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Introduction

Red blood cell distribution width (RDW) is an inexpensive, 
straightforward, quantitative parameter that is routinely 
measured by analyzing automated complete blood count 
(CBC) (1). Several studies have reported that an elevated 
RDW is associated with clinical outcomes in cardiovascular 
disease, stroke, septic shock, and pneumonia (2-7), and in 
coronary artery disease patients, an RDW elevation has 

been reported to independently predict morbidity and 
mortality (8-12).

RDW changes rapidly in acute disease as well as chronic 
disease (13,14). Dabbah et al. reported RDW elevation 
during hospitalization after acute myocardial infarction 
(AMI) is associated with an adverse clinical outcome (13).  
Cardiac surgery and cardiopulmonary bypass (CPB) 
acutely induced to change systemic inflammation and 
oxidative stress (15). Furthermore, these changes may affect  
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RDW (16). Previous studies have shown increased 
preoperative RDW independently predicts mortality and early 
complications after coronary artery bypass grafting (CABG) 
(17-20), but these results were based on single preoperative 
RDW measurements, and no information is available 
concerning the effects of changes in postoperative RDW. 

In this regard, we investigated the association between 
changes in RDW and early adverse clinical outcomes 
after CABG.

Methods

Patients and definitions

A total of 125 patients underwent CABG at our institution 
between January 1, 2013 and December 31, 2016. Eight of 
the 125 patients that underwent aorta, valve or arrhythmia 
surgery were excluded and the remaining 117 patients 
that underwent isolated CABG constituted the study 
cohort. The study was approved by the institutional ethics 
committee/review board (IRB) of the Gil Medical Center 
(IRB No. GCIRB2016-369), which waived the requirement 
for informed consent because of the retrospective nature of 
the study.

The demographic characteristics, medical records, 
laboratory studies findings, and clinical outcomes of 
the 117 study subjects were collected by searching the 
institutional computerized clinical database. Detailed 
clinical and laboratory data was collected from time of 
admission to discharge. EuroSCORE II was calculated 
using the calculator provided on the official website (http://
www.euroscore.org). Complications and mortality were 
defined are those occurring during hospitalization for 
surgery, which included all in-hospital postoperative days to 
discharge, even when over 30 days. 

The primary endpoint was an early adverse event 
which included in-hospital death, low cardiac output 
syndrome, infection, acute kidney injury, neurologic 
complication(stroke or hemorrhage), postoperative atrial 
fibrillation, bleeding requiring exploration, gastrointestinal 
(GI) tract bleeding, and mechanical ventilation for over 
24 hours. Low cardiac output syndrome was defined 
as the need for inotropic support for over 48 hours or 
mechanical support, such as, intra-aortic balloon pump or 
extracorporeal membrane oxygenation. Infections included 
sternal wound infection, pneumonia, urinary tract infection, 
or harvest site infection. Infections were confirmed by 
culture or specialist consultation when clinical signs (fever, 

redness) appeared. In patients with an infection, antibiotics 
were administered continuously over 48 hours after surgery 
or reused. Acute kidney injury was defined as creatinine 
elevated by 2-fold as compared with the immediate 
preoperative value or the need for renal replacement 
therapy. 

Patients were discharged from the intensive care 
unit (ICU) when their physiologic status had stabilized 
without the administration of intravenous drugs to support 
cardiac function and there was no longer a need for ICU 
monitoring and treatment. When patients were awake 
enough to maintain spontaneous breathing and adequate 
oxygenation was identified by arterial blood gas analysis 
with minimal ventilator settings, they were weaned off 
mechanical ventilation.

Laboratory measurements

Preoperative blood samples were obtained within 7 days 
of CABG. Postoperatively, blood tests were performed 
daily during ICU stays and twice weekly in the general 
ward. Hematologic variables, such as, hemoglobin (Hb), 
white blood cell (WBC), and RDW were measured 
using a Sysmex XE-2100D hematology analyzer (Sysmex 
Corporation, Kobe, Japan). Pre-RDW, Pre-Peak RDW, 
Post-RDW and Post-Peak RDW were defined as; RDW 
before surgery, highest RDW before surgery, RDW 
immediately after surgery and highest RDW recorded to 
discharge, respectively. The normal reference range for 
RDW in our medical center is 11.5–14.5%.

Statistical analysis

Participants were allocated to one of two groups depending 
on the occurrence of an early adverse event, that is to a 
No-event or an Event group (N=79 and 38, respectively). 
When let us suppose postoperative RDW is elevated before 
adverse events, it may rise immediately or a few day later 
after surgery according to adverse events. Therefore we set 
the preoperative RDW to baseline and set the difference 
of postoperative maximum RDW as a variable. Delta 
RDW values (ΔRDW), defined as Post-Peak RDW minus 
Pre-RDW, were calculated and group RDW data were 
compared. Student t-tests were used to compare normally 
distributed group continuous variables and Mann-Whitney 
U tests were used to compare non-normally distributed 
continuous variables. Group categorical variables were 
compared using the Chi-square test or Fisher’s exact test. 
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Continuous variables are expressed as means ± standard 
deviations (SDs) or as median values and interquartile 
ranges when non-normally distributed. Categorical 
variables are presented as numbers and percentages.

The study population was also subdivided into tertiles 
according to ΔRDW. To identify early adverse event 
differences between tertiles, categorical variables were 
compared using the Chi-square test or Fisher’s exact test 
and continuous variables were compared by one-way 
analysis of variance or Kruskal-Wallis test.

The effect of ΔRDW on primary outcome was identified 
by constructing a receiver operating characteristic (ROC) 
curve, and the cut-off point, that is, the value that provided 
best sensitivity and specificity was determined. The clinical 
data and primary outcomes of patients with ΔRDW below 

or above the determined cut-off point were compared.
Potential risk factors of primary adverse outcomes were 

identified by univariable logistic regression modeling. 
Significant univariable correlates were entered into a 
reverse stepwise multivariable logistic regression model 
to confirm they acted as independent factors. All P values 
given are 2-sided and P values of <0.05 were considered to 
indicate significance. SPSS version 19.0 (Korean version; 
IBM Corporation, USA) was used for the analysis. 

Results

Early adverse outcomes

Clinical characteristics of patients in the No-event and 
Event groups are presented in Table 1. Patients in the Event 

Table 1 Baseline clinical characteristics and perioperative data according to early adverse events

Group No-event (n=79) Event (n=38) P value

Age, years 63.04±9.80 65.58±9.72 0.191

Female, n (%) 14 (17.7) 15 (39.5) 0.011

Body surface area, m
2

1.75±0.18; 1.77 (1.66, 1.89) 1.66±0.16; 1.65 (1.58, 1.77) 0.004

Body mass index, kg/m
2

2.49±0.25 2.43±0.30 0.273

Current smoker, n (%) 29 (36.7) 9 (23.7) 0.159

Underlying comorbidities, n (%)

Hypertension 44 (55.7) 28 (73.7) 0.061

Diabetes mellitus 38 (48.1) 21 (55.3) 0.468

Previous coronary artery disease 19 (24.1) 10 (26.3) 0.790

Cerebral vascular accident 12 (15.2) 7 (18.4) 0.657

Chronic kidney injury 3 (3.8) 5 (13.2) 0.110

COPD 4 (5.1) 0 (0.0) 0.303

Preoperative atrial fibrillation 1 (1.3) 3 (7.9) 0.100

Left ventricle ejection fraction 54.44±14.93 54.03±16.30 0.891

EuroSCORE II 1.67±2.64 2.25±2.33 0.254

Recent myocardial infarction, n (%) 17 (21.5) 10 (26.3) 0.564

OPCAB, n (%) 35 (44.3) 12 (31.6) 0.189

Pump*, n (%) 44 (55.7) 26 (68.4) 0.150

Duration of cardiopulmonary bypass, minute 139.42±45.39 152.56±31.96 0.207

Stay length in intensive care unit, day 2.28±0.75 4.48±4.71 0.008

Mechanical ventilation duration, hour 13.33±4.74 21.08±26.53 0.013

*, conventional CABG and on-pump beating CABG using cardiopulmonary bypass. COPD, chronic obstructive pulmonary disease; 
OPCAB, off-pump coronary artery bypass surgery.
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Table 2 Early adverse events

Variable
Number of 

patients (%)

In-hospital death 3 (2.56)

Low cardiac output syndrome 2 (1.71)

Infection 21 (17.95)

Acute kidney injury 4 (3.41)

Neurologic complications 4 (3.41)

Postoperative atrial fibrillation 7 (5.98)

Bleeding which is needed a reoperation 1 (0.85)

Gastrointestinal tract bleeding 3 (2.56)

Prolonged mechanical ventilation over 24 hours 8 (6.84)

Table 3 Laboratory data of two groups (the No-event and Event)

Group No-event (n=79) Event (n=38) P value

Pre-Hb 13.00±1.62; 13.20 (11.80, 14.20) 12.00±1.91; 12.40 (10.00, 13.53) 0.009

Post-Hb 10.88±1.34; 10.70 (10.20, 11.60) 10.71±1.51; 10.30 (9.68, 11.73) 0.334

Pre-BUN 16.40±8.68 18.00±8.87 0.357

Pre-Cr 0.85±0.39 1.25±1.56 0.128

Pre-Alb 4.00±0.43 3.97±0.33 0.658

Pre-RDW 13.01±0.82 13.30±1.16 0.114

Pre-Peak RDW 13.22±0.82; 13.10 (11.80, 14.20) 13.48 ±1.20; 13.35 (12.76, 13.93) 0.265

Post-RDW 13.26±0.73 13.76±1.23 0.007

Post-Peak RDW 14.03±0.83 15.37±1.91 <0.001

ΔRDW 1.02±0.77 2.07±1.38 <0.001

Pre-WBC 6,765.57±1,994.27 6,696.14±2,854.36 0.879

Post-WBC 9,285.95±4,610.39; 8,690.00  
(5,910.00, 11,790.00)

9,625.53±4,599.01; 8,850.00  
(6,250.00, 12,240.00)

0.584

Post-Peak WBC 15,483.16±5,217.42 16,797.89±5,543.19 0.214

ΔWBC 8,717.59±5,134.13 10,101.76±6,100.48 0.202

Pre-CRP 0.45±0.85 1.01±2.19 0.135

Post-CRP 3.34±5.27 2.89±3.55 0.634

Post-Peak CRP 14.58±5.52; 15.14 (10.76, 18.74) 17.46±5.02; 18.06 (13.12, 21.57) 0.013

ΔCRP 14.13±5.52; 14.64 (10.14, 18.39) 16.45±5.24; 17.49 (12.27, 20.11) 0.045

Pre, preoperative; Post, postoperative; Pre-Peak, preoperative peak; Post-Peak, postoperative peak; Hb, hemoglobin; BUN, blood urea 
nitrogen; Cr, creatinine; Alb, albumin; RDW, red blood cell distribution width; WBC, white blood cell count; CRP, cross reactive protein.

group were more likely to be female and to have lower 
body surface area. Patients in the Event group had longer 
intensive care unit stays and required more mechanical 
ventilator support. Fifty three early adverse events were 
observed in 38 (32.5%) of the 117 patients (detailed in  
Table 2). The rate of infection was higher than those of 
other complications.

Preoperative and postoperative laboratory data are 
summarized in Table 3. Mean Pre-RDW and Post-RDW 
were 13.10±0.95 and 13.42±0.95 (P<0.001), that is, RDW 
increased significantly after CABG. Mean Post-Peak RDW 
was 14.47±1.42. In the event group, Post-RDW, Post-Peak 
RDW, ΔRDW, Post-Peak CRP (cross reactive protein), and 
ΔCRP were all significantly higher in the Event group.
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Delta RDW values (ΔRDW)

Patients were divided into tertiles based on ΔRDW (defined 
as Post-Peak RDW − Pre-RDW). ΔRDW tertiles were 
as follows: <0.8 (n=38), 0.8–1.59 (n=39), ≥1.6 (n=40). No 
significant difference was observed between ΔRDW tertiles 
in terms of demographic or perioperative variables (Table 4). 
However, early adverse events were significantly different 
(P<0.001). Rates of infection, neurologic complications and 
GI bleeding significantly increased with ΔRDW tertiles 
(P=0.005, 0.015, and 0.035, respectively). 

Delta WBC values (ΔWBC) and delta CRP values 
(ΔCRP) were calculated as  described for  ΔRDW 
(postoperative peak value minus preoperative value). ΔCRP 
of the No-event and Event groups were significantly 
different (P=0.045). ΔCRP tertiles were not found to be 
significantly related to early adverse events (10; 25.6%, 10; 
25.6%, 18; 46.2%, P=0.054).

ROC curve analysis was used to determine the optimal 
ΔRDW cut-off value for predicting early adverse events 
(Figure 1). The ROC curve showed that a ΔRDW cut-off of 
1.45 had a sensitivity of 71.1% and specificity of 78.2% for 
predicting early adverse events after CABG. Table 5 details 
the baseline clinical characteristics of patients with ΔRDW 
values below and above this cut-off point. CPB was found 
to significantly influence ΔRDW, but CPB duration did not 
have a significant effect. Early adverse events, particularly, 
infections and neurologic complications, were significantly 
more frequent in those with a ΔRDW of ≥1.45 (P<0.001). 
GI bleeding and prolonged mechanical ventilation were 
more frequent but not significantly so in those above the 
cut-off point, and duration of ICU treatment was longer 
(P=0.009). ROC analysis of ΔCRP revealed a lack of 
sensitivity and specificity to predict early adverse events 
(AUC; 0.615, P=0.045, CI: 0.506–0.723).

Predictive factors of early adverse events

Early adverse events occurred in 38 patients. In this analysis, 
we choose variables found to be significantly different 
between two groups (Tables 1,3). Univariable analysis 
showed ΔRDW (P=0.016), ΔCRP (P=0.029), a female 
gender (P=0.020), BSA (P=0.008), ICU stay (P<0.001) and 
mechanical ventilation duration (P=0.017) were associated 
with early adverse events (Table 6).

Multivariable analysis was performed using a stepwise 
approach to reduce interactive bias between predictive 
factors found to be significant by univariable analysis and 

related to ΔRDW (Table 7). Multivariable analysis showed 
that ΔRDW (OR 1.618; 95% CI: 1.016–2.576; P=0.042) 
and duration of ICU stay (OR 2.605; 95% CI: 1.595–4.255; 
P<0.001) independently predicted the occurrence of an 
adverse event. Models 1, 2 and 3 indicated ΔCRP was 
significant predictive factor, but this significance was not 
substantiated by model 4.

Perioperative changes in RDW

Figure 2A shows RDW trends from before surgery to 
discharge among the 15 patients with a ΔRDW of ≥1.45. 
Time to detect an infection of these patients was matched 
on hospital day 15. RDW values of most patients remained 
consistently higher than their preoperative RDW values or 
increased again before infection onset, except in patients 7 
and 11. Patient 7 developed a deep sternal wound infection 
and her RDW was found to be elevated after infection 
onset. Patient 11 developed phlebitis at a peripheral 
intravenous infusion site. As a reference, a trend of RDW 
for 18 patients without events in groups with a ΔRDW of 
≥1.45 is descripted in a Figure 2B. Elevated RDW decreased 
a few days later postoperatively.

Discussion

Red blood cell (RBC) volumes are normally between 80 
and 100 fL, but these volumes are dependent on medical  
status (1).  Previous studies shown RDW predicts 
clinical outcomes in cardiovascular disease (1,21,22). In 
cardiac surgery, preoperative RDW is strongly related 
to surgical outcomes (17-20,23,24). However, previous 
studies focused on relationships between preoperative 
RDW and postoperative outcomes. In the case of cardiac 
surgery, CPB can induce systemic inflammation, which 
may cause substantial RDW changes after surgery 
(15,16). Furthermore, little is known of relations between 
preoperative RDW and acute inflammation and oxidative 
stress after cardiac surgery. In the present study, we 
investigated the nature of relations between postoperative 
RDW changes and early adverse events after cardiac 
surgery. To minimize bias associated with different types 
of cardiac surgery, all patients enrolled in the present 
study underwent isolated CABG. ΔRDW was defined as 
the difference between highest postoperative RDW (Post-
Peak RDW) and preoperative RDW (Pre-RDW). We 
found ΔRDW in the Event group was significantly greater 
than in the No-event group. When all 117 study subjects 
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Table 4 Baseline clinical characteristics and perioperative data of the cohort stratified by delta RDW values

Variable
Tertile 1:  

ΔRDW <0.8 (n=38)
Tertile 2:  

0.8≤ ΔRDW <1.6 (n=39)
Tertile 3:  

ΔRDW ≥1.6 (n=40)
P value

Age, years 61.68±9.54 63.95±9.47 65.85±10.18 0.173

Female, n (%) 7 (18.4) 8 (20.5) 14 (35.0) 0.089

Body surface area, m
2

1.74±0.16 1.73±0.18 1.69±0.19 0.403

Body mass index, kg/m
2

2.48±0.23 2.45±0.28 2.49±0.29 0.808

Current smoker, n (%) 13 (34.2) 20 (51.3) 5 (12.5) 0.056

Underlying comorbidities, n (%)

Hypertension 22 (57.9) 20 (51.3) 30 (75.0) 0.117

Diabetes mellitus 20 (52.6) 19 (48.7) 20 (50.0) 0.820

Previous coronary artery disease 8 (21.1) 8 (20.5) 13 (32.5) 0.239

Cerebral vascular accident 6 (15.8) 8 (20.5) 5 (12.5) 0.685

Chronic kidney injury 2 (5.3) 3 (7.7) 3 (7.5) 0.700

COPD 1 (2.6) 3 (7.7) 0 (0.0) 0.507

Preoperative atrial fibrillation 0 (0.0) 2 (5.1) 2 (5.0) 0.231

Left ventricle ejection fraction 56.97±13.10 51.64±16.05 54.38±16.44 0.314

EuroSCORE II 1.66±2.25 2.01±3.13 1.91±2.24 0.827

Recent myocardial infarction, n (%) 11 (28.9) 8 (20.5) 8 (20.0) 0.354

OPCAB, n (%) 19 (50.0) 16 (41.0) 12 (30.0) 0.073

Pump*, n (%) 19 (50.0) 23 (59.0) 28 (70.0) 0.073

Duration of cardiopulmonary bypass, minute 138.26±56.76 144.05±32.87 148.46±34.95 0.713

Stay length in intensive care unit, day 2.21±0.66 2.54±1.00 4.15±4.66 0.006

Mechanical ventilation duration, hour 13.50±6.08 15.33±9.22 18.57±24.92 0.363

Early adverse events, n (%) 3 (7.9) 11 (28.2) 24 (60.0) <0.001

In-hospital death 1 (2.6) 1 (2.6) 1 (2.5) >0.999

Low cardiac output syndrome 1 (2.6) 0 (0.0) 1 (2.5) 0.976

Infection 2 (5.3) 7 (17.9) 12 (30.0) 0.005

Acute kidney injury 0 (0.0) 2 (5.1) 2 (5.0) 0.231

Neurologic complications 0 (0.0) 0 (0.0) 4 (10.0) 0.015

Postoperative atrial fibrillation 0 (0.0) 3 (7.7) 4 (10.0) 0.065

Bleeding which is needed a reoperation 0 (0.0) 0 (0.0) 1 (2.5) 0.229

Gastrointestinal tract bleeding 0 (0.0) 0 (0.0) 3 (7.5) 0.035

Prolonged mechanical ventilation 1 (2.6) 2 (5.1) 5 (12.5) 0.084

*, conventional CABG and on-pump beating CABG using cardiopulmonary bypass. COPD, chronic obstructive pulmonary disease; 
OPCAB, off-pump coronary artery bypass surgery.
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were classified by ΔRDW tertile, the incidence of early 
adverse events was observed to increase significantly by 
tertile, and rates of infection, neurologic complications 
and GI bleeding were also significantly increase. Our 
most interesting finding was that ΔRDW values were 
significantly and positively associated with early adverse 
events after isolated CABG. Furthermore, preoperative 
RDW values were not significantly different in the Event 
and No-event group contrary to previous studies, which 
suggests postoperative RDW may be a better predictive 
parameter than preoperative RDW in situations involving 
acute changes in systemic inflammation, such as, CABG. 
In a previous study on relations between RDW and 
clinical outcomes after acute myocardial infarction (13), 
an increase in RDW during hospital stay was found to be 
associated with mortality after hospital discharge. These 
finding indicate when RDW values show a continuous 
increase after surgery or a reincrease after a decrease after 
surgery, surgeons should monitor carefully for adverse 
events. Figure 2 shows perioperative RDW trends, and that 
in patients who developed an infection RDW remained 
high after surgery or reincreased before infection was 
identified. The reasons for this result are unclear, but 

conceivably, the changes in RDW may represent an 
integrative measure of multiple pathologic processes after 
CABG (e.g., cardiac dysfunction, myocardial infraction, 
oxidative stress, systemic inflammatory reaction, multiorgan 
dysfunction after surgery). Salvagno explained that 
impairment of balance between oxidants and antioxidant 
defenses influents on erythrocyte homeostasis and increases 
RDW through increased red cell turnover (21). Bujak  
et al. (1) reviewed several hypotheses for poor prognosis in 
patients with cardiovascular disease, and suggested systemic 
inflammation might influence RDW. If the surgically 
induced inflammatory reactions subside, the RDW 
should decrease. Early adverse complications, especially 
infections, may physiologically persist oxidative stress and 
systemic inflammation. These conditions may influent that 
erythropoietin overproduction and increasing RDW levels.

In the present study, ΔRDW was found to well predict 
early complications. Furthermore, we identified a ΔRDW 
cut-off point of 1.45 by ROC analysis, and observed that 
rates of early adverse events were higher in patients with 
a ΔRDW of ≥1.45. WBC and CPR are also markers of 
inflammation, but unlike ΔRDW, we did not find ΔCRP 
and ΔWBC were associated with early adverse events. 
Although ΔCRP was also significantly independent 
predictor in model 1 to 3, its significant was disappeared 
in model 4. In a previous study, postoperative CRP was 
reported to be associated with postoperative major adverse 
cardiovascular and cerebral events (25), whereas in the 
present study, ΔRDW was the stronger powerful factor 
than ΔCRP because ΔCRP failed to retain significance 
after stepwise multivariate analysis.  In a previous 
comparative study, it was concluded RDW is a stronger 
predictor of coronary heart disease mortality than hs-
CRP (high sensitivity CRP) (26,27). It would appear that 
inflammation alone cannot explain the different results 
obtained for inflammatory markers, and thus, our results 
indicate postoperative RDW increases are the result of a 
multifactorial phenomenon. Further research is needed to 
identify factors responsible for RDW increases.

This present study has several potential limitations. First, 
it is inherently limited by its observational, retrospective 
design, and thus, we cannot provide sound explanations 
for the results obtained. Nonetheless, we did find ΔRDW 
importantly predicted early adverse events. We suggest our 
findings be confirmed by larger-scale prospective studies, 
and that biochemical studies be undertaken to identify the 
pathophysiology responsible for RDW changes. 

Second, our results may have been influenced by the 

Figure 1 The receiver-operating characteristic (ROC) curve of 
ΔRDW and ΔCRP for the prediction of early adverse events after 
CABG. ΔRDW, delta red blood cell distribution width; ΔCRP, 
delta cross reactive protein; AUC, area under curve; CI, confidence 
interval.
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Table 5 Baseline clinical characteristics and perioperative data about a ΔRDW cut-off value of 1.45

Group ΔRDW <1.45 (n=72) ΔRDW ≥1.45 (n=45) P value

Age, years 62.61±9.64 65.87±9.84 0.081

Female, n (%) 12 (16.7) 17 (37.8) 0.010

Body surface area, m
2

1.75±0.17 1.68±0.19 0.037

Body mass index, kg/m
2

2.46±0.26 2.49±0.29 0.626

Current smoker, n (%) 32 (44.4) 6 (13.3) <0.001

Underlying comorbidities, n (%)

Hypertension 40 (55.6) 32 (71.1) 0.092

Diabetes mellitus 36 (50.0) 23 (51.1) 0.907

Previous coronary artery disease 15 (20.8) 14 (31.1) 0.210

Cerebral vascular accident 13 (18.1) 6 (13.3) 0.500

Chronic kidney injury 5 (6.9) 3 (6.7) >0.999

COPD 4 (5.6) 0 (0.0) 0.297

Preoperative atrial fibrillation 2 (2.8) 2 (4.4) 0.638

Left ventricle ejection fraction 54.04±14.91 54.73±16.11 0.813

EuroSCORE II 1.90±2.80 1.79±2.13 0.830

Recent myocardial infarction, n (%) 19 (26.4) 8 (17.8) 0.282

OPCAB, n (%) 34 (47.2) 13 (28.9) 0.049

Pump*, n (%) 38 (52.8) 32 (71.1) 0.035

Duration of cardiopulmonary bypass, minute 140.84±46.50 148.32±34.15 0.460

Stay length in intensive care unit, day 2.29±0.78 4.09±4.40 0.009

Mechanical ventilation duration, hour 14.10±7.67 18.63±23.64 0.135

Early adverse events, n (%) 11 (15.3) 27 (60.0) <0.001

In-hospital death 2 (2.8) 1 (2.2) >0.999

Low cardiac output syndrome 1 (1.4) 1 (2.2) >0.999

Infection 6 (8.3) 15 (33.3) 0.001

Acute kidney injury 2 (2.8) 2 (4.4) 0.638

Neurologic complications 0 (0.0) 4 (8.9) 0.020

Postoperative atrial fibrillation 3 (4.2) 4 (8.9) 0.426

Bleeding which is needed a reoperation 0 (0.0) 1 (2.2) 0.385

Gastrointestinal tract bleeding 0 (0.0) 3 (6.7) 0.055

Prolonged mechanical ventilation 2 (2.8) 6 (13.3) 0.053

*, conventional CABG and on-pump beating CABG using cardiopulmonary bypass. COPD, chronic obstructive pulmonary disease; 
OPCAB, off-pump coronary artery bypass surgery.
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relatively small cohort size. We tried to performed subgroup 
analysis to reduce CPB-induced bias, but could not find the 
effect of CPB because of small sample sizes. We suggest 
a larger-scale study be undertaken with a view toward 
identifying other independent factors of adverse events and 
clarifying the effect of CPB on postoperative ΔRDW. 

Finally, blood cell transfusion may have been associated 

with the value of RDW and postoperative complications. 
We could not accurately determine the amount of blood 
cell transfusion because of retrospective study. This must 
have affected our results. Randomized control prospective 
studies are needed to identify an influence of transfusion.

In conclusion, we found ΔRDW was an independent 
predictor of early adverse events after CABG, and that a 

Table 7 Analysis of predictive factors of early adverse events by multivariable logistic regression analysis

Variable

Model 1 Model 2 Model 3 Model 4

Odds 
ratio

95% CI P
Odds 
ratio

95% CI P
Odds 
ratio

95% CI P
Odds 
ratio

95% CI P

ΔRDW 3.559 1.978–6.402 <0.001 3.559 1.978–6.402 <0.001 3.350 1.850–6.064 <0.001 2.851 1.569–5.179 0.001 

ΔWBC 1.000 1.000–1.000 0.777 1.000 1.000–1.000 0.977 1.000 1.000–1.000 0.806 1.000 1.000–1.000 0.774 

ΔCRP 1.110 1.018–1.210 0.018 1.113 1.021–1.214 0.015 1.105 1.011–1.207 0.028 1.063 0.968–1.169 0.202 

Pump* – – – 1.791 0.692–4.631 0.230 1.840 0.698–4.850 0.218 1.284 0.445–3.707 0.644 

Female – – – – – – 1.303 0.335–5.073 0.703 1.116 0.264–4.724 0.881 

Body 
surface 
area

– – – – – – 0.107 0.008–1.395 0.088 0.234 0.015–3.735 0.304 

Stay 
length  
in ICU

– – – – – – – – – 2.035 1.172–3.533 0.012 

MV 
duration

– – – – – – – – – 1.057 0.986–1.133 0.117 

*, conventional CABG and on-pump beating CABG using cardiopulmonary bypass. RDW, red blood cell distribution width; WBC, white 
blood cell count; CRP, cross reactive protein; Hb, hemoglobin; ICU, intensive care unit; MV, mechanical ventilation.

Table 6 Analysis of predictive factors of early adverse events by univariable logistic regression test

Variable
Univariable 

Odds ratio 95% CI P

ΔRDW 1.635 1.096–2.440 0.016

ΔWBC 1.000 1.000–1.000 0.182

ΔCRP 1.084 1.008–1.164 0.029

Pre-Hb 0.914 0.735–1.135 0.415

Female 2.786 1.176–6.597 0.020

Body surface area 0.043 0.004–0.442 0.008

Pump* 1.723 0.763–3.895 0.191

Stay length in ICU 2.641 1.621–4.302 <0.001

MV duration 1.089 1.015–1.169 0.017

*, conventional CABG and on-pump beating CABG using cardiopulmonary bypass. RDW, red blood cell distribution width; WBC, white 
blood cell count; CRP, cross reactive protein; Hb, hemoglobin; ICU, intensive care unit; MV, mechanical ventilation.
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ΔRDW cut-off of 1.45 well predicted early adverse events 
by ROC analysis. We recommend careful monitoring of 
RDW trends be conducted to detect early adverse events 
because they provide an inexpensive, objective means of 
predicting the occurrence of early adverse events.
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