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ABSTRACT
Objectives  The purpose of this study was to evaluate 
the incidence, clinical characteristics and prognosis of 
postoperative symptomatic venous thromboembolism 
(VTE) in Japan.
Design  Retrospective observational study. Two data sets, 
Contemporary ManageMent AND outcomes in patients 
with Venous ThromboEmbolism (COMMAND VTE) Registry 
and Japanese Society of Anesthesiologists (JSA) annual 
report, were used for current analyses.
Setting  Eighteen of 29 centres participated in the 
COMMAND VTE Registry.
Participants  Acute symptomatic patients with VTE who 
had undergone surgery 2 months prior to the diagnosis at 
18 centres from January 2010 to December 2013 were 
identified in the COMMAND VTE Registry. From each centre’s 
JSA annual report, the overall population that had received 
anaesthetic management during this period was retrieved.
Interventions  None.
Primary and secondary outcome measures  The 
primary outcome was the incidences and clinical 
characteristics of postoperative symptomatic VTE. The 
secondary outcomes were recurrent VTE, major bleeding 
and all-cause death.
Results  We identified 137 patients with postoperative 
symptomatic VTE, including 57 patients with pulmonary 
embolism. The incidences of postoperative symptomatic 
VTE and pulmonary embolism were 0.067% and 0.028%, 
respectively, based on data from 2 03 943 patients who 
underwent surgery, managed by anaesthesiologists, 
during the study period. The incidences of postoperative 
symptomatic VTE varied widely, depending on surgical and 
anaesthetic characteristics. Postoperative symptomatic 
VTE occurred at a median of 8 days after surgery, with 58 
patients (42%) diagnosed within 7 days. The cumulative 
incidence, 30 days after VTE, of recurrent VTE, major 
bleeding, and all-cause death was 3.0%, 5.2%, and 3.7%, 
respectively.
Conclusion  This study, combining the large real-world 
VTE and anaesthesiology databases in Japan revealed the 
incidence, clinical features and prognosis of postoperative 
symptomatic VTE, providing useful insights for all 
healthcare providers involved in various surgeries.

Trial registration  Not applicable.

INTRODUCTION
Venous thromboembolism (VTE), including 
pulmonary embolism (PE) and deep vein 
thrombosis (DVT), is a serious postoperative 
complication, which can result in an in-hos-
pital death.1 2 In perioperative management, 
it is crucial to prevent postoperative symp-
tomatic VTE and to respond promptly, once 
it is recognised. Therefore, clinicians should 
be familiar with the clinical features of post-
operative symptomatic VTE to optimise their 
management strategies.

Over the past 20 years, several guidelines 
have been recommended for the prophy-
laxis of postoperative VTE.3–5 Despite the 
use of preventive measures, the incidence of 
postoperative VTE remains high and varies 

Strengths and limitations of this study

	► Venous thromboembolism (VTE) is considered rel-
atively rare in Asian people, and the small number 
of cases makes epidemiological studies difficult to 
perform.

	► This study combines data from the large real-world 
VTE database and anaesthetic database in Japan 
to provide information about the incidence, clinical 
features and prognosis of postoperative symptom-
atic VTE.

	► Another important feature of the current study was 
the comparison of the incidence of postoperative 
symptomatic VTE across surgical sites.

	► This was a retrospective cohort study with inher-
ent limitations based on its observational nature. 
Furthermore, as a certain number of patients from 
ineligible centres were excluded, the incidence of 
postoperative symptomatic VTE may have been 
influenced.
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from 0.58% to 2.2%, according to reports from Western 
countries.6–8 Furthermore, the incidence rate of symp-
tomatic VTE in patients after spinal surgery for metas-
tases in the spine has been reported to be substantially 
higher (11%).9 However, data on postoperative VTE 
from a cohort/registry-based study in Asian countries 
are scarce. A previous study reported a relatively low 
incidence (0.031%) of postoperative VTE throughout 
Japan.10 However, it was a surveillance study of postopera-
tive PE, conducted by mailing questionnaires to anaesthe-
siologists; therefore, the possibility of under-reporting of 
events cannot be denied. Although the incidence of VTE 
in Asia has been considered to be lower than Western 
countries,11 recent studies have suggested an under-
estimation of VTE in Asia.12–14 No large-scale study has 
systematically evaluated the incidence of postoperative 
symptomatic VTE in Japan.

Therefore, with a collaborative effort between cardi-
ologists and anaesthesiologists, we investigated the 
incidence, clinical characteristics and prognosis of post-
operative symptomatic VTE, using a large, observational, 
real-world VTE database and an anaesthetic database of 
annual reports submitted to the Japanese Society of Anes-
thesiologists (JSA).

METHODS
Study design, setting and population
In this study, two data sets were used for analyses. The 
first was Contemporary ManageMent AND outcomes in 
patients with Venous ThromboEmbolism (COMMAND 
VTE) registry, a retrospective multicentre cohort study, 
which provided the data on patients with postopera-
tive symptomatic VTE. The second was the JSA annual 
report, which provided cross-sectional data of all patients, 
who underwent surgical operations, managed by 
anaesthesiologists.

The design of the COMMAND VTE Registry has been 
reported in detail elsewhere.15 Briefly, this physician-
initiated registry was a large cohort of consecutive patients 
with acute symptomatic VTE, who were objectively 
confirmed by the cardiologists at 29 centres in Japan, 
between January 2010 and August 2014. In this registry, 
the hospital databases were searched for clinical diagnoses 
and imaging examinations of patients with suspected 
VTE, and consecutive patients who met the definition of 
acute symptomatic VTE were enrolled. Baseline data were 
obtained from the hospital charts or hospital databases. 
Follow-up data on vital status, recurrent VTE, bleeding 
and status of anticoagulation therapy, according to the 
prespecified definitions, were collected from the hospital 
charts, hospital databases or by contacting patients, rela-
tives and/or referring to physicians through phone and/
or mail.

As for the JSA annual reports, the training hospitals 
certified by the JSA are required to submit the annual 
reports to the JSA at the end of the year, which includes the 
total number of surgeries managed by anaesthesiologists, 

patient characteristics in detail and surgical and anaes-
thetic information.

In this study, the JSA annual reports from January 2010 
to December 2013 were collected from 18 centres that 
participated in the COMMAND VTE Registry. Further-
more, additional data of patients with postoperative symp-
tomatic VTE, namely operative date, operative procedure, 
surgical sites, surgical position and types of anaesthesia 
on anaesthetic charts at each centre, were obtained.

In this study, patients from the 18 centres registered in 
the COMMAND VTE Registry, for which the JSA annual 
report was collected between January 2010 and December 
2013, were enrolled (figure 1). We could not enrol patients 
from the remaining 11 centres of the COMMAND VTE 
Registry as their JSA annual reports and/or additional 
data on patients with postoperative symptomatic VTE 
were unavailable. We also could not register the patients 
between January 2014 and August 2014, since the JSA 
annual report was from January to December of each year. 
Furthermore, within the COMMAND VTE Registry, cases 
of symptomatic postoperative VTE within 2 months16 
were identified. The overall population that had received 
anaesthetic management, during the study period, was 
retrieved from each centre’s JSA annual report. Besides, 
additional data of patients with postoperative symp-
tomatic VTE, namely surgery date, surgical procedure, 
surgical site, surgical position and type of anaesthesia on 
anaesthetic charts at each centre, were obtained.

Patient and public involvement statement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of our research.

Definition of postoperative symptomatic VTE
In this study, postoperative symptomatic VTE was defined 
as a thromboembolic event that occurred within 2 
months of the postoperative period.16 The symptoms of 
VTE were defined as sudden-onset dyspnoea, pleuritic 
and substernal chest pain, cough, fever, haemoptysis and 
syncope for PE; and erythema, warmth, pain, swelling, 
tenderness and pain on dorsiflexion of the foot for DVT. 
Additionally, a sudden onset of abnormality in the vital 
signs, such as a decrease in arterial oxygen saturation and 
hypotension, was considered as symptoms of PE.

Collection of baseline patient characteristics and clinical 
follow-up data
In the COMMAND VTE Registry, data for the patients’ 
characteristics were collected from the hospital charts or 
hospital databases, according to the prespecified defini-
tions, using an electronic case report form in a web-based 
database system. Physicians at each of the institutions 
were responsible for data entry, and data were automat-
ically examined for missing or contradictory input and 
out-of-range values. Additional edits were performed at 
the general office of the registry.

Patients with postoperative symptomatic VTE, iden-
tified through the COMMAND VTE Registry, were 
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further investigated at each centre using the anaesthetic 
charts created through the collaboration of cardiolo-
gists and anaesthesiologists at each participating centre. 
Anaesthesia-associated data, such as surgical site, surgical 
position and type of anaesthesia, were extracted and 
incorporated into the data from the COMMAND VTE 
Registry.

The outcome measures assessed in this study were 
recurrent VTE, major bleeding and all-cause death 
during the follow-up period, with a median of 1507 days, 
in the surviving patients. Recurrent VTE was defined as 
symptomatic PE and/or DVT accompanied by confirma-
tion of a new thrombus or exacerbation of the thrombus 
by objective imaging examinations or autopsy. Major 
bleeding was defined according to the International 
Society of Thrombosis and Hemostasis as a reduction in 
the haemoglobin level by at least 2 g/dL, transfusion of 
at least two units of blood, or symptomatic bleeding in a 
critical area or an organ.17

Statistical analysis
The incidence of postoperative symptomatic VTE 
was calculated using a combination of data from the 
COMMAND Registry and the JSA annual reports from 
the 18 centres. The numerator of the incidence was 
the number of cases of postoperative symptomatic VTE 
extracted from the COMMAND Registry; the denom-
inator was the number of surgeries in the JSA annual 
report. The incidence of postoperative symptomatic 
VTE according to age, sex, surgical site, surgical position 

and type of anaesthesia was calculated. The baseline and 
follow-up data were separately recorded for PE with or 
without DVT and DVT-only groups in patients with postop-
erative symptomatic VTE. No imputation was performed 
for missing data. Categorical variables were calculated as 
numbers and percentages, and continuous variables were 
calculated as the means and SD or the medians and IQR 
based on their distributions. Additionally, the timing of 
the postoperative symptomatic VTE occurrence after the 
surgery was described. The Kaplan-Meier method was 
used to estimate the cumulative incidences of recurrent 
VTE, major bleeding and all-cause death. The log-rank 
test was used to assess the differences in the cumulative 
incidences of the events between the PE-only and DVT-
only groups. In addition, we conducted an exploratory 
analysis to compare patients with and without active 
cancer. Two-sided p values of less than 0.05 were consid-
ered significant. All statistical analyses were performed 
using SAS V.9.4 for Windows (SAS Institute; Cary, North 
Carolina) or JMP V.14.0.0 (SAS Institute; Cary, North 
Carolina).

RESULTS
Figure  1 represents the flow diagram of the study. We 
enrolled 3027 consecutive patients with acute symptom-
atic VTE, after screening 19 634 consecutive patients with 
suspected VTE for eligibility, using the chart review by 
the physicians at each institution. After excluding 2734 

Figure 1  Study flow diagram. COMMAND VTE, Contemporary management and outcomes in patients with venous 
thromboembolism; DVT, deep vein thrombosis; JSA, Japanese Society of Anesthesiologists; PE, pulmonary embolism; VTE, 
venous thromboembolism.
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patients without a history of surgery within 2 months 
before VTE diagnosis, 293 patients were identified with 
postoperative symptomatic VTE during hospitalisation 
among all 29 centres of the COMMAND VTE Registry. 
Furthermore, 135 patients outside the eligible period and 
21 patients who underwent surgery without the manage-
ment by anaesthesiologists were excluded. Finally, the 
study population consisted of 137 patients diagnosed 
with VTE within 2 months after surgery, from 18 centres, 
between January 2010 and December 2013. The total 
number of surgical cases managed by anaesthesiologists 
during the study period in 18 centres was 203 943.

Incidence of postoperative symptomatic VTE
The estimated incidence of postoperative symptomatic 
VTE was 0.067% (137/203 943) and VTE with PE was 
0.028% (57/203 943) (table 1). Of the 57 PE cases, 35 
patients (61.4%) had hypoxic symptoms, 9 patients 
(15.8%) presented with shock and 6 patients (10.5%) 
had cardiac arrest. As for the surgical site, the incidence 
of postoperative symptomatic VTE was relatively high in 
surgeries involving the brain, hip and upper/lower limbs. 
In terms of the types of anaesthesia, regional anaesthesia 
with or without general anaesthesia (0.100%) was associ-
ated with a higher incidence of VTE than general anaes-
thesia alone (0.045%) (table 1 and online supplemental 
table S1).

Baseline characteristics and timing of VTE diagnosis
Table  2 shows the demographic and clinical character-
istics of patients with postoperative symptomatic VTE. 
Figure  2 presents the duration from the surgery to the 
diagnosis of postoperative symptomatic VTE. The median 
inter-quartile duration was 8 days (4–15 days); and 58 
patients (42%) were diagnosed within 7 days of surgery, 
while 79 patients (58%) were diagnosed 7 days after the 
surgery. The greatest number of patients were diagnosed 
with VTE on postoperative day 8.

Clinical outcomes after postoperative symptomatic VTE
The cumulative incidence of recurrent VTE was 3.0% at 
the 30-day follow-up, 5.3% at the 90-day follow-up and 
5.3% at the 5-year follow-up after postoperative symp-
tomatic VTE (figure  3A). The cumulative incidence of 
major bleeding was 5.2% at 30-day follow-up, 6.7% at 
the 90-day follow-up and 12.6% at the 5-year follow-up 
(figure 3B). The cumulative incidence of all-cause death 
was 3.7% at the 30-day follow-up, 5.1% at the 90-day 
follow-up and 27.4% at the 5-year follow-up (figure 3C). 
The details of clinical events within 90 days are given in 
online supplemental table S2. VTE recurrence occurred 
in seven patients (4 patients were treated with anticoagu-
lant therapy), all of which were early recurrences within 
60 days of diagnosis. The difference in the cumulative 
incidence of recurrent VTE, major bleeding and all-cause 

Table 1  Incidence of postoperative symptomatic VTE

Total 
cases VTE PE PE with hypoxia PE with shock PE with arrest

Overall 203 943 137 (0.067%) 57 (0.028%) 35 (0.017%) 9 (0.004%) 6 (0.003%)

Surgical site p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

Brain 9299 15 (0.161%) 8 (0.086%) 1 (0.011%) 0 (0.000%) 0 (0.000%)

Thorax 11 100 4 (0.036%) 3 (0.027%) 2 (0.018%) 1 (0.009%) 1 (0.009%)

Cardiovascular 13 637 6 (0.044%) 1 (0.007%) 1 (0.007%) 1 (0.007%) 1 (0.007%)

Thorax and 
abdomen

1656 2 (0.121%) 0 (0.000%) 0 (0.000%) 0 (0.000%) 0 (0.000%)

Upper abdomen 27 035 17 (0.063%) 11 (0.041%) 8 (0.030%) 1 (0.004%) 0 (0.000%)

Lower abdomen 42 875 31 (0.072%) 16 (0.037%) 11 (0.026%) 3 (0.007%) 1 (0.002%)

Caesarean 
section

5056 0 (0.000%) 0 (0.000%) 0 (0.000%) 0 (0.000%) 0 (0.000%)

Head, pharynx, 
larynx

35 414 4 (0.011%) 2 (0.006%) 2 (0.006%) 0 (0.000%) 0 (0.000%)

Chest, 
abdominal wall, 
perineum

22 633 3 (0.013%) 2 (0.009%) 2 (0.009%) 0 (0.000%) 0 (0.000%)

Spine 7040 7 (0.099%) 3 (0.043%) 2 (0.028%) 1 (0.014%) 1 (0.014%)

Hip, upper/lower 
limbs

25 160 48 (0.191%) 11 (0.044%) 6 (0.024%) 2 (0.008%) 2 (0.008%)

Other 2038 0 (0.000%) 0 (0.000%) 0 (0.000%) 0 (0.000%) 0 (0.000%)

All data are described as numbers and percentages. The proportions of cases at each surgical site were compared using the χ2 test.
PE, pulmonary embolism; VTE, venous thromboembolism.
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Table 2  Baseline patients’ characteristics

Total VTE PE with or without DVT DVT only

N=137 (N=57) (N=80)

Baseline characteristics

Age (years) 66.2 ±15.5 67.7 ±12.6 65.1 ±17.2

Men 55 (40.1%) 22 (38.6%) 33 (41.3%)

Body weight (kg) 56.3 ±11.8 57.8 ±11.1 55.3 ±12.3

Body mass index (kg/m2) 23.2 ±4.3 23.6 ±3.7 22.9 ±4.7

Surgical and anaesthesia characteristics

ASA PS

ASA PS 1 19 (13.9%) 10 (17.5%) 9 (11.3%)

ASA PS 2 91 (66.4%) 42 (73.7%) 49 (61.3%)

ASA PS 3 22 (16.1%) 4 (7.0%) 18 (22.5%)

ASA PS 4 5 (3.6%) 1 (1.8%) 4 (5.0%)

Emergent surgery 18 (13.1%) 11 (19.3%) 7 (8.8%)

Surgical site

Hip and limb 48 (35.0%) 11 (19.3%) 37 (46.3%)

Brain 15 (10.9%) 8 (14.0%) 7 (8.8%)

Thorax and mediastinum 4 (2.9%) 3 (5.3%) 1 (1.3%)

Cardiovascular 6 (4.4%) 1 (1.8%) 5 (6.3%)

Thorax and abdomen 2 (1.5%) 0 (0.0%) 2 (2.5%)

Upper abdomen 17 (12.4%) 11 (19.3%) 6 (7.5%)

Lower abdomen 31 (22.6%) 16 (28.1%) 15 (18.8%)

Head and neck 4 (2.9%) 2 (3.5%) 2 (2.5%)

Chest abdominal wall and perineum 3 (2.2%) 2 (3.5%) 1 (1.3%)

Spine 7 (5.1%) 3 (5.3%) 4 (5.0%)

Type of anaesthesia

General anaesthesia 61 (44.5%) 26 (45.6%) 35 (43.8%)

General anaesthesia with regional anaesthesia 56 (40.9%) 24 (42.1%) 32 (40.0%)

Local anaesthesia 20 (14.6%) 7 (12.3%) 13 (16.3%)

Surgical position

Supine position 100 (73.0%) 39 (68.4%) 61 (76.3%)

Prone position 6 (4.4%) 2 (3.5%) 4 (5.0%)

Lateral position 18 (13.1%) 7 (12.3%) 11 (13.8%)

Lithotomy position 11 (8.0%) 8 (14.0%) 3 (3.8%)

Other position 2 (1.5%) 1 (1.8%) 1 (1.3%)

Comorbidities

Hypertension 43 (31.4%) 22 (38.6%) 21 (26.3%)

Diabetes mellitus 15 (10.9%) 7 (12.3%) 8 (10.0%)

Chronic kidney disease 24 (17.5%) 8 (14.0%) 16 (20.0%)

Dialysis 2 (1.5%) 0 (0.0%) 2 (2.5%)

History of chronic lung disease 13 (9.5%) 3 (5.3%) 10 (12.5%)

History of heart failure 6 (4.4%) 3 (5.3%) 3 (3.8%)

History of myocardial infarction 4 (2.9%) 0 (0.0%) 4 (5.0%)

History of stroke 9 (6.6%) 5 (8.8%) 4 (5.0%)

Atrial fibrillation 8 (5.8%) 7 (12.3%) 1 (1.3%)

Liver cirrhosis 3 (2.2%) 2 (3.5%) 1 (1.3%)

Continued

 on January 16, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055090 on 16 F
ebruary 2022. D

ow
nloaded from

 
A Self-archived copy in

Kyoto University Research Information Repository
https://repository.kulib.kyoto-u.ac.jp

http://bmjopen.bmj.com/


6 Takeda C, et al. BMJ Open 2022;12:e055090. doi:10.1136/bmjopen-2021-055090

Open access�

death was not significant between the PE-only and DVT-
only groups, although the 30-day incidence of major 
bleeding and all-cause death was higher in the PE group 
than in the DVT-only group (11.1% vs 1.3% and 8.8% vs 
0.0%, respectively) (figure 4).

The cumulative 5-year incidence of recurrent VTE 
was not significantly different between patients with and 
without active cancer (9.9% vs 3.3%, log-rank p=0.13) 
(figure 5). In contrast, the cumulative 5-year incidences 
of major bleeding and all-cause death were significantly 
higher in patients with active cancer than in those 

without active cancer (major bleeding: 21.3% vs 8.8%, 
log-rank p=0.046, all-cause death: 45.5% vs 19.8%, log-
rank p=0.001) (figure 5).

DISCUSSION
The main findings of this study are as follows: (1) the 
incidence of postoperative symptomatic VTE within 2 
months after surgery was 0.067% and VTE with PE was 
0.028%, representing 2 03 943 patients from 18 centres 
in Japan; (2) the incidence of postoperative symptomatic 

Total VTE PE with or without DVT DVT only

N=137 (N=57) (N=80)

Connective tissue disease 5 (3.6%) 1 (1.8%) 4 (5.0%)

History of VTE 1 (0.7%) 1 (1.8%) 0 (0.0%)

History of major bleeding 17 (12.4%) 7 (12.3%) 10 (12.5%)

Active cancer 41 (29.9%) 24 (42.1%) 17 (21.3%)

Varicose vein 8 (5.8%) 3 (5.3%) 5 (6.3%)

Anticoagulants at VTE diagnosis 14 (10.2%) 6 (10.5%) 8 (10.0%)

 � Heparin 6 (4.4%) 3 (5.3%) 3 (3.8%)

 � Warfarin 3 (2.2%) 2 (3.5%) 1 (1.3%)

 � Direct oral anticoagulant 5 (3.6%) 1 (1.8%) 4 (5.0%)

Presentation

PE with hypoxemia – – 35 (61.4%) – –

PE with shock – – 9 (15.8%) – –

PE with cardiac arrest/collapse – – 6 (10.5%) – –

Proximal DVT 64 (46.7%) 21 (36.8%) 43 (53.8%)

Laboratory tests at diagnosis

Anaemia 109 (82.6%) 45 (83.3%) 64 (82.1%)

Thrombocytopenia 6 (4.4%) 5 (8.8%) 1 (1.3%)

eGFR (mL/min/m2) 78.3 (59.0–91.8) 72.7 (51.2–87.7) 80.4 (62.4–93.6)

 � eGFR <60 mL/min/m2 36 (26.3%) 17 (29.8%) 19 (23.8%)

D-dimer (μg/mL, n=122) 16.5 (8.6–31.5) 16.8 (8.6–39.3) 16.4 (7.9–27.3)

Thrombophilia 4 (2.9%) 3 (5.3%) 1 (1.3%)

Initial anticoagulation therapy 115 (83.9%) 53 (93.0%) 62 (77.5%)

Heparin 107 (78.1%) 52 (91.2%) 55 (68.8%)

Fondaparinux 11 (8.0%) 2 (3.5%) 9 (11.3%)

Thrombolysis 8 (5.8%) 5 (8.8%) 3 (3.8%)

Inferior vena cava filter use 26 (19.0%) 13 (22.8%) 13 (16.3%)

Ventilator support 6 (4.4%) 6 (10.5%) 0 (0.0%)

Percutaneous cardiopulmonary support 2 (1.5%) 2 (3.5%) 0 (0.0%)

Categorical variables are presented as numbers and percentages, and continuous variables are presented as the means and standard 
deviations or the medians and interquartile ranges based on their distributions. Chronic kidney disease was diagnosed if there was persistent 
proteinuria or if eGFR was <60 mL/min/1.73 m2 for more than 3 months. The values of eGFR were calculated based on the equation reported 
by the Japan Association of Chronic Kidney Disease Initiative [man: 194*Scr−1.094*age-0.287, woman: 194*Scr−1.094*age-0.287*0.739]. 
Anaemia was diagnosed if the value of haemoglobin was <13 g/dL for men and <12 g/dL for women. Thrombophilia includes protein C 
deficiency, protein S deficiency, antithrombin deficiency, and antiphospholipid syndrome.
ASA PS, American Society Anesthesiologists Performance Status; DVT, deep venous thrombosis; eGFR, estimated glomerular filtration rate; 
PE, pulmonary embolism; VTE, venous thromboembolism.

Table 2  Continued
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VTE varied widely, according to surgical and anaesthetic 
characteristics and (3) nearly half of the patients were 
diagnosed within 7 days of the surgery, while the rest were 
diagnosed 7 days after surgery, with the highest number 
of patients diagnosed on postoperative day 8.

The strength of the present study is that the diagnosis 
of symptomatic VTE was accurately diagnosed by cardi-
ologists (specialists for VTE in Japan), and the detailed 
information about this postoperative complication and 
its long-term prognosis could be evaluated, in contrast to 
previous studies on the subject.

VTE is considered relatively rare in Asian people and 
the small number of cases makes epidemiological studies 

difficult to perform.11 Previously, three major studies 
from Japan had evaluated the incidence of the postoper-
ative complication of VTE.10 18 19 The first study was based 
on the JSA-initiated questionnaire annual survey, where 
the incidence of PE was 0.031% (3667/11 786 489).10 The 
second study used the diagnosis–procedure combination 
(DPC) database, and the incidence of VTE and PE was 
0.24% (2485/1 016 496) and 0.05% (538/1 016 496), 
respectively.18 The third study used the National Clin-
ical Database (NCD), a nationwide project linked to the 
surgical board certification system. The incidence of DVT 
and PE was 0.26% (984/382 124) and 0.14% (553/382 
124), respectively.19 The incidence of postoperative 

Figure 2  The distribution of days of VTE diagnosis after surgery. DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, 
venous thromboembolism.

Figure 3  The Kaplan-Meier curves for the clinical events after VTE diagnosis. (A) Recurrent VTE, (B) major bleeding and (C) all-
cause death. VTE, venous thromboembolism.
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symptomatic VTE in the current study was lower than 
that in the DPC study. In the DPC study, VTE was identi-
fied based on the International Classification of Diseases, 
10th version codes; and; therefore, it may have been 
misclassified and over-rated. In this study, we used data 
on symptomatic VTE confirmed by cardiologists. This 
may explain the lower incidence compared with the NCD 
study, which included asymptomatic VTE. The incidence 
of postoperative VTE was reported to be 0.58%–2.2%, 
based on the clinical databases in the USA. Therefore, 
postoperative VTE incidence was suggested to be lower 

in Japan than in the USA and Europe. These differences 
could be explained by ethnic variations.11 Western guide-
lines,4 5 due to racial disparities, are more likely to lead to 
overtriage in the Japanese population.

Another important feature of the current study was the 
comparison of the incidence of postoperative symptom-
atic VTE across surgical sites. Similar to the JSA initiated 
questionnaire study,10 neurosurgeries and orthopaedic 
surgeries (hip, upper and lower extremity) were associ-
ated with a higher incidence of postoperative symptom-
atic VTE. According to the Japanese guidelines, there is 

Figure 4  The Kaplan-Meier curves for the clinical events after VTE diagnosis comparing PE and DVT. (A) Recurrent 
VTE, (B) major bleeding and (C) all-cause death. DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous 
thromboembolism.

Figure 5  The Kaplan-Meier curves for clinical events after VTE diagnosis with and without active cancer. (A) Recurrent 
VTE, (B) major bleedingand (C) all-cause death. DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous 
thromboembolism.
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a high risk of postoperative symptomatic VTE in patients 
over 40 years of age undergoing major cancer surgery; 
however, in the present study, abdominal surgery was not 
identified with high risk. Therefore, risks should be strat-
ified according to the surgical sites and procedures, and 
the additional risks in each patient should be considered 
in the preventive strategies.

Additionally, in this study, the timing of the onset of 
postoperative symptomatic VTE was bimodal. These 
results may suggest that postoperative symptomatic VTE 
occurs, not only in the very acute postoperative period, 
which is directly affected by surgical immobilisation, but 
also approximately 10 days after surgery; the information 
can guide the healthcare providers involved in surgery, 
regarding the risk perception and diagnosis of postopera-
tive symptomatic VTE.

The duration of anticoagulant therapy is generally 
divided into an initial treatment phase (up to 7 days), a 
maintenance treatment phase (~3 months after the initial 
treatment) and prolonged treatment phase (beyond 
3 months).20 Surgery is a transient risk factor for VTE; 
prolonged treatment is usually not performed, as the 
possibility of recurrence is considered relatively low. In 
this study, VTE recurrence had occurred in all seven 
affected patients within 3 months of the onset, and no 
recurrence was observed after 3 months, suggesting the 
importance of relatively early recurrence.

PE was apparently associated with a higher mortality, 
especially in the early phase of postoperative symptomatic 
VTE, although the difference between the PE-only and 
DVT-only groups was not significant. This difference may 
be explained by the insufficient sample size. Notably, the 
initial mortality rate and recurrence rate were higher for 
acute PE than for DVT.21 22 Therefore, in comparison to 
DVT, postoperative PE should be more closely monitored 
and aggressively treated.3

Study limitations
First, two different databases were combined to esti-
mate the incidence of postoperative symptomatic VTE. 
Although the COMMAND Registry included real consec-
utive patients with acute symptomatic VTE,10 18 for deter-
mining VTE incidence, we included only the cases in 
which intraoperative management was performed by an 
anaesthesiologist. Second, patients outside the eligible 
period in the COMMAND VTE Registry were also 
excluded, which may have influenced the results of this 
study. As a certain number of patients were excluded due 
to ineligible centres, the incidence of postoperative symp-
tomatic VTE could have been greatly influenced, espe-
cially as the analysis targeted low event rates. Third, this 
was a retrospective cohort study with inherent limitations 
based on the observational study design. In particular, the 
prophylactic and therapeutic management for postoper-
ative symptomatic VTE were based on the discretion of 
the attending physicians, which may have influenced the 
clinical outcomes. However, in the COMMAND Registry, 
the definitions of VTE were specified in advance, and the 

follow-up after VTE was nearly complete. Fourth, the inci-
dence of postoperative symptomatic VTE may depend on 
the status of VTE prophylaxis. However, the JSA annual 
report does not include data on prophylaxis status, and 
we could not determine this status for the entire study 
population. Fifth, the JSA annual report does not include 
data on the status of malignancy either, and we could not 
determine it for the entire study population. Finally, we 
also considered the postoperative date of onset, but the 
disease may have developed before the surgery or the 
diagnosis. Nevertheless, we do not expect a significant gap 
between the onset and diagnosis, because we included 
only symptomatic patients with postoperative VTE.

Conclusions
This study, combining the large real-world VTE database 
and anaesthetic database in Japan, revealed the inci-
dence, clinical features and prognosis of postoperative 
symptomatic VTE, providing useful information for all 
healthcare providers involved in various surgeries.
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