
Commentary

All editorial matter in CMAJ represents the opinions of the authors and not necessarily those of the Canadian Medical Association.

CMAJ • January 1, 2008 • 178(1)
© 2008 Canadian Medical Association or its licensors

5588

Venous thromboembolism, which manifests as either
deep vein thrombosis or pulmonary embolism, is
one of the most common cardiovascular disorders in

industrialized countries, affecting about 5% of people in
their lifetime.1 Pulmonary embolisms are highly fatal, and
in 22% of cases, they are not diagnosed until after they
cause death.2 If untreated, pulmonary embolism has a high
mortality and accounts for 5%–10% of all in-hospital
deaths.2,3 Registry data shows an overall 3-month mortality
of 17.4%.4 Of these deaths, 45% were ascribed to pulmonary
embolism and 75% occurred during the initial hospital ad-
mission for pulmonary embolism. There is room for con-
siderable improvement in the management of pulmonary
embolism, but it remains unknown whether preventive
measures, diagnosis, treatment modalities, or physician or
patient education should be the focus. Research that may
help elucidate the problem may help to create a solution.

In this issue, Aujesky and colleagues report that pulmonary
embolism treated in hospitals with high case volume is associ-
ated with reduced short-term mortality.1 In 1979, Luft and col-
leagues reported that hospital volume and mortality were in-
versely related. They found that mortality of open-heart surgery,
vascular surgery, transurethral resection of the prostate and
coronary bypass decreased with an increasing number of opera-
tions.5 This finding has led to the dilemma about whether to re-
gionalize complex cases to high-volume medical centres. The
association between case volume and outcome has been docu-
mented numerous times, fueling the debate.5 In some settings,
regionalizing traumatology and perinatalogy has been success-
ful and has shown benefits.6 A systematic review by Halm and
colleagues that included 27 trials showed that 71% of all studies
of hospital volume and 69% of studies of physician volume re-
ported a statistically significant association between high vol-
ume and improved patient outcome. Of the included studies,
none reported a statistically significant association between
high volume and worse outcome.7 Recent studies have sug-
gested a correlation between hospital volume and patient health
and function after surgery.8,9 Similar results have been reported
among patients receiving mechanical ventilation10 but not
among patients with pneumonia.11

Two principal hypotheses have been proposed to explain
the relation between volume and outcome. First, health care

providers may develop more effective skills if they care for more
patients or perform a procedure more often. Second, providers
who achieve better outcomes may be referred more patients
and thus accrue larger case volumes (selection referral).7

The study by Aujesky and colleagues suggests that the re-
gionalized management of pulmonary embolism at high-
volume centres could improve patient outcomes. Regional-
ized thrombosis programs with appropriate leadership may
increase the uptake of evidence that improves diagnosis and
treatment. The following are important elements of a suc-
cessful pulmonary embolism program. First, pulmonary 
embolism should be diagnosed following a proven diagnostic
algorithm and include prompt diagnostic imaging (computed
tomography, ventilation–perfusion scans, ultrasonography or
pulmonary angiography), which may not be available in low-
volume settings. Evidence has proven the value of following
diagnostic algorithms.12,13 Second, continuous hospital 
coverage should be provided by physicians experienced in the
diagnosis and management of pulmonary embolism. Studies
have shown that mortality is higher among patients admitted
to hospital with a pulmonary embolism on weekends com-
pared with weekdays.14 Continuous coverage may not be
available in lower-volume settings. Third, appropriate antico-
agulation control significantly reduces the risk of death from
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Important elements of a pulmonary embolism program

• Pulmonary embolism should be diagnosed based on proven
algorithms that, when necessary, include prompt diagnostic
imaging.

• Continuous hospital coverage should be provided by physi-
cians experienced in diagnosing and managing pulmonary
embolism.

• Anticoagulation control can be improved when care is cen-
tralized at an anticoagulation clinic.

• Programs should strive to coordinate care, adopt institution-
and region-wide guidelines, and develop and implement ap-
propriate quality-of-care programs.
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a pulmonary embolism. Because major hemorrhage and poor
control of international normalized ratio frequently occur
among patients taking anticoagulants during the first month
after discharge from hospital,15,16 anticoagulation control
should be managed at a central anticoagulation clinic where
the quality of control is improved compared with family prac-
tices.15 Finally, access to thrombolysis and intensive care
monitoring should be available if required. High-volume
providers may have better access to these services than low-
volume providers. Successful regionalized thrombosis pro-
grams need to ensure coordination of the care, adoption of
institution- and region-wide guidelines, and development
and implementation of appropriate quality-of-care programs.

Policy-makers need to take action in light of increasing evi-
dence showing that, for certain diagnoses (perhaps including
pulmonary embolism), care at higher-volume centres leads to
better outcomes. However, the volume–outcome correlation
hypothesis proposed by Aujesky and colleagues is imperfect.
First, the identification of events in their study is problematic.
Aujesky and colleagues used International Classification of
Diseases (ninth revision, clinical modification [ICD-9CM])
codes to identify pulmonary embolism without any chart re-
view. For venus thromboembolism coding, the specificity is
74% and the positive predictive value is 62%.17 Second, if case
volume is associated with outcome, it is difficult to explain why
mortality was significantly lower in low-volume hospitals
(10–19 cases per year) compared with high-volume hospitals
(20–41 cases per year). Third, Aujusky and colleagues found
that only 4.3% of all pulmonary embolism patients receive care
in very-low-volume hospitals (< 10 cases per year) and that the
absolute 30-day mortality difference was only 3.4%. Given this,
it is unlikely that mechanisms to provide pulmonary-embolism
care in higher-volume centres would have a large effect on
overall population mortality. Furthermore, these differences in
mortality are not necessarily all related to pulmonary em-
bolism. In fact, it is likely that less than half are related pul-
monary embolisms and, instead, may be related to other
processes of care, suggesting that better care of the pulmonary
embolism would have no effect on outcome. The prognostic
model used by Aujesky and colleagues predicts mortality
among patients with pulmonary embolism, not mortality due
to pulmonary embolism.

The volume–outcome correlation hypothesis is imperfect,
and a wide variation of outcomes may be observed among
high-volume providers.7 Differences in case mix and severity,
as well as in processes of care between high- and low-volume
providers may explain part of the observed relation; however,
Aujesky and colleagues were unable to account for mortality
differences owing to process of care. The most striking differ-
ence in mortality between high- and low-volume providers
has been reported for high-risk procedures and conditions
(e.g., pancreatic cancer, abdominal aortic aneurysm).7 The
magnitude of the relation between volume and outcome is
significantly reduced for more common conditions (e.g.,
pneumonia). Furthermore, a wide variation of outcomes may
be observed among high-volume providers. For example, in a
detailed analysis of 159 surgeons who performed a high or
very high volume of radical prostatectomy, Begg and col-

leagues reported a wider variation among surgeons than pre-
dicted based on chance or case-mix variations.9 This suggests
that volume may not be a perfect surrogate marker for quality
of care and that we need to carefully interpret the clinical sig-
nificance of these volume–outcome correlations. Identifying
the relative contribution of the different factors involved in
the processes of care (e.g., composition of medical teams,
treatment protocols, resource availability) would be ideal.
However, this would be a substantial undertaking and such
efforts should be focused where results are most likely to be
fruitful. Furthermore, the relative contribution of the hospi-
tal- and physician-volume are largely unknown because very
few studies have evaluated both types of volume simultan-
eously. Therefore, a selective-referral policy to a high-volume
provider (hospital or physician) may not achieve the desired
effect — a low-volume physician in a high-volume hospital
may have worse outcomes than an average-volume physician
in an average-volume hospital.7 Further research should be
performed on the contribution of process of care and hospital
volume and physician volume, as well as on the longitudinal
trend of volume–outcome correlations for patients with pul-
monary embolism.

The ultimate goal is to develop safety- and quality-assurance
programs that monitor and improve care in all hospitals in or-
der to provide equal care to all patients. We are not convinced
that referring patients with pulmonary embolism to higher-
volume centres would significantly reduce mortality. It is clear
that following diagnostic algorithms and treatment guidelines
is a minimal requirement and that a starting point may be to
compare the diagnostic and treatment processes in high- and
low-volume centres. Increasing the proportion of care pro-
vided in high-volume centres by selective referral is worth ex-
ploring. Lessons learned from successful regional care pro-
grams, including traumatology and perinatology, may be
helpful. However, we need to consider access to care for pa-
tients in rural areas, avoidance of duplication of services, and
financial and resource constraints for high-volume providers
in any study that evaluates regionalization of treatment to
higher-volume centres.
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