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BACKGROUND: Venous thromboembolism (VTE) can be a devastating postoperative complication, with
about one-third of VTEs occurring post-discharge. We previously retrospectively evaluated
the Caprini VTE risk assessment model (RAM) in postoperative lung and esophageal cancer
patients, demonstrating that “high risk” patients were more likely to have a postoperative
VTE. In this study, we sought to implement the RAM protocol in thoracic surgical patients
to evaluate adherence, safety, and VTE outcomes.

STUDY DESIGN: This prospective cohort study at a large safety net hospital included all surgically treated
patients within the thoracic surgery division beginning in July 2014. Per RAM protocol,
patients with high risk scores were prescribed a total of 30 days of postoperative daily enox-
aparin prophylaxis, and moderate risk patients received a total of 10 postoperative days.
Adherence and outcome audits were conducted.

RESULTS: A total of 126 patients were included for analysis. Provider adherence to RAM score calculation
was 99.2% (125 of 126), with appropriate post-discharge prophylaxis prescribed in 96.0% of
cases. Twenty-four patients scored high risk (19.2%), 60 were moderate risk (48.0%), and 41
scored low risk (32.8%). Patient adherence to post-discharge enoxaparin prophylaxis was 97.2%.
The overall VTE rate was 2.3%, with no post-discharge VTEs or adverse bleeding events.

CONCLUSIONS: Implementation of a VTE risk assessment protocol with extended course prophylaxis in high
risk patients is safe and feasible for providers and thoracic surgical patients at a large safety net
institution with a diverse patient population. Follow-up studies are needed to assess efficacy of
the RAM in this surgical population. (J Am Coll Surg 2016;222:1019e1027. � 2016 by the
American College of Surgeons. Published by Elsevier Inc. All rights reserved.)
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Postoperative venous thromboembolism (VTE),
including pulmonary embolism (PE) and deep vein
thrombosis (DVT), remain significant preventable causes
of morbidity and mortality in surgical patients. Recent
studies suggest that more than one-third of postoperative
VTEs occur during the post-discharge period, with risk
persisting out to 90 days after surgery.1-5 Clinical trials
evaluating extended course low molecular weight heparin
with enoxaparin anticoagulation for up to 28 to 30 days
in abdominal and pelvic cancer surgical patients have
shown significant reductions in VTE rates by up to
60% at 30 days.6,7

The Caprini VTE risk assessment model (RAM) has
been evaluated in a number of surgical specialties as a de-
cision tool for determining appropriate chemoprophylaxis
http://dx.doi.org/10.1016/j.jamcollsurg.2015.12.003
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Abbreviations and Acronyms

DVT ¼ deep vein thrombosis
PE ¼ pulmonary embolism
RAM ¼ risk assessment model
VTE ¼ venous thromboembolism
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in surgical patients based on individual Caprini risk
score.8-12 A patient’s VTE risk factors can be used to iden-
tify a total risk factor score and Caprini risk category: low
risk (0 to 4 points), moderate risk (5 to 8 points), and high
risk (9 or more points).9 High risk patients per the RAM
are candidates for up to 30 days of postoperative chemo-
prophylaxis. At Boston Medical Center (BMC), Cassidy
and colleagues9 demonstrated that the RAM protocol, in
conjunction with an early mobility intervention, resulted
in 84% and 55% reductions in DVT and PE events,
respectively, in general and vascular surgical patients.9

The success of a postoperative VTE prevention pro-
tocol, including risk assessment and medication admin-
istration after discharge, requires commitment from
both providers and patients. In particular, patient non-
adherence to injected anticoagulant medications like
enoxaparin has been reported to be as high as 20% in
the community setting and in postoperative orthopae-
dic patients.13,14 Adherence patterns are less clear
among surgical patients treated at an urban safety net
hospital such as Boston Medical Center, which serves
predominantly low-income patients with complex so-
cioeconomic and cultural challenges to health literacy
and access to care.
Thoracic surgical patients, such as those with lung and

esophageal cancer, are among some of the most at-risk pa-
tients for postoperative VTE and related mortality
compared with other cancer surgical groups.15 We previ-
ously conducted retrospective evaluations of the Caprini
RAM in postoperative lung and esophageal cancer pa-
tients, demonstrating that the majority of VTEs occur
in patients stratified as high risk, with some events occur-
ring after hospitalization.3,16 These studies demonstrated a
5.2% postoperative VTE rate among lung resections for
cancer at our institution and a 14.3% VTE rate among
esophagectomy cases.

There are currently no consensus guidelines for VTE
risk assessment or extended course chemoprophylaxis in
thoracic surgical patients. In this study, implementation
of the Caprini RAM protocol was conducted in our
thoracic surgical division, and provider and patient adher-
ence were evaluated. Venous thromboembolism events
and adverse bleeding events in patients receiving extended
course prophylaxis were assessed.
METHODS
This prospective cohort study was approved by the Boston
University Institutional Review Board. All postoperative
patients within the thoracic surgery division at Boston
Medical Center were eligible for the study, and enroll-
ment began in July 2014. Informed consent for post-
discharge direct patient assessment was conducted at the
time of the first or second postoperative clinic visit
when one-on-one interviews were performed and medica-
tion adherence was evaluated.

The Caprini venous thromboembolism risk
assessment protocol

The Caprini risk assessment model is currently used
on the general and vascular surgical services at our
institution, where it has been prospectively evaluated
and modified from the original scoring system pub-
lished by Bahl and associates.8,9 The RAM is
comprised of about 40 VTE-related risk factors,
such as history of VTE, current cancer diagnosis,
recent surgery, and central venous access, each with
an assigned weighted score. Per current institutional
practice, risk assessment is performed by the provider
team throughout the patient hospitalization and most
critically, at the time of discharge. For patients at low
risk (Caprini scores 0 to 4), no post-discharge prophy-
laxis is prescribed. For moderate risk patients (score 5
to 8), 10 days of total prophylaxis (including inpatient
and outpatient days) is currently prescribed.9 For high
risk patients (scores � 9), 30 total days of prophylaxis
are recommended. If the patient length of stay exceeds
the recommended duration per the RAM protocol,
routine inpatient prophylaxis is provided up until
discharge, with no additional anticoagulation.
Currently, all patients on the thoracic surgical service
receive routine inpatient prophylaxis with subcutane-
ous heparin every 8 hours throughout the hospitaliza-
tion. Post-discharge prophylaxis is continued with
daily enoxaparin for the prescribed duration based
on the Caprini risk category.

Risk assessment model implementation: provider
education and electronic decision support

The Caprini VTE RAM is integrated into the electronic
medical record system (Epic) at our institution, and
many surgical residents are familiar with the scoring sys-
tem because they have rotated on other surgical services.9

Attending thoracic surgeons and physician assistants
were instructed on RAM use and recommendations,
and the protocol was reviewed with all rotating residents
on the service. Before discharge, VTE risk levels were
discussed with patients and caregivers, who received a
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copy of their Caprini RAM checklist with recommended
prophylaxis plan. Patients were prescribed post-
discharge enoxaparin and received both written and
one-on-one nursing instruction on medication adminis-
tration. Written materials summarize the purpose and
risks of anticoagulant medication and use step-by-step,
picture-based instructions reviewing enoxaparin admin-
istration. As a reflection of the diverse primary languages
used by our patient population, Spanish, Haitian-
Creole, Vietnamese, and Portuguese language instruc-
tions are also available.
Auditing

Provider adherence to the RAM protocol was monitored
via chart review for documentation of discharge Caprini
score and duration of extended course enoxaparin pro-
phylaxis as appropriate. Patient adherence was assessed
primarily at the first postoperative clinic visit (in some
cases, the second visit) via one-on-one interviews with
all postoperative patients enrolled in the study. A brief
knowledge assessment of VTE risk and prevention was
administered to both patients who received prophylaxis
and those who did not.
Signs and symptoms of post-discharge VTEs and

adverse bleeding events were evaluated at both the first
postoperative clinic visit and via chart review for up to
60 postoperative days, consistent with our previous
studies in lung and esophageal resection patients.3,16 The
definition of VTE was a symptomatic event with imaging
evidence (such as CT angiogram, duplex ultrasound, or
cardiac echocardiogram with symptoms highly suspicious
for PE) supporting the diagnosis. No screening duplex ul-
trasounds were performed.
Statistical analysis

This study evaluated adherence using descriptive statistics.
To determine the distribution of patients by Caprini risk
category at time of discharge, the 3 inpatient VTE cases
were excluded (because these patients were discharged
on therapeutic anticoagulation and did not need Caprini
risk assessment) as was 1 additional patient who did not
have a risk score calculated at discharge. An unpaired
t-test was used to compare VTE prevention knowledge
of patients who received inpatient enoxaparin teaching
before discharge on extended course prophylaxis to pa-
tients who did not receive additional anticoagulation.
The frequencies of postoperative VTE and adverse
bleeding events were assessed over the entire study
population.
RESULTS

Cohort characteristics

One hundred thirty patients were enrolled. Of these
patients, 4 were excluded from analysis for the following
reasons: preoperative VTE event on therapeutic anticoa-
gulation or with preoperative IVC filter placed (n ¼ 3)
and discharged on chronic therapeutic anticoagulation
for atrial fibrillation (n ¼ 1). A total of 126 patients
were subsequently included for Caprini risk assessment
and evaluation of adherence to anticoagulant prophylaxis,
3 of whom had an additional procedure during the study
period, for a total of 129 included surgical hospitaliza-
tions. Demographic variables and patient diagnoses are
shown in Table 1. The most common diagnoses were pri-
mary non-smallecell lung cancer (31.7%), gastroesopha-
geal reflux disease (27.8%), benign lung disease (8.0%),
and esophageal cancer (4.8%). Surgery case types, charac-
teristics of hospitalization, and discharge disposition are
listed in Table 2. Patients received routine inpatient anti-
coagulant prophylaxis (subcutaneous heparin 3 times a
day) in 99.2% of cases. The 1 case of nonadherence to
inpatient prophylaxis was due to patient preference and
resulted in less than 3 injections per day over a 5-day
period during the hospitalization.
Caprini risk assessment in thoracic surgical
patients

A total of 125 hospitalizations had calculated Caprini
scores at time of discharge (excluding 3 inpatient VTE
events and 1 case of provider nonadherence with Caprini
score calculation). A total of 24 (19.2%) patients were
high risk, 60 (48.0%) were moderate risk, and 41
(32.8%) were low risk (Table 3). Of the high risk pa-
tients, 92% (22 of 24) had a current cancer diagnosis.
All esophagectomy patients evaluated at discharge had a
high risk score (n ¼ 5), not including the 1 esophagec-
tomy patient who had an inpatient VTE event (because
this patient was discharged on treatment-dose enoxa-
parin). Among lung cancer patients undergoing resection
(n ¼ 37), 41.8% were high risk, 51.3% were moderate
risk, and 2.7% were low risk. This distribution does
not include the 1 lobectomy patient who had an inpa-
tient VTE, as well as 2 lung cancer patients who had a
procedure other than lung resection. None of the 15
lung resections for a benign diagnosis or metastasis
from a distant primary were scored high risk; however,
these comprised the majority of low risk lung cases
(n ¼ 8), with an additional 7 cases scoring as moderate
risk. The distribution of low, moderate, and high risk pa-
tients by surgical type is shown in Figure 1. Despite var-
iable lengths of stay among patients, 85.7% (72 of 84) of



Table 1. Baseline Cohort Characteristics (n ¼ 126)

Demographic characteristic Data

Age, y, mean (SD) 59 (16)

Female sex, n (%) 60 (47.6)

BMI > 30 kg/m2, n (%) 31 (24.2)

Diagnosis, n (%) (n ¼ 126)

Primary lung cancer 40 (31.7)

Adenocarcinoma 28 (22.2)

Squamous cell carcinoma 10 (8.0)

Carcinoid 2 (1.6)

Other lung 15 (11.9)

Metastasis from distant primary 3 (2.4)

Benign disease 12 (8.0)

Esophageal cancer 8 (4.8)

Reflux disease 35 (27.8)

Achalasia 5 (4.0)

Thymoma 1 (0.7)

Paraspinal phyllodes tumor 1 (0.7)

Other 21 (16.7)

Ethnicity, n (%)

African American 34 (26.5)

Asian or Pacific Islander 10 (7.8)

Hispanic 11 (8.6)

Caucasian 66 (52.3)

American Indian/Alaskan 2 (1.6)

Other 3 (2.3)

Preferred language, n (%)

English 100 (79.4)

Other 26 (20.6)

Highest education level, n (%)

8th grade or less 7 (5.6)

Some high school 27 (21.4)

Graduated high school/GED 50 (39.7)

Some college 13 (10.3)

Graduated college/postgraduate 17 (13.5)

None 11 (8.7)

Unknown 1 (0.8)

Employment status, n (%)

Employed 38 (30.2)

Unemployed 88 (69.8)

Insurance status, n (%)

Private 38 (30.1)

Medicaid 41 (32.5)

Medicare 39 (30.9)

Dual eligible (Medicaid/Medicare) 4 (3.2)

Other public 4 (3.2)

Table 2. Surgical Case Types and Postoperative Factors

Variable Data

n* 129

Surgical case type, n (%)

Lung resection 53 (41.1)

Pneumonectomy 3 (2.3)

Lobectomy 19 (14.7)

Sublobar resection (wedge/segment) 31 (24.0)

Hiatal hernia repair/fundoplication 32 (24.8)

Esophageal sphincter augmentation 7 (5.4)

Esophagectomy 6 (4.7)

Heller myotomy 5 (3.9)

Resection anterior mediastinal mass 6 (4.7)

Othery 20 (15.5)

Adherence to routine inpatient anticoagulant
prophylaxis, n (%)z 128 (99.2)

Mean length of stay, d (SD) 6.46 (7.27)

Hospital discharge disposition, n (%)

Home without additional services 77 (59.6)

Home with visiting nurse 43 (33.4)

Subacute rehabilitation 2 (1.6)

Long-term rehabilitation 1 (0.8)

Skilled nursing facility 5 (3.9)

Medical respite centerx 1 (0.8)

VTE-related outcomes, n (%)

Inpatient VTE 3 (2.3)

Post-discharge 60-d VTE 0 (0)

Adverse bleeding events on anticoagulation 0 (0)

*Values listed above include the 126 enrolled patients, 3 of whom had an
additional surgical hospitalization associated with their initial diagnosis
during the study period.
yTwo patients with diagnosed lung cancer did not undergo resection, these
included 1 open mediastinal lymph node dissection and 1 pleural biopsy for
occult metastatic lung cancer. Two esophageal cancer patients had advanced
disease and therefore did not undergo esophagectomy, but had laparoscopic
jejunostomy tube placement. These cases are accounted for under “Other”
surgical case type.
zRoutine inpatient prophylaxis includes subcutaneous heparin 3 times a
day. One case of nonadherence to inpatient prophylaxis was due to patient
refusal.
xAcute postoperative rehabilitation for homeless patients.
VTE, venous thromboembolism.

1022 Hachey et al Venous Thromboembolism Prevention J Am Coll Surg
patients in the high and moderate risk groups were
eligible for additional post-discharge prophylaxis days,
including 96% of high risk patients (23 of 24).
Venous thromboembolism outcomes and adverse
bleeding events

For chart review evaluation of VTE outcomes and adverse
bleeding events, the median duration of follow-up was
68.8 days (interquartile range [IQR] 20 days). The overall
VTE rate was 2.3% (3 of 129), with no outpatient VTE
events. Among all lung resections (n ¼ 53), the VTE rate
was 1.9%, and among lung resections for cancer (n¼ 38),
the VTE rate was 2.6%. Among patients having esopha-
gectomy for cancer (n ¼ 6), the VTE rate was 16.7%.
Inpatient events included a pulmonary thrombus near a



Table 3. Distribution of Cohort and Surgical Case Types by Caprini Risk Category

Caprini risk category

Cohort distribution by category, n (%) (n ¼ 125)*

Surgical case types n % within risk categoryn %

Low (0e4) 41 32.8 Lung resection 9 22.0

Esophageal fundoplication 14 34.1

Other 18 43.9

Moderate (5e8) 60 48.0 Lung resection 29 48.3

Esophageal fundoplication 15 25.0

Other 16 26.7

High (9þ) 24 19.2 Lung resection 14 58.3

Esophageal fundoplication 2 8.3

Esophagectomy 5 20.9

Other 3 12.5

*Three surgical cases are not included in the table because venous thromboembolism events occurred during the inpatient hospitalization and total pre-
discharge scores were not calculated. These included 1 lung resection, esophagectomy, and a revision esophageal fundoplication (classified as “Other” in
Table 2). An additional patient who underwent an esophageal fundoplication did not have a Caprini score calculated at discharge and is also not represented
the table.
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lobectomy staple line identified on CTPA (CT pulmo-
nary angiogram) for desaturation on postoperative day 5
in a patient with diagnosed squamous cell lung cancer.
Additional findings on CT were consistent with possible
aspiration pneumonia, and a lower extremity duplex ul-
trasound was negative for this patient. Nonetheless, the
patient did receive therapeutic anticoagulation, so this
case was included as a VTE event. A case of inpatient
pulseless electrical activity arrest with lower extremity
duplex ultrasound findings of DVT and echocardiogram
findings of right heart strain was identified on postopera-
tive day 31 in a patient who underwent minimally inva-
sive esophagectomy. A DVT event was diagnosed on
Figure 1. Percent of patients scoring low, moderate, and high risk
based on Caprini venous thromboembolism risk assessment by
surgery type (n ¼ 125). Three patients with inpatient venous
thromboembolisms (including 1 lung resection, revision esophageal
fundoplication, and esophagectomy) are not represented, as these
patients were discharged on therapeutic anticoagulation. An addi-
tional patient who did not have a score calculated at discharge is
also not included.
postoperative day 32 after a reoperative esophageal fundo-
plication. This patient is also the 1 case of nonadherence
to inpatient prophylaxis mentioned previously. A Caprini
score reflecting the total hospitalization was not calculated
before discharge in patients who had an inpatient VTE
because these individuals were actively being treated for
a VTE complication. There have been no adverse
bleeding events in patients receiving outpatient extended
course prophylaxis.
Provider and patient adherence to risk assessment
model protocol

Provider adherence is reported in Table 4. Caprini scores
were calculated at time of discharge in 99.2% (125 of
126) of eligible patients except for 1 patient hospitalized
for an esophageal fundoplication and discharged on post-
operative day 1. Nonadherence with recommendations
based on risk score was identified in 5 cases. Two cases
of nonadherence involved incorrect duration or no pro-
phylaxis, and 3 additional cases were related to provider
discretion and documented concerns for increased
bleeding risk.
For patient adherence evaluation during postoperative

clinic visits, the median time to evaluation from surgery
was 24 days (IQR 29 days). Among patients who were
discharged on additional prophylactic anticoagulation
due to elevated Caprini score, 97.2% (70 of 72) reported
completion of the prescribed regimen after hospital
discharge (Table 4). One case of nonadherence was due
to patient self-reporting of forgetting several doses and
the other case involved the discretion of the primary care-
giver for the patient, who did not think the patient needed
additional prophylaxis. Both patients had lung cancer di-
agnoses and included a minimally invasive sublobar



Table 4. Provider and Patient Adherence to Caprini Risk Assessment Model Protocol and Extended Course Anticoagulant
Prophylaxis

Quality metric Frequency, %

Provider adherence with Caprini risk assessment and recommendations (n ¼ 126)*

Care team performed Caprini risk assessment before discharge. 99.2% (125 of 126)

Care team prescribed appropriate prophylaxis based on score. 96.0% (120 of 125)y

Patient adherence to prophylaxis recommendations (n ¼ 72)z

Patient attests to administering all prescribed doses of anticoagulation after hospital discharge. 97.2% (70 of 72)

Patient demonstrates comprehension of purpose for extended course prophylaxis after discharge.x 69.4% (50 of 72)

*Excludes the 3 patients with inpatient venous thromboembolism events who were discharged on therapeutic anticoagulation.
yA Caprini score was not calculated for 1 patient before discharge and therefore is not included for assessment of appropriate prophylaxis based on score.
zSample includes total number of patients discharged on additional chemoprophylaxis.
xPatients who were able to explain that the anticoagulant is used to prevent DVT or PE were counted as demonstrating comprehension.
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resection in the first patient and a pleural biopsy in the
second case for occult stage IV disease identified intrao-
peratively. Both patients were moderate risk by Caprini
stratification and neither had a postoperative VTE event.
Despite acceptable adherence, only 69.4% (50 of 72) of

patients discharged on prophylaxis could explain that
extended course prophylaxis was prescribed to prevent
DVT and/or PE. In addition, only 62.5% could identify
bleeding as a risk of anticoagulation (45 of 72). Regarding
the symptoms and complications of blood clots (Table 5),
the percentage of patients correctly answering each of the
questions ranged from 59.7% to 75%, without significant
difference in the rate of correct responses compared with
patients who were not sent home on VTE prophylaxis
(n ¼ 54; p ¼ 0.55).
Table 5. Patient Venous Thromboembolism Knowledge
Assessment Performed at First Postoperative Clinic Visit

Question Answer choices

1. The most important reason to prevent
and treat blood clots in the legs is to
reduce the risk of (choose one of the
following):

a. Serious bleeding
complications

b. Falls
c. Blood clots in the
lungs*

d. Life-threatening
infection

2. Patients diagnosed with a clinically
significant (requiring treatment) deep
vein thrombosis, or blood clot in the
leg, are most likely to experience
which of the following symptoms
(choose one of the following):

a. Muscle spasms
b. Shooting pains
c. Leg swelling*
d. Redness

3. Patients who develop a blood clot in
the lungs may have which of following
signs or symptoms?

a. Shortness of breath
b. Upper back pain
c. Chest pain
d. Coughing up blood
e. All of the above*

4. A risk of blood thinner medication is: a. Headache
b. Diarrhea
c. Bleeding*
d. Seizure

*Correct answer.
DISCUSSION
This ongoing prospective study on the prevention of
postoperative VTE in thoracic surgical patients demon-
strated that implementation of the Caprini RAM pro-
tocol is feasible for both providers and postoperative
surgical patients at an urban safety net hospital and
safe without bleeding complications so far. Further-
more, performing comprehensive risk assessment influ-
enced post-discharge management in a significant
number of patients evaluated by the RAM, including
96% of those deemed high risk.
Six cases of provider nonadherence have been identi-

fied during the study period so far, including 3 early
cases of either no score calculation or incorrect applica-
tion of RAM recommendations based on the score.
This may be due in part to the recent transition to a
new electronic record and reintegration of the elec-
tronic Caprini VTE checklist, which initially did not
have risk-based recommendations included. Nonethe-
less, enoxaparin dosing and durations based on Caprini
risk scores were clarified within the division after an
initial audit, and subsequent nonadherence events
shifted to cases of provider discretion based on con-
cerns for increased bleeding in some patients. The trend
toward increasing provider adherence over time is
consistent with previously reported observations of
implementation of the RAM on the general and
vascular surgical services at our institution, where
high rates of provider adherence were observed.9

Our published retrospective studies on VTE rates and
Caprini risk assessment in lung and esophageal cancer pa-
tients at our institution helped define the potential for
quality improvement in postoperative VTE screening
and prevention.3,16 In a retrospective review of 232 lung
resections for cancer identified over an 8-year period,
we found a 5.2% VTE rate, with one-third of VTEs
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occurring post-discharge.3 Additionally, among 70 esoph-
agectomies for cancer, a 14.3% postoperative VTE rate
was identified.16

With prospective implementation of the RAM proto-
col, provider education, an electronic decision support
tool, and intermittent audits were vital to ensuring appro-
priate use of and adherence to the RAM protocol. These
elements of successful quality improvement initiatives
have been well described and reinforce the importance
of a multifactorial approach.9,17-19 Our preliminary out-
comes demonstrate the safety of extended course prophy-
laxis among thoracic surgical patients and a reduction in
the VTE rate among lung resections for cancer by half
(from 5.2% to 2.6%), with no post-intervention outpa-
tient VTE complications.
Clinical trials such as the Enoxacan II trial have demon-

strated safety and efficacy of VTE prevention through
extended course 30-day enoxaparin prophylaxis in select
high risk post-surgical patient groups.6,7,9,20 In a recent study
by Schmeler7 at MD Anderson Cancer Center, 30-day
extended course prophylaxis was evaluated in gynecologic
oncology patients and demonstrated a 78% reduction in
postoperative VTEs in this population (from 2.7% to
0.5%). Via phone interviews and patient self-report, this
group identified a 79% adherence rate with enoxaparin pro-
phylaxis, with the majority of nonadherence cases involving
1 to 5missed doses.7 Adherence to injection of lowmolecular
weight heparin prophylaxis by surgical patients during the
early postoperative period merits attention given its cost
and impact on the success of a VTE prevention protocol.
Previous studies on patient medication use describe a

diverse set of risk factors for nonadherence.21-24 Valle
and Ho22 provided a useful framework for understanding
factors that influence patient adherence, including indi-
vidual patient factors (age, ethnicity), socioeconomic sta-
tus (education level, health literacy), the medical
condition for which the medication is prescribed (pres-
ence or absence of symptomatic cues), treatment charac-
teristics (complexity of administration and side effects),
and health system-related factors (quality of provider-
patient communication, care continuity).22 The stress of
undergoing a surgical hospitalization may further height-
en the challenges to ensuring adherence, especially to an
injection anticoagulant used for prevention in asymptom-
atic at-risk patients.
Despite significant variation in socioeconomic and cul-

tural factors among patients treated in our thoracic sur-
gery division, this study demonstrated high rates of
adherence to prophylactic anticoagulation after discharge,
supporting the general applicability of this VTE preven-
tion protocol and suggesting that it is acceptable to pa-
tients. Patient insurance status did not limit the ability
to obtain extended course enoxaparin in any cases. Inter-
estingly, patient VTE knowledge at the postoperative
clinic visit was not a predictor of adherence in this study.
We hypothesize that comprehension regarding VTE risk
before discharge may be a more accurate predictor of
adherence outcomes.
The 2 identified cases of patient nonadherence may

serve as case studies for how post-discharge patient care
pathways may fail despite best efforts. One case of nonad-
herence involved a 68-year-old patient who lived alone
and underwent lobectomy for a suspicious lung nodule.
Visiting nurse services had been arranged for home care,
yet the patient reported missing chemoprophylaxis doses
on days when a nurse did not have a scheduled visit. In
the second nonadherence case, a 53-year-old non-
English speaking patient did not receive any chemopro-
phylaxis post-discharge due to decisions made by her
family caretaker and loss of coverage for visiting nurse ser-
vices that had been arranged by the hospital. Clearly a lack
of social support at home, language barriers, degree of
health literacy, and potential cultural factors can influence
adherence and caretaker decision-making. Nonetheless,
the vast majority of study participants were adherent, sug-
gesting that this VTE prevention protocol is acceptable to
patients regardless of differences in language, health liter-
acy, and cultural background.
In this diverse thoracic surgical population, almost all pa-

tients deemed high risk had a cancer diagnosis, including
the 3 “other” procedures: openmediastinal lymph node bi-
opsy for a known primary lung adenocarcinoma, thymec-
tomy for thymoma, and thoracoplasty after recent
pneumonectomy for primary lung squamous cell carci-
noma. The 2 patients with esophageal fundoplications
who scored high risk both had a previous VTE history
and underlying risk factors such COPD that placed them
at high risk based on the Caprini scoring system.
Consistent with our published retrospective study on

Caprini risk assessment in esophageal cancer patients, all
esophagectomy patients in this study were high risk at
the time of discharge, and 1 additional patient had a diag-
nosed DVT in the setting of pulseless electrical activity ar-
rest during the hospitalization. Esophageal cancer patients
have high scores in large part due to their present cancer
diagnosis, preoperative chemotherapy, and prolonged
operative times. Findings hint that perhaps all esophagec-
tomy patients should receive extended course 30-day pro-
phylaxis, as is currently recommended after surgery for
abdominal and pelvic cancers, particularly because the re-
ported postoperative VTE rates in esophageal cancer pa-
tients are high outliers.25

The distribution of lung cancer patients by risk cate-
gory was also similar to that in our previously published
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retrospective analysis, which demonstrated that the major-
ity of VTE events occurred in patients stratified as high
risk.3 Given the fact that about 60% of lung resections
for cancer in both our retrospective study and current pro-
spective study did not score as high risk, these patients
may perhaps be spared 30-day prolonged prophylaxis,
and supports continued risk assessment of this thoracic
surgical group.
Findings suggest that although the majority of surgical

hospitalizations for noncancer diagnoses do not result in
high risk scores, continued risk stratification in thoracic
surgical patients may be prudent until larger follow-up
studies better define the risk associated with other proce-
dures such as fundoplication, myotomy, esophageal
sphincter repair, and thymectomy. These patients may
still have underlying risk factors or acquire postoperative
complications, such as sepsis or prolonged reintubation,
which do place them at a higher risk of VTE at time of
discharge.
Strengths of this study include prospective assessment

of adherence through firsthand contact with patients at
postoperative clinic visits; however, it is possible that
some patients inaccurately reported their degree of adher-
ence. Additionally, the Caprini RAM was already inte-
grated into the electronic medical record at our
institution, so provider adherence rates may not be gener-
alizable to interventions that do not include an electronic
scoring system. Because no screening ultrasounds or tests
were performed during the postoperative period, the over-
all true incidence of VTE in this cohort, including occult
events, may be under-reported. Furthermore, 60-day
VTE event monitoring was conducted by institutional
chart review, which is practical for most patients, but
may lead to under-detection of VTEs that are diagnosed
and treated at other institutions. Given the small prospec-
tive cohort size with multiple surgical types, statistical
evaluation of outcomes is limited in this study, and it is
unclear if reductions in VTE are truly a result of the
extended course prophylaxis intervention. However, these
early outcomes are supported by other studies examining
safety and efficacy in other surgical populations. There-
fore, future efforts will likely involve a multicenter
evaluation to more thoroughly assess pre- and post-
intervention VTE rates among commonly performed
procedures.
CONCLUSIONS
This is the first prospective evaluation of the Caprini
RAM protocol in thoracic surgical patients. Successful
implementation with adequate provider and patient
adherence was identified, and continued risk assessment
across case types appears justified in order to identify
those at high risk for VTE who may benefit from
extended course prophylaxis. Subsequent long-term eval-
uation will assess VTE outcomes in a larger study
population.
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Invited Commentary
Bruce Leavitt, MD, FACS, A Larson Erb, MD

Burlington, VT

With great interest, we were recently afforded the
opportunity to provide commentary on “Prevention of
postoperative venous thromboembolism in thoracic
surgical patients: implementation and evaluation of a
Caprini risk assessment protocol,” by Dr Krista Hachey
and colleagues from Boston University. Postoperative
thromboembolic events remain a major source of morbidity
and mortality in thoracic surgery patients. Hachey and col-
laborators should be commended for successfully adapting
and then adopting a risk-assessment model that includes
an intervention.Not only were they highly successful in pro-
vider adherence (99.2%), but they report a patient compli-
ance rate of 96%.
There are a few areas that need further clarification.

First, they reported that patients were discharged with a
0-, 10-, or 30-day course of daily injectable enoxaparin
and that patient insurance status did not limit the ability
to obtain extended course enoxaparin in any instance.
Does that mean that all patients were insured and the
enoxaparin was covered in order to be affordable, or did
some patients have to pay out of pocket for the media-
tion? At our hospital, a 30-day course for an uninsured
patient paying out of pocket is $779. This high cost could
be a barrier to implementation of outpatient venous
thromboembolism (VTE) prophylaxis in some of our
poorer patients.
Second, they reported a reduction in the rate of

VTE after lung resection from 5.2% to 2.6%. Were
these findings statistically significant and did the earlier
5.2% rate have some component of post-discharge
incidence?
Ultimately the question is one of both risk benefit and cost

benefit. This study has done an excellent job at starting to
demonstrate that postoperative VTE prophylaxis in thoracic

http://refhub.elsevier.com/S1072-7515(16)00242-8/sref8
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref8
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref8
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref8
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref9
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref9
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref9
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref9
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref9
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref9
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref10
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref10
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref10
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref10
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref11
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref11
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref11
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref11
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref12
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref12
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref12
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref12
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref13
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref13
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref13
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref13
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref13
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref14
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref14
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref14
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref14
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref14
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref15
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref15
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref15
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref15
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref16
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref16
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref16
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref16
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref17
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref17
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref17
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref17
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref17
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref18
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref18
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref18
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref18
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref18
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref19
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref19
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref19
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref19
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref19
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref19
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref20
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref20
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref20
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref20
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref20
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref20
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref21
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref21
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref21
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref21
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref22
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref22
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref22
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref23
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref23
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref23
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref23
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref23
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref24
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref24
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref24
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref24
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref24
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref25
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref25
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref25
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref25
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref25
http://refhub.elsevier.com/S1072-7515(16)00242-8/sref25

	Prevention of Postoperative Venous Thromboembolism in Thoracic Surgical Patients: Implementation and Evaluation of a Caprin ...
	Methods
	The Caprini venous thromboembolism risk assessment protocol
	Risk assessment model implementation: provider education and electronic decision support
	Auditing
	Statistical analysis

	Results
	Cohort characteristics
	Caprini risk assessment in thoracic surgical patients
	Venous thromboembolism outcomes and adverse bleeding events
	Provider and patient adherence to risk assessment model protocol

	Discussion
	Conclusions
	Author Contributions

	Acknowledgment
	References


