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Introduction

Pulmonary embolism (PE), one nightmare of some 
clinicians, is a global issue. Pulmonary embolism-related 
mortality in the USA might outnumber myocardial 
infarction-related and stroke-related mortality (1). In China, 
one study reported that the overall annual incidence of PE 
was 11.7 per 100,000 persons, and the hospital mortality 
rate of PE was 17.4% (2). Many factors might increase the 

likelihood of PE. Surgery and tumors were the risk factors 
of venous thromboembolism (3). The incidence rate of PE 
was very high in tumor patients. Previous researches showed 
that the tumors might produce some substances resulting in 
thrombin generation (4,5).

Therapy for patients with PE after surgery was more 
complicated than for PE patients without surgery due to the 
high-risk rate of bleeding (6). The aim of this study was to 
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explore the clinical profiles and risk factors on the prognosis 
of tumor patients with PE after the thoracic and abdominal 
surgery.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-494). 

Methods

Study population

Patients who underwent thoracic and abdominal surgery 
for the treatment of tumors at Peking University Cancer 
Hospital from January 1, 2007 to January 1, 2020 were 
retrospectively screened. The study was conducted in 

accordance with the Declaration of Helsinki (as revised 
in 2013). This study was approved by the Institutional 
Review Board of Peking University Cancer Hospital (No. 
2016KT18) and informed consent was taken from all the 
patients or their next of kin. The diagnosis of PE was 
done according to the ACCP (American College of Chest 
Physicians) guidelines (7,8). A total of 115 patients were 
included for analysis in this study. Low molecular weight 
heparin anticoagulant therapy was utilized in our hospital 
for patients with moderate and low risk PE after surgery. 
For patients with high-risk PE, we used thrombolysis or 
anticoagulation according to the risk rate of bleeding. The 
anticoagulant treatment period was at least three months.

Statistical analyses

The results were described as the median (range) or 
numbers (percentage). They were followed up for 90 days 
by the clinic or by phone call. Kaplan-Meier method was 
used to calculate the survival rate of patients, and Log-rank 
test was used for the univariate analysis. Cox regression 
was used for the multivariate adjusted factor analyses and 
forward LR was performed. Statistical analyses were carried 
out using SPSS Version 23.0 and P values less than 0.05 
(two-tailed) were considered significant.

Results

Patient characteristics

Among them, 110 patients were diagnosed with PE by 
computed tomographic pulmonary angiography (CTPA) 
examination with a filling defect. Five patients were 
diagnosed by lower limb venous ultrasonography with 
decreased peripheral arterial oxygen saturation because 
CTPA was improper for these patients. The median time 
to diagnosis of PE was three days after operation, 59 cases 
were accompanied by deep-vein thrombosis of lower 
extremity, six cases by deep-vein thrombosis of upper 
extremity. There were 25 asymptomatic patients in our 
study. The baseline characteristics of these included patients 
are shown in Table 1. 

When the diagnosis of PE was done every patient was 
given oxygen therapy. Fourteen patients needed tracheal 
intubation; four patients used non-invasive ventilator-
assisted breathing firstly (two patients improved and the 
other two patients finally advanced to intubation). 

Among them, three patients were, firstly, given 

Table 1 Baseline characteristics of patients with PE 

Items Values

Age, median (range) 65 (44 to 82)

Sex, n (%)

Male 57 (49.6)

Female 58 (50.4)

Body mass index, mean (SD), kg/m2 25.8 (3.5)

Tumor location, n (%)

Abdominal tumor 52 (45.2)

Thoracic tumor 36 (31.3)

Breast cancer 27 (23.5)

Coexisting conditions*, n (%)

Hypertension 49 (42.6)

Diabetes 20 (17.4)

Coronary heart disease 10 (8.7)

Arrhythmia 7 (6.1)

thyroid disease 10 (8.7)

Varicose vein of lower limb 13 (11.3)

Accompanying infection 26 (22.6)

ABO blood type, n (%)

O type 37 (32.2)

A type 40 (34.8)

B type 28 (24.3)

AB type 10 (8.7)

*, 29 patients had more than one coexisting condition.
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urokinase or recombinant tissue plasminogen activator 
(rt-PA) for intravenous thrombolysis and sequentially 
they were administered nadroparin calcium. The other 
patients received anticoagulants (nadroparin calcium) as 
an initial therapy. Owing to the high-risk rate of bleeding 
after operation, about half of these patients in the group 
received a reduced dosage of anticoagulant drugs. During 
the treatment, a total of five patients had major bleeding. 
Twelve patients had clinically relevant non-major bleeding 
and were adjusted to a reduced dosage of anticoagulation 
agents. These patients recovered from bleeding luckily after 
decreased the dosage of anticoagulation therapy and/or 
given a blood transfusion. 

The univariate and multiple survival analyses

The patients in this study were followed up for 90 days by 
the clinic or by phone call, and no patient was lost to follow 
up. In this study, the 90-day mortality rate was 11.3%. The 
cause of death was multiple organ failures caused by PE 
except one case with infection. Univariate analysis showed 
that gender, MPV(mean platelet volume), shock (systolic 
blood pressure less than 90 mmHg, or the blood pressure 
of patients with hypertension dropped more than 20%), 
oxygenation index and APACHEII score within 24 hours 
after diagnosis were statistically significant, while age, 
BMI, platelets, fibrinogen, D-dimer within 24 hours after 
diagnosis and tumor type were not statistically significant. 
See Table 2 for details. 

Five factors with statistical difference in univariate 
analysis were put into multivariate cox regression analysis. 
The results showed that shock and APACHEII score greater 
than 15 within 24 hours after diagnosis were independent 
prognostic factors of PE, with RR values of 4.674 and 6.847 
respectively. See Table 3 for details. The survival curves of 
these two factors are shown in Figures 1,2.

Discussion 

The clinical manifestations of PE were not specific and 
some patients were asymptomatic (9). PE should be alert 
when the patient has dyspnea, chest pain, syncope, or 
hemoptysis. There were few patients with circulatory 
failure, but once circulatory failure occurred, especially in 
patients with respiratory and cardiac arrest; it indicated a 
poor prognosis. Until now, the most commonly method 
utilized for diagnosis of PE was CTPA. However, when 

Table 2 Univariate survival analysis of patients with PE

Groups Number (%)
Survival rate 
at 90 days 

P value

Age, years 0.861

≤65 51 (44.3) 0.882

>65 64 (55.7) 0.891

Sex 0.035

Male 57 (49.6) 0.825

Female 58 (50.4) 0.946

BMI, kg/m2 0.168

≤25 58 (50.4) 0.845

>25 57 (49.6) 0.930

Platelets,109/L 0.300

≤150 38 (33.0) 0.842

>150 77 (67.0) 0.909

Mean platelet volume, fL 0.017

≤10 54 (47.0) 0.963

>10 61 (53.0) 0.820

Fibrinogen, g/L 0.052

≤400 50 (43.5) 0.820

>400 65 (56.5) 0.938

D-Dimer, mg/L 0.052

≤5 64 (55.7) 0.938

>5 51 (44.3) 0.824

Shock 0.001

Yes 12 (10.4) 0.417

No 103 (89.6) 0.942

Oxygenation index, mmHg 0.017

≤200 71 (61.7) 0.831

>200 44 (38.3) 0.977

APACHEII score 0.001

≤15 89 (77.4) 0.966

>15 26 (22.6) 0.615

Tumor type 0.222

Abdominal tumor 52 (45.2) 0.846

Thoracic tumor and 
breast cancer

63 (54.8) 0.921
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CTPA was not safe for the patients, bedside B-mode 
ultrasonography was recommended as an option (7-9). 
Five patients in this study were diagnosed according to the 
consequences of B ultrasound.

For high-risk PE, thrombolytic therapy was recommended 
in the guidelines (7,8). However, if this appeared after 

surgery, thrombolytic therapy needed to be careful due to 
the high-risk rate of bleeding. In this study, five patients 
were initially handled by thrombolytic therapy. The role 
of fibrinolysis therapy in patients with intermediate-risk 
PE was still controversial (10). It might increase the risk 
of major bleeding. In our hospital, we used anticoagulant 
agent (nadroparin calcium) in intermediate and low risk 
PE patients. In this study, there were five patients had 
major bleeding and twelve patients experienced clinically 
relevant non-major bleeding during anticoagulation 
therapy. Although these bleeding patients eventually 
improved, the overall bleeding rate was still high, which 
was worth pondering. It was reported that bleeding was 
related to older age, metastatic tumor, recent history of 
massive hemorrhagic disease, abnormal prothrombin time, 
anemia, renal insufficiency, etc. (11). Up to now, one direct 
thrombin inhibitor and three factor Xa inhibitors were 
adopted for the treatment of VTE and became popular in 
many countries. They had been proved to be as safe and 
effective for the treatment of acute VTE by related research 

(12,13), and they did not require any coagulation function 
monitoring. However, the disadvantage said there was no 
related antagonist for them if bleeding occurred.

The 3-month overall mortality rate was reported to be 
about 15% to 18% and shock increased mortality by two to 
six times (14). The systolic blood pressure, brain natriuretic 
peptide and cardiac troponin were reported to be associated 
with the prognosis of PE patients (15-17). Yardan et al. (18)  
reported that higher MPV and MPV/PLT ratio were 
associated with poor prognosis in patients with acute PE. In 
our study, the univariate analysis showed that gender, MPV, 
shock, oxygenation index and APACHE II score within  
24 hours after diagnosis were statistically significant; 
however, only shock and APACHE II score greater than 
15 within 24 hours after diagnosis were independent 
prognostic factors in the multivariate analysis.

In our study, some limitations should be referred. First, 
this study was a retrospective study and only talked about 
PE patients after the thoracic and abdominal tumor surgery, 
so these results might not extend to all surgical patients. 
Second, many data were lost especially data regarding the 
ultrasound cardiogram; however, this did not influence our 
final therapy decision. Third, the morbidity of PE may have 
been underestimated because not all patients in our study 
underwent CTPA. Finally, the sample size in our analysis 
was small and the power was limited. In future, more studies 
are needed to confirm the results.

Table 3 Multivariate survival analysis of patients with PE

Risk factors RR 95% CI P value

Shock 4.674 1.274–17.143 0.020

APACHEII score >15 6.847 1.485–31.579 0.014

Figure 1 Kaplan-Meier survival curve of overall survival about 
shock within 24 hours after diagnosis of PE. 

Figure 2 Kaplan-Meier survival curve of overall survival about 
APACHEII score within 24 hours after diagnosis of PE. 
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Conclusions

Shock and the APACHE II score within 24 hours after 
diagnosis of PE were independent risk factors on the 
prognosis of PE after the thoracic and abdominal surgery; 
however, the study power was limited.
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