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
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BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

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.

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.

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).
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. (] Am Coll Surg 2009;
208:871-880. © 2009 by the American College of Surgeons)

Cancer patients undergoing operations have more than
twice the risk of a postoperative deep vein thrombosis
(DVT), and more than three times the risk of fatal pulmo-
nary embolism (PE) compared with patients with benign
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disease who are undergoing similar procedures." A venous
thromboembolic event (VTE) is the most common cause
of postoperative death in cancer patients undergoing oper-
ations, underscoring the importance of detection and treat-
ment of postoperative PE in these patients.” Postoperative
PE is more difficult to diagnose compared with a sponta-
neous PE because clinical symptoms and signs suggestive of
PE, including chest pain; shortness of breath; tachycardia;
and oxygen desaturation, can be explained by the effects of
operations, such as incisional pain; hypovolemia; and atel-
ectasis, or might be masked by analgesics, including epi-
dural anesthetics. The index of suspicion must be particu-
larly high in postoperative cancer patients who, even in the
absence of any symptoms, are considered to have a moder-
ate clinical probability of having a PE.?

The introduction of multidetector computed tomogra-
phy (MDCT) scans has improved the visualization of the
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Abbreviations and Acronyms

DVT = deep vein thrombosis
LMWH = low molecular weight heparin

MDCT = multidetector computed tomography
PE = pulmonary embolism
VTE = venous thromboembolic event

pulmonary vasculature in the middle and peripheral lung
zones,* and has improved our ability to diagnose PE by
cross-sectional imaging. Conventional single-detector CT
misses one-third of peripheral PE.>¢ This improved sensi-
tivity for detection of PE by MDCT scan has also increased
the incidence of nonfatal PE that were not suspected clin-
ically by the ordering physician.”” In these studies, malig-
nancy and operation in the previous 2 months were risk
factors for development of an unsuspected PE." The clin-
ical relevance of the incidentally discovered PE and the
requirement for therapeutic anticoagulation in these pa-
tients is unclear, with one study suggesting that therapeutic
anticoagulation was associated with a substantially higher
1-year mortality in patients compared with those who re-
ceived none or only prophylactic anticoagulation."

The first MDCT scan was obtained at our institution,
Memorial Sloan-Kettering Cancer Center, in the year
2000. The introduction of this technology has resulted in
an increase in the incidence of postoperative PE, as re-
corded in a prospective 30-day perioperative mortality da-
tabase. In the current study, we sought to identify the fac-
tors responsible for the increased detection of PE from the
years 2000 to 2005. In addition, we sought to determine
whether the clinical presentation, anatomic location within
the pulmonary vasculature, clinical significance, and out-
comes associated with these PE have changed during the
same time period.

METHODS

Incidence of PE and fatal PE

Approval to conduct the study was obtained from the In-
stitutional Review Board of Memorial Sloan-Kettering
Cancer Center. The institutional surgery database was que-
ried to identify 47,601 patients who underwent abdomi-
nal, pelvic, thoracic, or soft-tissue (for truncal and extrem-
ity soft tissue sarcoma) operations between January 1, 2000
and December 31, 2000. Among this cohort, 311 patients
were identified as having a postoperative PE, as recorded in
a perioperative complications database. This database is
prospectively maintained through morbidity and mortality
rounds and outcomes for each patient are recorded for a
minimum of 30 days. Each complication is graded for se-
verity, defined as follows: grade 1 (no treatment or bedside

management); grade 2 (IV medication required); grade 3
(invasive intervention required, including operation);
grade 4 (life-threatening or permanent deficit); and grade 5
(complication resulted in death). The annual incidence of
postoperative PE was determined by dividing the number
of patients with a postoperative PE by the total number of
patient operations for a given year and is reported as the
rate per 1,000 operations.

Incidence of MIDCT scans with PE protocol

The prospective QuadRIS radiology database was used to
identify all patients who underwent CT angiography to
rule out PE from January 1, 2000 to December 31, 2005.
The PE protocol CT scan was performed on a 16-slice
MDCT scanner (GE Medical Systems) after injection with
100 mL contrast at approximately 4 mL per second with a
reconstruction of 1.25 mm X 0.8 mm from 2 cm below the
diaphragm to the aortic arch. This cohort of patients was
cross-referenced with the institutional surgery database to
identify all patients who underwent a CT scan of the chest
with a PE protocol in the postoperative period (defined as
the first 30 days after the surgical procedure). This cohort
included 1,441 postoperative patients who underwent a
CT scan of the chest with PE protocol. Annual incidence of
postoperative PE studies was determined by dividing the
number of postoperative chest CT scans to rule out PE, by
the total number of patient operations for a given year and
is reported as the number per 1,000 operations.

Postoperative PE study population

From the cohort, 311 patients who experienced a postop-
erative PE between 2000 and 2005, 17 were excluded be-
cause they did not have a diagnosis of malignancy, and the
remaining 295 patients, with both a diagnosis of malig-
nancy and a postoperative PE, formed the study popula-
tion. The medical records including clinic notes, radiology,
pathology, and operative reports, were reviewed to confirm
demographic and pathologic data, including patient age,
gender, site, stage, and histologic type of cancer, comor-
bidities (history of DVT or PE), and type of operation.
Presenting symptoms before diagnosis of PE (including
shortness of breath, chest pain, tachycardia, oxygen satura-
tion, hypotension, admission to ICU, and cardiopulmo-
nary arrest) were also recorded, as was length of stay or
requirement for readmission. The diagnostic modality used
to document a PE (MDCT, ventilation-perfusion scan, or
clinical/autopsy), the location of the PE within the pulmo-
nary vasculature (central, segmental, or subsegmental), the
number and the laterality of the PE, and documentation of
a concurrent DVT, were also recorded as was the use of
unfractionated heparin, low molecular weight heparin
(LMWH), or oral anticoagulation for prophylactic or ther-
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Table 1. Annual Number and Incidence (per 1,000 Operations) of 295 Patients with a Postoperative Pulmonary Embolism by
Central or Peripheral (Segmental and Subsegmental) Location in the Pulmonary Vasculature

Type of pulmonary embolism

Central Segmental Subsegmental Unknown Total incidence
Year (no. of operations) n % n % n % n % n %
2000 (n = 6,808) 5 0.73 12 1.76 1 0.15 0 0 18 2.64
2001 (n = 7,313) 7 0.96 11 1.50 3 0.41 5 0.68 26 3.56
2002 (n = 7,604) 8 1.05 19 2.50 7 0.92 6 0.79 40 5.26
2003 (n = 8,239) 2 0.24 42 5.10 13 1.58 1 0.12 58 7.04
2004 (n = 8,622) 6 0.70 32 3.71 23 2.67 6 0.70 67 7.77
2005 (n = 9,015) 5 0.55 48 5.32 27 3.00 6 0.67 86 9.32
Total (n = 47,601) 33 6.93 164 3.45 74 1.55 24 0.50 295 6.19

apeutic treatment and the placement of an inferior vena
cava filter. Followup data were obtained by review of med-
ical records and included the occurrence of a second VTE,
complications related to anticoagulation, and date and
cause of death or last followup.

Statistical analysis

In univariate analysis, statistical comparison between groups
was performed using the Student’s #test for continuous
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Figure 1. Annual postoperative incidence of multidetector com-
puted tomography (MDCT) scan of the chest, pulmonary embolism
(PE), and fatal PE. The number (incidence per 1,000 postoperative
patients) of MDCT of the chest performed to evaluate patients for a
PE in the postoperative period (black bar) and the number of post-
operative PEs (gray bar) detected have increased from 2000 to
2005, and the incidence of a fatal PE among surgical patients in the
postoperative period has remained unchanged (white bar).

variables or chi-square test for discrete variables. Overall
survival was calculated from the date of the PE to death or
last followup and estimated using the Kaplan-Meier
method. A p value =0.05 was considered statistically sig-
nificant in all analyses. Statistical analyses were performed
using the SAS software package (SAS Institute).

RESULTS

Annual incidence of postoperative evaluation and
detection of PE

A total of 295 postoperative PE were documented among
47,601 cancer operation patients (6.2 per 1,000 opera-
tions). The annual incidence of PE increased significantly
from 2.6 in 2000 t0 9.3 in 2005 (p < 0.001) and occurred
ata steady increase each year (Table 1, Fig. 1). This increase
corresponded to a yearly increase in the number of
contrast-enhanced high-resolution CT scans performed in
surgical patients in the postoperative period. In 2000, the
year an MDCT scan was introduced at our institution, the
incidence of postoperative CT to rule out PE was 6.6 per
1,000 postoperative patients and increased steadily each
year to 44.7 by 2005 (p << 0.0001) (Table 1). The rate of
detection of PE among patients who underwent MDCT to
rule out PE remained the same throughout the study pe-
riod (20% to 26%). The location of the PE in the pulmo-
nary vasculature was recorded as central or peripheral (seg-
mental or subsegmental) in 271 patients. The increased
incidence 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
subsegmental PE, respectively, from 2000 to 2005. There
was no change in the number of central (0.1%; CI, —1.0 to
1.12) PE during this time period (Fig. 2).

Characterization of postoperative PE

study population

The characteristics of the 271 patients with postoperative
PE of known location in the pulmonary vasculature are
presented in Table 2. The average age was 63.2 years and
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Figure 2. Annual incidence of central () and peripheral (segmental
B and subsegmental A) pulmonary embolism during the 2000 to
2005 study periods.

37.2% of patients were men. The majority of patients un-
derwent a laparotomy with pelvic dissection (60.6%) fol-
lowed by abdominal laparotomy (23.1%). The most com-
mon cancer sites were gynecologic (35.1%), followed by
genitourinary (22.1%), and colorectal (11.8%). Almost 25%
had stage IV disease at the time of operation. Pharmacologic
VTE prophylaxis was administered to 56.7% of patients, in-
cluding dalteparin in 27.5%, enoxaparin in 11.2%, and un-
fractionated heparin in 15.3%. The number of patients receiv-
ing pharmacologic VTE prophylaxis did not differ between
those in whom a central versus peripheral PE developed or
between surgical years (data not shown).

Clinical presentation of PE by year of operation and
pulmonary location
The clinical symptoms and signs, including shortness of
breath, chest pain, tachycardia (heart rate >100), hypoxia
(oxygen saturation <92%), clinical evidence of DVT, and
hemoptysis were recorded in 282 patients (95.6%). Only
5.3% of PE patients were asymptomatic, 71.6% had one or
two clinical findings, and 23% had three or more. There
was a progressive decrease in the number of clinical symp-
toms and signs identified in patients with a postoperative
PE from 2000 to 2005 (Fig. 3). No patients diagnosed with
postoperative PE were asymptomatic in 2000, and 55.6%
had three or more clinical findings, compared with 10.7%
asymptomatic patients and 13.1% with three or more clin-
ical findings in 2005 (p < 0.0001). There was no signifi-
cant difference between the number of patients with a post-
operative PE who presented with cardiopulmonary arrest
or were admitted to the ICU between the years 2000 and
2005 (data not shown).

Location of PE within the pulmonary vasculature was
also associated with clinical presentation (Table 2, Fig. 3).

A central PE was significantly more likely to be associated
with tachycardia (89.2% versus 61.6%; p = 0.019), hyp-
oxia (74.1% versus 37.9%; p = 0.001), ICU admission
(39.3% versus 19.4%; p = 0.026), and cardiopulmonary
arrest (27.6% versus 6.4%; p = 0.001) compared with a
peripheral PE. The differences between central and periph-
eral PE causing shortness of breath, clinical symptoms of a
DVT, and chest pain were 16.2%, 8.6%, and 5.1%, respec-
tively, but these differences did not reach statistical signif-
icance. Central PE were asymptomatic in 0%, and associ-
ated with one or two clinical symptoms in 40.6% and three
or more clinical symptoms in 59.4% of patients, versus
data for peripheral PE, where 5.9%, 75.2%, and 18.9%
were asymptomatic, with one or two symptoms, or with
three or more symptoms, respectively (Fig. 3).

The Wells criteria are a widely used clinical assessment
tool for predicting the probability of a PE.”> The criteria,
including clinical symptoms and signs, and other risk fac-
tors for a PE. Patients are given a score and the combined
score separates patients into low, moderate, and high clin-
ical probability of having a PE. The patients in this study all
had a malignancy and were all in the postoperative period
and had a baseline score of 2.5, defining them as having at
least moderate probability for a PE. In a retrospective re-
view, it was not possible to evaluate the criterion of “other
diagnosis less likely than PE” and a score was calculated
without this variable included. The mean Wells score in
2000 was 4.50 * 1.26 SD compared with 3.58 = 1.06 SD
in 2005 (p = 0.002). The mean Wells score was also con-
siderably higher in patients with a central PE (4.63 * 1.33
SD) compared with patients with a peripheral PE (3.79 =
1.13 SD; p < 0.0001).

Postoperative morbidity and mortality and overall
survival after diagnosis of PE by year of operation
and pulmonary location

A total of 19 patients died of a VTE, 15 from initial PE, and
4 from a subsequent PE. Among the 280 patients who did
not die of the initial PE, a second PE developed in 29
(10.1%); this did not differ between patients with central
and peripheral PE (p = 0.8). Complications developed
in a total of 30 patients on therapeutic anticoagulation
(14.4%), including a gastrointestinal bleed in 14 patients,
hematuria in 5 patients, a retroperitoneal or intraabdomi-
nal bleed in 5 patients, hemoptysis in 4 patients, a central
nervous system bleed in 1 patient, and heparin-induced
thrombocytopenia in 1 patient.

The grade of complication is an indicator of the severity
of the adverse event (defined in the Methods section).
Mean grade of postoperative PE was 2.23 = 1.25 SD in
2000 and decreased t0 2.20 = .72 SD in 2005 (p = 0.004).
The proportion of patients with a PE graded 3 or higher
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Table 2. Demographic Characteristics for Patients with a Postoperative Pulmonary Embolism of Known Location (n = 271)
in the Pulmonary Vasculature

Location of PE

Central versus

Central Segmental Subsegmental Total peripheral PE
Variable (n = 33) (n = 164) (n =74) (n = 271) (p value)
Clinical and pathologic characteristics
Age at PE (y) 65.1 = 12.2 63.4 + 12.8 62.1 £13.4 63.2 = 129 NS§*
Male (%) 46.7 362 355 37.2 NS
BMI 28.1 £5.2 27.1 £5.7 289 £ 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
I 42.1 27.1 34.7 30.9
v 10.5 27.1 24.5 24.6
PE 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
Sa0, <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 37.5 222 34.8 NS
Anticoagulation (%)
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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Table 2. Continued

Location of PE

Central versus

Central Segmental Subsegmental Total peripheral PE
Variable (n = 33) (n = 164) (n = 74) (n = 271) (p value)
Followup (%)
Second VTE event 6.9 11.0 9.2 10.1 NS
30-d PE mortality 33.3 4.9 5.4 8.5 <0.001

*Continuous variables compared with ztest for independent samples.

BMI, body mass index; DVT, deep vein thrombosis; GI, gastrointestinal; PE, pulmonary embolism; VTE, venous thromboembolic event.

was 29.8% in the first 3 years of the stcudy (2000 to 2002),
and only 13.3% had a grade 3 or higher PE in the latter half
of the study (2003 t0 2005) (p = 0.001). Overall incidence
of a fatal PE postoperatively was 0.4 and did not change
during the 2000 to 2005 time period (p = 0.26) (Fig. 1).
Because of the increased detection of peripheral PE, the
chance of dying from a PE among all patients diagnosed
with a postoperative PE decreased from 27.8% in 2000 to
3.6% in 2005 (p = 0.003). Thirty-day postoperative mor-
tality was also significantly different between patients with
central (33.3%) versus peripheral (5.0%) PE (p = 0.02)
(Fig. 4).

DISCUSSION

Postoperative PE is a dreaded complication after cancer
operation, with a mortality rate of up to 45% in previous
studies.” This study demonstrates than an increased aware-
ness of VTE as a serious postoperative complication com-
bined with more sensitive and available imaging modalities
to confirm the diagnosis have led to a change in the clinical
presentation and severity of postoperative PE. Specifically,
advances in CT technology, including the advent of the
MDCT scan, have enabled acquisition of thinner slices in a

3 or more Clinical Findngs
01 to 2 Clnical Findings
O Asymplomatic

Percent of Patients

Taal  Central Peripheral
PE PE

Year of Surgery

Figure 3. Clinical symptoms and signs among patients with a post-
operative pulmonary embolism (PE) by operation year and central
versus peripheral location in the pulmonary vasculature. (Clinical
findings include shortness of breath, chest pain, tachycardia, hyp-
oxia, clinical evidence of deep vein thrombosis, or hemoptysis.)

shorter time period, resulting in improved visualization of
the pulmonary vasculature in the middle and peripheral
lung zones, facilitating routine detection of the segmental
and subsegmental arteries.> When compared with the
gold standard imaging modality, pulmonary angiography,
the sensitivity of MDCT for the diagnosis of PE was 100%
and, in fact, detected 9% more patients with PE that, based
on consensus review, were believed to represent false nega-
tives for pulmonary angiography.'” This represents a sub-
stantial improvement over conventional single-slice CT
scans, where rates =30% have been reported for missing a
peripheral pulmonary embolism.'*"'>

An MDCT was introduced at our tertiary care cancer
center in 2000. The present study has demonstrated that
the number (incidence per 1,000 postoperative patients) of
MDCT scans performed in the 30-day postoperative pe-
riod to evaluate cancer patients for a PE has increased con-
siderably between 2000 and 2005. In addition, the inci-
dence of PE has increased during this time period, and can
be attributed to a higher number of segmental and subseg-
mental PE diagnosed, with no change in the diagnosis of
central PE. Despite this increased detection of postopera-
tive PE, the incidence of a fatal PE among surgical patients
in the postoperative period has remained unchanged.
Taken together, this suggests that the prognosis after diag-
nosis of a postoperative PE has changed since introduction
of MDCT scan technology.

The clinical need for a meticulous analysis of the periph-
eral pulmonary vessels is subject to debate. It has been
shown that 6% to 30% of patients with documented PE
have clots in only subsegmental and smaller arteries.'®'” In
the absence of central emboli, the clinical relevance of these
small peripheral clots is uncertain. Smaller clots have been
shown previously to have less dramatic clinical manifesta-
tions and lower morbidity and mortality rates.'®'” A cohort
study of patients with a suspected PE and a negative CT
scan compared 98 patients with a negative single-detector
CT and 100 patients with a negative MDCT. This study
demonstrated similar rates of death and subsequent throm-
boembolic disease on followup, despite the documented
inferiority of single-detector CT at identifying peripheral

emboli.® Similarly, a systematic review of patients with sus-
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Figure 4. Kaplan-Meier survival curves among patients with post-
operative central versus peripheral pulmonary embolism (PE).
(A) Thirty-day mortality among cancer patients who were found
to have a central PE (n = 33) was significantly worse compared
with those who were found to have a peripheral PE (n = 237).

pected PE and a negative CT scan demonstrated that both
single-detector and MDCT have a >99% negative predic-
tive value for development of a subsequent VTE and that
there was no difference in the subsequent development
of a VTE based on CT modality used.” These studies,
and the current study, suggest that peripheral emboli
might not impact adversely on patient outcomes, even if
left untreated.

The necessity for anticoagulation in patients with PE
detected on MDCT has also been questioned. In a retro-
spective review of MDCT of the chest, a PE was detected in
117 patients. In 47 patients, therapeutic anticoagulation
was not given because the PE was diagnosed only during a
retrospective review of the CT scan. Despite the lack of
therapeutic anticoagulation, 1-year survival and subsequent
PE-related morbidity were similar in the treated and un-
treated groups.'' By contrast, recent evidence suggests that
LMWH can provide a survival benefit to cancer patients,
which is unrelated to VTE incidence and risk.?° In a meta-
analysis of cancer patients without documented VTE, pro-
phylactic anticoagulation with LMWH appeared to im-
prove cancer-specific and overall survival.”' It is also
possible that LMWH could similarly improve survival in
cancer patients undergoing operations,*>* providing addi-
tional rationale to anticoagulate these patients, even in the
presence of an asymptomatic, peripheral PE.

Anticoagulation therapy is not without risk, particularly

in postoperative cancer patients. Previous studies have sug-
gested an increased susceptibility to hemorrhagic compli-
cations in patients with malignancy, which are particularly
relevant in the perioperative period. In the present study, a
complication related to the anticoagulation developed in a
total of 14.4% of patients, with two patients dying from
the complication. This rate is comparable with other stud-
ies of postoperative therapeutic anticoagulation for VTE.*
Although there is currently no evidence to suggest that
these patients should have anticoagulation withheld, clearly
the risk-to-benefit ratio must be considered when deciding
to initiate therapeutic anticoagulation for postoperative
cancer patients with subsegmental pulmonary emboli.

The current study suggests that the prognosis of a post-
operative PE in a cancer patient is changing. The historic
figure suggesting a =30% mortality rate among patients
with an untreated or misdiagnosed PE*>*® might no longer
be applicable. In the present study, an increased index of
suspicion for a postoperative PE, coupled with the ease and
availability of MDCT scanning technology, and the in-
creased ability to detect subsegmental and segmental PE
using this imaging modality have led to an increased inci-
dence of postoperative PE in this group of patients, with a
reduction in the mortality rate associated with a postoper-
ative PE. Whether this change in prognosis should influ-
ence our management of cancer patients diagnosed with a
postoperative PE remains uncertain, but is an interesting
area for future investigation.
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Discussion

DR ROBERT CG MARTIN (Louisville, KY): I appreciate the op-
portunity to comment on this important topic and the effects that
this rare but devastating complication can have on oncologic pa-
tients” overall outcomes.

Dr Fong and his colleagues from Memorial Sloan-Kettering
present their retrospective review of a very impressive prospective,
postoperative, morbidity and mortality database to identify 295 pul-
monary embolisms in all cancer patients within 30 days of major
thoracic abdominal pelvic surgery over a five-year period of time. The
data demonstrate that 1441 CT scans were obtained to diagnose 311
pulmonary embolisms for a success rate of diagnosis of 22% but an
overall incidence rate of pulmonary embolism of 0.7% for the entire
well score moderate risk patients, because all patients with cancer
have at least a moderate risk of thromboembolic event. I have four
questions for the authors.

Given the 14% complication rate with anticoagulation that you
present, are we potentially putting asymptomatic or even non-
specific symptomatic segmental and subsegmental pulmonary em-
bolism patients at a greater risk treating them with anticoagulation?
As we have seen with multiple tests that we are not sure what to do
with the data and how clinically relevant is it, in this medical/legal
time that we have, are we safe by withholding anticoagulation to
those patients?

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

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

And, last is more a philosophical question. I know it wasn’t part of
your study, but in your opinion is this technology a true improve-
ment in quality of care? Or is it just more costly care?
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