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Did blood transfusion increase mortality in patients with diabetes
undergoing isolated coronary artery bypass graft surgery?
A propensity score-matched analysis of 816 patients
İzole koroner arter baypas greft cerrahisi yapılan diyabet hastalarında kan transfüzyonu
mortaliteyi artırdı mı? 816 hastanın eğilim skoru eşleştirme analizi
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ABSTRACT

ÖZ

Methods: The medical records of a total of 1,912 patients
(1,300 males, 612 females; mean age 60.7±10.0) with diabetes
who underwent isolated on-pump coronary artery bypass grafting
between January 1999 and June 2019 were retrospectively
analyzed. The patients were divided into two groups as patients
with and without blood transfusions. The mortality rates were
compared between the two groups.

Çalışm a planı: Ocak 1999 - Haziran 2019 tarihleri arasında
izole on-pump koroner arter baypas greftleme yapılan toplam
1912 diyabet hastasının (1300 erkek, 612 kadın; ort. yaş
60.7±10.0 yıl) tıbbi kayıtları retrospektif olarak incelendi.
Hastalar kan transfüzyonu yapılan ve yapılmayan hastalar
olmak üzere iki gruba ayrıldı. Gruplar arasında mortalite
oranları karşılaştırıldı.

Background: The aim of this study was to compare clinical
outcomes of blood transfusion in patients with diabetes mellitus
undergoing isolated on-pump coronary artery bypass grafting.

Results: The mortality rate was 14 times higher in the patients
receiving blood transfusion (odds ratio: 14.80; 95% confidence
interval 5.05 to 43.34; p<0.001). However, in the multivariate
logistic regression analysis, there were no statistically significant
difference in mortality between the patient groups, when diabetes
mellitus was a covariate factor (Odds ratio: 8.34; 95% confidence
interval 3.94 to 17.66 vs. odds ratio 8.36; 95% confidence interval
3.95 to 17.70).

Conclusion: The propensity score-matched analysis of patients
with diabetes showed that clinical outcomes were more severely
affected by blood transfusion.

Keywords: Blood transfusion, coronary artery bypass grafting, diabetes
mellitus, mortality.

Amaç: Bu çalışmada izole on-pump koroner arter baypas
greftleme yapılan diyabet hastalarında kan transfüzyonunun
klinik sonuçları karşılaştırıldı.

Bulgular: Kan transfüzyonu yapılan hastalarda ölüm oranı
14 kat daha yüksek idi (olasılık oranı: 14.80; %95 güven
aralığı 5.05 ila 43.34; p<0.001). Bununla birlikte, çok değişkenli
lojistik regresyon analizinde, diabetes mellitus bir eş değişken
faktör olduğunda, hasta grupları arasında mortalite açısından
istatistiksel olarak anlamlı bir fark yoktu (olasılık oranı: 8.34;
%95 güven aralığı 3.94-17.66'ya kıyasla olasılık oranı: 8.36; %95
güven aralığı 3.95-17.70).
Sonuç: Eğilim skoru eşleştirme analizi, diyabet hastalarında
kan transfüzyonunun klinik sonuçları daha kötü bir şekilde
etkilediğini gösterdi.

Anahtar sözcükler: Kan transfüzyonu, koroner arter baypas greftleme,
diabetes mellitus, mortalite.
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Diabetes mellitus increased the risk of
cardiovascular disease with insulin resistance,
inflammation and endothelial dysfunction.[1] The
risk of cardiovascular diseases is 1.6 to 2.6 times
higher in patients with diabetes, particularly among
younger age and in women.[2] After cardiac surgery,
the incidences of morbidity and mortality in these
patients are higher than those without diabetes.[3,4]

Blood transfusion are associated with postoperative
wound infections, pneumonia, renal dysfunction,
multiple organ failure, and increased hospital
stay.[5] Additionally, perioperative blood transfusions
are known to be associated with an increased morbidity
and mortality after cardiac surgery.[6,7]
In the present study, we aimed to compare clinical
outcomes of blood transfusion in patients with diabetes
mellitus who underwent isolated on-pump coronary
artery bypass grafting (CABG).

PATIENTS AND METHODS
Between January 1999 and June 2019, a total
of 6,148 patients underwent isolated on-pump
CABG in Department of Cardiovascular Surgery of
Acıbadem Mehmet Ali Aydınlar University. Of these,
1,912 patients (1,300 males, 612 females; mean age
60.7±10.0 year) with diabetes were included in this
retrospective study. Patients who underwent off-pump
CABG or concomitant surgery were excluded. Patients
who had revision for bleeding were also excluded to
eliminate the negative outcomes caused by bleeding
with hemodynamic instability or blood transfusions.
Study flow chart is shown in Figure 1. The medical

records were retrieved from the electronic registry
and hospital database. A written informed consent
was obtained from each patient. The study protocol
was approved by the Institutional Review Board of
Acıbadem Mehmet Ali Aydınlar University, ATADEK.
The study was conducted in accordance with the
principles of the Declaration of Helsinki.
The patients were divided into two groups as
those with (n=515, 26.94%) and without (n=1,397,
73.06%) blood transfusions. Demographic data,
EuroSCORE scores, ejection fraction (EF), hematocrit,
creatinine levels, use of medication, and the presence
of comorbidities were analyzed. The durations of
cross-clamp (CC) and cardiopulmonary bypass (CPB)
during surgery, durations of endotracheal intubation
and intensive care unit (ICU) stay, and morbidity,
mortality rates were evaluated.
All operations were performed by a single surgical
team. All patients received a balanced anesthesia using
clinical protocols. Standard CPB was established
and antegrade cold blood cardioplegia was used
for myocardial protection. Blood transfusion was
not driven by a numerical trigger value alone, but
by a restrictive red blood cell (RBC) transfusion
policy based on hematocrit levels and hemodynamic
parameters. If the hematocrit value was below 17%
during the hypothermic period of CPB and below
20% after CPB, RBCs were transfused. The patients
receiving at least one unit of RBC were included
in the blood transfusion group. All patients were
transferred to the ICU after surgery.

Isolated coronary artery bypass grafting
(n= 6,148)

Patients with diabetes mellitus
(n=1,912)

Patients without diabetes mellitus
(n= 4,236)

Blood transfusion (n=515)

Blood transfusion (n=1,067)

No blood transfusion (n=1,397)

No blood transfusion (n=3,169)

Figure 1. Study flowchart.
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SD: Standard deviation; NYHA: New York Heart Association; EF: Ejection fraction; COPD: Chronic obstructive pulmonary disease; ACE: Angiotensin-converting enzyme; CC: Cross-clamp; CPB: Cardiopulmonary bypass.

Number of distal anastomoses

CPB time (min)

CC time (min)

Preoperative creatinine level (mg/dL)

Preoperative hematocrit level (%)

Elective surgery (%)

Clopidogrel (%)

Aspirin (%)

ACE inhibitors (%)

Calcium canal blockers (%)

Beta blockers (%)

Medications

Never smoked

Former smokers

Smokers

Smoking (%)

COPD (%)

Hypercholesterolemia (%)

Hypertension (%)

EF <30 (%)

Previous cardiac surgery (%)

NYHA Class 3 and 4 (%)

EuroSCORE logistics (%)

Sex
Female
Male

Body mass index (kg/m2)

Age (year)

n

No transfusion (n=1,397)

Before propensity matching

Table 1. Baseline demographic and clinical characteristics of patients with and without blood transfusion
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Statistical analysis
Statistical analysis was performed using the
SPSS version 10 software (SPSS Inc., Chicago, IL,
USA). Data were presented in mean ± standard
deviation (SD), median (min-max) or number and
percentage. Univariate comparisons were made
using the chi-square (χ2) test or Fisher’s exact test
for categorical variables, and the t-test was used
for continuous variables. Transfused patients were
matched with non-transfused patients using the
propensity score matching analysis to control for
the imbalance between the groups. The propensity
score was estimated using a regression model.
Variables with a p value of <0.1 were entered
into the logistic regression analysis. A multinomial
logistic regression analysis was used to examine
the relationships between diabetes mellitus, blood
transfusion, and mortality. A two-sided p value of
<0.05 was considered statistically significant.

RESULTS

Baseline demographic and clinical characteristics
of the patients are presented in Table 1. There was
no statistically significant difference between the
groups in terms of age, sex, body mass index, and preand intraoperative values after the propensity score
matching.
Before propensity score matching, the length of
ICU stay, infection rates (odds ratio [OR]: 3.22; 95%
confidence interval [CI]: 1.95 to 5.32; p<0.001),
hospital stay, and mortality (OR: 14.80; 95% CI:
5.05 to 43.34; p<0.001) were significantly higher
in the blood transfusion group (Table 2). After
propensity score matching, the length of ICU stay
was significantly higher in the blood transfusion
group than the non-transfusion group; however,
there was no significant difference in the duration of
hospitalization between the two groups. Additionally,
the infection rates were higher in patients who
received blood transfusions than those who did not
receive blood transfusions (OR: 2.35; 95% CI: 1.14
to 4.85; p= 0.017).
Furthermore, the mortality rates were four times
higher in the patients who received blood transfusions
than those who did not receive blood transfusions
(OR: 4.06; 95% CI: 0.85 to 19.23; p= 0.05). However,
the multivariate logistic regression analysis revealed
no statistically difference in mortality between the
groups, when diabetes mellitus was a covariate factor
(OR: 8.34; 95% CI: 3.94 to 17.66 vs. OR: 8.36; 95% CI:
3.95 to 17.70).
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DISCUSSION
The higher incidence of mortality in patients with
diabetes after cardiac surgery was reported in previous
studies.[8-11] In a meta-analysis, Zhang et al.[11] found
that the incidence of morbidity and mortality was
higher in patients with diabetes than those without
after CABG.
Blood transfusions have been shown to be associated
with a high incidence of infection, transfusion-related
lung injury, pneumonia, sternal infections, leg wound
infections, circulatory overload, low cardiac output
syndrome, renal dysfunction, atrial fibrillation, stroke,
and short and long-term mortality rates.[12-14] The
independent risk factors for blood transfusions are age,
female sex, low body surface area, low EF (<35%),
emergency operation, anemia, redo cardiac surgery,
use of extracorporeal circulation, prolonged bypass
time, and re-exploration for any reason.[15,16] Blood
transfusions are also associated with worse survival
and increased risk factors, leading to prolonged hospital
stay after cardiac surgery.[17-19]
Hemorheological alterations of the storage of RBCs
may disturb the microcirculation.[20] Additionally,
endothelial dysfunction causes microvascular
complications and disturbs the microcirculation in
patients with diabetes.[21] A randomized-controlled
trial showed that correcting CPB-induced dilutional
anemia with blood transfusions in patients with
diabetes undergoing CABG increased the risk of
renal injury due to the microcirculatory derangements
caused by the transfusions.[22] Additionally, this patient
population is at an increased risk of renal injury
compared to those without diabetes due to possible
end-organ damages.[9] Although blood transfusions
and diabetes mellitus are associated with a high
incidence of renal injury, in our study, there were
no statistically significant differences in discharge
creatinine levels or the number of new-onset dialysis
between the patients with diabetes who received
blood transfusion and who did not.
In their study, Vranken et al.[23] reported that the rate
of infections increased in female patients, smokers, and
patients with advanced age, diabetes mellitus, obesity,
chronic obstructive pulmonary disease, low EF,
prolonged CPB time, and perioperative administration
of inotropes after cardiac surgery. They also reported
that the number of blood transfusions was associated
with infections in patients after cardiac surgery. Blood
transfusions are a predominant factor for all types of
postoperative infections. Likosky et al.[24] observed that
the incidence of pneumonia increased for every unit of
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transfused RBCs after cardiac surgery. Additionally,
the impaired chemotaxis and phagocytosis of
neutrophils increase the risk of infections in patients
with diabetes.[11] In our study, there were no significant
differences in pulmonary complications, such as
pneumonia, between the groups; however, infections
were higher in the patients receiving blood transfusion.

A multi-center study in Europe reported that at
least one unit of RBCs and a transfusion rate of 40.2%
was recorded in patients who underwent CABG
surgery.[8] In our study, a blood transfusion rate of
25.7% was recorded in all isolated CABG patients.
Additionally, the length of ICU stay, chest-tube
drainage, postoperative atrial fibrillation, new-onset
dialysis and stroke, hospital readmission, ICU
readmission, and mortality rates in the patients who
received blood transfusions were higher than those
who did not in our study.
In addition, in the current study, the patients were
matched for propensity scores using perioperative
risk assessments. Based on propensity score-matched
analyses, the ICU stay, ICU readmission, reintubation,
and mortality rates were statistically higher in the
patients with diabetes who received blood transfusions
compared to the others.

One of the strengths of the study was that the
patient sample was from a single center, and all
operations were done by the same surgeons and
anesthesiologists using similar practices for blood
transfusion. However, the main limitation includes its
retrospective design.
In conclusion, propensity score-matched analysis
of the patients with diabetes shows worse clinical
outcomes due to blood transfusion, although mortality
remains comparable between those who receive blood
transfusion and those who do not. Nonetheless, further,
large-scale, prospective studies are needed to confirm
these findings.
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