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se of Helical CT Is Associated with an Increased
ncidence of Postoperative Pulmonary Emboli in
ancer Patients with No Change in the Number of
atal Pulmonary Emboli

ebecca C Auer, MD, Allison R Schulman, BA, Scott Tuorto, BA, Mithat Gönen, PhD,
aime Gonsalves, BA, Larry Schwartz, MD, Michelle S Ginsberg, MD, Yuman Fong, MD, FACS

BACKGROUND: Multidetector computed tomography (MDCT) scanning technology has increased the ease
with which pulmonary emboli (PE) are evaluated. Our aim was to determine whether the
incidence and severity of postoperative PE have changed since adoption of Multidetector
computed tomography.

STUDY DESIGN: A prospective postoperative morbidity and mortality database from a single institution was used
to identify all cancer patients who experienced a PE within 30 days of thoracic, abdominal, or
pelvic operations. The incidence, type (central, segmental, and subsegmental), and severity of
PE were examined.

RESULTS: A total of 295 PE were documented among 47,601 postoperative cancer patients.The incidence
of PE increased yearly from 2.3 per 1,000 patients in 2000 to 9.3 per 1,000 patients in 2005
(p � 0.0001). This corresponded to an increasing number of CT scans of the chest performed
(6.6 CT scans per 1,000 postoperative patients in 2000 versus 45 in 2005; p � 0.0001). The
increased incidence was because of a 7.8% (CI, 4.0 to 11.7) and 5.4% (CI, 4.1 to 6.7) average
annual increase in segmental and subsegmental PE, respectively. There was no change in the
number of central (0.1%; CI, –1.0 to 1.12) PE. Overall incidence of fatal PE was 0.4 and did
not change during the time period (p � 0.3). A central PE was more commonly associated with
hypoxia, ICU admission, and 30-day mortality (33% versus 5% for peripheral; p � 0.02).

CONCLUSIONS: Chest CT scans are being performed more frequently on postoperative cancer patients and have
resulted in an increased diagnosis of peripheral PE. The clinical significance of, and optimal
treatment for, diagnosed subsegmental PE are incompletely defined. (J Am Coll Surg 2009;

208:871–880. © 2009 by the American College of Surgeons)
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ancer patients undergoing operations have more than
wice the risk of a postoperative deep vein thrombosis
DVT), and more than three times the risk of fatal pulmo-
ary embolism (PE) compared with patients with benign
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isease who are undergoing similar procedures.1 A venous
hromboembolic event (VTE) is the most common cause
f postoperative death in cancer patients undergoing oper-
tions, underscoring the importance of detection and treat-
ent of postoperative PE in these patients.2 Postoperative
E is more difficult to diagnose compared with a sponta-
eous PE because clinical symptoms and signs suggestive of
E, including chest pain; shortness of breath; tachycardia;
nd oxygen desaturation, can be explained by the effects of
perations, such as incisional pain; hypovolemia; and atel-
ctasis, or might be masked by analgesics, including epi-
ural anesthetics. The index of suspicion must be particu-

arly high in postoperative cancer patients who, even in the
bsence of any symptoms, are considered to have a moder-
te clinical probability of having a PE.3

The introduction of multidetector computed tomogra-

hy (MDCT) scans has improved the visualization of the
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ulmonary vasculature in the middle and peripheral lung
ones,4 and has improved our ability to diagnose PE by
ross-sectional imaging. Conventional single-detector CT
isses one-third of peripheral PE.5,6 This improved sensi-

ivity for detection of PE by MDCT scan has also increased
he incidence of nonfatal PE that were not suspected clin-
cally by the ordering physician.7-9 In these studies, malig-
ancy and operation in the previous 2 months were risk
actors for development of an unsuspected PE.10 The clin-
cal relevance of the incidentally discovered PE and the
equirement for therapeutic anticoagulation in these pa-
ients is unclear, with one study suggesting that therapeutic
nticoagulation was associated with a substantially higher
-year mortality in patients compared with those who re-
eived none or only prophylactic anticoagulation.11

The first MDCT scan was obtained at our institution,
emorial Sloan-Kettering Cancer Center, in the year

000. The introduction of this technology has resulted in
n increase in the incidence of postoperative PE, as re-
orded in a prospective 30-day perioperative mortality da-
abase. In the current study, we sought to identify the fac-
ors responsible for the increased detection of PE from the
ears 2000 to 2005. In addition, we sought to determine
hether the clinical presentation, anatomic location within

he pulmonary vasculature, clinical significance, and out-
omes associated with these PE have changed during the
ame time period.

ETHODS
ncidence of PE and fatal PE
pproval to conduct the study was obtained from the In-

titutional Review Board of Memorial Sloan-Kettering
ancer Center. The institutional surgery database was que-

ied to identify 47,601 patients who underwent abdomi-
al, pelvic, thoracic, or soft-tissue (for truncal and extrem-

ty soft tissue sarcoma) operations between January 1, 2000
nd December 31, 2000. Among this cohort, 311 patients
ere identified as having a postoperative PE, as recorded in
perioperative complications database. This database is

rospectively maintained through morbidity and mortality
ounds and outcomes for each patient are recorded for a
inimum of 30 days. Each complication is graded for se-

Abbreviations and Acronyms

DVT � deep vein thrombosis
LMWH � low molecular weight heparin
MDCT � multidetector computed tomography
PE � pulmonary embolism
VTE � venous thromboembolic event
erity, defined as follows: grade 1 (no treatment or bedside (
anagement); grade 2 (IV medication required); grade 3
invasive intervention required, including operation);
rade 4 (life-threatening or permanent deficit); and grade 5
complication resulted in death). The annual incidence of
ostoperative PE was determined by dividing the number
f patients with a postoperative PE by the total number of
atient operations for a given year and is reported as the
ate per 1,000 operations.

ncidence of MDCT scans with PE protocol
he prospective QuadRIS radiology database was used to

dentify all patients who underwent CT angiography to
ule out PE from January 1, 2000 to December 31, 2005.
he PE protocol CT scan was performed on a 16-slice
DCT scanner (GE Medical Systems) after injection with

00 mL contrast at approximately 4 mL per second with a
econstruction of 1.25 mm � 0.8 mm from 2 cm below the
iaphragm to the aortic arch. This cohort of patients was
ross-referenced with the institutional surgery database to
dentify all patients who underwent a CT scan of the chest
ith a PE protocol in the postoperative period (defined as

he first 30 days after the surgical procedure). This cohort
ncluded 1,441 postoperative patients who underwent a
T scan of the chest with PE protocol. Annual incidence of
ostoperative PE studies was determined by dividing the
umber of postoperative chest CT scans to rule out PE, by
he total number of patient operations for a given year and
s reported as the number per 1,000 operations.

ostoperative PE study population
rom the cohort, 311 patients who experienced a postop-
rative PE between 2000 and 2005, 17 were excluded be-
ause they did not have a diagnosis of malignancy, and the
emaining 295 patients, with both a diagnosis of malig-
ancy and a postoperative PE, formed the study popula-
ion. The medical records including clinic notes, radiology,
athology, and operative reports, were reviewed to confirm
emographic and pathologic data, including patient age,
ender, site, stage, and histologic type of cancer, comor-
idities (history of DVT or PE), and type of operation.
resenting symptoms before diagnosis of PE (including
hortness of breath, chest pain, tachycardia, oxygen satura-
ion, hypotension, admission to ICU, and cardiopulmo-
ary arrest) were also recorded, as was length of stay or
equirement for readmission.The diagnostic modality used
o document a PE (MDCT, ventilation-perfusion scan, or
linical/autopsy), the location of the PE within the pulmo-
ary vasculature (central, segmental, or subsegmental), the
umber and the laterality of the PE, and documentation of
concurrent DVT, were also recorded as was the use of
nfractionated heparin, low molecular weight heparin

LMWH), or oral anticoagulation for prophylactic or ther-
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peutic treatment and the placement of an inferior vena
ava filter. Followup data were obtained by review of med-
cal records and included the occurrence of a second VTE,
omplications related to anticoagulation, and date and
ause of death or last followup.

tatistical analysis
n univariate analysis, statistical comparison between groups
as performed using the Student’s t-test for continuous

igure 1. Annual postoperative incidence of multidetector com-
uted tomography (MDCT) scan of the chest, pulmonary embolism
PE), and fatal PE. The number (incidence per 1,000 postoperative
atients) of MDCT of the chest performed to evaluate patients for a
E in the postoperative period (black bar) and the number of post-
perative PEs (gray bar) detected have increased from 2000 to
005, and the incidence of a fatal PE among surgical patients in the

able 1. Annual Number and Incidence (per 1,000 Operation
entral or Peripheral (Segmental and Subsegmental) Locati

ear (no. of operations)

Type of
Central Segmenta

n % n

000 (n � 6,808) 5 0.73 12 1
001 (n � 7,313) 7 0.96 11 1
002 (n � 7,604) 8 1.05 19 2
003 (n � 8,239) 2 0.24 42 5
004 (n � 8,622) 6 0.70 32 3
005 (n � 9,015) 5 0.55 48 5
otal (n � 47,601) 33 6.93 164 3
postoperative period has remained unchanged (white bar).
ariables or chi-square test for discrete variables. Overall
urvival was calculated from the date of the PE to death or
ast followup and estimated using the Kaplan-Meier

ethod. A p value �0.05 was considered statistically sig-
ificant in all analyses. Statistical analyses were performed
sing the SAS software package (SAS Institute).

ESULTS
nnual incidence of postoperative evaluation and
etection of PE
total of 295 postoperative PE were documented among

7,601 cancer operation patients (6.2 per 1,000 opera-
ions). The annual incidence of PE increased significantly
rom 2.6 in 2000 to 9.3 in 2005 (p � 0.001) and occurred
t a steady increase each year (Table 1, Fig. 1). This increase
orresponded to a yearly increase in the number of
ontrast-enhanced high-resolution CT scans performed in
urgical patients in the postoperative period. In 2000, the
ear an MDCT scan was introduced at our institution, the
ncidence of postoperative CT to rule out PE was 6.6 per
,000 postoperative patients and increased steadily each
ear to 44.7 by 2005 (p � 0.0001) (Table 1). The rate of
etection of PE among patients who underwent MDCT to
ule out PE remained the same throughout the study pe-
iod (20% to 26%). The location of the PE in the pulmo-
ary vasculature was recorded as central or peripheral (seg-
ental or subsegmental) in 271 patients. The increased

ncidence was a result of a 7.8% (CI, 4.0 to 11.7) and 5.4%
CI, 4.1 to 6.7) average annual increase in segmental and
ubsegmental PE, respectively, from 2000 to 2005. There
as no change in the number of central (0.1%; CI, �1.0 to
.12) PE during this time period (Fig. 2).

haracterization of postoperative PE
tudy population
he characteristics of the 271 patients with postoperative
E of known location in the pulmonary vasculature are

f 295 Patients with a Postoperative Pulmonary Embolism by
the Pulmonary Vasculature

onary embolism
Total incidenceSubsegmental Unknown

n % n % n %

1 0.15 0 0 18 2.64
3 0.41 5 0.68 26 3.56
7 0.92 6 0.79 40 5.26

13 1.58 1 0.12 58 7.04
23 2.67 6 0.70 67 7.77
27 3.00 6 0.67 86 9.32
74 1.55 24 0.50 295 6.19
s) o
on in
pulm
l
%

.76

.50

.50

.10

.71

.32
resented in Table 2. The average age was 63.2 years and
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7.2% of patients were men. The majority of patients un-
erwent a laparotomy with pelvic dissection (60.6%) fol-

owed by abdominal laparotomy (23.1%). The most com-
on cancer sites were gynecologic (35.1%), followed by

enitourinary (22.1%), and colorectal (11.8%). Almost 25%
ad stage IV disease at the time of operation. Pharmacologic
TE prophylaxis was administered to 56.7% of patients, in-

luding dalteparin in 27.5%, enoxaparin in 11.2%, and un-
ractionated heparin in 15.3%.The number of patients receiv-
ng pharmacologic VTE prophylaxis did not differ between
hose in whom a central versus peripheral PE developed or
etween surgical years (data not shown).

linical presentation of PE by year of operation and
ulmonary location
he clinical symptoms and signs, including shortness of
reath, chest pain, tachycardia (heart rate �100), hypoxia
oxygen saturation �92%), clinical evidence of DVT, and
emoptysis were recorded in 282 patients (95.6%). Only
.3% of PE patients were asymptomatic, 71.6% had one or
wo clinical findings, and 23% had three or more. There
as a progressive decrease in the number of clinical symp-

oms and signs identified in patients with a postoperative
E from 2000 to 2005 (Fig. 3). No patients diagnosed with
ostoperative PE were asymptomatic in 2000, and 55.6%
ad three or more clinical findings, compared with 10.7%
symptomatic patients and 13.1% with three or more clin-
cal findings in 2005 (p � 0.0001). There was no signifi-
ant difference between the number of patients with a post-
perative PE who presented with cardiopulmonary arrest
r were admitted to the ICU between the years 2000 and
005 (data not shown).
Location of PE within the pulmonary vasculature was

igure 2. Annual incidence of central (�) and peripheral (segmental
and subsegmental Œ) pulmonary embolism during the 2000 to

005 study periods.
lso associated with clinical presentation (Table 2, Fig. 3). T
central PE was significantly more likely to be associated
ith tachycardia (89.2% versus 61.6%; p � 0.019), hyp-
xia (74.1% versus 37.9%; p � 0.001), ICU admission
39.3% versus 19.4%; p � 0.026), and cardiopulmonary
rrest (27.6% versus 6.4%; p � 0.001) compared with a
eripheral PE. The differences between central and periph-
ral PE causing shortness of breath, clinical symptoms of a
VT, and chest pain were 16.2%, 8.6%, and 5.1%, respec-

ively, but these differences did not reach statistical signif-
cance. Central PE were asymptomatic in 0%, and associ-
ted with one or two clinical symptoms in 40.6% and three
r more clinical symptoms in 59.4% of patients, versus
ata for peripheral PE, where 5.9%, 75.2%, and 18.9%
ere asymptomatic, with one or two symptoms, or with

hree or more symptoms, respectively (Fig. 3).
The Wells criteria are a widely used clinical assessment

ool for predicting the probability of a PE.3 The criteria,
ncluding clinical symptoms and signs, and other risk fac-
ors for a PE. Patients are given a score and the combined
core separates patients into low, moderate, and high clin-
cal probability of having a PE. The patients in this study all
ad a malignancy and were all in the postoperative period
nd had a baseline score of 2.5, defining them as having at
east moderate probability for a PE. In a retrospective re-
iew, it was not possible to evaluate the criterion of “other
iagnosis less likely than PE” and a score was calculated
ithout this variable included. The mean Wells score in
000 was 4.50 � 1.26 SD compared with 3.58 � 1.06 SD
n 2005 (p � 0.002). The mean Wells score was also con-
iderably higher in patients with a central PE (4.63 � 1.33
D) compared with patients with a peripheral PE (3.79 �
.13 SD; p � 0.0001).

ostoperative morbidity and mortality and overall
urvival after diagnosis of PE by year of operation
nd pulmonary location
total of 19 patients died of a VTE, 15 from initial PE, and
from a subsequent PE. Among the 280 patients who did
ot die of the initial PE, a second PE developed in 29
10.1%); this did not differ between patients with central
nd peripheral PE (p � 0.8). Complications developed
n a total of 30 patients on therapeutic anticoagulation
14.4%), including a gastrointestinal bleed in 14 patients,
ematuria in 5 patients, a retroperitoneal or intraabdomi-
al bleed in 5 patients, hemoptysis in 4 patients, a central
ervous system bleed in 1 patient, and heparin-induced
hrombocytopenia in 1 patient.

The grade of complication is an indicator of the severity
f the adverse event (defined in the Methods section).
ean grade of postoperative PE was 2.23 � 1.25 SD in

000 and decreased to 2.20 � .72 SD in 2005 (p � 0.004).

he proportion of patients with a PE graded 3 or higher
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able 2. Demographic Characteristics for Patients with a Postoperative Pulmonary Embolism of Known Location (n � 271)
n the Pulmonary Vasculature

ariable

Location of PE
Total

(n � 271)

Central versus
peripheral PE

(p value)
Central

(n � 33)
Segmental
(n � 164)

Subsegmental
(n � 74)

linical and pathologic characteristics
Age at PE (y) 65.1 � 12.2 63.4 � 12.8 62.1 � 13.4 63.2 � 12.9 NS*
Male (%) 46.7 36.2 35.5 37.2 NS
BMI 28.1 � 5.2 27.1 � 5.7 28.9 � 8.9 27.7 � 6.8
Type of operation (%)

Thoracotomy 15.2 12.8 13.5 13.3
Laparotomy-abdominal 57.6 26.8 31.1 31.7
Laparotomy-pelvic 21.2 54.3 44.6 47.6
Laparoscopy/thoracoscopy 0 4.3 10.8 5.5
Soft tissue resection 6.1 1.8 0 1.8

Cancer site (%)
Thoracic 12.1 9.1 14.9 11.1
Colorectal 12.1 13.4 8.1 11.8
GI (other) 9.1 6.7 8.1 7.4

Hepatobiliary/pancreatic 0.0 0.6 0.0 0.4
Genitourinary 24.2 21.3 23.0 22.1
Gynecologic 21.2 36.0 39.2 35.1
Soft tissue tumor 6.1 3.7 1.4 3.3
Other 0.0 3.7 0.0 2.2

Pathologic stage (%) NS*
0 5.3 0.0 2.4 1.1
I 21.1 26.2 20.4 24.0
II 21.1 19.6 18.4 19.4
III 42.1 27.1 34.7 30.9
IV 10.5 27.1 24.5 24.6

E symptoms and severity
Complication grade (%) �0.001

1 0.0 0.6 6.6 2.2
2 53.3 84.1 85.5 81.0
3 13.3 12.9 6.6 11.2
4 0.0 1.2 0.0 0.7
5 33.3 1.2 1.3 4.8

Clinical symptoms (%)
Shortness of breath 67.9 48.5 58.7 53.4 0.041
SaO2 �92% 74.1 36.7 40.5 41.6 �0.001
Heart rate �100 bpm 85.2 61.7 61.3 64.0 0.007
Chest pain 14.3 8.7 10.8 9.9 NS
Hemoptysis 0.0 0.0 1.3 0.4 NS
Clinical DVT 17.9 10.5 6.8 10.2 NS
ICU admission 39.3 19.3 20.0 21.6 0.018
Cardiopulmonary arrest 27.6 5.6 8.0 8.7 0.013
Concurrent DVT 56.3 37.5 22.2 34.8 NS

nticoagulation (%)
Pharmacologic prophylaxis 60.7 56.6 55.3 56.7 NS
Bleeding complications 13.8 14.5 14.5 14.4 NS
(continued)
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as 29.8% in the first 3 years of the study (2000 to 2002),
nd only 13.3% had a grade 3 or higher PE in the latter half
f the study (2003 to 2005) (p � 0.001). Overall incidence
f a fatal PE postoperatively was 0.4 and did not change
uring the 2000 to 2005 time period (p � 0.26) (Fig. 1).
ecause of the increased detection of peripheral PE, the
hance of dying from a PE among all patients diagnosed
ith a postoperative PE decreased from 27.8% in 2000 to
.6% in 2005 (p � 0.003). Thirty-day postoperative mor-
ality was also significantly different between patients with
entral (33.3%) versus peripheral (5.0%) PE (p � 0.02)
Fig. 4).

ISCUSSION
ostoperative PE is a dreaded complication after cancer
peration, with a mortality rate of up to 45% in previous
tudies.2 This study demonstrates than an increased aware-
ess of VTE as a serious postoperative complication com-
ined with more sensitive and available imaging modalities
o confirm the diagnosis have led to a change in the clinical
resentation and severity of postoperative PE. Specifically,
dvances in CT technology, including the advent of the

DCT scan, have enabled acquisition of thinner slices in a

igure 3. Clinical symptoms and signs among patients with a post-
perative pulmonary embolism (PE) by operation year and central
ersus peripheral location in the pulmonary vasculature. (Clinical
ndings include shortness of breath, chest pain, tachycardia, hyp-

able 2. Continued

ariable

Loc
Central

(n � 33)
Se
(n

ollowup (%)
Second VTE event 6.9
30-d PE mortality 33.3

Continuous variables compared with t-test for independent samples.
MI, body mass index; DVT, deep vein thrombosis; GI, gastrointestinal; PE
exia, clinical evidence of deep vein thrombosis, or hemoptysis.)
horter time period, resulting in improved visualization of
he pulmonary vasculature in the middle and peripheral
ung zones, facilitating routine detection of the segmental
nd subsegmental arteries.3,4 When compared with the
old standard imaging modality, pulmonary angiography,
he sensitivity of MDCT for the diagnosis of PE was 100%
nd, in fact, detected 9% more patients with PE that, based
n consensus review, were believed to represent false nega-
ives for pulmonary angiography.12 This represents a sub-
tantial improvement over conventional single-slice CT
cans, where rates �30% have been reported for missing a
eripheral pulmonary embolism.13-15

An MDCT was introduced at our tertiary care cancer
enter in 2000. The present study has demonstrated that
he number (incidence per 1,000 postoperative patients) of

DCT scans performed in the 30-day postoperative pe-
iod to evaluate cancer patients for a PE has increased con-
iderably between 2000 and 2005. In addition, the inci-
ence of PE has increased during this time period, and can
e attributed to a higher number of segmental and subseg-
ental PE diagnosed, with no change in the diagnosis of

entral PE. Despite this increased detection of postopera-
ive PE, the incidence of a fatal PE among surgical patients
n the postoperative period has remained unchanged.
aken together, this suggests that the prognosis after diag-
osis of a postoperative PE has changed since introduction
f MDCT scan technology.

The clinical need for a meticulous analysis of the periph-
ral pulmonary vessels is subject to debate. It has been
hown that 6% to 30% of patients with documented PE
ave clots in only subsegmental and smaller arteries.16,17 In
he absence of central emboli, the clinical relevance of these
mall peripheral clots is uncertain. Smaller clots have been
hown previously to have less dramatic clinical manifesta-
ions and lower morbidity and mortality rates.18,19 A cohort
tudy of patients with a suspected PE and a negative CT
can compared 98 patients with a negative single-detector
T and 100 patients with a negative MDCT. This study
emonstrated similar rates of death and subsequent throm-
oembolic disease on followup, despite the documented
nferiority of single-detector CT at identifying peripheral

of PE
Total

(n � 271)

Central versus
peripheral PE

(p value)
tal
4)

Subsegmental
(n � 74)

9.2 10.1 NS
5.4 8.5 �0.001

onary embolism; VTE, venous thromboembolic event.
ation
gmen
� 16

11.0
4.9
mboli.6 Similarly, a systematic review of patients with sus-
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ected PE and a negative CT scan demonstrated that both
ingle-detector and MDCT have a �99% negative predic-
ive value for development of a subsequent VTE and that
here was no difference in the subsequent development
f a VTE based on CT modality used.5 These studies,
nd the current study, suggest that peripheral emboli
ight not impact adversely on patient outcomes, even if

eft untreated.
The necessity for anticoagulation in patients with PE

etected on MDCT has also been questioned. In a retro-
pective review of MDCT of the chest, a PE was detected in
17 patients. In 47 patients, therapeutic anticoagulation
as not given because the PE was diagnosed only during a

etrospective review of the CT scan. Despite the lack of
herapeutic anticoagulation, 1-year survival and subsequent
E-related morbidity were similar in the treated and un-
reated groups.11 By contrast, recent evidence suggests that
MWH can provide a survival benefit to cancer patients,
hich is unrelated to VTE incidence and risk.20 In a meta-

nalysis of cancer patients without documented VTE, pro-
hylactic anticoagulation with LMWH appeared to im-
rove cancer-specific and overall survival.21 It is also
ossible that LMWH could similarly improve survival in
ancer patients undergoing operations,22,23 providing addi-
ional rationale to anticoagulate these patients, even in the
resence of an asymptomatic, peripheral PE.

0 0 0 1 1 1 1
Time to Death (days)

0.0

0.2

0.4

0.6

0.8

1.0

O
ve

ra
ll 

Su
rv

iv
al

Central PE (n=30)
Segemental/Subsegmental PE (n=239)

5 10 15 20 25 30

igure 4. Kaplan-Meier survival curves among patients with post-
perative central versus peripheral pulmonary embolism (PE).
A) Thirty-day mortality among cancer patients who were found
o have a central PE (n � 33) was significantly worse compared
ith those who were found to have a peripheral PE (n � 237).
Anticoagulation therapy is not without risk, particularly
n postoperative cancer patients. Previous studies have sug-
ested an increased susceptibility to hemorrhagic compli-
ations in patients with malignancy, which are particularly
elevant in the perioperative period. In the present study, a
omplication related to the anticoagulation developed in a
otal of 14.4% of patients, with two patients dying from
he complication. This rate is comparable with other stud-
es of postoperative therapeutic anticoagulation for VTE.24

lthough there is currently no evidence to suggest that
hese patients should have anticoagulation withheld, clearly
he risk-to-benefit ratio must be considered when deciding
o initiate therapeutic anticoagulation for postoperative
ancer patients with subsegmental pulmonary emboli.

The current study suggests that the prognosis of a post-
perative PE in a cancer patient is changing. The historic
igure suggesting a �30% mortality rate among patients
ith an untreated or misdiagnosed PE25,26 might no longer
e applicable. In the present study, an increased index of
uspicion for a postoperative PE, coupled with the ease and
vailability of MDCT scanning technology, and the in-
reased ability to detect subsegmental and segmental PE
sing this imaging modality have led to an increased inci-
ence of postoperative PE in this group of patients, with a
eduction in the mortality rate associated with a postoper-
tive PE. Whether this change in prognosis should influ-
nce our management of cancer patients diagnosed with a
ostoperative PE remains uncertain, but is an interesting
rea for future investigation.
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iscussion

R ROBERT CG MARTIN (Louisville, KY): I appreciate the op-
ortunity to comment on this important topic and the effects that
his rare but devastating complication can have on oncologic pa-
ients’ overall outcomes.

Dr Fong and his colleagues from Memorial Sloan-Kettering
resent their retrospective review of a very impressive prospective,
ostoperative, morbidity and mortality database to identify 295 pul-
onary embolisms in all cancer patients within 30 days of major

horacic abdominal pelvic surgery over a five-year period of time.The
ata demonstrate that 1441 CT scans were obtained to diagnose 311
ulmonary embolisms for a success rate of diagnosis of 22% but an
verall incidence rate of pulmonary embolism of 0.7% for the entire
ell score moderate risk patients, because all patients with cancer
ave at least a moderate risk of thromboembolic event. I have four
uestions for the authors.

Given the 14% complication rate with anticoagulation that you
resent, are we potentially putting asymptomatic or even non-
pecific symptomatic segmental and subsegmental pulmonary em-
olism patients at a greater risk treating them with anticoagulation?
s we have seen with multiple tests that we are not sure what to do
ith the data and how clinically relevant is it, in this medical/legal

ime that we have, are we safe by withholding anticoagulation to
hose patients?

DVT prophylaxis from your paper did not have any difference in
ulmonary embolism location and severity. Thus, in your opinion,
o you think it really works? As we are going to find in a future paper
y Dr Clements later on this afternoon, are there other nonpharma-
ologic effects that could be even more efficacious?

Third, obviously as a former fellow, I’m curious what changes have
ccurred within the Memorial Sloan-Kettering fellows, especially in
he GYN oncology and the urologic fellows, because 57% of these
ulmonary embolisms occurred in those specific patients to improve
he overall cost effectiveness of CT scanning.

And, last is more a philosophical question. I know it wasn’t part of
our study, but in your opinion is this technology a true improve-

ent in quality of care? Or is it just more costly care?
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