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ABSTRACT

Background. Renal arcuate vein thrombosis (RAVT) is a rare and recently recognized cause of acute kidney injury (AKI)
in young adults. However, the precise incidence and underlying pathophysiologic mechanisms leading to AKI in these
patients remain elusive.
Methods. This study included all patients who underwent a kidney biopsy over a 40-month period sent to the
pathology department of Necker-Enfants Malades Hospital, with evidence of RAVT. We performed coagulation tests,
genetic testing for thrombophilia, complete urine toxicologic screening and kidney metagenomic sequencing to identify
an underlying cause of thrombosis.
Results. We report five pediatric cases of RAVT discovered on kidney biopsy performed in the setting of unexplained
AKI. Investigations did not reveal an underlying cause of thrombosis but only a significant nonsteroidal
anti-inflammatory drugs (NSAIDs) use was reported in 4/5 patients, supporting a potential link between NSAIDs use and
RAVT. By performing metagenomic sequencing on kidney biopsy samples, we detected severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) RNA in the kidney of one patient. These results suggest that systemic SARS-CoV-2
infection may also be a key contributing factor of renal thrombosis, particularly by inducing potential endothelial
disruption.
Conclusions. In conclusion, RAVT-induced AKI appears to be a multiple hit–mediated disease in which NSAIDs
consumption and viral infection such as SARS-CoV-2 may be crucial contributing factors. These findings may have
significant public health implications given the prevalence of NSAIDs use in the general population. Increased
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awareness and additional study of future cases may lead to a better understanding of this rare cause of AKI in children
and young adults.

LAY SUMMARY

Renal arcuate vein thrombosis (RAVT) is a recently recognized cause of acute kidney injury (AKI) in young adults. In
our study, we reported five pediatric cases of RAVT discovered on kidney biopsy performed in the setting of
unexplained AKI. Investigations did not reveal an underlying cause of thrombosis. Nevertheless, a significant NSAIDs
use was reported in 4/5 patients supporting a potential link between NSAIDs and RAVT. By performing metagenomic
sequencing on kidney biopsy samples, we detected severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
RNA in one patient, suggesting that systemic SARS-CoV-2 infection may also be a key factor contributing factor to
RAVT, particularly by inducing endothelial disruption. RAVT-induced AKI appears to be a multiple hit–mediated
disease in which NSAIDs consumption and viral infection such as SARS-CoV-2 may be crucial contributing factors.
Increased awareness and additional study of future cases may lead to a better understanding of this rare cause of AKI
in children and young adults.

GRAPHICAL ABSTRACT
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INTRODUCTION

Acute kidney injury (AKI) is defined as the sudden decline in
kidney function as evidenced by a rise in serum creatinine from
baseline, and/or a reduction in urine output. Pediatric AKI is
an heterogenous disease with a wide range of clinical severity
and multiple causes [1]. The precise incidence of pediatric AKI
is hard to determine partly due to the lack of a consensus
definition. In a large study of 1.5 million children between
2008 and 2016, community-based pediatric AKI incidence was
approximately 1 per 1000 persons [2]. Among the wide range of

intrinsic AKI etiologies, the use of nephrotoxic medications is
a common cause of AKI in children. In particular, nonsteroidal
anti-inflammatory drugs (NSAIDs) is one of the most frequent
contributors to AKI and accounts for 3%–7% of AKI cases in
hospitalized children [3]. NSAIDs can induce several forms of
kidney failure ranging from hemodynamically mediated AKI
without pathological lesions to different types of pathologi-
cal damage, with acute tubular injury and acute interstitial
nephritis being the most common lesions [4].

Renal vein thromboses (RVT) are rare and underdiagnosed
entities with the potential to lead to AKI and life-threatening
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thromboembolic events [5]. In children, RVT most commonly
occurs secondary to nephrotic syndrome and renal transplan-
tation [6, 7]. Nevertheless, as RVT may be promoted by an un-
derlying hypercoagulable state, the systematic search of inher-
ited or acquired procoagulant disorders is required [5]. RVT is of-
ten difficult to diagnose as it may remain asymptomatic and be
discovered incidentally by imaging studies. However, it should
be considered in cases of flank pain and hematuria with or with-
out AKI. It is noteworthy that, although venous thrombosis of
the extra renal veins is a well-established cause of AKI, isolated
intrarenal venous thrombosis discovered on pathological analy-
sis of renal biopsy is not widely reported as a cause of acute re-
nal failure. Importantly, a recent study by Redfern et al. reported
thrombosis in the renal arcuate veins (RAVT) demonstrated by
kidney biopsy in young adult patients with AKI [8]. However, the
precise incidence and underlying pathophysiologicmechanisms
of RAVT leading to AKI in these patients remain elusive.

In this study, we report five pediatric cases of RAVT discov-
ered on microscopic analysis of the kidney biopsy performed in
the setting of unexplained AKI. We performed complete inves-
tigations to identify an underlying cause of thrombosis and de-
termined the relative frequency of these lesions among other
causes of AKI in children.

MATERIALS AND METHODS

Patients

We performed a single center, retrospective study that included
all patients who underwent a kidney biopsy, sent to the pathol-
ogy department of Necker-Enfants Malades Hospital, over a 40-
month period (between 1 January 2019 and 1 May 2022), with
evidence of RAVT.

In order to identify underling promoting factors of venous
thrombosis, coagulation test, platelet count, genetic testing for
Factor V Leiden and Prothrombin G20210Amutations, test for lu-
pus anticoagulant and anti-cardiolipin antibodies, and complete
urine toxicologic screening were performed.

As a comparison, we recorded all pediatric AKI of any cause
during the same inclusion period and in particular those at-
tributed to the use of NSAIDs with or without kidney biopsies.
Data collection (clinical and biological) was based on patients’
medical records.

Histological analysis

Histopathological examination (optical microscopy) was per-
formed by a kidney pathologist. Briefly, kidney biopsies were
fixed in formalin, alcohol and acetic acid, and paraffin embed-
ded. Four-μm sectionswere stainedwith hematoxylin–eosin,pe-
riodic acid–Schiff, Masson trichrome and methenamine silver.

Immunohistochemistry and immunofluorescence

For immunohistochemical (IHC) analysis, an automated BOND-
III (Leica Biosystems) stainer was used. Briefly, 4-μm sections
of paraffin-embedded kidneys were submitted for appropriate
antigen retrieval. Then, sectionswere incubatedwith the follow-
ing antibodies: mouse monoclonal anti-CD34 antibody (Agilent,
1:100) and rabbit polyclonal anti-Factor VIII antibody (Agilent,
1:200).

Immunofluorescence was performed on frozen kidney biop-
sies with an antibody targeting fibrinogen (rabbit polyclonal

anti-Fibrinogen-FITC, Agilent, F011102) using the automated
BOND-III.

Metatranscriptomics

Molecular analyses were performed on all five kidney biop-
sies. Nucleic acids from nitrogen-frozen and Optimal Cutting
Temperature-embedded kidney biopsies according manufac-
ture procedure (MagNA Pure Compact RNA Isolation kit, Roche
Molecular Systems, Inc.). Metatranscriptomics analyses were
performed as previously described [9].

SARS-CoV-2 RT-PCR assay

Total RNA was extracted from nitrogen-frozen and Optimal
Cutting Temperature-embedded kidney biopsies and used to
perform real-time polymerase chain reaction (RT-PCR) on nu-
cleocapsid (N) and RNA-dependent RNA polymerase (RdRp)
genes according to the manufacturer’s instructions (ARGENE
SARS-CoV-2 R-GENE, BioMérieux, France).

RESULTS

Between 1 January 2019 and 1 May 2022, we identified five pe-
diatric cases of RVT in which the diagnosis was made by kid-
ney biopsy performed in the setting of unexplained AKI. The
demographic characteristics, clinical and biological data of the
patients are provided in Table 1. Briefly, there were one male
and four females and patients had a mean age of 15 years
(range 13–17 years). No notable comorbidities and no familial
history of kidney disorder were reported. Moreover, all five pa-
tients had previous normal kidney function. All patients pre-
sented to the emergency department with relatively different
symptoms; however, three of them presentedwith abdominal or
flank pain. Importantly, biochemical studies revealed AKI with a
mean serum creatinine at admission of 285 μmol/L (range 209–
460 μmol/L). No relevant proteinuria was detected except for
Patient 4 (300 mg/mmol of urine creatinine without nephrotic
syndrome) and two patients presented with mild hematuria.
There were no relevant findings in the renal ultrasound per-
formed, in particular no thrombus forms in the renal veins or
their branches were observed on the Doppler sonography. Of
particular interest, in four patients, there was a significant con-
sumption (one to three doses) of NSAIDs previous to the episode
without other nephrotoxic medications. Nevertheless, Patient 2
reported taking only paracetamol in the 2 days before due to
arthralgia and flu-like symptoms. Importantly, Patient 3 with
past history of depression reported voluntary poisoning with a
high dose of ketoprofen (14 tablets).

All patients had negative severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) nasopharyngeal swab tests upon
admission and SARS-CoV-2 serological testing was negative in
two patients, whereas three patients had positive SARS-CoV-2
anti-S antibodies. The coagulation test, genetic test and toxi-
cologic investigations are provided in Table 1. For all patients,
platelet count and coagulation tests were within normal range.
Genetic testing was negative for Factor V Leiden and Prothrom-
bin G20210A mutations for all patients, arguing against a po-
tential inherited thrombophilia. Moreover, lupus anticoagulant
and anti-cardiolipin antibodies were negative in the three tested
patients. All urine samples were sent for complete toxicology
screening which did not detect alcohols and recreational drugs.

A kidney biopsy was performed on all patients in the etio-
logical work-up of AKI. All biopsy specimens hadmaterial taken
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for light microscopy and immunofluorescence (IF). The light mi-
croscopy sample contained cortex and medulla in all cases with
16–31 glomeruli in the cortical area. In each case, histological
findings on biopsy were similar. No evidence of acute intersti-
tial nephritis or diffuse acute tubular injury was found (Fig. 1A).
However, we observed focal areas of mild tubular injury, little
interstitial edema and focal immune cell infiltrate (<10%) con-
centrated at the corticomedullary junction (Fig. 1B). Of particu-
lar interest,morphological analysis revealed in all patients well-
defined thrombi in the renal arcuate veins (Fig. 1D), except for
Patient 4 where thrombosis was detected on the IF fragment
by identification of an intravascular fibrin-positive thrombus
(Fig. 1G). IHC analysis using anti-CD34 antibody further demon-
strated that the thrombotic lesions were within arcuate veins
with focal adhesions of the thrombus to the vessel wall (Fig. 1E).
Moreover, IHC analysis using anti-Factor VIII antibody showed
platelets aggregates within the thrombus (Fig. 1F). Interestingly,
IHC targeting CD34 also showed dilated peritubular capillaries
at the corticomedullary junction close to the renal vein, favoring
indirect evidence of downstream venous obstruction (Fig. 1C). Of
note, IF analysis did not reveal any immunoglobulin or comple-
ment fraction deposits in the glomeruli. In total, only the throm-
botic lesion of the renal arcuate veins could potentially explain
AKI in all patients.

As systemic or localized infections are independent risk fac-
tors for thromboembolic diseases, to determine whether this
observed renal thrombosis could be directly related to a spe-
cific pathogen, we performed metagenomic next-generation se-
quencing (mNGS) on kidney biopsy samples from all five pa-
tients. Four kidney biopsies showed no pathogen sequences and
strikingly in Patient 5, SARS-CoV-2 RNA was detected in the kid-
ney and further confirmed by RT-PCR.

NSAID treatment was discontinued and all five patients
showed an improvement in renal function with only supportive
measures within 15 days.

In order to establish the frequency of this atypical cause
of AKI potentially related to NSAIDs use, we identified over
the same inclusion period all pediatric AKI, regardless of the
cause, with or without renal biopsies performed at the time
of diagnosis. We therefore identified in this 3 years and 5
months period 79 pediatric patients admitted to our nephrology
department for AKI. Among them, 16 (20.3%) were attributed
to NSAIDs use and 7 had a kidney biopsy, with 5 (6.3% of AKI
patients) corresponding to the reported series and 2 with acute
tubular injuries lesions. In total, the precise incidence of our
observed NSAIDs-associated renal arcuate vein thrombosis is
difficult to determine because of the potential large number of
undiagnosed cases related to the restricted indication of kidney
biopsy in these contexts. However, among the 16 patients with
NSAIDs-associated AKI, a high proportion (n = 5, 31%) had an
RAVT. As arcuate blood vessels may not be invariably present in
a renal biopsy and may result in a bias for underestimation, we
randomly analyzed 182 pediatric kidney biopsies during a 1-year
period to estimate an overall percentage of the occurrence of
these vessels in kidney biopsies. We identified 118 (64.8%) renal
biopsies with arcuate blood vessels at the corticomedullary
junction suggesting that in one out of three cases the diagnosis
may be missed due to sampling bias.

DISCUSSION

Pediatric AKI is a heterogenous disease with a wide range of
causes [1]. NSAIDs medications is one of the most frequent con-
tributors to pediatric AKI accounting for 3%–7% of AKI cases
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Figure 1: Microscopy analysis of kidney biopsies. (A) Representative image of patient’s kidney biopsies using light microscopy with Masson’s trichrome staining,
showing mostly normal kidney parenchyma. (B) Light microscopy using periodic acid–Schiff staining showing focal mild tubular injury with interstitial edema and
focal immune cells infiltrate. (C) IHC analysis on kidney biopsy targeting CD34 showing dilated peritubular capillaries at the corticomedullary junction close to the

RAVT. (D) Light microscopy using Masson’s trichrome (left) and hematoxylin–eosin (right) staining, showing two dilated renal arcuate veins at the corticomedullary
junction containing a large thrombus composed mainly of fibrin with inflammatory cells. Red arrows show focal adhesions of the thrombus to the vessel wall. (E) IHC
analysis on renal arcuate vein thrombosis targeting CD34 showing the thrombus within an arcuate vein with strong staining of the endothelium. Red arrows show
focal adhesions of the thrombus to the vessel wall. (F) IHC analysis on RAVT targeting Factor VIII showing platelets aggregates within the thrombus. (G) IF analysis on

RAVT targeting fibrinogen showing a thrombus composed mainly of fibrin. Scale bar 100 μm.
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in hospitalized children [3]. Of note, when a kidney biopsy is
performed acute tubular injury and acute interstitial nephritis
are the most common pathological lesions observed in NSAIDs-
induced AKI. Conversely, RVT is not a common cause of pedi-
atric AKI and most commonly occurs secondary to nephrotic
syndrome and renal transplantation [6, 7]. In contrast, malig-
nancy and nephrotic syndrome are the most common under-
lying causes of RVT in adult patients [10].

Intrarenal venous thrombosis solely discovered on patholog-
ical analysis of renal biopsy is not widely reported as a cause of
AKI. An interesting study by Redfern et al. recently reported six
young adults with AKI and thrombosis in the renal arcuate veins
demonstrated by kidney biopsy [8]. However, in this study, the
specific causality and the underlying pathophysiologic mech-
anisms remained elusive. Strikingly, as in our report, affected
patients were all healthy young adults and teenagers with re-
nal arcuate vein thrombosis revealed onmicroscopic analysis of
the kidney biopsy performed in the setting of unexplained AKI.
Moreover, as we reported, all patients achieved a complete re-
covery of renal function in about 2 weeks. The main difference
of our study is that most of our patients (4/5 patients) had con-
sumed amoderate to high dose of NSAIDs in the days before pre-
sentation, allowing proposal of a possible causal link between
NSAIDs used and RAVT. Of interest, in the Redfern et al. study,
NSAIDs consumption before admission was also identified in
3/6 patients. Among other potential causes of RAVT, recreational
drug use and alcohol have been considered as potential etiologic
factors. However, in our study, no evidence of recreational drug
use or alcohol consumption were identified in the four patients
who underwent extensive urine toxicology screening.

In cases of rapid onset and complete occlusion of the renal
vein the affected kidney becomes enlarged due to venous stasis
and interstitial edema [5]. Strikingly, in our patients kidney size
remained normal as in the six cases reported by Redfern et al. [8].
In contrast to an often unilateral thrombosis of the extra-renal
veins, occlusions of the arcuate veins certainly affect both kid-
neys, given the level of renal insufficiency observed, but probably
do not involve the entire network of arcuate veins, with there-
fore the possibility of accessory lymphatic or venous drainage
limiting edema and renal volume gain.

Virchow’s triad comprises three factors predisposing to
thrombus formation: abnormal blood flow, hypercoagulability
and endothelial injury. Of particular interest, NSAIDs, by affect-
ing intrarenal hemodynamics, may have been a contributory
factor to RAVT in our patients. NSAIDs promote renal vasocon-
striction by reducing prostaglandin production and blunting
their vasodilatation effect on the afferent arteriole leading to
dominant vasoconstriction and reduced glomerular filtration
rate [4]. Of note, two patients also presented with vomiting
that may have contributed to intrarenal hemoconcentration,
favoring a thrombotic event. In addition, several studies sug-
gest an increased risk of venous thromboembolism among
NSAID users, further emphasizing the potential link between
NSAIDs and RAVT [11, 12]. It is worth noting that no other cause
of thrombosis-promoting factors has been identified in our
patients, such as thrombophilia.

Also, in relation to Virchow’s triad, systemic or localized in-
fections are independent risk factors for venous thrombosis, es-
pecially by promoting endothelial disruption and platelet acti-
vation [13]. In this respect, we performed mNGS on all kidney
biopsy samples and strikingly we detected SARS-CoV-2 RNA in
the kidney biopsy of Patient 5. Of interest, in the coronavirus dis-
ease 2019 (COVID-19) pandemic several studies have underlined
the increased risk of thromboembolic diseases and identified the

crucial role of endothelial cells in the genesis of these throm-
boembolic events [14, 15]. Indeed, SARS-CoV-2 is likely to cause
endothelial disruption and thrombosis through direct entry into
endothelial cells and induction of pro-inflammatory cytokines
[15–17]. Thus, in our patient viral-induced endothelial activation
might have been a crucial promoting factor of RAVT.

In conclusion, RAVT is a rare but probably underdiagnosed
cause of AKI in children and young adults. RAVT appears to be
a multiple hit–mediated disease in which NSAIDs consumption
and viral infection such as SARS-CoV-2 may be crucial con-
tributing factors. Importantly, our findings may have significant
public health implications given the prevalence of NSAIDs use
in the general population. Increased awareness and additional
study of future cases may lead to a greater understanding of
this rare cause of AKI in children and young adults.
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