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Summary
After infections, thromboembolism is considered by many experts to be the most significant life-threatening
complication of nephrotic syndrome. The purpose of this review is to summarize the epidemiology, clinical and
molecular pathophysiology, and management of this complication. Children (2.8%) are less likely than adults
(26.7%) with nephrotic syndrome to develop thromboembolism. However, infants and children aged >12 years
are at much greater risk. Membranous histologic changes increase thromboembolic risk at all ages; in particular,
adults with membranous nephropathy have the highest reported risk (37.0%) and children with membranous
histology have a rate (25%) that approaches the overall adult rate. There are striking, but variable, pathologic
alterations of molecular hemostasis associated with nephrotic syndrome. No clear molecular therapeutic targets
have been identified, but most studies show that the major pathologic changes involve antithrombin, fibrinogen,
and factors V and VIII. There is inadequate evidence to support routine prophylactic therapy. Therapy includes
anticoagulation in all cases, with thrombolysis reserved for those with the most severe thromboembolic disease.
Future hemostatic research in nephrotic syndrome should focus on identifying cohorts at highest risk for thrombosis through the use of clinical markers and biomarkers as well as searching for molecular targets to correct the
prothrombotic pathophysiology of this disease.
Clin J Am Soc Nephrol 7: 513–520, 2012. doi: 10.2215/CJN.10131011

Introduction
Thromboembolism is among the most serious complications of nephrotic syndrome (NS) (1–3). Thrombosis results from intravascular blood coagulation
leading to thrombus formation that obstructs blood
ﬂow. Thrombosis may form in either arteries or veins.
Embolism occurs when all or a portion of the thrombus breaks free and ﬂows downstream in the circulation, blocking ﬂow to vital organs. Collectively these
phenomena are referred to as thromboembolism.
As early as 1840, renal vein thrombosis was the ﬁrst
thromboembolism recognized to be associated with
NS (4,5). Since that time, it has been recognized that
NS-associated thromboembolism may be seen in essentially any major blood vessel (4). Before the development of immunosuppressive regimens able to
effectively induce remission of NS, many texts discussed thromboembolism complications at length
(6,7). This was likely because thromboembolism was
one of the major life-threatening complications of NS
(3,8). Although modern anticoagulant and thrombolytic
therapies may decrease the risk of thromboembolismrelated mortality, thromboembolism remains a common complication of NS in adults and a less common
complication in children (2,9).

Epidemiology
The epidemiology of NS-associated thromboembolism differs signiﬁcantly between children and adults,
between “primary” and “secondary” causes of NS,
www.cjasn.org Vol 7 March, 2012

and also on the basis of the underlying renal histopathology. Here we discuss some of the clinical parameters that may be important candidate risk markers
for impending thromboembolism in patients with NS.
Overall, thromboembolism is much more common
in adults with NS, in whom the incidence of thromboembolism is approximately 25%, compared with
children, in whom the overall incidence is about 3%
(Table 1) (1–3,8,10–28). However, the incidence of
thromboembolism within each of these groups varies
with the type of NS, and may also be dependent on
several other factors. For instance, in pediatric NS,
thromboembolism seems to be more likely in those
children with congenital NS (i.e., presenting in the
ﬁrst 3 months of life) (approximately 10%), and
even more likely in those with “secondary” NS,
such as may be seen in children with vasculitis
(17.1%) (2,16,23). Perhaps those at highest risk, however, are children with membranous nephropathy
or a histologically similar process (e.g., class V SLE
nephritis), in whom the incidence of thromboembolism (25%) approaches that seen in adults (2).
In adults, estimating the overall frequency of thromboembolism from the literature is somewhat difﬁcult
because the early studies focused only on investigations
of renal vein thrombosis (RVT), whereas more recent
studies have focused either on the epidemiology of nonRVT thrombi, the combination of RVT and non-RVT
thrombi, or the correlation between thromboembolism
and various NS histopathologies. Regardless, adults
with membranous nephropathy seem to be at greatest
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Table 1. Summary of reported incidence of nephrotic syndrome–associated thromboembolism

Publication
Year
Childhood
1973

Author
Egli et al. (15)

N

TE

%TE

Study Type

Notes

3377

60

1.8

Retrospective

Probably only
symptomatic TE
Only congenital nephrotic
syndrome
VzQ evidence of PE
Primarily only
symptomatic TE
Only symptomatic
TE reported
Primarily only
symptomatic TE
Only symptomatic
TE reported
Only symptomatic
TE reported
Only congenital nephrotic
syndrome
Only symptomatic TE
reported; included
secondary causes of NS

1984

Mahan et al. (23)

41

4

9.8

Retrospective

1986
1987

Hoyer et al. (17)
Mehls et al. (24)

26
204

7
9

26.9*
4.4

Retrospective
Retrospective

1991

Tsau et al. (25)

193

2

1997

Schlegel (8)

360

2000

Citak et al.l (14)

2000

1

Retrospective

11

3.0

Not stated

49

2

4.1

Prospective

Lilova et al. (19)

447

9

2.0

Retrospective

2001

Hamed et al. (16)

30

4

13.0

Retrospective

2009

Kerlin et al. (2)

326

30

9.2

Retrospective

5053

141

2.8

Bennet et al. (11)
Llach et al. (22)
Andrassy et al. (10)
Chugh et al. (13)
Kuhlmann et al. (18)
Wagoner et al.l (27)

21
151
84
44
17
27

6
33
29
11
4
14

28.6
21.9
34.5
25.0
23.5
51.9

Prospective
Prospective
Prospective
Retrospective
Prospective
Prospective

Velasquez et al. (26)
Cherng et al. (12)
Wysokinski et al. (28)

26
89
218

11
29
44

42.3
32.6
20.2

Prospective
Prospective
Retrospective

677

181

26.7

TOTAL
Adult
1975
1980
1980
1981
1981
1983
1988
2000
2008
TOTAL

No histology data
RVT, DVT, and PE studied
RVT, DVT, and PE studied
Membranous
nephropathy only
VzQ evidence of PE
RVT and DVT

TE, thromboembolism; PE, pulmonary embolism; RVT, renal vein thrombosis; DVT, deep vein thrombosis; VzQ, ventilation:perfusion
mismatch scanning; NS, nephrotic syndrome.

risk for development of thromboembolism. Indeed, in this
subset of adults, the incidence of RVT may be as high as 37%,
whereas the cumulative incidence is only about 24% in the
remaining common histologies (membranoproliferative glomerulonephritis, minimal change NS, and FSGS) (Table 2)
(9,13,20,22,26,27). The physiologic reasons for the apparent
membranous nephropathy thromboembolism predilection
are unknown (29).
Age is an important modiﬁer of both thromboembolism
risk and thromboembolism presentation in NS. For adult
patients, it is now well recognized that RVT is more likely
to present as an acute phenomenon, with the classic symptoms including ﬂank pain and macroscopic hematuria in
young adults (mean age 20 years) (9). Older adults (mean
age 38 years) are more likely to develop occult chronic
RVT (9,22). In these older patients, the latter presentation
also seems to be the more common form of RVT and these
patients are also more likely to develop extrarenal thromboembolisms (22). In contrast, for children, congenital NS

presenting in infancy is associated with an estimated 10%
incidence of thromboembolism (23). After the ﬁrst year,
thromboembolism risk seems to correlate well with increasing age, with the univariate odds ratio (OR) increasing by 1.16 (95% conﬁdence interval [95% CI], 1.08, 1.25)
for each additional year of age advancement (2). As a result, adolescents seem to be at highest risk, with an OR of
8.59 (95% CI, 3.31, 22.28) for those aged .12 years at diagnosis compared with children aged ,12 years (2). These
data are consistent with the known age-related thromboembolism epidemiology seen in both children and adults,
which show that thromboembolism risk increases with advancing age (30–33).
In both adults and children, thromboembolism is most
prevalent early in the disease course. In our recent study of
children with NS and thromboembolism, the median time
from NS diagnosis to ﬁrst thromboembolism was 70.5 days
(2). This is similar to previous reports demonstrating that
61% of thromboembolism events in children occur within
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Table 2. Membranous nephropathy is associated with the highest incidence of RVT by histologic diagnosis in adult nephrotic
syndrome

Study
Llach et al. (22)
Chugh et al. (13)
Wagoner et al. (27)
Velasquez et al. (26)
TOTAL
TOTAL for combined MPGN,
MCD, and FSGS

MN

MPGN

MCD

FSGS

Other

230.0 (20/69)
42.9 (3/7)
51.9 (14/27)
60.0 (3/5)

22.2 (6/27)
20.0 (1/5)
NS
40.0 (4/10)

20.0 (2/10)
26.3 (5/19)
NS
NS

25.0 (1/4)
0 (0/5)
NS
28.6 (2/7)

9.8 (11/41)
25 (2/8)
NS
50 (2/4)

26.2 (11/42)

24.1 (7/29)

18.8 (3/16)

28.3 (15/53)

37.0 (40/108)
—

————————24.1 (21/87)————————

—

Data are shown as percentages with thromboembolism (number with thromboembolism/number of patients in category). MN,
membranous nephropathy; MPGN, membranoproliferative GN; MCD, minimal change disease; NS, not studied.

3 months after NS diagnosis (34). In adults, the majority of
venous thromboembolism events occur within the ﬁrst 6
months after NS diagnosis (35). Moreover, the absolute
risk of arterial thromboembolism in adults with NS correlates well with the known risk factors for atherosclerotic
disease, but remains roughly eight times that of the general population, suggesting that NS has a strong inﬂuence
on the risk for arterial thromboembolism (35). In addition,
the risk for both arterial and venous thromboembolism in
adults with NS has a secondary peak about 20 years after
NS diagnosis that is likely related to aging more than to
NS (32,35,36).
Thromboembolism prevalence estimates in both adult
and childhood NS are subject to methodological limitations
including retrospective study designs, small sample sizes,
objectivity of thromboembolism deﬁnitions, NS histopathology distribution, and imaging methods used to detect

thromboembolism (9). For a comprehensive discussion of
current methods for diagnosis of thromboembolism, the
reader is referred to Manco-Johnson for childhood thromboembolism (37) and Hirsch and Lee for adult thromboembolism (38).

Pathophysiology
The pathophysiology of thrombogenesis in NS is not
completely understood, but seems to be multifactorial
(Figure 1). The ﬁrst consideration is patients’ underlying
genetic background, which may be unrelated to their renal
disease but inﬂuences their likelihood of developing
thromboembolism (39). This genetic predisposition includes the known mutations and single nucleotide polymorphisms associated with thrombophilia (e.g., congenital
antithrombin deﬁciency or factor V Leiden [F5 R506Q]), as

Figure 1. | Thromboembolism in nephrotic syndrome is due to multifaceted pathophysiology.
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well as genetic predispositions that may be as yet unknown. These factors combine with environmental and
acquired thromboembolism risk factors (e.g., inﬂammation, medications, central venous catheters; Figure 1) to
determine the likelihood that an individual will ever exceed the thrombotic threshold (39).
The area of pathophysiology that has garnered the most
attention in NS has been the study of disease-related hemostatic derangements. Because the primary glomerular defect
of NS results in the leakage of high molecular mass proteins, at least the size of albumin (approximately 66 kD),
many important hemostatic proteins of similar sizes are
also pathologically excreted in the urine (1,40). Prominent
among these are the loss of important coagulation regulatory proteins, including antithrombin and protein S (8,41).
Counterbalancing these urinary losses is the synthetic rate
at which the liver (primarily) produces hemostatic proteins
(Figure 1) (8). As a result, during active nephrotic-range
proteinuria, there is a net shift in the hemostatic balance
toward a prothrombotic milieu (Figure 2) (42–51). These
alterations are thought to be the primary mechanism that
produces the increased risk of thromboembolism in patients with NS. Unfortunately, the evidence to support

this conclusion is somewhat lacking because the majority
of studies examining the hemostatic derangement of NS
have not utilized thromboembolism as an outcome. Rather,
most studies have compared the hemostatic state of patients with active NS to either patients with NS in remission or to control samples from healthy individuals. As a
result, there are very few studies directly examining the
link between these derangements and the clinical outcome
of interest, thromboembolism. This is likely because conducting these studies for such an infrequent event would
require very large sample sizes in order to adequately
power the study, while accounting for the remaining confounding variables.
The important changes in plasma hemostatic protein
content with active NS are summarized in Figure 2. The
most striking feature is that with few exceptions, there is a
considerable amount of variability in the changes from
study to study, likely related to differing study designs.
However, some consistencies do appear. Plasma concentrations of the procoagulant proteins with higher molecular
weights are generally markedly elevated, including ﬁbrinogen and factors V and VIII. These changes are predicted to
amplify the coagulation cascade resulting in a prothrombotic

Figure 2. | Nephrotic syndrome is a prothrombotic state of variable magnitude. Marked decrease (↓↓) through normal (N) to marked increase
(↑↑). Numbers in parentheses are molecular masses of proteins given in kilodaltons (45,47). *Thrombophilic genetic polymorphisms (Factor V
Leiden, Prothrombin G20210A, MTHFR C677T) may increase thromboembolism risk, but have not been shown to occur with higher prevalence in NS with VTE; other thrombophilic polymorphisms have not yet been studied in NS (8,44,55). #APL has been inadequately studied
in NS, but some thromboembolism patients are positive for APL (2,46). Plt, platelet; vWF, von Willebrand factor; AT, antithrombin; a2-AP,
a2-antiplasmin; tPA, tissue-type plasminogen activator; a1-AT, a1-antitrypsin; PAI, plasminogen activator inhibitor; Lp(a), lipoprotein(a); a2-M,
a2-macroglobulin; APL, antiphospholipid antibodies; RBC, red blood cell.
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state (8,52,53). Interestingly, however, plasma concentrations of factor XI, which is considerably larger than albumin (approximately 160 kD), have been reported to be
decreased (8).
The anticoagulant proteins are similarly shifted toward
a prothrombotic state. Perhaps the best known of these
derangements is a marked urinary loss of antithrombin
(65 kD) (8,14,54). Although slightly smaller than albumin,
plasma concentrations of protein C (62 kD) are preserved
and/or upregulated to the point that the levels are generally increased (8,14,54,55). The protein S data must be interpreted cautiously due to the complex metabolism of this
molecule (8,56). Protein S is an important co-factor required for efﬁcient activity of protein C; it is generally
bound to its carrier protein, C4b-binding protein (C4BP), a
component of the complement system. However, only the
free, nonbound form of protein S is biologically active (approximately 30%–40% of the total circulating protein S) (56).
Free protein S has a molecular mass of 69 kD, whereas that
of C4BP is approximately 570 kD. Free protein S is thus lost
in the urine in the nephrotic state, whereas C4BP is preserved, binding up any remaining protein S. The expected
consequence of this is that although the total protein S
plasma content may remain normal or even increase, the
free, biologically active form of the protein should be deﬁcient. However, studies of free protein S have not shown
consistently deﬁcient levels, with some studies even reporting increased free protein S plasma concentrations during
the nephrotic state (8,14,54,57).
The ﬁbrinolytic system is not as profoundly altered
by NS. Both plasminogen (92 kD) and its primary activator, tissue-type plasminogen activator (tPA; 72 kD), are
mildly decreased in concentration (8,55). Meanwhile, both
a2-macroglobulin (725 kD) and lipoprotein (a) (approximately 500 kD), which are important inhibitors of ﬁbrinolysis, are increased in concentration (8). The net result of
these changes during NS is diminished ﬁbrinolytic activity
to combat the prothrombotic activity of an inadequately
regulated prohemostatic coagulation cascade. For further
reading on hemostatic molecular biology in NS, see the
excellent reviews by Schlegel (for children) (8) and also
Singhal and Brimble (for adults) (9).
The platelet count is almost universally elevated in NS
(1,3). However, the prothrombotic consequences of such
an increase are debatable. For instance, a reactive thrombocytosis, such as is seen in NS, is rarely a cause for alarm
in children (58). Similarly, thrombocytosis is generally
pathologic in adults only in the setting of a hematopathologic state such as with essential thrombocythemia or
other myeloproliferative syndromes (59). However, there
is also evidence that platelets may be constitutively activated in NS (60,61). The latter may be particularly problematic in adults with atherosclerotic disease, in whom the
combination of thrombocytosis, hyperaggregability, and
hyperlipidemia secondary to NS may increase their risk
for arterial thrombotic disease (35).
Lastly, there is evolving literature surrounding several
other hemostatic issues and perihemostatic mechanisms
that may be physiologically important in the setting of NS.
There are confocal scanning laser microscopy data demonstrating that the ﬁbrin clot structure formed by nephrotic
plasma has an altered molecular structure that is less porous
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than typical thrombi (62). The potential implication of this
“closed” structure is that the clot is less permeable and therefore more resistant to ﬁbrinolysis. In addition, the study of
prothrombotic microparticles has become an emerging ﬁeld
of hemostatic science (63). These are small particles, measuring ,1 mm in diameter, that may derive from a variety of
cells, including platelets, leukocytes, or endothelial cells. In
addition to providing a prothrombotic phospholipid surface,
they may also express important procoagulant moieties on
their surface, such as phosphatidylserine, p-selectin, or functional tissue factor. Indeed, elevated levels of microparticles
have recently been identiﬁed in children with idiopathic NS
(64). In addition, antiphospholipid antibody syndrome is an
autoimmune disorder that activates hemostasis, leading to
recurrent thromboembolism (65,66). There are multiple case
reports of co-morbid antiphospholipid antibody syndrome
with NS; however, some of these may have included transient antiphospholipid antibody detection that is not always
pathologic. Therefore, the signiﬁcance of these ﬁndings remains unclear. Lastly, there is a signiﬁcant amount of literature on red blood cell hyperaggregability in NS (8,67,68). It
is suspected that this phenomenon may be related to hypoalbuminemia and/or intravascular volume depletion, because reconstituting the samples with albumin abolishes
the hyperaggregation. Conversely, there are ample data
demonstrating that dehydrated red cells, such as may occur
in sickle cell disease, express additional cell adhesion molecules that may slow blood ﬂow and enhance hemostasis
(69,70). It would therefore not be unreasonable to hypothesize that red cell dehydration, secondary to volume contraction and sodium retention, may contribute to NS
thrombogenicity (1).
There is an apparent predilection, at least in adults, for
RVT, with RVT being nearly twice as common as other
types of thromboembolism (3,29). Although the pathophysiologic reasons for this predilection are unclear, they
may be related to glomerular injury stimulating thrombin
production within the efferent vasculature and/or decreased renal vein perfusion pressure (29).

Prevention and Management
Debate continues regarding the appropriateness of prophylactic anticoagulation to prevent NS-associated thromboembolism (71). This is due in large part to the lack of any
large, prospective randomized trials to determine the efﬁcacy and safety of such an approach. This is of substantial
concern given that the majority of patients do not develop
thromboembolism, because a signiﬁcant number of patients would receive prophylaxis unnecessarily. Therefore
any potential adverse effects (i.e., anticoagulant-related
bleeding) need to be carefully balanced against the expected beneﬁt of thromboembolism prevention. The possibility that statin therapy may decrease NS-associated
thromboembolism risk was recently described in a retrospective cohort study (72). Statin therapy would have a much
more tolerable adverse bleeding proﬁle if it were proven to
be thromboembolism protective in prospective studies.
An alternative approach would be to identify only those
patients at highest risk for thromboembolism and target
them for prophylactic therapy. This would potentially
greatly diminish the number needed to treat to prevent a
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large proportion of the thromboembolism events and avoid
the therapeutic risks to those who are unlikely to develop
thromboembolism. For instance, using Markov decision analysis, it has been estimated that adults with membranous
nephropathy may beneﬁt from a prophylactic strategy (73).
However, this type of study is subject to signiﬁcant limitations because unknown adverse events or therapeutic failures cannot be incorporated into the analysis. Therefore,
even after deﬁning parameters that identify a high-risk group
of patients, randomized studies will be needed. Recent studies have begun to elucidate additional clinical parameters
that may be useful to better identify such high-risk patients
(2,35). For adults, these parameters include proteinuria/
serum albumin ratio for venous thromboembolism and
traditional atherosclerotic disease risks (sex, age, hypertension, diabetes, smoking) and estimated GFR for arterial
thromboembolism (35). In children, adolescent age (.12
years) and proteinuria severity correlate with thromboembolism risk (2). Although proteinuria was an important risk
factor in both studies, there are several limitations that
apply, including retrospective study design and potential
treatment-related inﬂuences on proteinuria. Early studies
in adults linked serum hypoalbuminemia with thromboembolism risk (74); however, this association did not reach
statistical signiﬁcance in recent studies (35). Additional
research incorporating laboratory coagulation and/or inﬂammatory biomarkers correlated with the outcome of
thromboembolism will likely be very helpful to provide
insight into which objectively measured laboratory parameters may indicate an increased risk of thromboembolism.
Once thromboembolism has developed, clinical management is similar to that utilized in the non-nephrotic
patient (1,3,75,76). Anticoagulation should be promptly
initiated. The current mainstay is to begin with heparinization. This may be accomplished through the use of standard intravenous heparin or, alternatively, subcutaneous
low molecular weight heparins or synthetic pentasaccharides may be employed. Warfarin can begin simultaneously
for long-term management. The total recommended course
of anticoagulation for a ﬁrst venous thromboembolism is at
least 3–6 months and until the provocating illness (NS) has
resolved or is in remission (75,76). Warfarin is hepatically
cleared so that additional renal adjustments should not be
needed. However, many of the heparin compounds are
cleared renally; thus, dose adjustment may be necessary
if the patient has evidence of renal dysfunction. There are
several additional anticoagulant compounds in the drug
development pipeline. An example is dabigatran, an orally
administered direct thrombin inhibitor, recently approved
for prevention of stroke in patients with atrial ﬁbrillation
(77). Unfortunately, there are inadequate data at this time
to determine the safety and efﬁcacy of these new agents in
the nephrotic population.
Thrombolysis has not been formally studied in NSassociated thromboembolism. Most evidence for its use has
been derived from case reports and series (78–85), which
are generally of limited value because negative outcomes
may be subject to publication bias (86). Conversely, several
reports have documented rapid symptomatic improvement of RVT with anticoagulation alone (78–82). Therefore, most experts recommend reserving thrombolytic
therapy for severe bilateral RVT (9). This treatment should

also be considered for patients with massive pulmonary
embolism (87). Utilization of thrombolytic agents requires
careful consideration of the bleeding risks before initiation
of therapy. Although a thorough discussion of thrombolytic therapy is beyond the scope of this review, interested
readers are encouraged to keep abreast of developing recommendations for both anticoagulation management and
thrombolysis through the periodically updated American
College of Chest Physicians guidelines on antithrombotic
and thrombolytic therapy (88).
In summary, thromboembolic disease is a signiﬁcant
complication of NS in both adults and children that usually presents early in the NS disease course. Advanced age,
membranous nephropathy, and severe proteinuria are all
now recognized to be correlated with an increased risk
of thromboembolism development. Abundant data illustrate that massive urinary protein loss triggers signiﬁcant
hemostatic derangement, but no clinically relevant biomarker has yet emerged from this knowledge. Treatment
of thromboembolism in NS is similar to that in other
affected individuals, and includes standard anticoagulation, with thrombolysis reserved for severe cases. We are
only recently beginning to understand the complex pathophysiology of thromboembolism in NS at the cellular and
molecular levels. Future studies should focus on identifying clinically useful biomarkers of thromboembolism risk,
determining the clinical efﬁcacy and safety of prevention
strategies, and on appropriate therapy of thrombotic events
in patients with NS.
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