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Abstract
Background The most common cause of mortality following bariatric surgery is venous thromboembolism. Our study aimed to
(1) determine the practice patterns of venous thromboembolism (VTE) chemoprophylaxis among bariatric surgeons participating
in a large statewide quality collaborative and (2) compare the results of surgeon self-reported chemoprophylaxis practices to
actual practices from abstracted chart data.
Methods We administered a 13-question survey to 66 surgeons across a statewide collaborative aimed at revealing VTE practice
patterns such as medication type, dosage, timing, duration, and level of trainee involvement (response rate 93%). We conducted
on-site data audits to examine the charts of all patients that had developed VTE during the study period and 15 other randomly
selected patient charts per site. We then evaluated both the ordered perioperative chemoprophylaxis and the actual administered
chemoprophylaxis from nursing and electronic records.
Results There was 31% overall discordance between self-reported and abstracted chart data for pre-operative VTE dosing
regimens. Among patients who had a VTE, 39% of administered chemoprophylaxis did not match surgeon responses.
Conversely, among patients who did not have a VTE, only 29% were discordant (p = 0.03). In contrast, for post-operative
VTE dosing, there was no significant difference in the rate of discordance in patients with and without a VTE (47% discordance
vs 38%, p = 0.0552, respectively).
Conclusions Greater discordance between surgeon self-reported and actual perioperative VTE chemoprophylaxis is associated
with significantly increased risk of VTE. Further understanding of the system characteristics associated with these practices may
yield insights into how best to improve appropriate VTE chemoprophylaxis.
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Introduction

Venous thromboembolism (VTE) is the most common cause
of mortality following bariatric surgery. Rates of deep vein

thrombosis (DVT) and pulmonary embolism (PE) in the
post-surgical setting may be as high as 5.4% and 6.4%, re-
spectively [1–4]. Given these risks, VTE chemoprophylaxis is
routinely recommended in the form of unfractionated heparin
(UFH) or low molecular weight heparin (LMWH). The three
most popular dosing regimens include giving UFH both pre-
operatively and post-operatively (UFH/UFH), giving UFH
pre-operatively and LMWH post-operatively (UFH/
LMWH), and giving LMWH both pre-operatively and post-
operatively (LMWH/LMWH). A large prospective study of a
statewide registry recently found that rates of VTE were sig-
nificantly lower when utilizing the LMWH/LMWH regimen
(0.25%; p < 0.001) [5].

Despite these results, significant variation remains among
bariatric surgeons regarding the type, dose, and duration of
chemoprophylaxis. Several organizations, at both the state
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and national levels, have provided guidelines regarding opti-
mal VTE chemoprophylaxis [6, 7]. However, there remains
ambiguity regarding the specifics of dosing, especially as to
which patients should be targeted for more aggressive chemo-
prophylaxis (i.e., extended post-discharge therapy). The lack
of detailed recommendations, combined with a growing trend
toward larger care teams and subsequent gap between attend-
ing surgeons and frontline providers, can lead to unexpected
outcomes. We hypothesized that discordance between sur-
geon self-reported prescribing patterns and actual adminis-
tered medication is associated with increased rates of VTE.

This study sought (1) to determine the practice patterns of
VTE chemoprophylaxis among bariatric surgeons participat-
ing in a large statewide quality collaborative across forty sites,
(2) to compare results of surgeon self-reported chemoprophy-
laxis practices to actual practices from abstracted chart data,
and (3) to determine if there was a correlation between trainee
participation in perioperative care and rate of discordance be-
tween the survey and chart data. A better understanding of the
link between discordance and any potentially associated in-
creased risk of VTE would be a valuable tool in investigating
how best to improve VTE chemoprophylaxis and translate
evidence-based guidelines into practice.

Methods

Study Population

Our study utilized clinical outcomes and survey data obtained
through the Michigan Bariatric Surgery Collaborative
(MBSC), a program which has been described in detail else-
where [5]. Briefly, the MBSC, a payer-funded quality im-
provement organization, maintains a statewide, prospective,
externally audited clinical outcomes registry. During the study
period, the MBSC consisted of 66 practicing bariatric sur-
geons from 39 sites across the state and performed an average
of 5883 surgeries annually.

Data Collection

We began by surveying the MBSC surgeons about their rou-
tine VTE chemoprophylaxis practices. The response rate was
93%. The survey consisted of 13 questions aimed at revealing
VTE practice patterns such as medication type, dosage,
timing, and duration (Appendix). We also included a question
regarding the level of trainee involvement in perioperative
care. Specifically, surgeons were queried as to whether they
“never worked with residents” or if they “sometimes/always
worked with residents.”

Then, to assess the level of concordance between surgeon
response and actual VTE prescribing patterns, we conducted
an in-depth chart review. During our regularly conducted

annual on-site data audits, we examined the charts of all pa-
tients that had developed VTE during the study period ranging
from September 13, 2011, to April 13, 2016, and 15 other
randomly selected patient charts across all 40 sites. The num-
ber 15 was selected in the context of data abstractor resource
availability given the large number of practice sites. There
were a total of 29,418 primary surgeries during the study
period. Only revision surgeries were formally excluded from
this study. We evaluated the actual administered VTE chemo-
prophylaxis from nursing and electronic inpatient records.

Primary Outcome

Our primary outcome was the occurrence of a VTE
event, defined as a physician’s diagnosis of a PE,
DVT, or portal vein thrombosis (PVT) requiring treat-
ment within 30 days following surgery. This data is
abstracted by trained data abstractors within each surgi-
cal practice. Additional demographic and outcome data
are abstracted and recorded in the registry [5]. Patient-
level data included age, BMI, gender, OR time greater
than 3 h, prior VTE, any history of smoking (recorded
as a binary variable), and procedure type.

Statistical Analysis

We assessed the degree to which surgeon reported prac-
tices and chart abstracted medication administration
practices were associated. We calculated percent concor-
dance as the number of cases where chart-abstracted
data and surgeon-reported results matched, divided by
the total number of cases. Discordance was defined as
number of cases where chart-abstracted data and
surgeon-reported survey data differed, divided by total
number of cases. For example, if a surgeon reported
using 40 mg of LMWH pre-operatively and 40 mg of
LMWH post-operatively, but the surgeon’s patient re-
ceived anything other than that combination, “discor-
dance” was recorded.

We then evaluated VTE rates based on degree of
concordance between self-reported and actual chemopro-
phylaxis regimens. We studied the association between
practice concordance and VTE event using chi-square
tests of association for both pre- and post-operative
VTE prophylaxis. Further, we used chi-square tests to
assess for associations between practice concordance
and patient characteristics including age, BMI, gender,
OR time greater than 3 h, history of prior VTE,
smoking history, and procedure type. To evaluate the
role of residents, we performed another set of chi-
square tests: one for pre-operative VTE prophylaxis
and a second for post-operative VTE prophylaxis. We
used a significance level of α = 0.05.
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Results

Surgeon VTE Chemoprophylaxis Practices

The surgeon survey revealed that 82% of surgeons use the
MBSC VTE risk calculator as a guide for prescribing prac-
tices. In the pre-operative setting, the most common chemo-
prophylaxis regimen was the administration of LMWH
(86.2%). Of those using LMWH for pre-operative prophylax-
is, the most common dose was 40 mg (66%) and the second
most common was 30 mg (29%). Of the remaining surgeons,
6.2% stated they used 5000 IU subcutaneous heparin, 6.2%
stated they did not utilize pre-operative pharmacologic pro-
phylaxis, and the remaining 1.4% stated they utilized a differ-
ent regimen. Post-operatively, we found that 97% of surgeons
used LMWH for VTE prophylaxis. Specifically, the most
common dosage was 40 mg once daily (37%) followed by
40 mg twice daily (27%) and 30 mg twice daily (25%). The
remaining 11% of surgeons using LMWH as post-operative
prophylaxis utilized a weight-based dosage. Only 3% of sur-
geons elected to give subcutaneous heparin as post-operative
VTE prophylaxis.

Regarding the timing of the post-operative dose, we found
that 55% of surgeons choose to administer VTE prophylaxis
the day after surgery, while 42% administer their prophylaxis
the night of surgery. Lastly, when post-discharge prophylaxis
is indicated, the survey demonstrated that the most common
regimen was LMWH 40 mg once daily (49%) followed by a
weight-based prophylactic LMWH dose (20%). Also, we
found that 54% of surgeons administer post-discharge prophy-
laxis for a duration of 8–14 days, 18% choose to administer
their post-discharge prophylaxis for 1–7 days, 11% for 15–
21 days, and 3% for 22–28 days.

Patient Characteristics

We evaluated several patient characteristics between the con-
cordant and discordant groups in the pre-operative and post-
operative settings. There were no significant differences in
patient characteristics between these groups pre-operatively
(Table 1). In the post-operative setting, procedure type was
the only characteristic that was identified to be significantly
different, with a higher percentage of adjustable gastric
banding in the discordant group and higher percentages of
gastric bypass and sleeve gastrectomy in the concordant group
(Table 2).

Chemoprophylaxis Practice Discordance Rates
and VTE

Per surgeon surveys, there is greater than 90% self-reported
compliance with the MBSC VTE chemoprophylaxis guide-
lines. However, there is significant discordance between

surgeon self-reported dosing practices and actual periopera-
tive ordered and administered VTE chemoprophylaxis. The
overall rate of VTE events during the study period was
0.4%. In the pre-operative setting, there were significant dif-
ferences in the practice discordance rates between patients
who developed a VTE and those who did not (39.0% vs
28.8%, respectively; p = 0.03). In contrast, in the post-
operative setting, the practice discordance rates between pa-
tients who developed a VTE and those who did not were not
significantly different (47.5% vs 37.9%, respectively; p =
0.0552) (Table 3).

To assess potential underlying causes of practice discor-
dance, we evaluated the degree to which trainees were in-
volved in perioperative care. We found an increased rate of
discordance seen in the pre-operative setting among those
surgeons who “sometimes or always work with residents”
(p < 0.0001) (Table 4). In the post-operative setting, we found
no significant difference in the rate of discordance based on
resident involvement.

Discussion

Our study found that the majority of surgeons in a large, state-
wide bariatric surgery quality collaborative utilize an
evidence-based approach to risk stratification and administra-
tion of VTE chemoprophylaxis. In the same cohort, there is
also a high rate of practice discordance between surgeon-
reported and actual, administered perioperative VTE chemo-
prophylaxis. Further, there is a significant association between
practice discordance and increased risk of VTE. Finally, prac-
tice discordance rates are associated with increased resident
involvement in pre-operative care.

Although there is no consensus on a specific dosing regi-
men for VTE chemoprophylaxis in bariatric surgery patients,
it is well-established and accepted that some form of chemo-
prophylaxis should be used in the perioperative setting [7].
Our data supports the results of both Pryor et al. and the
American Society for Metabolic and Bariatric Surgery
(ASMBS) such that nearly all (94%) of our respondents
agreed that some form of pre-operative chemoprophylaxis
was appropriate for patients undergoing bariatric surgery [8,
9]. More specifically, the updated 2013 position statement
from the ASMBS states that, for pre-operative prophylaxis,
it is “reasonable” to use LMWH 30–40 mg every 12 h or
UFH 5000 IU subcutaneously every 8 h [7]. Our data aligned
with this recommendation, with 88% of the surgeons
responding that they used 30–40 mg of LMWH. The variabil-
ity demonstrated by the other 12% of surgeons who belong to
the same quality collaborative, however, highlights the hetero-
geneity in practice patterns and underscores the lack of class I
evidence to guide decision making. This division between
recommended VTE prophylaxis and the actual practice
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patterns has been well-documented in the literature, specifi-
cally by the ENDORSE trial which showed that of surgical
patients at risk of VTE, only 58.5% received appropriate VTE
prophylaxis for their condition [10]. In fact, to date, there has
been no prospective, randomized clinical trial to determine
optimal VTE prophylaxis dosing or timing [11].

While additional studies focused on developing optimal
practice guidelines are still needed, there is data to suggest
when surgeons deviate from current practice recommenda-
tions, rates of VTE increase. For example, Lau et al. found
that when the percent of patients who were prescribed “appro-
priate” (as determined by adherence to a clinical decision sup-
port tool developed at Johns Hopkins Hospital), VTE prophy-
laxis improved from 89.4 to 95.4%, VTE rate dropped, and
preventable VTEs were eliminated completely [12]. The
MBSC has developed a similar decision support tool in order
to assist providers in choosing appropriate VTE prophylaxis;
however, adherence to the recommendations provided by the
MBSC clinical decision support tool is only 82%. Based on
the results from Lau and colleagues, this presents a potential
area for practice improvement.

In assessing other potential areas for improvement, it
is important to consider environmental factors that may
contribute to increased rates of VTE seen in the pres-
ence of discordance. For example, we found an in-
creased rate of discordance in pre-operative dosing seen
with MBSC surgeons who “sometimes or always work
with residents” as compared with those surgeons who
have no resident involvement (p < 0.0001). Optimizing
team communication and the use of established periop-
erative VTE protocols may help reduce the risk of VTE
in bariatric surgery patients. Several studies have de-
scribed the use of individualized feedback for residents
to optimize performance and adherence to established
guidelines [12, 13]. Specifically, Lau et al. found that
the implementation of a “scorecard plus individualized
resident coaching” method resulted in the percent of
residents prescribing appropriate prophylaxis for every
patient increasing from 45 to 78% [12]. Therefore,
building a component of VTE prophylaxis feedback into
an institution’s existing individualized resident feedback
network may prove valuable in reducing VTE rates.

Table 2 Post-operative patient characteristics grouped by presence of discordance and VTE incidence

Variable Discordance (248)
mean ± SD or % (N)

Concordance (377)
mean ± SD or % (N)

p value VTE (118)
mean ± SD or % (N)

No VTE (507)
mean ± SD or % (N)

p value

Age 45.9 ± 12 46.8 ± 11 0.3063 47.8 ± 11 46.1 ± 11 0.1518

BMI 48.2 ± 8 48.4 ± 9 0.7509 49.3 ± 9 48.1 ± 11 0.1672

Male gender 21.8 (54) 22.3 (84) 0.8812 27.1 (32) 20.1 (106) 0.1429

OR time > 3 h 5.7 (14) 5.0 (19) 0.7406 11.0 (13) 3.9 (20) 0.0020*

Prior VTE 7.3 (18) 7.4 (28) 0.9369 13.6 (16) 5.9 (30) 0.0042*

Smoking history 41.1 (102) 46.5 (175) 0.1829 42.4 (50) 44.9 (227) 0.6241

Procedure

Sleeve 72.6 (180) 76.9 (290) 61.9 (73) 78.3 (379)

RYGB 19.0 (47) 21.2 (80) 33.1 (39) 17.4 (88)

Band 8.1 (20) 1.59 (6) 0.0012* 5.1 (6) 3.9 (20) 0.0012*

They are all <0.05

Table 1 Pre-operative patient
characteristics grouped by
presence of discordance

Variable Discordance (193)
mean ± SD or % (N)

Concordance (433)
mean ± SD or % (N)

p value

Age 46.3 ± 11 46.5 ± 11 0.8953

BMI 47.8 ± 9 48.5 ± 9 0.3388

Male gender 20.7 (40) 22.6 (98) 0.5950

OR time > 3 h 4.2 (8) 5.8 (25) 0.4072

Prior VTE 6.7 (13) 7.6 (33) 0.7072

Smoking history 39.6 (76) 46.5 (201) 0.1071

Procedure

Sleeve 77.6 (149) 74.1 (321)

RYGB 20.8 (40) 20.1 (87)

Band 1.6 (3) 5.6 (23) 0.1310
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There were several limitations to this study. First, our
study population is limited to a single state and sur-
geons participating in a regional quality collaborative.
Therefore, this may limit the generalizability of our re-
sults. However, our patient population is similar to other
institutions across the country [14]. Second, discordance
data was presented as a binary variable (i.e., concordant
vs discordant). The results could benefit from increased
granularity regarding the specific type of discordant
event. For example, the scenario where a patient re-
ceives UFH instead of the prescribed LMWH is differ-
ent than one where the patient receives nothing. Both,
however, are recorded as discordant. Third, data on res-
ident involvement was recorded as “never” versus
“sometimes/always works with residents.” As a result
of examining this as a binary variable, we are unable
to analyze the potential effect of incremental resident
involvement. Fourth, smoking history was recorded as
a binary variable, including any history of smoking.
Recording the variable as such prevents any stratifica-
tion by pack-year quantity and does not allow the au-
thors to differentiate between current and former
smokers. Finally, when examining the link between pro-
cedure type and practice discordance rates in the post-
operative setting, we noted a higher rate of discordance

for adjustable gastric banding. Since adjustable gastric
banding has the lowest rate of VTE among the included
procedures, there was potential for the discordant group
to be biased and mask the full negative effects of dis-
cordance on VTE outcomes.

This study’s findings are of particular importance to
practicing bariatric surgeons given the significant mor-
bidity and mortality associated with VTE. Bariatric sur-
gery has been on the forefront of surgical safety with
drastic improvements over the last 20 years [15]. With
an ongoing obesity epidemic, the number of bariatric
procedures performed is expected to increase, and the
focus on safety must not be lost. Studies such as this
aim to provide a better understanding of the macro- and
micro-system characteristics of VTE prevention strate-
gies and to yield insights into how best to improve
appropriate VTE chemoprophylaxis. On the surface, this
study implies that by ensuring bariatric surgery patients
receive the VTE chemoprophylaxis protocol intended by
the surgeons’ routine practice pattern, VTE events might
be reduced. However, the practice discordance rates may
also be a surrogate for other problems in the perioper-
ative team approach to bariatric surgery. Additionally, a
work by Najjar and colleagues has demonstrated that a
systematic post-discharge VTE prophylaxis pathway was
associated with significantly fewer VTE events [16]. A
more focused evaluation of practices with high rates of
discordance, particularly regarding sites that implement-
ed a standardized bariatric pathway in the interim, may
yield further actionable data.

While this study was not able to determine an opti-
mal VTE prophylaxis, our ongoing work focuses on
identifying more precise and patient-specific dosing reg-
imens. We hope to introduce a more definitive chemo-
prophylaxis guideline for prevention of VTE in bariatric
surgery patients in the near future.

Table 4 The role of resident
involvement in rate of
discordance

Pre-operative dosing

Discordance N
(%)

Concordance N
(%)

Total p value

Never works with residents 120 (25.7) 347 (74.3) 467 < 0.0001
Sometimes/always works with

residents
71 (68.9) 32 (31.1) 103

Total 191 379 570

Frequency missing = 55

Post-operative dosing

Discordance Concordance Total p value

Never works with residents 191 (40.9) 276 (59.1) 467 0.3781
Sometimes/always works with

residents
47 (45.6) 56 (54.4) 103

Total 238 332 570

Frequency missing = 55

Table 3 Comparison of VTE versus no VTE differentiated by
discordance

Pre-operative discordance

Overall (192) VTE (46) No VTE (146) X2 p value

30.7% 39.0% 28.8% 4.667 0.0308*

Post-operative discordance

Overall (248) VTE (56) No VTE (192) X2 p value

39.7% 47.5% 37.9% 3.676 0.0552

They are all <0.05
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Appendix. Survey question sent
to participating MBSC surgeons

& Q1: Do you useMBSC’s Risk Calculator for VTE – (Y/N)
& Q2: Do you follow the MBSC guidelines for VTE pro-

phylaxis – (Y/N)
& Q3: Do you use sequential compression devices (SCDs)

for your patients – (Y/N)
& Q4: What do you give patients for VTE prophylaxis PRE-

operatively? (LMWH, 5000U Sub-Q Heparin, No
Pharmacologic Prophylaxis, Other)

& Q5: What dose of LMWH do you give PRE-operatively?
– (30mg, 40mg, weight-based prophylactic dose)

& Q6: What do you give patients for VTE prophylaxis
POST-operatively? – (LMWH Injection, Sub-Q Heparin)

& Q7: What dose of SubQ heparin do you use POST-
operatively – (500U q8hrs, 500U q12hrs)

& Q8:What dose of LMWH do you use POST-operatively –
(30mg once daily, 30mg twice daily, 40mg once daily,
40mg twice daily, weight-based prophylactic LMWH
and if so please specify)

& Q9: When is the first POST-operative dose of VTE pro-
phylaxis given? – (day after surgery, night of surgery,
other please specify)

& Q10: Do you give POST-DISCHARGE VTE prophylax-
is? – (Yes, always; Yes, if the MBSC guidelines for risk
recommend it; Yes, but I don’t use the MBSC risk param-
eters; No)

& Q11: What do you give patients for VTE prophylaxis
POST-DISCHARGE? – (LMWH 30mg twice daily,
LMWH 40mg once daily, LMWH 40mg twice daily,
LMWH Weight Based, Other)

& Q12: What duration of days do you give VTE prophylaxis
POST-DISCHARGE? – (1–7, 8–14, 15–21, 22–28, 29–35)

& Q13: Do you work with residents in your daily practice? –
(Never, Sometimes/Always)
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