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ABSTRACT

Background: Bleeding occurs during and after cardiac surgery, resulting in postoperative
anemia. If patients have preoperative anemia, the need for blood transfusion increases.
Transfusion is associated with several complications.

Methods: In this study, severe anemia was defined as hemoglobin (Hb) < 8 g/dL, moderate
anemia was defined as Hb = 8-10 g/dL, and mild anemia was defined as Hb = 10-12
g/dL for women and Hb = 10-13 g/dL for men. In the entire study population, the need
for transfusion according to the Hb level and the amount of blood transfusion were
evaluated. The study aimed to determine the association between anemia and the
patients’ age, sex, type of surgery, and weight.

Results: In this study, 306 patients were evaluated in a 3-month period. The mean Hb level of
the patients was 13.1 g/dL (12.08-14.2), and the mean hematocrit level was 39.5%
(36.17-42.15). Anemia was reported in 32.4% of the patients (Hb < 12 g/dL for women
and Hb < 13 g/dL for men). According to the anemia classification, 90.9% of the anemic
patients had mild anemia, 8.1% moderate anemia, and 1% severe anemia. Of the 306
patients, 68.6% did not need to receive packed red blood cells. Additionally, of the 207
patients who were not included in the anemia group, 44 (21.2%) cases received packed
red blood cells due to surgical bleeding. However, of the 99 patients who were anemic,
52 (52.52%) cases needed packed red blood cells.

Conclusions: In the present investigation, about one-third of the study population had anemia
before surgery and these patients required blood transfusion 2.5 times more than those
without anemia. (Iranian Heart Journal 2020; 21(1): 94-102)
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Prevalence of Anemia in Cardiac Surgery

According to the World Health
Organization, anemia is defined as
hemoglobin (Hb) < 12 g/dL in women and
< 13 g/dL in men. Preoperative anemia can
be due to several reasons such as iron
deficiency or gastrointestinal bleeding. The
incidence of preoperative anemia in cardiac
surgery ranges between 25% and 32%. !
Various observational studies have reported
that preoperative anemia is related to
increased neurological and renal
complications. ** Anemic patients have
higher early and late mortality rates than
non-anemic patients undergoing cardiac
surgery. * During cardiac surgery, because
of hemostatic abnormalities, intra- and
postoperative bleeding is usually seen,
which can result in postoperative anemia. In
a previous study, up to 44% of the patients
had anemia in the postoperative period. °
Another investigation reported that every 1
mg/dL decrease in the Hb concentration was
associated with a 13% increase in
cardiovascular events and a 22% increase in
all-cause mortality. °

Although blood transfusion is necessary in
cardiac surgery, various studies have found
that it also has side effects. In these studies,
the transfusion of red blood cells (RBCs)
was dose-dependently related to
postoperative infections such as
mediastinitis, respiratory infection, and
sepsis and higher mortality. “® Moreover, the
transfusion of packed RBCs is reported to
increase the length of hospital stay.

Some authors have described the importance
of a careful preoperative assessment because
it can reduce the risk of bleeding and the
requirement for blood transfusion during the
postoperative period. The evaluation of
serum iron and iron administration and
preoperative erythropoietin may reduce the
requirement for transfusion. *°

The aim of the present study was to
determine the prevalence of anemia in
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patients undergoing cardiac surgery in
Rajaie  Cardiovascular, Medical, and
Research Center, Tehran, Iran, in 2018 to
prevent anemia in preoperative protocols
and treatments for anemia and to reduce the
need for transfusion.

METHODS

In this study, patients after the admission,
blood sample were sent to the laboratory and
the hemoglobin level In this study, severe
anemia was defined as hemoglobin (Hb) < 8
g/dL, moderate anemia was defined as Hb =
8-10 g/dL, and mild anemia was defined as
Hb = 10-12 g/dL for women and Hb = 10—
13 g/dL for men. In this study, the
demographic and clinical variables and the
type of operation of the patients were also
considered and anemia relationship with the
mentioned cases was considered. During the
surgery, the duration of CPB and patient's
need for blood transfusion were recorded
during surgery, and with this, the need for
transfusion was evaluated.

The criteria for entering the plan were all
patients 18 years of age and older who were
referred for coronary surgery and valve
operation or together at the same time
(coronary artery bypass graft surgery and
valve surgery) for elective surgery.

Exit criteria for this study included patients
with congenital heart disease, emergency
patients, Patients who have received blood
transfusion before surgery, patients treated
for anemia, and patients undergoing dialysis.

RESULTS

This research project evaluated 306 patients,
comprised of 197 (64.4%) male and 109
(35.6%) female patients, over a period of 3
months. The average age of the patients was
60 (52-67) years, the mean height was 167
(160-173) cm, the mean weight was 74
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(65-83) kg, and the mean body mass index
was 26 (24-29).

Diabetes mellitus was reported in 5.9% of
the patients and hypertension in 5.2%. Of
the 306 patients, coronary artery bypass
graft surgery (CABG) was performed on
246 (80.4%) patients, 35.9% of whom had 1
graft, 2.9% had 2 grafts, 28.1% had 3 grafts,
12.4% had 4 grafts, and 1% had 5 grafts.
Mitral valve replacement was performed on
51 (16.7%) patients, aortic valve
replacement on 31 (10.1%), tricuspid valve
replacement on 12 (3.9%), and the Bental
surgery on 8 (2.6%). The mean duration of
surgery was 6 hours, the mean duration of
the pump was 83 (110-160) minutes, and
the mean cross-clamping time was 45 (32—
61) minutes.

The study population had a mean Hb level
of 13.1 (12.08-14.2) g/dL and a mean
hematocrit level of 39.5 (36.17-42.15).
Anemia was reported in 32.4% of the study
population. According to the classification
of anemia based on Hb levels (See
Methods), 90.9% of the patients had mild
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anemia, 8.1% had moderate anemia, and 1%
had severe anemia.

No significant relationships existed between
anemia and the variables of age, the body
mass index, the duration of surgery, the
duration of bypass, and the duration of
cross-clamping.

In terms of gender, in the anemia group,
58.6% of the patients were male and 41.1%
female; there was no significant relationship
between sex and anemia (P = 0.143).
Additionally, 9.1% of the patients had
anemia and diabetes, and there was no
significant relationship between diabetes and
anemia in this study (P = 0.099). Anemia
and hypertension were reported in 10.1% of
the patients; the relationship between
hypertension and anemia was significant
(P = 0.08). No significant association was,
however, found between the type of surgery
and anemia, nor was there any significant
association between the number of grafts
and anemia in the post-CABG patients
(P =0.878).

Table 1. Demographic and clinical characteristics of the patients

Anemic Group  Non-anemic Group P value
(n=99) (n=207)

Age (y) 61(54-69) 59(52-66) 0.105
Median (range)

Sex(male) 58.6 % 67.1 % 0.143
Sex(female) 41.1% 32.9%

BMI 26(24.3-29.4) 27(24.4-29.4) 0.283
Median (range)

Operation time(h) 6(5-6) 6(5-6) 0.671
Median (range)

CPB time(min) 80(60-110) 85(60-110) 0.741
Median (range)

Aortic cross-clamp time (min) 44(32-60) 45(31-63) 0.882
Median (range)

DM 9.1% 4.3% 0.099
HTN 10,1% 2.9% 0.008
CABG 85.9% 77.8% 0.096
MVR 17.2% 16.4% 0.870
AVR 10.1% 10.1% 0.990
TVR 2% 4.8% 0.242
Bental procedure 2% 2.9% 0.652

BMI, Body mass index; CPB, Cardiopulmonary bypass; DM, Diabetes mellitus; HTN, Hypertension; CABG, Coronary
artery bypass; MVR, Mitral valve replacement, AVR, Aortic valve replacement; TVR, Tricuspid valve replacement



Prevalence of Anemia in Cardiac Surgery

Of the 207 patients who were not in the
anemia group, 44 (21.2%) cases received
packed RBCs. Of the 99 patients in the
anemia group, 47 (47.47%) patients did not
need to receive packed RBCs: 97.9% were
in the mild anemia group, 2.1% in the
moderate anemia group, and 0.0% in the
severe anemia group. Fifty-two (52.52%) of
the 99 patients in the anemia group needed
blood transfusion. The patients who needed
1 blood unit comprised 82.5% of the mild
anemia group, 15% of the moderate anemia
group, and 2.5% of the severe anemia group.
The patients who needed 2 blood units
comprised 90.9% of the mild anemia group,
9.1% of the moderate anemia group, and
0.0% of the severe anemia group. The
patients who needed to receive 4 blood units
comprised 100% of the mild group. In this
study, there was no significant relationship
between the severity of anemia and the need
for more blood units (P = 0.362).

The results revealed that about one-third of
the study population had anemia before
surgery and those with anemia were in need
of blood transfusion 2.5 times more than
those without anemia.

DISCUSSION

In this research project, 306 patients were
studied over a period of 3 months. Anemia
was reported 32.4% of the study population.
According to the anemia classification based
on the Hb level (severe anemia: Hb < 8
g/dL, moderate anemia: Hb = 8-10 g/dL,
and mild anemia: Hb = 10-12 g/dL for
women and Hb = 10-13 g/dL for men), of
the patients with anemia, 90.9% had mild
anemia, 8.1% had moderate anemia, and 1%
had severe anemia. Our results demonstrated
no relationship between anemia and the
variables of gender, the body mass index,
the type of surgery, the duration of surgery,
the duration of bypass, and the duration of
cross-clamping. Our results showed no
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relationship  between anemia and the
underlying disease of diabetes; nonetheless,
we found a significant correlation between
anemia and hypertension (P = 0.08). Our
patients with anemia were also more likely
to require blood transfusion during the
operation, although there was no significant
relationship between the severity of anemia
and blood intake. The transfusion of blood is
commonly performed in heart surgery, but
many studies have associated it with such
side effects as an increased risk of infectious
occurrences (eg, mediastinitis, respiratory
infection, and sepsis), atrial fibrillation,
acute renal failure, cerebrovascular accident,
and acute respiratory distress syndrome, as
well as with an increased length of hospital
stay.

A study on 502 patients who underwent
elective cardiac surgery reported that 60% of
the patients had received blood during the
first 72 hours of surgery. ™ In that study,
those who received blood were more likely
to be old, to be female, to need re-surgery, to
have complicated surgery, to have elevated
EuroSCOREs, to have lower levels of Hb
and hematocrit, and to suffer the incidence
of renal disease. In addition, the patients
who received packed RBCs in the first 72
hours after surgery had a higher incidence of
complications such as renal failure,
cardiogenic shock, acute respiratory distress
syndrome, infections, and neurological and
inflammatory complications. Also in that
study, the length of hospital stay was
increased in the patients who received more
than 3 units of packed RBCs (nearly 6 days)
and in the patients who received fewer or up
to 3 units of packed RBCs (up to 1 day)
compared with the patients not on packed
RBCs.

A recent research on 798 hospitals in the
United States for the evaluation of blood and
blood products reported that in the hospitals
performing at least 100 CABGs on
cardiopulmonary bypass (n = 82 446 cases),
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the rates of packed RBC transfusion ranged
from 7.8% to 92.8% for RBCs, from 0% to
97.5% for fresh frozen plasma, and from
0.4% to 90.4% for platelets. ** In that study,
after adjustments for the patients’ risk
factors, the amount of transfusion in the
hospital varied because of the patients’
geographic locations (P = 0.007) and
academic status (P = 0.03), as well as the
hospital volume (P < 0.001). Also in that
investigation, a higher number of packed
RBCs was associated with female gender,
older age, need for re-surgery or complex
operations, elevated EuroSCOREs, renal
disease, and previous anemia. This finding
highlights the need for further efforts to
improve perioperative care in these
subgroups of patients to avoid blood
transfusion, which leads to complications
such as increased lengths of stay in the
hospital. =2

Guidelines from the Society of Thoracic
Surgeons and the Society of Cardiovascular
Anesthesiologists emphasize the deficiency
of evidence on transfusion triggers after
cardiac surgery. '* Most transfusion
indications occur in the first 72 hours
postoperatively, starting in the operating
room, where usually the transfusion
indication is due to hemodilution and based
on triggers. ™ The principle for
implementing a restrictive transfusion
strategy is based on the analysis of studies
reporting a deficiency of benefits and, at the
same time, considerably increased costs and
side effects allied to the transfusion of
packed RBCs. These side effects include
acute  hemolytic and  non-hemolytic
reactions, the transmission of viral and
bacterial diseases, transfusion-associated
acute lung injury, and transfusion with
circulatory overload. *® Immunosuppression
has also been related to transfusion and may
explain the higher risk of infection and the
recurrence of neoplastic diseases in
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transfused patients. *” In a study on 11 963
patients who underwent isolated CABG,
Koch et al *® explained that the perioperative
transfusion of packed RBCs was associated
with a dose-dependent increased risk of
cardiac complications after surgery, critical
infections, renal failure, neurological
complications, overall morbidity, prolonged
mechanical ventilation, and in-hospital
mortality. In a retrospective study, Murphy
et al *° showed that the transfusion of packed
RBCs was strongly associated with
infections, postoperative ischemic
morbidity, hospital stay, early and late
mortality, and hospital charges. De Cocker
et al % performed a retrospective analysis on
1566 patients undergoing cardiac surgery
and demonstrated that age > 75 years,
female gender, New York Heart Association
functional class > II, arrhythmias, mitral
regurgitation, requirement for inotropic
support or intra-aortic balloon pumps, non-
elective procedures, and aortic surgery were
the predictive factors for a prolonged stay in
the intensive care unit. Although blood
transfusion was not a potential predictor of
increased lengths of stay in the hospital in
the current study, a prolonged hospital
length of stay merits evaluation because of
its correlation with increased costs and
clinical complications such as exposure to
infectious agents. %

Previous research has underscored the
significance of meticulous preoperative
assessments with a view to reducing the risk
of bleeding and the need for blood
transfusion during the postoperative period.
2223 Indeed, an evaluation of serum iron and
iron  administration and  preoperative
erythropoietin may lessen the need for
transfusion. *°

Recombinant human erythropoietin
(rHUEPO) is used for the treatment of
anemia related to reduced erythropoiesis
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caused by chronic renal disease and some
hematological diseases. #%

Various studies have shown the efficacy of
the preoperative administration of rHUEPO
for cardiac surgery to lower erythrocyte
transfusion in patients having autologous
blood donations. %*?” Furthermore, rHUEPO
has been shown to be safe and effective in
correcting preoperative anemia, and it can be
used in association with iron therapy in
g)atients with Hb concentrations < 13 g/dL.
829 A typical preoperative regimen of
rHUEPO is, however, costly and requires at
least 4 days of hospitalization before
surgery, limiting a more extensive use of
this strategy. > Outpatient-based repeated
subcutaneous injections of rHUEPO may be
practical, *® although it may be associated
with the increased occurrence of therapy-
related complications such as hypertension
and thromboembolism. 3 Moreover, the
absorption of subcutaneously administered
rHUEPO may not be firm and reliable
compared with the intravenous way because
of decreased microcirculation in patients
with cardiac diseases. *

In a prospective study, patients with
preoperative  anemia  were  randomly
allocated to either the erythropoietin group
or the control group. The erythropoietin
group was given 500 1U/kg of erythropoietin
and 200 mg of iron sucrose intravenously 1
day before cardiac surgery, while the control
group was given the same volume of normal
saline. The initial result was the need for
transfusion during surgery and 4 days after
surgery. The reticulocyte count and the iron
profile were investigated serially and
compared preoperatively and on
postoperative days 1, 2, 4, and 7.

The results of that study showed that single
doses of erythropoietin and supplemental
iron injections 1 day prior to cardiac surgery
clearly reduced the need for the transfusion
of blood after surgery in anemic patients
undergoing valvular cardiac surgery. The
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complications of erythropoietin injections

include hypertension, headaches,
tachycardia, nausea, vomiting,
hypercalcemia, diarrhea, and

thromboembolism;  nonetheless,  these
complications are usually shown in patients
receiving chronic erythropoietin treatment.
2830 The chronic use in patients with cancer
is associated with an increased risk of
thrombotic disease, but the short-term use
for acute indications even in critical patients
can be safe. 3%

Limitations

We conducted a retrospective cohort study
using data from the Cardiovascular Surgery
Department of Rajaie Cardiovascular,
Medical, and Research Center, Tehran, Iran.

CONCLUSIONS

The results of the present study revealed that
about one-third of the patients had anemia
before surgery and the anemic patients
required blood transfusion 2.5 times more
than their non-anemic counterparts. Blood
transfusion is associated with side effects
and increases the length of hospital stay and
hospital ~ costs;  therefore,  diagnostic
evaluations before elective surgery may
reduce the need for transfusion and
complications and, thus, shorten the length
of hospital stay.
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