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Abstract
Objectives—To identify clinical variables predictive of the risk of thromboembolism (TE), and
to confirm the incidence of TE in primary and secondary childhood nephrotic syndrome (NS).

Study design—A comprehensive chart review identified 326 children with NS from any cause
evaluated between 1999 and 2006. These patients had a total of 1472.8 patient-years of follow-up.
Comparison statistics, survival analysis, and logistic regression were used to define TE
epidemiology and clinical risk factors.

Results—We found that 9.2% of our cohort had experienced at least 1 TE. The overall incidence
was 20.4 patients with TEs/1000 patient-years. The median time to the first TE was 70.5 days after
diagnosis of NS. Deep venous thrombosis was the most common TE (76%) and was frequently
associated with the use of a central venous catheter (45%). Significant independent predictors of
TE included age ≥ 12 years at onset of NS (P < .0001), severity of proteinuria (P < .0001), and
history of TE preceding diagnosis of NS (P < .0001). Life- or limb-threatening TEs represented
23.7% of the events.

Conclusions—Children with NS should be carefully followed for TE, particularly those who are
age 12 years or older, have severe proteinuria, or have a previous history of TE.

Nephrotic syndrome (NS) is most commonly idiopathic in nature, resulting from any of
several well-described primary glomerulopathies that are defined by histopathology and
clinical criteria.1 Idiopathic NS has an incidence of 2 to 7 per 100 000 children and a
prevalence of about 16 cases per 100 000 children per year.2 In addition, several well-
recognized secondary glomerulopathies may result in nephrotic range proteinuria or NS.1

Regardless of the underlying etiology, common complications of NS and its treatment
include infection, cardiovascular disease, bone mineral loss, acute renal failure, and
thromboembolism (TE).2
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TE has been reported in 1.8% to 5% of children with idiopathic NS, in contrast to the much
higher incidence in adults (20% to 30%).2,3 NS-associated TE has been studied extensively
in idiopathic NS, with the focus primarily on acquired hemostatic defects, such as urinary
loss of natural anticoagulant proteins.4 Our goal in the present study was to better describe
the spectrum and incidence of TE in a population of children with NS, including both
primary and secondary glomerulopathies. We hypothesized that specific, identifiable clinical
variables would predict the risk for TE in these children. To test this hypothesis, we
performed a multicenter chart review of a large number of children diagnosed with NS in an
attempt to identify these variables.

Methods
Patients with NS were identified from inpatient and outpatient records at Nationwide
Children's Hospital, Columbus, Ohio and the University of Michigan Health System, C.S.
Mott Children's Hospital, Ann Arbor, Michigan. Probable records were identified using an
ICD-9-CM search (usingNS codes 581.0-581.9, 582.1, and 583.1) and reviewed for
eligibility. All patients age ≤ 21 years at the onset of NS who were newly diagnosed or seen
for follow-up between January 1, 1999 and March 31, 2006 (a period of 7.25 years) were
eligible for inclusion. The resulting time range of NS diagnosis was October 1, 1983 to
March 14, 2006 (a period of 22.5 years). NS was defined as serum albumin concentration ≤
3.0 g/dL and nephrotic-range proteinuria (urine protein:creatinine ratio [uPr:Cr] ≥ 2.0 in a
spot urine sample). uPr:Cr was not available for a few of the younger patients, but these
patients were included anyway, based on the presence of both a urine protein of 4+ by
dipstick and serum albumin ≤ 3.0 g/dL. The study protocol was approved by each
institution's institutional review board.

Data collected from the medical records included demographic information, date of NS
onset, type of NS, nadir serum albumin level, peak uPr:Cr, clinical or radiologic evidence of
TE, date(s) of TE, anatomic site(s) of TE, and history of central venous access device
(CVAD) use within any TE-affected vessel. At one of the institutions, all patients with TE
were screened for prothrombotic risk factors according to institutional protocol. These
studies included genetic evaluation for factor V Leiden (FVL) and prothrombin G20210A
gene mutation; protein C, protein S (PS), and antithrombin III (AT3) activities; plasma
homocysteine; and assessment for the presence of antiphospholipid antibodies or lupus
anticoagulant (APL). Because of incomplete follow-up, confirmation of antiphospholipid
syndrome in patients with APL using strict diagnostic criteria was not possible.5,6 Age at
onset of NS and time from onset of NS to first TE were calculated. TE events occurring
within 1 week before, simultaneous with, or after diagnosis of NS were considered to be
associated with NS. TE occurring more than 1 week before diagnosis of NS were evaluated
as a risk factor for TE but were not considered to be associated with NS.

Histopathologic diagnoses were defined by the pathologists at each institution using
standard criteria. For the purpose of analysis, the patients were divided into 2 groups based
on histopathology and clinical course. The group designated “primary NS” comprised
patients with primary glomerulopathies, including steroid-sensitive NS (SSNS) with no
biopsy performed (n = 81), biopsy-proven minimal-change NS (n = 56), focal segmental
glomerulosclerosis (n = 63), mesangial proliferative glomerulonephritis (n = 17),
membranous nephropathy (MN; n = 10), membranoproliferative glomerulonephritis (n =
14), and congenital NS (n = 3). SSNS was defined as resolution of proteinuria (trace or
negative protein by dipstick) on 3 consecutive days in response to oral prednisone 2 mg/kg/
day.1 The “secondary NS” group comprised patients with NS due to secondary
glomerulopathies caused by other illnesses, including systemic lupus erythematosis (SLE; n
= 48), Henoch-Schonlein purpura nephritis (n = 6), crescentic glomerulonephritis (n = 6),

Kerlin et al. Page 2

J Pediatr. Author manuscript; available in PMC 2013 June 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



IgA nephropathy (n = 5), and various others (n = 17). The patients with SLE all met the
American College of Rheumatology criteria for SLE diagnosis and had renal biopsy findings
consistent with SLE glomerulonephritis.7,8 In adults, MN is associated with increased risk
for TE complications; the lower incidence of MN in children precluded a direct assessment
of this risk factor.3 Consequently, a special category, “membranous histology,” including
patients with either MN or class V SLE histology (which closely resembles MN
histologically) was created as a surrogate to allow assessment of this possible risk factor.9

Pulmonary embolism (PE) was defined as any thrombus within a pulmonary artery,
regardless of whether or not a primary deep venous thrombosis (DVT) was identifiable.

Basic demographic comparisons were performed between patients with TE and those
without TE. Two-tailed Student t-tests or nonparametric Wilcoxon rank-sum tests were used
for continuous variables, and χ2 tests or Fisher exact tests were used for categorical
variables. The Holm step-down method was applied to control the type I error rate, using an
overall level of significance of α = 0.05. Limited multivariate logistic regression modeling
was performed using forward stepwise selection to estimate the relative significance of the
various potential predictors. The presence of significant 2-way interactions was determined,
and odds ratios (ORs) and 95% confidence intervals (CI) were reported. Model fit and
discrimination were assessed using the Hosmer-Lemeshow goodness-of-fit test and the area
under the receiver operating characteristic curve, respectively. Kaplan-Meier plots were
produced for survival analysis using the Mantel-Cox log-rank test. For the univariate,
multivariate, and survival analyses, TE occurring within 5 years after the diagnosis of NS
was considered the primary outcome. All analyses were performed using SAS version 9.1.3
(SAS Institute Inc, Cary, North Carolina) and Stata/SE 9.2 (Stata-Corp, College Station,
Texas).

Results
A total of 370 patient charts with the appropriate ICD-9-CM codes were identified within
the specified time frame and screened for inclusion. Of these patients, 326 met all of the
eligibility criteria for inclusion (Table I). The cohort was 52% male and 69% Caucasian,
with a median age of 6.5 years at NS diagnosis. Median follow-up time was 3.7 years after
the onset of NS, with a total of 1472.8 patient-years of follow-up for the cohort. Patients
with primary NS represented 75% of the cohort; patients with SLE comprised 59% of the
secondary NS group.

Of the 326 patients in the cohort, 30 (9.2%) had a total of 38 NS-associated TEs, for an
incidence of 20.4 patients with TEs per 1000 patient-years of follow-up, or 25.8 TE events
per 1000 patient-years. TEs occurred in 6.6% of the patients in the primary NS group and
17.1% of those in the secondary NS group (P < .01) (Table I). The raw incidence of TE was
slightly higher in females than in males (25.3 vs 15.8/1000 patient-years) and slightly higher
in African-Americans than in Caucasians (28.5 vs 19.1/1000 patient-years). The sex and
ethnicity differences in TE incidence did not reach statistical significance, however (Table
I).

In the patients with TE, the median age of NS onset was 13.8 years, the median age at first
TE was 15.2 years (Table I), and the median time from NS diagnosis to first TE was 70.5
days (Table II; available at www.jpeds.com). Four patients (13.3%) presented with TE
simultaneous to NS diagnosis. The 38 TE events included 29 DVTs, 8 PEs, 1 arterial
thrombus, and 1 thrombosed arteriovenous fistula (1 patient had both a PE and a DVT).
Nine of these events (23.7%; 8 PE and 1 arterial thrombus) were considered potentially life-
or limb-threatening events, for an incidence of 6.1 life- or TEs per 1000 patient-years.
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The anatomic distribution of the 29 DVT events was 10 (34.5%) in the lower extremities, 6
(20.7%) in the upper extremities, 6 (20.7%) intrathoracic, 5 (17.2%) intra-abdominal
(including 3 renal vein thrombi), and 2 (6.9%) in the head/neck region. Three DVTs (10.3%)
involved more than one anatomic region, and another 2 (6.9%) were bilateral events.
Thirteen DVTs (44.8%) were associated with the use of a CVAD.

As shown in Table I, the median age at diagnosis of NS was older in the patients with TE
compared with those without TE (13.8 vs 6.2 years; P < .01). Moreover, the likelihood of TE
was significantly greater in patients who were diagnosed with NS after age 12 years than in
those diagnosed earlier in life (19.2% vs. 4.9%; P < .0001). The children with TE also
tended to have a higher peak uPr:Cr than those without TE (median, 14.2 vs 9.8; P < .01).
Serum albumin nadir was not predictive of TE in our study population.

Five patients with NS had a history of TE that preceded their NS diagnosis. Four of these 5
patients had at least one NS-associated TE event. Thus, patients with previous TE
represented 13% of the NS-associated TE group, compared with only 0.3% of the group
without NS-associated TE (P < .0001) (Table I).

As suggested by the higher incidence of TE in the secondary NS group, the patients in this
group had a lower 5-year TE-free survival compared with those in the primary NS group
(84.1% vs 95.1%; P < .001, log-rank test) (Figure, A). This finding did not appear to be
related to the predominance of SLE cases in the secondary NS group (data not shown). To
assess the risk of TE associated with membranous histology, we combined patients with
membranous histology of any cause (ie, class V SLE [n = 22] and MN [n = 10]) as a
surrogate means of assessing a possible correlation. The patients with membranous
histology had a higher incidence of TE than the patients with other histopathologic subtypes
or SSNS (25% vs 7.5%; P < .01) (Table I). These patients also had a lower 5-year TE-free
survival compared with the rest of the cohort (75% vs 94.2%; P < .0001, log-rank test)
(Figure, B). TE frequency did not differ significantly between patients with class V SLE and
those with non–class V SLE histology (27.3% vs 11.5%; P = .16).

Twelve of the 30 patients with TE were subjected to laboratory investigation for
prothrombotic risk factors. Ten of these 12 patients (83.3%) exhibited evidence of risk
factors (Table II). Five patients had only 1 risk factor, and 5 had 2 risk factors; no patient
had more than 2 identifiable risk factors. The most common risk factors were heterozygous
FVL (n = 4) and APL (n = 7); other risk factors are listed in Table II. Of the 7 patients with
APL, only 3 (42.9%) had SLE.

Univariate ORs for all potential TE predictors were calculated using a primary outcome
measure of TE within 5 years from diagnosis of NS (Table III). Age at diagnosis was
considered as both a continuous and a categorical (dichotomized at age 12) variable.
Because of the skewness of the peak uPr:Cr data, the raw values for this variable were
natural log (ln)-transformed, to normalize the data for extreme outliers. These crude ORs
were then used to build a multivariate logistic regression model.

Table III gives parameter estimates and ORs from the multivariate modeling procedure. Age
at diagnosis (dichotomized at age 12 years), as well as ln-peak uPr:Cr, were found to be
significant predictors of TE. From this model, the likelihood of TE is 18.89 times greater in
patients diagnosed with NS at age ≥12 years compared with those diagnosed earlier (95% CI
= 5.70 to 63.17). In addition, the likelihood of TE is 2.98 times greater for every ∼2.7-fold
(1 ln unit) increase in the peak uPr:Cr (95% CI = 1.74 to 5.10). After adjusting for age and
ln-peak uPr:Cr, the following variables were not significant predictors of TE: follow-up time
(P = .39), NS category (P = .34), and SLE (P = .80). The interaction between age and ln-
peak uPr:Cr was not significant (P = .74). Because only 5 patients had a history of TE before
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the onset of NS, this factor could not be considered in the logistic regression model due to
computational issues.

Discussion
In this large retrospective cohort, TE was identified in children with NS due to either
primary or secondary glomerulopathies. Nearly 10% of the children developed symptomatic
TEs during treatment, > 20% of which were life- or limbthreatening. More than half of the
TEs developed within months of NS diagnosis, and nearly half were associated with the use
of a CVAD. The risk of TE was correlated with the severity of proteinuria and was increased
in patients with secondary glomerulopathy, membranous histology, or SLE; age ≥12 years;
or a previous history of thromboembolic disease. Multivariate analysis identified age (≥12
years) and severity of proteinuria as the most significant independent risk factors for TE.

In this cohort, TE was found in 9.2% of the patients with NS, a notably higher prevalence
than reported previously (1.8% to 5%).2,3 But those previous reports focused only on
patients with primary glomerulopathies.2 In our study, we found a similar prevalence of TE
(6.6%) in patients primary NS; thus, the higher prevalence in our cohort may be due to the
inclusion of patients with secondary NS. The secondary NS group comprised predominantly
patients with SLE (58.5%). SLE is a known risk factor for thrombosis; thus, including these
patients in studies of NS-associated TE may inflate the prevalence of this complication.10

The increased risk of TE in patients with SLE has been attributed mainly to the development
of APL.10 All 3 of our patients with SLE and TE who were evaluated for APL were
positive.

Conversely, the present study actually may underestimate the prevalence of TE
complications. A previous retrospective study of children with frequently relapsing and
steroid-resistant NS found that 26.9% exhibited evidence of previous TE on ventilation-
perfusion scintigraphy, suggesting that clinically silent TE may be much more common than
previously estimated by studies designed to collect data only from symptomatic events.11 In
children with congenital NS, the incidence of TE may be as high as 10%, but only 0.9% of
our cohort had congenital NS.12 Furthermore, our inclusion criteria were designed to capture
patients with consistent, documented follow-up, to improve the likelihood of capturing any
late TE events. It is possible that this strategy missed some TEs in patients who were not
followed at our institutions throughout their entire course of NS, resulting in an
underestimation of this complication.

The median time from NS diagnosis to first TE event was relatively brief (70.5 days),
suggesting that TE is more likely to occur close to the time of diagnosis than during
subsequent relapses. Previous studies also have found that TE tends to occur early in the
course of NS.13 But 7 patients in our cohort had multiple TEs, and 1 patient did not develop
clinical signs of TE until 10.6 years after diagnosis of NS. Relapsing NS is common in
childhood; however, data regarding relapse/remission status at the time of TE events were
not available for our cohort, hindering assessment of risk factors present at differing time
points in the course of NS.2

The majority of TE events (76.3%) were DVTs, and CVAD use was associated with nearly
half (44.8%) of these events. CVAD use is a well-known risk factor for TE in children.14

Our findings suggest that CVADs should be avoided whenever possible, and particular
vigilance should be maintained when CVAD use is deemed necessary for supportive care of
patients with NS.

The incidence of TE was greater in our patients with NS age ≥ 12 years. This finding is
similar to previous epidemiology studies of childhood TE. For instance, in children, the
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incidence of TE appears to peak in infancy, with a secondary adolescent peak beginning at
approximately age 12 years.14,15 Just why age affects TE risk remains unclear, but puberty
may play a role. SLE is also more common during adolescence, raising the possibility that
age and SLE status may be confounding.16 But in our multivariate analysis, increasing age
was found to increase the risk of TE independent of SLE status. This could be a reflection of
inadequate power in our sample to detect an SLE impact on TE risk; however, a recent
analysis of TE risk in patients with SLE found that younger age was similarly protective of
TE.17 Likewise, previous studies of hospital discharge data have suggested a higher
incidence of TE in African-American children, and, as in other studies, SLE was more
common in African-Americans than in other races in this cohort (26.5% vs 18.6%; P< .
01).16,18 There was no detectable racial predilection for TE in this study, however.

Peak uPr:Cr ratio also was independently predictive of TE risk, with increasing values being
associated with increased TE risk. These data should be interpreted with caution, however,
because of the highly skewed data set. In this cohort, the median uPr:Cr was 9.96 (95% CI =
2.94 to 79.94), with a significant number of outliers. Although no published data are
available regarding the upper limit of pathophysiologic proteinuria, we suspect that some of
these values may have been iatrogenically influenced by therapy with intravenous albumin
and/or diuretics. Possible alternative explanations may be that these values may represent
patients with NS of greater severity, or that albumin or diuretic therapy may increase the risk
of TE.19 In addition, relapse status in relation to the timing of TE events and the uPr:Cr at
the time of these events was not available for our cohort, further limiting our understanding
of how to interpret this variable. In contrast to similar studies in adults, serum albumin nadir
was not predictive of TE in our cohort.3

Other, less common clinical factors likely influence TE risk. Although rare, a previous
history of TE in newly diagnosed patients with NS appears to be a particularly strong risk
factor for additional TE after the development of NS; thus, these patients should be carefully
considered for preventive strategies. Similar to the findings in adult studies, membranous
histology (class V SLE or MN in this cohort) appears to increase the risk of NS-associated
TE. TE occurring in children with MN has been reported previously.20

In previous studies, the molecular physiology of NS-associated prothrombotic risk has been
attributed to urinary loss of anticoagulant proteins (primarily AT3 and PS), as well as to
platelet hyperaggregability, altered fibrin polymerization, urinary loss of fibrinolytic
proteins, and, most recently, low protein Z level.4,21-24 Other proposed mechanisms
indirectly related to hemostasis include hyperviscosity, hyperlipidemia, and red blood cell
hyperaggregation.3,25,26 It is well known that certain medications (including steroids and
diuretics), as well as immobilization, may increase the risk of TE in children with NS.2,19

Because of the retrospective design of this study, these factors could not be adequately
examined.

In the patients with TE in this cohort studied for congenital or acquired prothrombotic risk,
the most commonly identified risk factors were APL and FVL. The incidence of APL and
FVL in the patients without TE was not available, however; thus, the relative risk of TE due
to these markers cannot be estimated. Notably, most of the patients with TE and APL did
not have comorbid SLE (4 of 7 had primary NS), suggesting that either NS or its treatment
may predispose children to APL. In fact, APL has been detected in children without
SLE.27,28 Another possible explanation for the detection of APL in these patients includes
intercurrent viral illness. It is well known that viral illnesses can induce transient APL in
children, and that they also are associated with NS relapse.29,30 Thus, these actually may be
serendipitous results rather than independent predictors of TE risk. Interestingly, acquired
prothrombotic risk due to urinary protein loss (ie, AT3 and PS deficiencies) was not
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prominent in our patients with TE; however, this may be related to the timing of these assays
in relation to NS remission status, which was not clearly identifiable in this retrospective
cohort. Prospective longitudinal cohort studies are needed to confirm these findings and
assess for other potential TE risk factors.
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Glossary

APL Antiphospholipid antibodies/lupus anticoagulant

AT3 Antithrombin III

CI Confidence interval

CVAD Central venous access device

DVT Deep venous thrombosis

FVL Factor V Leiden

MN Membranous nephropathy

NS Nephrotic syndrome

OR Odds ratio

PE Pulmonary embolism

PS Protein S

SLE Systemic lupus erythematosis

SSNS Steroid-sensitive nephrotic syndrome
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TE Thromboembolism

uPr:Cr Urine protein:creatinine ratio
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Figure.
TE-free survival in A, patients with primary versus secondary NS (P < .001, log-rank test)
and B, patients with membranous histology (MN or SLE class V) versus other diagnoses (P
< .0001, log-rank test).
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Table I
Patient demographics

Category Total Non-TE patients TE patients

Number of patients 326 296 30

Sex, male, n (%) 168 (52%) 156 (53%) 12 (40%)

Age at NS diagnosis, years, median (range)* 6.5 (0-20.7) 6.2 (0-20.7) 13.8 (1-20.3)

Age ≥ 12 years at NS diagnosis, n (%)† 99 (30%) 80 (27%) 19 (63%)

Age at TE diagnosis, years, median (range) 15.2 (1-21.6)

Race, n (%)

 African-American 68 (21%) 60 (20%) 8 (27%)

 Caucasian 224 (69%) 204 (69%) 20 (67%)

 Other 34 (10%) 32 (11%) 2 (7%)

NS category, n (%)*

 Primary NS 244 (75%) 228 (77%) 16 (53%)

 Secondary NS 82 (25%) 68 (23%) 14 (47%)

Follow-up time, years, median (range) 3.7 (0-20.8) 3.7 (0-20.8) 3.7 (0.3-14)

Peak uPr:Cr, median (range)* 10.0 (2.1-307.7) 9.8 (2.1-307.7) 14.2 (3.9-294.7)

Serum albumin nadir, median (range) 1.9 (0.6-3) 1.9 (0.6-3) 1.8 (1-2.7)

Previous history of TE, n (%)† 5 (2%) 1 (0.3%) 4 (13%)

Membranous histology, n (%)*,s‡ 32 (10%) 24 (8%) 8 (27%)

Comparison between patients without and with TEs.

*
P < .01.

†
P < .0001.

‡
Class V SLE or MN.
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