELIN DIMOV, MD*
Section of Hospital Medicine
Department of General Internal Medicine
Cleveland Clinic, Cleveland, OH

* Both authors reported that they have no commercial affiliations or financial
interests that pose a potential conflict of interest with this article.

 on April 19, 2024. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


S14 CLEVELAND CLINIC JOURNAL OF MEDICINE      VOLUME 73 • E-SUPPLEMENT 1      SEPTEMBER  2006

IMPACT CONSULTS

increase in the demand for blood products. Due to the
fluctuating supply and the costs and risks associated
with the administration of blood products, searching
for potential alternatives to transfusions is imperative.

Because blood loss associated with orthopedic sur-
gery is predictable, the application of a carefully
designed blood management program is appropriate.
However, the usefulness of autologous donations and

cell saver machines is limited by incomplete utiliza-
tion of predonated blood and high cost. Furthermore,
allogenic blood transfusions carry certain risks, in par-
ticular ABO incompatibility caused by administrative
error and transfusion-related lung injuries.3 Exposure
to leukocytes in allogenic blood can also cause
immunosuppression.4 In a large prospective study of
6,301 patients undergoing noncardiac surgery, Dunne
et al5 concluded that the incidence of perioperative
anemia in surgical patients is high and is related to an
increase in blood utilization. These factors are associ-
ated with an increased risk for perioperative infection
and other adverse outcomes (including death) in sur-
gical patients.

In a large study by Bierbaum et al,6 blood manage-
ment data were collected prospectively on patients
who had undergone total hip replacement and knee
replacement. Fifty-seven percent of the patients
undergoing hip replacement and 39% of the patients
undergoing knee replacement received blood transfu-
sions. Patients who were transfused were more likely
to have infections, fluid overload, and an increased
length of hospitalization compared with patients who
did not receive transfusions. The Orthopedic Surgery
Transfusion Hemoglobin European Overview study
from 225 centers in Europe produced similar results.7

In this study, allogenic transfusion was associated
with a higher rate of wound infection than autologous
transfusion (4.2% vs 1%, respectively). 

Treatment of anemia and blood conservation
Treatment of perioperative anemia has been shown to
decrease the need for transfusion and to improve peri-
operative outcomes such as postoperative infections,
length of stay, and mortality in patients undergoing
joint replacement surgery. The efficacy of preoperative
erythropoietin therapy for increasing patients’ hemo-
globin concentrations and reducing exposure to allo-
genic red blood cell transfusion in orthopedic surgery
has been demonstrated in several double-blind ran-
domized clinical trials.8–11 Synthetic erythropoietin
was approved by the FDA and has been used for
almost 9 years in orthopedic surgeries as a method to
improve hemoglobin levels in anemic patients under-
going surgery, and thus to decrease blood transfusions.
Several centers in the United States have adopted this
novel therapy to reduce the use of blood transfusions. 

At the Cleveland Clinic, patients selected for a
blood conservation protocol (Figure) with erythropoi-
etin are eligible for four subcutaneous injections of epo-
etin alfa (600 U/kg) at days 21, 14, and 7 before surgery
and on the day of surgery. Exclusion criteria for preop-

FIGURE. Protocol for management of preoperative anemia at the
Cleveland Clinic.

Patient seen at least 6 weeks before planned elective hip or 
knee replacement surgery. Hemoglobin at orthopedic office;

if hemoglobin < 13 g/dL, anemia panel requested.

Hemoglobin 10–13 g/dL

Normocytic anemia
(MCV 80–100 fL)

Refer patient to nephrology for epoetin alfa injections.
Patient should receive epoetin alfa on (approximately) 

days 21, 14, 7, and 0 before surgery, as well as oral iron

Labs on the day of epoetin alfa injection
Hemoglobin and reticulocyte count at each visit
Labs sent to designated IMPACT Center staff or 

nurse practitioner
If hemoglobin > 13 g/dL in men and > 12.5 g/dL 

at any visit, hold further epoetin alfa injection
Refer nonresponders to hematology

Anemia panel: Iron, ferritin, TIBC, vitamin B12, and RBC folate
Doses: Epoetin alfa 600 U/kg subcutaneously

Ferrous sulphate 325 mg orally three times daily

Macrocytic anemia
(MCV > 100 fL)

or
Microcytic anemia

(MCV < 80 fL)

Treat vitamin B12 or
folate deficiency if found

or
Refer to hematology for

further work-up

Exclusion criteria
Predonation of blood
Hemoglobin < 10 g/dL
Iron deficiency anemia
Recent gastrointestinal bleed 

(< 3 months)
Uncontrolled hypertension 

(systolic > 180 mm Hg and 
diastolic > 100 mm Hg)

Seizure disorder
Blood dyscrasias
Known history of 

thromboembolism

IMPACT = Internal Medicine Preoperative Assessment, Consultation,
and Treatment; MCV = mean corpuscular volume; RBC = red blood cell count;
TIBC = total iron binding capacity
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erative erythropoietin treatment are hemoglobin of less
than 10 g/dL, iron deficiency anemia, recent gastroin-
testinal bleed (within 3 months), uncontrolled hyper-
tension, seizure disorder, predonation of blood, blood
dyscrasias, and history of thromboembolism. 

Reticulocyte count, hemoglobin, and blood pressure
should be checked prior to each injection. Iron defi-
ciency may occur during erythropoietin therapy.
Normal ferritin but low transferrin saturation may be
observed due to an inability to mobilize iron stores rap-
idly enough to keep pace with the increased erythro-
poiesis. Supplemental oral or intravenous iron supports
erythropoiesis and prevents iron store depletion.

Summary
Treatment of anemia in the perioperative period of
major orthopedic surgery decreases the need for blood
transfusion and improves perioperative outcomes.
Use of epoetin alfa in this setting is FDA-approved
and provides significant benefit to qualified and care-
fully chosen patients.
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◆  ◆  ◆  ◆  ◆

Q: Obstructive sleep apnea:
What to do in the surgical patient?

A: Adverse surgical outcomes appear to be more
frequent in patients with known obstructive

sleep apnea syndrome (OSAS). Anesthetic, sedative,
and analgesic drugs should be used with extreme cau-
tion in patients with known or suspected OSAS, and
close perioperative monitoring of high-risk patients is
recommended. 

Epidemiology
In Western countries, the prevalence of OSAS is
about 5%.1 The estimated prevalence in surgical

patients is 1% to 9%, though it may be even more
common in certain populations.2

Disruption of sleep architecture
Sleep studies in patients who undergo major abdomi-
nal or cardiac surgery have demonstrated suppression
of rapid eye movement (REM) sleep and slow-wave
sleep after surgery. The REM sleep returns or
rebounds in the late postoperative period (when oxy-
gen may have been discontinued). This return of
REM sleep was linked to significant respiratory
abnormalities in a group of elderly patients who
underwent abdominal vascular surgery.3 In REM
sleep, the neural drive to the pharyngeal muscles is at
a minimum, and the atonia of antigravity muscles
predisposes to airway instability, causing episodic
hypoxemias. Reductions in REM and slow-wave sleep
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