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Risk of massive blood product requirement in
cardiac surgery
A large retrospective study from 2 heart centers
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Abstract
Cardiac surgery under cardiopulmonary bypass (CPB) accounts for most consumption of red blood cells (RBCs). Identifying risk
factors for massive red blood cell transfusion (MRT) in cardiac surgery may help to reduce this consumption.
We retrospectively analyzed 8238 patients who underwent valve surgery and/or coronary artery bypass grafting (CABG) under

CPB at 2major heart centers in China. Uni- andmultivariate logistic regression was carried out to assess whether risk factors for MRT
(defined as receiving at least 4 units RBCs) varied with type of cardiac surgery.
A total of 1691 patients (21%) received at least 4 units RBCs (6.77±4.78 units per person). This MRT group consumed 70% of the

total units of allogeneic RBCs in the study. MRT incidence was 2-fold higher among patients undergoing CABG with or without valve
surgery than among patients undergoing valve surgery alone. Multivariate logistic analysis identified the following MRT risk factors
common to valve surgery alone, CABG alone, and their combination: female sex, older age, renal dysfunction, lower body mass
index, lower preoperative hemoglobin, and longer CPB. Several independent MRT risk factors were also identified specific to valve
surgery: active endocarditis, nonatrial fibrillation, smaller left atrium diameter, abnormal international normalized ratio, and repeat
surgery.
Different types of cardiac surgery share several, but not all, MRT risk factors. This study may help guide the prediction and

management of patients at higher MRT risk.

Abbreviations: BMI = body mass index, CABG = coronary artery bypass grafting, CPB = cardiopulmonary bypass, INR =
international normalized ratio, IQR = interquartile range, MRT = massive red blood cell transfusion, RBC = red blood cell.
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1. Introduction Among patients receiving transfusions during cardiac surgery,
Cardiac surgery under cardiopulmonary bypass (CPB) is a major
treatment for heart disease.[1] Around the world, 1 to 1.25 million
cardiac surgeries are performed annually,[2] and 20% to 60% of
patients receive blood transfusions in hospital.[3–5] In fact, trans-
fusions during cardiac surgeries account for approximately 80% of
transfusions for all types of surgery combined,[6] corresponding to
10% to 20% of the national supply of blood products.[7]
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14.4% of those receiving so-called massive red blood cell
transfusion (MRT) consume 63% of the total transfusions for
this type of surgery.[8] MRT exacerbates imbalances between
blood supply and demand, and it is associated with dose-
dependent increases in mortality and morbidity.[8–11] Among
patients receiving MRT, 54% experience at least 1 complica-
tion,[12] and 30-day mortality can be as high as 17% or
21.5%.[8,12] Reducing MRT in cardiac surgery can substantially
contribute to reducing demand for blood products and improving
surgical outcomes.
Studies of red blood cell (RBC) transfusion in general have

identified several risk factors[12,13] that include older age, lower
body mass index (BMI), female sex, lower preoperative hemoglo-
bin, renal dysfunction, coagulation disorder, endocarditis, opera-
tion type, andCPBduration.[3,14–22]Much less, however, is known
about the risk factors specifically for MRT, and how these risk
factors depend on the type of cardiac surgery.[17,19,23] Risk factors
are expected to vary among surgery types because different heart
diseases are associated with different pathological changes.[24]

The present retrospective study was undertaken at 2 large heart
centers in China in an attempt to identify MRT risk factors in
patients with valve disease or coronary heart disease.

2. Methods

2.1. Patients and study design

This retrospective study included patients at least 18 years old
with valve disease and/or coronary artery disease who underwent
valve surgery and/or coronary artery bypass grafting (CABG)
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involving CPB at West China Hospital of Sichuan University
between January 1, 2011 and June 30, 2017, or at the Second
Affiliated Hospital in the School of Medicine of Zhejiang
University between September 1, 2013 and June 30, 2017.
Patients were excluded from the study if they underwent
ascending aortic replacement surgery, cardiac tumor resection,
or emergency surgery; they died on the surgery table or within 24
hours after surgery; or their medical records were incomplete.
Medical records were collected from October 15, 2017 to

December 20, 2017 at West China Hospital of Sichuan
University, and from November 4, 2017 to December 15,
2017 at the Second Affiliated Hospital in the School of Medicine
of Zhejiang University. This study was conducted between July 1,
2017 and December 20, 2017, after being approved by the Ethics
Committees at West China Hospital (256/2017) and the Second
Affiliated Hospital (096/2017). Both committees waived the
requirement for individual informed consent because of the
retrospective study design. Data that might identify individual
patients were removed during analysis.
2.2. Data collection

Data were collected on as many variables as possible that might
be related to MRT, based on previous reports.[3,14–22] Data were
collected from the Hospital Information System, Laboratory
Information System, and the Transfusion System at West China
Hospital, as well as from the Electronic Medical Record System
and “Do Care” System at the Second Affiliated Hospital. We
collected data on patient demographics (sex, age, ethnicity, BMI,
history of smoking, and alcohol consumption), perioperative
variables and variables previously associated with RBC transfu-
sion during cardiac surgery. The following perioperative data
were collected: New York Heart Association class, preoperative
comorbidities (hypertension, hyperlipemia, coronary heart
disease, myocardial infarction, active endocarditis, atrial fibrilla-
tion, history of heart failure, peripheral vascular disease,
pulmonary insufficiency, transient ischemic attack, stroke,
diabetes mellitus, thyroidism disorder, renal dysfunction, hepatic
insufficiency, gastrointestinal hemorrhage), history of medica-
tions (b-blockers, antiplatelet drugs, anticoagulants, digitoxin,
diuretics), preoperative laboratory tests (routine blood tests,
blood biochemistry, coagulation examinations, pulmonary
function, cardiac ultrasonography), and surgical characteristics
(CPB duration, repeat surgery, operative procedures).
2.3. Anesthesia and CPB

Anesthesia and CPB were performed using procedures standard at
the 2 institutions.[25,26] Briefly, anesthesia was induced with
midazolam, sufentanil, and a muscle relaxant, which was usually
etomidate at the Second Affiliated Hospital. Anesthesia was
maintained with a continuous infusion of remifentanil, inhalation
of sevoflurane, intermittent muscle relaxant, and sufentanil. During
CPB, nasopharyngeal temperaturewasmaintained at 30°C to 33°C,
andmoderate hemodilutionwas used.All patients received an initial
heparin dose of 375U/kg to achieve systemic anticoagulation, and
additional heparin was intermittently injected to maintain activated
clotting time longer than 480 seconds during CPB. After weaning
from CPB, heparin was neutralized with protamine in a 1:1 ratio
with the initial heparin dose.
Cell Saver was routinely administered to all patients. During

CPB, pericardial blood was salvaged by suction and returned to
the CPB circuit. After CPB, residual blood was collected in a bag
2

containing sodium citrate, neutralized by protamine, and
transfused into the patient as described.[26,27]
2.4. Red blood cell transfusion

Transfusions were carried out similarly at the 2 hospitals.
Transfusion was performed if hemoglobin concentration was<7
g/dL during CPB, <8g/dL during surgery or <9.5g/dL in the
intensive care unit. Hemoglobin concentration was determined
by blood gas analysis using a Cobas b 123 device (Roche, Basel,
Switzerland) at West China Hospital or a Cobas b 221 device
(Roche) at the Second Affiliated Hospital.
3. Statistical analysis

Categorical variables were expressed as frequencies (percen-
tages), and compared between patient groups using the chi-
squared or Fisher exact tests. Shapiro-Wilk tests were used to
determine the distribution of continuous variables. Normally
distributed data were reported as mean± standard deviation and
compared between groups using Student t test. Skewed data were
expressed as median (interquartile range) and compared between
groups using Wilcoxon rank sum tests.
In the present study, MRT was defined as receiving at least 4

units of RBCs during hospitalization. The minimum number of
RBCs in MRT has been variously set at 4,[3] 5,[17] 6,[9] or 8,[28]

and we opted for 4 as our cut-off because morbidity sharply
increases beyond this level,[8] and postoperative complications
even increase 19.4% (P< .01) when the patients receive ≥4 units
of RBCs.[29]

MRT risk factors were identified by first conducting univariate
logistic regression. Variables associated with P < .05 in bivariate
analysis were considered statistically significant and were
included in logistic regression involving backward selection.
Variables associated with P < .1 were then included in multiple
logistic regression, which also involved variables associated with
P < .05 in univariate logistic regression. The following variables
were considered potential confounding factors: sex, age, BMI,
active endocarditis, atrial fibrillation, hemoglobin, abnormal
international normalized ratio (INR), renal dysfunction, left
atrium diameter, CPB duration, and operative procedure.
SPSS 20.0 (IBM, Chicago, IL) was used for statistical analysis.

All P values were 2 sided, and P< .05 was considered statistically
significant.Missing valueswere addressed bymultiple imputation.
4. Results

A total of 8521 adult patients with cardiac disease who
underwent cardiac surgery at the 2 sites during the study period
were screened. A total of 283 patients were excluded because
their medical records were incomplete (n=32); they died within
24hours after operation (n=19); or they underwent ascending
aortic replacement surgery (n=131), cardiac tumor resection
(n=91), or emergency surgery (n=10) (Fig. 1). In the end, 8238
patients were included in the analysis, of whom 7287 (88.5%)
underwent valve surgery, 800 (9.7%) CABG, and 151 (1.8%) the
combination of CABG and valve surgery.
No patient in our study received preoperative RBC transfusion,

and 4322 (52.5%) patients did not receive any transfusion during
hospitalization. The remaining 3916 (47.5%) received a total
of 16,414 RBC units, with each patient receiving an average of
4.19 units. Therefore MRT was defined as transfusion involving
at least 4 units, similar to thresholds in previous reports.[3,28]



Figure 1. Flow diagram of the study. A total of 8521 adult patients with cardiac disease who underwent cardiac surgery were screened. A total of 283 patients were
excluded and 8238 were included in the analysis, of whom 6547 received <4 and 1691 received ≥4 units of red blood cells (RBCs).
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Based on this threshold, 1691 (21%) patients in our study
received MRT (6.77±4.78 units per person), which accounted
for 70% of all units of allogeneic RBCs transfused in our study
population. The remaining 6547 patients (79%) received the
remaining 30% of the total units (0.76±1.13 units per person;
Fig. 2). The demographic, medical, and perioperative data for
patients who received MRT or not are summarized in Table 1.
The MRT group showed a greater proportion of women than

the non-MRT group (36.3% vs 43.9%), lower proportions of
smokers and alcohol drinkers, lower BMI (22.37±3.04 vs 23.03±
3.03kg/m2), and older age (59 vs 50 years). The MRT group also
showed higher incidence of comorbidity, including hypertension,
coronary heart disease, myocardial infarction, active endocarditis,
pulmonary insufficiency, stroke, diabetes mellitus, renal dysfunc-
tion, and gastrointestinal hemorrhage. The MRT group showed
higher incidence of the use of b-blockers, antiplatelet drugs, and
anticoagulants, but lower incidence of the use of digitoxin and
diuretics. TheMRTgroup showed lower preoperative hemoglobin
levels, higher levels of fibrinogen and C-reactive protein, and
higher incidence of abnormal INR. MRT patients also showed
smaller left atrium diameter, higher ejection fraction, longer CPB,
and higher rates of repeat surgery, CABG surgery, and the
combination of valve and CABG surgery (Table 1).
Univariate regression identified 30 variables associated with

MRT, and 11 remained significant after adjusting by sex, age,
BMI, active endocarditis, atrial fibrillation, preoperative hemo-
globin level, abnormal INR, renal dysfunction, diameter of left
atrium, CPB duration, and operative procedures (Table 2).
MRT incidence increased with increasing age (Fig. 3A).

Incidence was below 20% among patients younger than 60 years,
but it increased sharply from 17% among patients younger than
60 to 31% among those aged 60 to 69. It again increased sharply
from 31% among patients aged 60 to 69 to 52% among those
at least 70 years old.
MRT incidence generally decreased with increasing BMI,

similar to previous reports.[17] MRT incidence, however,
increased with BMI at BMIs >32kg/m2 (Fig. 3B).
3

Lower preoperative hemoglobin level was associated with
increasedMRT incidence, as reported previously.[17] Incidence of
MRT increased from 2%at 16g/dL hemoglobin to 7% at 11g/dL
hemoglobin, with a stepwise increase occurring for each 1-g/dL
decrease in hemoglobin level. A large jump in MRT incidence
occurred when hemoglobin level decreased from 11 (32%) to
10g/dL (48%). A second large jump in MRT incidence occurred
from 9 (54%) to 8g/dL (73%). Among patients with hemoglobin
levels <8g/dL, 81% received MRT (Fig. 3C).
Larger left atrium diameter was associated with lower MRT

risk. MRT incidence fell approximately 2% with each 5-mm
increase in diameter, but this effect disappeared at diameters
>60mm (Fig. 3D).
Each 20-minute prolongation of CPB increased MRT

incidence by 1% to 5%. MRT incidence increased sharply from
36% to 51% when CPB duration exceeded 220minutes. The
incidence increased again sharply from 58% to 77% when it
exceeded 260minutes (Fig. 3E).
MRT incidence was 5% lower among men than women

(Fig. 4A), and it was 5% lower among patients with atrial
fibrillation than among those without it (Fig. 4D). MRT
incidence was nearly 2-fold higher among patients with renal
dysfunction (Fig. 4B) or active endocarditis (Fig. 4C) than among
those without these conditions. MRT incidence was significantly
higher among those undergoing repeat surgery (26%) than
among those undergoing primary surgery (20%, P < .001;
Fig. 4F).
MRT incidencewas similar between patients undergoingCABG

surgery and those undergoing the combination ofCABGand valve
surgery. This incidence was more than 2-fold the incidence among
patients undergoing valve surgery alone (Fig. 4E).
Because MRT incidence was similar between patients

undergoing CABG or combination surgery, these 2 groups were
merged and then comparedwith the group of patients undergoing
valve surgery alone. This comparison identified the following
independent risk factors for MRT, independent of the type of
cardiac surgery: female sex, older age, renal dysfunction, lower

http://www.md-journal.com


Figure 2. The distribution of red blood cells (RBCs) during hospitalization. Of all
study participants, 21% had massive red blood cell transfusion (MRT) (A), and
this subgroup accounted for 70% of all units of allogeneic RBCs consumed (B).
Mean RBC consumption per person was nearly 10-fold higher among patients
receiving MRT than among other patients (C).

Table 1

Demographic and perioperative characteristics of patients.

Characteristic No MRT (n=6547) MRT (n=1691) P

Demographic characteristics
Female, n (%) 3674 (56.1) 1077 (63.7) <.001
Race, n (%) .317
Han Chinese 6385 (97.5) 1654 (97.8)
Tibetan 80 (1.2) 23 (1.4)

Other 82 (1.3) 14 (0.8)
Age, y 50 (44,59) 59 (49,66) <.001
BMI, kg/m2 23.03±3.03 22.37±3.04 <.001
History of smoking, n (%) 1897 (29.0) 404 (23.9) <.001
Alcohol consumption, n (%) 1280 (19.6) 245 (14.5) <.001
Medical history
NYHA class, n (%) .020
I 118 (1.8) 25 (1.5)
II 1613 (24.6) 406 (24.0)
III 4635 (70.8) 1169 (69.1)
IV 181 (2.8) 91 (5.4)

Hypertension, n (%) 918 (14.0) 426 (25.2) <.001
Hyperlipemia, n (%) 1738 (26.5) 473 (28.0) .238
Coronary heart disease, n (%) 650 (9.9) 415 (24.5) <.001
Myocardial infarction, n (%) 133 (2.0) 96 (5.7) <.001
Active endocarditis, n (%) 120 (1.8) 76 (4.5) <.001
Atrial fibrillation, n (%) 3070 (46.9) 680 (40.2) <.001
History of heart failure, n (%) 1209 (18.5) 314 (18.6) .923
Peripheral vascular disease, n (%) 76 (1.2) 36 (2.1) .002
Pulmonary insufficiency, n (%) 269 (4.1) 122 (7.2) <.001
Pulmonary hypertension, n (%) .803
Mild (26–35 mm Hg) 342 (5.5) 85 (5.3)
Moderate (36-45 mm Hg) 580 (9.3) 130 (8.2)
Severe (>45 mm Hg) 250 (4.0) 77 (4.8)

Transient ischemic attack, n (%) 30 (0.5) 6 (0.4) .565
Stroke, n (%) 250 (3.8) 105 (6.2) <.001
Diabetes mellitus, n (%) 339 (5.2) 192 (11.4) <.001
Thyroidism disorder, n (%) 1118 (17.1) 309 (18.3) .246
Renal dysfunction, n (%) 224 (3.4) 143 (8.5) <.001
Hepatic insufficiency, n (%) 317 (4.8) 95 (5.6) .192
Gastrointestinal hemorrhage, n (%) 17 (0.3) 16 (0.9) <.001
Medications
b-Blockers, n (%) 796 (12.2) 264 (15.6) <.001
Antiplatelet drugs, n (%) 185 (2.8) 143 (8.5) <.001
Anticoagulants, n (%) 987 (15.1) 337 (19.9) <.001
Digitoxin, n (%) 1925 (29.4) 415 (24.5) <.001
Diuretics, n (%) 4693 (71.7) 1034 (61.1) <.001

Laboratory
Hemoglobin, g/dL 13.7 (12.6,14.8) 12.5 (11.1,13.6) <.001
Platelet count, 109/L 153 (117,193) 150 (111,196) .107
Abnormal INR, n (%) 1082 (16.7) 350 (20.9) <.001
Fibrinogen, mg/dL 2.75 (2.36,3.27) 2.99 (2.50,3.58) <.001
Alanine aminotransferase, U/L 27.20±20.56 30.13±113.25 <.001
C-reactive protein, mg/L 5.69±12.60 7.83±16.59 <.001

Ultrasonography
Ejection fraction, % 60.68±8.86 61.03±9.17 .042
Diameter of left atrium, mm 47 (39,53) 49 (41,56) <.001

Surgical characteristics
CPB duration, minute 110 (87,137) 131 (103,160) <.001
Repeat surgery, n (%) 63 (1.0) 35 (2.1) <.001
Operative procedure, n (%) <.001
Valve surgery 5994 (91.6) 1293 (76.5)
CABG 473 (7.2) 327 (19.3)
Combined surgery 80 (1.2) 71 (4.2)

BMI=body mass index, CABG= coronary artery bypass grafting, CPB= cardiopulmonary bypass,
INR= international normalized ratio, MRT=massive red blood cell transfusion, NYHA=New York
Heart Association.
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BMI, lower preoperative hemoglobin, and longer CBP. In
addition, this comparison identified the following MRT risk
factors specific to valve surgery: active endocarditis, nonatrial
fibrillation, smaller left atrium diameter, abnormal INR, and
repeat surgery (Fig. 5).

5. Discussion

In this large study of patients undergoing cardiac surgery, 21% of
patients received MRT and accounted for 70% of the total units
of allogeneic RBCs consumed. These findings provide strong
support for the idea that reducing MRT can contribute
substantially to reductions in overall demand on blood products.
The large, multisite nature of our study, combined with our use of
anMRT threshold similar to that in previous work,[3,28] suggests
4



Table 2

Risk factors of massive red blood cell transfusion.

Variables Crude OR (95% CI) P Adjusted OR
∗
(95% CI) P

Female 1.37 (1.23,1.53) <.001 1.59 (1.37,1.84) <.001
Age, per 10 years 1.69 (1.60,1.78) <.001 1.67 (1.57,1.77) <.001
BMI, kg/m2 0.93 (0.91,0.95) <.001 0.92 (0.90,0.94) <.001
Smoking 0.77 (0.68,0.87) <.001 0.96 (0.78,1.17) .654
Alcohol consumption 0.70 (0.60,0.81) <.001 0.93 (0.77,1.13) .457
NYHA class 1.15 (1.04,1.27) .008 1.07 (0.95,1.20) .298
Hypertension 2.07 (1.81,2.35) <.001 1.04 (0.87,1.24) .679
Coronary heart disease 2.95 (2.57,3.39) <.001 0.73 (0.49,1.10) .135
Myocardial infarction 2.90 (2.22,3.80) <.001 1.18 (0.83,1.67) .370
Active endocarditis 2.52 (1.88,3.38) <.001 1.80 (1.24,2.60) .002
Atrial fibrillation 0.76 (0.68,0.85) <.001 0.85 (0.73,0.99) .034
Peripheral vascular disease 1.85 (1.24,2.76) .003 0.93 (0.57,1.52) .781
Pulmonary insufficiency 1.82 (1.46,2.26) <.001 0.99 (0.76,1.29) .929
Stroke 1.67 (1.32,2.11) <.001 1.25 (0.95,1.65) .116
Diabetes mellitus 2.35 (1.95,2.83) <.001 1.18 (0.93,1.48) .168
Renal dysfunction 2.53 (2.06,3.11) <.001 1.65 (1.26,2.20) <.001
Gastrointestinal hemorrhage 3.67 (1.85,7.28) .001 2.18 (0.97,4.92) .061
Hemoglobin, per 1 g/dL 0.64 (0.62,0.66) <.001 0.65 (0.62,0.67) <.001
Abnormal INR 1.31 (1.15,1.50) <.001 1.16 (0.99,1.37) .074
Fibrinogen, per 1 mg/dL 1.40 (1.32,1.49) <.001 0.98 (0.91,1.06) .671
C-reactive protein, per 1 mg/L 1.01 (1.01,1.01) <.001 1.00 (1.00,1.00) .776
Diameter of left atrium, per 5 mm 0.94 (0.93,0.96) <.001 0.97 (0.95,0.99) .011
b-Blockers 1.34 (1.15,1.55) <.001 0.97 (0.81,1.17) .750
Antiplatelet drugs 3.18 (2.54,3.98) <.001 0.89 (0.66,1.19) .419
Anticoagulants 1.40 (1.22,1.61) <.001 0.84 (0.70,1.00) .053
Digitoxin 0.62 (0.56,0.70) <.001 1.05 (0.90,1.21) .557
Diuretics 0.82 (0.75,0.90) <.001 1.08 (1.94,1.25) .282
CPB duration, per 10 min 1.13 (1.12,1.15) <.001 1.15 (1.14,1.17) <.001
Repeat surgery 2.18 (1.43,3.30) .001 1.84 (1.10,3.07) .002
Operative procedure
Valve Reference Reference
CABG 3.21 (2.75,3.74) <.001 2.00 (1.62,2.48) <.001
Combined surgery 4.11 (2.97,5.70) <.001 2.03 (1.37,2.99) <.001

BMI=body mass index, CABG= coronary artery bypass grafting, CPB= cardiopulmonary bypass, INR= international normalized ratio, NYHA=New York Heart Association.
∗
Adjusted by sex, age, BMI, active endocarditis, atrial fibrillation, hemoglobin, abnormal INR, renal dysfunction, diameter of left atrium, CPB duration, and operative procedure.
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that our results can be generalized to many medical centers. In
order to help predict and manage patients at higher risk of MRT,
we analyzed MRT risk factors in patients undergoing different
types of cardiac surgery. We found that several, but not all, risk
factors depended on the type of surgery.
MRT risk factors differed between valve disease and coronary

heart disease. Although MRT incidence was 2-fold higher in
CABG surgery than in valve surgery, patients in the 2 groups
shared 6 risk factors: female sex, older age, renal dysfunction,
lower BMI, lower preoperative hemoglobin level, and longer CPB.
These risk factors have been reported previously.[17,30] We further
identified MRT risk factors that may be specific to patients with
valve disease: active endocarditis, nonatrial fibrillation, smaller left
atrium diameter, abnormal INR, and repeat surgery.
We found that MRT incidence was 2-fold higher among

patients who underwent CABG or combination surgery than
among those who underwent isolated valve surgery. This suggests
an association between coronary heart disease and higher MRT
risk.[23] This may reflect greater blood volume in patients with
valve disease, in whom congestion is common.[36] It may also
reflect that compared to patients undergoing valve surgery alone,
those undergoing CABG or combined surgery experience longer
CPB (140±49 vs 117±41minutes, P < .001) and tend to be
older (62±9 vs 51±11 year, P < .001).
5

The differences and overlap in MRT risk factors between
surgical groups in our study may be influenced by the fact that
88.5% of our patients underwent valve surgery. Therefore our
results should be confirmed in larger studies with similarly large
numbers in different surgical groups. Even so, the present results
make a strong case that MRT risk factors should be assessed
based on the heart disease involved.
Regardless of the type of cardiac surgery, MRT risk was higher

among women in our study than among men, as reported
previously.[3] Similarly, older age was an independent risk factor
of MRT in our study, as in previous work.[16,17,30] This may
reflect the lower blood volume[31] and higher incidence of
comorbidities among older patients.[33]We found a 68% increase
inMRT risk for each 10-year increase in age, even higher than the
22% increase reported previously.[17] MRT risk was 2.92-fold
higher among patients older than 60 than among younger
patients, and it was 3.24-fold higher among patients older than
70 than among younger patients, similar to results reported
previously.[5] These results suggest that efforts to reduce MRT
should target older patients.
We found that lower BMI was associated with greater MRT

incidence, as reported previously.[3,17,30] This likely reflects that
lower weight usually means lower blood volume.[32] Interesting-
ly, BMI had no protective effect onMRTwhen it was ≥32kg/m2.

http://www.md-journal.com


Figure 3. Effect of (continuous) risk factors on massive red blood cell transfusion (MRT). Incidence of (MRT) increased with older age (A), lower body mass index
(BMI) (B), lower preoperative hemoglobin (Hb) level (C), smaller left atrium diameter (D), and longer cardiopulmonary bypass (CPB) (E).
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Preoperative hemoglobin level has previously been reported to
be a strong predictor of RBC transfusion generally[18,22] and of
MRT in particular.[3] In our study, MRT risk increased by 50%
for each 1-g/dL decrease in hemoglobin level. MRT risk increased
sharply by 16% when the level dropped <11g/dL, and it rose
sharply by 19%when the level dropped<9g/dL. Among patients
with preoperative hemoglobin levels <8g/dL, MRT incidence
reached 81%. These results suggest that substantially reducing
RBC consumption will require increasing preoperative hemoglo-
bin levels >9g/dL, preferably above 11g/dL.[23]

Patients with renal dysfunction in our study had lower
preoperative hemoglobin levels than those with normal function
(12.9±2.3 vs 13.4±1.8g/dL). This may explain why renal
dysfunction was identified as an independent MRT risk factor in
our study, in accordance with previous work.[3] Renal dysfunc-
tion may lead to erythropoietin insufficiency and therefore
preoperative anemia.[34] We found that renal dysfunction
6

increased MRT risk by 2-fold, whereas other work showed it
to increase risk of transfusion by 1.4-fold.[19] Yet another study
showed that preoperative creatinine>100mmol/L increased RBC
requirement by 4.6-fold.[35]

In our study, MRT risk increased by 15% per 10-minute
prolongation of CPB, similar to previous reports.[17] As many as
28% of patients for whom CPB lasted longer than 120minutes
required MRT; in contrast, only 14% of patients with CPB
shorter than 120minutes required MRT. We observed sharp
increases in MRT incidence for CPB lasting longer than 220 or
260minutes. Our findings suggest that CPB should be as short as
possible, certainly within 4hours.
Our analysis identified 5 MRT risk factors that appeared

to be specific to patients who underwent valve surgery,
although we caution that this may be biased by the small
number of patients who presented with these risk factors
and who underwent CABG or combined surgery (repeat



[38,39]

Figure 4. Effect of (categorical) risk factors onmassive red blood cell transfusion (MRT). Incidence of MRTwas 5% lower amongmen thanwomen (A) and 5% lower
among patients with atrial fibrillation than among those without it (B). MRT incidence nearly doubled in the presence of renal dysfunction (C), in the presence of active
endocarditis (D), or when the surgery involved coronary artery bypass grafting (CABG) or the combination of CABG and valve surgery (E). MRT incidence was higher
among patients undergoing repeat surgery than among those undergoing primary surgery (F).

Huang et al. Medicine (2019) 98:5 www.md-journal.com
surgery, n=0; active endocarditis, 5; abnormal INR, 48; atrial
fibrillation, 83).
Previous studies[36,37] identified active endocarditis as an

independent predictor of MRT, and we found that it increased
risk of MRT by 1.80-fold. Patients with this condition usually
have lower preoperative hemoglobin levels; in our study,
the level was 11.4±2.2g/dL among those with active endocardi-
tis and 13.5±1.8g/dL among those without it (P < .001).
Patients with active endocarditis also usually have numerous
7

comorbidities and they may have complex valve lesions,
which increases the complexity of surgical procedures.[39] All
these factors may increase the requirement for RBC transfusion
in general and for MRT in particular.
We found that the presence of atrial fibrillation and larger left

atrium diameter decreasedMRT risk among patients undergoing
valve surgery. This may reflect the indirect relationship of blood
volume with left atrium diameter and atrial fibrillation.[36] The
presence of mitral regurgitation, mitral stenosis, or tricuspid

http://www.md-journal.com


Figure 5. Subgroup analysis for risk factors of MRT. Six risk factors of massive red blood cell transfusion (MRT) were found to be shared between patients
undergoing valve surgery alone and patients undergoing coronary artery bypass grafting (CABG) or combined surgery. Five risk factors were found to be specific to
patients undergoing valve surgery.

Huang et al. Medicine (2019) 98:5 Medicine
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regurgitation may increase pressure in the right and left atria,
inducing pulmonary and systemic congestion, enlarging the
atrium, and triggering atrial fibrillation.[40,41]

Interestingly, atrial fibrillation and larger left atrium diameter
reduced MRT risk among patients undergoing valve surgery, but
not among patients undergoing CABG or combined surgery. This
may reflect the fact that our patients with valve disease had larger
left atrium diameter when atrial fibrillation was present than
when it was absent (60±17 vs 45±11mm, P < .001), which
differs from the pathophysiology of atrial fibrillation in patients
with coronary heart disease.[42–44]

This analysis of MRT risk factors may provide insights for
how to reduce MRT in cardiac surgery and thereby improve
outcomes. Official guidelines[45] already recommend several
evidence-based measures for reducing risk of blood transfusion,
including effective treatment of perioperative anemia, avoidance
of CPB circuits with reduced priming volumes (minicircuits),
and modifications during ultrafiltration. Our results may help
extend the measures that can be implemented to reduce blood
transfusion risk.
There are several potential limitations to this study. The fact

that it was a retrospective study means that we could not avoid
selection bias. We did not include all potential MRT risk factors
in our analysis, such as platelet function, although we did collect
data on as many potentially relevant variables as we could. Our
small proportion of patients who underwent CABG or combined
surgery meant that we could not examine in these patients
whether active endocarditis (n=5) or abnormal INR (n=48)
were associated with MRT risk. Future work should include
larger patient samples for each type of cardiac surgery.
6. Conclusions

We provide evidence that MRT risk factors vary with the type of
heart disease being treated. Six risk factors were common among
all patients undergoing cardiac surgery in our study: sex, age,
BMI, renal dysfunction, preoperative hemoglobin level, and CPB
duration. Another 5 factors appeared to be specific to patients
undergoing valve surgery: atrial fibrillation, active endocarditis,
abnormal INR, left atrium diameter, and repeat surgery. Our
results suggest the need to assess MRT risk based on the heart
disease involved, and they provide insights useful for identifying
and managing patients at higher MRT risk. Reducing MRT may
lead to substantial savings of blood products.
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