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ABSTRACT

Objective: A significant portion of colorectal cancer patients lose weight preoperatively. Here we
examine the influence of pre-operative significant weight loss on venous thromboembolism (VTE)
risk and determine whether pre-operative BMI and albumin could influence VTE outcomes in
patients who have lost significant weight prior to surgery.

Methods: We conducted a retrospective cohort study using the American College of Surgeons
National Surgical Quality Improvement Program (ACS NSQIP) and identified 103,455 colorectal can-
cer patients undergoing major surgery from 2008 to 2012. Patients were assigned to one of two
groups based on whether they lost significant weight preoperatively or not. Simple and stepwise
multiple logistic regressions were used to evaluate the association between pre-operative unin-
tended weight loss and 30-days postoperative outcomes. The association between weight loss
and postoperative thrombosis was further assessed across several strata.

Results: The overall prevalence of pre-operative significant weight loss was 6.8%. Significant
weight loss prior to surgery was significantly and independently associated with a higher risk of
VTE (adjusted OR 1.23, 95% Cl 1.06-1.44), mortality (adjusted OR 1.55, 95% Cl 1.35-1.78), composite
morbidity (adjusted OR 1.52, 95% Cl 1.42-1.62), bleeding (adjusted OR 1.78, 95% CI 1.67-1.91) and
return to operation room (adjusted OR 1.29, 95% Cl 1.16-1.42). The effect of pre-operative signifi-
cant weight loss on thromboembolic outcome was evident across patients with a BMI <18.5 kg/
m?, 18.5 < BMI < 24.99 and BMI >40kg/m?.

Conclusions: Significant weight loss and BMI both need to be measured preoperatively to stratify
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patients who are at a higher risk of VTE.

Introduction

A venous thromboembolism (VTE) may occur following a
surgical procedure for cancer where the incidence of VTE
after colorectal cancer surgery ranges from 1.4% to 2.4% (1,
2). Studies have shown a trend for obese patients to have a
higher post-operative risk of VTE defined as pulmonary
embolism (PE) or deep vein thrombosis (DVT). This higher
risk could be attributed to elevated inflammatory factors,
elevated plasma fatty acids and lower antithrombin IIT levels
associated with obesity (3-5). However, not all studies in the
literature have reported these unanimous results. For
instance, a large review of the NSQIP data examining VTE
in 52,555 patients undergoing colorectal surgery found that
obesity (BMI >30kg/m®) was one of the three patient risk
factors that were statistically significant (6). A prospective
study by Becattini et al found that obesity is an independent
risk factor of VTE in surgical colorectal cancer patients (7).
Another retrospective review of the NSQIP data examining
the effect of BMI on short term outcome in colectomy
patients did not find a statistically significant difference

between patients with normal BMI (18.5-24kg/m®) and over-
weight (25kg/m> <BMI < 29kg/m®) or obese patients (BMI
> 30kg/m’) in DVT risk, but did find a significant differ-
ence when examining the incidence of PE between patients
with normal BMI and those who are overweight or obese
(8). Similarly, Kim et al reported that overweight was an
independent risk factor for PE in patients undergoing colo-
rectal cancer surgery; however, their overweight category
was defined as BMI > 23kg/m2 (9). On the contrary, other
smaller single institutional studies did not find any associ-
ation between BMI and risk of PE or DVT (10-14).

As for underweight patients (BMI < 18.5kg/m”), data on
postoperative VTE for patients undergoing surgery for colo-
rectal cancer is limited. However, a paucity of data exists in
other cancers. Ashrani et al reported that in patients with
active cancer, being underweight (BMI < 18.5kg/m®) or mor-
bidly obese (BMI > 35kg/m?) are both independently associ-
ated with VTE compared to normal weight patients (15). Also,
when compared with normal BMI patients, underweight
patients experienced significantly more pulmonary, surgical
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and infectious complications in patients undergoing lobec-
tomy for a primary lung cancer (16).

If BMI alone were used as a measure of nutritional status,
many colorectal cancer patients with malnutrition and weight
loss would go unidentified. Thus, an overlooked aspect of colo-
rectal surgery patients which was not taken into account previ-
ously and which could have impact on outcomes is
preoperative weight loss. Over 50% of patients undergoing
colorectal cancer surgery lose weight preoperatively and around
20% of patients lose >10% of their body weight prior to sur-
gery. Here, we conducted a retrospective review of the NSQIP
database to look at the influence of pre-operative significant
weight loss on VTE risk and determine whether pre-operative
BMI and albumin could influence VTE outcomes among
patients who have lost significant weight prior to surgery.

Methods
Study design and data collection

We extracted data from the participant data use files of the
ACS NSQIP from 2008-2012. The ACS NSQIP is a nationally
validated, outcome-based, risk-adjusted program developed to
improve the quality of surgical care for adults in the United
States. The program prospectively collects >150 variables,
including pre- and intraoperative variables and 30-day post-
operative mortality and morbidity outcomes for patients
undergoing major outpatient or inpatient surgical procedures
(17, 18). Patients included in the study were those who under-
went surgery for colorectal cancer. Patients who were preg-
nant, patients with edema and patients who had missing
weight measurement values were excluded. We identified
103,455 patients for inclusion in this study. In accordance
with the American University of Beirut’s guidelines, which fol-
low the US Code of Federal Regulations for the Protection of
Human Subjects, institutional review board approval was not
needed or sought for our analysis because the data were col-
lected as part of a quality assurance activity.

Procedures

Our exposure of interest was significant weight loss within
90days of surgery. Patients were assigned to one of two
groups based on whether they lost significant weight pre-
operatively or not. Significant weight loss was defined as
weight loss of more than 10% of body weight within a period
of 6 months according to the Omnibus Budget Reconciliation
Act (OBRA) of 1987 (19). The primary postoperative out-
comes were mortality (defined as any cause of death) and inci-
dence of VTE occurring within 30 days of surgery. Secondary
outcomes included composite comorbidities (wound, cardiac,
respiratory, urinary, central nervous system (CNS), sepsis,
bleeding, return to operation room and hospital readmission
occurring within 30 days of operation.

Statistical analysis

Baseline demographics, pre-operative and postoperative varia-
bles were described and compared between the two exposure

groups. Frequency and percent were used to describe categor-
ical variables, whereas mean and standard deviation were used
for continuous ones. The chi square test was used to compare
categorical variables between the two groups, and the inde-
pendent t-test was used to compare continuous ones. Simple
and stepwise multiple logistic regressions, resulting in
unadjusted and adjusted odds ratios with 95% confidence
intervals, were used to evaluate the association between pre-
operative unintended weight loss and 30-days postoperative
outcomes. Potential confounders were entered into the multi-
variate models based on clinical and/or statistical significance
(see Supplementary Table). The association between weight
loss and postoperative thrombosis was further assessed across
strata of age, gender, race, BMI, preoperative albumin, hem-
atocrit, steroid intake, chemotherapy, and cancer location.
Statistical analyses were performed using SAS 9.4. P-values
were two-sided and statistical significance was set at 0.05.

Results

The overall prevalence of pre-operative significant weight
loss was 6.8%. There were no differences in the mean ages
between the two cohorts. The cohort that experienced sig-
nificant weight loss had a lower BMI (P <0.0001), and a
corresponding lower pre-operative serum albumin level
(P <0.0001) (Table 1). Compared to patients who did not
lose significant weight prior to surgery, those who lost more
than 10% of their body weight were more likely to be smok-
ers, to be white and to drink alcohol. Additionally, these
patients were more likely to have current pneumonia, have
severe history of COPD, have CHF 30days prior to surgery,
have previous PCI and have hypertension requiring medica-
tion. They were more likely to have disseminated cancer,
have received chemotherapy in the past 30days, have
received radiotherapy in the past 90 days, have bleeding dis-
order, have received > 4 units PRBCs in 72 hours prior to
surgery, have open wound, have systemic sepsis, have under-
gone prior operation 30days prior to surgery and have
received steroids. Concerning other laboratory values besides
albumin, patients with significant weight loss prior to sur-
gery were more likely to have lower serum sodium, BUN,
creatinine and lower hematocrit levels but higher alkaline
phosphatase, WBC, platelet count, PTT, PT and INR levels.

Thromboembolism occurred in 3.03% of patients with
significant weight loss compared to 1.92% of patients with
no significant weight loss (Table 2). Mortality was 4.47% for
those with significant weight loss compared to 1.84% and
composite morbidity was 20.54% compared to 13.61%.
Bleeding and return to operation room were also higher in
the patient population that lost significant weight prior to
surgery 18.05% versus 9.97% and 6.75% versus 5.08%,
respectively (Table 2).

After adjusting for potential confounders, significant
weight loss prior to surgery for colorectal cancer was signifi-
cantly and independently associated with a higher risk of
thromboembolism (adjusted OR 1.23, 95% CI 1.06-1.44),
mortality (adjusted OR 1.55, 95% CI 1.35-1.78), composite
morbidity (adjusted OR 1.52, 95% CI 1.42-1.62), bleeding
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Table 1. Baseline patient characteristics across pre-operative weight loss status.
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>10 % loss body weight in last 6 months

p-value
No Yes
n=96971(%) n=16577(%)
Demographic Variables
Gender, female 46232 (47.7) 3124 (47.5) 0.76
Age 66.02 + 13.60 65.95 + 14.40 0.71
Race, white 71375 (83.5) 4634 (80.3) <.0001
BMI 28.41+£6.60 24.68 +5.86 <.0001
Personal Habits
Current Smoker (within 1 year) 13826 (14.3) 1729 (26.3) <.0001
Alcohol ( ETOH> 2 drinks / day in 2 weeks before admission) 1204 (3.6) 112 (4.7) 0.01
Condition prior to surgery
Inpatient 96417 (99.4) 6551 (99.6) 0.06
Do not resuscitate (DNR) status 351 (1.1) 43 (1.8) 0.002
Respiratory Status
Dyspnea 9266 (9.6) 896 (13.6) <.0001
Ventilator Dependent 116 (0.1) 19 (19.0) 0.0002
Current Pneumonia 91 (0.3) 16 (0.7) 0.003
History of severe COPD 5445 (5.6) 465 (7.1) <.0001
Gastrointestinal Status
Ascites 755 (0.8) 195 (3.0) <.0001
Esophageal varices 49 (0.2) 5(0.2) 0.41
Cardiovascular status
Congestive heart failure (CHF) in 30 days prior to surgery 1176 (1.2) 113 (1.7) 0.0003
History of myocardial infarction 6 months prior to surgery 241 (0.7) 22 (0.9) 0.32
Previous PCl 2154 (6.5) 124 (5.2) 0.008
Previous cardiac surgery 2067 (6.3) 128 (5.3) 0.07
History of angina in 1 month before surgery 247 (0.8) 15 (0.6) 0.62
Hypertension requiring medication 52658 (54.3) 3087 (46.9) <.0001
History of PVD status post revascularization or amputation 437 (1.3) 41 (1.7) 0.12
Gangrene 40 (0.1) 3(0.1) 0.77
Renal system
Renal failure currently on dialysis 514 (0.5) 36 (0.6) 0.85
Neurologic Status
Impaired sensorium 90 (0.3) 17 (0.7) 0.001
History of coma> 24 hours 2 (0.0) 1(0.0) 0.19
Hemiplagia 300 (0.9) 21 (0.9) 1.00
Paraplagia 81 (0.3) 6 (0.3) 0.96
Quadriplagia 19 (0.1) 4(0.2) 0.07
History of transient ischemic attack (TIA) 1022 (3.1) 65 (2.7) 033
CVA with neurologic deficit 843 (2.6) 60 (2.5) 0.95
CVA with no neurologic deficit 807 (2.4) 54 (2.3) 0.63
Tumor involving CNS 28 (0.1) 2 (0.1) 1.00
Hematology-Oncology Status
Disseminated cancer 9064 (9.4) 1572 (23.9) <.0001
Chemotherapy for malignancy in < 30 days pre-op 1535 (4.7) 173 (7.2) <.0001
Radiotherapy for malignancy in last 90 days 3045 (9.3) 345 (14.4) <.0001
Bleeding disorder 3743 (3.9) 323 (4.9) <.0001
Transfusion > 4 units PRBCs in 72 hours prior to surgery 2748 (2.8) 471 (7.2) <.0001
Endocrinology Status
Diabetus mellitus with oral agents or insulin 17996 (18.6) 1038 (15.8) <.0001
Other
Open wound/wound infection 992 (1.0) 184 (2.8) <.0001
Steriod use for chronic condition 2655 (2.7) 229 (3.5) 0.0004
Systemic sepsis 3310 (3.4) 608 (9.3) <.0001
Prior Operation within 30 days 391 (1.2) 61 (2.5) <.0001
Preoperative Laboratory Findings
Serum sodium 139.20+3.09 138.20+3.54 <.0001
BUN 15.20+8.27 13.90+9.16 <.0001
Creatinine 0.97 £0.56 0.89+0.49 <.0001
Albumin 3.78+£0.60 3.30+0.70 <.0001
Total bilirubin 0.59+0.58 0.61+0.73 0.08
SGOT 24.13+£18.80 24.36 £19.80 0.41
Alkaline phosphatase 84.64 +47.30 98.34+72.70 <.0001
WBC 7.29 £3.05 8.23+3.80 <.0001
Platelet count 266.80 + 96.90 314.6 0+ 128.40 <.0001
Hematocrit 36.98 £5.60 34.06 £5.50 <.0001
PTT 29.63£6.70 30.98+7.72 <.0001
PT 1.08 £0.25 1.12+£0.25 <.0001
INR 12.80+£2.78 13.40 £ 2.60 <.0001
Operation related information
Anesthesia
General Anesthesia 96569 (99.6) 6552 (99.6) 0.79

Local Anesthesia

6 (0.0)

1(0.0)

(continued)
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Table 1. Continued.

>10 % loss body weight in last 6 months

p-value
No Yes
n=96971(%) n=6577(%)
Epidural Anesthesia 123 (0.1) 7 (0.1)
Other 256 (0.3) 16 (0.2)
Surgical Specialty
General Surgery 96742 (99.8) 6565 (99.8) 0.40
Other 227 (0.2) 12 (0.2)
Emergency Case 4394 (4.5) 600 (9.1) <.0001
Wound classification
No 93991 (96.9) 6027 (91.6) <.0001
Yes 2980 (3.1) 550 (8.4)
ASA classification
-l 40225 (41.5) 2019 (30.8) <.0001
1l 50671 (52.3) 3914 (59.6)
\% 5954 (6.2) 633 (9.6)

p-values were calculated by Chi-square test, or independent t-test, as appropriate.

(adjusted OR 1.78, 95% CI 1.67-1.91) and return to oper-
ation room (adjusted OR 1.29, 95% CI 1.16-1.42) (Table 2).

The effect of pre-operative significant weight loss on
thromboembolic outcome was evident across patients with a
BMI <18.5kg/m2, 18.5 < BMI < 24.99 and BMI >40kg/m2,
in patients <69years, in patients who are not on steroid
use, in male patients, in white patients and in those with
lowest level of hematocrit (Table 3). Cancer type and
whether the patients received chemotherapy or no did not
affect thromboembolic outcome.

Discussion

In this study, we assessed pre-operative significant weight
loss in patients undergoing surgery for colorectal cancer by
analyzing data from the ACS NSQIP database. Pre-operative
significant weight loss was significantly and independently
associated with postoperative thromboembolism, mortality,
morbidity, major bleeding and return to operation room.
Further stratification analysis revealed that the association of
pre-operative significant weight loss on thromboembolic
outcome is dependent on pre-operative BMI status where
underweight, normal and obese class 3 patients are mostly
at risk of VTE post-operatively.

The cases of significant weight loss prior to colorectal
cancer surgery range from 3% to 20% (20-22). Our results
reveal that around 6.8% of colorectal cancer patients under-
going surgery are at risk of significant weight loss. Pre-
operative significant weight loss has been associated with
multiple complications in patients with disseminated cancer
(23) and those undergoing any type of colorectal surgery
(20, 24) further supporting our findings. Previous studies
have identified obesity to be associated with higher post-
operative VTE risk; however, BMI alone cannot identify
patients who are malnourished or at nutritional risk. Our
results specifically reveal that from those who lose signifi-
cant weight prior to surgery, those that are at highest risk
are those who are underweight, normal weight or morbidly
obese. It is most likely that underweight and normal weight
individuals that lose significant weight prior to surgery will
be underweight post-surgery and this could explain the
increased risk. Also, morbidly obese individuals that lose

significant weight prior to surgery will still be obese post-
surgery thus also explaining the higher risk. Male patients
were more likely to lose weight than female patients and our
results are supported also by Thirunavukarasu et al (23).
Elderly patients in our study were not at a higher risk of
VTE contrary to what Alves et al reported (24). However,
data from a study assessing the presence and extent of VTE
surveillance bias using high-quality clinical data from
NSQIP hospitals also revealed that VTE risk was higher in
those <65 years. Our results could have been biased due to
the use of DVT prophylaxis in elderly patients which is
unavailable in the ACS NSQIP database analyzed. Whites
who lost significant weight preoperatively were more likely
to have VTE complications than none-whites even after
adjusting for potential confounders. This observation was
also suggested by Xenos et al (25).

Surgical patients with prolonged pre-operative gluco-
corticoid intake are at a higher risk of developing postopera-
tive VIE and secondary outcomes, including all-cause
mortality, urinary tract complications, sepsis, wound occur-
rences, cardiac and respiratory adverse events (26). In our
study, steroid use was significantly higher in those who lost
significant weight compared to those who did not. However,
contrary to several studies of colorectal surgery which have
reported steroid use a risk factor for developing VTE (2, 6),
our study did not show this association. The effect of steroid
used on VTE risk is still inconclusive as several other studies
of colorectal surgery do not show this association similar to
our results (25, 27).

The mechanism by which chemotherapy can increase the
risk of VTE could either be through acute damage to vessel
walls, non-acute damage of endothelium, a decrease in nat-
ural coagulation inhibitors or through platelet activation
(28). However, in our study, which involved colorectal can-
cer patients, chemotherapy did not show a higher risk of
VTE in patients who lost significant weight prior to surgery.
This observation is most likely correlated to the type of can-
cer whereby a recently validated model of chemotherapy
induced thrombosis revealed that breast, colorectal, head
and neck cancers belonged to the low risk group of cancers
that developed VTE (29). Furthermore, type of chemother-
apy administration whether intermittent or continuous
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Table 2. Unadjusted and adjusted analyses for association between pre-operative significant weight loss and outcomes.

Weight loss
Unadjusted Adjusted
No Yes

n=96971(%) n=6577(%) OR (95% Cl) p-value OR (95% Cl) p-value
Mortality 1783 (1.8) 294 (4.5) 2.50 (2.20-2.83) <.0001 1.55(1.35-1.78) <.0001
Composite morbidity® 13198 (13.6) 1351 (20.5) 1.64 (1.54- 1.75) <.0001 1.52 (1.42-1.62) <.0001
Wound 5963 (6.2) 522 (7.9) 1.32 (1.20- 1.44) <.0001 1.22 (1.11-1.34) <.0001
Cardiac 1242 (1.3) 139 (2.1) 1.66 (1.39 — 1.99) <.0001 1.37 (1.14-1.64) 0.0008
Respiratory 4209 (4.3) 490 (7.5) 1.77 (1.61 — 1.96) <.0001 1.40 (1.27-1.55) <.0001
Urinary 1400 (1.4) 144 (2.2) 1.52 (1.28 — 1.82) <.0001 1.57 (1.32-1.86) <.0001
CNS® 373 (0.6) 4 (1.0) 1.71 (1.25—-2.34) 0.0018 1.647 (1.20-2.27) 0.002
Sepsis 4859 (5.0 565 (8.6) 1.78 (1.63 — 1.95) <.0001 1.48 (1.35-1.62) <.0001
Thromboembolism 1858 (1.9) 199 (3.0) 1.60 (1.38 — 1.85) <.0001 1.23 (1.06-1.44) 0.0077
Bleeding 9665 (10.0) 1187 (18.1) 1.99 (1.86-2.12) <.0001 1.78 (1.67-1.91) <.0001
Return to OR 4929 (5.1) 444 (6.8) 1.35 (1.22- 1.49) <.0001 1.29 (1.16-1.42) <.0001

aComp05|te morbidity considered positive if any of wound, cardiac, respiratory, Urinary, CNS, sepsis or thromboembolism is positive.

Sample size: 68214.

p-values and confidence intervals for the OR were calculated using logistic regression analyses.

Table 3. Stratified analyses for associations between pre-operative significant weight loss and VTE outcomes.

Thromboembolism

Category Values
OR (95% Cl) p-value
BMI < 18.50 (n=2876) 1.91 (1.15-3.18) 0.01
18.50 - < 24.99 (n=32124) 1.30 (1.02-1.66) 0.03
25.00 - < 29.99 (n=35632) 1.32 (0.99-1.75) 0.06
30.00 - < 34.99 (n=19495) 1.20 (0.76-1.87) 0.44
35.00 - < 39.99 (n=28044) 0.41 (0.13-1.30) 0.13
> 40.00 (n=5377) 2.49 (1.17-5.28) 0.02
Age < 69 (n=57184) 1.31 (1.05 — 1.63) 0.01
> 69 (n=46364) 1.15 (0.93 — 1.43) 0.19
Steroid No (n=100664) 1.24 (1.06-1.44) 0.008
Yes (n =2884) 1.19 (0.98-1.44) 0.08
Chemotherapy No (n=33722) 1.28 (0.98-1.65) 0.07
Yes (n=1708) 1.25 (0.48-3.26) 0.65
Cancer location Right 153.0, 153.4, 153.5, 153.6 (n =34967) 0.99 (0.75-1.29) 0.91
Left 153.2, 153.3, 153.7 (n=20591) 1.24 (0.87-1.77) 0.23
Transverse 153.1 (n =6602) 1.34 (0.79-2.27) 0.28
Rectum 154.0, 154.1, 230.4 (n =32654) 1.31 (0.98-1.74) 0.07
Unspecified 153.9 (n =8734) 2.14 (1.38-3.30) 0.0006
Preoperative albumin < 3.6 (n=24151) 1.12 (0.92-1.36) 0.26
3.6 - < 5.3 (n=79295) 1.17 (0.92-1.50) 0.20
> 53 (n=102) - -
Gender Male (n=54192) 1.37 (1.11-1.67) 0.003
Female (n =49356) 1.08 (0.85-1.36) 0.53
Race White (n=86262) 1.28 (1.08-1.51) 0.004
Non-white (n = 17286) 0.96 (0.66-1.41) 0.85
Preoperative hematocrit Lowest category (n =60985) 1.27 (1.08-1.50) 0.005
Middle category (n=42060) 1.26 (0.86-1.86) 0.24

Highest category (n =503)

p-values and confidence intervals for the OR were calculated using logistic regression analyses.

could influence risk of VITE whereby a randomized trial
found that the intermittent schedule was associated with
reduced risk of developing VTE (30). Furthermore, the co-
administration of chemotherapy with anti-angiogenic agents
such as bevacizumab could contribute to thrombosis
through endothelial cell and platelet activation and damage
to the vascular endothelium. In a recent meta-analysis of
clinical trials of bevacizumab administered concomitantly
with chemotherapy, the use of bevacizumab was associated
with a 33% higher risk of VTE (31). Thus several factors
could have played a causal role in our results but since data
is unavailable concerning administration or biologics used
from the NSQIP database, we were unable to control for
these factors to determine the exact role of chemotherapy
on VTE risk.

The literature reports an association between preoperative
weight loss and preoperative hypoalbuminemia (20) and we
found this association on univariate analysis. However, after
adjusting for potential confounders, no association of weight
loss with VTE risk by albumin levels was found. An ongoing
debate continues to exist regarding the value of albumin as
a clinical marker of malnutrition. It was recently found that
a decrease in serum albumin is more likely associated with a
patient’s acute or chronic medical condition rather than
nourishment (32). . Multiple studies have found that tumors
originating from the right side of the colon were independ-
ently associated with poorer prognosis (33). However, we
did not find an association of weight loss with VTE by
tumor location in the colon whether transverse, right, left
or rectal.
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Limitations of our study include its retrospective nature.
Additionally, in the ACS NSQIP database, no data are avail-
able on any taken corrective measures such as enteral or
parenteral nutrition to treat malnourished patients. Finally,
despite our careful adjustment for many clinically relevant
factors, we cannot exclude the possibility of unmeasured
confounding factors such as the use of DVT prophylaxis,
which is unavailable in the ACS NSQIP database analyzed.
Nevertheless, this large study could serve as enough proof of
principle that significant weight loss prior to colorectal can-
cer surgery is a predictor of occult high postopera-
tive outcomes.

Conclusion

An important finding of the present study is the fact that
significant weight loss prior to surgery is associated with a
higher risk of postoperative complications specifically in
patients who are underweight, normal weight, or morbidly
obese. Thus significant weight loss and BMI both need to
be measured preoperatively to stratify those patients who
are at a higher risk of VTE complications. One measure
without the other is not representative of the actual risk.
Our results need to be validated in a prospective random-
ized trial.
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