- ]
AU BioOne DIGITAL LIBRARY

Acute nephrotic-range glomerular proteinuria following
ibuprofen intoxication in two cats

Authors: Herrero, Yaiza, lannucci, Claudia, Schreiber, Nora, Hansen,
Bernard D, and Vigani, Alessio

Source: Journal of Feline Medicine and Surgery Open Reports, 8(1)
Published By: SAGE Publishing
URL.: https://doi.org/10.1177/20551169221104551

The BioOne Digital Library (https://bioone.org/) provides worldwide distribution for more than 580 journals
and eBooks from BioOne’s community of over 150 nonprofit societies, research institutions, and university
presses in the biological, ecological, and environmental sciences. The BioOne Digital Library encompasses
the flagship aggregation BioOne Complete (https://bioone.org/subscribe), the BioOne Complete Archive
(https://bioone.org/archive), and the BioOne eBooks program offerings ESA eBook Collection
(https://bioone.org/esa-ebooks) and CSIRO Publishing BioSelect Collection (https://bioone.org/csiro-
ebooks).

Your use of this PDF, the BioOne Digital Library, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Digital Library content is strictly limited to personal, educational, and non-commmercial
use. Commercial inquiries or rights and permissions requests should be directed to the individual publisher
as copyright holder.

BioOne is an innovative nonprofit that sees sustainable scholarly publishing as an inherently collaborative enterprise
connecting authors, nonprofit publishers, academic institutions, research libraries, and research funders in the common
goal of maximizing access to critical research.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Feline-Medicine-and-Surgery-Open-Reports on 11 Apr 2025
Terms of Use: https://complete.bioone.org/terms-of-use



OPEN

Case Series REPORTS
Journal of Feline Medicine and Surgery Open
Acute nephrotic-range glomerular i

© The Author(s) 2022

Article reuse guidelines:
sagepub.com/journals-permissions

DOI: 10.1177/20551169221104551
journals.sagepub.com/home/jfmsopenreports

proteinuria following ibuprofen
intoxication in two cats

This paper was handled and processed
by the European Editorial Office (ISFM)
for publication in JFMS Open Reports

Yaiza Herrero', Claudia lannucci', Nora Schreiber?, ®SAGE

Bernard D Hansen?® and Alessio Vigani'

Abstract

Case series summary In this report we describe the origin of protein loss and development of acute kidney injury
after ibuprofen intoxication in two cats. Two 13-month-old neutered male domestic shorthair siblings were presented
with acute kidney injury (AKI) and severe glomerular proteinuria following witnessed ibuprofen intoxication
3 days prior. Both cats presented with severe azotaemia (creatinine >900 pmol/I [>10mg/dl]) and severe proteinuria
(urine protein:creatinine [UPC] >20, normal <0.5). Urine protein electrophoresis upon presentation revealed mainly
albumin and primary glomerular protein losses. The proteinuria and azotaemia resolved completely within 5 days
of hospital treatment (8 days after ingestion). Urine protein electrophoresis, once the azotaemia and proteinuria
resolved (UPC 0.11; normal <0.5), had a similar pattern to the one from admission. Both cats made a full recovery
with supportive care.

Relevance and novel information This is the first clinical report of AKI with nephrotic-range protein losses following
ibuprofen intoxication in cats. We propose that this finding is due to idiosyncratic glomerular injury, as described
in humans.
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Introduction

Accidental ingestion of non-steroidal anti-inflammatory
drugs (NSAIDs) is common and accounts for more than
3% of all reports of intoxications in small animals reported
to the American Society for the Prevention of Cruelty
to Animals Animal Poison Control Center.! Moreover,
NSAIDs are among the most common intoxications asso-
ciated with acute kidney injury (AKI) in small animals.?

Compared with other NSAIDs there is limited infor-
mation on the pharmacokinetic and toxicological profile
of ibuprofen in cats, but it has been suggested that they
are supposedly more sensitive to toxicity than dogs
owing to their limited hepatic metabolic capacity.34 Doses
as low as 50mg/kg (110mg/Ibs) have been reported to
cause severe clinical signs, including AKI and death.’

In human medicine, two forms of AKI secondary
to NSAID toxicity have been described. The first form
develops in conditions of haemodynamic instability
and typically presents with acute tubular necrosis and

interstitial nephritis. The second form is associated with
acute glomerular injury and nephrotic-range proteinuria.t3

Clinical reports in the small animal literature describe
NSAID-induced AKI as a form of acute nephritis with
findings suggestive of acute tubular necrosis.® No cases
of NSAID toxicity with acute glomerular injury and
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Tubular proteins 7.3 % Tubular proteins 59 %
Albumine 78.5 % Albumine 781 %
Glomerular proteins 14.2 % Glomerular proteins 16.0 %
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Figure 1 Urine protein electrophoresis plots in cat 1 performed (a) 3 days and (b) 13 days after ibuprofen ingestion.

The respective legends report serum creatinine, urine protein:creatinine (UPC) and the fractional percentage of proteins in the
urine (albumin; tubular proteins; glomerular proteins). The electrophoresis plots show the albumin band, glomerular proteins
(alpha1 band), tubular proteins (alpha2 and beta bands) and gamma globulins. Notably, although both plots display a similarly
large fraction of albumin and glomerular proteins (alpha 1 band) present in the urine, the UPC in (a) is 22.58, suggesting
significant protein loss, whereas the UPC in (b) is only 0.11, which indicates physiological protein loss. The gamma band
present in (b) is also considered a physiological trace gamma-globulin loss when associated with a normal UPC.

glomerular proteinuria have been described in small
animals. This case series documents the occurrence
and time course of nephrotic-range glomerular protein-
uria associated with severe AKI secondary to ibuprofen
intoxication in two cats.

Case series description

Two 13-month-old neutered male domestic shorthair
littermates weighing 5.4 kg (cat 1; 111bs) and 5.9kg (cat 2;
131bs) were referred to the Small Animal Hospital of the
Vetsuisse Faculty of Zurich for evaluation of acute vom-
iting and anorexia. The owner confirmed accidental
ingestion of an unknown amount of 400mg ibuprofen
tablets 3 days prior. The day after ingestion, the cats had
been treated for vomiting with maropitant by the pri-
mary veterinarian. No other therapy was prescribed,
and the gastrointestinal signs persisted for 2 more days
before being presented to the Small Animal Hospital of
the Vetsuisse Faculty of Zurich. Neither cat had previous
significant medical history.

Upon presentation, cat 1 was lethargic, with pale and
dry mucous membranes. The remainder of the physical
examination, including oscillometric blood pressure
measurements, was normal. Cat 2 was bright, alert and
responsive, with a normal physical examination and
normal non-invasive blood pressure measurement.

The results of the serum biochemical analyses in
cat 1 revealed severe azotaemia, with a blood urea

nitrogen (BUN) of 80.3 mmol/1 (225mg/dl), creatinine
of 1084 umol/1 (12mg/dl) and hyperphosphataemia of
5.6mmol/1 (17mg/dl) (Figure 1). Additionally, cat 1 had
increased serum liver enzyme concentrations (alanine
aminotransferase 167 U/, gamma-glutamyl transferase
5.4U/1, aspartate aminotransferase 117U/1, glutamate
dehydrogenase activity 38.6 U/1).

Cat 2 presented with azotaemia, with a BUN of
45.1mmol/l (126mg/dl), creatinine of 853umol/l
(10mg/dl), and hyperphosphatemia of 5.0mmol/I
(l6mg/dl) (Figure 2).

Urinalysis revealed cytologically inactive urine
sediment in both cats, decreased urine specific gravity
(USG; 1.020) in both cats, and severe proteinuria with
a urine:protein creatinine ratio (UPC) of 22.58 in cat 1
(Figure 1a), and 24.92 in cat 2 (Figure 2a). Urine output
was normal in both cats.

Protein electrophoresis of the urine samples revealed
severe glomerular protein loss (cat 1: albumin 78.5%,
glomerular protein 14.2%, tubular protein 7.3% [Figure 1a];
cat 2: albumin 60.1%, glomerular protein 33.8%, tubular
protein 6.1% [Figure 2al]).

Abdominal ultrasound findings were consistent
with an acute bilateral nephropathy with renomegaly,
perirenal inflammation and loss of corticomedullary dis-
tinction. Urethral obstruction was excluded in both cats.

Both cats were treated with antiemetics (maropitant
1mg/kg [2.2mg/Ib] q24h IV; ondansetron (0.5mg/kg
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BExamination Results Unit
Date 11.08.20

Serume Creatinine 1219 umol/L
upcC 24.92

Tubular proteins 6.1 %
Albumine 60.1 %
Glomerular proteins  33.8 %

Examination Results Unit
Date 21.08.20

Serume Creatinine 101 umol/L
upcC 0.11

Tubular proteins 216 %
Albumine 52.8 %
Glomerular proteins  25.6 %
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Figure 2 Urine protein electrophoresis plots in cat 2 performed (a) 3 days and (b) 13 days after ibuprofen ingestion.

The respective legends report serum creatinine, urine protein:creatinine (UPC) and the fractional percentage of proteins in the
urine (albumin; tubular proteins; glomerular proteins). The electrophoresis plots show the albumin peak, glomerular proteins
(alphal band), tubular proteins (alpha2 and beta bands) and gamma globulins. While both plots display a similarly large
fraction of albumin and glomerular proteins (alpha 1 band) present in the urine, the UPC in (a) is 24.92, suggesting a significant
urinary protein loss, whereas the UPC in (b) is 0.11, which indicates a physiological protein loss. Plot (b) shows a pre-albumin
band that is considered physiological when associated with a normal UPC

[1.1mg/Ib] g8h IV), omeprazole (1mg/kg [2.2mg/Ib]
q12h 1V), buprenorphine (10ug/kg [22ng/Ib] g6h IV)
and intravenous fluids (Ringer’s acetate, 3ml/kg/h
[6.6ml/Ib/h]). During hospitalisation, urine output,
fluid gain/deficit and vital parameters were closely
monitored.

On the following day (hospital day 2, 5 days after
ingestion) the azotaemia worsened despite fluid therapy
and normal cardiovascular function in both cats (cat 1:
creatinine 1160umol/l [13mg/dl]; cat 2: creatinine
1219 pmol/1 [14mg/dl]).

Clinically, cat 1 continued to be quiet and anorectic.
Cat 2 remained stable, active and responsive. On hospi-
tal day 3 (6 days after ingestion) serum creatinine
improved in both cats (cat 1: 716 pmol/1 [ mg/dl];
cat 2: 652umol/1 [7mg/dl]) and the clinical condition
of cat 1 also improved. On day 5 (8 days after ingestion)
serum creatinine was only mildly elevated in cat 1
(214umol/l [2mg/dl]) and was within normal limits
in cat 2 (147 pmol/1 [2mg/dl]) (Figure 3).

Bacteriology results from urine samples collected at
presentation were negative in both cats.

The azotaemia persisted until day 7 (10 days after
ingestion) in cat 1, when the serum creatinine returned
within normal limits (145umol/1 [2mg/dl]). Both cats
were then discharged in normal clinical condition with

normal appetite and serum creatinine concentration
(Figure 3).

On recheck, 11 days after the initial presentation (14
days after ingestion), both cats were still clinically
normal and the serum creatinine concentration was
within normal limits for both cats. Urinalysis revealed
a cytologically inactive urine sediment, persistent low
USG (cat 1: 1.020; cat 2: 1.029) and completely resolved
proteinuria (UPC cat 1: 0.11; UPC cat 2: 0.11) in both
cats. Protein electrophoresis of the urine samples
revealed a normal protein excretion pattern (cat 1:
albumin 78.1%, glomerular protein 16%, tubular pro-
tein 5.9% [Figure 1b]; cat 2: albumin 52.8%, glomerular
protein 25.6%, tubular protein 21.6% [Figure 2b]). Both
cats remained clinically normal at a follow-up evalua-
tion 12 months after intoxication.

Discussion

This is the first report of nephrotic-range proteinuria with
severe AKI due to NSAID toxicity in cats, with features
and a time course similar to the form of glomerular injury
caused by NSAIDs in humans.

Two main forms of renal injury with an acute reduction
in glomerular filtration rate and development of azotae-
mia secondary to NSAID toxicity have been described in
human medicine.®
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Figure 3 Progression of serum creatinine values in cat 1 and cat 2 following ibuprofen ingestion. Day 1 indicates the day of
presentation to the hospital, which was 3 days after the ingestion of ibuprofen

The most common form develops under conditions of
haemodynamic instability or volume depletion concur-
rent to the administration of an NSAID. Under these
circumstances, the dose-dependent inhibition of renal
prostaglandin synthesis by NSAIDs limits autoregula-
tion of blood flow and GFR. In severe circumstances,
this induces renal hypoperfusion and ischaemia, with
associated acute tubular necrosis. Urinalysis routinely
reveals shed tubular cells and the presence of casts, indi-
cating tubular injury. This form of AKI is not associated
with glomerular damage or increased glomerular protein
loss.® In small animals, this is the form of AKI caused by
NSAIDs commonly described following overdose or pro-
longed administration.!

The alternative form, described in humans, is NSAID-
induced nephropathy, with glomerular injury in the
form of membranous nephropathy or minimal change
glomerulonephritis. In 80% of these cases nephrotic syn-
drome with significant glomerular proteinuria is found
concurrently with AKIL.! The exact pathophysiological
mechanisms have not yet been proven but have been
attributed to a dose-independent idiosyncratic hyper-
sensitivity reaction to NSAIDs. The typical time course
of full recovery occurs within 1 week to 6 months.58
The nephrotic-range glomerular proteinuria found in
this form in humans has been attributed to direct
damage to the slit diaphragm with fusion of epithelial

foot processes through an acute immune-mediated
reaction.!213 This form of NSAID toxicity has never been
described in small animals.

The cats described in this report developed severe,
fluid-unresponsive AKI 3 days after confirmed inges-
tion of ibuprofen. The actual dose ingested was not
determined and only parts of 400 mg tablets were
missing, making it unlikely that either cat was exposed
to a massive overdose. Severe nephrotic-range proteinu-
ria, in the absence of active urine sediment, was found
in both patients, raising suspicion for the presence of
direct glomerular damage. The urine protein electro-
phoretic analysis confirmed the glomerular origin of the
protein loss, with increased albumin and glomerular
protein percentages in both cats (Figures 1 and 2). The
AKI and proteinuria resolved concurrently, without
specific treatment, within 11 days in both cats (Figure 3).
The short time course to resolution of the glomerular
proteinuria and AKI seen in these cats is compatible
with that described in human patients developing
NSAID-associated glomerular injury. Interestingly,
this type of renal injury in humans often occurs at
therapeutic doses of NSAIDs, further highlighting its
dose-independent nature.”814

Notably, there is often no clear-cut demarcation in
humans between the two forms of NSAID renal toxic-
ity and evidence of tubular necrosis and glomerular
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injury may be found in the same patient.!> Given the
short time course of AKI and complete resolution of
proteinuria in both cats, no histopathology was per-
formed to confirm glomerular damage. Moreover, the
quantification of plasma ibuprofen concentration was
not possible owing to the delayed presentation 3 days
after ingesting the drug.

Conclusions

Our case series suggests that direct glomerular injury sec-
ondary to NSAID toxicity is possible in cats, and that
the possibility of NSAID intoxication as a differential
diagnosis in cats presenting with AKI and nephrotic-
range proteinuria with an inactive urine sediment might
be considered. This type of renal injury may occur in a
dose-independent fashion, possibly at much lower doses
than those previously reported as nephrotoxic in cats.
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