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BACKGROUND: Pulmonary embolism (PE) is the most common preventable cause of death in hospitals, but many patients
do not receive proven preventive therapies.

OBJECTIVE: To ascertain the extent to which inpatients received therapies for the prevention of venous thromboembolism
(VTE).

DESIGN: Medical records review of a random sample of hospitalized patients, stratified by hospital teaching status.
SETTING: Department of Veterans Affairs (VA) acute-care hospitals.

PATIENTS: Two groups hospitalized >48 hours during the year ending March 31, 2007: (1) all 4963 patients older than

74 years with a principal discharge diagnosis of heart failure; and (2) all 1448 patients with any discharge diagnosis of PE.
MEASUREMENTS: Rate of VTE preventive care.

RESULTS: Sixty-three of the 100 randomly selected heart failure patients had adequate anticoagulation, 29 (46%) of whom
were taking warfarin for chronic conditions. For patients discharged with a PE diagnosis, records from all 330 nonteaching
and 449 (40%) teaching hospital cases were reviewed. Most cases (698; 90%) were excluded because there was only a remote
history of PE or the diagnosis was made prior to admission. Thirty-four of the 63 patients (54%) with confirmed in-hospital
PE and unequivocal VTE risk factors received appropriate preventive treatment. Thirty of the 66 patients (48%) with missed
opportunities for prevention had inappropriate mechanical prophylaxis or inadequate use of anticoagulation.
CONCLUSIONS: In hospitalized veterans with PE or at risk for VTE, missed opportunities for prevention were frequent and

included inappropriate or inadequate interventions. Retrospective chart review was an inefficient method for identifying
patients with in-hospital PE. Journal of Hospital Medicine 2010;5:E21-E25. © 2010 Society of Hospital Medicine.
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Pulmonary embolism (PE) is the most common preventable
cause of death in hospitals," accounting for approximately
10% of hospital deaths. Most cases of PE result from dis-
lodged lower extremity thrombi, so that deep vein thrombo-
sis (DVT) and PE are manifestations of the same disorder,
venous thromboembolism (VTE). Even though the majority
of hospitalized patients are at increased risk for VTE and
proven preventive measures have long been available, most
patients do not receive appropriate care.?

Recent surgery is a well-recognized risk factor for VTE,
and surgeons have prescribed prophylactic therapies more
consistently than other specialists.®> At the same time, pre-
vention of VIE among hospitalized medical patients has
been neglected.* The American College of Chest Physicians
recommends pharmacologic VTE prevention for most
acutely ill medical patients, and advises prevention using
mechanical devices when pharmacologic intervention is
contraindicated."

In Department of Veterans Affairs (VA) hospitals, compli-
ance with preventive guidelines in surgical patients has been
high. During October through December 2007, according to
the Office of Quality and Performance, Veterans Health
Administration, the national average for administration of
VTE prophylaxis within 24 hours of surgery in VA hospitals
was 92%. No comparable systemwide performance measure
has been applied for medical patients, but an assessment
involving intensive care unit patients has been completed
and plans are underway for an evaluation of anticoagulant
use among all inpatients considered to be at increased risk.

We sought to determine the extent to which hospitalized
VA medical patients receive VIE preventive care in accord-
ance with evidence-based recommendations. Because qual-
ity of care may vary in hospitals based on teaching status,’
a secondary goal was to ascertain whether teaching and
nonteaching facilities differ with respect to the delivery of
care for VTE prevention.
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Patient Populations Methods

We examined compliance with accepted VTE clinical prac-
tice guidelines in 2 patient populations. First, the care of
patients at risk for developing VIE was evaluated for evi-
dence of appropriate preventive measures. Second, the care
of patients who developed PE while hospitalized was eval-
uated for evidence of preventive therapy prior to the event.

We identified patients discharged from VA acute care
hospitals during the period April 1, 2006 to March 31, 2007,
excluding patients hospitalized for less than 48 hours. We
also excluded hospitalizations of VA patients at military and
private hospitals because oversight of the quality of care
provided at those facilities is beyond the purview of the
Inspector General.

We then defined 2 distinct populations:

1. Medical patients at increased risk for VIE. These patients
were identified by: (1) age >75 years at the time of
admission; and (2) hospitalization with a principal
discharge diagnosis of heart failure (International Classifi-
cation of Diseases, 9th edition [ICD-9] code 428). Elderly
heart failure patients were chosen because advanced age
and heart failure are recognized VTE risk factors, medical
inpatients have been identified as being neglected in hos-
pital VTE prevention efforts, and the VA was conducting
no systemwide assessment of this aspect of care.

2. Patients with established PE. These patients had any dis-
charge diagnosis “pulmonary embolism and infarction”
(ICD-9 codes 415.1 or 415.19), but those with the diag-
nostic code “personal history of venous thrombosis and
embolism” (V12.51) were excluded.

Within each population, the discharge date defined an
index hospitalization for evaluation. For patients discharged
more than once with a qualifying diagnosis during the study
period, we analyzed only the most recent hospitalization.

Characterization of Facilities

Hospitals were considered teaching hospitals if they were
members of the Association of American Medical Colleges’
Council of Teaching Hospitals and Health Systems (COTH).®
When COTH membership was through a Veterans Integrated
Service Network, hospitals were judged to be teaching hospi-
tals if they had 1 or more close university affiliations and/or
management of medical inpatients by house staff.

Patient Selection and Medical Record Review

In order to ensure optimal representation of teaching and
nonteaching hospitals, we stratified patients with increased
VTE risk and those with diagnosed PE according to hospital
teaching status, thereby creating 4 groups:

1. Patients at increased risk for VTE—teaching hospitals;

2. Patients at increased risk for VTE—nonteaching hospitals;
3. PE patients—teaching hospitals;

4. PE patients—nonteaching hospitals.
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Within each group we assigned a random number to
each patient, ordered the patients by random number, and
selected patients sequentially until 50 patients were identi-
fied or no further eligible patients were available. For the
heart failure patients, we assumed that all were at risk for
VTE and required prophylaxis. For the group of patients
with established PE, we excluded patients if the diagnosis
was made prior to admission or in the first 2 hospital days,
if there were no acute signs and symptoms and the diagno-
sis was chronic PE, or if there were no imaging studies or
postmortem findings in support of the diagnosis.

In both groups, we assessed patients’ records for VTE risk
factors, evidence of preventive care, and contraindications.”
We considered pertinent VTE risk factors to be those
included with published guidelines.! In the care of patients
with established PE, designation of adequate prophylactic
therapy required at least 24 hours of treatment prior to
diagnosis.

Appropriate VTE prophylaxis was defined as anticoagu-
lant medications or, in the case of contraindications to anti-
coagulation, mechanical compression devices applied to the
lower extremities with or without antiembolism stockings.
Any administration of warfarin, low-molecular-weight hepa-
rin, or heparin by infusion, was considered adequate. Pro-
phylaxis with subcutaneous unfractionated heparin was
considered adequate only if at least 5000 units was adminis-
tered 3 times daily.® Aspirin and other antiplatelet agents
were not considered to be anticoagulants.

We characterized hospitalizations of at-risk individuals as
missed opportunities for prevention if there were no contra-
indications to treatment and no evidence that adequate
prophylactic therapy was provided.

Data Analysis
To determine sample size for each of the 2 study popula-
tions, we assumed the baseline rate of compliance with
recommendations for VIE prophylaxis among medical inpa-
tients to be 0.4 to 0.5.* We further assumed that an observed
compliance rate of 0.7 would be indicative of an important
difference compared with published results (rate difference,
0.2-0.3). With a Type 1 (alpha) error of 0.025 (1-tailed),
approximately 90 patients are required for a 0.9 probability
of detecting a difference of at least 0.25.°

Comparisons between teaching and nonteaching hospitals
were analyzed using chi-square tests. Confidence intervals for
estimates of overall compliance were calculated using a nor-
mal approximation to the binomial distribution.®

Results

Medical Patients at Increased Risk for VTE

We identified 4963 patients age 75 and older discharged
after at least 2 days of acute hospitalization for heart failure:
3437 from 73 teaching hospitals and 1526 from 58 non-
teaching hospitals. The 100 patients randomly selected for



TABLE 1. Treatment of Inpatients at Increased Risk for
Venous Thromboembolism at Acute Care VA Hospitals,
April 1, 2006 through March 31, 2007

Hospital Type
Total Teaching  Nonteaching
Number of patients 4963 3437 1526
Randomly selected patients at risk 100 54 46
Received prophylactic anticoagulation 63 34 29
Missed opportunities for prevention 37 20 17
Percent (95% confidence interval) 37 (27-47)  37(23-51) 37 (22-52)

Abbreviation: VA, Department of Veterans Affairs.

review ranged in age from 75 to 94 (median, 82) and had
hospitalizations of 3 to 41 days (median, 6). Ninety-eight
were male. In this group of patients, we found 63 with
evidence of adequate pharmacologic VTE prevention and
37 for which opportunities for prevention were not realized.
At teaching hospitals, anticoagulation was effected with
warfarin (13 cases), heparin (11), and enoxaparin (10). At
nonteaching hospitals anticoagulants included warfarin (16),
enoxaparin (11), and heparin (2). Twenty-nine of the
63 patients who received anticoagulation (46%) were admit-
ted while taking warfarin for chronic conditions. Teaching
and nonteaching hospitals did not differ with respect to
missed opportunities for prevention of VIE (37% in each
group; Table 1).

Patients With Established PE

We identified 1448 acute hospitalizations of at least 2 days
duration for patients with PE, 1118 from 72 teaching hospi-
tals and 330 from 51 nonteaching hospitals. We reviewed
779 medical records, 449 (40.2%) teaching cases and all
330 nonteaching cases. Chart review was completed after all
nonteaching cases had been reviewed. In only 8.2% (64) of
reviewed cases was the diagnosis of acute PE made after the
first 2 hospital days and with accompanying objective evi-
dence of VTE. Most cases (698; 89.6%) were excluded
because there was only a remote history of PE or the diag-
nosis was made prior to admission. Additional cases (17;
2.2%) were excluded because the diagnosis was made dur-
ing the first 2 hospital days; there were no acute signs and
symptoms and the diagnosis was chronic PE; or there was
no confirmation by computed tomography or ventilation-
perfusion scans, lower extremity ultrasonography in the
setting of consistent clinical findings, or autopsy.

The 64 patients with confirmed in-hospital PE ranged in
age from 44 to 85 years (median, 65) and had hospitaliza-
tions of 4 to 53 days (median, 16). Sixty-three were male.
One of these patients had no definite risk factors for VTE
and was ambulatory when acute symptoms occurred.
Among the 63 patients who had unequivocal VTE risk fac-
tors, 34 (54%) received appropriate prophylactic treatment,

TABLE 2. Patients With a Discharge Diagnosis of
PE at Acute Care VA Hospitals, April 1, 2006
Through March 31, 2007

Hospital Type
Total Teaching  Nonteaching

Number of patients 1448 1118 330
Randomly selected patients 779 449 330
Documented in-hospital 64 47 17

pulmonary embolism
No definite VTE risk factors 1 0 1
Received prophylactic anticoagulation 30 20 10
Anticoagulation contraindicated, 4 4 0

received mechanical prophylaxis
Missed opportunities for prevention 29 23 6
Percent (95% confidence interval) 45 (32-58) 49 (30-68) 35 (12-58)

Abbreviations: PE, pulmonary embolism; VA, Department of Veterans Affairs; VTE, venous
thromboembolism.

and 29 (46%) received inadequate or no preventive therapy
(Table 2). There was no significant difference between
teaching and nonteaching hospitals with respect to missed
opportunities for prevention (49% vs. 35%; P > 0.3).

Anticoagulants used at teaching hospitals included hepa-
rin (15 cases), enoxaparin (4), and warfarin (1), while at
nonteaching hospitals enoxaparin (7) and heparin (3) were
used.

Each of the 10 patients who received no anticoagulation
had the VTE risk factor of recent immobility prior to PE.
Nine of the 10 had active malignancies, and 4 of these had
undergone recent surgery. None had evidence of hyper-
coagulable states (factor V Leiden, lupus anticoagulant, or
anticardiolipin antibodies). Five of the 10 patients died in
the year following pulmonary embolism, 3 prior to
discharge or within 2 weeks of discharge.

Missed Opportunities for Prevention

Among the 66 patients whose hospitalizations were charac-
terized as missed opportunities for prevention, 30 received
no pharmacologic VTE prevention despite having no contra-
indications. Seven patients had contraindications to
pharmacologic prophylaxis, but none of these patients had
contraindications to mechanical prophylaxis. An additional
18 patients received mechanical prophylaxis only despite
having no contraindications to anticoagulation. Eleven
patients received inadequate heparin regimens with or
without mechanical prophylaxis (Table 3).

Discussion

Based on a random sample of 4963 elderly heart failure
patients admitted to VA hospitals during a 1-year period, we
estimated that 63% received recommended interventions
aimed at preventing VTE. Although differences in methodol-
ogy limit comparisons with published reports, this rate is

similar to those observed at individual hospitals,"'™"® in

2010 Society of Hospital Medicine DOI 10.1002/jhm.597
Published online in wiley InterScience (www.interscience.wiley.com).

VTE Prevention in VA Hospitals ‘ Herbers and Zarter E23



TABLE 3. Types of Missed Opportunities for Prevention
in Hospitalized Patients at Risk for Venous
Thromboembolism and Patients With Documented
Pulmonary Embolism

Hospital Type
Total Teaching Nonteaching
Number of patients 66 43 23
No contraindications, no prophylaxis 30 18 12
Anticoagulation contraindicated, 7 3 4
no mechanical prophylaxis
No contraindication to anticoagulation, 18 13 5
mechanical prophylaxis only
Inadequate heparin regimen, 9 7 2
no mechanical prophylaxis
Inadequate heparin regimen, 2 2 0

mechanical prophylaxis

large multicenter registries of patients with DVT or at risk
for VTE,'*!5 and in a recent multinational cross-sectional
study.'® Notably, chronic outpatient anticoagulation that
was continued during hospitalization accounted for nearly
one-half of patients receiving preventive care. Compliance
did not differ between teaching and nonteaching hospitals.

In a complementary approach to examining the extent
of preventive care, we identified 1448 patients discharged
with a diagnosis of PE. Most of these patients were
excluded because they did not have a new event while
hospitalized. Eleven (17%) of the 64 patients with con-
firmed in-hospital PE received no preventive care before
the event. An additional 18 (28%) received suboptimal hep-
arin regimens or mechanical prophylaxis in the absence of
contraindications to anticoagulation. As with the patients
at risk for VTE, patients with established PE at teaching
and nonteaching hospitals received similar rates of preven-
tive care. Contrary to our expectation, the observed differ-
ence in rates between types of hospitals favored nonteach-
ing hospitals. However, the sample size for this
comparison was small and the difference did not reach
statistical significance.

This study’s population-based approach permits conclu-
sions about the performance of the VAs entire system of
acute care hospitals. The results indicate that proven pre-
ventive therapies are often neglected at VA hospitals, but
overall performance is probably comparable to other
settings. VA employs an extensively implemented electronic
medical record (EMR) and superior performance might have
been expected. However, these results suggest limitations in
the EMR as it is currently deployed. Successful efforts prob-
ably require a multifaceted approach incorporating decision
support and institutional standardization.'”

Several additional findings warrant comment. Patients
with malignancies accounted for 9 of 10 patients who had
PE after receiving no prior anticoagulation. Recent surgery
was also a contributing factor for 4 of these cancer patients.
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Although both cancer and surgery are well-known risk VTE
factors, clinicians may not appreciate the extremely high
risk associated with the combination.'® Particular effort may
be warranted to ensure prophylaxis in this group, and more
intensive measures may be necessary.

These results reveal several barriers to the accurate retro-
spective measurement of preventable inpatient PE. First, the
use of discharge diagnoses to monitor the occurrence of
inpatient PE is fraught with hazard. In this study, even after
excluding patients with a discharge diagnostic code indicat-
ing a past history of PE, very few identified patients in fact
had an acute or recent event. In addition, many patients
were clearly admitted after having the onset of symptoms as
outpatients. Further, reliance on discharge diagnoses alone
can lead to the inclusion of patients with a presumptive
diagnosis made without the advantage of imaging studies or
postmortem examination. Although we overcame these
barriers through careful record review and strict diagnostic
criteria, our results suggest that efficient performance
improvement efforts may require ongoing concurrent
review.

There are several limitations of this study. First, we
excluded PE patients whose diagnoses were made before
the third hospital day. Some of these patients may have had
events attributable to recent prior hospitalizations and
should have received VTE prophylaxis. Second, we consid-
ered preventive measures applied at least 24 hours prior to
PE to be acceptable evidence of prevention, potentially
neglecting prior periods without treatment that might con-
fer increased risk. Bias due to either of these limitations
could exaggerate the compliance rates we report. Finally,
the retrospective design of this study did not allow for con-
sistent assessments of whether patients had the risk factor
of immobility. Nevertheless, immobility was obvious for the
10 patients with PE who had no prior anticoagulation, all of
whom had 2 or more risk factors.

Despite an acknowledged need for improvements in clin-
ical practice, past efforts have had mixed results. For
instance, in 1 study at a hospital with a well-established
EMR, computer alerts led to substantial improvement in the
use of preventive measures and in VTE outcomes, but over-
all compliance remained low.'? On the other hand, a multi-
disciplinary approach can achieve marked reductions in
preventable VTE events.’® Key elements of such an
approach are a simplified risk assessment tool and concur-
rent monitoring of patient treatments and outcomes. The
Agency for Healthcare Research and Quality has recently
published a guide that outlines strategies for achieving
“breakthrough levels of improvement” in the prevention of
VTE.*

In conclusion, this population-based study of hospital-
ized veterans with PE or at risk for VTE found compliance
comparable to rates in published reports. Missed opportuni-
ties for prevention included inappropriate and inadequate
interventions. Using discharge diagnoses to monitor the
occurrence of inpatient PE is of limited value, and efficient



performance improvement efforts may require ongoing
concurrent review.
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