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Abstract
Purpose Venous thromboembolism (VTE) is a known
cause of morbidity in the oncology patient population.
As hospital readmission rates are more frequently scru-
tinized, we sought to determine the most common
causes of 30-day readmissions in the cancer patient
following abdominopelvic surgery. Furthermore, due to
the high risk of VTE, there have been guidelines
established for prophylaxis. As guidelines are based on
asymptomatic VTE, we studied the compliance rates of
these guidelines in our institution and the rate of
symptomatic VTE in the 30-day postoperative period.
Methods We conducted a retrospective chart review at Penn-
sylvania Hospital of abdominopelvic surgeries between Janu-
ary 1, 2010 and December 31, 2012 in patients with
abdominopelvic malignancies, totaling 263 patients.

Results Themedian age of our patient populationwas 67 years
and 51.3 % were female. The most common malignancy
locations were colorectal (44 %) and pancreas (11 %). One
patient did not receive perioperative anticoagulation; most
received heparin subcutaneously three times daily, mean du-
ration 5.5 days. Fourteen patients (5 %) received outpatient
anticoagulation after discharge; only two had a primary intent
of VTE prophylaxis. Thirty-five patients (13 %) were
readmitted within 30 days of discharge, the most common
reasons being abdominal symptoms and postoperative/
surgical complications. There was one patient readmitted for
a new, symptomatic VTE.
Conclusions Our study showed only one new, symptomatic
VTE in the study population, despite 95 % of patients not
receiving outpatient anticoagulation, which suggests that con-
tinued larger and multicenter trials may be needed to study
anticoagulation benefits and risks in this patient population.
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Introduction

It is established that both oncology patients and patients under-
going major surgery are at an increased risk for venous throm-
boembolism (VTE). Significantly, VTE is the most common
cause of death in oncology patients within the first 30 days
postoperatively and a leading cause of death in cancer patients
after cancer itself, leading to various recommendations alongside
the development of risk stratification models [1, 2]. VTE is not
only a serious clinical problemwith potentially fatal and extreme-
ly costly consequences, but it also is a resource-intensive com-
plication that frequently requires an extended hospitalization stay
[3]. In this era of health care reform, it is imperative to understand
the incidence of VTE, its strategies for prevention, and its rela-
tionship to hospital readmissions in order to ensure patient safety,
improve patient outcomes, and minimize hospital costs.

Current guidelines published by the American Society of
Clinical Oncology (ASCO) recommend thromboprophylaxis
for cancer patients undergoing major surgery for at least 7 to
10 days postoperatively with either unfractionated heparin
(UFH) or low-molecular-weight heparin (LMWH). Prophy-
laxis should be extended for up to 4 weeks postoperatively for
those cancer patients undergoing major abdominal or pelvic
surgery with high-risk features, such as restricted mobility,
obesity, history of VTE, or metastatic disease [4]. These
guidelines are based on several studies that utilized bilateral
lower extremity screening venography to detect both symp-
tomatic and asymptomatic VTE [5]. It has been previously
shown that extended thromboprophylaxis is associated with a
significantly lower risk of asymptomatic deep venous throm-
bosis (DVT), but there is, unfortunately, limited data assessing
this recommendation in the setting of symptomatic DVT [6].

Thus, this study focuses on VTE in the oncology patient
population, in the postoperative setting. We investigated the
most frequent causes of readmission of oncology patients after
abdominal or pelvic surgery, specifically examining the inci-
dence of symptomatic VTE. Due to the high mortality rate of
VTE in oncology patients, we sought to determine whether
the current guidelines for VTE were being followed, and
subsequently, if the benefits of extended anticoagulation
outweighed potential harms in this patient population.

Materials and methods

The University of Pennsylvania Health System (UPHS) Inter-
nal ReviewBoard (IRB) approved a retrospective chart review

for abdominal and pelvic surgeries performed at Pennsylvania
Hospital from January 1, 2010 to December 31, 2012.

Using the outpatient surgical billing systems of Ambulato-
ry practice management (APM, by Epic) and IDX (by General
Electric), we identified 6949 patients in the Division of Gas-
trointestinal Surgery at Pennsylvania Hospital who underwent
abdominal or pelvic surgery in the time frame specified. We
used the diagnosis code to include only those patients with an
abdominal or pelvic malignancy or neoplasm. Patients were
excluded from the study if they did not have a proven abdom-
inal or pelvic malignancy, or if the surgery was an outpatient
procedure. There were 267 patients who qualified for more
detailed data collection. Four patients died during hospitaliza-
tion and were excluded as they did not have potential for
readmission, bringing the final study population to 263.

Data was collected using the UPHS electronic medical
record systems, Medview and Epic, and included patient
demographics of sex, age, and body mass index (BMI); type
and site of malignancy and presence and location of metastatic
disease; type of surgery; any use of anticoagulation in the
perioperative period, including reason for use and timing;
lab data specifically hemoglobin, leukocyte count, platelet
count, and creatinine available closest to discharge date; and
any hospital readmission within 30 days of discharge, noting
the number of days to readmission, cause of readmission, and
presence of symptomatic VTE. VTEwas defined as DVTand/
or pulmonary embolism (PE). Both inpatient and outpatient
records were reviewed postoperatively to account for any
readmissions that occurred in or less than 30 days documented
in the UPHS health system or in another institution. If there
was no UPHS inpatient record and/or the postoperative clinic
visit note with the surgeon did not document an admission to
any hospital, it was presumed that there was no readmission. If
the patient was lost to follow-up after the surgery, it was
recorded as such, and was not considered as a readmission
or non-readmission.

The primary study outcome was to define the most com-
mon causes of 30-day postoperative readmissions in oncology
patients. Secondary outcomes were to determine if VTE pro-
phylaxis was prescribed for this patient population upon dis-
charge, to assess compliance with VTE guidelines, and to
determine if VTE prophylaxis resulted in reduced 30-day
postoperative readmissions for VTE.

Results

The median age of our patient population was 67 years (range
23–92) with 51.3 % of the patients being female and 48.7 %
were male. Median BMI was 25.4 (range 13.4–60.1). The
most common malignancy locations were colorectal (44 %),
pancreas (11 %), gastroesophageal junction (6 %), and
retroperitoneum (6 %). The most common types of
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malignancies were adenocarcinoma (61%) and carcinoma not
otherwise specified (NOS) (16 %); 42 % had metastatic dis-
ease, most commonly in the liver (14 %) and lymph nodes
(14 %) (Table 1).

Lab results were collected upon discharge: median hemo-
globin level was 9.9 g/dL, median leukocyte count was 7.8×
109/L, median platelet count was 233×109/L, and median
creatinine was 0.86 mg/dL.

Only one patient did not receive inpatient perioperative
anticoagulation; 243 patients (92 %) received anticoagulation
with heparin 5000 units subcutaneously, three times daily. The

median duration of inpatient perioperative anticoagulation
was 5.5 days (range 1–38). Several patients had a change in
their anticoagulation regimen during hospitalization or re-
ceived dual anticoagulation therapy (Table 2).

Thirteen patients (5 %) received outpatient anticoagulation
which included LMWH (3 patients) and/or warfarin (10 pa-
tients), with three patients receiving this as a new medication.
Only two of these patients received anticoagulation with the
primary reason identified as VTE prevention. Other reasons
for discharge on anticoagulation included known VTE and
cardiovascular disease. In addition, 41 patients (16 %) were
discharged on aspirin 81mg daily, 12 patients (5%) on aspirin
325 mg daily, 2 patients (1 %) on aspirin of unknown dosage,
and 10 patients (4 %) on clopidogrel 75 mg daily. Several
patients were discharged on various combinations of antico-
agulants (Table 3).

Within 30 days of discharge, 35 patients (13 %) were
readmitted to a hospital at a median of 7 days post-discharge
(range 1–30). Fourteen patients (5 %) were lost to follow-up.
Patient characteristics were similar between those readmitted
within 30 days post-discharge and those not readmitted
(Table 4).

The most common reasons for readmission were abdomi-
nal symptoms (11), postoperative complications and surgical
problems (11), infectious causes (8), cardiopulmonary symp-
toms (6), and electrolyte disturbances (2). Three patients were
readmitted with multiple presenting symptoms, and two pa-
tients had planned readmissions for a subsequent surgical
procedure.

Two patients were readmitted with a symptomatic VTE.
One of these patients had a known VTE that was diagnosed
and treated prior to readmission, and thus was excluded from
final assessment. The remaining patient, who had colorectal
adenocarcinoma, was readmitted 4 days post-discharge for
chest pain and was later diagnosed with a symptomatic PE.
This patient notably did receive VTE prophylaxis during
admission.

Table 1 Baseline patient and disease characteristics and lab values

Characteristics No. of patients Percent Values

Age, year

Median 67

Range 23–92

Gender

Male 128 48.7

Female 135 51.3

BMI

Median 25.4

Range 13.4–60.1

Malignancy location

Colorectal 115 43.7

Pancreas 28 10.6

Gastroesophageal junction 17 6.4

Retroperitoneum 16 6.1

Other 87 33.1

Malignancy type

Adenocarcinoma 162 61.6

Carcinoma 42 16.0

Other 59 22.4

Metastatic disease 111 42.2

Liver 38 34.2

Lymph nodes 36 32.4

Other 37 33.3

Hemoglobin (g/dL)

Median 9.9

Range 6.6–14.9

Leukocyte count (109 L)

Median 7.8

Range 1.4–22.4

Platelet count (109 L)

Median 233

Range 77–871

Creatinine (mg/dL)

Median 0.86

Range 0.07–9.43

Table 2 Type and duration of inpatient perioperative anticoagulation

No. of
patients

Percent Values

Type of anticoagulation

Heparin subcutaneous
(prophylaxis)

257 98

Heparin infusion 3 1.1

Dalteparin subcutaneous
(prophylaxis)

8 3.0

Coumadin 10 3.8

Not applicable 1 0.4

Duration of anticoagulation (days)

Median 5.5

Range 1–38
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Discussion

Hospital readmissions are, unfortunately, common and costly;
it is estimated that one out of four hospitalized patients will be
readmitted, increasing the financial burden of already increas-
ing health care costs [7]. Readmission rates are rising and are
likely to become quality indicators of a surgeon’s perfor-
mance, potentially alongside other quality control markers,
such as decreased length of hospital stay and patient comor-
bidities [8, 9]. In a previous study, 19 % of patients were
readmitted, following a pancreaticoduodenectomy, with the

Table 3 Types of outpatient perioperative anticoagulation

Total patients
(n=263)

Patients
readmitted
(n=35)

Patients not
readmitted
(n=214)

Warfarin 10 2 8

Dalteparin 2 0 2

Aspirin 55 7 46

Clopidogrel 10 2 6

Not applicable 203 28 165

Table 4 Comparison of characteristics in patients readmitted and not readmitted within 30 days

Patients readmitted (n=35) Patients not readmitted (n=214)

Characteristics No. of patients Percent Values No. of patients Percent Values

Age, year

Median 66 67

Range 38–89 30–92

Gender

Male 18 51.4 101 47.0

Female 17 48.6 114 53.0

BMI

Median 25.8 25.4

Range 15.4–39.8 13.4–60.1

Malignancy location

Colorectal 12 3.2 95 44.4

Pancreas 7 20.0 19 8.9

Gastroesophageal junction 1 2.9 16 7.4

Retroperitoneum 2 5.7 14 6.5

Other 13 37.1 70 32.7

Malignancy type

Adenocarcinoma 21 60.0 131 61.2

Carcinoma 9 25.7 31 14.5

Other 5 14.3 52 24.3

Metastatic disease 15 42.9 88 41.1

Liver 3 8.6 31 14.4

Lymph nodes 6 17.1 29 13.5

Other 6 17.1 28 13.0

Hemoglobin (g/dL)

Median 10.1 9.8

Range 6.6–13.9 7.3–14.9

Leukocyte count (109 L)

Median 7.8 7.8

Range 1.4–16.3 2.7–22.4

Platelet count (109 L)

Median 244 232

Range 92–653 77–871

Creatinine (mg/dL)

Median 0.73 0.73

Range 0.34–1.63 0.07–6.46

996 Support Care Cancer (2015) 23:993–999



most common reasons, including nausea, vomiting, infection,
and abdominal pain [10]. Similarly, we found that 13% of our
study patients were readmitted to a hospital within 30 days,
most commonly for abdominal symptoms or postoperative
complications.

Current guidelines by bothASCO and theAmericanCollege
of Chest Physicians (ACCP) recommend extended 4-week
thromboprophylaxis in high-risk postoperative oncology pa-
tients undergoing major abdominal and pelvic surgery [4, 11].
Previous studies have reported a median time to diagnose VTE
of 9 to 15 days and a mean time of 8.6 days, which is comfort-
ably within the 30-day window of our study [12–14]. Only 5 %
of patients in our study were discharged from the hospital on
anticoagulation. Although this constitutes guideline noncom-
pliance, there was only one readmission due to a symptomatic
VTE, indicating that the incidence of symptomatic VTE in this
population may not be as high as previously suggested.

Although guidelines are solely recommendations, they are
developed to aid in the best management of clinical conditions
with a goal to yield the best patient outcomes. They are devel-
oped around clinical data and trials or based on expert opinion to
steer clinicians in making best decisions for patient care. The
ASCO guidelines recommending extended thromboprophylaxis
are based on four studies that analyzed the incidence of both
symptomatic and asymptomatic VTE in a similar patient popu-
lation using mandatory bilateral venography, which is no longer
routinely used in the clinical setting [4]. Multiple studies have
reported an association between asymptomatic DVT and the
development of symptomatic VTE, but there is not yet clear
evidence proving a benefit to the patient in reducing asymptom-
atic VTE [15]. Venography is an antiquated and invasive proce-
dure, and it is possible that the procedure itself may not have the
benefit to justify the risk. A review published by the Cochrane
Collaboration was used to support the ASCO guidelines and
found that, although the rate of asymptomatic VTE was signif-
icantly decreased with extended thromboprophylaxis, there was
no significant difference in the rate of mortality or PE between
patients who received in-hospital prophylaxis and patients who
received extended prophylaxis [5].

Given the low incidence of symptomatic VTE in our pa-
tient population, we sought to determine whether extended
thromboprophylaxis might instead cause more potential harm
rather than benefit. A 2008 review by Akl et al. predicted that
the incidence of major bleeding in a high-risk population is 59
per 1000 for cancer patients receiving extended duration
thromboprophylaxis, compared to 20 per 1000 for those re-
ceiving thromboprophylaxis only during their hospital stay.
The study also expected minor bleeding for 79 per 1000 of
high-risk patients receiving extended thromboprophylaxis,
compared to 60 per 1000 of high-risk patients receiving lim-
ited thromboprophylaxis [6]. Although these results are not
statistically significant, they are still clinically significant as
extended thromboprophylaxis may lead to an increased

incidence of side effects in patients who have a low risk of
developing VTE.

As the rate of symptomatic VTE was surprisingly low, and
bleeding while on anticoagulation remains a serious side
effect, we attempted to apply the Khorana model to our study
population, which serves as a predictive model for
chemotherapy-associated VTE by calculating patient risk lev-
el for thrombosis when considering several validated param-
eters prior to chemotherapy [16]. Based on this model, no
high-risk patients developed VTE, and in fact the patient in
our study readmitted with VTE was considered an intermedi-
ate risk. Nevertheless, this model was applied to postoperative
patients and not to pre-chemotherapy patients, thus violating
the model assumptions and cannot be validated with the data
gathered in this study. Due to the limitations of the Khorana
model in this population, we suggest that a new model be
created to predict VTE risk in postoperative cancer patients.

In this study, we showed that 64 patients (24 %) were
discharged on aspirin and/or clopidogrel, drugs which are
considered minor anticoagulants. Many of these patients had
been previously taking these medications prior to hospitaliza-
tion, and none of these patients developed VTE. It is possible
that the use of aspirin and/or clopidogrel played a role in VTE
prevention and, consequently, this study’s low incidence of
symptomatic VTE. The use of aspirin as an anticoagulant for
perioperative VTE prophylaxis is currently being debated.
The ACCP does not recommend aspirin alone for periopera-
tive VTE prophylaxis in any patient group; however, the
American Academy of Orthopedic Surgeons now suggests
that aspirin may be effective as a method of orthopedic post-
operative VTE prophylaxis [17]. While aspirin is inexpensive,
seemingly cost-effective, and does not require monitoring or
injections compared to other forms of anticoagulation, there is
no significant evidence supporting its use in VTE prophylaxis
in this patient population [18]. The Pulmonary Embolism
Prevention Trial randomized over 17,000 patients to receive
aspirin 160mg daily or placebo for 35 days perioperatively for
hip fracture or elective hip or knee arthroplasty. Aspirin was
found to reduce the risk of symptomatic VTE by 36 % and
fatal PE by 53 %; however, it was associated with an increase
in minor gastrointestinal bleeding, which demonstrates the
need to weigh its benefits against potential harm [19]. A recent
multi-center trial showed that extended prophylaxis with as-
pirin was not inferior to dalteparin after total hip arthroplasty
[20]. Clopidogrel, although not as widely studied as aspirin in
this setting, may also lead to decreased risk of thrombosis;
however, this too must be weighed against the risk of hemor-
rhage. While patients with oncologic diagnoses have a base-
line hypercoagulable state and thus have different pathology
and physiology than those patients without a malignancy
undergoing orthopedic procedures, it may still be possible to
incorporate and apply this data to cancer patients in further
trials.
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This study has several limitations. By the nature of our
retrospective chart review, there is possibility of selection bias
as only patients who had documented encounters in the UPHS
system were included in the 30-day follow-up. Fourteen pa-
tients (5 %) were lost to follow-up. It is unknown if some of
those patients may have developed symptomatic VTE within
30 days and presented to another facility without later
returning to UPHS. This was a small study of 263 patients,
so it is possible that our sample size was not large enough to
detect more VTE to corroborate the current guidelines. A
larger sample size would be needed to prove or disprove any
guideline; however, this data is the first reported that provides
no evidence supporting the recommendations, and thus, larger
and more studies are needed to confirm or reject our findings.
The 30-day time period used in this analysis may have ex-
cluded PE and DVT that were diagnosed after the time re-
striction. As this study was a retrospective chart review, pa-
tients were not screened for asymptomatic VTE, and this may
have led to results different from those on which recommen-
dations are based. Finally, surveillance bias may have influ-
enced the screening and detection of VTE in the study popu-
lation, as it has been repeatedly shown that the use of imaging
studies to assist with VTE detection is not well standardized
among clinicians and institutions. Due to the retrospective
nature of this study, we are unable to adequately assess if
detection of VTE was standardized across all of the clinicians
involved in our study [21].

Although it is agreed that VTE is an important cause of
morbidity and hospital cost, there is still much debate about the
appropriate prophylactic treatment for VTE. We recommend
for the need for extended thromboprophylaxis to be reassessed
due to the low incidence of readmission from symptomatic
VTE in the postoperative population of those with abdominal
or pelvic malignancies. Further multicenter studies will need to
be conducted to better quantify the need for VTE prophylaxis,
identify high-risk populations, and determine if risk of
anticoagulation outweighs benefit as we strive to care for our
oncology patients in a changing health care environment.
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