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Background: Patients undergoing cardiac surgery exhibit a high prevalence of concomitant depression. 
The first-line pharmacological treatment modality for depression includes selective serotonin re-uptake 
inhibitors (SSRIs). Despite their efficacy, SSRIs are not without their own side-effects. 
Methods: We conducted a retrospective observational study to determine if preoperative SSRI therapy was 
associated with higher rates of perioperative blood product transfusion, and higher incidence of inotropic 
requirements in patients undergoing elective cardiac surgery. A total of 2,943 patients were included in 
the study. Patients undergoing emergency surgery or surgery without cardiopulmonary bypass (CPB) were 
excluded. Based on preoperative SSRI status patients were classed into either SSRI group (n=95), or non-
SSRI group (n=2,848). Data was acquired from the Toronto Anesthesia Perioperative Outcomes Database.
Results: Baseline preoperative variables included age, sex, body surface area, smoking history, past medical 
history, preoperative medications, baseline hemoglobin, creatinine, and planned surgical procedures. 
Perioperative transfusion of blood products and inotropic utilization were collected. Univariate analysis 
showed that patients in SSRI group were more likely to be female, have history of congestive heart failure, 
preoperative anemia, and likelihood of having more complex surgery, received more inotropes and fresh 
frozen plasma, and were more likely to have chest reopening for bleeding. There was no difference 
in postoperative morbidity and mortality between the SSRI and non-SSRI groups. Separate statistical 
models were constructed to determine association between transfusion of red blood cells, fresh frozen 
plasma, platelets, composite inotrope use, and SSRI therapy. SSRI variable was not significant in any of 
the multivariate models, indicating the lack of evidence of association between the SSRIs and either blood 
product transfusion, or inotrope requirements. Significant predictors of blood product transfusion included 
smaller body surface area, female gender, older age, low baseline hemoglobin levels, elevated creatinine, 
increased CPB, presence of deep hypothermic circulatory arrest, complex cardiac surgery, history diabetes 
mellitus, and congestive heart failure. Predictors of inotrope use included older age, elevated creatinine, 
increased CPB time, history of diabetes mellitus, and congestive heart failure.
Conclusions: The current study suggests that modifying preoperative therapy pertinent to SSRI treatment 
in patients undergoing elective cardiac surgery is not warranted. 
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Introduction

Depression is a serious mental health disorder. The World 
Health Organization postulated that by 2020 depression will 
be the second greatest contributor to the global economic 
burden of diseases (1). Patients undergoing cardiac surgery 
exhibit a high prevalence of concomitant depression. A 
substantial number of these patients demonstrate worsening 
symptoms of depression after cardiac surgery resulting in 
higher rates of post-operative complications, longer hospital 
length of stay, and reduced return to activity (2-6).

The exact etiology of depression is not known, 
however, some studies have showed that polymorphisms 
in the serotonin transporter gene are associated with an 
increased incidence of depression (7,8). The first-line 
pharmacological treatment modality for depression includes 
selective serotonin re-uptake inhibitors (SSRIs) (9). Despite 
their efficacy, SSRIs are not without their own side-effects. 
A number of studies have recently reported an increase in 
upper gastro-intestinal bleeding events in depressed medical 
patients on SSRI therapy (10). Furthermore, studies 
in orthopedic surgical patients have also demonstrated 
increased perioperative blood loss and bleeding related 
complications owing to the platelet-inhibiting nature of 
serotonin (11-13). 

The evidence for increased perioperative operative 
bleeding in cardiac patients receiving SSRI therapy is 
scarce. Xiong et al. demonstrated that patients on SSRIs 
were more likely to receive blood transfusion during 
coronary revascularization surgery (14). On the contrary, 
Andreasen et al. reported no differences in post-operative 
blood transfusion or 30-day mortality between patients 
with or without SSRIs (15). A large retrospective cohort 
of 530,416 patients undergoing major elective surgery 
(including cardiac surgery) showed that patients receiving 
SSRIs had higher odds of in-hospital mortality, bleeding, 
and readmission at 30 days (16). A more recent study 
by Sajan et al. found explored a smaller sample size of 
767 patients and found that preoperative use of SSRIs 
was associated with increased exposure to allogeneic 
blood transfusion in surgical patients at high risk for 
perioperative bleeding (17).

Majority of patients undergoing cardiac surgery receive 
substantial doses of fentanyl during the perioperative 
period. Another aspect of SSRI therapy is a potential 
interaction with fentanyl. In a dose dependent manner 
fentanyl has serotoninergic properties that maybe associated 
with a subclinical serotoninergic syndrome resulting in 

hypotension and increased requirement for inotropic 
support, particularly in anesthetized patients (18).

We conducted a retrospective observational study to 
determine if preoperative SSRI therapy was associated with 
higher rates of perioperative blood product transfusion, 
higher incidence of inotropic requirements in patients 
undergoing elective cardiac surgery.

Methods 

Population and sampling

After Institutional Research Ethics Board approval, we 
conducted a retrospective observational study on all 
patients undergoing cardiac surgery at Toronto General 
Hospital between January 1, 2008 and December 31, 2009. 
Information was analyzed from the Toronto Anesthesia 
Perioperative Outcomes Database, a large longitudinal 
database consisting of prospectively collected perioperative 
data. The Electronic Patient Record was used for any 
variables not included in the database. For patients with 
multiple database entries, data regarding the earliest 
surgery was collected in order to avoid multiple operations 
as confounders. Patients undergoing emergency surgery, 
or surgery without cardiopulmonary bypass (CPB) were 
excluded. 

Demographic and pre-operative variables

Baseline preoperative variables collected included age, sex, 
body surface area, smoking history, past medical history, 
preoperative medications, baseline hemoglobin, creatinine, 
and planned surgical procedures. In addition, patients 
were also classed on basis of increased risk predictors such 
as age >65 years, body surface area ≤1.75 m2, preoperative 
hemoglobin ≤120 g/dL, and creatinine value >150 μmol/L. 
SSRI status was determined as a dichotomous variable. All 
patients were divided into two groups, either with (SSRI 
group) or without (non-SSRI group) SSRIs.

Intra-operative variables

The following intra-operative variables were collected: 
type of surgery (coronary artery bypass grafting, or 
cardiac valve replacement/repair, or others including 
repairs of congenital heart defects, left ventricular 
aneurysmectomies, re-do sternotomy procedures), CPB 
time, deep hypothermic circulatory arrest, the use of 
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inotropes, and blood product transfusion. 

Post-operative variables

The following post-operative variables were collected: 
myocardial infarction, stroke and transient ischemic attack, 
seizures, atrial fibrillation, ventricular arrhythmia requiring 
medical treatment, pacemaker insertion, low cardiac output 
syndrome, renal failure, inotropic requirements, transfusion 
of packed red blood cells, fresh frozen plasma, and platelets, 
chest re-exploration, mechanical ventilation time, intensive 
care unit and hospital length of stay, and hospital mortality.

Statistical analysis 

The primary outcome included combined intraoperative 
and postoperative blood product transfusion. Transfusion 
of red blood cells, fresh frozen plasma, and platelets were 
analyzed separately. Secondary outcome was composite 
inotrope utilization during the perioperative period. 

The patient cohort was divided into two groups based 
on the pre-operative SSRI status. Age, body surface area, 
hemoglobin, creatinine, and CPB times were presented as 
continuous as well as dichotomous variables. These included 
age >65 years, body surface area <1.75 kg/m2, preoperative 
hemoglobin <120 g/dL, preoperative creatinine >150 μmol/L,  
and CPB time >90 minutes. The following inotropes 
(milrinone, epinephrine, norepinephrine, vasopressine) 
were combined into the binary composite outcome.

We investigated the association between the preoperative 
SSRI status and primary and secondary outcomes, adjusting 
for potential confounders, with the use of logistic regression. 
A number of potential confounders were selected using 
prior knowledge of association with the outcome, as well as 
clinical judgment. Covariates with P<0.25 in the univariate 
analysis were chosen in conjunction with SSRI status for 
the multivariate models. A parsimonious model was built 
for the outcomes of interest (use of inotropes and blood 
product transfusion), having SSRI as a covariate, while the 
rest of the covariates were selected from an initial pool of 
potential confounders such as preoperative creatinine >150, 
hemoglobin <120, age >65 years, history of congestive heart 
failure, and diabetes mellitus, complex surgery (combined 
or re-do surgery), requirement for deep hypothermic 
circulatory arrest. According to the model building 
procedure (19) the univariate association of each one of the 
potential confounders with the outcome was tested (using 
chi-square and t-test for categorical and continuous variables 

respectively) and the covariates with some evidence of 
association (P<0.25) were kept as the initial set of covariates 
in the model along with the SSRI status. A subsequent 
stepwise variable selection procedure was followed where 
a model with significant covariates was identified. Finally, 
any variables excluded in univariate analyses were tested 
again in the model and kept in if they were significant. The 
differences between the groups were assessed using the chi-
square test for nominal variables, the Mann-Whitney U test 
for ordinal variables and the Student’s t-test for continuous 
variables. A two-tailed significance level of P<0.05 was set 
for all univariate analyses and a Bonferroni correction was 
applied for multiple comparisons. A P value of less than 
0.05 was considered significant. Statistical analysis was 
performed using STATA 12.1 (StataCorp., College Station, 
Texas, USA). 

Results 

A total of 2,943 patients were included in the study, with 
95 (3.2%) patients receiving SSRI therapy. Demographic 
data and surgical characteristics are presented in Table 1. 
Univariate analysis showed that patients in SSRI group 
were more likely to be female, have history of congestive 
heart failure, preoperative anemia, and likelihood of 
having more complex surgery, received more inotropes 
and fresh frozen plasma during the perioperative period, 
and were more likely to have chest reopening for bleeding 
during the early postoperative period (Table 2). There was 
no difference in postoperative morbidity and mortality 
between the SSRI and non-SSRI groups. The intensive 
care unit and hospital length of stay was also similar 
between the two groups (Table 2).

SSRI variable was not significant in any of the 
multivariate models, indicating the lack of evidence of 
association between the SSRIs and either blood product 
transfusion (Tables 3-5), or inotrope requirements (Table 6). 
Bootstrap adjusted calibration plots did not reveal severe 
over fitting of any of the models.

Discussion 

The risk of perioperative bleeding and transfusion in 
surgical patients receiving SSRI therapy has been studied 
in general, orthopedic, gynecological, and cardiac surgical 
contexts, with inconsistent results. We have conducted a 
large retrospective review of 2,943 patients undergoing 
wide range of cardiac surgical procedures to determine if 
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Table 1 Demographic data and surgical characteristics

Variables SSRI group (n=95) Non-SSRI group (n=2,848) P value

Age, years 64±13 63±14 0.3

>65 47 [49] 1,394 [49] 0.9

Male gender, n 42 [44] 1,948 [68] <0.0001

Weight, kg 79±17 79±17 0.9

Body surface area, m2 1.88±0.23 1.9±0.24 0.61

≤1.75 32 [34] 762 [27] 0.15

Past medical history

Diabetes mellitus 28 [29] 771 [27] 0.7

Hypertension 63 [66] 1,838 [65] 0.7

Chronic obstructive pulmonary disease 7 [7.3] 113 [4] 0.1

Peripheral vascular disease 16 [16.8] 432 [15] 0.66

Stroke/transient ischemic attack 8 [8.4] 286 [10] 0.72

Congestive heart failure 37 [39] 702 [25] 0.002

History of smoking 50 [53] 1,601 [56] 0.52

Dialysis 3 [3] 37 [1] 0.13

Myocardial infarction 6 [6] 367 [13] 0.06

Preoperative medications

Statins 65 [68] 1,946 [68] 0.98

Beta blockers 57 [60] 1,509 [53] 0.21

Angiotensin converting enzyme inhibitors 33 [35] 883 [31] 0.43

Aspirin 73 [77] 2,050 [72] 0.35

Antidepressants 7 [7] 227 [8] 1

Calcium channel antagonists 25 [26] 740 [26] 0.94

Benzodiazepines 7 [7] 256 [9] 0.71

Hemoglobin, g/dL 130±17 135±17 0.005

≤120 25 [26] 494 [17] 0.02

Creatinine, μmol/L 97±85 92±71 0.4

>150 4 [4] 105 [4] 0.8

Surgical characteristics

Coronary artery bypass grafting 25 [26] 1,207 [42] 0.002

Valve repair/replacement 28 [29] 670 [24] 0.2

Other 42 [44] 971 [34] 0.02

Deep hypothermic circulatory arrest 4 [4] 123 [4] 0.83

Re-do sternotomy 4 [4] 110 [4] 0.9

Cardiopulmonary bypass time, min 108±51 105±45 0.48

>90 49 [52] 1,487 [52] 0.9

Data expressed as number [%], mean ± SD. SSRI, selective serotonin reuptake inhibitor.
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Table 2 Perioperative blood product transfusion, inotrope utilization, and postoperative morbidity and mortality

Outcomes SSRI group [n=95] Non-SSRI group [n=2,848] P value

Inotropes/vasoconstrictors 87 [92] 2,352 [83] 0.02

Blood product transfusion

Red blood cells 37 [39] 1,016 [36] 0.5

Fresh frozen plasma 32 [33] 690 [24] 0.035

Platelets 21 [22] 549 [19] 0.4

Chest reopening 15 [16] 254 [9] 0.03

Myocardial infarction 1 [1] 43 [2] 1.0

Stroke/transient ischemic attack 1 [1] 11 [0.4] 0.4

Atrial fibrillation 36 [38] 1,011 [35] 0.7

Ventricular arrhythmias 5 [5] 96 [3] 0.5

Low cardiac output syndrome 3 [3] 98 [3] 0.9

Permanent pacemaker 6 [6] 167 [6] 0.8

Seizures 2 [2] 44 [2] 0.9

Renal failure 2 [2] 68 [2] 0.9

Ventilation time (hours) 8 [3.3–748] 7 [1.8–1,836] 0.47

ICU-LOS (hours) 67.5 [15.5–1,386] 40 [2.4–7,265] 0.46

Hospital LOS (days) 8 [4–232] 7 [1–305] 0.55

Death 5 [5] 87 [3] 0.41

Data expressed as number [%], or median [range]. SSRI, selective serotonin reuptake inhibitor; LOS, length of stay.

Table 3 Independent predictors of perioperative transfusion of platelets

Variables Odds ratio 95% confidence interval z-statistic P value

Intercept 0.52 0.21–1.27 −1.42 0.15

SSRI 1.06 0.62–1.81 0.24 0.80

Creatinine >150 μmol/L 2.55 1.58–4.14 3.82 <0.001

Body surface area, kg/m2 0.74 0.58–0.94 −2.42 0.015

Cardiopulmonary bypass time >90 min 3.35 2.71–4.15 11.12 <0.001

Age >65 years 1.31 1.08–1.59 2.75 0.006

Redo-surgery 3.26 2.44–4.35 8.05 <0.001

Congestive heart failure 1.91 1.55–2.37 5.98 <0.001

Diabetes mellitus 0.73 0.58–0.92 −2.63 0.008

Deep circulatory arrest 4.71 3.13–7.08 7.45 <0.001

Female gender 0.76 0.60–0.97 −2.18 0.029

Preoperative hemoglobin <120 g/dL 0.99 0.98–0.99 −3.42 0.001
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Table 5 Independent predictors of perioperative transfusion of packed red cells

Variables Odds ratio 95% confidence interval Z-statistic P value

Intercept 14.78 5.65–38.67 5.49 <0.001

SSRI 0.93 0.52–1.68 −0.21 0.83

Creatinine >150 μmol/L 1.90 1.16–3.11 2.56 0.01

Body surface area, kg/m2 0.49 0.38–0.63 −5.38 <0.001

Cardiopulmonary bypass time >90 min 3.61 2.80–4.65 9.89 <0.001

Age >65 years 1.38 1.11–1.73 2.90 0.004

Redo-surgery 2.00 1.46–2.73 4.33 <0.001

Congestive heart failure 1.56 1.23–1.97 3.71 <0.001

Deep circulatory arrest 2.29 1.50–3.49 3.87 <0.001

Female gender 0.81 0.62–1.05 −1.58 0.11

Preoperative hemoglobin <120 g/dL 0.96 0.95–0.97 −10.95 <0.001

Table 4 Independent predictors of perioperative transfusion of fresh frozen plasma

Variables Odds ratio 95% confidence interval z-statistic P value

Intercept 0.82 0.35–1.91 −0.45 0.65

SSRI 0.85 0.51–1.43 −0.58 0.55 

Creatinine >150 μmol/L 1.84 1.14–2.95 2.52 0.012

Body surface area, kg/m2 0.58 0.46–0.72 −4.79 <0.001

Cardiopulmonary bypass time >90 min 2.74 2.27–3.31 10.45 <0.001

Age >65 years 1.44 1.20–1.73 3.95 <0.001

Redo-surgery 3.43 2.57–4.58 8.39 <0.001

Congestive heart failure 1.83 1.50–2.25 5.86 <0.001

Diabetes mellitus 0.71 0.57–0.88 −3.12 0.002

Deep circulatory arrest 4.09 2.70–6.20 6.64 <0.001

Female gender 0.71 0.57–0.89 −2.88 0.004

Preoperative hemoglobin <120 g/dL 0.99 0.98–0.99 −3.03 0.002

SSRI, selective serotonin reuptake inhibitor.

preoperative SSRI therapy was associated with higher rates 
of blood product transfusion, and increased incidence of 
inotropic requirements during the perioperative period. 
Even though univariate analysis showed that patients 
receiving SSRIs were more likely to require inotropic 
support and fresh frozen plasma transfusion, after adjusting 
for multiple covariates this association was no longer 
significant. 

The current study adds to the body of evidence regarding 

the controversy in the literature related to SSRI therapy and 
increased incidence of allogeneic blood product transfusion 
in cardiac surgical patients. While Xiong et al., Auerbach 
et al., and Sajan et al. established a link between the SSRI 
therapy and increased bleeding and blood transfusion, 
Andreasen et al., Kim et al., and Tully et al. reported negative 
findings (14-17,20,21).

A recent meta-analysis of observational studies found a 
significant increase of red blood cell transfusion in patients 
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Table 6 Independent predictors of composite inotrope utilization during the perioperative period

Variables Odds ratio 95% confidence interval z-statistic P value

Intercept 1.85 1.44–2.38 4.84 <0.001

SSRI 0.93 0.51–1.67 −0.24 0.80

Creatinine >150 μmol/L 3.47 1.25–9.64 2.39 0.017

Body surface area, kg/m2 0.97 0.76–1.23 −0.22 0.81

Cardiopulmonary bypass time >90 min 2.16 1.75–2.67 7.14 <0.001

Age >65 years 1.94 1.56–2.40 6.03 <0.001

Redo-surgery 0.88 0.62–1.26 −0.67 0.5

Congestive heart failure 1.95 1.48–2.59 4.70 <0.001

Diabetes mellitus 1.69 1.30–2.19 3.99 <0.001

Deep circulatory arrest 1.71 0.92–3.19 1.71 0.08

SSRI, selective serotonin re-uptake inhibitors.

receiving SSRI treatment but no difference in mortality 
when compared to patients that did not receive SSRI 
therapy (22). However, this meta-analysis was heavily 
weighted by a single study that reported that patients 
receiving SSRIs were more likely to receive 1–2 units of 
blood more than patients without SSRI therapy, but there 
was no association with increased blood loss or major 
transfusion risk between the two groups (23). These 
findings were also supported by a more rigorous statistical 
approach of propensity match of 1,417 pairs of patients 
based on their preoperative SSRI status. In this study, the 
presence of SSRI therapy was not associated with increased 
risk of bleeding or transfusion during cardiac surgery (24). 

In the current study we assessed transfusion of red 
blood cells, fresh frozen plasma, and platelets in separate 
statistical models.  Preoperative SSRI therapy was 
associated with a lack of increased risk of transfusion 
with any of the blood product components. However, all 
statistical models confirmed that the presence of well-
known predictors of increased transfusion risk remained 
significant. These predictors included smaller body surface 
area, female gender, older age, low baseline hemoglobin 
levels, high creatinine, increased CPB time, presence of 
deep hypothermic circulatory arrest, complex cardiac 
surgery, history diabetes mellitus, and congestive heart 
failure. It is likely that the presence of these established 
risk factors negated the potential for increased transfusion 
risk associated with SSRI therapy. In addition, the use 
of tranexamic acid in cardiac surgery is a routine clinical 
practice in our institution. The dose of tranexamic acid 

ranged from 50 mg/kg in simple cases to 100 mg/kg in 
complex cardiac surgery. It is possible that the routine 
use of tranexamic acid further minimized the potential 
for increased transfusion rates in patients receiving SSRI 
therapy. Several mechanisms of increased risk of bleeding 
risk in patients receiving SSRI therapy have been proposed 
with most prevalent SSRI mediated platelet inhibition, 
and inhibition of enzymes involved in metabolism of 
anticoagulant medications through cytochrome P450 
complex (10). 

However, a lack of increased risk of bleeding with 
SSRI therapy was recently reported in patients receiving 
anticoagulation therapy for atrial fibrillation in a non-
surgical setting (25).

In the current study, the SSRI treatment was not 
associated with increased inotrope utilization. However, 
older age, elevated creatinine, increased CPB time, and 
history of diabetes mellitus, and congestive heart failure 
remained significant factors in predicting higher rates of 
inotropic use. It is not surprising as all of these predictors 
identify a higher surgical risk subgroup of patients. Again, 
SSRI treatment in this particular setting likely plays a 
minor role. 

The present study has a number of limitations. First, this 
was a retrospective review and the baseline characteristics 
of patients with and without SSRI therapy were different. 
However, our statistical approach was robust enough to 
adjust for most of the covariates to minimize bias. Second, we 
did not look at the different types of SSRIs, however, there 
have been no previous reports to identify that one subgroup 
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of SSRIs would be more or less harmful than others. 
The future research in this area will likely be required. 

Use of a prospective case-control design with abstraction of 
individual SSRI types, and quantification of SSRI dose or 
pre-operative serum serotonin or SSRI levels, may permit 
isolation of specific medications implicated in bleeding 
events, and may permit the determination of a threshold 
effect of SSRIs or serotonin on bleeding events, if one 
exists. Findings from such studies may prompt re-evaluation 
of treatment recommendations for patients with depression, 
especially those with identified cardiac risk factors that may 
in the future require surgical intervention. The current 
evidence suggests that modifying preoperative therapy 
pertinent to SSRI treatment is not warranted.
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