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Abstract

Objectives The aim of this study was to describe the causes, clinicopathologic features and outcomes of feline
protein-losing nephropathy (proteinuria secondary to glomerular disease [PLN]).

Methods Kidney biopsy/necropsy samples from proteinuric cats submitted to the International Veterinary Renal
Pathology Service were retrospectively reviewed. Diagnoses based on histopathology were categorized by primary
disease compartment. Clinicopathologic variables at diagnosis, development of hypoalbuminemia, anemia,
hypertension, azotemia and effusion/edema, and survival were compared between cats with immune-complex
glomerulonephritis (ICGN) and other causes of PLN.

Results Fifty-eight percent (n=31/53) of proteinuric cats had ICGN and 74% (n=31/42) of cats with PLN had
ICGN. Cats with glomerular diseases other than ICGN had a higher median urine protein:creatinine ratio than ICGN
cats (14.5 vs 6.5; P <0.001). Onset of PLN occurred at a young age; median age at diagnosis was 3.5 years in
ICGN cats vs 1.3 years in cats with other glomerular diseases (P=0.026). Development of complications such as
hypoalbuminemia, anemia, hypertension, azotemia and effusion/edema were common, regardless of the cause of
PLN, and were not different between ICGN and cats with other glomerular diseases. Male cats were over-represented
in the ICGN group (P=0.003). Median survival time (MST) for all cats with PLN was 94 days (range 3-1848 days).
Survival was not different between cats with ICGN and cats with other glomerular diseases. MST in ICGN cats
that developed effusion was shorter (94 days) than cats that did not (700 days; P=0.035). MST in IGCN cats that
received immunosuppressive medications was longer (244 days) than cats that did not (17 days, P=0.039).
Conclusions and relevance Taken together, these data suggest that clinical suspicion for glomerular proteinuria should
increase in young, male cats with higher degrees of proteinuria, and immune-mediated disease is common. Further
studies are needed to determine the effect of immunosuppression on morbidity and mortality in cats with ICGN.
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Introduction
Renal proteinuria in dogs and cats can be caused by both

tubular and glomerular diseases, and has been associ-
ated with the development of azotemia, progression of
disease and decreased survival.!* Primary glomerular
disease, clinically referred to as protein-losing nephropa-
thy (PLN), is the result of abnormalities in or damage to
the glomerular filtration barrier and is more common in
canine patients.’> In contrast, PLN is relatively uncom-
mon in cats, and feline chronic kidney disease (CKD) is
more classically characterized as tubulointerstitial (TI)
inflammation and fibrosis.®” In the setting of CKD,
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proteinuria is typically secondary to tubular dysfunction
and glomerulosclerosis, which increase in prevalence
with disease severity.®

In dogs, causes and outcomes of PLN have been previ-
ously described.18-10 PLN can be further subcategorized
as immune-mediated vs non-immune, and approxi-
mately 50% of dogs biopsied for suspected glomerular
disease have immune complex deposition within the glo-
merulus of the kidney (immune-complex glomerulo-
nephritis; ICGN).%? In these cases, treatment options are not
limited to symptomatic therapies aimed at decreasing
proteinuria (ie, angiotensin-converting enzyme inhibi-
tors or angiotensin receptor blockers). Instead, canine
ICGN can be treated with immunosuppressive agents to
directly target the underlying immune-mediated process.
Although no prospective studies exist evaluating immuno-
suppressive therapy in canine or feline ICGN, in human
medicine immunosuppressive protocols are known to
induce remission of ICGN and reduce the chance of pro-
gression to end-stage renal failure.!

Currently, there are relatively few data available
regarding the presentation and expected outcomes of
feline PLN, as it is much less common in cats than in
dogs. Therefore, the primary aim of this study was to
describe the population, clinical features, clinicopatho-
logic abnormalities and underlying pathologic diagno-
ses associated with renal proteinuria by retrospectively
evaluating feline renal samples that had been submitted
to the International Veterinary Renal Pathology Service
(IVRPS). A secondary aim was to assess clinical and sur-
vival outcomes in cats with PLN. We hypothesized that
the percentage of proteinuric cases caused by immune-
complex diseases would be similar in cats and dogs, and
that development of sequelae such as anemia, azotemia,
hypertension, peripheral edema or ascites, hypercholes-
terolemia and hypoalbuminemia would be common in
cats with PLN.

Materials and methods
Feline renal samples submitted to the IVRPS from 12
January 2006 to 1 December 2017 were retrospectively
reviewed. Cats with measured urine protein:creatinine
ratios (UPC) classified as proteinuric (UPC >0.4) or
borderline proteinuric (UPC 0.2-0.4) according to Inter-
national Renal Interest Society (IRIS) staging guidelines
were considered eligible for inclusion in the study.!?
Diagnoses were based on comprehensive evaluation
of tissue, including histopathology (hematoxylin and
eosin) with special stains (Periodic acid-Schiff,
Masson’s trichrome, Jones methenamine silver [with or
without Congo red as indicated]). Transmission elec-
tron microscopy (TEM) and immunofluorescence for
IgG, IgM, IgA and Lambda light chain were also per-
formed, with the exception of 11 cats that did not have
TEM performed as it was not considered necessary for

the diagnosis (amyloidosis, n =2; renal lymphoma, n=1;
collagenofibrotic glomerulopathy, n=1; membranous
glomerulonephritis [MGN] or membranoproliferative
glomerulonephritis [MPGN] in which definitive evidence
of immune deposits were readily identifiable on tri-
chrome and silver stains on light microscopy, n=7).

The tissue evaluations were performed with the rou-
tine methods used by the IVRPS for diagnosis, which
have been described in detail elsewhere.’ Briefly, in addi-
tion to microscopic examination to diagnose the glomeru-
lar lesions, biopsies were evaluated for interstitial fibrosis
and lipid. Biopsies were assessed for the presence of TI
fibrosis, confirmed with Masson’s trichrome stain, and
severity was scored based on a semiquantitative scale
(0=none, 1=mild, 2=moderate, 3=severe). Lastly,
additional microscopic features included the presence of
lipid, free within the interstitium and/or within tubular
lumens (ie, casts). Glomerulosclerosis was defined efface-
ment of glomerular capillary lumens by extracellular
matrix with consolidation of the tuft. It was further char-
acterized as segmental (<75% of the tuft is consolidated)
or global (>75% of the tuft is affected). The percentage of
globally sclerotic glomeruli in the sample was recorded.

The IVRPS database was searched for signalment,
weight, packed cell volume (PCV) or hematocrit, blood
urea nitrogen (BUN), creatinine, albumin, cholesterol,
urine specific gravity (USG), UPC and systolic blood
pressure (SBP); these values were recorded if available.
When possible, referring veterinarians were contacted
for follow-up information on clinicopathologic data,
treatments attempted, disease progression and overall
survival. Diagnostic test results were reported for the
results obtained closest to times of initial diagnosis
and biopsy/necropsy. Values were included if they
occurred within 8 weeks of these events; otherwise,
values were reported as unknown. For some cats, data
at diagnosis of proteinuria and data at biopsy were the
same, as diagnosis and biopsy occurred closely
together in time.

Cats were staged according to IRIS CKD guidelines
based on available clinicopathologic data.? If follow-up
information was available, the medical record was exam-
ined to determine whether disease progression to IRIS
CKD stage 2 or greater, hypertension, anemia, hypo-
albuminemia, hypercholesterolemia and/or cavitary
effusion/peripheral edema developed within the cat’s
lifetime. Hypoalbuminemia, hypercholesterolemia and
anemia were defined according to the normal ranges
of the reference laboratories where laboratory work
was performed. If reference intervals were not availa-
ble (ie, spun PCV was performed rather than complete
blood count), anemia was defined as a PCV <30%.
Hypertension was defined as SBP >160mmHg as
measured via Doppler or oscillometric methods. If the
patient was hypertensive at any point during their renal
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disease, they were considered hypertensive, even if their
hypertension was later controlled with medical manage-
ment. Cats that were not identified as hypertensive but
which had medical records indicating that they were
receiving amlodipine were also defined as hypertensive.
Cavitary effusion or peripheral edema was considered
present if noted in the medical record on physical exami-
nation or diagnostic imaging.

Date of diagnosis of proteinuria was defined as the first
day proteinuria was documented on urinalysis, microal-
buminuria testing or UPC in the absence of known pre- or
post-renal contributions such as pyuria or a positive urine
culture. Presence of bacteria on microscopic urine sedi-
ment was not considered significant unless accompanied
by >2-5 white blood cells per high-powered field or a
concurrent positive urine culture; when present, these
cats were excluded from the study. If a patient was known
to be deceased, but the exact date of death was not noted
in the record, the date of death was defined as the date of
the patient’s last recheck evaluation. Survival was defined
as the number of days from the date of diagnosis to the
date of death or last known follow-up. Patient age at diag-
nosis and death/last follow-up were also obtained from
the medical record, if available.

Continuous variables were assessed for normality via
visual assessment of histograms and Shapiro-Wilk tests.
Normally distributed variables (weight at sampling) are
reported as mean * SD. Non-normally distributed vari-
ables are reported as median (range [ie, minimum-
maximum]). Owing to the small number of cats with TI
disease and the variability in etiology (eg, obstruction,
acute tubular injury), statistical comparison was not per-
formed between groups with PLN vs TI disease. Sex dis-
tribution of ICGN cats was evaluated for male or female
predilection via a 1X2 contingency Fisher’s exact test
(http:/ /www.kisnet.or.jp/nappa/software/star-e/
freq/1x2.htm). Continuous and ordinal variables were
compared between cats with ICGN and cats with all
other types of glomerular diseases with a Mann—-Whitney
U-test. Categorical variables were compared between
cats with ICGN and cats with all other glomerular dis-
eases via Fisher’s exact test. Kaplan-Meier analysis was
used to calculate median survival time from proteinuria
diagnosis, as well as median age at diagnosis and death
or last known follow-up. Cats that were still alive at the
time of manuscript preparation or lost to follow-up were
right-censored at time of last known follow-up. A log-
rank test was used to compare survival between cats
with ICGN and cats with other glomerular diseases and
survival of cats according to medications received,
degree of Tl scarring and severity of glomerulosclerosis.
Two cats with ICGN had renal transplants and were
excluded from survival analysis. Statistics were per-
formed with commercial statistics software (SPSS [IBM];
Prism 7 [GraphPad Software]).

Results

Signalment, clinicopathologic data, microscopic
diagnoses and sequelae

In total, 164 feline renal biopsies were submitted to the
IVRPS for review during the study period. One hundred
and six cats were excluded for the following reasons: no
UPC reported (n=95); no clinicopathologic data within 8
weeks of biopsy (n=2); UPC <0.2 (n=4); lack of TEM
prevented definitive diagnosis (n=2); proteinuria sus-
pected to be pre-renal secondary to a hepatic plasma cell
tumor (n=1); microscopy performed only on paraffin-
embedded samples as a second opinion (n=1); and
incomplete database information (n=1). A total of 58 cats
were included for retrospective analysis. Of these, five
cats were borderline proteinuric and 53 cats were protein-
uric. Four borderline proteinuric cats had primary dis-
eases in the tubular compartment; the remaining cat had
disease in both the TI and glomerular compartments.

Of the cats included (n=>58), 15 were females (two
intact) and 43 were males (two intact). Represented breeds
included domestic shorthair (n=34), domestic longhair
(n=3), Maine Coon (n=3), Siamese (n=2), domestic
mediumhair (n=2), Burmese (n=2), Abyssinian (n=2)
and one each of American Shorthair, Bengal, Birman,
Devon Rex, Oriental, Persian, Ragdoll and mixed-breed
cats. Information on breed was unavailable for two cats.
Forty-four cats were located in the USA, and 14 cats were
located outside of the USA (UK, n =10 cats; Canada, n=2
cats; Australia, n=1 cat; Taiwan, n=1).

Disease categories are classified according to primary
disease compartment in Figure 1. Overall, considering
only cats with a UPC >0.4, 79% (n=42/53) had primary
glomerular diseases (meeting our definition of PLN)
and 58% (31/53 cats) of proteinuric cats had ICGN.
Thus, 74% (31/42 cats) of cats with PLN were diagnosed
with ICGN.

Signalment, weight, clinicopathologic characteristics
and development of secondary pathologies (hypoalbu-
minemia, anemia, hypertension, azotemia and effusion/
edema, etc) for cats with PLN vs cats with TI disease are
presented in Table 1. These characteristics are compared
between cats with ICGN and cats with other glomerular
diseases in Table 2. There were significant differences in
age at initial diagnosis of proteinuria, weight at time of
biopsy or necropsy, and UPC at time of biopsy or nec-
ropsy between cats with ICGN and cats with other glo-
merular diseases (Table 2). Asignificant male predilection
was identified for ICGN (n=24/31 cats, P =0.003), and
specifically for MGN) (n=10/12 cats; P=0.02). Cats
with glomerular diseases other than ICGN had a higher
median UPC than ICGN cats (14.5 vs 6.5; P <0.001), as
well as a younger age at diagnosis (1.3 vs 3.5 years;
P=0.015) and lower body weight (3.0 vs 4.0kg;
P =0.003). No significant differences were identified in
BUN, creatinine, cholesterol, USG, albumin, PCV or SBP
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Figure 1 Histopathologic classifications of feline proteinuric disease. Cats are divided into subgroups according to the
disease compartment containing the primary histopathologic lesion. Both/other category refers to cats in which there

are apparent primary lesions in both compartments, or in which the primary lesion cannot be determined. aFive cats with
tubulointerstitial nephritis had glomerular obsolescence (n= 1), glomerulosclerosis (n = 3) or nephrosclerosis (n= 1), which
was secondary to disease in the tubulointerstitial compartment. PSome cats in these categories had only borderline proteinuria.
MGN = membranous glomerulonephritis; MPGN = membranoproliferative glomerulonephritis; MSPGN = mesangioproliferative
glomerulonephritis; ICGN = immune-complex glomerulonephritis; FSGS = focal segmental glomerulosclerosis

at the time of sampling between cats with ICGN and
cats with other glomerular diseases. No significant dif-
ferences were identified in the lifetime development
of hypertension, hypoalbuminemia, hypercholester-
olemia, anemia, disease progression to IRIS CKD stage
2 or greater, or the development of ascites/effusion or
peripheral edema between ICGN and cats with other
types of glomerular diseases.

Secondary microscopic features

Fifty-seven cats had data available regarding the degree of
TI fibrosis and presence of lipid in the tubules and/or the
interstitium (one cat had light microscopy performed at its
presenting institution, and TEM was performed on the
glomerular compartment only). All 58 cats had data avail-
able regarding the degree of global glomerulosclerosis.
The degree of TI fibrosis and global glomerulosclerosis
varied widely among the cats. There was no statistically
significant relationship between the primary disease

process (eg, ICGN) and the severity of TI fibrosis in the
biopsy sample. Approximately one-quarter of renal biopsy
samples from proteinuric/borderline proteinuric cats con-
tained free lipid within the interstitium and approximately
two-thirds contained lipid casts with tubular lumens.

Disease management and survival
Twenty cats did not have follow-up data available
beyond the time of biopsy or did not have a known date
of proteinuria diagnosis; thus, survival data were only
available for 40 cats (14 cats with necropsy submissions
and 26 cats with biopsy submissions). Additionally, two
cats that received renal transplants at the time of biopsy
were excluded from the survival analysis, leaving 38 cats
that were ultimately included in the survival analysis.
Seven of these 38 cats were censored (four owing to loss
to follow-up and three still alive at time of writing).

Age at initial diagnosis of proteinuria was known for
52 of all cats with proteinuria/borderline proteinuria;
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Table 1 Signalment and clinicopathologic variables of cats with primary tubulointerstitial (Tl) disease vs cats with
protein-losing nephropathy (PLN)

Values are n or median (n). Cats where primary disease compartment could not be determined are not represented (n =5)
PCV = packed cell volume; HCT = hematocrit; BUN = blood urea nitrogen; SBP = systolic blood pressure; USG = urine specific gravity;
UPC = urine protein:creatinine ratio; IRIS = International Renal Interest Society; CKD = chronic kidney disease

median age at diagnosis was 3.3 years (range 0.2-16.9
years). Age at death or last follow-up was known for 40
cats; median age was 4.8 years (range 0.3-19.2 years).
Median survival time of all included cats (n = 38) was
94 days (range 0-1888 days) from initial diagnosis.
Survival information for cats with TI lesions was not
reported owing to the small number of cases and wide
variety of associated disease processes (CKD, AKI,
obstruction).

Median age at diagnosis for cats with PLN (n=40)
was 3.3 years (range 0.2-9.9 years), and median age at
death or last follow-up (n=26) was 4.6 years (range 0.4—
9.9 years). For cats with PLN that were included in the
survival analysis (n=26), median survival from pro-
teinuria diagnosis was 94 days (range 3-1848 days).
There was no difference in survival for cats with
PLN that developed azotemia, anemia, hypertension,
hypercholesterolemia, hypoalbuminemia or peripheral

edema/cavitary effusion vs cats that did not. However,
the development of these sequelae was very common, so
the small number of cats that did not experience these sec-
ondary effects may preclude meaningful comparison.
Survival data were available for 17 cats with ICGN
and nine cats with other glomerular diseases. Median
survival time for cats with ICGN was 193 days (range
5-1235 days) vs 74 days for cats with other glomerular
diseases (range 3-1848 days); this difference was not sta-
tistically significant (Figure 2). Cats with ICGN that
developed peripheral edema or cavitary effusion had
shorter median survival times (MSTs; n=11, MST =94
days [range 5-431 days]) than cats that did not (n=6,
MST=700 days [range 16-1235 days]; P=0.035
[Figure 3]). There was no difference in survival for cats
with ICGN that developed azotemia, anemia, hyperten-
sion, hypercholesterolemia or hypoalbuminemia, com-
pared with cats that did not; however, again, the small
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Table 2 Signalment, clinicopathologic variables of cats with immune-complex glomerulonephritis (ICGN) vs cats with
other glomerular diseases

Values are n or median (n). Continuous variables compared via Mann-Whitney U-test; categorical variables compared via Fisher's exact test
PCV = packed cell volume; HCT = hematocrit; BUN = blood urea nitrogen; SBP = systolic blood pressure; USG = urine specific gravity;
UPC = urine protein:creatinine ratio; IRIS = International Renal Interest Society; CKD = chronic kidney disease

number of cats that did not develop these sequelae may
have under-powered this analysis.

When the potential impact of T and glomerular scar-
ring on survival was assessed in cats with PLN and a
known survival time, there was no significant difference
in survival time between cats with <25% sclerotic glo-
meruli (n=22, MST=94 days) and >25% sclerotic
glomeruli (n=4, MST =63 days). Additionally, no sur-
vival difference was identified between cats with none-
to-mild TI fibrosis (n =13, MST =193 days) vs moderate-
to-severe TI fibrosis (n=10, MST=74 days). Two cats
with primary glomerular disease (histopathologic diag-
nosis of MGN and MPGN) were still alive at the time of
writing (survival 968 and 1184 days from diagnosis,
respectively). The cat with MPGN that survived at least
1184 days had had a renal transplant, so this cat is not
included in any survival analysis. An additional two cats
with primary TI disease (acute tubular necrosis and one
with interstitial nephritis) were still alive at last known
follow-up (survival times 1511 and 492 days, respectively).

Data on medications administered before and/or
after sampling were available for 52 cats (26 ICGN cats;
nine other glomerular disease cats; 12 TI cats; 5 both/
other cats). Cats received a median of four different cat-
egories of medications or therapies (range 1-28); the 20
most common medications or therapies administered
are presented in Table 3. Fifteen cats with ICGN had suf-
ficient data available to determine survival and whether
immunosuppressive therapy was attempted. Of these,
nine received immunosuppressive medications and six
did not. Medications prescribed included prednisolone
(n=6), dexamethasone sodium phosphate (n=1), ciclo-
sporin (n=15), chlorambucil (n=4) and mycophenolate
(n=1). Four ICGN cats received steroids in combination
with, or followed by, other immunosuppressive medica-
tions. Those that received immunosuppressive medica-
tions had a median survival time of 244 days vs 17 days
for the cats that had ICGN but did not receive immuno-
suppressive medications (Figure 4). This difference was
statistically significant (P = 0.039).
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Figure 2 Survival in cats with immune-complex glomerulonephritis (ICGN) vs cats with other glomerular diseases (n = 26).
There was no difference in median survival time between these groups

0.8

0.6

Effusion/edema
171 Absent (n=6)
—I1 Present (n=11)
—}— Absent, censored (n=2)
—} Present, censored (n=1)

0.4

Cumulative Survival

0.2

0.0

[ 200 400 600

800 1000 1200

Days from Proteinuria Diagnosis

Figure 3 Survival in cats with immune-complex glomerulonephritis (ICGN) based on presence or absence of peripheral edema
or cavitary effusion (n= 17). Cats with effusions had a significantly shorter median survival time than cats without effusions

(P=0.035)

Discussion

This study described the underlying pathologies, clin-
icopathologic characteristics and outcomes of feline
PLN. In dogs, approximately 50% biopsied for a suspi-
cion of glomerular disease had ICGN.%° The present
study revealed similar percentages in cats, with 31/60
(52%) of proteinuric cats having a diagnosis of ICGN.
However, when only cats with PLN (defined as protein-
uria due to primary glomerular disease) were consid-
ered, 72% of cats were diagnosed with ICGN. It is
important to note that PLN, as defined here, required a

biopsy to determine whether or not the glomerulus was
the primary compartment that was injured. The UPC
values ranged widely in both the PLN cats and cats with
primary TI disease and differentiating between the two
groups was not possible based on clinicopathologic
values alone.

MGN, a complement-driven inflammatory disease in
which immune complexes are deposited on the ablumi-
nal (subepithelial) side of the glomerular basement
membrane, was the most common cause of feline PLN.
This finding is consistent with the available literature on
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Table 3 Twenty most commonly administered medications based on follow-up data (n = 52)

ICGN =immune-complex glomerulonephritis; Tl = tubulointerstitial nephritis

ICGN in cats, in which MGN is described more often
than other causes.'>'* An apparent male predilection
exists for MGN; in the present study, 10/12 affected cats
were males, similar to 8/11 and 11/18 affected cats
described in previous studies.!®* MPGN was the
second-most common cause of feline PLN in this study,
similar to a previous report from Europe.!® MPGN dif-
fers from MGN in that immune complexes are deposited
beneath the endothelium, and in other species may be
a primary or post-infectious, paraneoplastic or drug-
related autoimmune disease.® In contrast to studies per-
formed in dogs, focal segmental glomerulosclerosis was
a relatively rare finding in our population of cats.’

The signalment of the cats described in this study dif-
fers greatly from the ‘typical’ population of cats with
CKD. In a study evaluating histopathologic changes in
the kidneys of cats with CKD due to TI nephritis, the
mean age at death of cats with IRIS stage 1-4 CKD
ranged from 11 to 15 years.® In contrast, the median age
at death for cats with PLN described in the current study
was 4.62 years. In a retrospective study evaluating
European cats with ICGN, a much older population of
cats was identified (median age 8.9 years).!® This disa-
greement in signalment associated with ICGN under-
scores the need for further identification and study of
this disease process in feline patients.

PLN is traditionally thought to cause higher-
magnitude proteinuria than tubular diseases, and

previous consensus recommendations cite UPC values
higher than 2.0 as consistent with a glomerular cause of
proteinuria.’>® However, more recent data indicate that
this cut-off is not reliable. In the study evaluating histo-
pathologic changes in the kidneys of cats with CKD due
to TI nephritis, 24 /33 cats with UPC data available had a
UPC <0.4; however, three cats with IRIS stage 3 or 4
CKD had a UPC >2.0 (review of raw data).® Additionally,
in a study that compared cats with ICGN with cats with-
out ICGN (including both cats with non-ICGN glomeru-
lar disease, as well as cats with TI nephritis), a UPC
cut-off of >3.8 was necessary to distinguish ICGN from
other causes of proteinuria.l? Both studies suggest that
higher UPCs are more likely to be glomerular in origin
but that this is not an absolute rule. Similarly, in the pre-
sent study, the median UPC for cats with PLN was 7.9 vs
1.1 in cats with TI disease. However, one cat with PLN
(specifically ICGN) had a UPC as low as 0.45 and a cat
with TI disease had a UPC as high as 5.8. Specifically,
4/12 (33%) cats with TI primary disease in this study
had a UPC >2.0, and 5/43 (12%) cats with primary glo-
merular lesions had UPCs <2.0. Two cats in the TI dis-
ease category with a UPC >2.0 were diagnosed with
acute tubular necrosis; the other two were diagnosed
with interstitial nephritis, one of which had progressed
to the point of having secondary glomerulosclerosis.
Four of the five cats in the glomerular category with a
UPC <2.0 had ICGN; the other cat had focal segmental
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Figure 4 Survival in cats with immune-complex glomerulonephritis (ICGN) based on whether or not immunosuppressive
therapies were administered. ICGN cats that did not receive immunosuppressive therapies had a significantly shorter median

survival time than cats that did (P=0.039)

glomerulosclerosis. Based on our results, the authors
advocate renal biopsy as the only currently available
diagnostic test that can definitely distinguish glomerular
from tubular proteinuria. Taken together, our data sug-
gest that clinical suspicion for PLN should increase in
young male cats with significantly elevated renal pro-
teinuria but that a cut-off UPC value for distinguishing
glomerular from tubular proteinuria would lack sensi-
tivity and specificity.

Based on this study, the prognosis for cats with PLN
is grave, with median survival times of <14 months
from diagnosis, regardless of the underlying cause. The
short survival period after diagnosis may indicate that
these diseases progress rapidly once they develop.
Alternatively, this may indicate that cats are not diag-
nosed until quite late in the disease process, when much
of the damage to the kidney may no longer be reversible.
Potentially, earlier identification of feline PLN, prompt-
ing diagnostics such as renal biopsy, supportive thera-
pies and immunosuppression, where indicated, might
greatly improve the outcomes for some of these cats.
This underscores the great importance of performing
screening urinalyses, even in seemingly healthy cats
with normal clinicopathologic values.

The population of cats with PLN in this study had
variable severity of glomerulosclerosis and TI scarring,
both of which are irreversible lesions.'” Although the
relationship between renal parenchymal scarring and
progression to end-stage renal disease is documented in
humans, a similar association could not be verified in
this cohort.!® Specifically, cats with a greater severity of
glomerulosclerosis and TI fibrosis did not have statisti-
cally different median survival times. It is unclear

whether the study population was simply too small to
correctly identify this association. Alternatively, out-
come data in humans with end-stage renal disease lead-
ing to dialysis and/or transplantation might not be
applicable to veterinary medicine where options for
euthanasia exist.

Renal biopsy is recommended in canine patients where
primary glomerular disease is suspected to identify cases
that may respond to immunosuppression,' and given the
incidence of ICGN in cats, this recommendation is appro-
priate for this species as well. In the present study, cats
with ICGN that received immunosuppressive medica-
tions survived longer than cats that did not receive
immunosuppression (244 vs 17 days; P =0.039). Given
the retrospective nature of this study, it is possible that
confounding factors contributed to this difference.
Prospective studies regarding the effect of immunosup-
pression on prognosis are needed to confirm the efficacy
of immunosuppressive protocols in cats with ICGN.

Problematically, however, the patient may not be sta-
ble enough for renal biopsy to be performed, or owners
may not consent to the procedure. Unfortunately, with-
out a biopsy, there are currently no other methodologies
available to detect ICGN. Urine gel electrophoresis is a
technique that is currently being optimized for charac-
terization of proteinuria in cats and dogs, and in the
future may help to better identify cats that likely have
glomerular proteinuria.!® However, this diagnostic is not
yet available for feline practitioners. Given that our
study found that 57% of proteinuric cats and 74% of cats
with PLN had an immune-mediated underlying disease,
empirical immunosuppression could be a reasonable
treatment option if renal biopsy cannot be pursued, and
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similar recommendations have been made for canine
patients.?0 Prospective studies are still needed to deter-
mine ideal protocols for immunosuppressive therapies
in the specific disease processes that cause ICGN in cats.

This study has a number of limitations. The overall
number of included cats was small, owing to the rarity (or
under-diagnosis) of feline PLN. The number of cats with
survival data available was also quite small, precluding
useful statistical analysis on survival differences by spe-
cific disease category, clinicopathologic variables at pres-
entation or administered medications. Additionally, data
on medications administered, including dose and dura-
tion, varied widely in the level of detail for individual
cats, further precluding useful analysis on the effective-
ness of individual therapeutic protocols. For these rea-
sons, univariate and multivariate survival analysis were
not performed.

The retrospective nature of this study did not allow
standardization of treatments or timing of diagnostics
performed relative to biopsy. This means that hyperten-
sion and proteinuria may not have been documented to
be persistent for all cats, and standardized diagnostics to
rule out extra-renal causes of proteinuria may not have
been performed in all cats. Therefore, some cats could
have had only transient proteinuria, been proteinuric
owing to causes unrelated to the kidney or proteinuric
owing to undiagnosed hypertension (although the pres-
ence of confirmed histopathologic renal lesions and the
desire of the clinician to perform renal biopsy lessens
this likelihood). Additionally, details of sample collec-
tion for UPC analysis were not available for most cats; it
is unlikely that UPC analyses were performed on pooled
samples, and the daily variation in feline UPC values has
not been evaluated as it has in dogs.

The calculated median survival time may be subject
to bias, as the cats biopsied in this study may have been
more severely affected than cats that did not undergo
biopsy, and therefore more likely to die sooner.
Additionally, 14 cats were included based on necropsy
sampling, and may have been in later stages of disease
than the cats that were biopsied. We were unable to con-
trol for time of biopsy or necropsy sampling relative to
the development and diagnosis of proteinuria, meaning
that end-stage changes (fibrosis, interstitial nephritis and
nephrosclerosis) may have overshadowed a primary
glomerular lesion in some cats. Lastly, the use of a popu-
lation of cats that had renal biopsies submitted to a ter-
tiary institution may have biased the distribution of
diagnoses. For example, it is possible that the prevalence
of amyloidosis was underestimated in our study, as clini-
cians may assume that Abyssinian cats with proteinuria
have amyloidosis and elect not to perform renal biopsy.

Unfortunately, these limitations cannot be overcome
with a retrospective study design, and prospective eval-
uations of treatment strategies and outcomes in feline

PLN are needed to further characterize and address this
diverse cohort of diseases.

Conclusions

This retrospective study revealed that approximately
57% of proteinuric cats with renal tissues submitted to
the IVRPS were diagnosed with ICGN, and considering
only PLN cats, in which proteinuria was secondary to
glomerular disease, approximately 74% were diagnosed
with ICGN. Cats with ICGN tended to be young in age,
and males appeared to be over-represented. Prognosis
for proteinuric cats was grave, with a median survival
time of 94 days, regardless of the underlying cause.
Further studies are needed to determine whether earlier
identification of glomerular disease and immunosup-
pression in cases of ICGN may improve outcome.
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