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Abstract

This paper underlines the role of kidney biopsy in the diagnosis of various kidney diseases in dogs. Even though it is an
invasive method, kidney biopsy is often required to establish a definitive diagnosis and an accurate prognosis. Its use
should always be considered after weighing the indications and potential complications. Several techniques are used to
obtain kidney samples, such as percutaneous renal biopsy (blind or palpation technique or using ultrasound guidance,
keyhole technique, laparoscopic biopsy) and surgical biopsy. Once the method has been chosen, the renal sample should
only be obtained from the renal cortex. This procedure requires a patient that is stable to undergo general anesthesia or
deep sedation. Kidney biopsy samples may be evaluated using light microscopy and special stains, transmission electron
microscopy and immunofluorescence to obtain a diagnosis of certainty and to guide treatment options.
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INTRODUCTION

Renal disease is defined as the presence of
renal lesions of any size or degree or clinical
pathology abnormalities that pertain to renal
function (Lattimer, 2011). Kidney disease
encompasses a group of disorders that affect
kidney function and structure. Even mild
abnormalities in kidney function are associated
with an increased risk for developing
complications in other organ systems and
mortality, all of which occur far more
frequently than kidney failure (Levey, 2013).
For some decades, kidney biopsy was rarely
used as a diagnostic tool. The main reasons for
this limitation were ~ the  difficulty  and
complexity of the technique and fear of
complications such as renal hemorrhage.
Furthermore, the pathological examination of
the sample provided scarcely useful
information for the clinical and therapeutical
management of the patient.

Today, it is essential to obtain an accurate and
definitive  diagnosis of renal disease,
particularly in acute, congenital, or glomerular
forms. It is essential to differentiate between
immune-mediated glomerulonephritis and non-
immune-mediated ~ glomerulonephritis  to
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prescribe an adequate therapy. Furthermore,
various renal diseases in dogs, including acute
kidney injury (AKI), chronic kidney disease
(CKD), kidney tumors, and glomerulopathies
require different diagnostic and therapeutical
approaches. Kidney biopsy does not replace the
current standard diagnostic methods  but
completes them in selected kidney pathologies.
The objectives of this study are to provide an
overview of renal biopsy and to analyze the
utility of this procedure according to current
scientific data.

MATERIALS AND METHODS

Comprehensive online databases were used to
review the literature describing the procedure
of renal biopsy in dogs with kidney disease.
The following keywords were used: kidney
biopsy, indications, contraindications,
complications, percutaneous biopsy techniques.
Thirty relevant articles on renal biopsy in dogs
were identified. Of these articles, in the last
decade, research of Cianciolo et al., Crivellenti
et al., focused more on renal biopsy as a means
to obtain a specific diagnosis, prognosis, or
guidelines for further research and were
included in this review.



This article will describe the evolution of the
renal biopsy from its introduction as a means of
diagnosis in dogs with various kidney diseases
to its use today. This study will also systemize
its indications and contraindications, describe
the most common biopsy techniques, including
the required tools and possible complications. It
will also emphasize the utility of renal biopsy
in dogs as described by retrospective studies
conducted in veterinary diagnostic renal
pathology centers.

RESULTS AND DISCUSSIONS

The Renal biopsy - the beginning

In human medicine, the first renal biopsy of the
native kidney was performed more than one
century ago. It happened during a surgical
procedure for renal decapsulation performed as
a treatment of Bright syndrome (Edebohls,
1905). In 1944, Nils Alwall performed the first
percutaneous renal biopsy, but his results were
not published until 1952 (Alwall, 1952; Iversen
et al, 1951). Since then, other biopsy
techniques have been introduced to improve the
quality of the samples obtained. Use of
a cutting needle (the Vim Silverman needle) on
a prone patient was proved to be more
successful in providing an adequate tissue
sample than the previous percutaneous method
(Kark et al., 1954).
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Figure 1. The diagram of a Silverman-needle for
percutaneous renal biopsy (Merlini & Pozzi, 2007)
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The early 1980s marked by the use of a biopsy
‘gun’ that employed an automated spring
cutting needle and led to more suitable biopsy
samples for histopathological evaluation as
well as less trauma to the patient (Lindgren,
1982). The initial device evolved into an
automatic or semi-automatic spring-loaded
biopsy gun, which provides better renal cortex
specimens in a safer way (Visconti et al.,
2016). Before renal biopsy became common
practice, clinicians could only recognize certain
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clinical syndromes, such as acute nephritis,
nephrosis, asymptomatic hematuria, and
chronic kidney failure, but they do not ascribe
them to distinct pathologic processes. Over the
past 50 years, renal pathology has evolved and,
by the turn of the last century, the ability to
diagnose kidney disease outstripped the
knowledge on its pathogenesis.
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Figure 2. Automatic disposable biopsy system -
Medone® (www.medax.it/soft-tissue-biopsy/automatic-
biopsy-system/item/medone?category id=22)

Figure 3. Semi-automated spring-loaded Biopsy system-
Medeasy® (www.medax.it/soft-tissue-
biopsy/item/medeasy)

In dogs, renal biopsy was reported for the first
time in 1967 (Osborne et al., 1967) and it has
improved tremendously ever since. Kidney
biopsy is now the gold standard technique to
determine the type of renal damage, when
mildly increased UPC cannot differentiate
tubular from glomerular lesions (Vaden et al.,
2005; Lees et al., 2011; Salama et al., 2011).
Ultrasonography has been proven to have a low
diagnostic value due to the poor correlation
between renal cortical echogenicity and
histopathological lesions (Banzato et al., 2017;
Zotti et al., 2015).

According to the International Renal Interest
Society (IRIS), staging of chronic kidney
disease is based on the concentration of serum
creatinine and serum symmetric dimethyl-
arginine, SDMA (IRIS Staging of CKD, 2019).
Although widely available, creatinine does not
increase until renal function declines by
approximately 75%. Another disadvantage of



creatinine is that it provides little information
about ongoing pathology. Therefore, more
specific and sensitive biomarkers are needed
to determine risk, establish a diagnosis and
prognosis, and evaluate the result of therapeutic
interventions (Salama et al., 2011; Yerramilli et
al., 2016). SDMA is a more sensitive
biomarker; it can detect a reduction of renal
function by 25%-40% and is less influenced by
lean body mass or other conditions (Nabity et
al., 2015; Hall et al., 2014).

Frequently, evaluating kidney disease in dogs
based on the history, clinical examination,
laboratory tests (hematology, biochemistry, and
urinalysis), and ultrasound examination does
not identify the cause. In these patients, a renal
biopsy may be required for a definitive
diagnosis (Jankowski et al., 2008). Renal
biopsy plays a key role in defining the disease
process, and can also help clarify the
pathophysiology of disease to improve
therapeutic management. The histopathology
result helps devise an adequate prognosis and
treatment plan for some conditions, including
protein-losing glomerulopathy and AKI (Dhaun
etal., 2014).

Indications of renal biopsy

This procedure should only be executed by an
operator that is well-trained and experienced in
the technique that will be employed and
knowledgeable about the potential
complications (Walker, 2004).

In canine nephrology, renal biopsy is perfor-
med when an assessment of the type of kidney
damage and its severity is required. Its use
should be considered after careful weighing of
the benefits against potential complications.
For this purpose, a complete evaluation is
required before the biopsy. This prebiopsy
checkups should include physical examination,
blood pressure measurement, and laboratory
tests (complete blood count, biochemistry,
urinalysis, urine protein to creatinine ratio, and
coagulation tests) (Vaden, 2004).

In dogs, the most common indications for
kidney biopsy are protein-losing nephropathy
(PLN) or other suspected glomerular
proteinuria, AKI, familial renal disease, and
renal masses. Its purpose is to establish an
accurate diagnosis and prognosis and to guide
therapy according to its results (Polzin, 2009;

81

Salama et al., 2011; Lees et al., 2011; Cianciolo
et al., 2013; Littman et al., 2013; Vaden et al.,
2016).

Contraindications for renal biopsy include
severe anemia, coagulopathy, solitary kidney,
uncontrolled hypertension, hydronephrosis,
perirenal abscess, and bilateral reduction in
kidney size (Polzin, 2009; Vaden & Brown,
2017). It is necessary to identify risk factors for
bleeding (anemia, severe hypertension,
prolonged bleeding time) and to correct them;
when not possible, it is recommended to
postpone the procedure (Visconti et al., 2016).
According to the IRIS Canine
Glomerulonephritis  study  subgroup, this
procedure should not be considered in dogs
with stage 4 chronic kidney disease or
whenever other medical contraindications
cannot be improved. Kidney biopsy is also
contraindicated when the results would not
modify the treatment, diagnosis, or prognosis.
(Pressler et al., 2013)

Current biopsy techniques

In dogs, several methods may be employed to
collect renal specimens. They consist of
percutaneous biopsy techniques such as blind
or palpation biopsy, ultrasound-guided biopsy,
keyhole biopsy, laparoscopic-guided biopsy,
and surgical biopsy (Cianciolo et al., 2013;
Vaden & Brown, 2017).

It should be emphasized that the choice of the

kidney biopsy technique depends on the
species, the size of the animal, operator
experience, available equipment, and the

clinical condition of the patient referred for
biopsy. This procedure requires that a patient
be stable to undergo general anesthesia or deep
sedation.

Only cortical tissue should be sampled. The
first reason for this reasoning is safety. Large
vessels are not located in the renal cortex, so
the damage (hemorrhage, infarction, or
fibrosis) to the parenchyma will be minimal.
The second reason is the structure of the kidney
(the cortex contains the glomerulus and
convoluted tubules). Special care must be taken
when sampling to ensure enough glomeruli
have been obtained for evaluation (Brown et
al., 2013).



For specific classification of glomerular
diseases, renal biopsy samples should be
evaluated wusing light microscopy (LM),
transmission electron microscopy (TEM) and
immunofluorescence (IF) according to  the
World Small Animal Veterinary Association-
Renal Standardization Study Group (WSAVA-
RSSG) (Cianciolo et al., 2016). To be declared
suitable for evaluation, a kidney biopsy should
contain at least 5-10 glomeruli for LM and
additional tissue specimens for TEM and
whether to make a definitive diagnosis (Lees et
al., 2011; Crivellenti et al., 2018). In a 2008
study, Jankowski et al. reported an average
number of 14 glomeruli per sample, even
if their cut-off value to ensure histopathological
validity was the presence of five glomeruli
(Jankowski et al., 2008).

The most common methods to estimate the
number of glomeruli in the biopsy sample
evolved from eye loupe inspection to light
microscopy (Lees et al., 2011). A recent study
shows that the most effective method to get an
estimate glomerular number is to use a light
microscope with lowering of the condenser lens
(Costa et al., 2019).

Figure 4. Correct insertion of the biopsy needle
(Jankowski et al., 2013)

Whenever possible, the sample should be taken
from the caudal or cranial pole of the kidney, as
is easier to not accidentally penetrate the
medullar tissue. The right kidney is preferred to
the left when bilateral pathology is suspected
(De Rycke et al, 1999; Brovida, 2003;
Nowicki et al., 2005; Vaden, 2004; Rezaie et
al., 2008).

The number of core samples required for a
valid histopathological examination depends on
the type of needle employed and the
evaluations that will be performed on the
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tissue. Using a needle with a short core requires
three sampling to ensure an adequate specimen,
whereas longer devices (up to several
centimeters long) may only need one pass
(Yau, 2019). Samples for IF will be frozen or
set aside in a special transport solution. The
remainder is quickly placed in fixative
(formalin or glutaraldehyde) for light LM and
TEM and sent to the laboratory. (Vaden, 2004;
Walker, 2004).

Required tools and materials vary depending
on the technique used. A wide range of
dedicated veterinary automated biopsy devices
is available. They provide satisfactory renal
samples when used properly (Lees et al., 2011).
It is recommended to use 14-18 G needles,
although no major differences in the quality of
the samples were observed between different
gauges (Vaden, 2004; Crivellenti et al., 2018).
In human medicine, 14-18 G needles are most
commonly employed; 18 G needles are often
used in pediatric patients because the internal
diameter of the needle is slightly larger than a
glomerulus (Teondel et al.,, 2012). A recent
study from China identified no significant
difference in the number of glomeruli obtained
or subsequent patient complications between 18
G and 16 G needles (Xie et al., 2020).

The materials, advantages, and disadvantages
of each technique will be described below.

The blind or palpation biopsy
technique involves sampling after manual
localization and immobilization of the kidney
through the abdominal wall. In dogs, the right
kidney is harder to approach due to its location
under the costal arch, but it is more
stable puncture is required (Vaden, 2004). The
left kidney, even if more mobile can be
approached easily due to its anatomical
position (Osborne et al., 1971; Vaden, 2004;
Jankowski et al., 2013).

The advantage: it is the cheapest biopsy
technique because it only requires a biopsy
needle.

Disadvantages:

- it is difficult to perform in dogs due to the
topography of the internal organs;

- it is challenging to control the biopsy needle
in the abdominal cavity, which increases the



risk of complications during the procurement of
the specimen (Osborne et al., 1996; Vaden,
2004; Vaden & Brown, 2017).

A keyhole biopsy requires an incision through
the abdominal wall, caudal to the right costal
arch. Immobilization of the kidney is
accomplished with the index finger inserted
through the incision. Next, a smaller incision is
made in the abdominal wall, through which the
biopsy needle is advanced toward the kidney
with the help of the operator's fingers (Vaden,
2004; Jankowski et al., 2013).

Advantages of the keyhole biopsy technique:

- it is low-cost as it does not require ultrasound
guidance (Stone et al., 1992; Osborne et al.,
1996);

- the quality of the tissue samples is good,
comparable to that of specimens obtained
through laparoscopy (Wise et al., 1989);

- the operator has better control of the biopsy
needle compared to a blind biopsy.
Disadvantages:

- this technique can only be used in dogs and
only for the right kidney;

- the incision of the abdominal wall
associated with pain (Nowicki & Depta, 2001;
Nicpon et al., 2004; Vaden, 2005).

is

Ultrasound-guided renal biopsy is currently
the least invasive method to obtain cortical
tissue specimens in dogs, as well as in humans
(Walker, 2004). Ultrasound guidance permits
visualization of renal structure and size and
enables the correct placement of the biopsy
needle (Hager et al., 1985).

Cortex Needle

Medulla

Kidney Biopsy
Figure 5. Ultrasound-guided biopsy (Vaden, 2005)
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asepticized. A small incision is then made
through the skin, through which the needle is
advanced toward the renal capsule. The cortical
sample is removed using the appropriate
technique for each device. It is recommended
to apply transabdominal digital pressure to
reduce the risk of bleeding (Yamamoto et al.,
1991; Bigge et al., 2001; Rawlings et al., 2003;
Vaden, 2005; Zatelli et al., 2005).

Advantages:

- it offers high precision in obtaining a suitable
specimen with a reduced risk of

complications (Lees et al., 2011);

- this technique is relatively economical, rapid
and can be performed using most Ultrasound
machines (Haaga et al., 1983).

Disadvantage: this method is not recommended
in small dogs (adult weight under 5 kg) (Hager
et al., 1985).

Laparoscopic biopsy enables the sampling of
sterile renal tissue under endoscopic guidance.
For better visualization and identification of the
organs, it is necessary to introduce a certain
amount of gas (usually carbon dioxide) into the
abdominal cavity (Grauer et al., 1983; Wise et
al., 1989; Nowicki & Lew, 2001; Lew et al.,
2003; Vaden, 2005).

Advantages:

- it is a minimally invasive diagnostic technique
that provides better visualization of the kidneys
and better control of post-biopsy bleeding
(Nowicki et al., 2010; Vaden & Brown, 2017);
- it provides excellent tissue samples when 14
gauge double-spring-activated biopsy needles
are used (Rawlings et al., 2003). A more recent
study showed that the use of biopsy forceps
with a 5 mm cup ensures a greater number of
glomeruli compared to basic 16-gauge biopsy
needles (Park et al., 2017).

Disadvantages:

- it is expensive because it involves special
equipment and highly qualified personnel;

- it has additional contraindications: peritonitis,
hernia, coagulopathies, obesity, subcutaneous
emphysema (Vaden & Brown, 2017; Silvinato
etal., 2019).

The open or surgical renal biopsy technique
involves performing a laparotomy and



removing a wedge-shaped sample from the
renal cortex using a scalpel. In the end, the
renal capsule is sutured and digital pressure is
applied to control hemorrhage. This method is
used only when it is considered that other
techniques cannot provide enough cortical
tissue (Osborne et al., 1996; Nowicki & Depta,
2001; Vaden et al., 2005; Jankowski et al.,
2013).

The advantage: it is the method of choice in
dogs under 5 kg, in those with cystic kidney
disease or other contraindications (Vaden,
2004).

Disadvantage: being a surgical procedure, it is
more invasive than percutaneous techniques;
pain associated with the trauma is the most
common complication (Vaden & Brown,
2017).

Complications of renal biopsy

From the time of widespread implementation of
renal biopsy in dogs until today, the associated
complications have been estimated at a rate of
1%-20% (Osborne, 1971; Osborne et al., 1996;
Jankowski et al., 2013).

Renal biopsy is a safe procedure and the risk
for developing major complications is rare.
Minor consequences, nevertheless, are more
frequent. They occur due to the chosen
technique, patient status, or operator experience
and include micro- or macrohematuria,
perirenal hematoma, and pain. All these
adverse events can be safely managed without
further complications for the patient. A study
conducted in 2004 in a group of young dogs
without renal disease showed that biopsy
lesions were minor and the glomerular filtration
rate was not affected after biopsy (Groman et
al., 2004). Another study proved that
ultrasound-guided  biopsy had  minimal
complications in healthy dogs (Rezaie et al.,
2008). To minimize the risk of post-biopsy
complications, the patient should be
hospitalized 24 hours. Isotonic fluids should be
given to ensure diuresis and careful monitoring
of PCV for possible bleeding should be done
(Vaden & Brown, 2017).

However, the reports are radically different
when the biopsy is performed on dogs with
kidney disease. The most commonly reported
complications of renal biopsy are presented in
the box below.
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Reported complications of renal biopsy ‘
(Vaden et al., 2004)

Arteriovenous fistula formation

Biopsy of nonrenal tissue (eg. liver,
adrenal gland, fat, muscle, connective
tissue, spleen)

Cyst formation

Death

Hemorrhage

Microscopic hematuria

Macroscopic hematuria

Perirenal hematoma

Intrarenal hematoma

Lacerated renal artery or vein
Intra-abdominal hemorrhage caused by
laceration of other organs or vessel
Hydronephrosis

Infarction and thrombosis

Infection

Scar formation and fibrosis

Discussion on the utility and limitations of
renal biopsy in veterinary medicine

Renal biopsy is indicated in dogs with various
kidney diseases when identifying the
underlying condition would improve the
therapeutic management and patient status or
when an accurate prognosis is required. For
example, renal interstitial fibrosis is a poor
prognostic indicator because it is associated
with irreversible renal injury and nephron loss
(Lees et al., 2011; Cianciolo et al., 2013; Vaden
& Brown, 2017). This procedure is valuable in
young dogs who develop chronic kidney
disease and in breeds prone to familial (soft-
coated Wheaten Terrier, Samoyed) or inherited
kidney disease (Samoyed, Bull Terrier, English
Cocker Spaniel, Shih-Tzu) (Lees, 1996).
Concerning acute kidney injury, renal biopsies
can be evaluated using light microscopy and
routine stains to identify tubular causes.
This method provides an accurate prognosis
based on the appearance of the renal tissue and
the integrity of the tubular basement
membrane. The most common biopsy findings
associated with tubular AKI are acute tubular
necrosis and acute tubulointerstitial nephritis.
Nonetheless, TEM and IF should be used to
identify or rule out a possible glomerular cause
of AKI (Vaden, 2004; Vaden & Elliott, 2016;
Aresu et al., 2017).



Glomerular disease is clinically suspected when
severe and persistent proteinuria is present. In
dogs, the most sensitive method to assess
glomerular proteinuria is to evaluate the urine
protein to creatinine ratio (UPC). A value
higher than 2 in a urine sample with inactive
sediment is highly suggestive of glomerular
disease (Lees et al., 2005; Vaden & Elliott,
2016). The recognition of several forms of
glomerular disease was possible by properly
performed and analyzed kidney biopsies
(Polzin, 2009).

Several clinical trials were conducted in the
past years by experienced veterinary
nephropathologists (Cianciolo et al.,, 2013;
Schneider et al., 2013; Crivellenti et al., 2018;
Vessieres et al., 2019). The results of two

extensive retrospective  studies will be
presented to emphasize the utility of
performing  renal  biopsies in  canine
nephrology.

One of the most recent studies on this subject
was published by Crivellenti et al., in 2018.
Their objective was to identify factors affecting
the diagnostic quality of renal biopsy samples
from dogs with suspected kidney disease. Their
team analyzed over 500 renal biopsy specimens
from dogs suspected of various kidney diseases
that were submitted to the International
Veterinary Renal Pathology Service (IVRPS).
Out of the 522 samples, 30 were declared non-
diagnostic while the remaining 492 were
considered histopathologically valid biopsy
tissue. They diagnosed immune-mediated
glomerulonephritis in 212  dogs, focal
segmental to global glomerulosclerosis in 96
dogs, amyloidosis in 64 dogs, tubulointerstitial
disease in 43 dogs, non-immune-mediated
nephropathy in 38 dogs, glomerulopathy not
otherwise specified in 34 dogs, and normal
kidney in 5 dogs (Crivellenti et al., 2018). By
evaluating these results one can conclude that
renal biopsy in dogs is an indispensable tool in
the diagnosis of kidney disease and its
underlying conditions.

A larger study on the value of the kidney
biopsy in dogs was published in 2015 by
members of the WSAVA-RSSG. The study
identified specific immune complexes or
amyloidosis (using LM, IF, and TEM) and to
create a guideline for the appropriate evaluation
of renal biopsy specimens. The study included
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960 canine renal biopsy samples from the
IVRPS and Utrecht Veterinary
Nephropathology Service. They classified
glomerular disease according to biopsy findings
into three broad categories based on their
significance for prognosis and treatment:
amyloidosis,  immune  complex-mediated
glomerulonephritis, and non-immune complex-
mediated glomerulonephritis (Cianciolo et al.,
2013). The guidelines they provided in this
paper optimize the diagnostic workflow in
veterinary  nephropathology. This  study
reinforces the utility of kidney biopsy as a key
element in the ongoing research on kidney
disease in dogs. This finally translates into the
necessity of accurate morphological diagnosis
to guide the clinical management of dogs with
various renal disorders. For example, various
diseases and pathophysiological mechanisms
can lead to nephrotic syndrome, nephritic
syndrome, and AKI, but they can have vastly
different prognoses and therapies. These
recommendations can guide the decision of
renal biopsy in patients with proteinuria as well
as the use of immunosuppressive drugs in those
patients where renal biopsies were not
performed (Cianciolo et al., 2013).
Unfortunately, the histopathological findings
with light microscopy are not always specific
and devising a definitive diagnosis becomes
difficult (Dhaun et al., 2014). In these complex
cases of kidney disease, complete evaluations
(using LM, IF and TEM) by experienced
nephropathologists are needed to obtain an
accurate diagnosis (Schneider et al., 2013).

CONCLUSIONS

Renal biopsy is an invasive diagnostic
technique that is essential for the diagnosis of
various kidney disorders in dogs. Accurate
identification of the underlying disease can be
made through the complete evaluation of the
renal tissue; this procedure is a prerequisite for
an informed prognosis, decision-making, and
specific therapy.

Renal biopsy is a safe procedure and the risk of
major complications is low when an
appropriate biopsy technique is used. Minor
side effects of the procedure occur frequently,
but they can be managed and do not usually
further harm the patient.
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