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ABSTRACT

Objectives: Deep venous thrombosis (DVT) is a known surgical complication that
can lead to pulmonary embolism with subsequent morbidity andmortality. The inci-
dence of DVT following coronary artery bypass grafting is unclear. Prophylaxis reg-
imens vary and some guidelines advocate against use of routine chemoprophylaxis
in patients at low-moderate risk for venous thromboembolism. We utilized postop-
erative lower extremity venous ultrasound to determine the incidence of DVT
following coronary artery bypass grafting in patients with low- to moderate-risk
of venous thromboembolism receiving aggressive postoperative DVT prophylaxis.

Methods: This is a single-center, retrospective study of all patients who underwent
coronary artery bypass grafting between April 2022 and January 2023. All patients
who completed postoperative venous ultrasound of the bilateral lower extremities
were initially included. Patients who underwent concurrent valve or aortic surgery,
were at high risk of venous thromboembolism, or were receiving anticoagulation
therapy for nonvenous thromboembolism indications were excluded. The primary
outcome was in-hospital incidence of DVT. Secondary outcomes were rates of mor-
tality, postoperative bleeding, and thromboembolic events from discharge to
30 days postoperatively and from 30 days to 3 months postoperatively.

Results: No DVTs were observed in 211 included patients. In hospital, there were 3
significant bleeding events and 1 stroke. Following discharge there were 3 additional
bleeding events, 1 death, 1 transient ischemic attack, and 1 pulmonary embolism.

Conclusions:We observed a 0% rate of DVT in low- to moderate-risk patients un-
dergoing isolated coronary artery bypass grafting and receiving a comprehensive
DVT prophylaxis regimen. In hospital bleeding and other thromboembolic event
rates were 2.84% and 0.47% respectively. (JTCVS Open 2024;17:145-51)
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Complications following comprehensive DVT pro-
phylaxis regimen after CABG.
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We investigate the incidence of
DVT after CABG following the
institution of a standardized
aggressive DVT prophylaxis
protocol.
PERSPECTIVE
Little information exists regarding the incidence
of DVT following CABG and prophylaxis proto-
cols vary. This study assessed the incidence of
DVT following CABG in low-to moderate-risk pa-
tients receiving a standardized prophylaxis
regimen. We show no DVTs, a low incidence of
VTE events, and low number of major bleeding
events.
3-6
Postoperative hypercoagulability is a known, but little under-
stood phenomenon and presents a significant risk factor for
the development of venous thromboembolic events (VTE).
This hypercoagulable state can persist for weeks following
surgical procedures1,2 and puts patients at significant risk of
deep vein thrombosis (DVT), which has been reported to
occur in as high as 48% of postoperative patients. A
feared complication of DVT is the subsequent development
of a pulmonary embolus (PE). Despite improvements in
diagnosis and detection to prevent these events, the risk of
fatality of PE remains high.7 Further, the incidence of simul-
taneous DVT in patients with PE is reported to be as high as
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Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
DVT ¼ deep venous thrombosis
PE ¼ pulmonary embolism
VTE ¼ venous thromboembolism
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50%.8 Therefore, the prevention and early detection of VTEs
remains important.

In coronary artery bypass grafting (CABG) surgery, the
incidence of postoperative PE has been reported at 3.4%
with a 0.5% mortality.9 Although the mortality is low, the
incidence of VTE remains an issue because VTEs are a sig-
nificant source of postoperative morbidity. Studies show
that VTEs are the fifth most common cause of readmissions
after CABG.10

Development of DVT influences the postoperative course
of the patient, increases the risk of further morbidity and
mortality, and presents a continued risk beyond discharge
due to complications associated with therapeutic anticoagu-
lation inherent to the treatment of VTEs.11 Early diagnosis
of DVTs is difficult in patients who have undergone CABG.
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Many of the classic symptoms are similar to postsurgical
sequelae of CABG: incisional swelling, erythema, and
tenderness of the legs from saphenous vein harvest along
with incisional chest pain, tachycardia, and dyspnea-
related symptoms are common in the postoperative phase
and can mask signs of VTE. Although protocols vary
amongst institutions and specialties, common DVT prophy-
laxis regimens use a combination of chemoprophylaxis
(heparin or enoxaparin), early mobilization, and mechani-
cal compression devices.5 Such a protocol is used in our
institution.

Baylor Scott and White The Heart Hospital Plano imple-
mented a quality initiative for the early detection and pre-
vention of VTE in patients who underwent CABG,
beginning in April 2022. Patients included in this study un-
derwent formal venous duplex ultrasonography of the bilat-
eral lower extremities after undergoing CABG procedure
on the day of discharge. This presented a low-cost, noninva-
sive method of diagnosing DVTs early with high accuracy
and portability. Utilizing our venous ultrasound protocol,
we analyzed our findings regarding the incidence of DVT
in low-to moderate-risk patients and examined the efficacy
of our prophylaxis regimen (Figure 1).
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TABLE 1. Pharmacologic dosing algorithm for deep venous thrombosis prophylaxis

Creatinine

clearance, mL/min Low actual body weight* BMI � 39.9 BMI � 40

� 30 Preferred: Heparin 5000 U every 12 h

If benefits outweigh risks: Enoxaparin

30 mg daily

Heparin 5000 U every

8 or every 12 h

Or

Enoxaparin 40 mg daily

Heparin 7500 U every 8 h

Or

Enoxaparin 40 mg every 12 h

20-29.9 Preferred: Heparin 5000 U every 12 h

If benefits outweigh risks: Enoxaparin

30 mg daily

Heparin 5000 U every

8 or every 12 h

Or

Enoxaparin 30 mg daily

Heparin 7500 U every 8 h

Or

Enoxaparin 40 mg daily

<20 or dialysis Heparin 5000 U every 12 h Heparin 5000 U every

8 or every 12 h

Heparin 7500 U every 8 h

BMI, Body mass index. *Women<45 kg, men<57 kg.
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METHODS
This is a single-center retrospective study of low- and moderate-risk pa-

tients who underwent CABG from April 2022 to January 2023 at Baylor

Scott andWhite The Heart Hospital Plano. On postoperative day 1, patients

were placed on a standardized VTE prophylaxis regimen and formal

venous duplex ultrasonography of the bilateral lower extremities was

completed on the day of discharge. Postoperative day 1 was chosen as

the prophylaxis starting day to account for any surgical bleeding sources.

Along with receiving dual antiplatelet therapy, sequential compression de-

vices and an early postoperative mobility regimen performed by licensed

physical therapists, a weight-based dosing of subcutaneous heparin or

enoxaparin, depending on the patient’s creatinine clearance, was pre-

scribed. The full dosing strategy is included in Table 1.

Inclusion criteria for analysis were low- to moderate-risk patients aged

18 years or older who underwent CABG and a bilateral lower extremity ul-

trasound assessment before discharge. Subjects were excluded from anal-

ysis if they were deemed high risk of forming DVT, underwent CABG in

conjunction with valve replacement or repair, had mobility limitations pre-

cluding them from participating in prescribed early mobilization practices

after surgery, had activemalignancy or thrombophilic disease, had a history

of thrombotic events, had persistent postoperative atrial fibrillation

requiring use of anticoagulation therapy, were pregnant at the time of sur-

gery, or had any other indication for postdischarge anticoagulation therapy.

The study was designed to retrospectively collect medical history, de-

mographic characteristics, 30-day postdischarge follow-up data, including

bleeding and thrombolytic complications, via chart review. Readmission

information, further complications, and 3-month outcomes data were

collected via patient telephone calls if unavailable.

For summary data, continuous variables are presented as mean� SD or

as median with interquartile range. Categorical variables are presented as

proportions (percentage), unless otherwise specified. Incidence rate,

defined as the number of newly diagnosed DVT cases divided by the num-

ber of patients at risk for the disease, is reported with 95% CI. A 2-sided

significance level of 5% was used throughout the analysis.

This studywas reviewed and approved by our institutional review board,

approval No. 022-248; July 29, 2022. Informed consent was waived by

the institutional review board based on 45 CFR 46.116 (f) and 45 CFR

46.117 (c).
RESULTS
Between April 14, 2022, and January 1, 2023, a total of

262 patients underwent CABG and received formal bilat-
eral lower extremity venous duplex ultrasound at a median
of 4.7 � 1.71 days postoperatively. Fifty-one patients were
excluded from further analysis due to concurrent valve
operation, prior thrombotic event, active malignancy,
inability to participate with standard postoperative mobili-
zation, or anticoagulation requirement not due to a VTE
event at discharge. Indications for anticoagulation therapy
at discharge included persistent postoperative atrial fibrilla-
tion, previously placed prosthetic valve, and thrombophilic
disorder (Figure 2).
Baseline demographic characteristics and operative data

for the 211 patients included in the analysis are listed in
Tables 2 and 3, respectively. Median age was 67.04 years
(interquartile range, 59.29-72.83 years) and there were
179 (84.43%) men. Common comorbidities included hy-
pertension (148 out of 211 [70.14%]), hyperlipidemia
(130 out of 211 [61.61%]) diabetes mellitus (94 out of
211 [44.55%]). Two hundred three (96.7%) on-pump
CABG operations were performed, with a mean cardiopul-
monary bypass time of 122.68 � 42.01 minutes. Preopera-
tively, 64 (30.3%) patients were receiving a heparin drip,
142 (67.3%) patients received prophylactic subcutaneous
heparin, and 5 (2.4%) of patients received no heparin.
Two patients underwent redo sternotomy, 14 underwent
concurrent epicardial-placed occlusion of the left atrial
appendage, and 3 had ablation procedures; however, these
patients were not placed on oral anticoagulation regimens
and thus included in analysis. Mean preoperative left ven-
tricular ejection fraction was 53.05% � 9.40% and mean
postoperative left ventricular ejection fraction was
57% � 7.13%.
In-Hospital Course and Complications
Mean postoperative length of stay was 5.5 � 1.77 days.

There were no documented DVTs on post-operative ultra-
sound done at median 4.7 � 1.71 days. Thirty-six patients
(17.06%) developed paroxysmal atrial fibrillation postop-
eratively that either resolved spontaneously or with amio-
darone taper. One patient experienced a thromboembolic
stroke before the observation of atrial fibrillation, this was
JTCVS Open c Volume 17, Number C 147



TABLE 3. Intraoperative details (N ¼ 211)

Intraoperative detail Result

On-pump surgery 203 (96.7)

Cardiopulmonary bypass time 122.60 � 41.92

Crossclamp time 90.92 � 31.33

Total coronary anastomotic sites 3.22 � 0.82

Saphenous vein anastomotic sites 1.98 � 0.73

Redo sternotomy 2 (0.95)

Concurrent procedure 14 (6.64)

LAA ligation

Maze/PVI

Postoperative ejection fraction (%) 57.00 � 7.14

Values are presented as mean � SD or n (%). LAA, Left atrial appendage closure;

PVI, pulmonary vein isolation.

262 patients underwent 
CABG and formal US

211 patients included in 
the analytical dataset

51 patients excluded 
from the analysis

FIGURE 2. Patient selection flowchart. Patients were excluded due to

concurrent valve operation, prior thrombotic event, active malignancy,

inability to participate with standard postoperative mobilization or antico-

agulation requirement at discharge. CABG, Coronary artery bypass graft-

ing; US, ultrasound.
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the only thromboembolic event noted during hospital stay
(0.47%). One patient was diagnosed with superficial throm-
bophlebitis of the cephalic vein. There were a total of 6
(2.8%) bleeding events observed in the hospital: 2 medias-
tinal hematomas, 1 lower extremity hematoma, and 3
gastrointestinal bleeding events (1 bright red blood per
rectum and 2 hematochezia). Three of these events were
deemed major bleeding events: 2 patients required return
to the operating room and 1 patient was transfused. The re-
maining 3 patients’ hospital course was uneventful. The
TABLE 2. Baseline and demographic data of study patients (N¼ 211)

Characteristic Result

Age (y) 67.00 (59.00-72.50)

Male gender 179 (84.8)

Hypertension 148 (70.14)

Diabetes mellitus 94 (44.55)

Current/former smoker 35 (16.59)

Obesity 39 (18.48)

Chronic kidney disease 28 (13.27)

Hyperlipidemia 130 (61.61)

Chronic heart failure 25 (11.85)

STS score 0.89 � 0.91

Preoperative ejection fraction 53.05 � 9.45

Preoperative heparin use

Heparin drip 64 (30.3)

Subcutaneous 142 (67.3)

No heparin 5 (2.4)

Values are presented as median (interquartile range), n (%), or mean � SD. STS, So-

ciety of Thoracic Surgeons.
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patients with mediastinal hematoma required return to the
operating room due to surgical sources of bleeding. Most
patients were discharged home on dual antiplatelet therapy,
including 191 (90.52%) taking aspirin þ clopidogrel and
10 (4.74%) taking aspirin þ ticagrelor. Eight patients
(3.79%) were discharged taking aspirin only and 1 patient
(0.47%) taking only clopidogrel. Antiplatelet agents were
withheld on 1 patient (0.47%) due to a hematoma in the
harvest-site leg (Table 4).

Postdischarge to 30-Day Follow-up
All patients were evaluated at least once following

discharge within 30 days postoperatively. Thirty-day sur-
vival was 100%. During this time frame, 12 patients
(5.69%) were readmitted to the hospital. Three patients
(1.42%) were admitted for bleeding events. These 3 expe-
rienced gastrointestinal bleeding events. One patient
required transfusion; however, all events were considered
major because they resulted in readmission. The other 9 pa-
tients were admitted for the following: pneumonia, atrial
fibrillation, pericarditis, sternal wound infection, pericar-
dial effusion, gastroenteritis, presyncope, pleurisy, and
chest pain. No thromboembolic events were noted within
this time frame (Table 5).

30 Days to 3 Months Postoperatively
Three-month follow-up was available for 168/211 pa-

tients (79.62%). One mortality was noted 2.5 months
following surgery due to a presumed hypoglycemic
episode. An additional 11 patients (5.69%) were readmitted
to the hospital during this time frame. Reasons for admis-
sion were sternal debridement, altered mental status, brady-
cardia, planned percutaneous cardiac intervention,
congestive heart failure exacerbation, skilled nursing facil-
ity placement, planned pacemaker placement, abdominal
pain, chest pain, transient ischemic attack, and PE. Two pa-
tients (0.95%) were admitted for VTE events, these patients



TABLE 4. Hospital events and postoperative complications

Event or complication Result

Length of stay (d) 5.5 � 1.77

Ultrasound postoperative day (d) 4.7 � 1.17

Paroxysmal postoperative atrial fibrillation 36 (17.06)

Deep venous thrombosis on postoperative

ultrasound

0

In-hospital bleeding events 6 (2.84)

Postoperative stroke 1 (0.47)

Return to operating room 2 (0.95)

Antiplatelet regimen at discharge

Aspirin þ clopidogrel 191 (90.52)

Aspirin þ ticagrelor 10 (4.74)

Aspirin 8 (3.79)

Clopidogrel 1 (0.47)

No antiplatelet agent 1 (0.47)

Values are presented as mean � SD or n (%).
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were admitted for a PE on postoperative day 54 and tran-
sient ischemic attack on postoperative day 68, respectively.
No bleeding events were noted during this time frame. The
PE patient’s postoperative course was noted to be unre-
markable; however, they presented to the clinic on postop-
erative day 54 complaining of profound dyspnea. The
patient was diagnosed with a left subsegmental PE and
pleural effusion. Following thoracentesis and transition to
apixaban from clopidogrel, the patient was discharged
home. The transient ischemic attack patient’s workup was
significant for a patent foramen ovale on transesophageal
echocardiogram. There was low suspicion for DVT and no
workup was performed to assess for DVT. Three months
postoperatively, 185 patients were on dual antiplatelet ther-
apy and 7 patients on single antiplatelet therapy. Seven pa-
tients had been transitioned from antiplatelet to
anticoagulant therapy. Of these patients, 6 had recurrent
atrial fibrillation and the other patient was the previously
discussed patient who developed a PE (Table 5).
TABLE 5. Postdischarge complications and readmissions at discharge

to 30 days and 30 days to 3 months postoperatively

Complication or

readmission Discharge to 30 d 30 d to 3 mo

Mortality 0 1

Deep venous thrombosis 0 0

Stroke, including TIA 1 1

Pulmonary embolus 0 1

Readmissions for

bleeding or VTE

3 2

Bleeding events 3 0

Total readmissions 12 11

TIA, Transient ischemic attack, VTE, venous thromboembolism.
COMMENT
In this single-center study, we demonstrate no instances of

perioperativeDVTwithin 3months of isolatedCABG in low-
to moderate-risk patients with a regimen of early mobility,
antiplatelet therapy, mechanical compression devices, and
chemoprophylaxis. Notable findings include no postopera-
tiveDVTswithin 30days of surgery as evaluated by compres-
sion lower extremity ultrasound, low rate of nonsurgical
bleeding events within 3 months postoperatively, low rate
of thrombotic events within 3 months postoperatively, and
no mortalities within 30 days postoperatively (Figure 3).
The body of literature evaluating DVT following CABG

is extensive but there is still no consensus on incidence rate.
Although there have been improvements in early mobility,
risk factor management, and vein harvesting techniques
since 1991, when DVT was reported in 48% of patients
following CABG, recent studies still report an incidence
as high as 25%.6,12 In contrast to these high rates, registry
data studies indicate DVT rates as low as 1 to 2.2%.13-15

This variability is likely explained by the fact that registry
data typically capture only symptomatic DVT, whereas
screening programs diagnose asymptomatic patients at a
higher rate. Although evidence from small observational
studies may not be widely applicable and should be
interpreted with caution, the assumption that post-CABG
DVT is infrequent is risky, given the significant associated
morbidity, mortality, and cost.14,15

Variability in post-CABG DVT incidence is also likely
explained by lack of standardization in prophylactic regi-
mens. A 2015 systematic review demonstrated wide vari-
eties in prophylaxis regimens, patient characteristics
mandating prophylaxis, and timing of prophylaxis adminis-
tration.13 Viana and colleagues12 recently reported a 25%
incidence of asymptomatic DVT occurring in the absence
JTCVS Open c Volume 17, Number C 149
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of postoperative mechanical or pharmacologic prophylaxis
in 100 low-risk patients. In contrast, our study suggests a
combination of early mobility, chemical prophylaxis, and
mechanical prophylaxis starting immediately after surgery
resulted in 0 postoperative DVTs in patients at low risk of
DVT development.

There is an argument that screening for DVT with
compression ultrasound overdiagnoses or captures clinically
insignificant DVTs. However, relying on clinical symptoms
to make a diagnosis of DVT following CABG may be prob-
lematic. Although modern endoscopic vein harvest methods
are less invasive and less morbid than open techniques, there
is still significant pain, edema, and erythema that are indis-
tinguishable from or mask DVT symptoms, thus making
Wells criteria a less useful diagnostic tool. Venous ultrasound
of the entire lower extremity is a well-established, accurate,
and cost-effective strategy to screen for DVT.16 We believe
routine predischarge lower extremity DVT screening with
ultrasound is warranted given the noninvasive nature, low
cost, and severity of associated thromboembolic events.
However, if further studies continue to demonstrate similar
efficacy in combination prophylaxis regimens, ultrasound
screening may be unnecessary.

Bleeding Risk and Rate
Due to low quality of evidence, perceived moderate risk

for thromboembolism, and high risk for bleeding, the most
recent American College of Chest Physicians guidelines
advise only mechanical prophylaxis for patients undergo-
ing cardiac surgery without significant thrombotic risk
factors.17 A total of 9 patients (4.26%) in our study expe-
rienced significant bleeding events. Six (2.8%) events
occurred during hospitalization, whereas the other 3
occurred following discharge but within 30 days postoper-
atively. There were no significant bleeding events occur-
ring within the 30-day to 3-month postdischarge time
frame. Of the in-hospital bleeding events, 2 occurred
within hours of surgery. Both events necessitated return
to the operating room and were due to a surgical source.
Due to these findings, we believe it is reasonable to attri-
bute 4 bleeding events in this study (1.9%) to the admin-
istration of DVT prophylaxis. It is important to note
these events—3 gastrointestinal bleeding events and 1
vein graft site hematoma—may have a multifactorial
cause as well; preoperative heparin use, the use of a dual
antiplatelet regimen, and stress of surgery may have
contributed to these events. Out of the 3 gastrointestinal
bleeding events, only 1 was severe enough to require trans-
fusion; however, we cannot completely discount the other
2 events. Further, hematoma at saphenous vein graft har-
vest is a known complication of CABG with reported rates
of 8.7% in patients undergoing endoscopic vein
harvesting.18 Although this bleeding rate is small and pro-
vides evidence for the use of chemoprophylaxis during the
150 JTCVS Open c February 2024
postoperative period, it is not trivial. In light of no DVTs
being diagnosed at discharge and in the presence of the
other modalities within our DVT prophylaxis regimen, a
reduction in enoxaparin dose could be considered to miti-
gate bleeding risks.
Rate of Other Thromboembolic Events
Although there were no diagnosed DVTs during this

study, we did observe a small number of other VTEs. Of
the 36 patients who developed paroxysmal atrial fibrilla-
tion following surgery, 1 patient experienced a thrombo-
embolic stroke. This stroke occurred before the
diagnosis of atrial fibrillation; however, the patient was
still receiving our DVT prophylaxis regimen, including
chemoprophylaxis. One patient experienced a PE diag-
nosed 54 days postoperatively and 1 patient experienced
a transient ischemic attack 68 days postoperatively. This
makes a total rate of thromboembolic events within this
study 1.4% (3 out of 211), whereas the inpatient rate of
thrombotic events was 0.47% (1 out of 211). The low
rate of thrombotic complications in this study supports
our use of a combination of early mobilization, mechani-
cal DVT prophylaxis, and chemoprophylaxis.
Limitations
This study is limited by lack of preoperative screening ul-

trasound, heterogeneous medication algorithm, and use of
preoperative anticoagulant agents. Patients were excluded
from analysis based on risk factor screening and clinical
factors; however, it was unknown whether or not patients
had a preoperative DVT. Further, the number of patients
receiving preoperative anticoagulation therapy limits our
study. The high incidence of preoperative anticoagulation
therapy may have decreased the true incidence of postoper-
ative DVT formation. Similarly, our chemoprophylaxis al-
gorithm contains 2 possible agents and patients received
dual antiplatelet therapy postoperatively that may have
had some influence on our results. A blinded, randomized
trial with preoperative screening ultrasound would lend val-
idity to our results. Although the above limits the strength of
our study and widespread generalizability at this time, we
believe this is an important starting point to assessing the ef-
ficacy of DVT prophylaxis regimens following CABG.
CONCLUSIONS
A comprehensive postoperative DVT prophylaxis

regimen, including early mobility, mechanical compression
devices, and chemoprophylaxis was associated with 0%
rate of DVT formation in low- and moderate-risk patients
undergoing CABG. Further, the rate of in-hospital VTE
events was 0.47%. These results are in contrast to recent re-
ports of DVT formation following CABG that range from 1
to 25%. We observed a low incidence of both VTEs and
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bleeding events. The observed in-hospital bleeding rate of
2.8% (6 out of 211) and DVT rate of 0% suggests a protocol
of chemoprophylaxis, sequential compression devices,
early mobilization, and dual antiplatelet therapy postopera-
tively is safe and effective in the prevention of DVT devel-
opment in low- and moderate-risk patients undergoing
CABG. However, future randomized studies would be
beneficial in strengthening our conclusions. Routine ultra-
sound screening before discharge, although effective in
diagnosis, is of questionable widespread utility due to
limited experiences and supporting data. Whether or not
the bleeding risk can be lowered by further refinements in
heparin or enoxaparin dosing remains for future studies.
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