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Although its prevalence is not as high as infection, the 
higher disability and mortality related to TE attracted 
the attention of clinicians [1–6]. It was reported that 
the mortality of NS with TE in children is approximate 
8.5% [7], and especially for cerebral venous thrombosis, 
the mortality is as high as 10% [8]; therefore early man-
agement is crucial. The prevalence of venous throm-
boembolism (VTE) is significantly higher than that of 
arterial thromboembolism (ATE) in pediatric patients, 
the common types of which include renal venous throm-
bosis (RVT), deep venous thrombosis (DVT), pulmonary 
embolism (PE), and cerebral venous thrombosis (CVT). 
It has been reported that the prevalence of TE in pedi-
atric patients with NS is 1.8%¬-5% [6, 9, 10]; however, 

Background
Primary nephrotic syndrome (PNS) describes a group of 
clinical syndromes presenting with massive proteinuria 
accompanied by edema, hypoalbuminemia, and hyper-
lipidemia. Thromboembolism (TE) is one of the major 
complications of PNS, which is considered a serious life-
threatening complication of NS in addition to infection. 
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Abstract
Objective  To estimate the incidence of thromboembolism in children with primary nephrotic syndrome with 
Meta-analysis.

Methods  Relevant studies published from January 1, 1980 to December 31, 2021 were retrieved from Pubmed, Web 
of science, Cochrane library, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal 
Database(VIP) and Wangfang Database. Quality evaluation of the literatures included was conducted according to 
Agency for Healthcare Research and Quality(AHRQ) assessment tool, followed by data extraction and Meta-analysis 
with software RevMan 5.3.

Results  A total of seven studies involving 3675 subjects were included. The overall prevalence was 4.9% with 95% CI 
of 2.83 to 7.05.However, a significant heterogeneity (P < 0.001) was observed with I2 = 89%. The prevalence of venous 
thromboembolism was 3.3% with 95% CI of 1.7 to 4.9. The prevalence of arterial thromboembolism was 0.5% with 
95% CI of 0.2 to 1.4.

Conclusion  Children with nephrotic syndrome are prone to thromboembolism, and it may lead to disability or 
death, therefore prevention measures is critical to decreasing the prevalence of thromboembolism.
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relevant reports are few and varied. Observational stud-
ies on this issue are rare worldwide, and even fewer sys-
tematic reviews have been carried out. Currently, there 
is only one report on TE in children with PNS infected 
with the severe acute respiratory syndrome coronavirus 
2 (SARS‑CoV‑2, the causative agent of COVID-19) [11], 
and TE in patients with PNS after COVID-19 vaccination 
has only been reported in adults [12]. However, as risk 
factors for TE, infection with SARS‑CoV‑2 or vaccination 
with a COVID-19 vaccine might increase the occurrence 
of TE in children with PNS. Therefore, in the current 
stage of widespread transmission of SARS‑CoV‑2, TE in 
children with PNS should receive more attention from 
clinicians.

The goal of this paper is to provide a comprehensive 
review of the current literature in terms of TE prevalence 
in children with PNS, to allow clinicians to carry the opti-
mum management to reduce the prevalence of TE.

Methods
Search strategy and study selection
We performed a comprehensive search of the Pubmed, 
Cochrane Library, Web of science, CNKI, VIP, and Wan-
fang datebases to identify relevant studies from 1 to 1980 
until 31 November 2021 using the following search term: 
((Nephrotic Syndrome) OR (Nephrotic Syndromes) OR 
(Syndrome, Nephrotic) OR (Syndromes, Nephrotic)) 
AND (Thromboembolic OR Thromboembolism OR 
thromboembolisms OR thrombosis) AND (child or chil-
dren or childhood). Inclusion criteria included: Patients 
under 21 years old; with a diagnosis of PNS; and throm-
boembolism diagnosed definitively by imaging examina-
tion. Exclusion criteria included: Case reports or review 
articles; patients with secondary NS; Data duplication; 
and articles without available full texts. Two independent 
reviewers scanned the titles and abstracts against our 
inclusion and exclusion criteria to select potential arti-
cles. Full texts of the eligible articles were then retrieved 
and reviewed for final inclusion. Disagreements between 
the two reviewers were resolved after consultation with 
the third investigator.

Data extraction
Data were extracted from the included studies using an 
excel sheet, and included the article title, the first author’s 
name, the year of the publication, sex, area, sample size, 
incidence of thromboembolism.

Quality assessment
Two independent reviewers evaluated the risk of bias 
in the included studies using the Agency for Health-
care Research and Quality (AHRQ) assessment tool 
[13]. Quality assessment of cross-sectional studies 
was obtained through a scoring system including 11 

questions. Articles scoring 8 to 11 were considered as 
high-quality articles, articles scoring below 4 were con-
sidered as low quality articles and the rest were consid-
ered fair [14].

Statistical analysis
Review Manager (RevMan)[Computer program. Version 
5.3, The Cochrane Collaboration, 2014] was used to con-
duct the meta-analyses. The I2 test was used to evaluate 
the heterogeneity of the selected studies. Heterogeneity 
was divided into three classes of less than 25% (low het-
erogeneity), 25–75% (moderate heterogeneity), and more 
than 75% (high heterogeneity). Funnel plots were used to 
identify publication bias.

Results
Search results
Using the search strategy mentioned in the methods 
section, we obtained 581 records from the 6 databases. 
After removal of 39 duplicates via endnote software, 
542 records were obtained. Title and abstract screening 
resulted in the inclusion of 34 and the exclusion of 508 
reports. Then, 27 studies were excluded after the full-text 
articles were assessed for eligibility. In total, seven studies 
[15–21] were eligible for quantitative synthesis (Fig. 1).

Quality assessment and characteristics of the included 
studies
There were six retrospective cohort studies and 1 case 
series study. The specifications of the selected articles are 
presented in Tables 1 and 2.

Meta-analysis(incidence of TE in children with PNS)
According to the results of the study assessed using a for-
est plot, the overall incidence of TE in children with PNS 
was 4.9% with a 95% confidence interval (CI) of 2.83 to 
7.05. Significant heterogeneity (P < 0.001) was observed 
with I2 = 89% (Fig. 2).

Sub-group analysis
Subgroup analysis was performed for different character-
istics, such as region, sex, thrombosis type, and year of 
publication. The results showed that the incidence of TE 
was significantly different between regions, thrombosis 
types, and years of publication. However, no difference 
was observed in the incidence between males and females 
(Table 3). The heterogeneity of the above subgroup analy-
sis was still large, indicating that region, sex, thrombosis 
type, and year of publication were not the main reasons 
for the heterogeneity. Due to lack of detailed data, further 
sub-group analysis could not be carried out. Factors such 
as the duration after the onset of nephrotic syndrome, 
status of proteinuria, and use of medication may also 
influence the incidence of thromboembolism. And above 
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factors may partly explain the significant heterogeneity. 
Therefore, the reported incidence in children with PNS 
may be over- or under-estimated due to potential selec-
tion bias. Thus, the reasons for the observed heterogene-
ity were complex and require further study.

Sensitivity analysis and publication bias
Sensitivity analysis was conducted using one-by-one 
exclusion. Excluding one study at any time had little 
impact on the pooled effect value and I2 based on the 
random effect model, and the conclusions were not 

significantly changed, indicating that the meta-analysis 
results of this study were relatively stable. Only seven 
studies were included; therefore, we did not carry out 
Egger’s regression test. However, we still created a fun-
nel plot using RevMan 5.3, which showed a risk of bias 
(Fig. 3).

Meta-analysis(incidence of VTE in children with PNS)
According to the results of the study shown in the for-
est plot, the overall incidence of VTE in children with 
PNS was 3.3% with a 95% CI of 1.73 to 4.86. Significant 

Fig. 1  Flow diagram of the search and review process
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heterogeneity (P < 0.001) was observed with I2 = 81% 
(Fig. 4).

Meta-analysis (incidence of ATE in children with PNS)
According to the results of the study shown in the in for-
est plot, the overall incidence of ATE in children with 
PNS was 0.52% with a 95% CI of 0.2 to 1.37. Significant 
heterogeneity (P < 0.001) was observed with I2 = 100%.
(Fig. 5).

Meta-analysis(incidence of DVT in children with PNS)
According to the results of the study in forest plot, the 
overall incidence of ATE in children with PNS was 2.03% 

Table 1  Characteristics of the included studies
Author, 
year

region event(male) Sam-
ple 
size

Male/Female AHRQ

Mehls,1987 Germany 9(5) 204 121/83 7

Maru-
sia,2000

Bulgaria 9(4) 436 NR 7

Bryce 
A,2009

US 16(7) 244 168/158 9

Betul,2015 Turkey 17(16) 188 108/80 8

Liu,2016 China 32(24) 238 NR 7

Shan-
non,2019

North 
America

11(5) 370 227/143 8

Lv,2020 China 27(21) 1995 NR 8
NR = not reported

Table 2  Events of each type of thrombosis
Author,year Events of main types of thrombosis Total cases Death

RVT DVT PE CVT VTE ATE
Mehls,1987 1 3 2 0 6 5 9 NR

Marusia,2000 0 9 0 0 9 1 9 2

Bryce A,2009 0 12 4 0 16 1 16 NR

Betul,2015 NR 5 NR 4 15 2 17 2

Liu,2016 2 12 3 NR NR NR 32 1

Shannon,2019 1 NR 1 3 11 NR 11 NR

Lv,2020 9 6 7 6 24 3 27 0
NR = not reported;some have multiple thromboembolisms

Table 3  Sub-group analysis of the incidence of thromboembolism in children with PNS
Sub-group Items Studies included Heterogeneity Incidence %(CI)

I2(%) P value
Region China 2 95 <0.01 7.2%(-0.046, 0.19)

Abroad 5 75 <0.01 4.6%(0.024, 0.065)

Gender Male 5 96 <0.01 5.18%(0.0234, 0.1146)

Thrombosis type Female
VTE
ATE

5
6
5

98
81
100

<0.01
<0.01
<0.01

3.63%(0.0193, 0.682)
3.28%(0.0172, 0.0483)
0.52%(0.002, 0.0136)

Year of publication Before 2017 5 89 <0.01 6.76%(0.03, 0.1053)

After 2017 2 68 <0.01 1.94%(0.0042, 0.0347)

Fig. 2  Forest plot of TE incidence in children with PNS
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with 95% CI of 0.62 to 6.65. A significant heterogeneity 
(P < 0.001) was observed with I2 = 100% (Fig. 6).

Meta-analysis(incidence of PE in children with PNS)
According to the results of the study shown in the for-
est plot, the overall incidence of ATE in children with 
PNS was 0.73% with a 95% CI of 0.41 to 1.3. Significant 

heterogeneity (P < 0.001) was observed with I2 = 99% 
(Fig. 7).

Discussion
There are many case reports of children with PNS com-
plicated with TE; however, few large observational stud-
ies have been conducted. Although the incidence of PNS 

Fig. 5  Forest plot of ATE incidence in children with PNS

 

Fig. 4  Forest plot of VTE incidence in children with PNS

 

Fig. 3  Funnel plot of the results of the incidence of TE in children with PNS
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with TE is low in children, many deaths associated with it 
have been reported. A total of 121 cases of TE occurred 
in the literature included in this study, among which 5 
deaths were reported [16, 20, 21], and some cases had 
thrombus related sequelae.

In this study, the overall incidence of TE in PNS in 
children worldwide was 4.9%, which was close to the 
incidence reported in previous studies [6, 9, 10]. The 
studies conducted by Betul et al. [16] and Liu et al. [21] 
reported a significantly higher incidence of thrombo-
embolism (9% and 13%), which might have been caused 
by the pathological type of nephropathy of the included 
cases [22, 23]. Studies suggest that the incidence in males 
is higher: The study conducted by Betul et al. [16] showed 
significant differences between males and females, which 
might have been caused by admission bias. In our study, 
the incidence of TE in children with PNS was observed 
to be higher in China than in other countries. However, 
only two Chinese studies were included in this analysis, 
and the incidences in the two studies were quite different; 
therefore, the results should be interpreted prudently. 
In the present meta-analysis, the incidence reported by 
literature published before 2017 was higher than that 
published after 2017. However, through careful analysis 
of the studies, we found that the year of publication was 
inconsistent with the age of the children included in the 
study. For example, the study conducted by Lv et al. [19] 
included cases from 1993 to 2019, so the results could not 

represent a decline in the incidence of TE. In addition, 
the incidence of VTE was found to be 3.3%, which was 
close to that of previous reports [15, 24] and higher than 
that of arterial embolism. This might have been caused by 
the slower flow in the vein, the presence of venous valves, 
the thin wall of the vein, and the high viscosity of the 
blood in the vein. Our study suggested that the incidence 
of DVT in children with PNS was 2.03%, which was lower 
than the reported incidence of 7% [25]. This was consid-
ered to related to the exclusion of cases with secondary 
nephropathy. The incidence of PE in children with PNS is 
0.73%. Although the incidence of PE was lower, its associ-
ated mortality was higher [26].

Several factors have been identified to be associated 
with the development of thromboembolic disease in NS. 
Multivariate analysis shows that age ≥ 12 years and severe 
proteinuria are independent risk factors for thrombo-
embolism [17]. Membranous nephropathy is the most 
common pathological type complicated by thrombo-
embolism.Moreover, genetic predisposition may not be 
related to the occurrence of nephrotic syndrome in chil-
dren, but it plays a significant role on thromboembolism 
after NS [27]. Secondary NS is more prone to thrombosis 
than primary NS.

There are still many controversies on whether NS 
patients need prophylactic anticoagulant drugs, the tim-
ing of administration, drug selection and drug dosage. 
The latest guidelines issued by 2021 KDIGO clearly put 

Fig. 7  Forest plot of PE incidence in children with PNS

 

Fig. 6  Forest plot of DVT incidence in children with PNS
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forward the algorithm of anticoagulant prophylaxis for 
MN patients. In the guidelines, it is proposed that the 
timing and drug selection of medication should be deter-
mined according to serum protein concentration, risk 
factors of thrombosis and bleeding risk [28]. No recom-
mendations are made for other pathological types of NS. 
Evidence supporting recommendations for pediatric anti-
thrombotic therapy is still weak. In children with VTE, 
the American College of Chest Physicians guidelines sug-
gests that thrombolysis therapy be used only for life- or 
limb-threatening thrombosis [29].

Our study had several limitations: (i) The number of 
studies included was small and the sample size was not 
large enough. Significant heterogeneity was found that 
could not be explained by the differences in region, 
sex, thrombosis type, and year of publication; (ii) Data 
in some of the included studies were not complete;iii) 
Image investigation was typically performed in symp-
tomatic patients, and not universally performed in all NS 
patients, which may underestimate the true incidence of 
thromboembolic complications in children with PNS.

Conclusion
The results of this study showed that the incidence of TE 
in PNS in children was 4.9%. To improve the quality of 
life and the prognosis of children with PNS, more atten-
tion should be paid to the incidence of TE. In addition, 
more studies should be conducted on risk factors, patho-
physiology, and measures to prevent and treat TE, with 
the aim of reducing the incidence of TE.
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