
Background: Hospitalized patients are at increased risk 
of developing venous thromboembolism (VTE). The Padua 
Prediction Score (PPS) was developed to help quantify the 
risk of VTE for hospitalized patients and guide prescribing of 
pharmacologic thromboprophylaxis. This study aims to assess 
whether PPS embedded within an admission order set was 
utilized appropriately to prescribe or withhold pharmacologic 
thromboprophylaxis.
Methods: This single center, retrospective observational cohort 
study evaluated adult patients aged ≥ 18 years between June 
2017 and June 2020. A random sample of 250 patient charts 
meeting inclusion criteria were reviewed to calculate PPSs, and 
clinician notes were reviewed for documentation as to whether 
thromboprophylaxis was given or withheld appropriately based 
on the PPS. A second cohort of patients admitted within the 
study period meeting inclusion criteria and readmitted for 
VTE within 45 days of discharge were evaluated to determine 
appropriateness of inpatient VTE thromboprophylaxis during 

index hospitalization based on the PPS.
Results: Of the 250 patients examined, 118 (47.2%) had a 
PPS < 4 on admission. Of the 118 patients, 58 (49.2%) were 
inappropriately prescribed pharmacologic thromboprophylaxis 
administered within 24 hours of admission. The clinical rationale 
for giving thromboprophylaxis when not indicated was provided 
for only 2 (3.4%) of the 58 patients. Of the 132 patients with a 
PPS ≥ 4, 11 (8.3%) had thromboprophylaxis appropriately 
withheld and for 33 (25.0%) it was inappropriately withheld. A 
total of 88 (66.7%) patients received thromboprophylaxis as 
indicated by a PPS ≥ 4. 
Conclusions: Despite the inclusion of the PPS calculator in the 
facility’s admission order set, this study showed pharmacologic 
thromboprophylaxis was frequently inappropriately given or 
withheld. This suggests written protocols and order sets may 
not be solely sufficient to ensure appropriate VTE prophylaxis 
in actual practice. Incorporation of additional tools, such as 
dashboards and scorecards, should be explored.
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V enous thromboembolism (VTE) pres-
ents as deep venous thromboembolism 
(DVT) or pulmonary embolism (PE). 

VTE is the third most common vascular dis-
ease and a leading cardiovascular complica-
tion.1,2 Hospitalized patients are at increased 
risk of developing VTE due to multiple fac-
tors such as inflammatory processes from 
acute illness, recent surgery or trauma lead-
ing to hypercoagulable states, and prolonged 
periods of immobilization.3 Additional risk 
factors for complications include presence of 
malignancy, obesity, and prior history of VTE. 
About half of VTE cases in the community 
setting occur as a result of a hospital admis-
sion for recent or ongoing acute illness or 
surgery.1 Hospitalized patients are often cat-
egorized as high risk for VTE, and this risk 
may persist postdischarge.4

The risk of hospital-associated VTE may 
be mitigated with either mechanical or phar-
macologic thromboprophylaxis.5 Risk as-
sessment models (RAMs), such as Padua 
Prediction Score (PPS) and IMPROVEDD, 
have been developed to assist in evaluat-
ing hospitalized patients’ risk of VTE and 

need for pharmacologic thromboprophy-
laxis (Table 1).1,5 The PPS is externally val-
idated and can assist clinicians in VTE risk 
assessment when integrated into clinical de-
cision making.6 Patients with a PPS ≥ 4 are 
deemed high risk for VTE, and pharmaco-
logic thromboprophylaxis is indicated as long 
as the patient is not at high risk for bleeding.  
IMPROVEDD added D-dimer as an addi-
tional risk factor to IMPROVE and was val-
idated in 2017 to help predict the risk of 
symptomatic VTE in acutely ill patients hos-
pitalized for up to 77 days.7 IMPROVEDD 
scores ≥ 2 identify patients at high risk for 
symptomatic VTE through 77 days hospi-
talization, while scores ≥ 4 identify patients 
who may qualify for extended thrombopro-
phylaxis.7 Despite their utility, RAMs may not 
be used appropriately within clinical prac-
tice, and whether patients should receive 
extended-duration thromboprophylaxis post-
discharge and for how long is debatable.5

VTE events contribute to increased health 
care spending, morbidity, and mortality, 
thus it is imperative to evaluate current hos-
pital practices with respect to appropriate 
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prescribing of pharmacologic thrombopro-
phylaxis.8 Appropriately identifying high-
risk patients and prescribing pharmacologic 
thromboprophylaxis to limit preventable 
VTEs is essential. Conversely, it is impor-
tant to withhold pharmacologic thrombopro-
phylaxis from those deemed low risk to limit 
bleeding complications.9 Health care profes-
sionals must be good stewards of anticoagulant 
prescribing when implementing these tools 
along with clinical knowledge to weigh the 
risks vs benefits to promote medication safety 
and prevent further complications.10

This quality improvement project aimed 
to evaluate if VTE thromboprophylaxis was 
appropriately given or withheld in hospital-
ized medical patients based on PPS calculated 
upon admission using a link to an online cal-
culator embedded within an admission order 
set. Additionally, this study aimed to char-
acterize patients readmitted for VTE within  
45 days postdischarge to generate hypotheses 
for future study.

METHODS
This was an observational, retrospective co-
hort study that took place at the US Depart-
ment of Veterans Affairs (VA) Tennessee 
Valley Healthcare System (TVHS). TVHS 
is a multisite health care system with cam-
puses in Nashville and Murfreesboro. Clin-
ical pharmacists employed at the study site 

and the primary research investigators de-
signed this study and oversaw its execution. 
The study was reviewed and deemed ex-
empt as a quality improvement study by the 
TVHS Institutional Review Board.

This study included adult veterans aged  
≥ 18 years admitted to a general medicine 
floor or the medical intensive care unit be-
tween June 1, 2017, and June 30, 2020. Pa-
tients were excluded if they were on chronic 
therapeutic anticoagulation prior to their 
index hospitalization, required therapeutic 
anticoagulation on admission for index hos-
pitalization (ie, acute coronary syndrome 
requiring a heparin drip), or were bedded 
within the surgical intensive care unit. All pa-
tients admitted to the TVHS within the pre-
specified date range were extracted from the 
electronic health record. A second subset of 
patients meeting inclusion criteria and re-
admitted for VTE within 45 days of index 
hospitalization with International Classifica-
tion of Diseases, Tenth Revision (ICD-10) de-
scriptions including thrombosis or embolism 
were extracted for review of a secondary end-
point. Patients with preexisting clots, history 
of prior DVT or PE, or history of portal vein 
thrombosis were not reviewed. 

The primary endpoint was the percent-
age of patients for whom pharmacologic 
thromboprophylaxis was appropriately 
initiated or withheld based on a PPS  

TABLE 1 Risk Assessment Models: Padua Prediction Score vs IMPROVEDD 
Score Definitions

Points Padua Prediction Score IMPROVEDD score

3 Active cancer diagnosis, previous VTE, reduced 
mobility,a known thrombophiliab

Previous VTE

2 Recent (< 1 mo) trauma or surgery Known thrombophilia,b current lower limb 
paralysis, active cancer,c D-dimer ≥ 2 × upper 
limit of normal

1 Age > 70 y, heart or respiratory failure,d acute 
myocardial infarction or stroke, acute  
infection and/or rheumatologic disorder, body 
mass index > 30, ongoing hormonal treatment

Age > 60 y, immobility > 7 d, intensive care 
unit/critical care unit stay

Interpretation Scores ≥ 4: high risk for VTE
Scores < 4: low risk for VTE

Scores ≥ 2: high risk for symptomatic VTE
Scores ≥ 4: may qualify for extended  
thromboprophylaxis

Abbreviation: VTE, venous thromboembolism.
aDefined as length of stay ≥ 3 d for the purposes of this study.
bDefined as factor V Leiden, prothrombin gene mutation, protein S or C deficiencies, antithrombin deficiency, antiphospholipid 
syndrome.
cAny patient with local or distant metastases and/or who received chemotherapy or radiation therapy within the previous 6 mo.
dAny patient with a diagnosis of heart failure with reduced ejection fraction (HFrEF) or heart failure with preserved ejection 
fraction (HFpEF) or any patient with an active problem for respiratory failure or requiring invasive mechanical ventilation.
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calculated upon admission (Table 2). PPS 
was chosen for review as it is the only RAM 
currently used at TVHS. Secondary endpoints 
were the percentage of patients with docu-
mented rationale for ordering thrombopro-
phylaxis when not indicated, based on PPS, 
or withholding despite indication as well as 
the number of patients readmitted to TVHS 
for VTE within 45 days of discharge with 
IMPROVEDD scores ≥ 4 and < 4 (eAppen-
dix available at doi:10.12788/fp.0291). The 
primary investigators performed a manual 
health record review of all patients meeting 
inclusion criteria. 

Descriptive statistics were used given this 
was a quality improvement study, therefore, 
sample size and power calculations were not 
necessary. Data were stored in Microsoft Excel 
spreadsheets that were encrypted and pass-
word protected. To maintain security of per-
sonal health information, all study files were 
kept on the TVHS internal network, and ac-
cess was limited to the research investigators.

RESULTS
Two hundred fifty patients meeting inclu-
sion criteria were randomly selected for 
review for the primary endpoint. Of the 
patients reviewed for the primary end-
point, 118 had a PPS < 4 and 132 a PPS ≥ 4 
(Figure). Pharmacologic thromboprophy-
laxis was inappropriately given or withheld 
based on their PPS for 91 (36.4%) patients. 
This included 58 (49.2%) patients in the 
low-risk group (PPS < 4) who had throm-
boprophylaxis inappropriately given and 
33 (25.0%) patients in the high-risk group 
(PPS ≥ 4) who had thromboprophylaxis in-
appropriately withheld. Of the 58 patients 
with a PPS < 4 who were given prophy-
laxis, only 2 (3.4%) patients had docu-
mented rationale as to why anticoagulation 
was administered. Of the 132 patients with 
a PPS ≥ 4, 44 patients had thromboprophy-
laxis withheld. Eleven (8.3%) patients had 
thromboprophylaxis appropriately with-
held due to presence or concern for bleed-
ing. Commonly documented rationale for 
inappropriately withholding thrombopro-
phylaxis when indicated included use of 
sequential compression devices (40.9%), 
pancytopenia (18.2%), dual antiplatelet 
therapy (9.1%), or patient was ambulatory 
(4.5%). 

A secondary endpoint characterized pa-
tients at highest risk for developing a VTE 
after hospitalization for an acute illness. 
Seventy patients were readmitted within  
45 days of discharge from the index hos-
pitalization with ICD descriptions for em-
bolism or thrombosis. Only 15 of those 
patients were readmitted with a newly di-
agnosed VTE not previously identified;  
14 (93.3%) had a PPS ≥ 4 upon index ad-
mission and 10 (66.7%) appropriately re-
ceived pharmacologic prophylaxis within 
24 hours of admission. Of the 15 patients, 
3 (20.0%) did not receive pharmacologic 
thromboprophylaxis within 24 hours of ad-
mission and 1 (6.7%) received thrombopro-
phylaxis despite having a PPS < 4. 

Looking at IMPROVEDD scores for 
the 15 patients at the index hospitaliza-
tion discharge, 1 (6.7%) patient had an 
IMPROVEDD score < 2, 11 (73.3%) pa-
tients had IMPROVEDD scores ≥ 2, and  
3 (20.0%) patients had IMPROVEDD scores 
≥ 4. Two of the patients with IMPROVEDD 
scores ≥ 4 had a history of VTE and were 
aged > 60 years. Of the 15 patients reviewed, 
7 had a diagnosis of cancer, and 3 were ac-
tively undergoing chemotherapy.

DISCUSSION
PPS is the RAM embedded in our sys-
tem’s order set, which identifies hospital-
ized medical patients at risk for VTE.6 In 
the original study that validated PPS, the re-
sults suggested that implementation of pre-
ventive measures during hospitalization in 
patients labeled as having high thrombotic 

TABLE 2 Primary Endpoint Baseline 
Characteristics (N = 250)

Characteristics No. (%)

Age ≥ 70 y 85 (34)

Sex
  Male
  Female

230 (92)
20 (8)

Race
  Black
  White

66 (26)
169 (68)

Body mass index ≥ 30 90 (36)

Padua Prediction Score
  < 4
  ≥ 4

118 (47)
132 (53)
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risk confers longstanding protection against 
thromboembolic complications in com-
parison with untreated patients.6 However, 
PPS must be used consistently and appro-
priately to realize this benefit. Our results 
showed that pharmacologic thrombopro-
phylaxis is frequently inappropriately given 
or withheld despite the incorporation of a 
RAM in an admission order set, suggest-
ing there is a significant gap between writ-
ten policy and actual practice. More than 
one-third of patients had thromboprophy-
laxis given or withheld inappropriately ac-
cording to the PPS calculated manually on 
review. With this, there is concern for over- 
and underprescribing of thromboprophy-
laxis, which increases the risk of adverse 
events. Overprescribing can lead to unnec-
essary bleeding complications, whereas un-
derprescribing can lead to preventable VTE. 

One issue identified during this study was 
the need for a user-friendly interface. The 
PPS calculator currently embedded in our 
admission order set is a hyperlink to an on-
line calculator. This is time consuming and 
cumbersome for clinicians tending to a high 
volume of patients, which may cause them 
to overlook the calculator and estimate risk 
based on clinician judgement. Noted areas 
for improvement regarding thromboprophy-
laxis during inpatient admissions include the 
failure to implement or adhere to risk strat-
ification protocols, lack of appropriate as-
sessment for thromboprophylaxis, and the 
overutilization of pharmacologic thrombo-
prophylaxis in low-risk patients.11

Certain patients develop a VTE postdis-
charge despite efforts at prevention during 
their index hospitalization, which led us to 
explore our secondary endpoint looking at 

readmissions. Regarding thromboprophy-
laxis postdischarge, the duration of therapy 
is an area of current debate.5 Extended-dura-
tion thromboprophylaxis is defined as antico-
agulation prescribed beyond hospitalization 
for up to 42 days total.1,12 To date, there have 
been 5 clinical trials to evaluate the utility of 
extended-duration thromboprophylaxis in 
hospitalized medically ill patients. While rou-
tine use is not recommended by the 2018 
American Society of Hematology guidelines 
for management of VTE, more recent data 
suggest certain medically ill patients may de-
rive benefit from extended-duration throm-
boprophylaxis.4 The IMPROVEDD score 
aimed to address this need, which is why it 
was calculated on index discharge for our pa-
tients readmitted within 45 days. Research 
is still needed to identify such patients and 
RAMs for capturing these subpopulations.1,11 

Our secondary endpoint sought to char-
acterize patients at highest risk for develop-
ing a VTE postdischarge. Of the 15 patients 
reviewed, 7 had a diagnosis of cancer and 
3 were actively undergoing chemotherapy. 
With that, the Khorana Risk Score may have 
been a more appropriate RAM for some given 
the Khorana score is validated in ambulatory 
patients undergoing chemotherapy. D-dimer 
was only collected for 1 of the 15 patients, 
therefore, VTE risk could have been underes-
timated with the IMPROVEDD scores calcu-
lated. More than 75% of patients readmitted 
for VTE appropriately received thrombopro-
phylaxis on index admission yet still went on 
to develop a VTE. It is essential to increase 
clinician awareness about hospital-acquired 
and postdischarge VTE. In line with guidance 
from the North American Thrombosis Forum, 
extended-duration thromboprophylaxis 

118 Patients 
PPS < 4

58 Thromboprophylaxis 
given inappropriately

60 Thromboprophylaxis 
withheld

2 Rationale documented
56 Rationale not documented 

132 Patients PPS ≥ 4

88 Thromboprophylaxis 
given

11 Thromboprophylaxis 
withheld appropriately

33 Thromboprophylaxis 
withheld inappropriately

22 Rationale documented
11 Rationale not documented

9 Rationale documented
2 Rationale not documented

FIGURE Primary Endpoint Results (N = 250)

Abbreviation: PPS, Padua Prediction Score.



Venous Thromboembolism

JULY 2022  •  FEDERAL PRACTITIONER • 303mdedge.com/fedprac

should be thoughtfully considered in high-
risk patients.5 Pathways, including follow-
up, are needed to implement postdischarge 
thromboprophylaxis when appropriate.

Limitations
There were some inherent limitations to 
this study with its retrospective nature and 
small sample size. Data extraction was lim-
ited to health records within the VA, so 
there is a chance relevant history could be 
missed via incomplete documentation. 
Thus, our results could be an underestima-
tion of postdischarge VTE prevalence if pa-
tients sought medical attention outside of 
the VA. Given this study was a retrospec-
tive chart review, data collection was limited 
to what was explicitly documented in the 
chart. Rationale for giving thromboprophy-
laxis when not indicated or holding when 
indicated may have been underestimated if 
clinicians did not document thoroughly 
in the electronic health record. Last, for 
the secondary endpoint reviewing the  
IMPROVEDD score, a D-dimer was not con-
sistently obtained on admission, which could 
lead to underestimation of risk. 

CONCLUSIONS
The results of this study showed that more 
than one-third of patients admitted to our fa-
cility within the prespecified timeframe had 
pharmacologic thromboprophylaxis inap-
propriately given or withheld according to a 
PPS manually calculated on admission. The 
PPS calculator currently embedded within 
our admission order set is not being utilized 
appropriately or consistently in clinical prac-
tice. Additionally, results from the second-
ary endpoint looking at IMPROVEDD scores 
highlight an unmet need for thrombopro-
phylaxis at discharge. Pathways are needed 
to implement postdischarge thrombopro-
phylaxis when appropriate for patients at 
highest thromboembolic risk.
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eAPPENDIX Secondary Endpoint  
Baseline Characteristics (n = 15)

Characteristics No. (%)

Age ≥ 70 y 6 (40.0)

Sex
  Male
  Female

14 (93.3)
1 (6.7)

Race
  Black
  White

5 (33.3)
9 (60.0)

Body mass index ≥ 30 6 (40.0)

Prior venous thromboembolism 2 (13.3)

Cancer diagnosis 7 (46.7)

Intensive care unit/critical care unit stay 4 (26.7)


