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Effect of low molecular weight heparin on venous
thromboembolism disease in thoracotomy patients with cancer
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Background: Much attention has been given to venous thromboembolism (VTE) disease, and many
guidelines for prophylaxis have been published. However, there are few published data on patients who
underwent thoracotomy. This study is to compare the effect of low molecular weight heparin (LMWH)
combined mechanical approaches with mechanical approaches alone in prevention of VTE in the post
thoracotomy cancer patients.

Methods: This study used a prospective, randomized-controlled design. Patients with cancer who were
scheduled for thoracotomy were divided into two groups: group A and group B. In group A, patients were
given intermittent pneumatic compression (IPC) and elastic stockings (ES) postoperatively. Additionally, at
24 hours post-operation, patients were subcutaneously injected with LMWH calcium (nadroparin calcium;
GlaxoSmithKline, China) for 7 days. In group B, patients were only given postoperative IPC and ES. The
primary end points were incidence of pulmonary embolism (PE), deep vein thrombosis (DVT), and the PE
severity index (PESI) of PE patients. The secondary end points were hemoglobin (HGB), platelet (PLT),
D-dimer, the PO2/FiO2 ratio (P/F) at postoperative day (POD) 7, the chest drainage time (CDT) and the
length of stay (LOS) in hospital after operation.

Results: A total of 90 patients were included in the final data analysis (40 patients in group A and 50
patients in group B). At POD7, the incidence of PE, DVT and PESI was 17.50%, 5.00% and 102.14+9.87,
respectively, in group A. And 8.00%, 8.00% and 97.00+4.24, respectively, in group B. There were no
significant differences between two groups (all P values were >0.05). There were no significant differences of
HGB, PLT, D-dimer and P/F between two groups at the 7th day post operation (all P value >0.05).
Conclusions: LMWH combined mechanical prophylaxis did not significant reduced the rate of VTE in

thoracotomy cancer patients.
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Introduction

Deep vein thrombosis (DVT) and pulmonary
thromboembolism (PE) are both clinical expressions of
venous thromboembolism (VTE), and are major surgery-
related complications. These two almost coexist, and
82% of venography-proven PE have ultrasound evidence
of DVT (1). Furthermore, approximately one-third of
150,000-200,000 VTE-related deaths per year in the
United States occurred following surgery (2). Moreover, PE
is associated with 0.2-10% of hospital deaths in Western
countries (3-5). In Asia, VTE has historically been perceived
to be a rare disorder. However, new evidence showed
VTE was not rare in post operation patients in Asian
population (6). The American College of Chest Physicians
(ACCP), the National Comprehensive Cancer Network
(NCCN), and the European Society of Cardiology (ESC)
have also published guidelines for VTE prevention (7-9).
However, there are few published data on VTE in patients
following thoracotomy (10). The present study was designed
to prospectively and randomly observe post-thoracotomy
cancer patients (including lung cancer and esophagus
cancer) to determine whether there was any difference
between low molecular weight heparin (LMWH) combined
mechanical prophylaxis and mechanical prophylaxis alone in
the VTE prevention.

Methods

A prospective, randomized controlled design was used to
observe post-thoracotomy cancer patients (including lung
cancer and esophagus cancer) to determine whether there
are any differences between LMWH combined mechanical
prophylaxis and mechanical prophylaxis alone in preventing
VTE. At the same time, the possible complications of
LMWH were observed such as bleeding and heparin-
induced thrombocytopenia (HI'T).

Patients

The present study was conducted by the Department
of Thoracic Surgery and Intensive Care Unit (ICU) at
Peking University Cancer Hospital from October 2010
to September 2011 in Beijing, China. The protocol was
approved by the Institutional Review Board of Peking
University Cancer Hospital & Institute on June 14, 2010
(No. 2010061406). Written informed consent was obtained
from all patients. Inclusion criteria: (I) age between 18

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

1851

and 80 years old; (II) pathological diagnosis of malignant
tumors; (III) scheduled for thoracotomy under general
anesthesia; (IV) all anticoagulant treatment stopped for
at least 7 days preoperatively; (V) normal coagulation
function or mild coagulation dysfunction (PT <3 seconds
above the upper limit, APTT <10 seconds above the upper
limit); (VI) preoperative VTE excluded by computed
tomographic pulmonary angiography (CTPA) or extremity
venous ultrasound. Exclusion criteria: (I) postoperative
therapeutic anticoagulants requirement such as for heart
valve replacement; (II) active bleeding or transfusion RBC
was >2 units within 24 hours; Active bleeding was defined
as bloody chest drainage more than 200 mL per hour for
5 hours; Or patients had symptom of hypovolemic shock (III)
tumor metastasis; (IV) platelet (PLT) count of <10x10°/L.

Outcomes

The primary end points were incidence of pulmonary
embolism (PE), DVT, and the PE severity index (PESI)
of PE patients. CTPA and extremity venous Doppler
ultrasound were performed in all patients on postoperative
day (POD) 7. Simultaneously, patients diagnosed with PE
by radiologist through CTPA were assessed using the PESI.

The secondary end points were hemoglobin (HGB),
PLT, D-dimer (mcg/L), the PO,/FiO, ratio (P/F) at POD7
and the chest drainage time (CDT) and the length of stay
(LOS) in hospital after operation. PO, were measured by
arterial blood gas. FiO, (fraction of inspiration oxygen)
were recorded by nurses when arterial blood gas was
measured. HGB, PLT, D-dimer, and P/F were measured
in all patients on POD1 and POD7. CDT meant keeping
chest drainage tubes time from operation to remove all
chest drainage tubes. CDT and LOS were recorded in all
patients postoperatively and were compared between the
two groups.

Intervention

Eligible patients were randomly divided into two groups
using a random number table: groups A and B. In group A,
patients were given intermittent pneumatic compression
(IPC) for 30 minutes, twice a day, and elastic stockings (ES)
postoperatively, as a standard protocol in our department.
Additionally, at 24 hours post-operation, patients in
group A were subcutaneously injected with LMWH
calcium (nadroparin calcium; GlaxoSmithKline, China)
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111 eligible patients underwent randomization

\ 4

A4

55 were assigned to receive LMWH, IPC, ES

56 were assigned to receive IPC, ES

8 lacked CTPA on POD 7"
4 withdrew consent

3 were discharged early

A 4

40 were assessed

5 lackedCTPAon POD 7"
1 withdrew consent

\

50 were assessed

Figure 1 Flowchart of study population. ES, elastic stockings; LMWH, low molecular weight heparin; IPC, intermittent pneumatic

compression; CTPA, computed tomographic pulmonary angiography; POD, postoperative day.

at 0.3 mL/2,850 anti-Xa IU, Qd for 7 days. In group
B, patients were only given postoperative IPC and ES.
All other treatments were the same in these two groups,
including blood glucose control and fluid treatment; and
if necessary, antibiotics and organ functional support were
provided. Although the ICU physicians and surgeons knew
the groupings of the patients, they could not change the
treatment due to the groupings.

CTPA were analyzed and recorded by one radiologist
who was blinded to the treatment group and outcomes.

Patients diagnosed with VTE were managed according to
ACCEP therapy guidelines (11).

Statistical analysis

Power calculation

The sample size was calculated based on the differences in
incidence of VTE between these two groups. In a previous
study (12), postoperative thromboembolism occurred in
19% of patients after thoracic surgery. It was expected
that the incidence of VTE in group A could be further
reduced 50% with prophylaxis. The result of the calculation
indicated that 236 patients were required to achieve a power
of 0.80 with a two-tailed alpha of 0.05. In our hospital, more
than 400 thoracotomies are performed every year. Hence,
75% of these cases were expected to be enrolled into the
study. That is, there would be approximately 300 cases in
one year. Therefore, it was anticipated that this study would
be completed within 1 year.
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Data were analyzed using Statistical Package for the
Social Sciences (SPSS, version 16.0, IBM). Qualitative
variables were expressed as number and percentage and
were compared using Chi-square test. Furthermore,
quantitative variables were expressed as mean + standard
deviation, and were compared using Student’s 7-test. The
difference between variables was considered statistically
significant when the P value was <0.05.

Results

A total of 111 eligible inpatients were enrolled into the
present study from October 2010 to September 2011. These
patients were randomly divided into two groups: group
A (n=55), and group B (n=56). Among them, 13 patients
did not undergo CTPA on POD?7, five patients withdrew
their consents and three patients were lost to follow up due
to early discharge. Finally, 40 patients in group A and 50
patients in group B were included into the study (Figure I).

There were no significant differences in gender, age
and primary disease (lung cancer-to-esophagus cancer
ratio) between these two groups. Furthermore, the revised
Geneva score was 5.40+0.55 and 5.28x0.50, respectively.
This meant that both groups were at moderate risk for PE
(P=0.278) (1uble 1) (13).

At POD7, the difference in the incidence of PE and
DVT between these two groups was not statistically
significant. Seven (17.50%) and 4 (8.00%) patients
were diagnosed with PE in groups A and B, respectively
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Journal of Thoracic Disease, Vol 10, No 3 March 2018

Table 1 Patients demography

1853

Demography Group A (n=40) Group B (n=50) P value
Gender, n (%) 0.817
Male 27 (67.50) 36 (72.00)
Female 13 (32.50) 14 (28.00)
Age (year) (mean + SD) 62.20+9.54 59.96+7.82 0.235
Revised Geneva score 5.40+0.55 5.28+0.50 0.278
lllness component, n (%) 0.38
Lung cancer 28 (70.00) 30 (60.00)
Esophagus cancer 12 (30.00) 20 (40.00)

Table 2 Incidences of PE and DVT

Incidence Group A (n=40) Group B (n=50) P value

PE* 0.206
Pos 17.50% (7/40) 8.00% (4/50)

PESI 102.14+9.87 97.00+4.24 0.356

DVT* 0.685
Pos 5.00% (2/40) 8.00% (4/50)

*, Fisher’s exact test. DVT, deep vein thrombosis; PESI,
pulmonary embolism severity index; PE, pulmonary embolism;
Pos, positive.

(P=0.206); while 2 (5.00%) and 4 (8.00%) patients were
diagnosed with DVT in groups A and B, respectively
(P=0.685). There was no significant difference in PESI in
PE patients between these two groups (102.14+9.87 and
97.00£4.24, respectively; P=0.356; Table 2). Furthermore,
the differences in HGB (g/dL), PLT (x10°/L), D-dimer
(mcg/L), and P/F (%) at POD1 or POD?7, as well as in
CDT (days) or LOS (days), were not statistically significant
between these two groups (7able 3). So nadroparin calcium
did not increase the risk of bleeding or HIT. Merely one
patient in group B was transfused with red blood cells due
to bleeding caused by failure of surgical hemostasis, which

was resolved by reoperation.

Discussion

In the present study, we compared the effect of LMWH
combined IPC and ES with IPC and ES alone in cancer

patients at post-thoracotomy and found no significant
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difference in the incidence of VTE, or PE and DVT
individually.

Cancer patients undergoing thoracic surgery have been
generally considered to be moderate risk for VTE (7). The
high risk for VT'E in this population, other than cancer
itself (10,14), can be attributed to the fact that these patients
often have additional VTE risk factors (13-15), including
advanced age, malignancy, obesity, smoking, and prolonged
immobilization, especially if mechanically ventilated. In the
latest guidelines, ACCP recommended: For thoracic surgery
patients at high risk for VI'E who are not at high risk for
perioperative bleeding, we suggest LDUH (grade 1B) or
LMWH (grade 1B) over no prophylaxis. In addition, we
suggest that mechanical prophylaxis with ES or IPC should
be added to pharmacologic prophylaxis (grade 2C) (7). The
European Society of Medical Oncology recommends that
patients who underwent thoracotomy or thoracoscopy that
lasted for more than 30 minutes should be considered for
LMWH (16).

The present study did not reveal that LMWH combined
with mechanical prophylaxis (IPC and ES) had better
results either in the incidence of VT'E or in hospital LOS,
compared with mechanical prophylaxis alone. Our data are
in accordance with some of the previous studies. Junichi
et al. (17) compared patients who only received IPC and
ES to patients who received subcutaneous unfractionated
heparin (UFH) after pulmonary operation, in addition to
IPC and ES, within a 4-year period and found no significant
difference. In the study conducted by Kakkar ez /. (18), it
sought to determine whether LMWH can reduce the rate
of death from any cause. A total of 8,307 patients were
randomly divided into two groups: the enoxaparin group

J Thorac Dis 2018;10(3):1850-1856
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Table 3 Secondary endpoints
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Secondary endpoints

Group A (n=40), mean = SD

HGB (POD1) (g/dL)

PLT (POD1) (x10%L)
D-dimer (POD1) (mcg/L)
P/F (POD1)

HGB (POD?) (g/dL)

PLT (POD7) (x10%/L)
D-dimer (POD7) (mcg/L)

123.75+14.73
205.75+50.16
294.38+240.19
360.55%+137.32%
114.08+14.81
252.65+56.25
432.71+206.41

P/F (POD7) 362.32%+97.25%
CDT (days) 10.82+8.92
LOS (days) 14.76+11.51

Group B (n=50), mean + SD P value
127.96+14.67 0.180
178.82+46.51 0.10

243.57+176.58 0.256
338.62%+113.34% 0.414
113.62+13.11 0.878
234.66+64.92 0.170
473.84+258.55 0.423
335.00%+87.47% 0.167
13.31£11.80 0.214
19.27+£18.55 0.235

CDT, chest drainage time; HGB, hemoglobin; LOS, the length of stay in hospital; PLT, platelet; P/F, the PO,/FiO, ratio. POD, postoperative day.

received enoxaparin plus ES and IPC (4,171 patients),
while the placebo group received placebo plus ES and
IPC (4,136 patients). The all-cause mortality rate at day
30 was 4.9% in the enoxaparin group and 4.8% in the
placebo group (P=0.83). It should be noted that in all of
these studies, including this study, patients in the matched
group were only treated with mechanical prophylaxis
(IPC + ES), but without any prophylaxis. Mechanical
prophylaxis has been confirmed to prevent patients from
VTE. In the study conducted by Nagahiro (19), 706
patients who underwent general thoracic surgery were
assessed. Patients who received prophylactic IPC had a
lower incidence of PE compared with patients who did
not receive any prophylactic treatment. Furthermore,
there was a statistical correlation between the occurrence
of PE and the application of IPC (y’-test, P=0.006). In
the study of Eppsteiner et al. (20), conducted a meta-
analysis of 16 randomized controlled trials on mechanical
compression vs. subcutaneous heparin and found no
significant difference in thromboembolic outcomes (DV'T
and PE) for postsurgical and post-trauma patients.

In this study, the incidence of DVT was similar with
previous studies, but the incidence of PE was slightly
higher than some other studies. We consider that the
main reason was that in the present study, patients
were diagnosed with PE by CTPA regardless of the
symptoms, while in other studies, patients diagnosed
with PE were symptomatic. In fact, none of the PE
patients in the present study was symptomatic. Thus,
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the incidence of symptomatic PE in the present study
should be 0%. CTPA revealed the presence of thrombus
in segmental arteries and more distal arteries in most of
the PE patients (the arrows in Figure 24 and 2B point
to the thromboembolism in the pulmonary artery).
Therefore, the present study also supplies evidence of
the real incidence of PE at post-thoracotomy, including
symptomatic and asymptomatic patients. Additional
investigations should be conducted to investigate the
effect of LMWH use on VTE rate.

Indeed, the present study has certain limitations.
Firstly, patients received IPC for 30 minutes, twice daily
which was shorter than other studies. This is a standard
protocol in our department, and our study validated the
beneficial effect on preventing VTE. Secondly, patients
included into the present study came from a single center,
and something related to not achieving the appropriate
number of enrolled patients based on our power analysis.

Conclusions

LMWH combined with mechanical prophylaxis (IPC and
ES) was not better than mechanical prophylaxis alone in
preventing VTE (including PE and DVT) in thoracotomy
cancer patients who were at moderate risk of PE, and it
did not decrease CDT and LOS. Furthermore, LMWH
did not decrease the HGB and PLT levels of patients and
no bleeding events in LMWH group. It is possible that it
would not increase the risk of bleeding or HIT.

J Thorac Dis 2018;10(3):1850-1856
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Figure 2 PE in CTPA. (A) Axial CTPA image; (B) sagittal reformatted CTPA image. The arrows point to the thromboembolism in the
pulmonary artery. CTPA, computed tomographic pulmonary angiography; PE, pulmonary embolism.
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