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Summary. Background/objectives: The occurrence of and

risk factors for venous thrombosis (VT) complicating hospital

admission in unselectedmedical inpatients have not beenwidely

studied. Patients and methods: In a 400-bed teaching hospital

we identified all cases of VT complicating hospital admission

between September 2000 and September 2002 using discharge

codes and chart review. Controls were randomly selected adult

inpatients frequency matched to cases for medical service.

Results: The incidence ofVT complicating hospital admission

was 7.6 per 1000 admissions. On average, VTwas diagnosed on

the fifth hospital day. The median age of the 65 cases and

123 controls was 68 years and 45% were men. Cases had a

4-fold higher death rate than controls [95% confidence interval

(CI) 1.9, 8.8]. At admission, trauma within 3 months, leg

edema, pneumonia, platelet count > 350 · 103 mm)3 and

certain cancers were associated with risk of VT. Age, body

mass index, and acute myocardial infarction were not associ-

ated with VT risk. One of three published VT risk models was

able to risk stratify patients and was associated with a 2.6-fold

increased risk of VT (95% CI 1.3, 5.5). Use of VT prophylaxis

did not differ in cases and controls; prophylaxis was used<1/3

of hospital days in 52% of patients. Conclusions: VT was

common among medical inpatients. Of the risk factors

identified, elevated platelet count has not been previously

reported. Only one of three published risk scores was associated

with risk of inpatient VT. Future study should improve upon

risk prediction models for in-hospital VT among medical

patients.

Keywords: deep vein thrombosis, pulmonary embolus, risk

factors, venous thrombosis.

Introduction

The occurrence of and risk factors for venous thrombosis (VT)

complicating hospital admission in unselected medical inpa-

tients have not been widely studied. Up to 21.5% of VT occur

following non-surgical hospital admissions [1]. Given an annual

incidence of VT of 200 000 cases per year in the USA [2], an

estimated 40 000 cases of VT complicate non-surgical admis-

sions in the USA per year. There is a strong need to define

clearly the scope of the problem, develop a validated risk stra-

tification model for medical inpatients, and encourage routine

use of VT prophylaxis among at-risk medical inpatients.

Data from both autopsy studies and placebo groups in

randomized trials of heparin prophylaxis suggest VT is a major

cause of morbidity and mortality among medical inpatients. In

an autopsy study, pulmonary embolus (PE) was themain cause

of death in 10% of hospital autopsies, with only 24% of these

having had surgery related to their last illness. Furthermore,

VT was suspected prior to death in only 4.5% of these patients

[3]. In another autopsy study, where the autopsy rate was 45%,

2.5% of deaths among medical patients had PE as the

proximate cause [4]. In a meta-analysis of over 15 000 patients

enrolled in trials assessing any form of subcutaneous heparin

vs. placebo, the rate of clinically recognized and silent deep vein

thrombosis (DVT) was 19% and clinical PE was 1% [5].

Although these findings are compelling, patient selection

criteria in these studies were varied and may not represent

general medical inpatients.

Several trials and consensus statements support the efficacy

of VT prophylaxis among medical inpatients [6–15]. However,

knowledge of which patients are at highest risk of in-hospital

VT, and the widespread application of thromboprophylaxis in

at-risk patients are suboptimal [7,15]. Other than intensive care

unit (ICU) admission, risk factors for VT among acutely ill

medical inpatients are assumed to be similar to those for

outpatient VT. Three prediction models for development of

inpatient VT have been proposed, but these have not been

validated by other investigators [16–18]. None of these risk

models determined the actual occurrence of VT amongmedical

patients, nor did they study the risk factors for in-hospital VT

inmedical inpatients.We studied risk factors for in-hospital VT

and attempted to validate three prediction models.
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Methods

Subjects

We undertook a case control study of VT among medical

patients admitted to Fletcher Allen Health Care Hospital

(a 400-bed teaching hospital of the University of Vermont,

Burlington, VT, USA). The project was approved by the

institutional review committee of the University of Vermont.

From 1 September 2000 to 31 August 2002 we identified all

cases of VT diagnosed after admission among patients at least

18 years old with hospital stays ‡48 h on the medical services

(general medicine, cardiology, nephrology, hematology/

oncology, and the ICU). Hospital ICD-9 codes for VT

(415, 415.11, 415.19, 451, 451.0, 451.11, 451.19, 451.2, 451.81,

453, and 453.9) were used to select charts for review and cases

were validated using information in the chart. Exclusion

criteria were VT on admission, inpatient at the time of review,

thrombosis in a location other than the deep veins of the legs

or arms, or coding error. DVT was validated based on

positive compression ultrasonography or autopsy. PE was

validated based on a positive pulmonary angiogram or spiral

computed tomography, high probability ventilation/perfusion

scanning, or autopsy.

From among all hospitalized adults with stays of ‡48 h

between 1 September 2000 and 31 August 2002, without an

ICD-9 code for thrombosis, we randomly selected 150 controls

frequencymatched to cases by admitting service (though not by

ICU admission status). Exclusion criteria during review were

inpatient status at time of review, coding error (VT occurred or

patient was not on a medical service), or chart unavailability.

A standard form was used to gather the medical history,

presenting illness, physical exam findings, and laboratory

values for each case and control. Using admission data, VT risk

for each patient was evaluated using the published risk

stratification models proposed by Arcelus, Lutz, and THRIFT

[16–18]. The Arcelus model was based on adding risk factors in

a table and the Lutz model was based on plotting �acute� and
�basic� risk factors on two axes to determine risk. The THRIFT

consensus group stratified surgical patients into three groups

based on medical conditions and number of thrombosis risk

factors. Use of VT prophylaxis was recorded for cases and

controls. Information concerning the VT event was recorded

for the cases. Adequate VT prophylaxis was defined as

administration of at least 10 000 U unfractionated heparin

per day, subcutaneous low-molecular-weight heparin, warfarin

with an International Normalized Ratio of 2.0 or greater for

another indication, or intermittent pneumatic compression

devices.

Data analysis

Data was analyzed using SPSS software (SPSS Inc., Chicago,

IL, USA). The incidence of in-hospital diagnosed VT was

calculated by considering all admissions of ‡48 h as the

denominator for the time period of the study. Means or

frequencies of potential VT risk factors between cases and

controls were compared using t-tests or ANOVA as appropriate.

Logistic regression was used to calculated crude and adjusted

odds ratios for VT for potential risk factors. We selected

variables for inclusion in the final multivariate model that had

an odds ratio (OR) of ‡2.0 in univariate analysis. Use of VT

prophylaxis was included in the final model to adjust for

potential confounding introduced by its use.

Results

Of 303 admissions identified by ICD-9 codes as having VT, 193

had VT on admission and were excluded, 65 were validated as

VT complicating medical admission, 16 had thrombosis in

other locations, 15 were incorrectly coded, and 14 charts were

unavailable for review. Among 65 cases, 36 (55%) had PE, 45

(69%) had DVT and 16 (25%) were diagnosed with both. Of

patients with diagnosed DVT, nine (20%) involved the upper

extremity; two of these (22%) had PE. No systematic screening

for PE was undertaken for patients with DVT, and vice versa.

Of 150 controls selected, 123 charts were available for review

and met eligibility criteria as controls. Table 1 shows the

distribution of in-hospital VT by service. Of cases, 80% (52/65)

were on the general medicine service, 12% on cardiology and

lower numbers on nephrology and hematology/oncology. The

overall incidence rate of in-hospital VT was 7.6 per 1000

medicine admissions, with the highest rate on the general

medicine service at 13.0 per 1000 admissions. On average, the

VT event occurred on median day 5 of hospitalization

(interquartile range 4–10 days).

Table 2 shows baseline characteristics of cases and controls

on admission, the death rate, and length of hospital stay. The

age range was 18–96 years and 45% of patients were men. Age

and body mass index (BMI) were not greater among cases

compared with controls. Cases were 4-fold more likely to die

than controls [OR 4.0, 95% confidence interval (CI) 1.9, 8.8]

and had a longer length of stay. Of the 21 deaths among cases,

eight (38%) were thought to be due to PE by their physicians

(two of these were due to hemorrhage on anticoagulation) and

an additional two (9%) cases with DVT died of sudden

cardiovascular cause without investigation for PE. Thus, 10 of

65 (15%) of cases may have died due to thrombosis.

Table 3 shows the percentages of cases and controls with

previously published risk factors for VT at the time of

Table 1 Number and incidence rate of venous thrombosis (VT) by med-

ical service*

Medical

service

Number

of VT (%)

Number of

admissions (%)

Incidence rate of VT per

1000 admissions (95% CI)

All 65 (100.0) 8529 (100.0) 7.6 (5.8, 9.5)

Medicine 52 (80.0) 3985 (46.7) 13.0 (9.5, 16.6)

Nephrology 3 (4.6) 316 (3.8) 9.5 (0, 20.2)

Oncology 2 (3.1) 750 (8.8) 2.7 (0, 6.4)

Cardiology 8 (12.3) 3478 (40.7) 2.3 (0.7, 3.9)

*Includes hospital stays of ‡ 48 h.
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admission, and the unadjusted OR of VT for each factor. Of

these factors, temperature ‡38.0 �C, leg edema, immobility

‡72 h before or after admission, pneumonia, cellulitis, and

platelet count >350 · 103 mm)3 were significantly associated

with increased risk of in-hospital VT. Traumawithin 3 months,

lung disease noted on admission, postmenopausal estrogen

therapy, central venous access in the past 30 days, sepsis, and

non-use of VT prophylaxis were associated with VT, but did

not reach statistical significance. While� 20% of patients were

admitted to the ICU, this frequency did not differ between cases

and controls. Active cancer within the past year was not related

to risk of VT; however, brain, breast, gastrointestinal and

genitourinary cancers were more commonly observed among

cases than controls and each was associated with a � 2-fold

increased risk of VT. Taken together as a group, presence of

any of these cancers was associated with a 2-fold increased risk

of VT (95%CI 0.7, 5.7). Obesity was not associatedwith risk of

VT, even if a higher cut point was used (BMI >40 kg m)2;

data not shown). Adjustment for use of VT prophylaxis did not

materially alter any of the null associations of individual risk

factors with VT (data not shown).

Inmultivariate analysis (Table 3), a history of trauma within

3 months, leg edema, pneumonia, platelet count

>350 · 103 mm)3, and use of VT prophylaxis for >2/3 of

hospital days were significantly associated with occurrence

of VT. Presence of primary brain, breast, genitourinary or

gastrointestinal cancer was associated with a 2.8-fold higher

Table 2 Patient characteristics, mortality, and length of hospital stay

Characteristics*

Cases

(n ¼ 65)

Controls

(n ¼ 123) P-value

Age (years) 68 (55–77) 68 (47–68) 0.61

Percent male 41.5% 47.2% 0.46

Body mass index

(kg m)2)�
28.8 ± 7.8 27.6 ± 8.3 0.75

Hematocrit (%) 36.1 ± 5.8 35.6 ± 6.6 0.19

White blood count

(· 103 mm)3)

11.0 (7.7–13.8) 9.1 (7.0–13.1) 0.32

Platelet count

(· 103 mm)3)

298 ± 159 253 ± 115 0.04

Mortality 32.3% (n ¼ 21) 10.6% (n ¼ 13) < 0.0001

Length of stay (days) 16 (10–28) 6 (4–10) < 0.0001

*Mean ± SD, median (interquartile range) or frequency. �Available

in 47 cases, 105 controls.

Table 3 Frequency of categorical risk factors in cases and controls, with crude and adjusted odds ratios (OR) of venous thrombosis (VT)

Risk factor

Cases

(n ¼ 65)

Controls

(n ¼ 123)

Crude OR

(95% CI)

Adjusted OR*

(95% CI)

Age ‡ 74� 36.9% 31.7% 1.3 (0.7, 2.4)

Trauma last 3 months 7.7% 1.6% 5.0 (0.9, 26.8) 7.9 (1.1, 54.9)

History of VT 6.2% 7.3% 0.8 (0.2–2.8)

Active cancer past year 24.6% 21.1% 1.2 (0.6–2.5)

Primary brain, breast, gastrointestinal, 12.3% 6.5% 2.0 (0.7, 5.7) 2.8 (0.8, 9.5)

or genitourinary cancer

Other cancer 12.3% 14.6% 0.8 (0.3, 2.0)

Myocardial infarction in last 3 months 10.8% 8.9% 1.2 (0.5, 3.3)

Congestive heart failure 24.6% 29.3% 0.8 (0.4, 1.6)

Chronic lung disease 41.5% 32.5% 1.5 (0.8, 2.7)

Chronic renal failure 20.0% 24.4% 0.8 (0.4, 1.6)

Dialysis 4.6% 7.3% 0.6 (0.2, 3.3)

Diabetes 30.8% 37.4% 0.7 (0.4, 1.4)

Postmenopausal estrogen use� 12.5% 4.1% 2.9 (0.8, 10.9)

Admission temperature > 38 �C 27.7% 13.8% 2.4 (1.1, 5.0) 1.9 (0.8, 4.5)

Body mass index >30 kg m)2§ 34.0% 31.4% 1.1 (0.5, 6.6)

Leg edema on admission 33.8% 13.8% 3.2 (1.5, 6.6) 3.0 (1.2, 7.3)

Immobility >72 h– 52.3% 30.1% 2.5 (1.4, 4.7) 2.0 (0.8, 4.6)

Bacterial infection

Cellulitis 10.8% 3.3% 3.6 (1.0, 12.8) 2.5 (0.6–11.3)

Pneumonia 40.0% 21.1% 2.5 (1.3, 4.8) 2.7 (1.2–5.8)

Sepsis 10.8% 5.7% 2.0 (0.7, 6.0) 1.3 (0.3–4.7)

Other 9.2% 15.4% 0.6 (0.2, 1.5)

Platelet count >350 · 103 mm)3** 32.3% 16.3% 2.5 (1.3, 4.8) 3.1 (1.4–7.0)

ICU admission�� 23.1% 20.3% 1.2 (0.6, 2.4)

Venous catheter past 30 days 26.2% 16.3% 1.8 (0.9, 3.8)

Paresis of limb 9.2% 8.1% 1.1 (0.4, 3.3)

Use of VT prophylaxis��
< 1/3 of days 50.8% 54.5% 1.0 (Reference) 1.0 (Reference)

1/3–2/3 of days 15.4% 8.1% 1.0 (0.5, 2.0) 1.1 (0.3, 3.4)

> 2/3 of days 33.8% 37.4% 2.1 (0.8, 5.8) 0.4 (0.2, 0.9)

*Variables not significant in univariate models were not included, and had trivial influence on the final multivariate model. �Top tertile. �Women

only; a separate multivariate analysis was not performed due to small sample size. §Available in 47 cases, 105 controls. –Assessed after admission.

**Top quartile. ��Cardiac and medical patients. ��Prophylaxis rate reported before VT event for cases.
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risk of VT, but this was not statistically significant (95%CI 0.8,

9.5). Inclusion of other risk factors associated with VT in

univariate analysis (OR ‡ 2.0), whether or not these associa-

tions were statistically significant, did not alter the results of this

final model.

Use of VT prophylaxis was low, and did not differ

significantly between cases and controls (Table 3). No prophy-

laxis was given in 41% of cases and 53% of controls (P ¼
0.14). Adequate VT prophylaxis was given 100% of the time in

23% of cases and 27% of controls (P ¼ 0.7). However, with

adjustment for other factors, administration of VT prophylaxis

for >2/3 of hospital days was associated with an adjusted

OR of thrombosis of 0.4 (95% CI 0.2, 0.9) compared with use

<1/3 of hospital days. In the finalmultivariatemodel shown in

Table 3, exclusion of use of prophylaxis as a covariate tended

to lessen the associations of other risk factors with VT. Factors

listed in Table 3 that were associated with use of VT

prophylaxis for >2/3 of the hospital days were history of

central intravenous catheter (OR 2.5, 95% CI 1.2, 5.2), history

of VT (OR 4.4, 95% CI 1.3, 15.0), ICU admission (OR 2.1,

95% CI 1.0, 4.2), history of congestive heart failure

(OR 2.8, 95% CI 1.5, 5.4), immobility ‡72 h (OR 4.6, 95%

CI 2.4, 8.6), and leg edema on admission (OR 3.2, 95%CI 1.6,

6.9). If VT prophylaxis was mentioned in the admission note,

patients were 3.5 times more likely to receive VT prophylaxis

for >2/3 of the days (95% CI 1.8, 6.9). VT prophylaxis for

>2/3 of the days was more likely to be given to those with a

high risk score by the models proposed by Arcelus (OR 4.6,

95% CI 2.4, 8.8) and Lutz (OR 8.0, 95% CI 3.8, 16.9) while a

high score for the model proposed by the THRIFT consensus

group was not associated with increased prophylaxis use (OR

1.7, 95% CI 0.7, 3.7).

Table 4 shows the percent of patients classified as high risk at

the time of admission using the published risk scores, and the

OR of VT associated with a high score [16–18]. A classification

of high risk according to the scoring system of Arcelus and

colleagues [17] was observed in 70% of cases and 56% of

controls, andwas associatedwith anOR for VT of 2.6 (95%CI

1.3, 5.5) after adjusting for VT prophylaxis use. The Lutz

model [18] identified � 55% of cases and controls as high risk

and this classification was not associated with risk of VT (OR

0.9, 95% CI 0.5, 2.0). The THRIFT model [16] identified 20%

of VT cases as high risk while it classified 12% of controls as

high risk. A high risk score with this model was associated with

a 1.3-fold increased risk of VT (95% CI 0.6, 3.2).

Discussion

At a single university hospital, symptomatic VT complicated

7.6 per 1000 unselected medical admissions, occurring on

median day 5 of hospitalization. Patients with VT compli-

cating admission were 4-fold more likely to die than those

without VT. Trauma within 3 months, platelet count

>350 · 103 mm)3, leg edema, pneumonia, and certain

cancers were associated with increased risk of VT compli-

cating admission among medical patients. Three published

risk models for in-hospital VT were assessed, and one

appeared potentially useful among medical inpatients. The

frequency of use of VT prophylaxis was poor among

medical inpatients studied here; however, patients at high

risk by the Arcelus and Lutz risk models were more likely

than those at low or moderate risk to receive adequate VT

prophylaxis, despite lack of use of a prediction model in

practice [17,18].

It is difficult to compare our finding of a rate of 7.6 VT

per 1000 medical admissions with previously reported data

based on the selection factors and screening for VT used in

other studies. Among the general non-hospitalized adult

population the incidence rate of VT is estimated as approxi-

mately one to two cases per 1000 per year [1,19]. In our study

there was no systematic screening for VT and the work-up

was initiated based on clinical suspicion. In a meta-analysis

by Mismetti et al. the rates of DVT and PE among

hospitalized medical patients were 19% and 1%, respectively

[5], though the trials included in the analysis selected patients

at high risk who were screened for asymptomatic VT. While

asymptomatic VT is a good surrogate for testing interven-

tions to prevent thrombosis, the long-term clinical sequelae of

asymptomatic thrombosis are not clear. In one study only

6% of DVTs among medical patients were symptomatic [20].

In a series of 400 autopsies, PE was not suspected in life in 19

of 21 medical patients who died of PE, and eight of 21 died

without warning [4].

The current standard of care for VT prophylaxis among

medical inpatients is unclear, relying on consensus statements

based upon older studies [12,15]. Knowledge of VT incidence

rates in hospitalized patients is critical to understanding the

potential benefit of prophylaxis. One group suggested that,

assuming a 60% reduction in VT with prophylaxis and a

2% incidence of major adverse events for heparin prophy-

laxis, a 3.3% incidence of VT would be needed to justify

prophylaxis [5]. The incidence of clinical VT in the general

medicine service in this study was lower overall, at 1.3%,

but among those at high predicted risk by the Arcelus

model, the OR of VT was 2.6, which would yield an

incidence sufficient to provide overall benefit for prophylaxis.

However, for other groups in this study such as cardiology

patients, based on an OR of 2.6 for those at high predicted

risk, benefits do not seem as apparent. Thus, there is a need

for improved risk prediction models.

Some established risk factors for VT in general, such as

older age, obesity, cancer in general, and stroke were not

Table 4 Percentage of participants with high risk score and validation of

risk stratification models

Model Cases Controls

OR for VT

(95% CI)

Adjusted OR for

VT (95% CI)*

Arcelus [17] 70% 56% 2.4 (1.3, 4.5) 2.6 (1.3, 5.5)

Lutz [18] 58% 54% 1.2 (0.7, 2.2) 0.9 (0.5, 2.0)

THRIFT [16] 20% 12% 1.8 (0.8, 4.1) 1.3 (0.6, 3.2)

*Adjusted for use of venous thrombosis (VT) prophylaxis (< 1/3 of

days, 1/3–2/3 of days, and >2/3 of days).
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associated with VT in this study of medical inpatients. While

it is possible that these factors are not important determi-

nants of VT in medical inpatients, there are several alternat-

ive explanations for these findings. Insufficient power was a

problem for some analyses, especially for BMI, which was

not available for all patients. It is possible that the older age

of the studied group contributed to a lack of association of

age and VT. In addition, one-third of patients were below

age 57 years, and of these 50% of the cases were admitted to

the medical ICU, compared with 13% of cases older than 57.

This suggests that younger hospitalized patients in our study

were sicker, and thus at high risk of VT, diluting any

observable association of age with VT. In relation to obesity,

in one study the average BMI of VT patients was 29 kg m)2

[21] and in another 38% of outpatient VT patients had a

BMI >30 kg m)2 [22]. Given the high average BMI of our

control group of medical inpatients, an association of BMI

with VT might be difficult to detect. As we matched cases

and controls for admission service (i.e. oncology and

cardiology), these risk factors could not be assessed. How-

ever, taking all hospital admissions into account, the

incidence rate of VT in these services was not higher than

in the general medicine service. We could not adequately

assess acute stroke in this study since a separate neurology

service cared for most stroke patients and they were not

included in this analysis.

Even though the multivariate analysis suggested that recent

trauma, pneumonia, leg edema, and elevated platelet count

were independently associated with in-hospital VT among

medical patients, it is likely that not all these factors are

causal. Some may represent factors in similar causal pathways

to VT (such as elevated platelet count due to infection or

cancer). Elevated platelet count as a risk marker for VT has

not been previously reported in the general population [23]. In

general, platelet function is not thought to play a prominent

etiological role in VT [24]. In one study of heparin prophylaxis

among medical patients a platelet count >500 · 103 mm)3

was used to help identify a high-risk group for venous

thrombosis [25] though it was not assessed as a risk factor,

and it is unclear why this was selected as a criterion. Two

small older studies linked elevated platelet count to VT among

surgical patients; however, a 1997 review of VT in surgical

patients reported no association [26–28]. It is possible that

higher platelet counts reflect increased inflammation as an

etiological factor for VT (although white blood cell count was

not associated with VT) or that platelet function might be

involved in pathogenesis in hospitalized patients. Further

confirmation of this finding is warranted. Leg edema can have

a variety of causes (congestive heart failure, venous insuffi-

ciency, infection, or even DVT) and consequences (decreased

mobility) which may promote thrombosis. Further, risk

factors occurring prior to hospitalization (e.g. trauma) might

not be as accurately assessed as risk factors measured on

admission (e.g. leg edema, platelet count), diluting relation-

ships of the former with VT [29]. Because of measurement

error in ascertaining clinical information before admission, the

estimated risks associated with these variables are probably

underestimates. Factors recorded on admission were probably

measured with less error, so risk associations for these factors

are easier to detect.

Use of VT prophylaxis in this study was poor, but was

associated with reduced risk of VT, in accordance with results

from many trials [5]. There were no procedures in place at the

time of the study to encourage use of prophylaxis among

medical inpatients. Regardless, patients ranked as high risk by

any of the risk stratification models were more likely to have

been administered VT prophylaxis than those ranked as low or

medium risk. Several risk factors for thrombosis were associ-

ated with increased use of VT prophylaxis; however, known

risk factors such as presence of cancer, age, and obesity did not

predict VT prophylaxis use. Data from this study cannot fully

discern what factors physicians considered when prescribing

VT prophylaxis.

The main limitations of this study are that it was a

retrospective case–control study with a relatively small number

of cases, and data were derived from chart review. Chart

reviewers were not blinded to case or control status. The small

number of cases makes it difficult to evaluate less common but

well-established risk factors (such as estrogen use or presence of

a central venous catheter) or to evaluate interactions among

risk factors. Some cases may have been missed, as case

identification relied on ICD-9 discharge coding, although

coding has been reported to miss few cases [2]. It is likely that

we did not detect some fatal PE due to relatively low autopsy

rates for medical inpatients at our institution during this period

(113 autopsies among 742 deaths). Matching controls to cases

by service added validity to the study in some regards, but

made it difficult to evaluate some risk factors such as the

presence of cancer. Cases were more likely than controls to die

in hospital and had a longer hospital stay. It might be

concluded that the higher death rate and longer hospital stay

were due to factors other than occurrence of VT, limiting our

ability to draw conclusions about risk factors for VT compar-

ing cases with controls. However, cases and controls were well

matched for age, and chronic diseases. Further, we required

cases and controls to be hospitalized for at least 48 h as an

inclusion criterion, so controls were not �hospitalized well�
patients. Among cases, the VT event occurred on median

hospital day 5, 1 day prior to the median length of hospital-

ization among controls. Given the case group did not appear to

have more comorbid conditions than the control group, the

timing of the VT event, and the 15% death rate from apparent

PE among cases, it is likely that VT, rather than other factors

present at admission, contributed to higher mortality and

length of stay in cases.

In conclusion, we evaluated risk factors for VT complicating

medical admission in unselected medical inpatients and gained

insight into the incidence rate of this problem. We were able to

validate a model for VT risk prediction among medical

inpatients. Future areas of research include prospective valid-

ation of a VT risk model and further studies of the risk factors

for VT in medical inpatients.
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