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between the two groups (34.8 vs. 33.1 h, p = 0.34). Lastly, 
sequential compression device (SCD) documentation rate 
was not different: 68/116 (58.6 %) vs. 44/87 (50.6 %), 
p = 0.32, between the two arms. Low adherence to the 
American College of Chest Physician (ACCP) guidelines 
for VTE prophylaxis correlated with an increase in hospi-
tal acquired VTE. The decreased adherence may be linked 
to a lower VTE risk assessment rate, and other barriers 
including incorrect identification of contraindications to 
pharmacologic prophylaxis, and poor documentation of 
mechanical prophylaxis. There was no difference in SCD 
documentation rate and timeliness to administration of ini-
tial thromboprophylaxis between the two groups. Future 
studies are needed to reassess adherence and documenta-
tion rates after system-wide improvements.
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Introduction

Venous thromboembolism (VTE) remains the number 
one preventable cause of hospital-acquired morbidity and 
mortality [1]. Each year, more than 12  million hospital-
ized patients are at risk for VTE [2]. In the United States 
of America (USA), medical costs related to an acute VTE 
is estimated to be around $33,000, over 1 year per case 
[3]. Additionally, complications such as recurrent VTE, 
post-thrombotic syndrome, bleeding, and heparin-induced 
thrombocytopenia add to this economic burden [3–5].

In an attempt to mitigate morbidity, mortality, and medi-
cal costs related to thromboembolic disease, evidence-
based guidelines were published for prevention of VTE [6]. 
Effective prophylaxis requires prompt administration of the 

Abstract  Venous thromboembolism (VTE) remains the 
number one preventable cause of hospital acquired mortal-
ity and morbidity. Each year, more than 12 million patients 
are at risk for VTE. The delivery of appropriate and timely 
VTE prophylaxis is still suboptimal in many healthcare 
institutions and can lead to increased readmissions, mor-
bidity, as well as costs. To clarify this issue further, we 
performed a retrospective case control study at our institu-
tion to determine if poor adherence to the VTE prophylaxis 
guidelines could lead to an increase in VTE events. This 
was a retrospective case control study conducted at Win-
throp-University Hospital from January 2007 to Decem-
ber 2011. Exclusion criteria were age < 18 and concurrent 
use of anticoagulant agents. Out of 322 cases of hospital 
acquired VTE or readmission with VTE within 30 days of 
discharge, 289 cases were selected for final analysis and 
paired with age and sex matched controls. Patients with a 
hospital acquired VTE or a readmission for VTE within 30 
days of discharge had a significantly reduced rate of VTE 
prophylaxis when compared to the control group (54.0 vs. 
79.2 %, p < 0.0001). The VTE risk assessment rate was also 
lower in the VTE group (77.2 vs. 85.5 %, p = 0.035). No dif-
ference was noted in the time to prophylaxis administration 
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Study population

The study included all patients ≥ 18 years of age, who had 
an objectively confirmed pulmonary embolism (PE) or deep 
venous thrombosis (DVT), while hospitalized. Patients who 
were re-hospitalized due to VTE within 30 days of dis-
charge were identified using diagnosis codes and included 
in our study. Patients already on therapeutic anticoagulation 
or initiated on therapeutic anticoagulation immediately at 
admission were excluded from the study.

Outcomes

Primary outcome for the study was to determine whether 
low adherence to the ACCP guidelines for VTE prophylaxis 
lead to increased VTE events. Secondary outcomes included 
rate of risk assessment for VTE, time to initial VTE prophy-
laxis administration, and documentation rate of mechanical 
VTE prophylaxis.

Data collection

Data was collected from electronic medical records and 
chart review. Appropriateness of VTE prophylaxis was 
defined by ACCP guidelines and considered acceptable 
only when administered and documented within the first 
24 h of admission. Dosages and types of VTE prophylaxis, 
contraindications for VTE prophylaxis, along with risk fac-
tors associated with VTE were collected. Patient refusal of 
VTE prophylaxis was also documented. Patients that did not 
receive VTE prophylaxis despite a physician order, were 
classified as intention to prophylax. Rate of risk assessment 
was calculated via recording of attestation on departmental 
specific VTE risk assessment forms by the admitting physi-
cian. Documentation of mechanical prophylaxis was deemed 
sufficient only when documented on nursing records.

Statistical analysis

A sample size of 251 cases per arm was deemed necessary 
to satisfy a power of 95 % with an α value of 0.05. Rate of 
VTE prophylaxis administration was estimated at 60 % in 
the VTE arm and 75 % in the control arm. These estimates 
were extrapolated from earlier unpublished data, from a 1 
year pilot study. Approximately 50 cases of hospital acquired 
VTE occurred in 1 year, thus it was estimated that 5-years of 
data was necessary to acquire the required sample size.

Statistical analysis were performed using Chi square test 
for categorical variables and two tailed t test for continuous 
variables. Statistical significance was considered at p values 
<0.05. All calculations were performed on GraphPad InStat 
(GraphPad Software Inc, La Jolla CA USA).

proper prophylactic agent(s), based on the patient’s risk fac-
tors for VTE, weighted against their bleeding risk. Attention 
to adequate dosing and appropriate duration of prophylaxis 
is also necessary. Despite efforts to enforce these guidelines, 
studies have consistently shown very poor rates of adher-
ence towards VTE prophylaxis [7, 8]. The IMPROVE trial 
demonstrated that, only 60 % of 15,156 medical patients 
from 12 countries meeting the American College of Chest 
Physicians (ACCP) criteria for VTE prophylaxis actually 
received it [9]. The ENDORSE study involving 35,329 
patients across 32 countries reported that only 58.5 % of sur-
gical patients and 38.5 % medical patients meeting ACCP 
guidelines were administered VTE prophylaxis [10].

Immobility is a widely-recognized risk factor for VTE. 
In elderly hospitalized patients with risk factors for throm-
boembolic disease, even short periods of immobilization 
can predispose to VTE [11]. Hence, delays in inpatient pro-
phylaxis administration may correlate with increased VTE 
events. To examine this, we designed a case control study to 
evaluate the appropriateness and timeliness of initial throm-
boprophylaxis in patients admitted between January 2007 
and December 2011, who sustained a documented hospital-
acquired VTE, or were readmitted for a VTE within 30 days 
of discharge.

Materials and methods

Study design

This study was undertaken at Winthrop-University Hos-
pital, a 591-bed university affiliated teaching hospital. All 
cases of hospital acquired (symptomatic and asymptomatic) 
VTE or readmissions with VTE within 30 days of discharge 
between January 2007 and December 2011 were identified 
retrospectively. Hospital acquired VTE was defined as VTE 
diagnosed objectively by doppler ultrasound, ventilation/
perfusion lung scan and/or computed tomographic pulmo-
nary angiography (CTPA) in patients initially admitted with 
signs and symptoms not suggestive of VTE. Patients were 
stratified according to VTE risk categories based on the 8th 
edition of the ACCP guidelines and evaluated for appropri-
ateness of VTE prophylaxis on admission. Cases were clas-
sified as having low risk, moderate risk or high risk for VTE 
according to published data on the rate of DVT prevalence 
observed in each patient group, and further subcategorized 
based on additional risk factors and bleeding risk as per the 
ACCP guidelines [12]. Utilizing the same guidelines, every 
effort was made to match control cases from admissions in 
2011 to the VTE cases by age, gender and VTE risk cat-
egory. The protocol and study design was approved by the 
institutional review board (IRB) and the ethics committee.
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arm (n = 17, 5.9 %) (p = 0.012). In two of the 50 VTE cases, 
an absence of VTE prophylaxis was acceptable (low-risk 
group). Of the 48 remaining cases, twelve did not have their 
VTE risk assessment form completed, and two others did 
not have a VTE risk assessment opportunity. Thus, 71 % had 
a VTE risk assessment performed, and still had no VTE pro-
phylaxis ordered. Meanwhile, there were seventeen cases in 

Results

322 cases of hospital acquired VTE or readmissions for VTE 
within 30 days were identified between January 2007 and 
December 2011. One case was excluded due to age and two 
cases due to missing data. 30 patients were excluded either 
secondary to pre-existing use of therapeutic anticoagulation 
or its immediate administration upon admission. Therefore, 
289 cases were eligible for analysis, and control cases were 
matched against these cases and stratified by age, gender, and 
risk category (Table  1). Demographic attributes including 
age (p = 0.68) and sex (p = 0.70) were adequately matched.

Significantly fewer patients with a hospital acquired 
VTE or a 30 day readmission with VTE were administered 
prophylaxis when compared to controls (54.0 vs. 79.2 %, 
p < 0.0001) (Table  1). There was also a significant differ-
ence in the VTE risk assessment rate between the VTE and 
the control arms (77.2 vs. 85.5 %, p = 0.035).

Despite differences in appropriateness or rate of prophy-
laxis assessment, no difference was noted from time of pre-
sentation in the emergency department (ED) to prophylaxis 
administration between the two groups (34.8 vs. 33.1  h, 
p = 0.34). Finally, sequential compression device (SCD) 
documentation rate was not different between the VTE and 
control groups; 68/116 (58.6 %) and 44/87 (50.6 %) respec-
tively (p = 0.32) (Table 1).

Post-hoc subset analysis

Thromboprophylaxis adherence rates by subgroup are 
depicted in Fig.  1. There was no statistically significant 
difference between the different risk groups except for the 
cardiothoracic group. In the cardiothoracic group, appropri-
ate VTE prophylaxis was administered in 7.7 % of the cases 
who subsequently sustained a VTE, well below the compos-
ite rate of 54 %. Meanwhile, the control group adherence 
rate was only 46 %, also well below the composite rate of 
79 %.

The subset of patients who were either actively bleeding 
or were at high risk for bleeding were categorized as high 
bleed risk, and pharmacologic prophylaxis was contraindi-
cated; thus mechanical prophylaxis alone would have been 
sufficient to satisfy the guidelines. There was no difference 
in the adherence rates between the two groups in this cat-
egory (40.5 vs. 45.9 %, p = 0.08). In keeping with aforemen-
tioned data on SCD documentation rates, there was a high 
rate of cases lacking documentation of mechanical prophy-
laxis in both groups (40.5 vs. 51.4 %, p = 0.08).

Prophylaxis choice and contraindications

There were more cases with no prophylaxis ordered in the 
VTE arm (n = 50, 17.3 %) when compared to the control 

Table 1  Patient characteristics among those who did and did not 
receive guideline directed VTE prophylaxis including primary and 
secondary endpoints

VTE cases 
(n = 289)

Control 
cases 
(n = 289)

p value

Patient characteristics
Sex 0.70

Male 122 (42.2 %) 128 (44.2 %)
Female 166 (57.4 %) 161 (55.7 %)

Age (median) 69 (±16.7) 69 (±14.5) 0.68
VTE risk categories

Medical moderate 105 (36.3 %) 105 (36.3 %)
General surgery 55 (19 %) 55 (19 %)
Neurosurgery 32 (11.1 %) 32 (11.1 %)
Elective spinal surgery 12 (4.2 %) 12 (4.2 %)
Orthopedic surgery 26 (9.0 %) 26 (9.0 %)
Cardiothoracic surgery 13 (4.5 %) 13 (4.5 %)
High bleed risk 37 (12.8 %) 37 (12.8 %)
Low VTE risk 9 (3.11 %) 9 (3.11 %)

Primary and secondary end 
points
Received VTE prophylaxis 

per guidelines
Yes 156 (54 %) 229 (79.2 %) <0.0001
Intended to prophylax 32 (11.1 %) 34 (11.8 %)
No 101 (34.9 %) 26 (9.0 %)

VTE risk assessment 0.035
Yes 223 (77.2 %) 247 (85.5 %)
No 61 (21.1 %) 38 (13.1 %)
No assessment opportunity 5 (1.7 %) 4 (1.4 %)

Timing of VTE prophylaxis 
administration

0.34

Triage to ED 1.17 h 1.63 h
ED to prophylaxis order 14.04 h 12.33 h
Prophylaxis order to 

administration
16.71 h 21.00 h

Triage to prophylaxis 
administration

34.79 h 33.06 h

SCD documentation ratea 0.32
Yes 68 (58.6 %) 44 (50.6 %)
No 48 (41.4 %) 43 (49.4 %)

VTE venous thromboembolism, ED emergency department, SCD 
sequential compression device
aSCD documentation rate: VTE n = 116, control n = 87
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Whereas 14 of the 17 (82 %) control arm cases were either 
medicine or of low VTE risk, only 26 of the 50 cases (52 %) 
were in the above mentioned two categories in the VTE 
arm. This indicates that there were more cases in the VTE 
arm that were admitted to the surgical service and thus, were 
at a higher risk for VTE. This highlights the difficult balance 
a physician must make to address the thrombotic risk inher-
ent with surgery and yet at the same time, also address the 
risks of excessive bleeding, while administering pharmaco-
logic prophylaxis.

Barriers to decreased adherence for VTE prophylaxis are 
summarized in Table 3. Many cases in the VTE arm were 
labeled as ‘high risk for bleeding’ but were not in fact ‘high-
risk’. For example, a patient with a history of ulcerative 
colitis (a known hypercoagulable condition) without symp-
toms of exacerbation was listed as high bleeding risk. In 
twelve other cases, patients admitted for surgery were also 
assessed as high bleeding risk, but in review did not have an 
identifiable risk factor. Additionally, there were five other 
cases who did not receive pharmacologic prophylaxis as 
they needed to undergo same-day procedures such as elec-
tive cardiac catheterizations or pacemaker implantations. 
In nearly every instance, the VTE risk assessment was per-
formed and accurately completed. As the risk assessment 
form was a paper worksheet and orders were written elec-
tronically, this allowed practitioners to deviate from estab-
lished guidelines.

the control arm without prophylaxis, but it was acceptable 
in five cases (low-risk group). Among the remaining twelve 
cases, seven did not have their VTE risk assessment form 
completed, and one did not have a risk assessment opportu-
nity, signifying a meagre 25 % risk assessment rate.

The most common reasons for contraindication for pro-
phylaxis in the VTE group were active bleeding (16.3 %), 
high-risk of bleed (11.4 %) and impending procedure (9.0 %) 
vs. active bleeding (12.3 %), impending procedure (10.4 %) 
and low-risk of thrombosis on assessment (6.6 %) in the 
control group (Table 2). Of note, “same day discharge” was 
recorded as a contraindication in five patients who suffered 
a VTE event. 77 of VTE cases and 64 of control cases did 
not have a documented contraindication for prophylaxis.

Barriers to guideline adherence

Upon review, there were a high number of cases without 
any VTE prophylaxis ordered, 17.3 % and 5.9 % in the 
VTE and control arms respectively. Adjusting for guideline 
adherence, 16.6 % (48/289, VTE group) and 4.2 % (12/289, 
control group) were inappropriately admitted without VTE 
prophylaxis. Most of the 48 patients in the VTE arm had 
VTE risk assessment (34/48, 71 %), and this figure is similar 
to the composite rate of 77.2 %. Meanwhile, the control arm 
had a very low risk assessment rate (4/12, 25 %). Upon fur-
ther review, the VTE risk group composition was different. 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

M
ed

ic
al

 V
TE

  (
n=

10
5)

M
ed

ic
al

 C
on

tro
l

(n
=1

05
)

G
en

er
al

 S
ur

ge
ry

 V
TE

(n
=5

5)
G

en
er

al
 S

ur
ge

ry
C

on
tro

l (
n=

55
)

N
eu

ro
su

rg
er

y 
V

TE
(n

=3
2)

N
eu

ro
su

rg
er

y 
C

on
tro

l
(n

=3
2)

El
ec

tiv
e 

Sp
in

al
 V

TE
(n

=1
2)

El
ec

tiv
e 

Sp
in

al
C

on
tro

l (
n=

12
)

O
rth

op
ed

ic
 V

TE
(n

=2
6)

O
rth

op
ed

ic
 C

on
tro

l
(n

=2
6)

C
ar

di
ot

ho
ra

ci
c 

V
TE

(n
=1

3)
C

ar
di

ot
ho

ra
ci

c
C

on
tro

l (
n=

13
)

H
ig

h 
Bl

ee
d 

R
is

k 
VT

E
(n

=3
7)

H
ig

h 
Bl

ee
d 

R
is

k
C

on
tro

l (
n=

37
)

Lo
w

 D
VT

 ri
sk

 V
TE

(n
=9

)
Lo

w
 D

VT
 ri

sk
 C

on
tro

l
(n

=9
)

C
om

pl
ia

nc
e 

R
at

e 
(%

)

Compliance with VTE guidelines - By Risk Group No
Intention
Yes

Fig. 1  Subset analysis of adherence rates, stratified by VTE risk 
group. VTE venous thromboembolism, DVT deep venous thrombosis. 
Medical: medical admission with moderate VTE risk. General sur-
gery: including trauma, urology, and gynecologic oncology surgical 
services. Neurosurgery: includes surgery for acute spinal cord injury. 
Central nervous system bleeds were excluded. Elective spinal surgery: 
including discectomy, elective laminectomy, etc. Orthopedic surgery: 

hip surgery or knee surgery, including replacement and arthroplasty 
surgeries. Cardiothoracic: major thoracic surgeries including cardiac 
bypass and valve replacement surgeries. High bleed risk: all cases of 
actively bleeding patients or with very high risk for bleeding, includ-
ing intracranial and gastrointestinal bleeds. Low DVT risk: all cases 
among the groups (medical or surgical) which were regarded low risk 
for VTE
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there was a contraindication to pharmacologic prophylaxis. 
Thus in each case, the patient’s only VTE prophylaxis avail-
able was mechanical, and if it were documented, would have 
sufficed for guideline adherence. Indeed, if each instance was 
documented, the adherence rate would be 11.1 % and 11.8 % 
more in each arm, or a total of 65 % in the VTE arm and 91 % 
in the control arm. The importance of mechanical prophylaxis 
is highlighted by the LIFENOX study which failed to show a 
difference in all-cause mortality in acutely ill medical patients 
receiving enoxaparin prophylaxis with knee-length graduated 
compression stockings compared to those receiving knee-
length graduated compression stockings alone [13].

Discussion

VTE prophylaxis adherence rates

289 elderly patients (median age: 69 years), diagnosed with a 
hospital associated VTE between January 2007 and Decem-
ber 2011 were matched by age, gender and VTE risk group 
to 289 control patients in this case control study. Our inves-
tigation met its primary endpoint in determining that poor 
adherence to the ACCP guidelines correlated with increased 
VTE events and one of its secondary endpoints, confirming 
lower rates of initial VTE risk assessment in the VTE group. 
Our study did not show a significant difference in SCD docu-
mentation rate and total time to initial VTE prophylaxis.

In comparison to previous investigations reporting adher-
ence rates between 38 % and 60 % with the ACCP guide-
lines, our study showed overall compliance rates of 54 % 
and 79.2 %, in the VTE and control arms, respectively [9, 
10, 14]. While our figures compare favorably to published 
rates of compliance, there is still room for improvement. The 
underutilization of VTE thromboprophylaxis highlights the 
need for a multidisciplinary approach to educate healthcare 
providers on appropriate thromboprophylaxis and contrain-
dications to chemical prophylaxis [15]. In light of this, six 
VTE related core measures were approved in the Joint Com-
mission’s performance measurement and improvement ini-
tiative [16]. These core measures include VTE prophylaxis 
in medical, surgical and intensive care unit (ICU) patients, 
overlap of anticoagulation therapy, platelet count monitor-
ing while on unfractionated heparin, and others.

At our institution, each department has its own VTE risk 
assessment worksheet that accompanies every admission. This 
worksheet assists the admitting physician to identify the sever-
ity of VTE risk, while at the same time, suggesting the appropri-
ate thromboprophylaxis. In our study, the VTE risk assessment 
rate was statistically lower in the cohort with a diagnosed VTE, 
which may partially explain the lower adherence rate in this 
group. Nevertheless, the absolute difference was only 8 % 
(77.2 % in the VTE group and 85.5 % in the control group), 

Documentation of mechanical prophylaxis

One alarming finding in our study was the rate of mechani-
cal prophylaxis orders without documentation of application, 
which was similar in both arms (58.6 % in the VTE arm, 50.6 % 
in the control arm). SCD documentation was only evaluated if 

Table 2  Thrombophrophylaxis choice and contraindications for 
chemical prophylaxis in VTE and control cases

VTE cases 
(n = 289)

Control 
cases 
(n = 289)

Primary thromboprophylaxis agent
Fondaparinux 2.5 mg QD 9 (3.1 %) 13 (4.5 %)
Fondaparinux, not documented 0 (0 %) 1 (0.3 %)
Enoxaparin 40 mg QD 53 (18.3 %) 88 (30.4 %)
Unfractionated heparin 5000 U TID 37 (12.8 %) 54 (18.7 %)
Unfractionated heparin 5000 U BID 21 (7.3 %) 24 (8.3 %)
Pre-op unfractionated heparin 5000 

U × 1
3 (1.0 %) 2 (0.7 %)

Mechanical, documented 68 (23.5 %) 44 (15.2 %)
Mechanical, undocumented 48 (16.6 %) 43 (14.9 %)
Aspirin 325 mg 0 (0 %) 1 (0.3 %)
None 50 (17.3 %) 17 (5.9 %)

VTE cases 
(n = 166)

Control 
(n = 106)

Contraindication to chemical 
prophylaxis
Active bleeding 27 (16.3 %) 13 (12.3 %)
High bleed risk 19 (11.4 %) 4 (3.8 %)
Impending procedure 15 (9.0 %) 11 (10.4 %)
Low risk of VTE, on assessment 5 (3.0 %) 7 (6.6 %)
Thrombocytopenia 7 (4.2 %) 2 (1.9 %)
Anemia 3 (1.8 %) 1 (0.9 %)
Same day discharge or < 24 h hospital 

stay
5 (3.0 %) 0 (0.0 %)

Patient refusal 5 (3.0 %) 4 (3.8 %)
Rule out heparin induced 

thrombocytopenia
3 (1.8 %) 0 (0.0 %)

None 77 (46.4 %) 64 (60.4 %)
VTE venous thromboembolism, QD once daily, TID three times 
daily, BID twice daily

Table 3  Barriers to guideline adherence

Barriers to guideline adherence

Incorrectly assessing bleeding risk against VTE risk in surgical 
patients

Incorrect assessment of contraindications to pharmacological 
prophylaxis

Disparity between paper VTE risk assessment tool and electronic 
orders for prophylaxis

Poor documentation of mechanical prophylaxis
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mechanical prophylaxis were actually receiving SCD’s. 
Cases for the thrombosis arm were identified from medical 
records indicating development of VTE during a patient’s 
admission or patients who were readmitted with VTE within 
30 days of discharge. It is therefore possible that we may 
not have detected all hospital-acquired VTE cases between 
2007 and 2011, as some of these patients could have been 
diagnosed and treated at other institutions. Despite meticu-
lous review of VTE risk factors in each VTE and control 
case to enable accurate assignment of VTE risk categories, 
there is a possibility that a patients admitted under the same 
service would fall under a different VTE risk category.

Future

At our institution, the documentation system for SCD appli-
cation has been simplified, streamlined and is now electronic. 
Subsequent to this study, mechanical prophylaxis documen-
tation rates have risen markedly. In addition, the admission 
order sets containing initial thromboprophylaxis orders, 
previously in paper format, are now electronic. These elec-
tronic order-sets have incorporated a similar automated risk 
scoring system to the one described by Kucher et al., thus 
simplifying the risk assessment process [19]. An automated 
alert system is also in the process of being implemented, 
which may further increase adherence rates [19, 20]. Finally, 
a prospective study after the implementation of all the above 
changes will be performed to measure improvements in 
VTE prophylaxis adherence. We believe that the increasing 
use of novel oral anticoagulants (NOAC’s) will also have a 
significant impact on the outcomes.

Conclusions

Low adherence to ACCP guidelines for VTE prophylaxis 
correlated with an increase in hospital acquired VTE events. 
The decreased adherence may be linked to a lower VTE risk 
assessment rate, and other barriers including incorrect iden-
tification of contraindications to pharmacologic prophy-
laxis, and poor documentation of mechanical prophylaxis. 
There was no difference in SCD documentation rate and 
timeliness to administration of initial thromboprophylaxis 
between the two groups.
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