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Abstract
Objective: Identifying organizational factors affecting venous thromboembolism (VTE) incidence and variations between
hospitals.
Methods: From a 2019 survey of VTE and live births in 113 hospitals, organizational factors: (hospital type, characteristics, live
birth number), resource availability: (D-dimer, B-scan ultrasonography of lower extremity veins, computed tomographic pulmo-
nary angiography [CTPA], and competency: [risk assessment, use of anticoagulants and patient education], data were collected
and the associations, weighted by live birth number, analyzed.
Results: Of 113 hospitals in China, 770,828 live births and 526 cases of VTE (68.2 per 100,000 live births) were reported. Nine
hospitals lacked B-scan ultrasonography of lower extremity veins and 22 lacked CTPA. Prevalence rates of VTE rates were higher
in general hospitals (Odds ratio [OR]= 4.251, 95% CI: 3.373-5.357), hospitals with live births < 10,000 (OR= 1.650-2.193), and
hospitals without B-scan ultrasonography (OR= 1.661, 95% CI: 1.096-2.518). Hospitals implementing patient education, had a
lower risk of VTE (OR= 0.296-0.374), and VTE rate decreased with the annual increase in live births.
Conclusions: Improved hospital resource availability and competency, especially patient education, is vital for reducing
VTE-related maternal mortality and morbidity risk.
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Introduction
Thromboembolism in pregnancy is one of the most common
causes of maternal morbidity and mortality worldwide.1,2 In
pregnant women, venous thromboembolism (VTE) presents
as deep vein thrombosis (DVT) or pulmonary embolism
(PE).3,4 In recent decades, VTE has become a leading cause
of sudden death, which occurs in every 1600 pregnancies,
and PE accounted for 9% of overall maternal deaths.5,6 It is
well recognized that pregnancy increases the risk of thrombo-
embolism under conditions of hypercoagulability, decreased
mobility, and compression of the inferior vena cava and
pelvic veins.3,4 Therefore, there is an urgent need to recognize
risk factors of pregnancy-related VTE.

The incidence of VTE varies worldwide, which is accounted
for by both individual and organizational factors. In the United

States and the United Kingdom, the incidence ranged from 0.5
to 2 and 0.85 per 1000 pregnancies, respectively.7–10 Among
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them, Asian women displayed a lower risk of VTE and death
from VTE than black women.11,12 Besides individual heteroge-
neity, organizational factors in hospitals, including available
D-dimer, B-scan ultrasonography, computed tomographic pul-
monary angiography (CTPA), patient education, risk assess-
ment and use of anticoagulants, are potentially key factors in
pregnancy-related VTE. It has been reported that, with early
detection and prophylactic managements, maternal death rate
due to thromboembolic disease had declined from 14.8% in
2006 to 3.2% in 2014.13,14 Thus, these organizational factors
may also play an important role in the varied incidence of
VTE in pregnancy.

Here we hypothesized that the VTE rate differs in different
hospital settings and that organizational factors, including
resource availability and competency may have an impact on
the incidence of thromboembolism in pregnancy. Considering
the ethical issues of a prospective design or randomized controlled
trial (RCT) on VTE prevention and management, an epidemio-
logical investigation is a preferred alternative. Hence, we con-
ducted a retrospective hospital-based point prevalence survey of
113 hospitals in mainland China. The purpose was identifying
organizational factors and their roles affecting venous thrombo-
embolism (VTE) incidence and variations between hospitals in
the differing levels of maternal healthcare in hospital services.

Methods

Data Sources
We conducted a hospital-based point prevalence survey in 113
hospitals in 26 provinces throughout China. This cross-sectional
survey collected registered data of thromboembolism during preg-
nancies from January 1st to December 31st, 2019. Participating
hospitals included those across all levels that provided maternal
healthcare services in mainland China. A survey request from
the Chinese Women’s and Children’s Health Association was
sent to the Chief of the Department of Obstetrics at each hospital.
Hospitals that completed the survey and provided informed
consent before February 29, 2020, were enrolled for the final anal-
ysis, and those with missing data of VTE were excluded. Trained
staff members assigned for data quality control telephoned the
point of contact in case of any queries. The Institutional
Review Board of the Obstetrics and Gynecology Hospital of
Fudan University approved the project (IRB 2020-147).

Data Collection
The participating hospitals completed the survey forms, and all
data were uploaded to an e-questionnaire platform. This throm-
boembolism survey was designed to evaluate the hospital-related
factors associated with VTE in accordance with Donabedian’s
framework.15,16 It covered the following aspects: organizational
general information, resource availability and competency. The
participating cases were all reported VTE cases in the puerperium
period, covering before delivery and 42 days after delivery. DVT
was diagnosed by the abnormal findings on B-scan

ultrasonography of the lower extremity veins, and PE was diag-
nosed by abnormal findings of CTPA.

First, organizational general information predominantly
included general information (hospital type, characteristics
and live birth number. Second, hospital resource availability
included screening for VTE, using D-dimer for high risk screen-
ing, B-scan ultrasonography of the lower extremity veins and
computed tographic pulmonary angiography [CTPA] for diag-
nosis. Risk assessment referred to the evaluation of VTE risk
for the women during pregnancy and postpartum, based on
the current clinical guidelines used in each hospital.
Anticoagulant use was defined as therapeutic dosing. If the
woman had no contraindication to anticoagulants, she would
be prescribed these by obstetricians; if the woman had a contra-
indication, she would be transferred to a hematology specialist.
Emergency transfer was medical transfer of critical patients to
specialized hospitals or secondary hospitals, or for patients
with suspicious symptoms, to those hospitals without use of
further diagnostic methods. Patient education included the
importance of early mobilization, use of stockings, risk classifi-
cation, prophylactic and therapeutic anticoagulant use, and
identifying early typical symptoms of VTE.

Statistical Analysis
We used numbers and percentages to describe the actual
number and prevalence of VTE. Hospital related factors includ-
ing hospital type, characteristics, and live birth numbers were
analyzed as covariates. Patient individual information was
unavailable in this questionnaire and thus not included. A mul-
tilevel regression was applied analyzing the association of orga-
nizational factors with the prevalence of VTE. “Hospital” was
treated as a cluster and live birth number in each hospital was
weighted. Poisson regression was conducted with hospital-level
covariates to predict VTE event counts. Crude odds ratio (OR)
and multivariable analyses after adjusting for hospital types,
characteristics, region, live birth number, availability of
B-scan ultrasonography of lower extremity veins and CTPA,
risk assessment, anticoagulants’ use, patient education, are pre-
sented. Residual error was calculated by the variation between
actual and adjusted prevalence of VTE. After adjusting the
organizational factors, the variation of VTE prevalence was
accounted for by individual factors. Statistical analyses were
performed using SPSS version 26.0 (IBM Corp., Armonk, NY).

Results
Among the total of 124 hospitals completing our survey, 113
hospitals were included in the final analysis after excluding
eleven hospitals with missing data (Supplemental Table 1).
Of the total 770,828 deliveries in 113 enrolled hospitals, 526
VTE cases (68.2 per 100,000 live births) were reported. The
number of VTE cases was 423, and the prevalence was 54.9
per 100,000 live births (95% CI: 54.6-55.1). For PE, the
number of cases was 103, and the prevalence was 13.4 per
100,000 live births (95% CI: 13.3-13.4).
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The majority of the enrolled hospitals were tertiary hospitals
(79%) and located in the eastern region (75%). The proportion
of general and specialized hospitals was 63% vs 37%, respec-
tively. The number of live births varied from 600 to 373,00
per year, with median of 3500. Besides eight cases with
missing information about maternal mortality (comprising
two cases in tertiary hospitals and six cases in secondary hospi-
tals due to lost follow-ups), there was one case of maternal mor-
tality in a tertiary hospital and in the rest, 104 live cases were
recorded. Of the physicians who responded, 80% were older
than 40 years, 75% were at the position of an Associate
Physician or above, and 53% had a Master’s degree or more.

The general information of hospital-related factors with VTE
rate is shown in Table 1. Besides availability of the D-dimer
assessment, 9 (8%) of the hospitals lacked B-scan ultrasonogra-
phy of the lower extremity veins and 22 (19.5%) lacked the
CTPA. D-dimer test was available in 112 of our 113 hospitals.
A small portion of hospitals reported insufficient competency,
including lacking risk assessment (24.8%), anticoagulant use
(18.6%), emergency transfer (3.5%), or patient education (4.4%).

Association of organizational factors with the prevalence of
VTE is reported in Table 2.

Of the general factors, a higher rate was observed in general
hospitals than that of specialized hospitals (OR= 4.079, 95%
CI: 3.380-4.922). A relatively lower prevalence in the eastern
regions (OR= 0.740, 95% CI: 0.593-0.924) was noted. A
higher prevalence of VTE was observed in hospitals with live
birth numbers less than 10,000 (OR= 2.885-3.204). Availability
of B-scan ultrasonography of lower extremity veins, CTPA and
anticoagulants’ use was not associated with the prevalence of
VTE. Hospitals implementing patient education showed lower
VTE prevalence (OR= 0.331-0.592) compared to those hospitals
without patient education. In multivariate analyses, the associa-
tion between organizational factors and VTE prevalence was con-
firmed. In addition, hospitals with available B-scan
ultrasonography of the lower extremity veins, had a lower VTE
rate compared to their counterparts with unavailable B-scan ultra-
sonography (OR= 1.661, 95% CI: 1.096-2.518). To eliminate the
bias in hospital resource availability, subgroup analysis of hospi-
tals with accessible B-scan ultrasonography of lower extremity
veins and D-dimer assessment was performed (Table 3). In this
analysis, the association between patient education with VTE
prevalence was significant in the multivariable analyses.

In addition, analysis of the variation between hospitals in
VTE rate was also performed (Figure 1). The variation of
VTE prevalence was reduced with the increase in the annual
live birth numbers. After adjustment by organizational
factors, the range of VTE prevalence was changed from 0 to
63.1 to 15.3 to 78.8 per 100,000 live births.

Discussion

Principle Findings
This hospital-based point prevalence survey was one of the
largest epidemiological multiple center surveys in China

undertaken in a real-world setting. Of the total of 770,828 deliv-
eries in 113 enrolled hospitals, 526 VTE cases (prevalence of
68.2 per 100,000 live births) were reported. The proportion of
DVT cases was 423, with a prevalence of 54.9 per 100,000
live births (95% CI: 54.6-55.1). We also found a varied preva-
lence of thromboembolism in pregnancy that was related to
organizational factors. These included resource availability
and competency. These organizational factors appeared insuffi-
cient in some hospitals; and therefore, further effort towards
strengthening the hospitals’ resource availability and compe-
tency, especially patient education, is warranted, to reduce
VTE related maternal mortality and morbidity.

Clinical Implications
First, we found that the prevalence of VTE ranged from 625.0 to
0 per 100,000 live births among 113 enrolled hospitals, provid-
ing the baseline status of VTE across China. This large variation
was consistent with previous reports in the United States (172
per 100,000 live births)17 and United Kingdom (85 per
100,000 live births).9 National epidemiological reports in
China are scarce. In China, there were several regional reports
providing VTE prevalence data, such as 257.8 per 100,000
live births in Liaoning18 and 140 per 100,000 live birth in meta-
analysis.19 With the increasing usage of diagnostic methods, the
prevalence of VTE must be updated to ensure earlier screening
and diagnosis. Therefore, our study provides a real-world
national prevalence of VTE during pregnancy and puerperium
in China, which is necessary for updating the prevalence of
pregnancy-related thrombosis events.

Second, the effect of organizational factors on the prevalence
of VTE is complex, besides the individual heterogeneity. On one
hand, sufficient resources including screening and diagnostic
methods, potentially correlate with a higher reported prevalence
of VTE, because substantial VTE cases are asymptomatic or
unspecific with dyspnea or swollen ankles. In our study,
D-dimer testing for screening and B ultrasonography of the
lower extremity veins were commonly performed in more than
90% of the enrolled hospitals, together with 80% CTPA avail-
able. Thus, it is reasonable that ultrasonography of the lower
extremity veins was associated with VTE prevalence in our mul-
tivariate analysis, and that D-dimer testing and CTPA were not
statistically significant. This is partly due to the bias of missing
diagnoses and the confounding effect of other related factors.
On the other hand, organizational competency is critical in
VTE prevention and treatment. In those hospitals with available
resources, the prevalence of VTE could possibly be further
reduced with high competency, since we found that those hospi-
tals with risk assessment, anticoagulant use and patient education
reported lower prevalence of VTE. Therefore, more attention
should be paid to promoting risk assessments and the utilization
of anticoagulants for further elimination of the risk of VTE in
pregnancy and the related maternal mortality.

Furthermore, we found that patient education was signifi-
cantly associated with a lower prevalence of VTE in pregnancy,
which was initiated from early pregnancy to the postpartum
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Figure 1. Variation of VTE rate in 113 hospitals (A) crude VTE rate; (B) adjusted VTE rate, after adjusted by hospital types, characteristics,
region, live birth number, risk assessment, patient education, availability of B-scan ultrasonography of lower extremity veins and the CTPA, and
use of anticoagulants; (C) residual of VTE rate calculated by the variation between actual and adjusted prevalence of VTE.



period. Possible reasons could be: first, the initiation of early
mobilization and use of stockings is an active response of preg-
nant women instead of their receiving passive treatment from
the obstetricians. Second, prophylactic use of anticoagulants
during pregnancy or in postpartum requires more understanding
and the confidence of pregnant women, and then they would
correctly use the anticoagulants following their doctor’s
advice. Third, consciousness of suspicious symptoms in the
early phase in pregnant women is the key to timely screening
and diagnosing VTE, which is necessary to reduce the related
maternal mortality and morbidity. Thus, the provision of
detailed health-related education is needed especially in terms
of early mobilization, and the use of stockings and intermittent
pneumatic compression devices, both after vaginal delivery and
Cesarean section.

In addition, this study indicated that more attention is
required for the construction of organizational resources and
enhancement of competency. Since VTE is considered a pre-
ventable and modifiable disorder, our study indicated that the
efficiency of implementation should be improved. In our
study, the prevalence of VTE was less varied after being
adjusted by the organizational factors. Organizations are bene-
ficial for facilitating the work of patient-centered teams.20

Besides individual factors, organizational effects should be con-
sidered in the macro-environment in hospitals. Second, in the
whole course of VTE prevention and treatment, readiness is
of great importance, which covers multi-levels of patient,
doctor, department, and policy. Available resources and suffi-
cient competency are an essential part of readiness. Thus,
further efforts should be made towards improving these organi-
zational factors as much as possible.

Strengths and Limitations
Our main strength is that it was a nation-wide hospital-based
survey to evaluate the VTE status in China that accounted for
potential hospital-related factors, including hospital types,
resource availability, and competency. It covered 26 provinces
in mainland China and enrolled 113 hospitals of varied types,
characteristics, and scale. Due to the ethical considerations,
our study design of a prevalence survey had the potential to
explore the association between organizational factors and the
prevalence of VTE. Moreover, multivariable analyses and
adjustments were performed when investigating the associa-
tion. Additionally, this survey covered alternative hospital-
related factors that could be improved upon for the elimination
of VTE risk. Thus, the findings are practical and indicate the
potential for clinical implementation.

This study has some limitations. First, this survey was based
on a questionnaire, and therefore, reporting bias should be con-
sidered. The numbers that emerged from the survey may not
represent the true incidence of VTE in China. The incidence
of VTE in those hospitals not responding may be lower, as
this study recruited a high proportion of tertiary care hospitals.
However, in the present case, the numbers represent the true
positives out of all patients suspected of having VTE.

Second, the hospitals participating in this survey were mainly
tertiary and secondary hospitals, and only one primary hospital
was enrolled. Since most of the hospitals were at a tertiary level
of care (80%), there is possibly a bias as the findings do not rep-
resent the general situation and care for the patients. To elimi-
nate this selection bias, the hospital characteristics, hospital
type, and annual live birth numbers have been adjusted for, in
the analysis. Third, the site of the enrolled hospitals was
mainly the eastern region of mainland China, and the popula-
tions in different parts of China differ in their ethnic background
as well as in their predisposition for VTE, based on other risk
factors. Thus, subgroup analysis of the different regions was
conducted. Fourth, whether resources are available and the hos-
pital is competent were the main outcome parameters in this
study, but the implementation has not been discussed.
Organizational factors included resource availability and com-
petency, but there was no information about false positive
and false negative rates of diagnosis, with substantial variability
due to different clinical suspicions, the modality being used and
the expertise of the physicians. However, this survey was com-
pleted by the department Chief or senior physicians from the
Department of Obstetrics from each hospital, and trained staff
members were assigned for data quality control by telephoning
the point of contact if there were any queries, which ensured the
quality of the survey to some extent.

Conclusions
In conclusion, organizational factors were observed to play an
important role in the variation of prevalence of thromboembo-
lism during pregnancy in China. This hospital-based point prev-
alence survey demonstrated that the prevalence of VTE was
significantly influenced by organizational factors such as hospi-
tal resource availability and competency. Additional efforts
should be accelerated towards the improvement of hospital
resources and competency towards reducing the risk of VTE
related maternal mortality and morbidity.
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