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Results Of 7492 cardiac surgery patients, 452 (6 %) were 
massively transfused and mortality was 30.6 %. There 
were 346 patients included in the matched cohort. No sig-
nificant association was found between preoperative aspi-
rin use and in-hospital mortality; absolute risk reduction 
with aspirin = 7.5 % (95 % CI −2.0 to 16.9 %, p = 0.12). 
Preoperative aspirin use was associated with fewer total 
mechanical lung ventilation hours (p = 0.02) and less pro-
longed mechanical lung ventilation; absolute risk reduc-
tion = 11.0 % (95 % CI 1.1–20.5 %, p = 0.02).
Conclusions Preoperative aspirin use is not associated with 
decreased in-hospital mortality in massively transfused 
cardiac surgery patients, but may be associated with less 
mechanical lung ventilation time.

Keywords Aspirin · Cardiac surgery · Transfusion · Lung 
injury

Introduction

Life threatening hemorrhage and massive transfusion occur 
in trauma, obstetrics, liver transplantation and cardiac 
surgery and are associated with a high mortality of up to 
20 % [1]. Few interventions have been shown to improve 
survival in these patients. Administration of antifibrinolytic 
drugs has become a common practice in cardiac surgery to 
mitigate blood loss, but antifibrinolytic drugs have not been 
shown to decrease mortality in massively transfused car-
diac surgery patients [2–4].

Up to 8 % of cardiac surgery patients require massive 
transfusion and severe hemorrhage is independently asso-
ciated with mortality [5, 6]. Allogeneic transfusion is asso-
ciated with numerous postoperative complications includ-
ing: pulmonary complications, sepsis, atrial fibrillation, 
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renal failure, and stroke [7]. To our knowledge, no inter-
ventions have been shown to decrease the non-infectious 
complications of massive transfusion, such as lung injury, 
to date.

Aspirin may decrease organ failure in the critically ill 
[8]. It may also improve pulmonary function in patients at 
risk for acute respiratory distress syndrome (ARDS) and 
transfusion related acute lung injury (TRALI) [9, 10]. In 
a single center cohort of aortic valve replacement surgery 
patients, we previously found that preoperative aspirin was 
not associated with a reduced risk of ARDS [11]. Alterna-
tively, studies have shown that aspirin improves oxygena-
tion in cardiac surgery patients and attenuates cardiopul-
monary bypass (CPB) induced lung injury, possibly by 
reducing thromboxane production [12, 13]. Aspirin has also 
been associated with increased bleeding and transfusion 
risks in cardiac surgery and non-cardiac surgery patients, 
making its continued use during the perioperative period 
controversial [14, 15]. We hypothesized that preoperative 
aspirin use might be associated with decreased pulmonary 
morbidity and mortality in massively transfused cardiac 
surgery patients.

Patients and methods

Setting, participants, and data sources

The institutional review board at The University of Mary-
land School of Medicine approved the study. All adult 
patients having cardiac surgery at our center between Janu-
ary 1st 2006 and June 30th 2014 were screened for massive 
intraoperative transfusion using our institutional Society for 
Thoracic Surgeons (STS) database. This database is regu-
larly updated and maintained by a dedicated data manager 
in our hospital’s cardiac surgery department. Standards for 
data management are established and monitored by the 
STS. Massive transfusion was defined as receiving 2400 ml 
(8 units) of packed red blood cells (RBCs) during surgery. 
The study period was selected because it represented a con-
temporary period of relatively consistent data collection 
practices and clinical practices.

Variables

Definitions for variables were based upon STS database 
specifications (versions 2.61 and 2.73) (http://www.sts.org). 
The following bleeding and transfusion specific variables 
were available in the database: preoperative hematocrit, 
preoperative warfarin use, intraoperative RBC transfusion, 
intraoperative fresh frozen plasma (FFP) transfusion, intra-
operative platelet transfusion, postoperative RBC transfu-
sion, postoperative FFP transfusion, postoperative platelet 

transfusion, antifibrinolytic medications, administration of 
recombinant activated FVII, and reoperation for bleeding. 
We also collected preoperative international normalized 
ratio (INR) and platelet count. Transfusion volumes were 
estimated using the following volume conversions per unit: 
300 ml = 1 unit of RBCs, 250 ml = 1 unit of FFP, and 
200 ml = 1 apheresis platelet unit.

In addition to bleeding and transfusion data we collected 
the following variables: age, sex, weight, height, diabetes 
mellitus, dyslipidemia, hypertension, history of end stage 
renal disease requiring dialysis, baseline creatinine, infec-
tious endocarditis, chronic lung disease, peripheral vascular 
disease, cerebral vascular disease, previous cardiac inter-
ventions, congestive heart failure within 2 weeks of sur-
gery, prior myocardial infarction, left ventricular ejection 
fraction, preoperative beta blocker use, preoperative statin 
use, type of surgery, year of surgery, urgency of procedure, 
and CPB time.

Blood transfusion practices

During the study period, transfusions were administered 
at the discretion of attending anesthesiologists, cardiac 
surgeons, and intensivists. General lower limit transfusion 
thresholds for cardiac surgery patients at our institution are: 
RBC transfusion for a hemoglobin level less than 7 mg/dl, 
FFP transfusion for bleeding patients with an INR greater 
than 1.5, platelet transfusion in bleeding patients with a 
platelet count less than 100,000 platelets/μl, and cryopre-
cipitate transfusion in bleeding patients with a fibrinogen 
level less than 200 mg/dl. Three different antifibrinolytics 
were used during the study period, including epsilon-ami-
nocaproic acid, tranexamic acid, and aprotinin, but most 
patients received epsilon-aminocaproic acid with a single 
bolus dose of 10 g and 1 g/h infusion until 6 h after surgery.

Exposure variable

Preoperative aspirin use was based on the STS database 
definition, where it is coded as a dichotomous variable indi-
cating whether a patient took aspirin within 5 days of sur-
gery. There was no information on aspirin dose or specific 
time of last administration.

Outcome variables

All outcome variables were defined according to the 
STS database specifications. The primary outcome vari-
able was in-hospital mortality. The secondary outcome 
variables were total ventilator hours, prolonged mechani-
cal lung ventilation (defined as > 24 h by the STS), total 
intensive care unit (ICU) hours, postoperative pneumonia, 
postoperative stroke, postoperative acute renal failure, 

http://www.sts.org
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postoperative atrial fibrillation, postoperative deep sternal 
wound infection, and postoperative multiple organ dys-
function syndrome (MODS). All patients were cared for 
in the intensive care unit collaboratively by intensivists 
and cardiac surgeons. There were no standardized proto-
cols for postoperative mechanical lung ventilation dur-
ing the study period except in patients with ARDS who 
received a 6 ml/kg tidal volume based on predicted body 
weight.

Statistical methods

Statistical analyses were performed using SAS 9.3 (Cary, 
NC, USA). All tests were two-tailed with a p value less 
than 0.05 considered statistically significant. All cardiac 
surgery patients during the study period were analyzed to 
determine whether aspirin use was generally associated 
with an increased risk of intraoperative RBC transfusion. 
The Wilcoxon rank-sum test was used to test for a differ-
ence in intraoperative RBC transfusion between aspirin 
users and non-users. We also compared the rate of mas-
sive transfusion between aspirin users and non-users in the 
entire cardiac surgery population. This analysis was per-
formed to rule out the possibility of preferential selection 
of aspirin users into the massive transfusion cohort.

Massively transfused patients, defined by receiving 
≥2400 ml (8 units) of intraoperative RBCs, were then 
identified from the full cohort and stratified by aspirin use. 
Patient characteristics were compared using the Wilcoxon 
rank-sum tests for continuous variables and chi-squared 
tests for categorical variables. Because baseline character-
istics were highly imbalanced between aspirin users and 
non-users a propensity score model for aspirin use was cre-
ated to reduce bias and control for confounding.

Propensity scores were calculated using a non-par-
simonious logistic regression model with aspirin as the 
dependent variable and multiple independent variables. 
Independent variables were selected for inclusion based 
on recommendations in the published literature [17–19]. 
All independent variables were associated with either the 
outcome variable alone (mortality) or the outcome vari-
able and exposure variable (mortality and aspirin use). The 
following independent variables were included in the final 
model: type of surgery, urgency of surgery, year of surgery, 
cardiopulmonary bypass time, antifibrinolytic use, age, 
sex, weight, height, preoperative platelet count, preopera-
tive hematocrit, preoperative INR, baseline hemodialysis, 
baseline creatinine, chronic lung disease, hypertension, dia-
betes, dyslipidemia, peripheral vascular disease, cerebral 
vascular disease, infective endocarditis, prior myocardial 
infarction, previous cardiac intervention, congestive heart 
failure within 2 weeks of surgery, beta blocker use, statin 
use, and warfarin use.

Once a propensity score was calculated for each patient, 
propensity score matching was performed using a global 
optimal matching algorithm [20]. Matched pairs were iden-
tified and included in a final matched cohort. Patients in the 
matched cohort were then divided into those who received 
aspirin and those who did not. The data set was complete 
except for 48 patients (13.9 %) who had no information of 
postoperative mechanical lung ventilation hours. Of these 
patients, 23 were in the aspirin group and 25 were in the 
control group. Continuous variables were summarized for 
the aspirin group and control group as the median value 
and interquartile range (Q1, Q3) and categorical variables 
were summarized as the number and percent of total. To 
evaluate how well the propensity score model and matching 
algorithm balanced important covariates between groups, 
standardized differences were calculated for all variables 
that were entered into the propensity score model. Residual 
imbalance between the two groups was considered to be 
present when standardized differences were greater than 0.2.

Continuous outcome variables were compared between 
the exposure and control groups using the Wilcoxon rank-
sum test. Dichotomous outcome variables were compared 
between the exposure and control groups using the chi-
square test and absolute risk reductions with 95 % con-
fidence intervals were calculated for all variables. For 
absolute risk reductions that were found to be statistically 
significant, a number needed to treat was reported.

Results

A total of 7492 patients had cardiac surgery during the 
study period. Of these, 4545 patients (60.6 %) were tak-
ing aspirin preoperatively. Preoperative aspirin use had a 
crude association with intraoperative RBC transfusion in 
the full cohort, suggesting that aspirin may have increased 
the risk for bleeding among all cardiac surgery patients. 
The median volume of intraoperative RBC transfusion was 
600 ml in aspirin users and 300 ml in non-users, p = 0.02. 
A total of 452 patients were massively transfused with 
6.3 % of non-aspirin users and 5.8 % of aspirin-users being 
massively transfused (p = 0.36). Of the patients that were 
massively transfused, 58.6 % were taking aspirin preopera-
tively, which was less than the proportion taking aspirin in 
the full cohort. The final propensity score matched cohort 
of massively transfused patients included 346 patients (173 
pairs) with a median difference in propensity score between 
pairs of 0 (interquartile range = 0.00, 0.22).

Baseline characteristics of massively transfused patients 
taking aspirin and those not taking aspirin prior to matching 
are shown in Table 1. The two groups were highly imbal-
anced. Characteristics of patients in the matched cohort are 
shown in Table 2. Most covariates became balanced between 
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Table 1  Patient characteristics 
prior to propensity score 
matching

CABG coronary artery bypass grafting, CPB cardiopulmonary bypass
a Nonproportional results are presented as medians with interquartile range

** Wilcoxon rank-sum tests or chi-squared tests were used to compare variables between aspirin users and 
non-users

Variablea No aspirin (n = 187) Aspirin (n = 265) p value**

Age (years) 61 [49, 68] 63 [53, 75] 0.0002

Male sex 115 (61.5 %) 162 (61.1 %) 0.94

Weight (kg) 80 [66, 97] 79 [67, 94] 0.26

Height (cm) 170 [160, 179] 170 [163, 179] 0.91

Diabetes mellitus 51 (27.3 %) 81 (30.6 %) 0.45

Dyslipidemia 69 (36.9 %) 157 (59.3 %) <0.0001

Hypertension 130 (69.5) 211 (79.6 %) 0.01

On hemodialysis 15 (8.0 %) 24 (9.1 %) 0.70

Baseline creatinine (mg/dl) 1.2 [0.9, 1.7] 1.2 [0.9, 1.7] 0.86

Infectious endocarditis 24 (12.8 %) 16 (6.0 %) 0.01

Chronic lung disease 27 (14.4 %) 46 (17.4 %) 0.41

Peripheral vascular disease 17 (9.1 %) 41 (15.5 %) 0.05

Cerebrovascular disease 26 (13.9 %) 47 (17.7 %) 0.28

Previous cardiac intervention 90 (48.1 %) 149 (56.2 %) 0.09

Congestive heart failure within 2 weeks 65 (34.8 %) 111 (41.9 %) 0.13

Prior myocardial infarction 31 (16.6 %) 99 (37.4 %) <0.0001

Left ventricular ejection fraction (%) 50 [30, 60] 50 [30, 60] 0.70

Beta blocker use 89 (47.6 %) 162 (61.1 %) 0.004

Statin use 50 (26.7 %) 150 (56.6 %) <0.0001

Warfarin use 14 (7.5 %) 24 (9.1 %) 0.55

Surgery type <0.0001

 Isolated CABG 5 (2.7 %) 45 (17.0 %)

 CABG + valve 6 (3.2 %) 28 (10.6 %)

 Isolated valve 26 (13.9 %) 24 (9.0 %)

 Valve + other 38 (20.3 %) 35 (13.2 %)

 CABG + valve + other 11 (5.9 %) 12 (4.5 %)

 CABG + other 7 (3.7 %) 24 (9.1 %)

 Other (aortic surgery, VAD implant, etc.) 94 (50.3 %) 97 (36.6 %)

Status 0.02

 Elective 52 (28.0 %) 76 (28.7 %)

 Emergent 53 (28.5 %) 47 (17.7 %)

 Urgent 81 (43.5 %) 142 (53.6 %)

Year of surgery 0.13

 2006 13 (7.0 %) 14 (5.3 %)

 2007 25 (13.4 %) 19 (7.2 %)

 2008 14 (7.5 %) 32 (12.0 %)

 2009 24 (12.8 %) 32 (12.0 %)

 2010 20 (10.7 %) 27 (10.2 %)

 2011 20 (10.7 %) 33 (12.5)

 2012 34 (18.2 %) 34 (12.8 %)

 2013 28 (15.0 %) 58 (21.9 %)

 2014 9 (4.7 %) 16 (6.1 %)

CPB time (min) 196 [139, 242] 197 [144, 261] 0.87

Antifibrinolytic 0.11

 Aprotinin 21 (11.4 %) 24 (9.0 %)

 ε-Aminocaproic acid 126 (68.1 %) 200 (75.5 %)

 Tranexamic acid 8 (4.3 %) 16 (6.0 %)

 None 30 (16.2 %) 25 (9.5 %)
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Table 2  Patient characteristics 
in the propensity score matched 
cohort

CABG coronary artery bypass grafting, CPB cardiopulmonary bypass
a Nonproportional results are presented as medians with interquartile range
b Standardized differences were calculated for variables included in the propensity score model

Variablea No aspirin (n = 173) Aspirin (n = 173) Standardized differenceb

Age (years) 61 [49, 68] 61 [49, 69] 0.18

Male sex 109 (63.0 %) 112 (64.7 %) 0.04

Weight (kg) 82 [69, 97] 81 [67, 95] 0.12

Height (cm) 172 [160, 180] 172 [163, 180] 0.06

Diabetes mellitus 48 (27.8 %) 47 (27.2 %) 0.01

Dyslipidemia 64 (37.0 %) 85 (49.1 %) 0.24

Hypertension 123 (71.1 %) 133 (76.9 %) 0.13

On hemodialysis 15 (8.7 %) 16 (9.3 %) 0.02

Baseline creatinine (mg/dl) 1.2 [0.9, 1.7] 1.2 [0.9, 1.8] 0.06

Infectious endocarditis 23 (13.3 %) 16 (9.3 %) 0.13

Chronic lung disease 25 (14.5 %) 29 (16.8 %) 0.03

Peripheral vascular disease 16 (9.3 %) 20 (11.6 %) 0.08

Cerebrovascular disease 25 (14.5 %) 29 (16.8 %) 0.06

Previous cardiac intervention 86 (49.7 %) 101 (58.4 %) 0.18

Congestive heart failure within 2 wks 61 (35.3 %) 72 (41.6 %) 0.13

Prior myocardial infarction 30 (17.3 %) 43 (24.9 %) 0.19

Left ventricular ejection fraction (%) 50 [30, 60] 50 [25, 60] 0.02

Beta blocker use 82 (47.4 %) 97 (56.1 %) 0.12

Statin use 47 (27.2 %) 75 (43.4 %) 0.34

Warfarin use 14 (8.1 %) 20 (11.6 %) 0.12

Surgery type

 Isolated CABG 5 (2.9 %) 5 (2.9 %) 0

 CABG+valve 6 (3.5 %) 6 (3.5 %) 0

 Isolated valve 23 (13.3 %) 23 (13.3 %) 0

 Valve+other 36 (20.8 %) 28 (16.2 %) 0.12

 CABG+valve+other 11 (6.4 %) 10 (5.8 %) 0.03

 CABG+other 7 (4.1 %) 15 (8.7 %) 0.19

 Other (aortic surgery, VAD implant, etc.) 85 (49.1 %) 86 (49.7 %) 0.01

Status

 Elective 48 (27.8 %) 56 (32.4 %) 0.1

 Emergent 47 (27.2 %) 33 (19.1 %) 0.19

 Urgent 78 (45.1 %) 84 (48.6 %) 0.07

Year of surgery

 2006 12 (6.9 %) 12 (6.9 %) 0

 2007 23 (13.3 %) 17 (9.8 %) 0.11

 2008 14 (8.1 %) 25 (14.5 %) 0.21

 2009 23 (13.3 %) 21 (12.1 %) 0.03

 2010 14 (8.1 %) 13 (7.5 %) 0.02

 2011 18 (10.4 %) 18 (10.4 %) 0

 2012 34 (19.7 %) 23 (13.3 %) 0.17

 2013 26 (15.0 %) 32 (18.5 %) 0.09

 2014 9 (5.2 %) 12 (6.9 %) 0.08

CPB time (min) 196 [139, 238] 204 [153, 268] 0.15

Antifibrinolytic

 Aprotinin 21 (12.1 %) 21 (12.1 %) 0

 ε-Aminocaproic acid 121 (69.9 %) 124 (71.7 %) 0.04

 Tranexamic acid 8 (4.6 %) 11 (6.4 %) 0.08

 None 23 (13.3 %) 17 (9.8 %) 0.11
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the groups, but statin use and dyslipidemia could not be well 
balanced in the data set without reducing the total number of 
matched pairs to a very low level. There were no significant 
differences in RBC, FFP, or platelet transfusion between the 
two groups after matching, as is shown in Table 3.

Patient outcomes are shown in Table 4. In-hospital 
mortality for the matched cohort was 28.6 %. There was 
no significant difference in mortality between aspirin 
users and non-users; absolute risk reduction = 7.5 % 
(−2.0 to 16.9 %, p = 0.12). There were also no significant 

differences in operative mortality, postoperative day of 
death, cause of death, postoperative pneumonia, postopera-
tive stroke, postoperative acute renal failure, postoperative 
atrial fibrillation, deep sternal wound infection, or multi-
ple organ dysfunction syndrome (MODS) between groups. 
Aspirin users did have fewer total mechanical lung venti-
lation hours, less prolonged mechanical lung ventilation, 
and fewer total ICU hours (p = 0.02, and 0.02, 0.05 respec-
tively). The distributions of total mechanical lung ven-
tilation hours in aspirin users and non-users are shown in 

Table 3  Transfusion details for 
the propensity score matched 
cohort

FFP fresh frozen plasma, RBC red blood cell
a Transfusion volumes are presented as medians with interquartile range

** p values represent the results of Wilcoxon rank-sum tests

Variablea No aspirin (n = 173) Aspirin (n = 173) p value**

Intraoperative RBC transfusion (ml) 3000 [2400, 3900] 3000 [2400, 3900] 0.80

Intraoperative FFP transfusion (ml) 2250 [1500, 3250] 2250 [1500, 3250] 0.66

Intraoperative platelet transfusion (ml) 400 [200, 600] 400 [200, 600] 0.95

Postoperative RBC transfusion (ml) 1200 [0, 4200] 900 [0, 3000] 0.54

Postoperative FFP transfusion (ml) 250 [0, 1500] 500 [0, 1750] 0.73

Postoperative platelet transfusion (ml) 0 [0, 600] 200 [0, 400] 0.66

Table 4  Patient outcomes in the propensity score matched cohort

ICU intensive care unit
a Nonproportional results are presented as medians with interquartile range

** p values represent the results of Wilcoxon rank-sum tests or chi-square tests

Variablea No aspirin (n = 173) Aspirin (n = 173) Absolute risk reduction with 95 % CI p value**

In-hospital mortality 56 (32.4 %) 43 (24.9 %) 7.5 % (−2.0 to 16.9 %) 0.12

Operative mortality 6 (3.5 %) 4 (2.3 %) 1.2 % (−2.8 to 5.3 %) 0.52

Postoperative day of death 19 [7, 56] 14 [3, 29] – 0.16

Cause of death 0.16

 Cardiac 22 (39.3 %) 21 (48.8 %) −9.5 % (−28.1 to 9.8 %)

 Valvular 1 (1.8 %) 0 (0.0 %) 1.8 % (−6.6 to 9.5 %)

 Vascular 3 (5.4 %) 0 (0.0 %) 5.4 % (−3.6 to 14.6 %)

 Infection 7 (12.5 %) 1 (2.3 %) 10.2 % (−1.4 to 21.5 %)

 Neurologic 6 (10.7 %) 8 (18.6 %) −7.9 % (−23.0 to 6.1 %)

 Pulmonary 8 (14.0 %) 5 (11.5 %) 2.5 % (−11.9 to 15.9 %)

 Other 9 (16.1 %) 6 (14.0 %) 2.1 % (−13.1 to 16.0 %)

 Unknown 0 (0.0 %) 2 (4.6 %) −4.6 % (−15.5 to 2.6 %)

ICU hours 192 [96, 533] 146 [65, 410] – 0.05

Total ventilation hours 89 [25, 295] 65 [18, 181] – 0.02

Prolonged mechanical ventilation (> 24 h) 127 (73.4 %) 108 (62.4 %) 11.0 % (1.1 to 20.5 %) 0.02

Postoperative pneumonia 27 (15.6 %) 18 (10.4 %) 5.2 % (−2.0 to 12.4 %) 0.14

Postoperative stroke 14 (8.1 %) 14 (8.1 %) 0.0 % (−6.1 to 6.1 %) 0.99

Postoperative acute renal failure 35 (20.2 %) 28 (16.2 %) 4.0 % (−4.1 to 12.2 %) 0.32

Postoperative atrial fibrillation 26 (15.0 %) 24 (13.9 %) 1.1 % (−6.3 to 8.6 %) 0.74

Deep sternal wound infection 4 (2.3 %) 3 (1.7 %) 0.6 % (−3.0 to 4.2 %) 0.7

Multiple organ dysfunction syndrome 6 (3.6 %) 8 (4.7 %) −1.1 % (−5.8 to 3.3 %) 0.59



823J Anesth (2016) 30:817–825 

1 3

Fig. 1. The absolute risk reduction for prolonged mechani-
cal lung ventilation (> 24 h) was 11.0 % for aspirin users 
(95 % CI 1.1 to 20.5 %, p = 0.02), suggesting that exposure 
of 9 patients to aspirin before massive transfusion could 
prevent 1 case of prolonged mechanical lung ventilation. 
Exclusion of patients who died during the first 48 h after 
surgery from the dataset had no effect on the difference in 
total mechanical lung ventilation time (p = 0.008 for the 
Wilcoxon rank-sum test comparing ventilation hours).

Discussion

Massive blood transfusion is associated with a high mor-
tality rate and numerous complications. Previous obser-
vational studies suggested that high ratios of transfused 
FFP and platelets to RBCs might decrease early mortal-
ity by improving hemostasis and limiting hemorrhage 
[21–23]. However, a recent randomized controlled trial in 
680 patients with severe trauma and hemorrhage did not 
confirm these findings [23]. To our knowledge, no stud-
ies have evaluated whether pharmacologic strategies can 
decrease the non-infectious complications of transfusion. 
Although control of hemorrhage and resuscitation are the 
most immediate concerns in treating patients with massive 
bleeding, patients often die from late complications includ-
ing lung injury, infection, and renal failure.

Allogeneic blood transfusion impairs normal endothelial 
cell function. One recent study demonstrated that transfu-
sion of RBCs decreases endothelial cell production of nitric 
oxide within 24 h [24]. Reduced nitric oxide production 
leads to microvascular vasoconstriction, platelet activation, 
and enhanced inflammation, all of which may contribute 
to poor clinical outcomes [25]. We hypothesized that aspi-
rin might be beneficial in massively transfused patients 

because it has been shown to induce nitric oxide release 
from endothelial cells and may help to preserve normal 
endothelial function during transfusion [26]. Aspirin also 
stimulates anti-inflammatory effects in endothelial cells via 
histone acetylation, which can decrease monocyte infiltra-
tion [27]. Finally, in an animal model of TRALI, aspirin 
was shown to mitigate lung injury by reducing platelet neu-
trophil aggregation in the pulmonary circulation [10]. Aspi-
rin may also help to reduce lung injury related to ischemia 
during CPB. In a previous study of 14 patients having coro-
nary artery bypass surgery, preoperative aspirin use reduced 
thromboxane production in the lung by approximately 
70 % during CPB, suggesting a protective effect [12].

Our results suggest that preoperative aspirin use is associ-
ated with fewer mechanical lung ventilation hours in cardiac 
surgery patients that are massively transfused. It is unclear 
what mechanism accounts for this potential benefit. One pos-
sibility is that preservation of normal endothelial cell func-
tion in the lung results in improved ventilation perfusion 
matching. Alternatively, aspirin’s antiplatelet effects may 
decrease platelet-neutrophil aggregation in the lung, decreas-
ing the amount of injury and deadspace ventilation. We 
believe the latter explanation is less likely given that many 
native platelets with residual aspirin effect are lost in the 
hemorrhaging patient. The difference in prolonged mechani-
cal ventilation (defined as > 24 h by the STS) that we found 
could not be explained by early deaths in the aspirin group as 
there were only 7 patients who died within 24 h of surgery 
and 3 of them were taking aspirin compared to 4 who were 
not. The major implication of these findings is that in cardiac 
surgery patients who are at risk for massive transfusion, it 
may not be beneficial to stop aspirin before surgery because 
aspirin use is not associated with increased mortality and it 
appears to be associated with less mechanical ventilation 
time. These results should not, however, be extrapolated to 
all surgical patients as aspirin might be harmful and increase 
bleeding risk in lower risk surgical patients [16].

The findings of our current study differ from our previ-
ous findings in aortic valve replacement surgery patients 
where preoperative aspirin was not associated with a 
decreased risk of postoperative ARDS or reduction in 
mechanical lung ventilation hours [11]. The most likely 
explanation is that our previous cohort was composed pri-
marily of low risk patients, which was reflected by a low 
rate of ARDS (5.5 %). This cohort is composed of high risk 
patients with a high overall mortality rate and much longer 
median ventilator hours: median ventilator hours in this 
study; 65 h for aspirin and 89 h for controls vs 15 h for 
aspirin and 15 h for controls in the prior study.

Our study has a number of limitations. First, the sur-
gical population is heterogeneous because our analysis 
used patients from a single center and massive transfu-
sion is an infrequent event. Because of this heterogeneity, 

Fig. 1  Box and whisker plots showing total mechanical lung ventila-
tion hours in aspirin users and non-users
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it is possible that there were systematic differences in 
the exposure and control groups leading to bias in our 
risk estimates. There may also have been heterogeneity 
in mechanical lung ventilation practice during the study 
period. Secondly, aspirin use is recorded in the STS data-
base dichotomously as having been taken within 5 days of 
surgery and we had no specific information about dose or 
time of last administration. Therefore, we cannot say when 
the optimal time frame for drug administration would be or 
what an optimal dose would be. In our study we assumed 
that patients had residual aspirin effect because its typical 
effect is 7–10 days in platelets. However, for platelet inde-
pendent mechanisms (e.g. endothelial cells), the duration 
of action is less clear. Because our study is observational 
we cannot determine causality. There could be unobserved 
confounders that were left out of the model and certain 
variables such as statin use and dyslipidemia could not be 
balanced in the available dataset despite using propensity 
score matching. Finally, our findings may not be generaliz-
able to all cardiac surgery patients or non-cardiac surgery 
patients.

The main strength of our study is that it examined a large 
cohort of massively transfused cardiac surgery patients from 
a single center, which has a relatively consistent practice. 
Also, to our knowledge, there are no previous clinical data 
suggesting pulmonary benefits from a pharmacologic agent 
in massively transfused patients. Other agents have been 
shown to reduce morbidity in massively transfused car-
diac surgery patients, but this is primarily through reduced 
bleeding (e.g.: antifibrinolytics and rFVIIa). Results have 
been inconsistent with these agents though, depending 
on the population studied. There are also persistent safety 
concerns including renal failure with aprotinin and arterial 
and venous thromboses with rFVIIa [28–30]. Some studies 
have suggested that perioperative aspirin use may be asso-
ciated with increased risks of transfusion and bleeding, but 
in massively transfused patients the contribution to bleeding 
is probably minimal. In addition, all patients in our cohort 
received antifibrinolytics which have been shown to miti-
gate the increased bleeding risks from aspirin [31].

In summary, in a single center propensity score 
matched cohort of massively transfused cardiac surgery 
patients, preoperative aspirin use was not associated with 
a decreased risk of in-hospital mortality. However, patients 
taking aspirin had less mechanical lung ventilation time 
and fewer ICU hours. Our findings should be confirmed in 
a large dataset, due to the importance of the clinical ques-
tion and potential risks for bleeding with aspirin.
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