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Background: Computed tomographic pulmonary angi-
ography (CTPA) may improve detection of life-
threatening pulmonary embolism (PE), but this sensitive
test may have a downside: overdiagnosis and overtreat-
ment (finding clinically unimportant emboli and expos-
ing patients to harms from unnecessary treatment).

Methods: To assess the impact of CTPA on national PE
incidence, mortality, and treatment complications, we
conducted a time trend analysis using the Nationwide In-
patient Sample and Multiple Cause-of-Death databases.
We compared age-adjusted incidence, mortality, and treat-
ment complications (in-hospital gastrointestinal tract or
intracranial hemorrhage or secondary thrombocytope-
nia) of PE among US adults before (1993-1998) and af-
ter (1998-2006) CTPA was introduced.

Results: Pulmonary embolism incidence was un-
changed before CTPA (P=.64) but increased substan-
tially after CTPA (81% increase, from 62.1 to 112.3 per
100 000; P� .001). Pulmonary embolism mortality de-

creased during both periods: more so before CTPA (8%
reduction, from 13.4 to 12.3 per 100 000; P� .001) than
after (3% reduction, from 12.3 to 11.9 per 100 000;
P=.02). Case fatality improved slightly before (8% de-
crease, from 13.2% to 12.1%; P=.02) and substantially
after CTPA (36% decrease, from 12.1% to 7.8%; P� .001).
Meanwhile, CTPA was associated with an increase in pre-
sumed complications of anticoagulation for PE: before
CTPA, the complication rate was stable (P=.24), but af-
ter it increased by 71% (from 3.1 to 5.3 per 100 000;
P� .001).

Conclusions: The introduction of CTPA was associ-
ated with changes consistent with overdiagnosis: rising
incidence, minimal change in mortality, and lower case
fatality. Better technology allows us to diagnose more em-
boli, but to minimize harms of overdiagnosis we must
learn which ones matter.
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T HE INTRODUCTION IN 1998
of multidetector row com-
puted tomographic pulmo-
nary angiography (CTPA)
revolutionized the way

physicians approach pulmonary embo-
lism (PE). Many assumed this highly sen-
sitive test would improve outcomes of this

deadly disease by detecting and allowing
treatment of emboli that were previously
missed. Computed tomographic pulmo-
nary angiography rapidly spread into prac-
tice, largely replacing other tests for PE
such as ventilation-perfusion scans and in-
vasive pulmonary angiography.1 Several in-
stitutions reported a 7- to 13-fold in-
crease in use of CTPA by 2006,1-4 and
nationally there was an 11-fold rise in chest

CT angiography from 2001 to 2006 in the
Medicare fee-for-service population (writ-
ten communication, Daniel J. Gottlieb, MS,
2010). In 2007, 2.6 million chest CT an-
giography scans were performed in the
United States.5 Computed tomographic
pulmonary angiography is now preferred
as the first-line test for PE by both profes-
sional societies6 and practicing physi-
cians.7

However, the increased sensitivity of
CTPA may have a downside: the detec-
tion of emboli that are so small as to be
clinically insignificant.8,9 This phenom-
enon has been called “overdiagnosis,” de-
fined as the detection of an abnormality
that will never cause symptoms or death.10
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Overdiagnosis matters because it can lead to iatrogenic
harm. While a clinically insignificant PE is by definition
not harmful, treating such an embolism can cause harm
(eg, bleeding from anticoagulation, which can in the worst
case be fatal). Many are aware of overdiagnosis from the
recent controversy over prostate and breast cancer screen-
ing,11,12 but there has been limited consideration of this
possibility in other contexts such as PE.13,14 Typically, as
in a recent study reporting a national increase in the in-
cidence of PE, the possibility of overdiagnosis is not se-
riously addressed.15

In the present article, we investigate whether CTPA
has resulted in overdiagnosis of PE in the United States.
Because there is no direct way to prove that a PE has been
“overdiagnosed” (unless patients are observed without
treatment until they die from an unrelated cause), we
looked for indirect evidence by comparing trends in PE
incidence and mortality before and after the introduc-
tion of CTPA. On the one hand, as shown in Figure 1,
if increasing use of CTPA was improving our ability to
find and successfully treat clinically important pulmo-
nary emboli, we would expect to see an increase in in-
cidence (since highly sensitive CTPA finds pulmonary
emboli that were previously missed) and a reduction in
mortality (because of successful treatment of the “new”
pulmonary emboli). On the other hand, if CTPA primar-
ily improves our ability to find pulmonary emboli of mini-
mal clinical significance, we would expect to see rising
incidence, but little change in mortality.

METHODS

DESIGN OVERVIEW

We conducted a time trend analysis of PE incidence, mortality,
and treatment complications in US adults (age �18 years) from
1993 to 2006. This time frame encompasses the 5 years prior to

the introduction of CTPA (1993-1998) and the available years
of data following its introduction (1998-2006). Studies using de-
identified, publicly available data are exempt from institutional
board review at Boston University and Dartmouth College.

DATA SOURCES

We used the Nationwide Inpatient Sample16 (NIS) to deter-
mine national estimates of hospitalization for PE. The NIS in-
cludes all discharges from a 20% stratified sample of nonfed-
eral hospitals in the United States. Strata are based on geographic
region, public or private status, urban or rural designation, teach-
ing status, and hospital bed size. Hospitals included in the NIS
may vary from year to year. Each record contains patient de-
mographics, up to 15 International Classification of Diseases, Ninth
Revision (ICD-9) procedure and diagnosis codes, vital status at
hospital discharge, and a discharge weight to allow national es-
timates. Although the first year of available data in the NIS is
1988, Healthcare Cost & Utilization Project (HCUP) recom-
mends conducting time trend analyses beginning in 1993 be-
cause of the small number of participating states prior to 1993.

We used the Multiple Cause-of-Death files17 to determine
national mortality from PE. This comprehensive database com-
piled by the National Center for Health Statistics contains data
from all death certificates filed in the United States each year.
Each record includes information on the decedent’s demo-
graphics and up to 20 contributing causes of death recorded
as ICD-9 (1993-1998) or International Statistical Classification
of Diseases, 10th Revision (ICD-10) (1999-2006) codes.

PRIMARY OUTCOMES: PE INCIDENCE
AND MORTALITY

Incidence

We calculated the annual number of hospital discharges with a
diagnosis of PE per 100 000 US adults as our measure of inci-
dence. The numerator for the incidence rate includes all adults
with a PE based on ICD-9 codes for acute (415.11 and 415.19)
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Figure 1. Expected change in mortality and case fatality in various scenarios of rising apparent incidence. PE indicates pulmonary embolism.
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orobstetric (673.2)PE inanyof the15diagnosis fieldson thehos-
pital discharge record. Because the specificity of these codes (eg,
for distinguishing current vs historic embolism) has been ques-
tioned,18 we also reported the incidence of PE among patients for
whomthiswastheprimarydischargediagnosis,whichshouldhave
accuracy approaching 95%.19 The denominator for the incidence
rate(andallotherpopulationrates) is thecorrespondingmid-year
US estimated adult population from the US Census survey.

Mortality

Pulmonary embolism mortality was defined as the annual num-
ber of deaths in which PE was listed as a contributing cause
per 100 000 US adults. Pulmonary embolism deaths were iden-
tified by the presence of the same acute or obstetric PE ICD-9
or ICD-10 (I26 and O88.2) codes in any of the 20 diagnosis
fields on the death certificate.

The standard calculation of PE mortality includes all deaths
in which PE is listed as a contributing cause of death rather than
only cases in which it is reported as the underlying cause of death.20

We followed this precedent for 2 reasons. First, relying only on
the underlying cause of death reported on death certificates to
determine deaths related to PE results in a sensitivity as low as
27%.21 Second, the US Department of Health & Human Services’
instructions on completing the death certificate direct that PE
should not be coded as the underlying cause of death if there is a
more specific cause that precipitated the embolism (eg, cancer,
recent surgery).22 In these cases PE is listed as a contributing cause,
even if it is the immediate cause of death.

SECONDARY OUTCOMES: CASE FATALITY
AND TREATMENT COMPLICATIONS

We used the NIS to capture all secondary outcomes. Case fa-
tality was defined as the proportion of hospital deaths among
patients with a PE. We recorded potential in-hospital compli-
cations of anticoagulation for PE if these ICD-9 codes ap-
peared in any of the 14 secondary diagnosis fields: gastroin-
testinal tract hemorrhage (65 codes given in the eTable;
http://www.archinternmed.com),23 intracranial hemorrhage
(codes 430-432), and secondary (eg, drug-induced) thrombo-
cytopenia (code 287.4). While these codes may overestimate
in-hospital complications related to anticoagulation, trends over
time should not be affected.

STATISTICAL ANALYSIS

We derived national estimates from the NIS by applying each
record’s discharge weight using the SVY commands in Stata,
release 10.1 (StataCorp, College Station, Texas). We calcu-
lated annual percentage change (APC) using the Joinpoint Re-
gression Program, version 3.4.2 (Statistical Research and Ap-
plications Branch, National Cancer Institute). We standardized
all rates by age to account for changing demographics. Out-
comes reported per 100 000 US adults were standardized using
the 2000 US Census as the standard population; outcomes re-
ported as a percentage of patients with PE (eg, case fatality)
were standardized using all patients with PE in the study pe-
riod as the standard population.

RESULTS

INCIDENCE AND MORTALITY

As shown in Figure 2, overall age-adjusted incidence
of PE did not significantly change in the period before

CTPA (58.8 to 62.3 per 100 000; APC, 0.5%; P=.64),
but increased by 81% after CTPA was introduced, rising
from 62.3 to 112.3 per 100 000 US adults (APC, 7.1%;
P� .001). In the subset of patients with a primary diag-
nosis of PE, incidence rose 19% before CTPA (32.3 to
38.3 per 100 000; APC, 3.3%; P= .05), but showed a
more dramatic rise of 72% after CTPA was introduced,
increasing from 38.3 to 65.8 per 100 000; (APC, 7.2%;
P� .001). The pattern of stable PE incidence before
CTPA and a large rise after the introduction of CTPA
was consistent for all admission types. Specifically, after
the introduction of CTPA, incidence rose by 86%
among medical admissions (45.9 to 85.5 per 100 000;
APC, 8.1%; P� .001); by 60% among surgical admis-
sions (16.0 to 25.6 per 100 000; APC, 6.5%; P� .001),
and increased 2.7-fold among obstetric admissions (0.7
to 1.9 per 100 000; APC, 13.6%; P� .001).

As shown in Figure 2, age-adjusted PE mortality de-
creased throughout the study period. The decrease was
more pronounced before CTPA (13.4 to 12.3 per 100 000;
8% decrease; APC, −1.9%; P=.01) than afterwards, when
mortality fell by 3% from 12.3 to 11.9 per 100 000; (APC,
−0.5%; P=.02).

CASE FATALITY

As given in the Table, age-adjusted PE case fatality im-
proved slightly before (8% decrease, from 13.2% to 12.1%;
P=.02) and substantially after CTPA was introduced (36%
decrease, from 12.1% to 7.8%; P� .001). For context, the
APC in case fatality among patients with PE was similar
to that among all medical admissions before CTPA
(roughly −2.0%). But after CTPA was introduced, case
fatality decreased by a third for all patients with PE and
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Figure 2. Incidence and mortality of pulmonary embolism in the United
States, 1993-2006. APC indicates annual percentage change; and
CTPA, computed tomographic pulmonary angiography.
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by half for patients with a primary diagnosis of PE, while
falling only 20% among all medical admissions.

TREATMENT COMPLICATIONS

As shown in Figure 3, the introduction of CTPA was
associated with an increase in presumed in-hospital com-
plications of anticoagulation for PE. Before CTPA, the
age-adjusted complication incidence rate did not signifi-
cantly change (2.7 to 3.1 per 100 000; P=.24), but after
CTPA was introduced, it increased by 71% from 3.1 to
5.3 per 100 000 (APC, 7.0%; P� .001). Among patients
with a primary diagnosis of PE, we observed the same
pattern: stable complication rates before CTPA (1.2 to
1.5 per 100 000; P=.07) and increasing rates after CTPA
was introduced, when complications rose by 47% from
1.5 to 2.2 per 100 000 (APC, 5.2%; P� .001).

COMMENT

The epidemiologic patterns of PE have changed since
CTPA was introduced. Compared with the pre-CTPA era,
PE incidence rose, mortality changed little, and case fa-
tality decreased.

What explains these findings (Figure 1)? At first glance,
the rapid increase in incidence seems alarming—an ap-
parent epidemic of PE. But the epidemic is unusual be-
cause it has only occurred among nonfatal emboli: de-
spite increased incidence, population mortality from PE
has not shown a parallel increase. Moreover, an epi-
demic (or true increase in disease incidence) is unlikely
without a corresponding increase in risk factors. Risk of
PE may actually be decreasing: in the past several years,
quality improvement efforts have focused on increasing
prophylaxis against venous thromboembolism in hospi-

talized patients. Despite the fact that most surgical pa-
tients now receive prophylaxis, PE incidence has risen
substantially in the surgical population. Incidence has
risen even more dramatically among obstetric patients,
nearly tripling in the 8 years after CTPA was intro-
duced. Although the major underlying risk factor (preg-
nancy) has remained constant, use of CT in the obstet-
ric population has risen by 25% per year.24

The widespread adoption of CTPA points to an alter-
native explanation. Rather than an epidemic of disease,
we think the increased incidence of PE reflects an epi-
demic of diagnostic testing that has created overdiagno-
sis. In this scenario, much of the increased incidence in
PE consists of cases that are clinically unimportant, cases
that would not have been fatal even if left undiagnosed
and untreated.

Overdiagnosis explains the increased incidence, de-
creased case fatality, and minimal change in mortality we
observed (Figure 1). If the extra emboli diagnosed were
clinically important and benefited from treatment, mor-
tality (ie, number of fatal pulmonary emboli/population
at risk) would show a parallel decrease. This is exactly
what happened in the 20 years prior to the introduction
of CTPA: with improved prevention and treatment, PE
mortality in the United States fell 50%, decreasing by 970
deaths per 100 000.20 By contrast, in the 8 years since
CTPA was introduced, despite the large increase in new
cases, mortality decreased by only another 0.4 deaths per
100 000. Mortality changed little because many of the ex-
tra emboli may not have needed treatment at all.

The concomitant improvement in case fatality is also
explained by overdiagnosis. Case fatality (ie, number of
deaths/people diagnosed) decreases because the denomi-
nator has been inflated with clinically insignificant cases
that are only identifiable by highly sensitive tests (cor-

Table. Characteristics and Case Fatality of US Adults With PE

Characteristics and Case Fatality

Year
Before CTPA
(1993-1998)

After CTPA
(1998-2006)

1993 1998 2006 APC P Value APC P Value

PE (any diagnosis) (n=110 726) (n=126 887) (n=258 602)
Characteristics

Age, mean (SE), y 64.8 (0.3) 64.9 (0.2) 63.6 (0.2) . . . . . . . . . . . .
Female, % 53.7 57.4 55.0 . . . . . . . . . . . .
Admission type, %

Medical 74.9 73.7 76.1 . . . . . . . . . . . .
Surgical 24.2 25.5 22.9 . . . . . . . . . . . .
Obstetric 0.8 0.8 1.0 . . . . . . . . . . . .

Case fatality (ie, hospital mortality), % 13.2 12.1 7.8 −2.0 .02 −5.5 �.001
PE (primary diagnosis) (n=60 849) (n=77 990) (n=151 345)

Characteristics
Age, mean (SE), y 64.6 (0.3) 64.2 (0.2) 62.5 (0.2) . . . . . . . . . . . .
Female, % 55.8 58.8 55.9 . . . . . . . . . . . .
Admission type, %

Medical 87.6 84.8 84.2 . . . . . . . . . . . .
Surgical 11.7 14.5 14.9 . . . . . . . . . . . .
Obstetric 0.7 0.7 0.8 . . . . . . . . . . . .

Case fatality (ie, hospital mortality), % 7.1 6.7 3.7 −2.1 .14 −7.7 �.001
All medical admissions

Hospital mortality, % 3.7 3.4 2.7 −1.6 �.001 −3.0 �.001

Abbreviations: APC, annual percentage change; CTPA, computed tomographic pulmonary angiography; PE, pulmonary embolism.
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responding mortality statistic is not distorted, since the
denominator includes all people at risk, not just those
diagnosed). A recent time trend analysis of Pennsylva-
nia residents hospitalized with PE confirms that pa-
tients admitted in recent years have a lower disease se-
verity than patients admitted in the past.13

The discussion of overdiagnosis has been largely re-
stricted to the cancer screening literature.11,12 But the con-
cept is relevant whenever there is a large reservoir of un-
diagnosed cases and a new, sensitive test to detect them.
In the case of PE, both conditions exist. First, there ap-
pears to be a large reservoir of unsuspected emboli. Signs
of recent or prior PE can be identified in more than half
of autopsies if the pulmonary arteries are meticulously
examined.9 Moreover, among consecutive patients un-
dergoing contrast chest CT for unrelated reasons (eg, can-
cer staging), unsuspected emboli are found in 4% over-
all,25 in 17% of patients older than 80 years,26 and in 24%
of asymptomatic trauma patients.27 Second, evidence of
overdiagnosis of PE initially arose in the randomized trial
comparing CTPA with ventilation-perfusion scan: while
the CTPA arm detected more patients with PE, there was
no apparent improvement in outcomes.8 A recent meta-
analysis confirms that many of the additional emboli iden-
tified by multidetector row CTPA are subsegmental em-
boli that do not lead to adverse outcomes even if left
untreated.28 In the present article, we demonstrate that
it was not until after the introduction and rapid adop-
tion of a highly sensitive test (CTPA) that the dramatic
rise in PE incidence occurred.

Like any study relying on administrative databases, our
study has limitations. While some factors inherent to ad-
ministrative data may overestimate incidence, others cause
an underestimate. Trends may be confounded by “up-
coding,” an artifact whereby discharge records in later
years contain more thorough ICD-9 coding in an effort
to maximize reimbursement.29 While such upcoding could
lead to an overestimate of the increase in incidence over
time, it is unlikely to explain the magnitude of change
we noted (ie, nearly doubling in incidence). Because the
NIS does not have identifiers to track individuals after
hospital discharge, patients who are readmitted may be
erroneously counted as 2 unique individuals with PE.
There are reasons, however, to suspect that incidence is
actually underestimated. Pulmonary embolism is con-
sidered to be one of the most common missed diag-
noses; thus, our estimate of PE incidence is likely to be
falsely low. Furthermore, the NIS did not allow us to cap-
ture emboli diagnosed and treated solely as an outpa-
tient. However, more than 90% of patients with PE seen
in US emergency departments in 2006 were admitted to
the hospital.30 This proportion was likely even higher early
in the study period, when outpatient management of PE
with low-molecular-weight heparin was unusual.31 Hence,
the overall rise in PE incidence may be even greater than
what we captured among inpatients.

A second limitation is that death certificates under-
count PE mortality. Since there is no national autopsy
database, the Multiple Cause-of-Death database con-
tains the most comprehensive data available on deaths
in the US population. Studies have found that death cer-
tificates have a sensitivity less than 40% compared with

autopsy results for identifying deaths related to PE.32 To
minimize this problem, we counted any diagnosis of PE
listed on the death certificate (whether listed as the im-
mediate or a contributing cause of death) as a PE death—a
standard strategy in this area of research.20 Although death
certificate data may underestimate PE mortality, it can
accurately estimate time trends and is routinely used for
this purpose.20,33,34

While our findings suggest there may be substantial
overdiagnosis of PE, we cannot conclude that overdiag-
nosis explains the entire increase. Some of these “em-
boli” may represent false-positive results; the Prospec-
tive Investigation of Pulmonary Embolism Diagnosis II
(PIOPED II) trial found the positive predictive value of
CTPA to be less than 60% in cases of low clinical suspi-
cion for PE.35 Increasing indiscriminate use of both CTPA
itself and D-dimer testing prompting follow-up CTPA4,36

may have led over time to more false-positive CTPA re-
sults in patients with low clinical pre-test probability of
PE. Patients treated for a false-positive PE—just like those
treated for a clinically unimportant one—can only be
harmed. Among true-positive emboli detected by CTPA,
there may be both clinically relevant and irrelevant em-
boli. The small decrease in population mortality may in-
dicate that there has been some increase in the detec-
tion and successful treatment of clinically meaningful
embolism. In the “best-case scenario” (ie, assuming de-
creased deaths are from increased detection alone), there
appear to be 128 extra patients diagnosed as having a PE
for every death avoided. Computed tomography pulmo-
nary angiography, however, may have nothing to do with
better outcomes; efforts at improved prevention and treat-
ment of PE may be the explanation. Even if the in-
creased diagnosis and treatment of the “new” pulmo-
nary emboli detected by CTPA did not reduce death, it
might reduce morbidity (eg, hemodynamic compro-
mise at presentation or subsequent complications like re-
current embolism or chronic thromboembolic pulmo-
nary hypertension). However, we believe that the
increased incidence following introduction of CTPA is
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unlikely to be attributable to increased detection of mas-
sive pulmonary emboli with hemodynamic compro-
mise; these massive emboli could easily be detected in
the pre-CTPA era by less-sensitive tests like ventilation-
perfusion scanning. While it is possible that recognition
and treatment of some pulmonary emboli may have pre-
vented subsequent nonfatal complications (eg, pulmo-
nary hypertension), which we could not detect using our
databases, many patients will have received unneces-
sary treatment without any obvious benefit.

Overdiagnosis of these extra patients matters be-
cause treatment of PE can cause real harm. Anticoagu-
lation, the current standard of care for all pulmonary em-
boli, is not benign. Even in the short-term context of the
hospital stay, we found significant increases in pre-
sumed complications of anticoagulation for PE. The true
danger of anticoagulation, however, lies in its longer-
term use: 12% of patients anticoagulated for 3 to 6 months
experience clinically significant bleeding.31 A recent study
suggested that patients with subsegmental emboli de-
tected by multidetector row CTPA are far more likely to
experience complications of anticoagulation than ad-
verse outcomes from the embolism itself.37 While newer
treatments for PE, such as dabigatran, may be as effec-
tive but somewhat safer than warfarin,38 these agents are
not yet standard of care. In addition to the harms of an-
ticoagulation, inferior vena cava filters, which are in-
creasingly used in the management of PE,39 can cause sub-
stantial morbidity, both during insertion (eg, bleeding)
and while in place (eg, clotting of filter, fracture and mi-
gration of filter, increased incidence of subsequent deep
vein thrombosis).40,41

As use of CT scans continues to rise,5 the problem of
overdiagnosis and overtreatment of PE will likely con-
tinue to grow. Because the harms of treatment can be
substantial, including in the worst case death, it is
imperative that we do not turn the problem of under-
diagnosis into one of overdiagnosis. It is time to
strengthen the evidence base: a trial randomizing stable
patients with small emboli to observation vs anticoagu-
lation would help determine whether all patients with
PE require treatment.

Accepted for Publication: January 13, 2011.
Correspondence: Renda Soylemez Wiener, MD, MPH,
The Pulmonary Center, 72 E Concord St, R-304, Bos-
ton, MA 02118 (rwiener@bu.edu).
Author Contributions: Dr Wiener had full access to all
the data in the study and takes responsibility for the in-
tegrity of the data and the accuracy of the data analysis.
Study concept and design: Wiener, Schwartz, and Woloshin.
Acquisition of data: Wiener. Analysis and interpretation of
data: Wiener, Schwartz, and Woloshin. Drafting of the
manuscript: Wiener. Critical revision of the manuscript for
important intellectual content: Schwartz and Woloshin. Sta-
tistical analysis: Schwartz. Obtained funding: Wiener. Ad-
ministrative, technical, and material support: Schwartz and
Woloshin.
Financial Disclosure: None reported.
Funding/Support: Dr Wiener is supported by a career de-
velopment award through the National Cancer Institute
(grant K07 CA138772) and the Department of Veterans

Affairs. Drs Schwartz and Woloshin are supported by the
Robert Wood Johnson Foundation and the Department
of Veterans Affairs.
Disclaimer: The views expressed herein do not neces-
sarily represent the views of the funding agencies, the De-
partment of Veterans Affairs, or the US government.
Online-Only Material: The eTable is available at http:
//www.archinternmed.com.
Additional Contributions: Dan Gottlieb, MS, of the Dart-
mouth Institute for Health Policy & Clinical Practice vol-
untarily shared data on the use of chest CT angiography
among Medicare patients and Daniel Witt, PharmD, of
Kaiser Permanente Colorado voluntarily supplied the list
of ICD-9 codes used to identify patients with anticoagu-
lation-related gastrointestinal hemorrhage. Dan Berlow-
itz, MD, MPH, and Adam Rose, MD, MSc, of the Center
for Health Quality, Outcomes, & Economic Research, Wil-
liam C. Black, MD, of Dartmouth Medical School, and
Michael Gould, MD, MS, of the University of Southern
California Keck School of Medicine provided voluntary
feedback on early drafts of our manuscript, which en-
hanced both our thinking and the presentation of our
results.

REFERENCES

1. Wittram C, Meehan MJ, Halpern EF, Shepard JA, McLoud TC, Thrall JH. Trends
in thoracic radiology over a decade at a large academic medical center. J Thorac
Imaging. 2004;19(3):164-170.

2. Donohoo JH, Mayo-Smith WW, Pezzullo JA, Egglin TK. Utilization patterns and
diagnostic yield of 3421 consecutive multidetector row computed tomography
pulmonary angiograms in a busy emergency department. J Comput Assist Tomogr.
2008;32(3):421-425.

3. Auer RC, Schulman AR, Tuorto S, et al. Use of helical CT is associated with an
increased incidence of postoperative pulmonary emboli in cancer patients with
no change in the number of fatal pulmonary emboli. J Am Coll Surg. 2009;
208(5):871-880.

4. Weir ID, Drescher F, Cousin D, et al. Trends in use and yield of chest computed
tomography with angiography for diagnosis of pulmonary embolism in a Con-
necticut hospital emergency department. Conn Med. 2010;74(1):5-9.
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INVITED COMMENTARY

Acute Pulmonary Embolism

Underdiagnosed and Overdiagnosed

W iener and colleagues have characterized time
trends in PE in the United States in the pre–
andpost-CTPAangiography(CTA)eras.Using

the NIS and Multiple Causes-of-Death databases, they have
determined that the introduction of this diagnostic tech-
nology has been associated with a substantially increased
incidence of acute PE, but with minimal change in PE mor-
tality and a substantially improved case fatality rate. Their
findings suggest the phenomenon of overdiagnosis, ie, the
detection of an abnormality that will “never” cause symp-
toms or death. Furthermore, there was an increase in pre-
sumed complications resulting from anticoagulation. The
authors have done a thorough job of outlining the poten-
tial limitations of using these databases, as well as limita-
tions of death certificate diagnoses, how trends may be con-

founded, and how such issues were addressed. While the
data are compelling, the authors are not trying to say that
all small and/or asymptomatic pulmonary emboli are nec-
essarily clinically insignificant, nor should they. The inci-
dence of fatal PE recurrence without treatment has been
suggested to be as high as 5%1 to 35%,2 although these data
come from small studies with methodologic flaws and a
different era. Smaller and/or asymptomatic emboli would
logically appear to be associated with low mortality, but
the catch remains in identifying the patients at high risk
for recurrent PE or propagation of residual deep venous
thrombosis (DVT) or more long-term sequelae including
chronic thromboembolic pulmonary hypertension or post-
thrombotic syndrome. Such long-term complications may
be more difficult to track.
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