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Introduction

In recent years, endovascular aortic repair (EVAR) has 
emerged as a less invasive treatment option for aortic aneu-
rysms in patients with multiple comorbidities who have 
prohibitive risks for open repair.1 The main advantages of 
EVAR are the small surgical incision, avoidance of aortic 
cross clamping, smaller fluid shifts, and a shorter intensive 
care unit and hospital length of stay.1,2

With the evolution of various endovascular aortic stents, 
more complex endovascular repairs are being performed, 
including the use of modular bifurcated grafts, fenestrated 
grafts, as well as branched stent grafts that involve major 

branches originating from the aorta.3 In addition, complex 
delivery systems necessary to deploy customized stents 
frequently require use of iliac artery conduits to overcome 
size discrepancy or tortuosity of the native vessels.4 The use 
of these advanced aortic stent grafts is, however, quite tech-
nically challenging and has the potential for more periop-
erative complications, including significant blood loss.3,4

410714 SCVXXX10.1177/1089253211410714Argali
ous et alSeminars in Cardiothoracic and Vascular Anesthesia

1Cleveland Clinic, Cleveland, OH, USA

Corresponding Author:
Maged Argalious, Department of General Anesthesiology/G-30, 
Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195, USA 
Email: argalim@ccf.org

Association of Red Blood Cell  
Transfusion and Postoperative  
Outcomes After Endovascular  
Aortic Repair

Maged Y. Argalious, MD, MBA1, Jarrod E. Dalton, MA1,  
Edward J. Mascha, PhD1, Jacek B. Cywinski, MD,1 and  
Daniel G. Clair, MD1

Abstract

Background. Several studies have documented worse postoperative outcomes in patients who received red blood cell 
(RBC) transfusion perioperatively during cardiac surgery or in critical care settings. These findings were attributed 
to activation of the inflammatory response with the release of cytokines and immune suppression. The aim of this 
study was to evaluate the association of RBC transfusion on the day of surgery and postoperative outcomes following 
endovascular aortic repair (EVAR). Methods. A total of 510 patients who underwent EVAR from April 2005 to March 
2007 were considered for analysis. The exposure of interest was whether or not patients receive RBC transfusion 
on the day of surgery. The primary outcome was a composite in-hospital morbidity/mortality outcome. The authors 
assessed the association between RBC transfusion and our composite outcome using logistic regression after adjusting 
for the available potential confounders using propensity score matching. Results. Propensity scores were estimated for 
418 out of the 510 patients; 92 patients were not included because of missing data. Propensity matching resulted in 
42 successfully matched pairs. Median (quartiles) propensity score was 0.46 (0.28, 0.66) for the matched patients with 
transfusion and 0.46 (0.29, 0.61) for the matched patients without transfusion (P = .75, Wilcoxon rank sum test). Results 
of the multivariable model developed after propensity score matching suggest that RBC transfusion was not significantly 
associated with experiencing a postoperative complication; estimated odds ratio (95% confidence interval) of 2.7 (0.8, 
9.0), P = .11. Conclusion. In this study, RBC transfusion was not independently associated with an increased incidence of 
in-hospital morbidity and mortality after EVAR.
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Several studies have documented worse outcomes in 
patients who received red blood cell (RBC) transfusion 
perioperatively during cardiac surgery5,6 or in critically ill 
populations.7,8 These findings were attributed to activa-
tion of the inflammatory response with the release of vari-
ous cytokines and immune suppression triggered by RBC 
transfusion.9

The aim of this study was to evaluate the association of 
RBC transfusion on the day of surgery (intraoperatively 
and postoperatively) and postoperative outcomes follow-
ing EVAR.

Methods
Using the Perioperative Health Database System and 
the Vascular Surgery Database at the Cleveland Clinic, 
510 patients who underwent EVAR from April 2005 to 
March 2007 were considered for analysis. The exposure of 
interest was whether or not patients received RBC transfu-
sion on the day of surgery (intraoperatively or postopera-
tively). The primary outcome studied was a composite 
in-hospital morbidity/mortality outcome10,11 composed of 
the complications listed in Table 1.

We assessed the association between RBC transfusion 
and our composite outcome using logistic regression after 
adjusting for the available potential confounders (see 
Table 2) using propensity score matching. The univariable 
association between all available baseline and intraopera-
tive covariables and RBC transfusion was evaluated using 
Pearson’s χ2 test, Student’s T test, and Wilcoxon’s rank sum 
test, as appropriate.

We used a 2-step process for covariable adjustment. First, 
a propensity score for each patient was estimated by a mul-
tivariable logistic regression model, using a stepwise selec-
tion procedure with alpha-to-enter and alpha-to-stay criteria 
set liberally at 0.35, since the goal of this model is predic-
tion. The transfused and nontransfused patients were then 
matched on this score, which has a possible range of 0 to 1, 
to within 0.05. Second, the association between receiving 
RBC transfusion on the day of surgery and experiencing 
one or more complications was then estimated from the 
subset of matched patients using multivariable logistic 
regression, adjusting for the propensity score, estimated 
blood loss (which was not included in the propensity 
matching model since including it was too restrictive on 
the matching process), and any covariables that were 
independently associated with the outcome in the model at 
the 0.10 level.

Although propensity matching methods are effective in 
reducing covariate imbalance, they typically result in a 
substantially reduced sample size compared with the origi-
nal sample. Therefore, to assess the sensitivity of our results 
to the method of analysis, a traditional covariate-adjusted 
regression model (without propensity scores) was developed 

using all patients with nonmissing data with complication as 
the response variable and transfusion as the primary predictor, 
applying the same stepwise selection process as was used 
in the propensity score model. SAS software version 9.1 
(SAS Institute, Cary, NC) and R software version 2.4.1 (The 
R Foundation for Statistical Computing, Vienna, Austria) 
were used for all analyses.

Results
A total of 236 (46.3%) of the 510 patients included in the 
study received abdominal aortic endografts, 138 (27.1%) 
received descending thoracic aortic endografts, and 135 
(26.5%) received fenestrated (thoracic and/or abdominal) 
aortic endografts with or without branched endografts. 
Type of graft information was unavailable for one patient.

Of the 510 patients, 26 patients had a left carotid-
subclavian bypass procedure during the same hospital 
admission. However, none of those patients had their left 
carotid-subclavian bypass performed simultaneously with 
the EVAR procedure. Rather, 24 patients had their left 
carotid subclavian bypass done 48 to 72 hours prior to the 
EVAR (anticipated coverage of left subclavian artery), 
whereas 2 patients had their left carotid-subclavian bypass 
performed 24 to 48 hours after the EVAR (probably because 
of unplanned extension of the proximal landing zone with 
coverage of the left subclavian artery).

Out of the 26 patients that had left carotid subclavian 
bypass, 12 patients were transfused during the same day of 
the EVAR procedure whereas 14 patients were not. None 
of the study patients had other aortic debranching proce-
dures concomitantly with the EVAR procedures.

A univariable analysis of the association between trans-
fusion and the composite complication outcome yielded an 
estimated odds ratio (95% confidence interval (CI)) of 2.94 
(1.96, 4.46) of complications when comparing RBC trans-
fusion with none (P < .001). However, univariable analysis 
is not sufficient or appropriate in our retrospective setting, 
as the potential exists for baseline and perioperative factors 
to confound estimation of the association (Table 2).

Propensity scores were estimated for 418 out of the 
510 patients; 92 (18%) were removed because of missing 
values among the considered covariates. The area under the 
receiver operating characteristic curve was 0.97, showing 
that transfusion was highly dependent on values of the 
baseline and intraoperative covariables.

Our propensity matching resulted in 42 successfully 
matched pairs. Median (quartiles) propensity score was 
0.46 (0.28, 0.66) for the matched patients with transfusion 
and 0.46 (0.29, 0.61) for the matched patients without 
transfusion (P = .75, Wilcoxon rank sum test). Absolute 
standardized differences (defined as the absolute value 
of the difference in means, mean rankings, or proportions 
divided by the pooled standard deviation) between the 
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transfused and nontransfused patients for all baseline and 
intraoperative covariables, except for past medical history 
of atrial fibrillation and diastolic blood pressure, were less 
than 0.5 in the propensity-matched sample, which is indic-
ative of good balance (Figure 1).

In all, 21 of the 84 matched patients—7 of 42 (17%) with-
out RBC transfusion, 14 of 42 (33%) with transfusion—
experienced a postoperative complication. This low number 
of complications reduces the ability to fit a large model; the 
final multivariable logistic regression model thus included 
only the propensity score, estimated blood loss, and the 
transfusion indicator (RBC vs no RBC).

The results from this sample of patients (Table 3) suggest 
that independent of all collected baseline and intraoperative 
variables, RBC transfusion during the day of surgery was 
not significantly associated with experiencing a postopera-
tive complication (estimated odds ratio (95% CI) of 2.7 
(0.8, 9.0), P = .11). Our propensity matched sample (N = 84) 
gave us 80% power to detect an odds ratio of 3.8 or larger at 
the 0.05 significance level.

From our sensitivity analysis using traditional step-
wise multivariable logistic regression (without propensity 

matching and thus using all 444 patients without missing 
data), we obtained an estimated odds ratio (95% CI) of 
1.6 (0.8, 3.0), which was also not statistically significant (P 
= .17; Table 4). For this multivariable model we had 
approximately 80% power to detect an odds ratio of 1.89.

In the multivariable logistic regression model (Table 4), 
female gender, increased weight, a history of congestive 
heart failure or pulmonary disease, and a high blood urea 
nitrogen level were associated with worse outcomes after 
EVAR.

In addition, intraoperative platelet transfusion was asso-
ciated with a 3-fold increase in the odds of developing a 
postoperative complication.

Discussion
The results of our study suggest that RBC transfusion  
on the day of surgery does not adversely affect in-hospi-
tal morbidity and mortality in patients undergoing 
EVAR. Several trials have addressed the influence of 
allogenic RBC transfusion on postoperative outcomes in 
various study populations.6-9,12-17 Whereas some studies 

Table 1. Postoperative Composite Score10,11

Complication 

Patients; n (%)

Diagnosis
All Patients 
(N = 510)

Matched Patients 
(N = 84)

Stroke New onset neurologic deficit persisting more than 24 hours with or 
without imaging support

4 (1) 0 (0)

Myocardial infarction ECG changes and/or elevated myocardial enzymes CKMB >4% and/
or troponin T >0.01 ng/mL

19 (4) 1 (1)

Ventricular arrhythmia Documented ventricular arrhythmia requiring antiarrhythmic 
medications or cardioversion

5 (1) 0 (0)

Pulmonary embolism Evidence of embolism to pulmonary artery by CT or angiography or 
TEE or V/Q scan

0 (0) 0 (0)

Pulmonary edema Shortness of breath, pink frothy sputum, rales and rhonchi on 
physical exam, and/or radiologic evidence of pulmonary edema

8 (2) 3 (4)

Congestive heart failure New onset orthopnea, dyspnea on ambulation and/or paroxysmal 
nocturnal dyspnea, and/or medical treatment with diuretics

16 (3) 3 (4)

Pneumonia New infiltrate on CXR, temperature >38°C, leukocytosis (2 of the 3 
criteria must be present)

16 (3) 1 (1)

Respiratory failure or 
ARDS

Requiring reintubation >24 hours; Pao
2
/Fio

2
 < 200 mm Hg and 

one of: diffuse infiltrates on CXR, lung compliance <0.5 mL/cm, 
documented in chart

87 (17) 15 (18)

Renal failure More than 0.5 mg/dL increase in serum creatinine above 
preoperative value and/or new onset ARF requiring dialysis

16 (3) 3 (4)

Infection Documentation of wound infection, line sepsis, sepsis, bacteremia, or 
septicemia + antibiotic therapy

21 (4) 2 (2)

Mortality All-cause death during hospital stay 15 (3) 3 (4)
  
Any complication 130 (25) 21 (25)

Abbreviations: ECG, electrocardiogram; CT, computed tomography; TEE, transesophageal echocardiography; V/Q scan, ventilation/perfusion scan; 
CXR, chest X-ray; ARDS, acute respiratory distress syndrome; ARF, acute renal failure.
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reported a deleterious effect of RBC transfusion,6-8 other 
studies showed either no effect12-15 or improvement16 in 
outcome.

In the largest randomized controlled trial evaluating the 
effects of RBC transfusion on outcome, Hebert et al12 

randomized 838 critically ill patients to either a restrictive or 
liberal transfusion trigger. No statistically significant differ-
ence in 30-day mortality was observed between the 2 groups.

The wide disparity in study results can be explained by 
the different study population (intensive care unit, trauma, 

Table 2. Potential Confounding Factors for 510 Patients Undergoing EVAR From April 2005 to March 2007 Before and After 
Propensity Score Matching

Before Matching After Matching

Transfused
No  

(N = 304)
Yes  

(N = 206) No (N = 42) Yes (N = 42)  

Baseline variables NA Statistics P Statistics P
  1. Female gender; n (%) 0 47 (16) 79 (38) <.001a 11 (26) 12 (29) .81a

  2. Age in years; mean (SD) 0 71 (11) 73 (12) .04b 76 (9) 76 (10) .76b

  3. Height in inches; mean (SD)d 58 69 (4) 67 (4) <.001b 69 (4) 68 (4) .67b

  4. Weight in kg; mean (SD) 3 86 (17) 75 (17) <.001b 78 (15) 80 (16) .60b

  5. BMI in kg/m2; mean (SD)d 59 28 (5) 26 (5) <.001b 26 (5) 26 (5) .50b

  6. Caucasian race; n (%) 13 272 (92) 184 (91) .66a 37 (90) 39 (93) .67a

Patient-related factors; n (%)  
  7. Stroke 0 18 (6) 12 (6) .96a 2 (5) 2 (5) .99a

  8. Coronary artery disease 0 156 (51) 105 (51) .94a 22 (52) 27 (64) .27a

  9. Valvular heart disease 0 32 (11) 31 (15) .13a 3 (7) 3 (7) .99a

 10. Atrial fibrillation 0 29 (10) 17 (8) .62a 5 (12) 0 (0) .02a

 11. Hypertension 0 148 (49) 95 (46) .57a 21 (50) 21 (50) .99a

 12. Congestive heart failure 0 27 (9) 16 (8) .66a 4 (10) 3 (7) .69a

 13. Pulmonary disease 0 74 (24) 50 (24) .99a 7 (17) 9 (21) .58a

 14. Renal insufficiency 0 20 (7) 27 (13) .01a 4 (10) 4 (10) .99a

 15. Renal failure or dialysis 0 10 (3) 10 (5) .37a 2 (5) 1 (2) .56a

 16. Diastolic BP in mm Hg; Mean (SD)d 308 76 (13) 71 (11) .001b 79 (14) 68 (10) .01b

 17. Systolic BP in mm Hg; mean (SD)d 308 135 (22) 134 (21) .80b 139 (25) 132 (19) .29b

 18. Hematocrit (%); mean (SD) 25 43 (4) 37 (5) <.001b 40 (4) 40 (5) .50b

 19. Blood urea nitrogen in mg/dL; mean (SD) 32 22 (10) 25 (13) .002b 21 (9) 25 (14) .19b

 20. Prothrombin time in seconds; mean (SD) 54 31 (6) 31 (5) .88b 31 (4) 31 (3) .86b

 21. PTT in seconds; mean (SD) 53 12 (2) 12 (3) .31b 11 (1) 11 (1) .30b

 22. Platelets (×103/µL); mean (SD) 31 208 (67) 219 (95) .19b 205 (60) 226 (81) .18b

 23.  International normalized ratio; median  
(quartiles)

53 1.0 (0.9, 1.0) 1.0 (0.9, 1.0) 0.08c 1.0 (0.9, 1.0) 1.0 (1.0, 1.0) .77c

 24. Creatinine in mg/dL; median (quartiles) 24 1.1 (0.9, 1.4) 1.1 (0.9, 1.5) .47c 1.1 (0.8, 1.3) 1.2 (1.0, 1.6) .12c

Intraoperative variables  
 25. Forced air warming device use; n (%) 0 94 (31) 58 (28) .50a 13 (31) 10 (24) .46a

 26. Emergent case; n (%) 0 6 (2) 19 (9) <.001a 0 (0) 2 (5) .15a

Anesthesia: spinal/epidural; n (%) 35 148 (52) 61 (32) <.001a 23 (55) 22 (52) .95a

 27. General vs Spinal/Epide 103 (36) 72 (38) 13 (31) 13 (31)  
 28. General + Spinal/Epid  vs  Spinal/Epid onlye 34 (12) 57 (30) 6 (14) 7 (17)  
 29. Estimated blood loss (L); median (quartiles)d 0 0.3 (0.2, 0.5) 0.7 (0.4, 1.2) <.001c 0.3 (0.2, 0.6) 0.6 (0.4, 1.0) <.001c

 30. Crystalloids (L); median (quartiles) 0 5.0 (3.5, 6.0) 5.5 (4.0, 7.0) <.001c 5.1 (3.7, 5.8) 5.9 (4.4, 7.6) .04c

 31. Colloids (L); median (quartiles) 0 1.0 (0.0, 1.0) 1.0 (0.9, 2.0) <.001c 1.0 (0.8, 1.0) 1.0 (0.0, 1.0) .87c

Abbreviations: NA, number missing (all patients); BMI, body mass index; BP, blood pressure; PTT, partial thromboplastin time.
aP values from Pearson’s χ2 test.
bP values from Student’s T test.
cP values from Wilcoxon’s rank sum test.
dCovariate not used in estimating propensity scores.
eEpid= Epidural anesthesia.
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orthopedic surgery, cardiac surgery) with varying degrees 
of activation of the inflammatory response, the difference 
in measured endpoints (early vs late mortality), and the 
type of transfused red blood cells (whether new or old, 
leukocyte depleted or not).

The results of our study could be explained by several 
factors. Most of the studies documenting worse outcomes 
in patients receiving RBC transfusion used leukocyte-
containing RBCs.7,8

Universal leukoreduction has been implemented in our 
institution since 2002. The contribution of white cells to 
transfusion-associated immunomodulation has been well 
established.18,19 Implementation of a universal leukoreduc-
tion program in Canada resulted in a reduction in mortality, 
posttransfusion fevers, and antibiotic use.20 Non-leukocyte-
reduced transfusion associated immunomodulation results 
in a decrease in the number of circulating lymphocytes, 
modification in the T-cell helper/suppressor ratio, down-
regulation of antigen-presenting cell and activation of 
immune cells as measured by a number of cell surface 
markers.21,22

The contribution of RBCs to the inflammatory response 
has been described by Fransen et al,5 who found elevated 
interleukin-6 levels and increased permeability, increasing 
protein levels in patients who received RBC transfusion. 
Endovascular surgery is associated with less inflammatory 

response compared with open aortic repair, as evidenced 
by reduced cytokine levels.23

We speculate that the lesser inflammatory mediator acti-
vation during EVAR might explain the lack of association 
between RBC transfusion and worsened outcome in our 
study population, which is in contrast to patients undergo-
ing cardiac surgery with cardiopulmonary bypass.6,17

Our study population constitutes a subgroup of patients 
that are poor candidates for open aortic aneurysm repair 
because of their prohibitive physiologic risk and their mul-
tiple comorbidities, including a high incidence of coronary 
artery disease (51% in our study population). Wu et al16 
reported that blood transfusion was associated with reduced 
short-term mortality among elderly patients with myocar-
dial infarction and an admission hematocrit of <30%.

In coronary artery disease, an adequate increase in cor-
onary blood flow in response to a decrease in hemoglobin 
concentration is not possible and myocardial ischemia 
may develop. Impaired myocardial contractility may limit 
the compensatory increase in cardiac output. Hebert et al24 
found an association between anemia and the risk of death 
in critically ill patients with cardiac disease. In addition, a 
retrospective cohort study in 1958 patients who declined 
blood transfusion for religious reasons corroborated this 
hypothesis.25

The median estimated blood loss in our study was higher 
than that reported in the DREAM trial (400 mL vs 250 mL).2 
This is likely the result of the large proportion of patients 
undergoing branched stent grafting in our study (26.5%). 
The median estimated blood loss during branched endovas-
cular stent grafting at our institution has been reported to be 
800 mL for suprarenal aortic aneurysm stenting and 900 
mL for thoracoabdominal aneurysm stenting.4

In the multivariable logistic regression model, intraop-
erative platelet transfusion (leukocyte reduced) was asso-
ciated with a 3-fold increase in the odds of developing a 
postoperative complication. These results are surprising espe-
cially that worse outcomes were only reported in patients 
undergoing cardiac surgery that received intraoperative 
non-leukocyte-reduced platelets.26 In a study by Karkouti 
et al,27 transfusion of leukocyte-reduced platelets in patients 
undergoing cardiac surgery was not associated with increased 
morbidity and mortality. Our results indicate that mecha-
nisms other than residual donor white blood cell–induced 
immunosuppression in the recipient might be responsible for 
the deleterious effects of platelet transfusion.

Limitations
This is a retrospective study in which unmeasured con-
founding variables might have biased the results.

Although propensity score matching accounted for all 
available relevant covariables and could yield interpretations 

Figure 1. Absolute standardized differences between 
transfused patients and patients not transfused for 31 
covariate design variables, before (N = 510) and after (N = 84) 
propensity score matching. Used as an alternative to P values 
(since P values are dependent on sample size), values less than 
.5 indicate good balance
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that more closely approach causality between treatment and 
response than an analysis based on traditional covariable 
adjustment, the reduction in sample size required to obtain a 
“covariate balanced sample” also reduced the statistical 
power of the study.

Although postoperative rounding occurs concomitantly 
with patient care as part of the data input to the Perioperative 
Health Database System, the possibility of missing com-
plications cannot be excluded.

This investigation was conducted at a large tertiary 
referral center and the results may not be broadly represen-
tative of community practice, especially in that endovascular 
aortic repair is still an “evolving” technology and that pos-
sibly more complex patients were referred for care.

In order to ensure that the exposure of interest (receiv-
ing RBCs) preceded any of the complications in our post-
operative composite outcome, we did not include RBC 

transfusion occurring after the day of surgery. In endovas-
cular aortic surgery, however, RBC transfusion is rarely 
required following the day of surgery.

The strengths of this investigation includes the homog-
enous study cohort and the extensive list of preoperative, 
intraoperative, and patient variables as well as the detailed 
records of RBCs available through our automated intra-
operative record keeping system.

Conclusion
In this study, RBC transfusion was not independently asso-
ciated with an increased incidence of in-hospital morbidity 
and mortality after EVAR. A larger randomized trial is 
needed to definitively evaluate the effect of leukocyte-
depleted RBCs on postoperative outcomes.
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