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Abstract

Background: The nephrotic syndrome (NS) is associated with an increased incidence of thromboembolic  
complications due to multiple abnormalities in haemostasis and the coagulation system occurring in these patients.  
We aimed to assess prospectively the risk of venous thromboembolic events (VTE) in a large cohort of NS patients  
and to identify predictive factors for VTE, especially haemostasis-related parameters. Methods: We performed a  
prospective observational study including consecutive adult patients with idiopathic membranous nephropathy and  
NS. The diagnosis of NS was confirmed by the presence of a daily protein excretion greater than 3.5 g. Clinical and  
biological data, including coagulation and fibrinolytic system-related parameters, were obtained every 6 months 
during follow-up. Occurrence of VTE was the primary outcome of the study. Results: We enrolled 56 patients (52±11 
years, 64% men). Median follow-up time was 12 [IQR: 12, 33] months. During follow-up 11 VTE occurred, 91 % of  
them in the first six months. Baseline proteinuria and serum albumin were associated with VTE (p<0.001). As for  
the haemostatic parameters, antithrombin III (ATIII) activity, protein C activity, plasminogen activator inhibitor-1 
(PAI-1) and tisular plasminogen activator (tPA) levels were associated with an increased risk of VTE (all p<0.05),  
while protein S activity and fibrinogen were not. At multivariable analysis only ATIII activity (Exp(B) 0.86, 95% CI  
0.75 to 0.98; p = 0.027) and serum albumin (Exp(B) 0.062, 95% CI 0.01 to 0.37; p = 0.002) remained independ-
ently associated with VTE. Conclusion: In this prospective study the risk of VTE was higher in the first 6 months of  
follow-up. Among the haemostasis-related parameters, only ATIII  deficiency emerged as VTE independent risk  
factor in adult patients with idiopathic membranous nephropathy and NS.
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Rezumat

Introducere: Sindromul nefrotic (SN) este asociat cu o incidenţă crescută a complicaţiilor tromboembolice  
datorită multiplelor anomalii ale sistemul coagulării şi al hemostazei întâlnite la aceşti pacienţi. Ne-am propus sa  
evaluăm prospectiv riscul evenimentelor venoase tromboembolice (ETV) intr-o cohorta mare de pacienţi cu sindrom 
nefrotic şi să identificăm factorii predictivi pentru apariţia evenimentelor tromboembolice venoase, în special para-
metrii legaţi de hemostază. Material si metode: Am efectuat un studiu prospectiv observaţional incluzând consecutiv  
pacienţi adulţi cu nefropatie membranoasă idiopatică confirmata bioptic şi sindrom nefrotic. Diagnosticul de sin-
drom nefrotic a fost confirmat prin prezenţa unei proteinurii de peste 3,5 g/ zi. Datele clinice şi biologice, inclusiv  
parametrii legaţi de sistemul coagulării şi cel fibrinolitic, au fost monitorizate la fiecare 6 luni de-a lungul perioa-
dei de urmărire. Apariţia evenimentelor tromboembolice venoase a fost end-point-ul primar al studiului. Rezultate:  
Am înrolat 56 de pacienţi (52±11 ani, 64% bărbaţi). Perioada medie de urmărire a fost de 12 [IQR: 12, 33] luni.  
De-a lungul perioadei de urmărire am înregistrat 11 ETV, 91% din ele apărând în primele şase luni de urmărire.  
Proteinuria de baza şi albumina serică au fost asociate cu ETV (p<0,001). În ceea ce priveşte parametrii hemosta-
zei, activitatea antitrombinei III (AT III), activitatea proteinei C, nivelurile  inhibitorului activatorului de plasmino-
gen  (PAI-1)  şi  al activatorului tisular al plasminogenului (tPA) au fost asociate cu un risc crescut de evenimente 
tromboembolice venoase (toate p< 0,05), în timp ce activitatea proteinei S şi nivelul fibrinogenului nu au fost aso-
ciate cu un risc crescut. Analiza multivariată prin modelul riscului proporţional Cox a identificat doar activitatea  
AT III ( Exp(B) 0.86 , 95% CI 0.75% la 0.98; p=0.027) şi nivelul albuminei serice (Exp (B) 0.062 , 95% CI 0.01 la  
0.37; p=0.002) ca factori de risc independenti pentru ETV. Concluzii: În acest studiu prospectiv riscul  de ETV a  
fost mai ridicat în primele şase luni de urmărire şi dintre factorii de risc legati de hemostaza, doar activitatea AT III  
a fost identificata ca factor de risc independent pentru apariţia ETV la pacienţii cu nefropatie membranoasă idiopa-
tică şi sindrom nefrotic.

Cuvinte cheie: Antitrombina III, D-dimeri, nefropatie membranoasă, sindrom nefrotic, tromboză.
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Introduction

The nephrotic syndrome (NS), irrespective 
of its etiology and histologic pattern of glomerular 
lesions, is associated with an increased incidence of 
thromboembolic  complications.  Thromboembolic 
events are an important cause of morbidity and 
mortality in these patients (1, 2).

Venous thromboembolic events (VTE) 
encountered in NS are deep venous thrombosis, 
pulmonary embolism and renal vein thrombos-
is. There is an increased variability in venous 
thromboembolic  events  reporting  rate  in  pa-
tients with NS, most probably related to meth-
odologic issues such as the retrospective study 
design and the lack of standardized and accur-
ate methods to detect venous thrombosis (2-4).

Multiple  abnormalities  in  haemostasis 
and  coagulation  system  occurring  in  patients 
with  NS are  due  to  various  mechanisms,  not 
fully clarified, such as preferential urinary loss of 

proteins involved in the inhibition of  systemic 
haemostasis, increased synthesis of procoagula-
tion proteins, local activation of glomerular hae-
mostasis, platelets hyperactivity, thrombocytosis, 
fibrinolytic system abnormalities (2, 5-7).

Although  some  factors  predicting  the 
risk  of  VTE  in  patients  with  NS  have  been 
already identified, there are not enough data in 
the literature to establish the individual risk of 
the single patient with NS to develop such an 
event  and also  the  indication  of  prophylactic 
therapy (8,9).

We conducted a multi-center prospective 
observational study and we sought to answer the 
following questions: 1) Which is the absolute risk 
of VTE in a large cohort of patients with idiopath-
ic membranous nephropathy and NS?; 2) Which 
are the predictive factors for VTE in these pa-
tients,  focusing  on  haemostasis-associated  risk 
factors; 3) Is there an independent risk factor for 
predicting VTE in this setting?
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Methods 

Patients
All consecutive patients with idiopathic 

membranous  nephropathy  confirmed  by  renal 
biopsy and  NS  admitted  to  our  departments 
between January 2003 and March 2010 were 
considered for  inclusion.The diagnosis  of  NS 
was confirmed by a persistent protein excretion 
greater than 3.5g/24 hours.

Exclusion criteria were age under 16, an 
identified  condition  responsible  for  glomer-
ulonephritis,  e.g.  secondary  glomerulonephritis, 
serum creatinine over 3mg/dL, and therapy influ-
encing haemostasis (antiplatelet drugs, anticoagu-
lants). Patients with incomplete data or a less than 
12 months follow-up were also excluded.

The final study population included 56 
patients.  A renal biopsy was performed in 191 
patients. All patients were treated with immun-
osupressive theraphy and corticosteroids, accord-
ing to guidelines. 

Study parameters
The study parameters were glomerular 

filtration rate  (MDRD formula)  (10),  protein-
uria (24 hours urine collection), serum albumin 
and blood lipids (cholesterol and triglycerides). 

The coagulation parameters monitored 
were prothrombin time (PT),  activated partial 
thromboplastin time (APTT), fibrinogen, serum 
ionic  calcium,  natural  anticoagulants  such  as 
antithrombin (AT) III, protein C (PC) and total 
protein S (PS) activity. The fibrinolytic system 
was assessed by  plasminogen activator inhibit-
or-1 (PAI-1), and tisular plasminogen activator 
(tPA)  measurements.  D-dimers  (DDi)  were 
used as markers of intravascular thrombosis.

All  the  assays  were  performed  in  our 
laboratories on the day the specimens were ob-
tained. AT III activity, serum fibrinogen, PC activ-
ity, PS activity, PAI-1, DDi were assessed using a 
STA  Compact  (Diagnostica  Stago)  coagulation 
analyzer and commercial kits (Diagnostica Stago).

Thromboembolic  events  were  suspected 
on clinical grounds and/or by increase in DDi titer, 

and confirmed by imaging techniques: deep vein 
thrombosis  by  Doppler  ultrasound,  renal  vein 
thrombosis  by  Doppler  ultrasound  and  contrast 
spiral computed tomography (CT), and pulmonary 
embolism by contrast spiral CT.

Study design
This  was  a  prospective  study.  Data 

were  obtained at  the  first  admission,  every 6 
months at  follow-up or at the time of  throm-
boembolic event occurrence.

In order to evaluate the prognostic util-
ity of  the  variation  in  DDi  levels  for  throm-
boembolic events occurence, whenever a DDi 
higher than 2 mcg/ml was noted at follow-up, 
pulmonary and abdominal contrast spiral com-
puted tomography (CT), and limb vein Doppler 
ultrasoundwere performed. A 2 mcg/ml cut-off 
for  DDi  was used, as supported in studies in 
other settings (deep vein thrombosis, systemic 
lupus erythematosus) (15).

Statistical analysis
Normally  distributed variables are ex-

pressed as mean ± standard deviation. Nonpara-
metric  variables  were  described  as  median 
(lower quartile and upper quartile). For continu-
ous variables, differences between groups were 
assessed with Student’s t test, Mann-Whitney U 
test, depending on the normality of the data.C-
ategorical variables were compared with the χ2-
test.  All  p-values are two tailed, with  p<0.05 
considered statistically significant.

Receiver  operator  characteristic  (ROC) 
curve analysis was performed to evaluate the utility 
and to identify cut-off values for parameters signi-
ficantly correlated with the risk of VTE.

The time to event was measured from 
baseline to the moment of a documented VTE. 
Kaplan  Meier  survival  free  of  event  (VTE) 
curves were computed for different variables as 
predictors of outcome.

Differences in event-free survival were 
determined using the Cox proportional hazards 
test. Variables included in the multivariate ana-
lysis were selected on the basis of the best res-
ults  of  univariate  analyses  (at  a  significance 
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level  of  p< 0.05).  Results  were  expressed as 
hazard ratios (Expβ) with 95% CIs.

Statistical  analysis  was  performed  us-
ing  SPSS  for  Windows  version  17.0  (SPSS, 
Inc., Chicago, IL).

Results

Patient characteristics
The study population included 56 patients 

with primitive NS. Baseline characteristics of the 
study population are displayed in  Table 1. Sixty-
four percents were male patients, the median fol-
low-up duration was 12 [IQR: 12, 33] months, the 
baseline  proteinuria  was  8.7  ±  1.9  g/day  and 

baseline serum albumin was 2.2 ± 0.7 g/l. Baseline 
coagulation parameters in the entire study popula-
tion are illustrated in Table 1.

Venous thromboembolic events: frequency
During  follow-up  11  VTE  occurred. 

The most commonly encountered first VTE was 
DVT  (36.4%)  and  pulmonary  embolism 
(18.2%),  followed  by  renal  vein  thrombosis 
(9.1%),  combined  pulmonary  embolism  and 
DVT (9.1%),  combined  pulmonary  embolism 
and renal  vein  thrombosis  (9.1%),  other  vein 
thrombosis (18.2%) (Figure 1).

Median follow-up until the occurrence of 
VTE was 3 [IQR:1,4] from baseline, and 91% of 
VTE occurred in the first 6 months. The cumulat-
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Table 1. Baseline demographic, clinical and biological characteristics of patients in the entire study 
population and risk factors associated with venous thromboembolic events

Parameter
All

N=56
Patients with VTE

n=11

Patients without 
VTE
n=45

Patients with VTE 
vs without VTE

(p value)
Age (years) 52.2±10.7 50.5 ± 11 52.6 ± 11 0.57
Gender (% male) 64.3 45.4 68.9 0.015

Median follow-up time (months)
12 

(IQR:12,33) 
12 (IQR:12,18) 24 (IQR:12,36) 0.20

eGFR 83.6±13 89±10.5 82.2±13.2 0.084
Proteinuria (g/24h) 8.67±1.9 10.6±1.4 8.2±1.7 <0.001
Serum albumin (g/dl) 2.27±0.7 1.2±0.47 2.5±0.48 <0.001
Serum cholesterol (mg/dl) 321±48 346 ± 45 315 ± 47 0.52
Serum triglycerides(mg/dl) 251±43 254 ± 54 250 ± 40 0.82
Fibrinogen (mg/dl) 732±104 767 ± 140 724 ± 93 0.35
APTT(s) 35.8±4.1 34.6 ± 4.6 36.1 ± 3.9 0.34
PT (%) 14.7±1.1 15 ± 0.9 14.5 ± 1.1 0.17
ATIII activity (%) 73.2±8.7 62.5 ± 7.4 75.8 ± 6.8 <0.001
Protein C activity (%) 113.3±21.4 131.4 ± 18.5 108.9 ± 19.9 0.003
Protein S activity(%) 80.1±10.1 78.1 ± 10.9 80.6 ± 9.9 0.51
PAI-1 (ng/ml) 62±10.2 69.4 ± 13.1 60.2 ± 8.6 0.045
tPA(ng/ml) 4.9±1.6 3.6 ±1.5 5.3 ± 1.5 0.005
DDi (mcg/ ml) 1.34±1.4 0.93±0.52 0.84±0.77 0.458

Data are presented as mean and standard deviation.
APTT - activated partial thromboplastin time; ATIII - antithrombin III activity; eGFR - estimated glomerular 

filtration rate; PAI-1 - plasminogen activator inhibitor-1; PT - prothrombin time; tPA - tisular plasminogen activ-
ator; DDi, D-dimers;VTE - venous thromboembolic event.
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ive probability of event-free survival abruptly de-
creased to 82% and 80% at 6 and 12 months, and 
remained stable thereafter (Figure 2).

Venous thromboembolic events: risk factors
The  results  of  univariate  analyses  to 

identify clinical features associated with the de-
velopment  of  VTE  are  shown  in Table  1. 
Baseline proteinuria  and serum albumin  were 
associated with VTE, whereas hypercholester-
olemia,  hypertriglyceridemia  and  eGFR were 

not. As for the haemostatic parameters,  ATIII 
activity, PC activity, PAI-1 and tPA levels were 
associated with an increased risk of VTE, while 
fibrinogen and PS activity were not. The risk of 
VTE was directly proportional to the severity of 
proteinuria  and PAI-1 level  and inversely  re-
lated to the serum albumin, ATIII activity, PC 
activity and tPA levels (Table 1).

After using a Cox proportional hazards 
model  including  the variables  which  signific-
antly correlated with the risk of VTE at univari-
ate analysis,  only the ATIII activity and serum 
albumin  remained  independently  associated 
with thrombotic events (Table 2). 

ROC curve analysis was performed to 
identify  the cut-off  values for  serum albumin 
and  ATIII  activity which predict  the develop-
ment of a VTE in NS patients with a good sens-
itivity and specificity.  Thus, a serum albumin 
level of 1.75 g/dl has a sensitivity of 83.4% and 
a specificity of 63.6% to predict a VTE, and an 
ATIII  activity  of  67.5%  has  a  sensitivity  of 
83.8%  and  a  specificity  of  81.8%  as  a  risk 
factor for VTE in NS patients (Figure 3).

In order to confirm the cut-off value of 
DDi to identify VTE in NS patients,  we per-
formed a ROC curve analysis (Figure 4)  and 
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Figure  2.  The  cumulative  probability  of  survival 
without a venous thrombotic event (Kalpan-Meier 
analysis).

Figure 1. Venous thromboembolic events (VTE) frequency (A) and type (DVT - deep vein thrombosis; 
PE - pulmonary embolism; RVT - renal vein thrombosis) (B)
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found an 86.5% specificity and 90.9% sensitiv-
ity for the DDi value of 2 mcg/ml to predict the 
occurrence of a VTE.

Discussion

The main  findings  of  our  prospective 
study  are  the  epidemiological  description  of 
VTE occurrence in a  large cohort  of  patients 
with  idiopathic  membranous nephropathy and 
NS and the identification of biological paramet-
ers such as serum albumin levels and coagula-
tion parameters as risk factors for VTE. To our 
knowledge this is the first study assessing pro-
spectively  the  predictive  value  of  haemostas-
is-related parameters for the risk of VTE in NS 
patients. The risk of thromboembolic events is 
higher in patients with  NS as compared with 
any other medical condition and it is a severe 
complication  associated  with  significant  mor-
bidity and mortality (11,12). 

Unlike other studies, we used DDi level 
assessment as a screening method for VTE. The 
VTE  incidence  confirmed  by  imaging  tech-
niques  was  19.6%  and  54%  of  these  events 
were simptomatic. This higher incidence, com-
pared with other reports, could result from us-
ing a VTE screening method in our study (5). 
The entire follow-up in our study was  21.9 ± 

14.9 months.  Median time to first VTE was  3 
months, and 91% of the events occurred in the 
first 6 months and 100 % in the first year. 

Although  there  are  various  studies 
demonstrating the DDi value as the test with the 
highest specificity and sensitivity for DVT and 
pulmonary emboli in general population, there 
are few studies using DDi levels monitoring as 
a screening test  for VTE in patients with NS 
(13-15).  In  our study population,  25% of  pa-
tients with peak DDi >2 mcg/ ml had VTE and 
this cut-off value had an 86.5% specificity and 
a 90.9% sensitivity to predict VTE occurence. 

Proteinuria degree and serum albumin 
levels are the most studied risk factors for VTE 
in patients with NS. In some but not all studies, 
this risk increases proportionally with protein-
uria  severity  and  decreased  serum  albumin 
levels. In our study, only the decreased baseline 
serum albumin levels were independent predict-
ive factor for VTE.

Several studies investigated the histolo-
gical pattern as an independent risk factor for 
VTE.  Data  regarding  the  histological  pattern 
impact on VTE risk in patients with primitive 
NS  are  controversial.  In  one  study  including 
298 NS patients, from whom 157 had primitive 
GN, there were no differences in VTE incid-
ence according to histological pattern (16). An-
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Table 2. Risk factors associated with venous thromboembolic events in patients with nephrotic syndrome 
– multivariable analysis using a Cox proportional hazards model

B Sig.(p) Exp(B)
95.0% CI for Exp(B)

Lower Upper

Serum albumin -2.778 0.002 0.062 0.010 0.368

Proteinuria 0.446 0.236 1.562 0.747 3.270

PC -0.011 0.733 0.989 0.930 1.053

PAI-1 0.043 0.411 0.958 0.866 1.061

tPA -0.211 0.498 0.810 0.440 1.491

ATIII -0.149 0.027 0.862 0.755 0.983

ATIII, antithrombin III activity; PAI-1, plasminogen activator inhibitor-1; PC, protein C; PT, 
prothrombin time; tPA, tisular plasminogen activator.
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other study showed in a cohort  of  more than 
1300 patients with primitive NS that histologic 
pattern  is  a  predictive  factor  independent  of 
proteinuria and serum albumin level (8). In or-
der to avoid the bias effect of histologic pattern 
upon the risk of VTE, in our study whe have se-
lected only the patients  with idiopathic  mem-
branous nephropathy and NS. 

The risk of thromboembolic events devel-
opment in NS patients correlates with changes in 
haemostasis parameters occuring in these patients, 
but it remains to be clarified if the risk associated 
with haemostasis changes and quantified by coagu-
lation parameters is independent of conventional 
risk factors such as proteinuria degree or serum al-
bumin levels (2, 16, 17). In our study, the univari-
ate analysis showed that ATIII activity, PC activity, 
tPA and PAI-1 were risk factors for VTE, while fib-
rinogen and PS activity were not significantly asso-
ciated with VTE. After including these parameters 
in a multivariable analysis using a Cox regression 
model,  only ATIII  activity emerged as an inde-
pendent predictive factor for VTE.

ATIII is the most important coagulation 
and thrombin inhibitor. Multiple studies repor-
ted decreased ATIII  serum concentration (18, 
19). The low ATIII molecular weight is similar 
with albumin molecular weight and this is one 
of the important molecules involved in coagula-
tion system with urinary loss in patients with 
NS.  Antithrombin deficiency has been associ-
ated with DVT and PE in some studies (20, 21), 
but not in others (7). In this study we identified 
a  decreased ATIII  activity  as an independent 
predictive factor for VTE (Table 2).

Alterations in thrombolytic activity are 
described in patients with NS (2). Tissue plas-
minogen  activator  (tPA)  together  with  plas-
minogen activator  inhibitor-1 (PAI-1) are two 
key regulators of plasmin formation. At present, 
there are few and controversial data on the tPA 
levels in NS patients: some studies report a sig-
nificant  increase  of  tPA  (22),  while  others 
identify a decrease in tPA levels in this setting 
(23). Data regarding tPA levels impact on VTE 
occurrence are scarce. We showed that patients 
with  idiopathic  membranous nephropathy  and 
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Figure 3. The serum albumin and ATIII activity 
diagnostic utility for VTE occurence (ROC curve 
analysis)

Figure 4. The diagnostic utility of the increase in D-
dimers levels for VTE occurence (Receiver operator 

curve analysis)
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NS experiencing a VTE had significantly lower 
levels of tPA as compared with patients without 
VTE during follow-up (Table 1). Patients with 
VTE had significantly higher levels  of  PAI-1 
levels as compared with patients without VTE 
in our study (Table 1). In our study, the mul-
tivariable analysis has failed to identify tPA and 
PAI-1 as independent risk factors for VTE in 
patients  with  idiopathic  membranous  nephro-
pathy and NS (Table 2).

Study strengths. We performed a pro-
spective observational study on a large number 
of  patients  with  long follow-up in  which  we 
used a  screening  method for  thromboembolic 
events  and  we  assessed  multiple  biological 
parameters including coagulation parameters.

Study limitations. The patients in our 
study are a selected cohort of patients as they 
are followed-up in a tertiary center but this was 
minimalised because consecutive patients were 
analyzed. 

Conclusion

In this prospective study the absolute risk 
of VTE was higher in the first 6 months of follow-
up.  ATIII  deficiency  and  serum albumin  levels 
emerged as VTE independent risk factors in pa-
tients  with  idiopathic  membranous  nephropathy 
and NS. Further studies to investigate the effect of 
ATIII deficiency and serum albumin level correc-
tion on VTE risk in patients with NS are needed.
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