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Nephrotic syndrome (NS) is a common kidney disease of childhood, affecting 2-7 children per 100,000. A potentially life-
threatening complication affecting children with NS is thromboembolism (TE). However, there remains a paucity of information
regarding the burden of TE and its associated risk factors in this population. A systematic review was performed on observational
studies examining TE events in children with NS, published in Medline, Embase, CINAHL, and CENTRAL, until May 2021. Meta-
analyses were separately conducted on the prevalence of TE within articles exclusively studying children with congenital NS and
among articles including all forms of NS. Out of 13,626 articles, 22 were included (14,290 children). The pooled prevalence of
symptomatic TE among articles including patients with all forms of NS was 3.60% (95% Cl 1.95-5.63), which increased to 8.70%
(95% Cl 5.11-12.96) in articles with exclusively congenital NS patients. Children with steroid-resistant NS were at a higher risk of TE
compared to steroid-sensitive children (OR 4.40, 95% Cl 1.34-15.59, p = 0.013). Focal segmental glomerulosclerosis was the most
common histology present in patients with TE (51.2%). Children diagnosed with NS have a significant risk of TE, particularly in

patients with congenital NS and steroid resistance.

Pediatric Research (2023) 93:1463-1469; https://doi.org/10.1038/541390-022-02302-6

IMPACT:

® The prevalence of symptomatic thromboembolic (TE) events in children with nephrotic syndrome (NS) was 3.60% (95% ClI
1.95-5.63), which increased more than two-fold in children with congenital NS to 8.70% (95% Cl 5.11-12.96).

® Potential risk factors for TE events in this population include congenital forms of NS and steroid resistance.

® This review provides a better estimate of the prevalence of TE in children with NS, while identifying potentially higher-risk
populations who may benefit from TE screening and thromboprophylaxis.

INTRODUCTION

Childhood nephrotic syndrome (NS) is one of the most common
childhood kidney diseases, affecting 2-7 children per 100,000." NS
may present in children in a primary form, including idiopathic NS,
or secondary forms such as IgA nephropathy or due to underlying
systemic disease (e.g., systemic lupus erythematosus), infections
(e.g., hepatitis B and C), or medication use (e.g., non-steroidal anti-
inflammatory drugs).? In addition, NS presenting within the first
3 months and first year of age are considered congenital NS and
infantile NS, respectively, which are typically due to genetic
mutations.®> Patients with childhood NS are at risk for serious
infections, acute kidney injury, and treatment-related adverse
events, such as decreased bone mineral density and immunosup-
pression from long-term corticosteroid use* Among the non-
infectious complications, thromboembolism (TE) is one of the most
serious and potentially life-threatening when it occurs in the
pulmonary circulation, where it results in pulmonary embolism (PE).

The pathophysiology of TE is secondary to multiple concurrent
processes. First, the urinary loss of anticoagulant proteins such as
antithrombin (AT) and protein S, coupled with a compensatory
upregulated production of procoagulant proteins, including
fibrinogen, Factor V, and Factor VI, place patients in a
procoagulant state.’ These processes combined with the dysre-
gulation of platelet function and aggregability and decreased
fibrinolytic activity place children at a higher risk of TE, particularly
deep vein thrombosis (DVT).?

The available literature on TE in children with NS is limited in
sample size and estimates an incidence of approximately 2.9%,
although significant variation in the incidence of TE exists
between studies, ranging from 1.8 to 28.1%.' Several cohort
studies have reported the prevalence of TE events in children with
NS; however, differences in disease stage and chronicity, genetic
predispositions, as well as patient characteristics contribute to the
heterogeneity of reported TE prevalence.! In addition, inter-study
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differences such as study design, sample size, disease definition,
and detection methods of TE limit the accuracy of such estimates.
Although research continues to shed light on this process, it is
unclear why some children present with serious TE complications
that lead to increased mortality. This makes management
decisions challenging, particularly regarding screening protocols
for children at risk for TE and thromboprophylaxis treatment. Thus,
the purpose of this review was to systematically describe the
prevalence and presentation of TE in pediatric NS patients.
Moreover, specific patient and disease characteristics were also
identified to better inform clinical decision-making, specifically
regarding higher-risk populations who may benefit from screen-
ing and thromboprophylaxis.

METHODS

This systematic review was reported based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Supplementary Table S1).7

Eligibility criteria

English-language studies (cohort studies, case-control studies,
and case series with more than five patients) on children and
young adults (age 0-21 years) with a diagnosis of primary,
secondary, or congenital/infantile NS due to any cause, which
reported on the presence of symptomatic events of TE were
included. Case reports, conference proceedings, and review
articles were excluded. The references of prominent review
articles were also screened.

Information sources and searches

Databases included Medline, Embase, CINAHL, and CENTRAL.
Search strategies were developed in collaboration with an expert
librarian (S.S.) and included keywords and MeSH terms (Supple-
mentary Data S1). Databases were searched for relevant articles
published from inception until May 2021. Citations of review
articles were searched for additional relevant published data.
Articles were screened via Covidence and Refworks software.

Study selection

Two content experts (KD. and H.G) independently selected
studies for inclusion using our selection criteria. Titles and
abstracts were first reviewed, followed by a full-text review for
selected studies. Study selection was completed by consensus,
with disagreements adjudicated by a third author (R.C.). If the
same cohort of subjects was included in more than one article, the
study with the larger sample size was included; in duplicate
cohorts with the same sample size, the newer publication was
included.

Assessment of methodological quality

Two independent reviewers (K.D. and H.G.) assessed the quality of
included studies using the Newcastle-Ottawa scale (NOS) for
observational studies. The respective NOS for case-control and
cohort studies were used as applicable.® Quality was assessed
based on patient selection, comparability, and outcomes. Scores
for each category were then added, and based on the total score,
a study was determined to be either high or low methodological
quality. Disagreements in scoring were resolved by a third
reviewer (R.C.).

Data extraction

Data were extracted independently by two reviewers using
standardized data collection forms. Extracted data included
demographic characteristics, prevalence, timing, and location of
TE, histology of NS, protein C, protein S, and AT levels, and
whether screening for TE was performed. An attempt was made to
contact the authors where data were missing.
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Outcome measures

The primary outcome was to determine the prevalence of TE in
children with all forms of NS and among those with congenital NS.
Secondary outcomes included the location of TE, the timing of TE
events relative to the diagnosis of NS, as well as the incidence rate of
TE if follow-up data were reported. Subgroup analyses were also
performed to better understand differences in the risk of TE by age,
sex, steroid sensitivity status, and histology (i.e., minimal change
disease (MCD), focal segmental glomerulosclerosis (FSGS), and
secondary forms of NS). In addition, the prevalence of TE was
performed separately for studies that described only congenital NS,
as the clinical features of this cohort of patients are different from
other forms of NS, which may place them at a higher risk of TE.?

Statistical analysis

Data synthesis was completed using Covidence software. Pre-
valence was defined as the number of individuals with NS who
developed TE over any time during the study period divided by
the total number of patients with NS. The prevalence meta-
analyses were conducted with a random-effects model using the
metafor package from RStudio version 1.4.1717, R version 4.1.0 (R
Project for Statistical Computing; Boston, MA).'® Prevalence
estimates were first transformed using the Freeman-Tukey
double-arcsine method, followed by conversion back to preva-
lence estimates.''™'® Heterogeneity was quantified in included
studies using the inconsistency index (/%) and y* test p values.
Odds ratios of TE prevalence were reported based on specified
subgroups: age (0-1, 1-10 years, and >10 years), sex, and type of
NS according to steroid sensitivity status and histology, respec-
tively. Odds ratios and 95% confidence intervals were calculated
using the epitools package from RStudio. Dichotomous data were
presented as frequencies and percentages. Funnel plots were
generated using the metafor package to explore for publication
bias, which was assessed by plot asymmetry through visual
inspection and the Egger test. Separate meta-analyses and funnel
plots were generated for studies that exclusively examined
congenital NS patients and for the remaining studies that were
not exclusive to congenital NS patients. Within articles including
all forms of NS, any subsamples of congenital NS patients were
analyzed separately with articles exclusively including congenital
NS patients if data specific to the congenital NS group was
provided and included more than five congenital NS patients,
similar to the study inclusion criteria mentioned above.

RESULTS

Out of 13,626 articles returned by the database search, 2388
duplicates were removed. Following title and abstract screening,
and subsequent full-text review of 218 articles for eligibility, 22
articles were included (Fig. 1), which represented a total of 14,290
patients (Table 1). There were 53 articles that were not accessible
despite attempts by the authors and a librarian. Of the 22 articles
included in our review, 16 were retrospective, 4 were prospective
studies, and 2 were cross-sectional. Of the included studies,
4 studies (18%) were of good quality, 1 study (5%) of fair quality,
and 17 studies (77%) of poor quality (Supplementary Table S2).
Most of the poor-quality studies were due to an absence of a
control cohort for the outcome of interest.

Studies included children with primary NS, including idiopathic
NS, congenital NS, and other secondary forms of NS. Of these
studies, four (18%) included the screening of each child for TE
beyond physical exam with some form of imaging (Supplementary
Table S3). Of the 14,290 patients included, 502 patients (3.5%)
developed at least one thromboembolic complication. Among
studies reporting all forms of NS (n = 16), representing a total of
14,039 patients, the pooled prevalence of TE was 3.60% (95% Cl
1.95-5.63), as shown in Fig. 2. Seven of these studies included a
subset of congenital NS patients; however, these samples were not
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Fig. 1

analyzed separately as the number of congenital NS patients was
either not provided, did not meet the minimum criteria of six
patients, or did not provide TE data specific to this group. The
remaining studies (n=26) exclusively evaluated patients with
congenital NS. Of the 251 children with congenital NS, the
prevalence of TE was 8.70% (95% Cl 5.11-12.96), as shown in Fig. 3.

Of the 22 studies that were included in the final analysis,
12 studies were longitudinal and provided follow-up data. Among
475 cases of TE, there were a total of 30,487.3 patient-years of
follow-up. The overall incidence of patients with TE was 15.58 per
1000 patient-years of follow-up. The patient-year data of
individual studies are shown in Table 2. All 12 studies were
conducted on patients with NS of all forms, apart from the study
conducted by Mahan et al.,, which exclusively investigated patients
with congenital NS.'*

Location

Among 16 studies that reported the location of TE, there were 146
events that were classified into 7 categories. DVT was the most
common location for TE accounting for 72 events (49.3%),
followed by cerebral venous sinus thrombosis or cerebral infarct
(13.7%), PE (12.3%), renal vein thrombosis (11.0%), other arterial
thrombosis (6.8%), intra-abdominal splanchnic vein thrombosis
(4.8%), and cardiac thrombosis (2.1%). Locations of all TE events
can be visualized in Fig. 4.

Timing
The majority of studies assessed patients for TE during periods of
relapse requiring hospitalization or outpatient follow-up. TE
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PRISMA flow diagram of study selection. Identification, screening, and inclusion of study articles.

during periods of remission was rarely reported. The limited data
on the timing of TE made it not possible to determine the number
of patients diagnosed with TE at the onset of diagnosis, or any
association between the time following the initial diagnosis of NS
and developing TE.

Protein C, protein S, and antithrombin levels

There were five studies that examined protein C and S and two
studies that compared AT levels in NS patients who developed TE.
Three of these studies found that patients who developed TE
exhibited lower levels of protein C and protein S than healthy
controls or normal reference ranges.'”'” Anand et al. reported all
patients who experienced TE had reduced levels of protein C and
protein S; however, reduced AT levels were not predictive of
events of TE."® Tavil et al. identified deficiencies of AT, protein C,
and protein S to be potential risk factors for TE events, reporting
29%, 18%, and 12% of patients experiencing TE exhibiting
deficiencies of each protein, respectively.'”” Conversely, two
studies found protein C to be significantly elevated in children
with NS when compared to healthy control, although no
correlation was made to TE in either study.'®'®

Subgroup analysis of studies including all forms of NS

Age. Only five studies reported the ages of each child diagnosed
with TE (39 children total) (Supplementary Table S3). This did not
include studies that only examined congenital NS patients. This
included one patient less than 1 year of age (with congenital NS),
24 patients from 1 to 10 years of age, and 14 patients over 10
years old. Given that the ages of NS patients without TE were not
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Study design
Retrospective
Retrospective
Prospective
Cross-sectional
Retrospective
Prospective
Retrospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Retrospective
Cross-sectional

Table 1. Characteristics of included studies.
Author Year
(15) Mahan et al. 1984
(19) Mehls et al. 1987
(16) Anand et al. 1996
Fabri et al. 1998
(22) Lilova et al. 2000
Citak et al. 2000
Chang et al. 2003
(20) Ozkayin et al. 2004
Motoyama et al. 2005
(21) Lee et al. 2006
(10) Kerlin et al. 2009
Mehrazma et al. 2012
Gipson et al. 2013
17) Mittal et al. 2013
Alhassan et al. 2013
(18) Tavil et al. 2015
Yilmaz et al. 2017
Carpenter et al. 2019
Dufek et al. 2019
Lv et al. 2020
Hamasaki et al. 2020
Dobbie et al. 2020

Retrospective

Type of NS Age in years Male N Prevalence of TE
CNS 0-3 months NR 41 4 (10%)
All types 1-14 121 204 9 (4.4%)
All types 1-12 31 40 3 (7.5%)
All types 2-21 32 53 6 (11%)
All types 0-16 258 447 9 (2%)
All types 1-16 30 49 2 (4%)
All types 0-2 33 53 1 (1.8%)
INS (MCD) 2-15 15 26 0 (0%)
CNS 0-6 3 9 1 (11%)
Non-INS (IMN) 1-15 NR 1 3 (27%)
All types 0-21 168 326 30 (9.2%)
CNS 0-6 months 15 30 2 (6.6%)
All types 0-20 5553 9934 355 (3.6%)
INS (SS) NR 23 29 1 (3.4%)
INS 2-12 17 25 1 (4%)
All types 1-11 108 188 17(9%)
INS 1-15 169 289 2 (0.7%)
All types 0-18 227 370 11(6%)
CNS 0-3 months 40 80 9 (13%)
All types 0-18 NR 1995 27 (1.4%)
CNS and INS 0-15 38 83 7 (8.4%)
CNS 2-15 weeks 5 8 2 (25%)

“All types” refers to studies with NS patients of both primary and secondary causes, or studies that did not specify any NS subtype.
CNS congenital nephrotic syndrome, FSGS focal segmental glomerulosclerosis, IMN immune-mediated nephrotic syndrome, INS idiopathic nephrotic syndrome,
MCD minimal change disease, NR not reported, SS steroid sensitive, TE thromboembolism.

Study

Lv et al. 2020
Carpenter et al. 2019
Yilmaz et al. 2017
Tavil et al. 2015
Gipson et al. 2013
Mittal et al. 2013
Alhassan et al. 2013
Kerlin et al. 2009
Lee at al. 2006
Ozkayin et al. 2004
Chang et al. 2003
Lilova et al. 2000
Citak et al. 2000
Fabri et al. 1998
Anand et al. 1996
Mehls et al. 1987

Overall

Cases Total Prevalence
27 1995 1.35
1 370 297

2 289 0.69
17 188 9.04
355 9934 357
1 29 345
1 25 4.00
30 326 9.20
3 1 27.27
0 26 0.00
1 53 1.89
9 447 2.01
2 49 4.08
6 53 11.32
3 40 7.50
9 204 4.41
14039 3.60

Heterogeneity: I = 85%, t° = 0.0054, 7., = 99.18 (p <0.01)
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Prevalence of TE

Fig. 2 Forest plot on the pooled prevalence of thromboembolism among articles including children with all forms of nephrotic
syndrome. Cl confidence interval.

consistently reported in these studies, specific age groups that

may be at higher risk of TE were unable to be determined.

Sex.
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Six studies reported the sex of all participants in the study,
including both children who did and did not develop TE

(Supplementary Table S3). Two of these studies looked exclusively
at congenital NS patients. These six studies included a total of 525
males and 380 females, of which 26 (5.0%) and 13 (3.4%) patients
developed TE respectively. The odds ratio for males developing TE
was 1.46 (95% Cl 0.75-2.99, p = 0.32).

Pediatric Research (2023) 93:1463 - 1469



Study Cases Total Prevalence
Dobbie et al 2020 2 8 25.00
Hamasaki et al. 2020 7 83 8.43
Dufek et al 2019 9 80 11.25
Mehrazma et al 2012 2 30 6.67
Motoyama et al 2005 1 9 11.11
Mahan et al 1984 4 41 9.76
Overall 251 8.70

Heterogeneity: /> = 0%, 1° = 0, zi =243 (p=0.79)
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Fig. 3 Forest plot on the pooled prevalence of thromboembolism among articles exclusively including children with congenital

nephrotic syndrome. Cl confidence interval.

Table 2. Person-years incidence of thromboembolism in pediatric
patients with nephrotic syndrome.

Author Incidence of patients Total follow-up
with TE per 1000 (person-years)
patient-years follow-up

Lv et al. 2020 8.2 3291.75

Carpenter 149 740

et al. 2019

Yilmaz et al. 2017 1.1 1849.6

Tavil et al. 2015 12.9 1316

Gipson et. 2013 179 19,868

Mehrazma 444 45

et al. 2012

Kerlin et al. 2009 204 1206.2

Lee et al. 2006 65.2 45.87

Lilova et al. 2000 7.5 1206.9

Fabri et al. 1998 203 295.74

Mehls et al. 1987 14.7 612

Mahan et al. 1984 390 10.25

Pooled total 15.58 30,487.3

Histology. The histology of children experiencing TE was
reported in six studies (Supplementary Table S3). Given the
limited number of patients presenting with each histologic
subtype, further analysis on the risk of TE was not performed.
Among the six studies, there were 43 patients who developed TE,
of which 22 patients (51.2%) had FSGS. Six patients (14.0%) had
MCD, 1 patient (2.3%) had membranoproliferative glomerulone-
phritis, 3 patients had idiopathic membranous nephropathy
(7.0%), and 11 (25.6%) were unknown.

Steroid sensitivity. Two studies included in this review reported
the prevalence of TE for both steroid-sensitive and steroid-
resistant children with TE (Supplementary Table $3).2°%' Cumula-
tively, these studies included 336 patients with steroid-sensitive
NS, 5 of whom developed TE (1.5%). These studies also included
111 steroid-resistant NS patients, 7 of whom developed TE (6.3%).
The odds of developing TE with steroid resistance compared to
steroid sensitivity was 4.40 (95% Cl 1.34-15.59, p =0.013).

Publication bias

Publication bias was not present for the prevalence of TE in studies
including only patients with congenital NS based on Egger’s test
(p = 0.32). Similarly, publication bias was also not present in studies
including all forms of NS (p = 0.06). The respective funnel plots are
shown in Supplementary Figs. S1 and S2.

Pediatric Research (2023) 93:1463 - 1469

DISCUSSION
Estimates of TE prevalence in childhood NS have been subject to
methodological limitations including retrospective study designs,
small sample sizes, varying TE definitions, NS histopathology
distribution, and imaging methods used to detect TE. Given the
heterogeneous literature on TE in pediatric NS patients, we aimed
to systematically review the prevalence and clinical presentation
of symptomatic TE in this population. We found that TE had a
prevalence of 3.60% among children with all forms of NS, and
within articles with exclusively congenital NS patients, the
prevalence was 8.70%. Moreover, we studied several risk factors
associated with TE including age, sex, histology, steroid sensitivity
status, and protein C, protein S, and AT levels. Unfortunately, there
were insufficient data in the studies to accurately assess the
association between many of these risk factors and the prevalence
of TE, apart from the impact of sex and steroid sensitivity, which
demonstrated a non-significant difference between males and
females and 4.4 times greater odds in steroid-resistant children.

The two-fold increase in TE prevalence seen in studies
exclusively on congenital NS patients compared to all forms of
NS has been similarly demonstrated in literature. A higher
incidence of TE events in congenital NS children (10%) has been
reported, as well as in children with secondary causes of NS
(17.1%) and membranous nephropathy (25%).2¢ The increased
susceptibility to TE in infants with congenital NS may be partially
explained by the massive proteinuria that they experience soon
after birth that results in the loss of anticoagulant proteins,
including AT and plasminogen.?® In addition, the use of central
venous access devices (CVAD) for nutrition and albumin infusion,
low intravascular volume status due to low oncotic pressure, use
of diuretics, and immobilization are also important factors that
lead to a higher risk of TE in children with congenital NS.*> CVADs
are a known risk factor for TE in NS patients as they are associated
with vessel wall irritation, disrupted laminar blood flow, catheter-
induced infection and local inflammation; all possibly contributing
to activation of the coagulation system.! However, in our review,
there were insufficient data to explore the risk of TE with CVADs.

Among studies that indicated the anatomical location of TE, the
most common type were DVTs, occurring in 49.3% of all TE events.
Previous work conducted by Kayali et al. using data from the
National Hospital Discharge Survey found the relative risk of DVT
in patients with NS was 6.81 times higher compared to those
without NS; however, as this cohort was largely composed of
adults, the results may not be as applicable to children.?*
Consistent with our data, Kayali et al. found that DVT was more
common than renal vein thrombosis.** In addition, CVAD use was
associated with 45% of those events, further indicating it as a risk
factor for TE in these patients.*

Steroid-resistant children had higher odds of TE than steroid-
sensitive children; however, this finding was limited by the small
number of studies reporting steroid responsiveness in patients
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Intra-abdominal

4.8%
Other artery
6.8% )
Deep vein
thrombosis
49.3%

Cerebral sinus or artery
13.7%

Fig. 4 Donut chart of reported thromboembolism locations
among children with nephrotic syndrome. Deep vein thrombosis
included thrombosis of deep veins of upper and lower extremities,
inferior and superior vena cava, and neck veins.

who experienced TE. These results may be partially explained by
the increased production of pro-thrombotic proteins by the liver,
as well as urinary losses of AT that are likely exacerbated by the
increased disease progression often seen with steroid-resistant
children?*?*> In addition, inherent differences in the disease
chronicity of various forms of NS may contribute to the increased
prevalence of TE in steroid-resistant children, who usually have a
prolonged duration of proteinuria.?® Studies have found the risk of
venous TE to be directly proportional to the severity of proteinuria
and inversely proportional to the albumin level.?”

In regard to sex, males were found to have 1.46 times higher
odds of TE prevalence compared to females, although this was not
statistically significant. It is unclear why male patients with NS
appeared to have a higher prevalence of TE; however, this has
been previously reported by Stabouli et al. (70.1% males) in
patients with NS who developed cerebral TE.?® Similarly, Zhu et al.
found that the prevalence of PE in children and younger adults
with NS was higher in male patients than female patients (29% vs.
14.9%, p = 0.002).%°

This review also found that a majority of patients who
developed TE presented with FSGS on histology (51.2%)
compared to other presentations. Other pediatric studies have
similarly noted that FSGS and membranous histology appear to
increase the risk of NS-associated TE, when compared to other
histopathological subtypes or steroid-sensitive NS.° Similar studies
in adult populations found patients with membranous nephro-
pathy (7.85%) to have a greater prevalence of venous TE when
compared with FSGS (2.97%) or IgA nephropathy (0.36%).2’
Differences in disease mechanisms are believed to be responsible
for histological diagnosis being an independent risk factor for
venous thrombosis. A greater prevalence of steroid resistance and
thus longer disease chronicity in patients with FSGS may
contribute to an increased prevalence of TE seen in this
population.*

TE events in NS children can be potentially life- or limb-
threatening, especially in cases of PE or extreme limb ischemia.
For NS patients at high risk for TE, prophylactic anticoagulation
may be considered; however, there are limited data on the clinical

SPRINGER NATURE

efficacy or risks associated with prophylactic anticoagulation. The
use of prophylactic anticoagulation is known to be effective for
preventing clinically significant TE, but not without an increased
risk of bleeding episodes>' The American College of Chest
Physicians (ACCP) guidelines from 2012 suggest consideration of
prolonged anticoagulation treatment (>3 months) or secondary
prophylaxis in NS patients who have been diagnosed with a
thrombus.>? Similarly, the KDIGO 2021 Clinical Practice Guidelines
recommend prophylactic full-dose anticoagulation in adult NS
patients if serum albumin < 20-25 g/L and if any of the following
criteria is met: proteinuria >10 g/day, body mass index >35 kg/m?,
a genetic predisposition for TE, heart failure, recent surgery or
prolonged immobilization.>* However, there are no recommenda-
tions on primary prophylaxis for pediatric NS in either the ACCP
guidelines or the recent American Society of Hematology venous
TE guidelines.®* Larger prospective studies are needed to help
identify children at high risk, who can be closely monitored or
considered for primary mechanical and/or anticoagulation
prophylaxis.

The results of this study were limited by the lack of consistent
reporting on patients’ demographic data, location of TE, timing of
TE with respect to disease progression, histology presentation,
steroid sensitivity, and protein C, protein S, and AT levels, which
made it difficult to perform subgroup analyses and draw strong
conclusions. Second, the reported TE prevalence may have been
affected by the use of TE screening in four studies as mentioned
above (Supplementary Table S3), which may detect asymptomatic
TE in addition to symptomatic cases. Third, the use of antic-
oagulation prophylaxis in some of the congenital NS studies may
contribute to the underestimation of the true prevalence of TE in
this population.®>* It is also important to note that TE events may
go undiagnosed as they can present asymptomatically both in
clinical and research settings. Fourth, there was a lack of data to
determine the risk of TE in NS patients stratified by histology. For
that reason, despite a higher pooled prevalence of TE in FSGS
patients, we cannot conclusively state that FSGS patients were at a
greater risk of TE. Fifth, some studies which reported data on TE in
idiopathic NS also had a few patients with CNS; thus, likely
inflating the reported prevalence when compared to a cohort
excluding CNS patients.”'>'7~237-41 | astly, our study was unable
to differentiate the prevalence of TE in patients with primary NS
compared to others with secondary causes of NS, as secondary
causes of NS were not described in most studies.

Despite these limitations, this is the first systematic review and
meta-analysis exploring the prevalence and clinical presentation
of TE in pediatric NS patients. The true prevalence of TE in children
with NS may in fact be higher than the three percent that is
commonly cited in the literature, particularly among those with
congenital forms of NS. Notably, NS patients with FSGS and
steroid-resistant status appear to have a higher risk of experien-
cing TE. Further research is required to inform potential
prophylactic measures for these higher-risk groups and to identify
additional contributing factors for TE events.
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