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Abstract

Background
Nephrotic syndrome (NS) is associated with an increased risk of thromboembolic events (TE), due to
hemostatic derangements. The use of direct oral anticoagulants (DOAC) in the prevention of TE hasn’t
been studied intensively in patients suffering from NS.

Methods
Retrospective analysis of consecutive incident patients with NS due to glomerular disease, receiving
apixaban for thrombophylaxis. It is an uncontrolled, single center study.

Results
We identi�ed 27 patients treated with apixaban for the prevention of TE, in the context of NS. During
follow-up apixaban Cmin and Cmax levels were measured. The mean duration of the anticoagulant
treatment was 153 days (± 132). Patients were followed for a mean of 14.7 months (± 8.4) since the
introduction of apixaban. Three patients had a TE at the time of NS diagnosis. Two patients had
pulmonary embolism (PE) and one patient presented a stroke in lupus membranous nephropathy context.
One patient developed PE approximately 2 months after introduction of apixaban treatment. No minor
nor major bleeding events were noticed.

Conclusion
The present study shows that patients, suffering from severe NS under anticoagulant therapy with
apixaban had reduced risk of venous and arterial TE compared to patients previously described in the
literature, without increased risk of bleeding.

Introduction
Nephrotic syndrome (NS) is characterized by heavy proteinuria and hypoalbuminemia. Patients with NS
are known to have a prothrombotic state with an increased risk of thromboembolic events (TE). The
hemostatic derangements are not completely understood, but urinary losses of anticoagulant proteins
may play an important role1. The estimated prevalence of thromboembolic disease can increase up to
37% in this speci�c population.1

Moreover the risk of thromboembolism may be in�uenced by the type of glomerular disease
(membranous nephropathy being at higher risk, estimated at 37%), the duration of the NS and the severity
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evaluated by serum albumin and proteinuria levels.2,3,4 The majority of venous TE occur within the �rst 6
months after NS diagnosis.5

Some studies support the use of prolonged thromboprophylaxis strategy in NS patients.6–8 While
classically warfarin has been used as an anticoagulant in NS, direct oral anticoagulants (DOACs), such
as apixaban, are increasingly used to treat arterial or venous thrombosis in the general population.
However the e�cacy and safety of DOACs in patients with NS has not been evaluated in large
randomized controlled trials. Evidence is mostly based on case reports and case series.9–13

Routine therapeutic monitoring of plasma Anti-Xa activity is not required because of the drug's
predictability and its wide therapeutic index. Despite the use of �xed doses of apixaban, determination of
the amount of drug present in a given individual may be of interest in some vulnerable and instable
clinical situations, such as pre-operative setting, bleeding episode, complex comorbidities, extreme body
weight or elderly patients.14 Hypoalbuminemia itself can lead to altered pharmacokinetics and
pharmacodynamics of medications, although this topic is infrequently considered in daily clinical
practice.15

The aims of our study were to evaluate the e�cacy of apixaban to prevent TE in patients with NS and to
determine the interest of drug monitoring in these frail patients.

Materials And Methods

Design
We conducted a retrospective analysis of consecutive incident patients with NS due to glomerular
disease, receiving apixaban for thromboprophylaxis. It is an uncontrolled, single center study. The
patients were included from September 2018 to 0ctober 2020. All patients consented to participate to the
study.

NS was de�ned by the presence of an urinary protein excretion greater than 3g/day or as a
protein/creatinine ratio of > 3 g/g on urinary spot in association with hypoalbuminemia < 30 g/L.

Patients who were already treated with anticoagulants at NS onset for another indication or with formal
contra-indication for anticoagulants were excluded.

All thromboembolic events were recorded at onset of NS and during follow-up, as well as minor and
major bleeding events.

Intervention
Patients were systematically treated with Apixaban when albumin levels dropped below 20 g/L or below
25 g/l for patients suffering from membranous nephropathy.
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Patients were treated with a classical regimen of apixaban 5 mg twice daily. In patients ful�lling at least
two (2) of the following criteria, a reduced dose of apixaban 2.5 mg twice daily was used: age ≥ 80 years,
body weight ≤ 60 kg, or serum creatinine ≥ 133 micromol/L (1.5 mg/dL). Using liquid
chromatography/tandem mass spectrometry, Apixaban trough Cmin and Cmax levels (2h after ingestion)
were measured.

Outcome
Baseline characteristics and outcomes were identi�ed from patients’ records. Baseline characteristics
included demographics, plasma albumin, plasma creatinine, estimated glomerular �ltration rate (eGFR)
according to CKD-Epi, low density lipoprotein (LDL) cholesterol, hemoglobin level, anti-Xa apixaban level,
urine protein excretion, and type of glomerular disease. Blood and urine parameters were measured using
automated, standardized biological assays. The parameters recorded were measured the same day as
apixaban level if available. TE were identi�ed from patients’ records and included pulmonary embolism
(PE), deep vein thrombosis (DVT), renal vein thrombosis (RVT) and stroke.

Statistics
Data were described using mean ± standard deviation (SD) or medians and interquartile ranges (IQR) 25–
75 depending on the distribution.

Results
The baseline characteristics are shown in Table 1. A total of 27 consecutive patients were included in the
study and 59% were men. Six patients were active smokers, three suffered from diabetes, and eleven had
arterial hypertension before NS onset. The mean age at time of treatment with apixaban was 45.4 years
(± 18.3). The mean serum creatinine level was 106.3 (± 44.7) µmol/L (Normal range between 74.3–107
µmol/L). 67% of the patients had an eGFR according to CKD-EPI above 60 ml/min, 11% suffered from
chronic kidney disease (CKD) stage 3a, 18% had a CKD stage 3b and only one patient had CKD stage 4
according to the KDIGO classi�cation criteria. The mean serum albumin was 15.8 g/L (± 4.7) (Normal
range between 35–50 g/L), and the median urinary P/C ratio was 7.3 g/g [4.3–10.2] (Normal P/C < 0.2
g/g).

Six patients presented minimal change disease (MCD), three had the histological diagnosis of focal
segmental glomerulosclerosis (FSGS), eleven had anti-PLA2R positive membranous nephropathy (MN),
two had anti-PLA2R negative MN and �ve suffered from lupus MN. No woman was pregnant or under
contraceptive treatment at the time of NS diagnosis.

The mean duration of the anticoagulant treatment was 153 days (± 132). Patients were followed for a
mean of 14.7 months (± 8.4) since the introduction of apixaban. Of note three patients had a
thromboembolic event at the time of NS diagnosis. Two patients had PE and one patient presented a
stroke in lupus MN context. One patient developed PE approximately 2 months after introduction of
apixaban treatment. He suffered from a genetic form of FSGS. Unfortunately, apixaban levels were not
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measured for this patient at that time. Only one patient was concomitantly treated with Aspirin with no
bleeding tendency.

Figure 1 and 2 report Apixaban Cmin and Cmax determination. Data are missing for 3 patients. Of note 1
patient had only Cmin level measured and 4 patients only Cmax. No minor or major bleeding events were
recorded during the follow-up period. Kidney function remained stable during follow-up.

Table 1
Baseline data

Number of patients 27

Male (%) 16 (59%)

Smoking (%) 6 (22%)

Diabetes type 2 3 (11%)

Arterial hypertension 11 (41%)

Mean age in years 45.4 (± 18.3)

Mean serum creatinine in µmol/l 106.3 (± 44.7)

Mean serum albumin in g/l 15.8 (4.7)

Median protein/creatinine ratio in g/g [IQR 25–75] 7.3 [4.3–10.2]

Mean LDL cholesterol level in g/l 2.64 (± .0.8)

Mean duration of treatment in days 153 (± 132)

Number of patients treated with 5 mg APIXABAN twice daily 20 (74%)

Mean follow-up time in months since start of treatment with APIXABAN 14.7 (± 8.4)

Renal function (eGFR according to CKD-Epi)

eGFR > 60 ml/min

eGFR 45–59 ml/min

eGFR 30–44 ml/min

eGFR 15–29 ml/min

eGFR < 15 ml/min

18 (67%)

3 (11%)

5 (18%)

1 (4%)

0

Patients with venous or arterial TE before start of anticoagulation 3 (11.1%)

Patients developing TE during follow-up 1 (3.7%)

Use of contraceptive treatment 0

Discussion
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The present study shows that patients, suffering from severe NS under anticoagulant therapy with
apixaban had reduced risk of venous and arterial thromboembolism compared to patients previously
described in the literature, without increased risk of bleeding.

The direct-acting oral anticoagulants (DOACs) have many advantages over warfarin. In particular,
apixaban has rapid onset (1–3 h) and offset (half-life 8–15 h) of action, with predictable dosing, which
precludes the need for routine coagulation monitoring in the general population. However, in patients with
NS, concerns exist about optimal dosage of DOACs and their clinical risk/bene�t ratio. DOACs are highly
protein bound, and hypoalbuminemia could alter blood levels of DOAC with higher free drug levels,
precluding possible safety issues. Furthermore, in NS, factor X levels may vary in�uencing the clinical
impact of DOAC15

Moreover, thromboprophylaxis interest in NS has not been proven in large randomized controlled trials.
Evidence is only based on case reports, case series and retrospective studies using heparin and warfarin
as anticoagulants. A recent study by Kelddal and colleagues5 included 79 patients, of which 44 were
treated with low molecular weight heparine (LMWH) and/or warfarin compared to 35 patients without
anticoagulation. Four among the 35 patients without thromboprophylaxis presented a VTE but no patient
in the prophylaxis group had thrombosis.5 Selection bias cannot be excluded since patients without
treatment had a higher serum albumin level and no propensity score was used to account for the
covariates that could predict receiving the treatment. This study reinforces the clinical interest of
thromboprophylaxis in patients with NS. The use of DOACs is tempting and may even obviate the need
for concern about heparin resistance due to antithrombin urinary losses.1

In the current study, we measured for each individual patient Cmin and Cmax anti-Xa apixaban levels.
Apixaban was the molecule of choice because of its predictable pharmacokinetic and pharmacodynamic
properties that are consistent across the range of different patient populations studied (elderly and those
with renal impairment), the fast onset of action, and the low potential for food and drug interactions.15

We could not compare the levels to previous published studies on Apixaban (ARISTOTLE, AMPLIFY and
AMPLIFY-Ext)16–18, since these are the �rst data gathered in this particular population. However, we
notice that the levels are within the therapeutic ranges of the large clinical trials published and observe a
normal intra-individual variability of Apixaban levels with only one patient experiencing a new
thromboembolic event during follow-up. We must underline the fact that all patients in the study were at
high risk of TE events, because of the degree of hypoalbumenia and predominance of MN.

Lionaki et al19 con�rmed that the severity of hypoalbuminemia is signi�cantly associated with VTE
occurrence. These authors have shown that each decrease of 10 g/L in albumin serum level is associated
with a two- fold increase of VTE risk. A serum albumin level of 28 g/l was the threshold required for
anticoagulation implementation. All of the patients included in our study had a serum albumin level < 25
g/L, with only 3 patients having a serum albumin level above 20 g/L, conferring to this retrospective
cohort a signi�cantly high thromboembolic risk.
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VTE risk is the highest within the �rst 6 months after NS onset. The median follow-up time of our study
cohort was 11 months [IQR 6–14] and the median duration of anticoagulation was 129 days [IQR 45–
224]. Anticoagulation was stopped when serum albumin rose above 20 g/l, with the exception for
patients suffering from MN where the threshold was 25 g/l. The follow-up interval was therefore
su�ciently large to collect any thrombotic episode

Importantly no minor nor major bleeding adverse events were recorded during follow-up. These �ndings
con�rm and extent that anticoagulation with DOACs are safe and well tolerated in patients with severe
NS.

Weaknesses of the study were its uncontrolled monocentric historical cohort design, the limited number
of patients and the lack of standard of care comprising heparin and/or warfarin arm. 21

To the best of our knowledge this is the �rst study that measured apixaban levels in patients with NS and
where VTE episodes were carefully recorded in the follow-up. We were able to show the encouraging
bene�t/risk ratio of apixaban in this particular clinical setting in very high risk patients. Apixaban seems
very safe in patients with NS with no bleeding and very effective regarding thrombosis occurrence during
a long follow-up. The sole thrombotic episode with PE was reported in a patient with a doubtful
compliance.

All these data suggest that thromboprophylaxis in patients suffering from severe NS could be simpler
and safer and e�cacious with apixaban. Further large multicenter randomized, controlled trials should be
conducted to con�rm these encouraging results.

Conclusions
The present study shows that patients, suffering from severe NS under anticoagulant therapy with
apixaban had reduced risk of venous and arterial TE compared to patients previously described in the
literature, without increased risk of bleeding.

List Of Abbreviations
CKD
chronic kidney disease
CKD-Epi
Chronic Kidney Disease Epidemiology Collaboration
Cmin
minimal blood concentration (trough level)
Cmax
maximum blood concentration
DOAC
direct oral anticoagulants
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DVT
deep vein thrombosis
eGFR
estimated glomerular �ltration rate
FSGS
focal and segmental glomerulosclerosis
IQR
interquartile range
KDIGO
Kidney disease improving global outcomes
LDL
low density lipoprotein
LMWH
low molecular weight heparin
MCS
minimal change disease
MN
membranous nephropathy
NS
nephrotic syndrome
PE
pulmonary embolism
RVT
renal vein thrombosis
SD
standard deviation
TE
thromboembolic events
VTE
venous thromboembolic event
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Figure 1

Apixaban trough Cmin and Cmax levels (2h after ingestion) are shown for patients on Apixaban 5 mg bid.

Figure 2
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Apixaban trough Cmin and Cmax levels (2h after ingestion) are shown for patients on Apixaban 2.5 mg
bid.


