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ABSTRACT

Background. Adult and paediatric patients with nephrotic syndrome (NS) due to different glomerular diseases are at a
higher risk of thromboembolic events than the general population, but the use of prophylactic anticoagulation (PAC)
among them has not been well described. Although the 2021 Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines offer an algorithm to guide the management of PAC, the degree of implementation in practice is unknown.
Methods. We evaluated thromboprophylaxis management in patients with NS secondary to membranous nephropathy,
focal segmental glomerulosclerosis, minimal change disease and C1q nephropathy enrolled in the Cure
Glomerulonephropathy (CureGN) cohort study (diagnosed 2010-2023) and assessed the concordance or discordance with
the 2021 KDIGO guidelines practice points in adults. We also analysed thrombotic and bleeding events.

Results. Among 374 adult and 263 paediatric NS episodes, PAC was prescribed in 21 (6%) and 11 (4%) episodes,
respectively. In adults, PAC prescription was associated with a history of prior thrombosis, lower serum albumin and
higher proteinuria, with coumarins and direct oral anticoagulants (DOACs) being equally the most prescribed agents. In
adults, anticoagulation management was concordant with guidelines in 180 (48%) episodes, discordant in 59 (16%) and
indeterminate in 135 (36%). Most (92%) guideline-discordant episodes were cases with a high thrombotic risk and low
bleeding risk where PAC was not prescribed. In children, PAC prescription was associated with lower albuminaemia and
worse kidney function, with heparins being the only agent used. Thrombotic events occurred during 5 (1.3%) and 4 (1.5%)
of all adult and paediatric NS episodes, respectively.

Received: 17.9.2024; Editorial decision: 3.3.2025

© The Author(s) 2025. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https:/creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1


https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfaf104
https://orcid.org/0000-0003-1784-6929
https://orcid.org/0000-0002-6954-2030
mailto:blancatarragon@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

2 | B.Tarragénetal.

Conclusions. PAC was used more conservatively than guidelines suggest and was mainly driven by hypoalbuminaemia
severity in both adults and children. Although not included in the guidelines practice points, DOACs were used as often
as coumarins in adults.

GRAPHICAL ABSTRACT

="l Prophylactic anticoagulation (PAC) in patients with nephrotic
Kidney
Journal

syndrome in the Cure Glomerulonephropathy (CureGN) cohort

Nephrotic syndrome is a risk factor for thromboembolism in adults and children. KDIGO 2021 guidelines proposed an algorithm
for thromboprophylaxis in adults. Studies show a lack of consensus regarding the management of prophylactic anticoagulation.

Methods Results

Retrospective study of the PAC - KDIGO 2021 QUideline
1§ CoreON cohort 2014-2023: prescription concordance in adults
MCD, FSGS, MN, Clq
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Conclusion: PAC was used more conservatively than guidelines suggest and Tarragén, B.
was mainly driven by hypoalbuminemia severity both in adults and children. Clinical Kidney Journal (2025)
DOACs were used as often as warfarin in adults. @CKlJsocial
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KEY LEARNING POINTS

What was known:

e Nephrotic syndrome is a risk factor for thromboembolic events in both the adult and paediatric population, especially when
serum albumin is <2-2.5 g/dl.

e The 2021 Kidney Disease: Improving Global Outcomes (KDIGO) 2021 guidelines proposed a unified thromboprophylaxis al-
gorithm, although acknowledging insufficient evidence to support widespread use among diverse clinical scenarios.

e Current literature shows a lack of consensus regarding prophylactic anticoagulation (PAC) regimens.

This study adds:
e We offer evidence on how PAC is used in real clinical practice in a large, multicentre, international cohort.

e We demonstrate how PAC has been used more conservatively than the 2021 KDIGO guidelines suggest, without a significant
impact on thrombotic events.

Potential impact:

e Practice points on thromboprophylaxis in the KDIGO guidelines might need to be updated with modern studies including
patients with various glomerulopathies and considering the use of direct oral anticoagulants for prophylaxis in this setting.
e More evidence is needed on thromboprophylaxis management in paediatric nephrotic syndrome.




Prophylactic anticoagulation for nephrotic syndrome in CureGN | 3

INTRODUCTION

Patients with nephrotic syndrome (NS) are at higher risk of
thromboembolic events than the general population, especially
during the first 6 months after diagnosis [1-3]. The main primary
glomerulopathies that cause NS are focal segmental glomeru-
losclerosis (FSGS), membranous nephropathy (MN) and minimal
change disease (MCD), with MN being associated with the great-
est thrombotic risk in adults [2, 4]. Among the identified risk
factors for venous thromboembolic events (VTEs) in NS, hypoal-
buminaemia is one of the key determinants [2, 5-10]. Although
prophylactic anticoagulation (PAC) can be used to reduce the in-
cidence, morbidity and mortality of thrombosis, there is a lack of
consensus regarding the criteria for PAC initiation and the agent
of choice [3, 8, 11, 12].

The 2021 Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines include a practice point with an algorithm
for prevention of VTEs in adults with NS, basing the use of
PAC on albuminaemia and bleeding risk [13]. There is lim-
ited evidence backing these recommendations and studies pub-
lished prior to and after these guidelines demonstrate how in-
consistently thromboprophylaxis management is applied in NS
[14-20].

Heparin and coumarin agents have traditionally been used
for thromboprophylaxis in NS and are the drugs of choice in
KDIGO guidelines. However, recent retrospective studies sug-
gest a role for direct oral anticoagulants (DOACs) in this setting
[17-19].

The aim of this study is to describe PAC prescription pat-
terns in adults and children in the Cure Glomerulonephropathy
(CureGN) cohort and to assess the concordance with the practice
points in the 2021 KDIGO guidelines.

MATERIALS AND METHODS
Study population

We retrospectively analysed data extracted from the CureGN
cohort. CureGN is an ongoing observational prospective cohort
study of adults and children with MCD, FSGS, immunoglobulin A
nephropathy (IgAN) and MN diagnosed by kidney biopsy within
the 5 years before study enrolment [21]; it also includes patients
with C1q nephropathy, which is considered a variant of MCD and
FSGS [22, 23]. Patients were excluded from the CureGN cohort if
they had end-stage kidney disease at screening, prior organ or
haematopoietic stem cell transplant, malignancy, hepatitis B or
C, human immunodeficiency virus infection, diabetes mellitus
or systemic lupus erythematosus at biopsy. Clinical data were
collected approximately every 4 months at study visits. Demo-
graphics, clinical characteristics and treatments were collected
at enrolment and prospectively. Institutional review board ap-
proval was obtained for each enrolling site in agreement with
the Declaration of Helsinki.

All children and adults with a diagnosis of MN, FSGS or MCD
(including C1q) enrolled in the CureGN cohort by 13 April 2023
were considered for this analysis of PAC management. We ex-
cluded patients without NS during follow-up and those with a
pre-enrolment history of stroke, arrhythmia or valvular disease
that could justify the use of anticoagulation. We also excluded
NS episodes with concurrent anticoagulation at the beginning
of the episode, since we could not attribute its use to prophy-
laxis for NS. The follow-up period refers to time since CureGN
enrolment.

Data collection and definitions
NS episode

To temporally attribute PAC prescription to NS, we defined NS
episodes as start and stop dates. One patient could have multi-
ple episodes. The start of an NS episode was defined as a visit
from up to 90 days before enrolment in CureGN where the urine
protein:creatinine ratio (UPCR) was >3 g/g and serum albumin
(sAlb) was <3 g/dl and where no visit in the previous 365 days
met those criteria. The end of an NS episode was the first visit
with either a UPCR <3 g/g or sAlb >3 g/dl with at least one visit
with NS criteria in the previous 365 days. Lab values obtained
within a 90-day period could be considered as the same visit (the
latest visit). For the paediatric population, the UPCR threshold
was 2 g/g, according to the KDIGO guidelines [13].

Medications

Medication start and stop dates were collected at enrolment
in CureGN, including those received before enrolment, and the
medication list was updated at every study visit. Anticoagulants
included unfractionated heparin, enoxaparin, dalteparin, tinza-
parin, fondaparinux (grouped as ‘heparins’), apixaban, edoxa-
ban, dabigatran, rivaroxaban (grouped as ‘DOACs’) and warfarin
and acenocumarol (grouped as ‘coumarins’). Antiplatelet medi-
cations included acetylsalicylic acid (ASA), prasugrel, ticagrelor
and dipyridamole.

PAC was defined as any prescription of an anticoagulant
started during an NS episode and before a thrombotic event if
there was one.

VTE and bleeding risk assessment

VTE risk was assessed using the sAlb nadir of each episode and
classified as high (sAlb <2 g/dl), intermediate (sAlb 2-2.5 g/dl) or
low (sAlb >2.5 g/dl), according to the thresholds applied in the
KDIGO guidelines and described in the literature [13, 24].

We applied the Anticoagulation and Risk Factors in Atrial
Fibrillation (ATRIA) score using parameters at the start of the
episode to stratify the bleeding risk into low (<4 points), inter-
mediate (4 points) or high (>4 points) [25]. [tems with a missing
value were assigned zero points.

Demographic, clinical and laboratory measures

Patients <18 years of age at screening were classified as paedi-
atric. Race, ethnicity and sex were self-reported. Clinical param-
eters were captured at the beginning of each NS episode. Esti-
mated glomerular filtration rate (eGFR) was calculated using the
race-agnostic Chronic Kidney Disease Epidemiology Collabora-
tion formula [26] in patients >25 years of age and the U25 for-
mula [27] including age and sex in patients <25 years of age.

Thrombotic events included deep venous thrombosis (DVT),
pulmonary embolism (PE), renal vein thrombosis (RVT) and
‘other thrombosis’, which included arterial thrombotic events.
Bleeding episodes refer to gastrointestinal (GI) bleeding requir-
ing hospitalization, the only haemorrhagic event available in our
CureGN dataset.

Anticoagulation management and concordance with
KDIGO guidelines

The 2021 KDIGO guidelines for glomerular diseases [13] pro-
posed an algorithm adapted from Hofstra and Wetzels [28],
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Management concordant with guidelines

» PAC prescribed in an episode with a high VTE risk and a low bleeding risk
» PAC not prescribed in an episode with a low VTE risk

» PAC not prescribed in an episode with a high bleeding risk

Indeterminate management

* Episodes with a low VTE risk and intermediate bleeding risk
* Episodes with an intermediate VTE risk and a low or intermediate bleeding risk

Management discordant with guidelines

» PAC not prescribed in an episode with a high VTE risk and a low bleeding risk
* PAC prescribed in an episode with a low VTE risk
» PAC prescribed in an episode with a high bleeding risk

Figure 1: Definitions of anticoagulation management.

conceived for patients with MN, and suggested its use for all
adult patients with NS. Patients with sAlb <2-2.5 g/dl are consid-
ered as having a high VTE risk and should receive anticoagulants
if their bleeding risk is low or ASA if their bleeding risk is high.
They use GNTools for thrombosis and bleeding risk assessment
[29]; bleeding risk in this tool uses the ATRIA score [25].

In this study, anticoagulation management in adults was
considered guideline concordant when PAC was prescribed in an
episode with high VTE risk and low bleeding risk, when PAC was
not prescribed in an episode with low VTE risk and when PAC
was not prescribed in an episode with high bleeding risk. Man-
agement was considered guideline discordant when PAC was
not prescribed in an episode with high VTE risk and low bleeding
risk and when PAC was prescribed in an episode with low VTE
risk or high bleeding risk. In the remaining scenarios, manage-
ment was classified as indeterminate (Fig. 1).

Statistical analysis

Categorical variables were expressed as number and percent-
age and continuous variables were expressed as mean and stan-
dard deviation (SD) or median and interquartile range (IQR), de-
pending on the sample distribution. Fisher’s exact test and t-test
were used to compare categorical and continuous variables, re-
spectively. Missing data are reported individually in each table.
Statistical analyses were performed using Stata 14.1 (StataCorp,
College Station, TX, USA).

RESULTS
Patient and NS episode characteristics

A total of 295 adults and 204 children were included in this
study (Fig. 2, Table 1, Supplementary Table 1). The mean age was
47 + 17 years and 9 + 5 years and 55% and 56% were male in the
adult and paediatric populations, respectively. Both populations
were predominantly White and non-Hispanic and had a mean
follow-up period of 52 months for the adults and 60 months for
the children.

We identified 374 adult NS episodes. Ninety-three (25%) had
a high VTE risk (sAlb nadir of 1.6 + 0.3 g/dl), 127 (34%) had an
intermediate VTE risk (sAlb nadir of 2.3 & 0.2 g/dl) and 154 (41%)
had a low VTE risk (sAlb nadir of 2.8 & 0.1 g/dl). In the paediatric

population, 263 NS episodes were identified, with a sAlb nadir of
2.0 + 0.6 g/dl.

Anticoagulation prescription

PAC was prescribed in 21 (6%) of the 374 adult episodes (Table 2):
11 (12%) of the high VTE risk episodes, 8 (6%) of the intermedi-
ate VTE risk episodes and 2 (1%) of the low VTE risk episodes.
The mean time from NS episode start to PAC prescription was
96 + 121 days. Five (24%) patients were also receiving antiplatelet
therapies. PAC prescription was associated with a history of
previous thrombosis (33% versus 5%; P < .001), lower initial
sAlb (1.9 versus 2.4 g/dl; P < .001), lower sAlb nadir (1.9 ver-
sus 2.4 g/dl; P < .001) and higher proteinuria (UPCR 11.0 versus
8.5 g/g; P = .019).

Coumarins and DOACs were equally prescribed (n = 8), with
heparins being less frequently used (n = 5). No factors were as-
sociated with the prescription of DOACs versus other agents
(Supplementary Table 2). The DOACs used were apixaban (n = 7)
and rivaroxaban (n = 1).

PAC was prescribed in 11 of the 263 paediatric episodes (4%)
(Supplementary Table 3), at a mean time of 211 + 110 days
since the start of the NS episode. Only heparins were pre-
scribed. PAC use was associated with a lower sAlb nadir (1.6 ver-
sus 2.0 g/dl; P = .028), worse kidney function (eGFR 75 versus
107 ml/min/1.73 m?; P = .028) and lower haemoglobin (11.3 ver-
sus 13.0 g/dl; P = .005).

PAC guideline concordance in adult patients

Of the 374 adult NS episodes, anticoagulation management was
guideline concordant in 180 (48%), discordant in 59 (16%) and in-
determinate in 135 (36%) episodes (Table 3). Most (92%) of the
guideline-discordant episodes were cases with high VTE risk
and low bleeding risk where PAC was not prescribed (Fig. 3); of
note, antiplatelet therapy was more frequently prescribed in the
guideline-discordant episodes (12% versus 4%; P = .048). Over-
all, guideline discordance was associated with younger age (39
versus 51 years; P < .001), Asian, Black/African American and
other races (P = .002) and Hispanic ethnicity (P = .017). Guideline
concordance was associated with higher initial sAlb (2.7 versus
1.8 g/dl; P < .001) and sAlb nadir (2.7 versus 1.6 g/dl; P < .001),
worse kidney function (eGFR 66 versus 83 ml/min/1.73 m?;
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Enrolled in CureGN
(n=2718)

v

Sufficient data
(n=2703)

No visits registered (n = 15)

!

Adult population
(n=1765)

* IgA nephropathy (n = 495)
» Other GN (n = 2)

v

Eligible GN diagnosis
(n=1268)

No nephrotic syndrome
during follow-up (n = 904)

v

At least 1 NS episode

(n =364) Prior comorbidities* (n= 30)
|« Stroke (n=13)
il "« Arrhythmia (n = 18)
« Valvular di =5
334 adults with alvular disease (n = 5)

426 NS episodes

Anticoagulation prescription
» active at start of NS (n= 52
¥ episodes in n = 39 adults)
Included adult patients
(n =295,
NS episodes n = 374)

Figure 2: Patient inclusion. *Some patients had more than one comorbidity.

Table 1: Adult patient characteristics.

!

Pediatric population
(n=938)

* IgA nephropathy (n = 294)
» Other GN (n =0)

v

Eligible GN diagnosis
(n=644)

No nephrotic syndrome
during follow-up (n = 431)

v

At least 1 NS episode
(n=213)

Prior comorbidities (n = 2)
» Stroke (n = 0)

* Arrhythmia (n = 2)

* Valvular disease (n = 0)

v

v

211 children with 272 NS

episodes
Anticoagulation prescription
> active at start of NS (n=9
¥ episodes in n =7 children)
Included pediatric patients
(n =204,

NS episodes n = 263)

Parameters All (n = 295) MN (n = 148) FSGS (n = 81) MCD (n = 66)
Age (years), mean =+ SD 47 +£17 51+15 44 + 16 42 +£19
Sex, n (%)

Female 133 (45) 55 (37) 38 (47) 40 (60)

Male 162 (55) 93 (63) 43 (53) 26 (40)
Race, n (%)

Asian 21 (7) 15 (10) 1(1) 5(8)

Black or African American 52 (18) 27 (18) 12 (15) 13 (19)

White 197 (67) 99 (67) 55 (68) 43 (65)

Other 25 (8) 7 (5) 13 (16) 5 (8)
Ethnicity, n (%)

Hispanic 44 (15) 20 (14) 15 (19) 9 (14)

Non-Hispanic 250 (85) 128 (86) 65 (80) 57 (86)

Not reported 1(<1) 0 1(1) 0
Follow-up (months), mean + SD 52 £27 55+ 26 48 + 28 53+28
Study visits, n (%) 13 (6) 13 (5) 12 (6) 13 (6)
NS episodes, n 374 177 108 89

NS episode duration (days), median (IQR) 269 (118-383)

267 (115-365) 239 (119-374) 301 (129-441)

P < .001), lower haemoglobin (12.3 versus 13.5; P < .001) and hy-
pertension (61% versus 34%; P < .001).

Of the 93 episodes with high VTE risk, 62 had low bleeding
risk (Fig. 3). Among those, management was mostly guideline
discordant, since only 8 (13%) received thromboprophylaxis. PAC

prescription was numerically more frequent among patients
with a history of previous thrombosis and higher serum crea-
tinine (Supplementary Table 4). Among the 24 patients in this
group with MN, only 4 (17%) received PAC, despite 13 of them
having additional risk factors for VTE (Supplementary Table 5).
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Table 2: Prophylactic anticoagulation prescription in NS episodes in adults (N = 374).

Parameters PAC (n = 21) No PAC (n = 353) P-value
Age (years), mean + SD 46 £ 15 47 £ 16 .607
Sex, n (%) .368
Female 7 (33) 160 (45)
Male 14 (67) 193 (55)
Race, n (%) 158
Asian 0 24 (7)
Black or African American 4 (19) 59 (17)
White 13 (62) 245 (69)
Other 4(19) 25 (7)
Ethnicity, n (%) .148
Hispanic 6 (29) 47 (13)
Non-Hispanic 15 (71) 305 (86)
Not reported 0 1(<1)
Glomerular diagnosis, n (%) .100
MN 15 (71) 162 (46)
FSGS 3 (14) 105 (30)
MCD 3 (14) 86 (24)
Hypertension, n (%) 9(43) 201 (57) .259
Body mass index, mean + SD 300+53(n=9) 29.6 +7.0 (n = 213) .871
Active smoking, n (%) 2(22) (n=9) 45 (16) (n = 290) .636
Previous thrombosis, n (%) 7 (33) 19 (5) <.001*
Family clotting disorder, n (%) 2 (10) 36 (10) 1.000
Previous GI bleeding episodes, n (%) 1(5 6(2) .335
Labs at start of NS
Serum albumin (g/dl), mean + SD 1.9+0.5 2.4 +0.5 <.001*
Serum albumin nadir (g/dl), mean + SD 19+0.5 24+0.5 <.001*
Serum creatinine (mg/dl), mean + SD 1.5+0.8 15+1 .959
eGFR (ml/min/1.73 m?) , mean + SD 70 +31 70 + 33 .980
CKD stages 3-5, n (%) 9 (43) 146 (42) 1.000
UPCR (g/g), mean + SD 11.0 + 4.9 8.5+49 .023*
Haemoglobin (g/dl), mean + SD 12.8 £ 2.1 125+ 2.1 .568
VTE risk, n (%) .001*
Low 2 (10) 152 (43)
Intermediate 8 (38) 119 (34)
High 11 (52) 82 (23)
ATRIA score, n (%) 483
Low 15 (71) 225 (64)
Intermediate 3 (14) 90 (25)
High 3 (14) 38 (11)
Anticoagulation agent?, n (%)
Coumarin 8 (38) - -
DOAC 8(38) - -
Heparin 5 (24) - -
Days from NS to anticoagulation, mean + SD 96 (121) - -
Antiplatelet therapy, n (%) 7 (34) 61 (18) .079
Active at start of NS 5 (24) 45 (13) 178
Prescribed during NS 2 (10) 17 (5) .289
Corticosteroids prescribed during NS, n (%) 11 (52) 113 (32) .060

20ne patient was switched from coumarin to DOAC.
*Statistical significance.

Among the 127 episodes with intermediate VTE risk, 79 had
low bleeding risk. In this subgroup (Supplementary Table 4), PAC
was used in 5 (6%) episodes and was associated with a lower
sAlb nadir (2.1 versus 2.3; P = .014) and higher UPCR (13.0 versus
8.0 g/g; P = .017).

Thromboembolic and bleeding events

Thrombotic events occurred during 5 of the 374 adult NS
episodes (1.3%) at a median of 70 days (IQR 49-146) since the
start of the episode (Supplementary Table 6): 1 RVT, 1 PE, 2 DVTs
and 1 episode with both PE and DVT. All were men; 3 with MN

and 2 with FSGS. Four had high VTE risk, representing an inci-
dence of 4.3% in that group, and one had intermediate VTE risk.
None received PAC despite a low calculated bleeding risk. An-
other 10 thrombotic events happened outside of an NS episode,
at a median of 834 days (IQR 559-959) from the beginning of the
episode.

Among the 263 paediatric NS episodes, thromboembolic
events were diagnosed in 4 (1.5%) (Supplementary Table 6), all
with FSGS, at a median of 21 days (IQR 9-152) after the begin-
ning of the episode: 1 DVT, 1 arterial thrombotic event and 2
episodes with both a PE and a DVT. The median age was 14 years
(IQR 11-15), median sAlb nadir was 1.6 g/dl (IQR 0.9-2.2) and
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Table 3: Guideline-concordant versus discordant anticoagulation management in adult NS episodes.

Parameters Guideline concordant (n = 180) Guideline discordant (n = 59) P-value
Age (years), mean =+ SD 51417 39+ 15 <.001"
Sex, n (%) 1.000
Female 84 (47) 28 (47)
Male 96 (53) 31 (53)
Race, n (%) .002*
Asian 9 (5) 6 (10)
Black or African American 24 (13) 14 (24)
White 139 (77) 31 (53)
Other 8 (5) 8 (13)
Ethnicity, n (%) .033*
Hispanic 17 (9) 13 (22)
Non-Hispanic 162 (90) 46 (78)
Not reported 1(1) 0(0)
Diagnosis, n (%) 157
MN 82 (46) 25 (42)
FSGS 56 (31) 13 (22)
MCD 42 (23) 21 (36)
Hypertension, n (%) 109 (61) 20 (34) <.001*
Body mass index, mean + SD 28.2 + 6.4 (n = 103) 30.0 +7.3 (n=33) 192
Active smoking, n (%) 26 (17) (n = 153) 4(11) (n = 37) 456
Previous thrombosis, n (%) 11 (6) 5(8) .552
Family clotting disorder, n (%) 14 (8) (n = 179) 5(9) (n =56) .782
Liver cirrhosis, n (%) 1(1) 0 1.000
Previous GI bleeding episodes, n (%) 6(3) 1(2) 1.000
Labs at start of NS
Serum albumin (g/dl), mean + SD 27+04 1.8+0.5 <.001*
Serum albumin nadir (g/dl), mean + SD 2.7 +04 1.6 £ 0.4 <.001*
Serum creatinine (mg/dl), mean =+ SD 16+12 1.1+06 .004"
eGFR (ml/min/1.73 m?), mean + SD 66 + 34 83 +30 <.001*
CKD stages 3-5, n (%) 77 (42) 13 (23) .008*
UPCR (g/g), mean + SD 8.0£5.1 10.2 £ 4.7 .006*
Haemoglobin (g/dl), mean + SD 12.3+£20 13.5+23 <.001*
VTE risk, n (%) <.001*
Low 152 (85) 2(3)
Intermediate 13 (7) 2(3)
High 15 (8) 55 (94)
ATRIA score, n (%) <.001*
Low 105 (58) 56 (95)
Intermediate 37 (21) 0
High 38 (21) 3(5)
Anticoagulation prescribed during NS, n (%)
Yes 8 (4) 5(8)
No 172 (96) 54 (92)
Antiplatelet therapy, n (%)
Active at start of NS 28 (16) 7 (12) 671
Prescribed during NS 7 (4) 7 (12) .048"

*Statistical significance.

median UPCR was 11.6 g/g (IQR 8.4-17.0). None of the patients
had received PAC. Only two other thrombotic events occurred
outside of an NS episode, 655 and 751 days after the start of an
NS episode.

GI bleeding episodes were reported in two adult NS episodes
and none in the paediatric population. One was in an episode
with low bleeding risk after 194 days of coumarins treatment for
a DVT. The other was an episode with high bleeding risk after
16 days of PAC with apixaban with concomitant ASA.

DISCUSSION

Our retrospective analysis of a large, multicentre, international
cohort showed that thromboprophylaxis management in adults

with NS was often not aligned with current guidelines (Fig. 3).
This was most frequent among NS episodes with a high VTE
risk, where 59% of cases did not follow the practice point. The
2021 KDIGO guidelines suggest a unified algorithm for all pa-
tients with NS; as these guidelines are based on data from
patients only with MN [8, 10], the authors acknowledge the
unknown value for patients with a different glomerulopathy
[13]. Furthermore, the proposed bleeding risk assessment tool
uses the ATRIA score, only validated for adult patients with
atrial fibrillation receiving warfarin; although there are alter-
native tools, none of them have been validated in the set-
ting of NS [30-32]. Hence this algorithm offers limited ap-
plicability to patients with glomerulopathies other than MN,
those using other anticoagulants such as heparins or DOACs
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[] Management concordant with guidelines

Indeterminate management

Episodes of NS in adults

[[] Management discordant with guidelines (n=2374)
High VTE risk Intermediate VTE risk Low VTE risk
Serum albumin nadir <2 g/dL Serum albumin nadir 2-2.5 g/dL Serum albumin nadir >2.5 g/dL
(n=93) (n=127) (n = 154)
2AC
! ! | ! | !
Low Intermediate High Low Intermediate High 261,53 (';(1) A?i:or)
bleeding risk bleeding risk bleeding risk bleeding risk bleeding risk bleeding risk P
(n=62) (n=23) (n=8) (n=79) (n=33) (n=15)
8AC 2AC 1AC 5AC 1AC 2AC
54 No AC 21 NoAC 7 No AC 74 No AC 32 NoAC 13 No AC
14 AP (7 prior) | | 4 AP (1 prior) 4 AP (4 prior) 11 AP (8 prior) | | 4 AP (3 prior) 3 AP (3 prior)

Figure 3: Anticoagulation management in adult NS episodes. AC: anticoagulation; AP: antiplatelet therapy.

and the paediatric population. In accordance with our observa-
tions, recent surveys and retrospective studies analysing PAC in
this population showcase a heterogenous approach across the
globe [14-16, 18-20, 33].

In our study, the majority of guideline-discordant episodes
were cases with a high VTE risk and a low bleeding risk where
anticoagulants were not prescribed (Fig. 3). Guideline discor-
dance was associated with a younger age, Asian, Black/African
American and Other races and Hispanic ethnicity (Table 3).
Younger patients being undertreated might be explained by an
exaggerated sense of lower thrombotic risk, possibly derived
from evidence showing a higher risk in patients >60 years of age
[34]. However, race and ethnicity have not been defined as risk
factors for thrombosis in NS in the largest available cohorts [2, 8,
12]. The prescription of antiplatelet agents was more frequent
among guideline-discordant episodes, possibly demonstrating
a preference towards mitigating bleeding risk when managing
thromboprophylaxis in patients with NS.

Overall, PAC was only prescribed in 5.6% of the adult NS
episodes (Table 2). A lower sAlb and higher UPCR were associ-
ated with PAC prescription. This is consistent with a survey re-
port where 93% of healthcare professionals would use sAlb as
a determinant for prescribing PAC and 61% would also use the
degree of proteinuria [33]. Hypoalbuminaemia has consistently
been described as a VTE risk factor in adults, in terms of both
severity [3, 8, 12, 35] and duration [11], with a threshold of 2.5-
2.8 g/dl in MN and 2-2.5 g/dl in other glomerulopathies [11, 12].
In our cohort, patients receiving PAC had a mean sAlb of 1.9 g/dl,
versus a mean sAlb of 2.4 g/dl in those who did not, reflecting the
values used in the KDIGO algorithm for categorizing a high VTE
risk. Recent publications propose a threshold of sAlb <2.5 g/dl for
prescribing PAC in patients with MN and sAlb <2 g/dl for other
underlying entities [11, 18, 19].

Proteinuria has also been found as a risk factor in nephrotic
patients with VTE, although only in those with MN [35, 36], and
both the 2012 and 2021 KDIGO guidelines consider proteinuria
>10 g/day as an added factor favouring PAC [13, 37]. Aligned with
this, we found that patients receiving PAC had a mean UPCR of

11.0 g/g, significantly higher than those not receiving it (8.5 g/g;
P =.023).

MN has persistently been identified as the glomerulopathy
with the highest thrombotic risk [2, 3, 34], especially those with
a positive anti-PLA2R antibody [13, 38-40]. Surprisingly, neither
PAC prescription nor guideline concordance were significantly
associated with a histology of MN in our study. Specifically, in
patients with MN and a low bleeding risk, PAC was only pre-
scribed in 7 of 55 (13%) patients with a sAlb nadir <2.5 g/dl and
in 4 of 24 (17%) patients with a sAlb nadir <2.0 g/dl, despite
the presence of additional VTE risk factors already described
in the 2012 KDIGO guidelines as conditions for considering PAC
(Supplementary Table 5).

In our adult cohort, coumarins and DOACs were equally
prescribed. In the KDIGO guidelines, DOACs were not recom-
mended, given the paucity of evidence at the time of publication
[13]. Since then, retrospective studies of DOACs used as prophy-
laxis in collectively >70 adult patients with NS of various origins
have favourably demonstrated their efficacy and safety, includ-
ing when compared with warfarin [11, 17-19]. DOACs have al-
ready been proven to be safer in terms of bleeding events and
all-cause mortality in patients with CKD [41].

Despite the proportion of episodes that did not adhere to
guidelines, we observed a VTE rate of only 1.3% in all adult NS
episodes, while previous studies have reported rates of 6-36%
in MN and 2-12% in other entities, including MCD or FSGS [11,
15, 16, 24]. In our high VTE risk group, the thrombosis rate was
4.3%, resembling that of published studies. Worldwide, throm-
bosis in NS seems to have diminished over time [24], possibly
due to improvements in patient care; this could be accentuated
in our cohort, where patients were treated at academic medi-
cal centres with access to state-of-the-art care. In any case, an
incidence of 4.3% in patients with sAlb <2.5 g/dl could justify
PAC, since it parallels the baseline VTE risk of major orthopaedic
surgery (4.3%) [42] and high-risk hospitalized medical patients
(3.5%) [42], where PAC is recommended.

In our paediatric cohort, PAC was prescribed in 4.2% of
NS episodes. Current KDIGO guidelines do not include this
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population in the algorithm and suggest consulting haematol-
ogy for thrombosis and bleeding risk evaluation [13]. In this
study, we found that PAC prescription in children was associ-
ated with hypoalbuminaemia, worse kidney function and lower
haemoglobin, possibly reflecting a selection of cases with more
aggressive kidney disease, although none of these have been
identified as VTE risk factors in this population [43, 44]. Con-
versely, previously reported risk factors like proteinuria, age
>12 years or corticosteroid resistance were not associated with
PAC prescription in our population. Heparins were the agent pre-
scribed in all cases of paediatric PAC. DOACs were approved for
the treatment and prophylaxis of thrombosis in the paediatric
population in 2021, although no studies included children with
NS [45, 46].

Our study has several limitations. Many of the included
episodes may have preceded the publication of the 2012 KDIGO
guidelines, which we used to establish concordant versus discor-
dant management; undisclosed dates of NS episodes precluded
us from observing and analysing trends in PAC prescription over
time. Our data were not obtained directly from medical records,
but from CureGN study visits records, which offered limited data
points for defining NS episodes, and interpretation of anticoag-
ulation and antiplatelet prescriptions was based solely on time
relative to those episodes. The exclusion of patients receiving
anticoagulation at what we defined as the start of the NS may
have underestimated the proportion of patients receiving it as
prophylaxis. Finally, bleeding events and risk may have been un-
derestimated due to limited availability of haemorrhagic events
data.

In conclusion, we found that PAC was used more conserva-
tively than guidelines suggest and was mainly driven by hy-
poalbuminaemia severity both in adults and children. Antico-
agulation also diverged from guidelines in terms of the agent of
choice, with DOACs being used as often as coumarins in adults.
We also found a lower rate of thrombosis than in previous re-
ports, although still high enough to routinely consider PAC us-
ing risk assessment algorithms. Updated, high-quality studies
are needed to determine the real thrombotic risk in patients
with different causes of NS with the current standard of care
and to evaluate the safety and efficacy of PAC, including DOACs,
to create evidence-based thromboprophylaxis management
algorithms.
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