
The association between the number of patients
treated in a hospital (volume) and patient outcomes
is well established for various high-risk surgical and

medical conditions.1 Prior studies have demonstrated that
higher patient volume is associated with lower mortality
among patients who have undergone certain cardiovascular
procedures and certain types of cancer surgery.2 Although
less extensively documented, the outcomes of several condi-
tions not requiring surgery, such as acute myocardial infarc-
tion and AIDS, and of certain nonsurgical interventions,
such as mechanical ventilation, may also be related to the
volume of patients treated.1,3,4 Potential reasons for the rela-
tion between patient volume and outcome include greater
provider experience and selective referral to providers with
better outcomes.5

Acute pulmonary embolism is a major health problem,
with an estimated incidence in the United States of 23–69
cases per 100 000 population annually.6,7 Short-term mortal-
ity related to pulmonary embolism has been estimated at
11%,8 rising to 25% among patients with cardiogenic shock.9

The diagnosis of this condition requires sophisticated radio-
graphic procedures such as spiral computed tomography,
ventilation–perfusion lung scanning, pulmonary angiogra-
phy and venous ultrasonography.10 In addition, the quality of
anticoagulant therapy, the mainstay of treatment for this con-
dition, may depend on provider experience and the availabil-
ity of specialized anticoagulation clinics.11 Access to throm-
bolysis and other measures of intensive care may also vary.
Consequently, it is likely that an association exists between
hospital case volume and outcome for patients with pul-
monary embolism. We sought to assess whether hospitals
that care for large numbers of patients with pulmonary em-
bolism have lower short-term mortality than those caring for
low numbers of such patients and whether hospital volume is
associated with length of hospital stay.
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Hospital volume and patient outcomes 
in pulmonary embolism

Background: In numerous high-risk medical and surgical
conditions, a greater volume of patients undergoing treat-
ment in a given setting or facility is associated with better
survival. For patients with pulmonary embolism, the relation
between the number of patients treated in a hospital (vol-
ume) and patient outcome is unknown.

Methods: We studied discharge records from 186 acute
care hospitals in Pennsylvania for a total of 15 531 patients
for whom the primary diagnosis was pulmonary embolism.
The study outcomes were all-cause mortality in hospital
and within 30 days after presentation for pulmonary em-
bolism and the length of hospital stay. We used logistic
models to study the association between hospital volume
and 30-day mortality and discrete survival models to study
the association between in-hospital mortality and time to
hospital discharge.

Results: The median annual hospital volume for pulmonary
embolism was 20 patients (interquartile range 10–42).
Overall in-hospital mortality was 6.0%, whereas 30-day
mortality was 9.3%. In multivariable analysis, very-high-
volume hospitals (≥ 42 cases per year) had a significantly
lower odds of in-hospital death (odds ratio [OR] 0.71, 95%
confidence interval [CI] 0.51–0.99) and of 30-day death
(OR 0.71, 95% CI 0.54–0.92) than very-low-volume hospi-
tals (< 10 cases per year). Although patients in the very-
high-volume hospitals had a slightly longer length of stay
than those in the very-low-volume hospitals (mean differ-
ence 0.7 days), there was no association between volume
and length of stay.

Interpretation: In hospitals with a high volume of cases, pul-
monary embolism was associated with lower short-term
mortality. Further research is required to determine the
causes of the relation between volume and outcome for pa-
tients with pulmonary embolism.
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Methods

Patient identification and eligibility
We used the Pennsylvania Health Care Cost Containment
Council database to identify patients discharged from Penn-
sylvania hospitals between Jan. 1, 2000, and Nov. 30, 2002,
with a diagnosis of pulmonary embolism. This database con-
tains information on demographic characteristics, insurance
status, hospital region and number of beds, diagnosis and
procedure codes (according to the International Classifica-
tion of Diseases, 9th revision, Clinical Modification), and
length of stay for patients discharged from all 186 nongovern-
mental acute care hospitals (i.e., hospitals other than those
operated by the Veterans Administration) in Pennsylvania.

We included inpatients 18 years of age or older who were
discharged with a primary diagnosis of pulmonary embolism
on the basis of the following International Classification of
Diseases codes: 415.1, 415.11, 415.19 and 673.20–673.24. To
ensure that we identified the most severely ill patients for
whom pulmonary embolism was the primary reason for hos-
pital admission, we also included inpatients with a secondary
diagnosis code for pulmonary embolism and one of the fol-
lowing primary codes that may represent complications or
treatments of this condition: respiratory failure (518.81), car-
diogenic shock (785.51), cardiac arrest (427.5), secondary
pulmonary hypertension (416.8), syncope (780.2), thrombol-
ysis (99.10), and intubation or mechanical ventilation (96.04,
96.05, 96.70–96.72).

We excluded patients who had a secondary diagnosis code
for pulmonary embolism without a primary code represent-
ing a complication or treatment of this condition and those
who had been transferred from another health care facility,
because we believe that such patients are more likely to have
had pulmonary embolism as a complication of the hospital
stay. We excluded follow-up records for patients who were
subsequently transferred to other hospitals. We also excluded
patients without the identifiers required for linkage to the
necessary clinical data, and those for whom mortality infor-
mation was not available. The Institutional Review Board at
the University of Pittsburgh approved this study.

Patient and hospital characteristics
We abstracted patients’ demographic characteristics and in-
surance status as well as hospital region, number of beds per
site and annual number of pulmonary embolism cases for
each site from the Pennsylvania Health Care Cost Contain-
ment Council database. Hospital teaching status was ascer-
tained from the Council of Teaching Hospitals and Health
Systems of the Association of American Medical Colleges. We
obtained baseline clinical variables by linking records for eli-
gible patients to the Atlas Database (MediQual, Marlborough,
Massachusetts), which includes clinical findings at presenta-
tion for all inpatients treated at nongovernmental acute care
hospitals in Pennsylvania. Severity of illness was quantified
using the pulmonary embolism severity index, a prognostic
model for patients with pulmonary embolism that was devel-
oped and validated using these data from the Pennsylvania
Health Care Cost Containment Council and Atlas data-

bases.12,13 On the basis of the severity index, each patient was
classified into 1 of 5 classes (I to V) of increasing risk of 30-
day mortality.12 To ascertain whether patients received throm-
bolysis, we used International Classification of Diseases pro-
cedure codes (99.10) from the Pennsylvania Health Care Cost
Containment Council and Atlas databases.

Study outcomes
The study outcomes were all-cause mortality in hospital and
within 30 days after presentation and the length of hospital
stay. We obtained mortality data by linking patient records to
the National Death Index using unique patient identifiers,
including social security number, name, date of birth and
sex.14–16 The National Death Index has a sensitivity and speci-
ficity of over 97% for mortality.16 Because the databases were
linked by staff from the Pennsylvania Health Care Cost Con-
tainment Council, we had no access to personal patient iden-
tifiers. We abstracted length of stay from the Pennsylvania
Health Care Cost Containment Council database.

Statistical analyses
We defined hospital volume as the mean number of dis-
charges for patients with pulmonary embolism per year dur-
ing the study period. We performed χ2 tests for categorical
variables and nonparametric Kruskal–Wallis tests for contin-
uous variables to compare hospital and patient characteristics
across the 4 groups of hospital volume. Nonparametric tests
were used for the continuous variables because of the skewed
distribution of these variables. We used logistic regression
analysis to examine the association between hospital volume
and mortality within 30 days after presentation and a discrete
survival approach to examine the association with in-hospital
mortality. Data for surviving patients were censored at 30
days. To account for the effects of clustering of patients
within hospitals, we used generalized estimating equations.17

We controlled for hospital region within Pennsylvania, hospi-
tal teaching status, race, insurance status, severity of illness
according to the pulmonary embolism severity index (which
incorporates age, sex, history of cancer, history of chronic
lung disease, history of heart failure, systolic arterial blood
pressure < 100 mm Hg, pulse ≥ 110 beats/min, respiratory
rate ≥ 30 breaths/min, body temperature < 36°C, arterial oxy-
gen saturation < 90% and altered mental status) and adminis-
tration of thrombolytic therapy. Because there is no accepted
definition of low versus higher hospital volumes for pul-
monary embolism, we modelled annual volume as a categori-
cal variable defined by 4 equal groups across all hospitals, a
commonly used approach in volume–outcome studies.4,18–20

In our study, these hospital groups were defined as follows:
very low volume, < 10 cases per year; low volume, 10–19 cases
per year; high volume, 20–41 cases per year; and very high
volume, ≥ 42 cases per year).

We used the same discrete survival approach to examine
the association between hospital volume and time to dis-
charge, adjusting for previously described hospital and pa-
tient factors. A lower odds of discharge corresponds to a
longer length of stay. Data for patients who died in hospital
were censored at the time of death.
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Results

From the 17 733 patient discharges that met our general in-
clusion criteria (diagnosis code for pulmonary embolism), 15
531 constituted the final study cohort after application of spe-
cific exclusion criteria and removal of records with missing
clinical and mortality data (Figure 1). The study hospitals
were diverse in terms of geographic region, teaching status
and number of beds (Table 1). Almost half of the study hospi-
tals (87 [47%]) were located in urban areas (Pittsburgh,
Philadelphia and their surrounding areas). Overall, 25 (13%)
of the hospitals were teaching hospitals. The median annual
volume was 20 patients with pulmonary embolism (in-
terquartile range 10–42). Very-high-volume hospitals (≥ 42
cases per year) were more likely than very-low-volume hospi-
tals (< 10 cases per year) to be teaching hospitals (37% v. 2%)
and to have more hospital beds (402 v. 97). Overall, there
were 667 patients (4.3%) in the very-low-volume hospitals,
1907 (12.3%) in the low-volume hospitals (10–19 cases per
year), 4222 (27.2%) in the high-volume hospitals (20–41
cases per year) and 8735 (56.2%) in the very-high-volume
hospitals (Table 2). Patients in very-high-volume hospitals
were more likely than those in very-low-volume hospitals to
be black (12.8% v. 6.7%) and to have private health insurance
(38.8% v. 31.9%). The percentages of the most severely ill pa-
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Figure 1: Identification of sample for study of outcomes of pul-
monary embolism in relation to hospital case volume. ICD-9-
CM = International Classification of Diseases, 9th revision,
Clinical Modification.

Excluded  n = 847 
• Clinical data missing  n = 777 
• Mortality data missing  n = 70

Excluded  n = 1355 
• Only a secondary code for pulmonary 

embolism  n = 323 
• Transfer from another hospital  n = 767 
• Transfer to another hospital  n = 265

Patient discharges with 
pulmonary embolism identified 

by ICD-9-CM diagnosis codes 
n = 17 733 

Eligible patient discharges 
n = 16 378 

Final study sample 
n = 15 531 

Table 1: Characteristics of 186 acute care hospitals in Pennsylvania by volume of pulmonary embolism cases 

 Hospital volume*; no. (%) of hospitals†  

Characteristic Overall 
Very low 

(< 10 cases/yr) 
Low 

(10–19 cases/yr) 
High 

(20–41 cases/yr) 
Very high 

(≥ 42 cases/yr) p value 

Total no. 186 (100) 46 (100) 47 (100) 47 (100) 46 (100) — 

Region       0.48 

Pittsburgh and 
surrounding area 39 (21) 11 (24) 8 (17) 6 (13) 14 (30) — 

Northwest 
Pennsylvania 24 (13) 8 (17) 8 (17) 7 (15) 1 (2) — 

Southern Laurel 
Highlands 12 (6) 4 (9) 4 (9) 2 (4) 2 (4) — 

North Central 
Pennsylvania 14 (8) 5 (11) 3 (6) 3 (6) 3 (7) — 

South Central 
Pennsylvania 18 (10) 3 (7) 3 (6) 5 (11) 7 (15) — 

Northeast 
Pennsylvania 18 (10) 6 (13) 5 (11) 5 (11) 2 (4) — 

Eastern 
Pennsylvania 13 (7) 2 (4) 4 (9) 4 (9) 3 (7) — 

Philadelphia 23 (12) 6 (13) 4 (9) 7 (15) 6 (13) — 

Area surrounding 
Philadelphia 25 (13) 1 (2) 8 (17) 8 (17) 8 (17) — 

No. of beds, median 
(interquartile range) 192 (106, 302) 97 (49, 146) 137 (100, 188) 239 (180, 318) 402 (255, 566) < 0.001 

Teaching hospital 25 (13) 1 (2) 3 (6) 4 (9) 17 (37) < 0.001 

*Hospitals are divided into 4 groups on the basis of hospital volume, where hospital volume is the annual number of cases of pulmonary embolism treated. 
†Unless stated otherwise. Percentages may not sum to 100 because of rounding. 
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tients (severity index risk classes IV and V) in the very-low-
volume hospitals and very-high-volume were similar (37.5%
v. 36.3%, p = 0.53). Overall in-hospital mortality was 6.0%,
whereas 30-day mortality was 9.3%. The median length of
stay was 6 days (interquartile range 4–8).

The unadjusted odds of in-hospital mortality varied signif-
icantly by hospital volume (p = 0.03) (Figure 2, online Appen-
dix 1 [www.cmaj.ca/cgi/content/full/178/1/27/DC2]). In
particular, relative to the very-low-volume hospitals, the low-
volume hospitals had significantly lower (by 41%) unadjusted
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Table 2: Characteristics of 15 531 patients with pulmonary embolism and their outcomes by hospital volume 

 Hospital volume*; no. (%) of patients†  

Characteristic Overall 
Very low 

(< 10 cases/yr) 
Low 

(10–19 cases/yr) 
High 

(20–41 cases/yr) 
Very high 

(≥ 42 cases/yr) p value 

Total no. 15 531 (100.0) 667 (100.0) 1 907 (100.0) 4 222 (100.0) 8 735 (100.0) — 

Demographic characteristic        

Age, yr 67 (52–77) 67 (51–78) 67 (51–77) 70 (54–79) 66 (51–76) < 0.001

Male sex 6 227 (40.1) 219 (32.8) 722 (37.9) 1 643 (38.9) 3 643 (41.7) < 0.001

Race       < 0.001

White 12 554 (80.8) 580 (87.0) 1 660 (87.0) 3 417 (80.9) 6 897 (79.0) — 

Black 1 701 (11.0) 45 (6.7) 104 (5.5) 432 (10.2) 1 120 (12.8) — 

Other or unknown 1 276 (8.2) 42 (6.3) 143 (7.5) 373 (8.8) 718 (8.2) — 

Insurance status       < 0.001

Government 8 556 (55.1) 382 (57.3) 1 047 (54.9) 2 542 (60.2) 4 585 (52.5) — 

Medicaid 1 174 (7.6) 58 (8.7) 152 (8.0) 310 (7.3) 654 (7.5) — 

Private 5 564 (35.8) 213 (31.9) 655 (34.3) 1 309 (31.0) 3 387 (38.8) — 

None or unknown 237 (1.5) 14 (2.1) 53 (2.8) 61 (1.4) 109 (1.2) — 

Comorbid disease        

History of cancer 3 046 (19.6) 100 (15.0) 330 (17.3) 791 (18.7) 1 825 (20.9) < 0.001

Chronic lung disease 2 868 (18.5) 153 (22.9) 394 (20.7) 845 (20.0) 1 476 (16.9) < 0.001

Heart failure 2 459 (15.8) 128 (19.2) 321 (16.8) 756 (17.9) 1 254 (14.4) < 0.001

Findings of physical 
examination        

Pulse ≥ 110 beats/min 2 742 (17.7) 119 (17.8) 327 (17.1) 726 (17.2) 1 570 (18.0) 0.67 

Systolic blood pressure 
< 100 mm Hg 1 624 (10.5) 69 (10.3) 189 (9.9) 423 (10.0) 943 (10.8) 0.47 

Respiratory rate ≥ 30/min 2 261 (14.6) 112 (16.8) 281 (14.7) 660 (15.6) 1 208 (13.8) 0.02 

Body temperature < 36°C 2 575 (16.6) 138 (20.7) 348 (18.2) 732 (17.3) 1 357 (15.5) < 0.001 

Altered mental status‡ 1 131 (7.3) 57 (8.5) 134 (7.0) 306 (7.2) 634 (7.3) 0.62 

Oxygen saturation < 90%§ 1 235 (8.0) 59 (8.8) 206 (10.8) 420 (9.9) 550 (6.3) < 0.001 

Risk class (pulmonary 
embolism severity index)       < 0.001 

Class I 3 027 (19.5) 136 (20.4) 378 (19.8) 720 (17.1) 1 793 (20.5) — 

Class II 3 322 (21.4) 129 (19.3) 403 (21.1) 875 (20.7) 1 915 (21.9) — 

Class III 3 389 (21.8) 152 (22.8) 404 (21.2) 975 (23.1) 1 858 (21.3) — 

Class IV 2 512 (16.2) 93 (13.9) 320 (16.8) 706 (16.7) 1 393 (15.9) — 

Class V 3 281 (21.1) 157 (23.5) 402 (21.1) 946 (22.4) 1 776 (20.3) — 

Thrombolysis 356 (2.3) 14 (2.1) 68 (3.6) 88 (2.1) 186 (2.1) 0.001 

Length of stay, d, median 
(interquartile range) 6 (4–8) 5 (4–8) 6 (4–8) 6 (4–8) 6 (4–8) 0.01 

In-hospital mortality 926 (6.0) 49 (7.3) 87 (4.6) 269 (6.4) 521 (6.0) 0.02 

30-day mortality 1 439 (9.3) 78 (11.7) 158 (8.3) 409 (9.7) 794 (9.1) 0.045 

*Hospitals are divided into 4 groups on the basis of hospital volume, where hospital volume is the annual number of cases of pulmonary embolism treated. 
†Unless stated otherwise. Percentages may not sum to 100 because of rounding. 
‡Defined as disorientation, lethargy, stupor or coma. 
§With or without supplemental oxygen. 
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odds of in-hospital mortality (p = 0.005). After adjustment for
hospital region, hospital teaching status, race, insurance
status, severity of illness (according to the pulmonary em-
bolism severity index) and administration of thrombolytic
therapy, differences among the 4 hospital groups remained
statistically significant (p = 0.03). In particular, the low-
volume hospitals had a significantly lower adjusted odds of
in-hospital mortality relative to the very-low-volume hospitals
(by 41%, p = 0.006) and the very-high-volume hospitals (by
29%, p = 0.04). The adjusted odds of in-hospital death across
the 3 groups of higher-volume hospitals (i.e., the low-
volume, high-volume and very-high-volume hospitals) were
not significantly different, except that the low-volume hospi-
tals had a lower odds of in-hospital death relative to the high-

volume hospitals (by 23%, p = 0.036) (data not shown).
There was no significant difference in the unadjusted odds

of 30-day mortality by hospital volume (p = 0.10), although
the low-volume hospitals and the very-high-volume hospitals
tended toward lower odds than the very-low-volume hospitals
(Figure 3, online Appendix 1 [www.cmaj.ca/cgi/content/full
/178/1/27/DC2]). After adjustment, the odds of 30-day mortal-
ity were significantly lower at the hospitals with higher vol-
umes than at the very-low-volume hospitals (p = 0.049), by
33% at the low-volume hospitals (p = 0.009), by 25% at the
high-volume hospitals (p = 0.04) and by 29% at the very-
high-volume hospitals (p = 0.01). The adjusted odds of 30-
day mortality across the 3 groups of hospitals with higher vol-
umes were not significantly different.
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0.4 0.6 0.8 1.0 1.2 

OR (95% CI) Hospital volume 
Low 
(10–19 cases/yr) 

High 
(20–41 cases/yr) 

Unadjusted 0.59 (0.40–0.85) 

Adjusted 0.59 (0.41–0.86) 

Adjusted 0.77 (0.55–1.07) 

Adjusted 0.71 (0.51–0.99) 

Unadjusted 0.78 (0.55–1.10) 

Unadjusted 0.73 (0.52–1.01) Very high 
(≥ 42 cases/yr) 

OR (95% CI) 

Increased risk 
of death 

Decreased risk 
of death

Figure 2: Unadjusted and adjusted odds ratios for in-hospital mortality among 15 531 patients with
pulmonary embolism, by hospital volume (annual number of cases of pulmonary embolism
treated). (Adjustments were for hospital region within Pennsylvania, hospital teaching status, race,
insurance status, severity of illness and administration of thrombolytic therapy.) OR = odds ratio,
CI = confidence interval.

0.4 0.6 0.8 1.0 1.2 

OR (95% CI) Hospital volume 
Low 
(10–19 cases/yr) 

High 
(20–41 cases/yr) 

Unadjusted 0.68 (0.50–0.94) 

Adjusted 0.67 (0.50–0.90) 

Adjusted 0.75 (0.57–0.99) 

Adjusted 0.71 (0.54–0.92) 

Unadjusted 0.81 (0.61–1.09) 

Unadjusted 0.76 (0.58–0.99) Very high 
(≥ 42 cases/yr) 

OR (95% CI) 

Increased risk 
of death 

Decreased risk  
of death

Figure 3: Unadjusted and adjusted odds ratios for 30-day mortality among 15 531 patients with
pulmonary embolism, by hospital volume (annual number of cases of pulmonary embolism
treated). (Adjustments were for hospital region within Pennsylvania, hospital teaching status, race,
insurance status, severity of illness and administration of thrombolytic therapy.) OR = odds ratio,
CI = confidence interval.
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Patients in the very-high-volume hospitals had a slightly
longer length of stay than those at the very-low-volume hos-
pitals (mean difference 0.7 days). However, there was no as-
sociation between volume and length of stay. The unadjusted
and adjusted odds of discharge on a given day were not sig-
nificantly different at hospitals with higher volumes relative
to the very-low-volume hospitals (Appendix 1, available on-
line at www.cmaj.ca/cgi/content/full/178/1/27/DC2).

Interpretation

After adjusting for potential hospital- and patient-related
confounders, we found that the hospitals with higher annual
volumes of pulmonary embolism cases had significantly
lower in-hospital and 30-day mortality than the very-low-
volume hospitals. In addition, there was no significant asso-
ciation between volume and length of stay. Extrapolating
from our data, we estimate that, each year, about 5200 pa-
tients with pulmonary embolism are managed in hospitals
that treat fewer than 10 cases per year in the United States.21

Although we did not observe a classic dose–response rela-
tion between hospital volume and mortality, we found that
mortality was lower in hospitals with a volume of at least 10
cases per year. There are several possible reasons for the
lower mortality in higher-volume hospitals. Physicians at
higher-volume hospitals may be more experienced and may
better adhere to processes of care with a favourable impact on
patient outcomes. Among others, such processes of care in-
clude earlier diagnosis of pulmonary embolism through the
use of validated diagnostic algorithms10 and an overlap of
heparin and warfarin therapy of 4 days or more before hep-
arin is stopped.22 Moreover, higher-volume hospitals may be
better staffed and may have greater availability of system-level
factors with potential favourable impact on anticoagulation
quality and outcomes. These factors may include the manage-
ment of anticoagulation through specialized anticoagulation
clinics11 and the availability of intensive care units to monitor
clinically unstable patients. The relative contributions of
these possible explanations to lower mortality in higher-
volume hospitals are not known. Further research is war-
ranted on the associations between physician- and system-
level factors, processes of care and outcomes for patients with
pulmonary embolism.

Although the mechanisms contributing to the lower mor-
tality in higher-volume hospitals remain to be elucidated, our
findings have potential implications for improving the quality
of care for patients with pulmonary embolism. For example,
shifting the care of more patients with this condition to
higher-volume hospitals might result in a decrease in the
number of deaths related to pulmonary embolism.23 How-
ever, a shift of care to higher-volume hospitals is justifiable
only if it does not delay the diagnosis and treatment of pul-
monary embolism (e.g., through longer transportation time
to the hospital).

Although unique in the context of pulmonary embolism,
our exploration of the volume–outcome relation for patients
with an acute medical condition is not new. Although some
prior studies showed lower mortality at high-volume hospi-

tals for a variety of conditions such as acute myocardial in-
farction and medical intensive care treatment,3,24 others did
not find such an association for other common acute medical
diseases such as pneumonia and stroke.20,25

Our study has several strengths. First, our sample con-
sisted of 15 531 patients from all 186 nongovernmental acute
care hospitals in Pennsylvania, encompassing a wide range of
both academic and nonacademic and both urban and rural
hospitals. Patients in our sample had a broad spectrum of
disease severity, from nonmassive pulmonary embolism to
massive pulmonary embolism with cardiopulmonary instabil-
ity. Second, in contrast to many volume–outcome studies,
which have used administrative data only (the estimated rela-
tion potentially reflecting unmeasured differences in the
severity of illness of patients admitted to low-volume versus
higher-volume hospitals26), our analysis was based on clinical
data, and we adjusted for differences in severity of illness
using a validated prognostic model for pulmonary embo-
lism.12,13 Third, because conventional regression models may
overestimate the statistical significance of volume–outcome
associations,27 we accounted for clustering within sites by us-
ing a generalized equation estimation approach, which made
overestimation of the volume–outcome relation less likely.

Our study also had several limitations. First, patients in
our sample were identified using International Classification
of Diseases codes for pulmonary embolism rather than stan-
dardized radiographic criteria, and patient eligibility may
therefore be subject to study selection biases due to hospital
coding procedures. In prior studies, up to 96% of patients
with specific codes for pulmonary embolism had objectively
documented disease on the basis of chart review criteria,28–30

but little is known about the sensitivity of these codes for de-
tecting this condition. In one previous study, the Interna-
tional Classification of Diseases codes missed 13% of patients
with pulmonary embolism.31 Thus, we cannot entirely ex-
clude the possibility that the potential for variation in the sen-
sitivity of coding across study centres represents a threat to
the validity of our findings (misclassification bias). We also
acknowledge that we had no information on the accuracy of
the procedure code for thrombolysis (99.10). Second, we
could not assess whether differences in the duration of com-
plaints, timeliness of diagnosis or anticoagulation-related
processes of care would explain differences in outcomes be-
tween low-volume and higher-volume hospitals. Moreover,
we had no information on physician-level (e.g., experience,
specialty training and annual volume of pulmonary embolism
cases per physician) and system-level (e.g., hospital proxim-
ity, staff volume and availability of specialized anticoagula-
tion clinics and intensive care units) factors with a potential
impact on the quality of management and outcomes of pul-
monary embolism. Thus, we cannot exclude the possibility
that the observed lower mortality in higher-volume hospitals
was due to unmeasured confounding by these factors. Third,
the higher mortality in low-volume hospitals may be due to
better detection of deaths related to pulmonary embolism.
Although we are not aware of any study demonstrating more
accurate mortality assessment in low-volume hospitals, we
cannot exclude the possibility that the observed mortality
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difference was due to detection bias. Finally, our analysis can-
not determine the direction of the association.4 Instead of
higher-volume hospitals providing better outcomes, these
hospitals may attract more patients on the basis of superior
care. However, because pulmonary embolism necessitates
emergency care, selected referral to higher-quality providers
may play a less important role than would be the case for
elective procedures.

In conclusion, our results suggest that, in hospitals with a
higher case volume, pulmonary embolism is associated with
lower short-term mortality. Further research is required to
determine the causes of the relation between volume and out-
come for patients with pulmonary embolism.
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