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Abstract
Background There is considerable debate surrounding venous thromboembolism (VTE) prophylaxis in patients post coro-
nary artery bypass grafting (CABG) procedures. The American College of Chest Physicians guidelines report weak recom-
mendations for starting VTE prophylaxis, but provide no specific guidance regarding timing or preferred prophylactic agent.
Methods This retrospective cohort study was designed to compare outcomes of post-cardiac surgery patients admitted to the 
cardiovascular intensive care unit (ICU) who received subcutaneous unfractionated heparin (UFH), with those who received 
subcutaneous enoxaparin for VTE prophylaxis. Between January 2013 and September 2017, 1085 patients were identified, 
and, after propensity score matching, 850 patients were selected for analysis. The primary outcomes were postoperative VTE 
and the occurrence of bleeding events up to 30 days postoperatively. Secondary outcomes included chest tube output, days 
mechanically ventilated, ICU length of stay, total hospital length of stay, and 30-day readmission rates.
Results During the study period, rates of 2.03% for VTE events and 1.38% for bleeding events were reported in the entire 
cohort. After matching, the rates of VTE events (2.12% vs. 1.41%, p = 0.43) and bleeding events (1.18% vs. 0.94%, p = 1.00) 
were more frequent in the heparin group versus the enoxaparin group; these differences were not statistically significant. 
However, we did find a statistically significant increase in several secondary endpoints, including chest tube output, days 
mechanically ventilated, ICU length of stay, and total hospital length of stay, within the heparin cohort. Bleeding rates were 
similar to those previously published, despite the early initiation of VTE prophylaxis.
Conclusions We report no statistical difference in the rates of VTE or bleeding between chemical agents, but our results 
suggest enoxaparin may be a preferred agent over UFH.
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Key Points 

In post-coronary artery bypass grafting patients, we 
found an incidence rate of 2.03% for venous thromboem-
bolism (VTE) and 1.38% for bleeding events.

Comparing unfractionated heparin (UFH) with enoxapa-
rin for VTE prophylaxis, we found no statistical differ-
ence in the rates of VTE and bleeding.

We found a statistically significant increase in chest tube 
output, days mechanically ventilated, intensive care unit 
length of stay, and total hospital length of stay within the 
UFH cohort.

1 Introduction

The use of chemical venous thromboembolism (VTE) 
prophylaxis in general surgery is widespread and is supported 
by strong evidence that suggests a significant reduction in 
VTE occurrence with the implementation of subcutaneous 
unfractionated heparin (UFH) or low molecular weight 

heparin (LMWH) [1]. Patients post coronary artery bypass 
grafting (CABG) present a significant risk for VTE due 
to prolonged immobilization, surgical trauma to lower 
limbs for vein harvest, and activation of inflammatory 

http://orcid.org/0000-0003-3672-1929
http://crossmark.crossref.org/dialog/?doi=10.1007/s40256-019-00354-4&domain=pdf
https://doi.org/10.1007/s40256-019-00354-4


590 H. A. Wilsey et al.

and coagulation systems. Cardiac surgery patients also 
typically carry diagnoses associated with an increased 
risk of VTE, such as myocardial infarction, diabetes, heart 
failure, hyperlipidemia, and obesity [2]. Overall, the reported 
incidence of VTE post CABG surgery varies widely, with 
estimates ranging from 0.4 to 41%, in part due to symptom-
driven versus routine VTE screening methods, diagnostic 
modalities, and thromboprophylaxis measures [3–5]. The 
incidence of symptomatic VTE has been described from 
0.5 to 3.9%, with deep vein thrombosis (DVT) being more 
common than pulmonary embolism (PE) [3–6]. Despite 
these thrombotic risk factors, cardiac surgery patients are 
also at risk for bleeding complications postoperatively 
as a result of intraoperative heparin administration and 
postoperative platelet dysfunction. Based on expert opinion, 
these patients are at high risk for chemical VTE prophylaxis-
related bleeding, with rates varying from 3.1 to 5.9% [1]. 
These factors may further complicate a provider’s decision 
to implement VTE prophylaxis.

Once the decision to implement VTE prophylaxis is made, 
there is little evidence within the cardiothoracic patient popu-
lation to suggest a preferred prophylactic agent [7, 8]. The 
2012 American College of Chest Physicians guidelines reflect 
these limited data, offering a Grade 2C recommendation for 
the use of mechanical prophylaxis for uncomplicated CABG, 
and recommending the additional use of either low-dose UFH 
or LMWH for prolonged hospitalization [1]. Risk stratifica-
tion is offered by the 2018 European Society of Anesthesiol-
ogy (ESA) guidelines for perioperative VTE prophylaxis [9]. 
These guidelines recommend pharmacological prophylaxis as 
soon as satisfactory hemostasis has been achieved, in addition 
to mechanical prophylaxis in patients with one or more risk 
factors, listed as age above 70 years, transfusion of more than 
four units of human blood products, mechanical ventilation 
for more than 24 h, or postoperative complications (acute 
kidney injury, infection/sepsis, neurological complications). 
They also provide a Grade 2C recommendation to use UFH 
as briefly as possible in favor of LMWHs. Currently, the Uni-
versity of Kentucky Medical Center (UKMC) implements 
chemical and mechanical VTE prophylaxis immediately 
postoperatively for patients admitted to the cardiovascular 
intensive care unit (ICU). The purpose of this study was to 
describe the frequency of VTE and major bleeding with the 
use of either subcutaneous UFH or enoxaparin prophylaxis 
methods post cardiac surgery.

2  Materials and Methods

A retrospective cohort study design was used to compare 
outcomes of patients after cardiac surgery admitted to the 
cardiovascular ICU who received subcutaneous UFH, with 

those who received subcutaneous enoxaparin for VTE 
prophylaxis. This study was approved by the Institutional 
Review Board at the UKMC. Informed consent was waived 
as this was a retrospective, observational analysis of adult 
cardiac surgery patients operated on between 1 January 2013 
and 30 September 2017. We included all patients older than 
18 years of age who underwent either on-pump or off-pump 
CABG in the aforementioned timeframe (see Fig. 1). Exclu-
sion criteria were concurrent valve surgery, early postopera-
tive bleeding within 48 h of surgery, intravenous heparin 
within 48 h from surgery, oral anticoagulation, history of 
VTE or PE within 3 months of surgery, active malignancy, 
and Jehovah’s Witnesses. Patients were followed for 30 days 
or until discharge. Upon arrival to the cardiovascular ICU, 
patients were started on enoxaparin or UFH based on sur-
geon preference. Heparin was the preferred agent in the pres-
ence of renal dysfunction, per enoxaparin manufacturer labe-
ling [10]. To account for treatment crossover, patients were 
placed in the treatment group based on greatest duration of 
exposure. The primary outcomes of this study were post-
operative VTE and occurrence of bleeding events up to 30 
days postoperatively. Postoperative VTE included the cumu-
lative incidence of all VTE events, defined as symptomatic 
and asymptomatic DVT, and fatal and nonfatal PE. These 
events were identified by an International Classification of 
Diseases, Ninth Revision (ICD-9) or ICD, Tenth Revision 
(ICD-10) diagnosis code of either DVT or PE during the 
index admission that was confirmed via manual chart review. 
All computed tomography PE scans and doppler ultrasound 
orders were also collected and reviewed to capture VTE not 
previously coded. Evaluation for overt bleeding was inves-
tigated in all patients with a ≥3 g/dL change in daily hemo-
globin values, in addition to orders for continuous infusion 
proton pump inhibitor, recombinant factor VII, prothrombin 
complex concentrate, or two or more units of packed red 
blood cells within a 24-h period. Captured bleeding events 
were then classified by the Bleeding Academic Research 
Consortium (BARC) criteria. The secondary outcomes 
included chest tube output, days mechanically ventilated, 
ICU length of stay, total hospital length of stay, and 30-day 
readmission rates.

Hypothesis testing was first employed to compare the 
differences of patient characteristics, treatment outcomes, 
and presence of comorbidities between the heparin and 
enoxaparin groups for both the original cohort and matched 
samples. Patient comorbidities were described using the 
Elixhauser Comorbidity Index, a method of categorizing 
comorbidities of patients based on specific ICD diagnosis 
codes. Categorical variables, summarized using counts and 
percentages, were analyzed using the Chi-square or Fisher’s 
exact tests. Continuous variables were analyzed using Stu-
dent’s t-test, summarized using mean and standard devia-
tion. A propensity score approach was performed to control 
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for observed confounding factors that might influence 
both group assignment and outcome. Propensity score was 
defined as the probability of patients treated with enoxaparin 
based on their individual observed covariates. Probability 
was estimated based on the logistic regression model, with 
treatment of enoxaparin as the dependent variable in rela-
tion to the following patient characteristics: age, sex, race, 
height, clopidogrel use, and diagnosis codes of heart failure, 
hypertension, pulmonary disease, renal failure, coagulopathy 
and obesity. We employed nearest-neighbor matching and 
allowed for the exclusion of unpaired data.

3  Results

A total of 1085 patients met the inclusion criteria within the 
set time period, with 657 (60.6%) patients receiving subcuta-
neous heparin and 428 (39.4%) patients receiving subcutane-
ous enoxaparin. After propensity score matching, we were left 
with a final cohort of 850 patients between treatment groups. 
Matched patient baseline characteristics are summarized in 
Table 1. Of the entire cohort of 1085 patients, a total of 22 
VTE events (2.03%) were identified. Approximately 60% of 
patients had two or more events identified, and approximately 
75% of all events occurred within the first 2 weeks from sur-
gery. Only one PE was identified and this patient was included 
in the heparin cohort. Further details of the thrombotic events 
are provided in Table 2. A majority of the bleeding events 
were classified as BARC class IIIa, with only one case of class 
IIIc bleed described (from the heparin cohort) (Table 3). In 
our propensity score analysis, the primary outcomes were 
similar between patients receiving heparin and enoxaparin for 
both VTE (2.12% vs. 1.41%, p = 0.434) and bleeding (1.18% 
vs. 0.94%, p = 1.00) (Table 4). No difference was noted in 

30-day readmission rates between cohorts (6.35% vs. 5.88%, 
p = 0.775). Patients in the heparin cohort spent significantly 
more days on the ventilator (1.9 vs. 1.3, p = 0.010) and had 
significantly more daily chest tube output (324 vs. 287 mL, 
p < 0.001). These patients also had longer ICU length of stay 
(4.6 days vs. 3.7 days, p = 0.006) and total hospital length of 
stay (9.0 days vs. 8.0 days, p = 0.009). As matching involves 
the exclusion of data, we also performed a multivariate analy-
sis on the initial cohort of 1085 patients. After controlling for 
patient comorbidities and concomitant antiplatelet medica-
tions, patients in the enoxaparin cohort still had significantly 
less time on the ventilator, chest tube output, ICU length of 
stay, and total hospital length of time (see the Appendix avail-
able as electronic supplementary material).

4  Discussion

In this single-center, retrospective cohort study of patients 
post cardiac surgery, we found no statistically significant 
difference in the rate of VTE or bleeding events between 
UFH and LMWH prophylaxis. Conversely, prophylaxis with 
enoxaparin was associated with a significant decrease in 
chest tube output, days mechanically ventilated, ICU length 
of stay, and total hospital length of stay.

Currently, the 2012 American College of Chest Physi-
cians guidelines offer a Grade 2C recommendation for the 
use of mechanical prophylaxis for uncomplicated CABG 
over no prophylaxis or chemical prophylaxis [1]. They 
recommend the addition of pharmacologic prophylaxis to 
mechanical prophylaxis in cases of prolonged hospitaliza-
tion, but provide no guidance in defining what constitutes an 
‘uncomplicated’ or ‘prolonged’ visit, nor do they cite a pref-
erential pharmacologic therapy. The 2018 ESA guidelines 

Assessed for eligibility (n=1373)

Excluded (n= 288)
♦ Concurrent valve surgery (n=221)
♦ History of previous clot (n=30)
♦ Early post-operative bleeding within 

48 hours of surgery (n=23)
♦ Other (n=14)

Subcutaneous heparin (n=657) Subcutaneous enoxaparin (n= 428)

Patients excluded in matching (n=235)

Fig. 1  Patient flow diagram
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provide risk stratification criteria, encourage rapid imple-
mentation, and preferentially recommend LMHW over 
UFH when bleeding risk decreases [9]. The matter is further 
convoluted by the wide range of VTE rates reported post 
CABG surgery. Previous reports indicate rates of sympto-
matic VTE from 0.5 to 3.9%, which have been contrasted by 
more recent evidence, demonstrating that 13% of patients 
receiving VTE prophylaxis still developed silent events, 
confirmed via computer tomography or ultrasound [3, 4]. 
A recent survey of national practice patterns reported that 
67% of hospitals currently utilize a combination of pharma-
cologic and mechanical prophylaxis postoperatively, despite 
limited guidance [11]. Furthermore, most institutions report 
initiating chemical VTE prophylaxis on postoperative day 
1 or 2, citing bleeding concerns as the primary reason for 
delay. A recent systematic review and meta-analysis exam-
ined 68 studies providing data on VTE outcomes related 
to thromboprophylaxis after cardiac surgery [12]. Ho et al. 

identified a reduced risk of VTE with VTE prophylaxis 
and no evidence that VTE prophylaxis increases the risk of 
cardiac tamponade or bleeding. In summary, they recom-
mend to start VTE prophylaxis as soon as possible in those 
patients without active bleeding. At our institution, chemical 
VTE orders (either subcutaneous enoxaparin or UFH) are 
placed on postoperative day zero. All patients have sequen-
tial compression devices (SCDs) ordered postoperatively. 
Furthermore, as a standard of care, all patients are started on 
aspirin therapy on postoperative day zero, excluding those 
with a documented allergy.

The effectiveness of VTE prevention therapies was 
recently evaluated in a large observational cohort of over 
90,000 patients who underwent either on-pump or off-pump 
CABG, with similar exclusion criteria as our current study 
[13]. The VTE events were captured via discharge diagno-
sis code for DVT or PE during index admission or subse-
quent readmission. Kulik et al. found the overall incidence 

Table 1  Patient characteristics after propensity score matching

Plus-minus valves are means ± standard deviation
a The body-mass index is the weight in kilograms divided by the square of the height in meters
b Creatine clearance was estimated according to the Cockcroft-Gault formula

Characteristics Heparin (n = 425) Enoxaparin (n = 425) P value

Age, yr 61.69 ± 9.92 61.27 ± 10.61 0.552
Male sex, no. (%) 318 (74.82) 298 (70.12) 0.125
Caucasian race, no. (%) 414 (97.41) 414 (97.41) 1.000
Height, cm 172.80 ± 9.71 172.42 ± 10.41 0.586
Weight, kg 87.97 ± 21.41 89.73 ± 19.88 0.216
BMIa 29.48 ± 6.31 30.13 ± 6.54 0.139
Comorbidities
 Elixhauser index
  Heart failure 115 (27.06) 108 (25.41) 0.585
  Peripheral vascular disease 67 (15.76) 78 (18.35) 0.316
  Chronic hypertension 53 (12.47) 49 (11.53) 0.673
  Chronic pulmonary disease 201 (47.29) 198 (46.59) 0.837
  Diabetes 123 (28.94) 117 (27.53) 0.648
  Diabetes with chronic complications 97 (22.82) 106 (24.94) 0.469
  Renal failure 34 (8.00) 32 (7.53) 0.798
  Peptic ulcer disease 3 (0.71) 3 (0.71) 1.000
  Coagulopathy 152 (35.76) 145 (34.12) 0.615
  Obesity 139 (32.71) 135 (31.76) 0.769

Laboratory parameters
 Hematocrit 28.8 ± 4.3 29.1 ± 4.6 0.309
 Hemoglobin 9.6 ±1.5 9.7 ± 1.7 0.412
 Platelet 151.7± 47.7 155.0 ± 48.9 0.309
 Creatinine 1.1 ± 0.7 1.0± 0.3 < 0.001
 Creatinine  clearanceb 95.5 ± 38.6 105.0 ± 44.1 < 0.001

Medications
 Clopidogrel 86 (20.24) 103 (24.24) 0.161
 Ticagrelor 4 (0.94) 6 (1.41) 0.752
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of symptomatic VTE was 0.74%, with an overall incidence 
of bleeding events of 1.69% in patients treated with heparin 
or LMWH initiated within 48 h of surgery. Comparatively, 
we report an overall incidence of VTE of 2.03% and an over-
all incidence of bleeding of 1.38% for patients with VTE 

initiated upon arrival to the cardiovascular ICU (Table 2). 
Even with our rapid implementation of VTE prophylaxis, 
we reported higher VTE rates. Compared with the study 
by Kulik et al., our baseline population had more frequent 
comorbidities and a longer length of stay. Our higher VTE 
rates may be attributed to our high-risk patient population 
(Table 1), as well as our study methods, which allowed for 
the capture of asymptomatic events. Importantly, we did not 
encounter increased hemorrhagic complications, reporting 
similar rates of bleeding to those previously published, 
despite the presence of our early implementation VTE 
prophylaxis protocol. These observations contribute to the 
scarce body of evidence, and support that VTE prophylaxis 
utilization immediately post surgery may not increase bleed-
ing rates.

Prophylactic use of heparin and enoxaparin have been 
compared previously in general surgery patients, however 
there is limited evidence comparing these agents in the 
postoperative CABG patient population [13]. A small 
retrospective study reviewed approximately 200 patients 
after heart valve surgery, comparing dalteparin with UFH 
[14]. Bucci et al. report a lower incidence of VTE (4 vs. 11%) 
with LMWH versus UFH, as well as bleeding (3 vs. 10%) 
and a lower risk of heparin-induced thrombocytopenia (HIT) 
[3 vs. 6%]. When comparing heparin versus enoxaparin, we 
report higher rates of VTE (2.44% vs. 1.40%, p = 0.24) and 
more frequent bleeding events (1.67% vs. 0.93%, p = 0.43). 
Furthermore, we found a statistically significant increase in 
several secondary endpoints, including chest tube output, 
days mechanically ventilated, ICU length of stay, and total 
hospital length of stay (Table 2).

While the global assertion of LMWH superiority for VTE 
prophylaxis is not supported by current guidelines, several 
previous studies have demonstrated significantly better 
efficacy in certain surgical populations, including orthopedic 
surgery [15]. Planes et al. compared enoxaparin 40 mg once 
daily with UFH 5000 units every 8 h in total hip replacement 
patients and found a significant reduction in VTE rates 

Table 2  Venous thromboembolism (VTE) characteristics

N/n (%)

Total VTE (N = 22)
Heparin 16 72.7
 Deep vein thrombosis 15
 Pulmonary embolism 1

Enoxaparin 6 27.3
 Deep vein thrombosis 6
 Pulmonary embolism 0

Number of VTE per patient
 1 9 40.9
 2 5 22.7
 3 5 22.7
 ≥ 4 3 13.6

Post-operative day of VTE diagnosis
 3–7 6 27.3
 8–14 11 50.0
 15–21 3 13.6
 ≥ 22 2 9.1

Table 3  Events by bleeding academic research consortium (BARC) 
criteria

Bleeding events Heparin (n = 11) Enoxa-
parin (n 
= 4)

Class IIIa 7 3
Class IIIb 3 1
Class IIIc 1 0

Table 4  Clinical outcomes of patients after propensity score matching

a Plus-minus valves are means± standard deviation

Heparin (n = 425) Enoxaparin (n = 425) P value

Primary outcomes
 Venous thromboembolism 9 (2.12) 6 (1.41) 0.434
 Bleedinga 5 (1.18) 4 (0.94) 1.000

Secondary outcomes
 Hospital length of stay 8.98 ± 5.99 8.03 ± 4.48 0.009
 ICU length of stay 4.63 ± 5.74 3.72 ± 3.65 0.006
 Days mechanically ventilated 1.85 ± 4.30 1.29 ± 1.08 0.010
 Chest tube output (mL/day) 324.34 ± 146.85 287.41 ± 138.88 < 0.001
 30-day readmission 27 (6.35) 25 (5.88) 0.775
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(25% to 12.5%, p = 0.03), as well as fewer red blood cell 
transfusions and higher hemoglobin values in postoperative 
days [16]. They concluded that prophylaxis with enoxaparin 
40 mg once daily was simple, well-tolerated, and more 
effective than standard low-dose UFH in their orthopedic 
patient population.

From a pharmacokinetic and pharmacodynamic view 
in relation to these chemical agents, there are several 
considerations that may support our findings. Both 
agents bind and potentiate their anticoagulant effects 
via antithrombin activation, mediated by a unique 
pentasaccharide sequence that induces a conformational 
change in antithrombin, amplifying its interaction with 
thrombin and activated factor X (factor Xa) [17]. However, 
due to their shorter chain length, LMWHs have reduced 
ability to neutralize thrombin, and thus preferentially act at 
factor Xa over thrombin. This higher factor Xa to thrombin 
activity has been suggested to translate to improved efficacy 
and safety [18]. Additionally, LMWHs exhibit a more 
predictable anticoagulant response, with less interpatient 
variability, improved bioavailability, and longer duration 
of action than UFH [7]. These pharmacokinetic differences 
have been associated with the reduced propensity of LMWH 
to bind to plasma proteins, endothelial cells and macrophages 
[17]. Variations in serum heparin-binding proteins translates 
to wide ranges of UFH response. This variability may be 
more significant in post-CABG patients as many of these 
proteins are acute-phase reactants and are increased in the 
acute inflammatory process prototypical of invasive cardiac 
surgery [8]. This predictability of enoxaparin allows for 
once-daily administration, minimizing disruptions and 
likely increasing patient satisfaction compared with three 
injections daily with UFH.

While previous studies evaluating the safety profiles of 
these agents have found a reduced incidence of bleeding with 
LMWHs, overall there is limited evidence to claim superior 
safety [13, 14]. The reduced bleeding rate associated with 
LMWHs may also be explained by their reduced affinity for 
endothelial cells, von Willebrand factor, and platelets. Apart 
from bleeding, another safety concern is immune-mediated 
HIT, a prothrombotic adverse drug reaction caused by the 
development of antibodies to complexes of platelet factor 
4 (PF4) and heparin [21]. Of the VTE events reported in 
this study, none were associated with HIT thrombosis. 
LMWHs can still cause HIT, however the reduced activation 
of platelets and release of PF4 with LMWHs translates 
to a lower incidence of HIT when compared with UFH. 
Capitalizing on this advantage may be of further value in a 
patient population that has been described as high risk for 
the development of HIT [22].

There are several limitations to note. First, the obser-
vational retrospective nature of our study is subject to the 

limitations of ICD-9 and ICD-10 coding that may not have 
accurately captured all of a patient’s disease states, as well as 
confounding variables that may have influenced our reported 
outcomes. Due to the risk of drug accumulation, enoxaparin 
was avoided in patients with renal failure [10]. Thus, those 
receiving heparin represent an inherently more critically 
ill population as patients with acute kidney injury, acute or 
chronic kidney disease, or renal replacement therapy have 
been independently associated with worse outcomes [23]. 
However, following sample matching analysis adjusting for 
baseline demographics, including renal dysfunction, a sig-
nificant difference in total ICU and hospital length of stay, as 
well as mechanical ventilator use, were still noted. Second, 
due to the low incidence of both VTE and bleeding events, 
our study cohort is not powered to find a difference between 
heparin and enoxaparin for our primary outcomes. Third, 
as patients may have been managed at tertiary hospitals 
for a VTE-related re-admission, we may not have captured 
the true rates of this secondary outcome. Lastly, our study 
excluded patients with concurrent valve surgery, as well as 
early postoperative bleeding within 48 h of surgery, thus 
limiting the generalizability of these results.

5  Conclusions

Our results from this single-center, retrospective cohort 
study in patients who are post-CABG found no difference 
in the rates of VTE or bleeding events between heparin or 
enoxaparin. Significant differences in several secondary 
outcomes, including ICU and total hospital length of stay, 
were noted to be in support of enoxaparin, suggesting enoxa-
parin may be a preferred agent in this patient population. 
These results are limited by the retrospective nature of this 
study, as well as the exclusion criteria, which restricts the 
generalizability of our findings. We also describe rates of 
bleeding less than those previously published, suggesting 
that VTE prophylaxis utilization immediately post-surgery 
may not increase bleeding rates. These findings contribute 
to the scarce body of evidence to better assist providers in 
assessing the risk of early implementation of VTE prophy-
laxis. Our results have implication for current practice and 
warrant future research investigating a preferred agent in this 
postoperative cardiac population.
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