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Abbreviations

CKD Chronic kidney disease

ESRD End stage renal disease

uUsS United States

EU European Union

IRIS International renal interest society

SDMA Symmetric dimethylarginine

UPC Urine Protein:Creatinine ratio

PKD Polycystic kidney disease

RPF Retroperitoneal fibrosis

FeLV Feline leukaemia virus

FIV Feline immunodeficiency virus

CBC Complete blood count

ECG Electrocardiogram

BUN Blood urea nitrogen

PCV Packed cell volume

CNS Central nervous system

CT Computerized tomography

GFR Glomerular filtration rate

aETE End-to-end anastomosis

aETS End-to-side anastomosis

v Intravenous

CsA Cyclosporine

WBC White blood cells

ATN Acute tubular necrosis

SCC Squamous cell carcinoma

RSPCA Royal society for the prevention of cruelty
to animals

CRP C-reactive protein

CEUS Contrast enhanced ultrasonography




Summary

Over the past years, it has been shown that chronic kidney disease (CKD) is one of the main
and most prevalent diseases affecting the feline species, practically in older individuals
(Affecting 30 to 50% of cats over the age of 15 years) and being one of the most common
causes of death with the median age of a stage 4 CKD being 103 days (Boyd et al., 2008).
With this disease being very invasive and causing many metabolic problems — such as
anemia, proteinuria and hypertension — renal transplantation has evolved into a viable option
to significantly improve life quality and expectancy. The University of California, Davis was
the first place where this surgery was performed in 1987 and since then, the veterinary field
has seen progress in its surgical technique, immunosuppression therapy drugs and protocol
as well as perioperative care and prognosis (Bernsteen et al., 2000). The candidate selection
englobes a lot of screening and imaging to make sure that the recipient as well as the donor’s
health are in optimal conditions to overcome the surgery and minimize the risks of post-
operative complications (Aronson, 2011). Unfortunately, despite it being the most effective
tool in managing and treating this disease, a lot of ethical questions are emerging making it
a challenge for it to be available worldwide. This thesis entitled “Critical Literature Review
on Kidney Transplantation in Feline Species” aims to assess and examine all the key aspects
of this procedure from candidate screening and selection to the long-term outcome and
prognosis of this surgery. It is important to note, that although this surgery tends to be the
best option in this moment in time, it is not a cure but a treatment requiring life-long

dedication, medication and care.



Introduction

Kidney transplantation in cats is an interesting and growing area of research for treating end-
stage renal disease (ESRD). It could help cats with ESRD to live longer having a better
quality of life. Feline renal transplantation is still not very common compared to human
transplantation, but it has slowly changed from a niche treatment to a possible, albeit
difficult, clinical intervention. Its development shows how veterinary surgery has become
more advanced and how people's views on the need to improve the quality of life for pets

have changed.

Putting a healthy donor kidney into a recipient whose own kidneys have irreversibly failed
is the most basic stage of kidney transplantation. Dialysis and close medical care can make
sick cats feel better or keep their symptoms under control for a short period, but the only
method to fully replace kidney function is through transplantation. This technique takes care
of both the organ's physiological failure and the metabolic and systemic issues that arise
when chronic kidney disease gets worse. This is why this technique is so important (Aronson,

2016).

After decades of research on human health, kidney transplantation started to be employed in
veterinary medicine in the late 1980s and early 1990s (Bernsteen et al., 2000). The
University of California, Davis School of Veterinary Medicine was one of the first
institutions to undertake kidney transplants on cats. They developed the standard for how to
check out donors, do surgery, and take care of cats following surgery that is now utilized in
referral clinics all throughout the US. Initially, the treatment was new and had a lot of moral
and practical issues. But when survival rates went up and owners were more interested in
new treatments, it became more accepted. Renal transplantation in cats is practiced in the
United States at several specialized centers (Aronson, 2011) but is not endorsed by certain
veterinary welfare organizations in Europe due to ethical concerns (International Cat Care,

2024).

Microsurgery, perioperative care, and immunosuppressive drugs have all improved a lot,
which makes feline kidney transplants far more likely to succeed and be successful. Using

immunosuppressants like cyclosporine and prednisolone, together with stricter rules for



picking donors and recipients, has made grafts survive longer and caused fewer difficulties.
But the process is still laborious, expensive (Anywhere between 12000$ and 200008 in the
US depending on complications), and morally problematic, especially since it needs live

organ donation, which usually comes from other cats.

The purpose of this literature review is to critically look at what we know about kidney
transplantation in cats. It is to give a complete picture of the current state of feline renal
transplantation by breaking down the criteria needed for the donor and candidate selection,
looking at how surgical methods have improved over time, how effectively
immunosuppressive therapies work, and what outcomes and difficulties have been reported.
It will also look at the flaws in present methods, point out gaps in the literature, and
recommend new topics for research. In addition, we need to highlight that feline kidney
transplantation is not only a surgical option, but a whole field of medicine on its own. It
pushes the boundaries of pet medicine and shows how crucial it is to give each cat patient
care that is tailored to their needs and of the highest quality. It adds to the bigger discussion
about what clients want, what veterinarians should do, and how the role of advanced

medicines in small animal practice is developing.



Background

Chronic kidney disease (CKD) is one of the most common reasons why domestic cats get
sick and die, especially the senior ones. It is one of the most frequent diseases in older cats,
affecting between 30% to 50% of cats over the age of 15 (Today’s veterinary practice, 2014).
The condition is marked by a gradual and permanent loss of kidney function, which causes
problems in fluid, electrolyte, and acid-base balance, as well as urine concentration and the

buildup of metabolic waste.

Chronic kidney disease (CKD) normally gets worse slowly and might be hard to notice until
symptoms start to develop. Anorexia, weight loss, vomiting, polyuria, polydipsia, and
systemic hypertension are some of these. People often utilize the IRIS (International Renal
Interest Society) criteria to figure out what stage the disease is in. These rules use blood
pressure, proteinuria, and serum creatinine or SDMA (symmetric dimethylarginine, an
endogenous biomarker that indicates kidney function) levels to put the condition in one of

four stages, from Stage 1 to Stage 4.

Stage 1 Stage 2 Stage 3 Stage 4
No azotemia Mild azotemia Moderate azotemia Severe azotemia
ini ( or mildly
elevated creatinine)
Creatinine in mg/dL Less than Greater than
14 1.4-2.8 2.9-5.0 5.0
Canine (125 ymolL) (125-250 #mol/L) (251-440 Umol/L) (440 pmollL)
Less than Greater than
Foiine 16 1.6-2.8 2.9-5.0 5.0
(140 umoliL) (140-250 Umol/L) (251-440 Umol/L) (440 pmolL)
SDMA* in ug/dL Less than Greater than
Canine 18 18-35 36-54 54
Less than Greater than
Feline 1 8 1 8—25 26—38 38
UPC ratio
Subst Canine Nonproteinuric <0.2 Borderline proteinuric 0.2-0.5 Proteinuric >0.5
Feline Nonproteinuric <0.2 Borderline proteinuric 0.2-0.4 Proteinuric >0.4
Systolic blood
pressure in mm Hg Normotensive <140 Prehypertensive 140-159
t i Hypertensive 160-179 Severely hypertensive >180

Figure 1. Iris staging of CKD
The exact reason is often still unknown, but some known causes are renal toxins such
ethylene glycol or lily consumption, amyloidosis, pyelonephritis, polycystic kidney disease,

and chronic interstitial nephritis (Aronson, 2011).



Current medical treatment aims to halt the disease's course and lessen clinical symptoms by
using phosphate binders, hydration therapy, dietary adjustments, and medications that
address gastrointestinal symptoms and high blood pressure (IRIS/Grauer, 2016). But these
conservative treatments often don't work to keep cats alive when the disease becomes worse
and leads to end-stage renal failure. In certain cases, kidney transplantation is a possible way
to extend life. Given the problems with medical care and renal replacement therapy, it is
important and necessary to have a full understanding of transplantation as an option (Gregory

etal., 1992).

ESRD is the last stage of chronic kidney disease in cats. Currently, the kidneys are almost
entirely broken down. Chronic interstitial nephritis is one of the most common causes. It is
a slowly developing disease that causes fibrosis and inflammation in the renal tissue and
often has no clear explanation. Polycystic kidney disease (PKD) is another major
component. It is a genetic disorder that mostly affects Persian and similar breeds and causes
cysts to grow that slowly crush and kill good kidney tissue. Pyelonephritis, a long-term
bacterial infection of the kidneys, can potentially cause long-term damage, especially if it is
not treated well or is not obvious (Bernsteen et al., 2000). Renal amyloidosis is another less
common but clinically important cause, notably in Siamese and Abyssinia cat breeds where
abnormal protein buildup makes the kidneys work less well according to the VCA animal
hospitals. Nephrotoxins, some medicines (such non-steroidal anti-inflammatory drugs or
aminoglycosides), and plant toxins (particularly lilies) can also hurt the kidneys quickly. If
not addressed, this can progress to chronic failure. Even though the main cause of many
cases of feline CKD is still unknown, these illnesses are the most well-known ways to induce

permanent kidney damage and ESRD (Aronson, 2011).

Medical management is still the most important part of treating chronic kidney disease in
cats, but it is more of a palliative than a curative treatment. Interventions like renal diets,
phosphate binders, fluid therapy, antihypertensives, and gastro-protectants can slow the
disease's progress and make life better for a short time, but they don't stop the loss of
nephrons (Grauer, 2016). As the disease gets worse and reaches later IRIS stages, cats often
have worse uraemia, usually irreversibly loss of weight, have a poor appetite, and don't
respond as well to treatment. In these situations, supportive care is less helpful, and the

outlook gets much worse (Boyd et al, 2008).



Therefore, it is a more permanent option for some cats with end-stage renal disease. When
successful, transplantation can bring kidney function back to almost normal levels and
greatly improve both quality of life and survival time, sometimes by several years.
Transplantation is still the only treatment that can restore lost kidney function, even though

it is difficult (Gregory et al., 1992).



Screening and patient selection

Over time, kidney transplantation has become a possible and life-saving treatment for cats
with end-stage renal disease (ESRD). People used to think that this operation was either
experimental or heroic, but today they know that it can considerably improve the quality and
length of life for carefully chosen cats (Aronson, 2011). As veterinarians learn more about
kidney transplants, one thing stays the same: comprehensive candidate screening, careful
patient and donor selection, and a realistic assessment of long-term results and possible
consequences are all necessary for the procedure to work. Screening is one of the most
critical steps in the complete transplant process since each case needs to be looked at from

all sides: medically, behaviourally for post-op management, and logistically (Adin, 2022).

Byer et al. (2022) did a groundbreaking retrospective analysis on 81 cats who had kidney
transplants between 1995 and 2019. The study looked at the factors that determine long-term
success and problems. The study showed how important new surgical techniques are for
reducing ischemia harm, namely cold organ preservation and ureteral papilla implantation.
Still, problems like wureteral obstruction, retroperitoneal fibrosis (RPF), and
immunosuppressive-associated diseases (such neoplasia and opportunistic infections) still
pose a major threat to transplant and patient survival. It's important to note that five of the
six cats in the Byer trial who got RPF already had other health problems, such as anaemia,
heart murmurs, or high blood pressure, even though they had been thoroughly screened. It
may be possible to have even better results by making the selection criteria stricter, because
this observation suggests that cats with additional health problems may be more likely to

have problems after a transplant.

Valverde et al. (2002) stress how important it is to stabilize a patient completely before
surgery. All cats in their group had tests done on their blood, biochemistry, infectious
diseases, heart, and stomach. Beta-blockers or calcium channel blockers were utilized to
manage high blood pressure that was already present. Three patients even needed
haemodialysis to regulate their metabolism before surgery. It was assumed that surgery
would be useless if heart disease, high blood pressure, infection, or metabolic problems
weren't appropriately treated. This shows how important it is to have specialized stabilizing

techniques before starting to avoid unwanted side effects or a bad long-term prognosis.

Adin (2002) gives a way to sort contraindications into absolute and relative categories, which
is the same way as to how people are transplanted. Examples of absolute contraindications,

which are factors that rule out a cat, are uncontrolled systemic infections (FeLV, FIV and



active toxoplasmosis), metastatic neoplasia, severe hypertrophic cardiomyopathy or
congestive heart failure, uncontrolled hyperthyroidism, and a severe fractious temperament

that makes it impossible to give regular immunosuppressive medication.

The temperament of a cat is an important but less obvious component. Aggressive or very
neurotic cats may not be able to handle lifelong oral medication, and the danger of acute
rejection goes up a lot when immunosuppressive regimens aren't followed (Adin, 2022). So,
when looking at applicants, their behavioural stability is just as vital as their medical fitness,
since the aftercare will require a lot of handling making fractiousness an absolute

contraindication (Kyles & Gregory, 2009).

On the other hand, relative contraindications need cautious clinical judgment. These include
mild heart problems, like hypertrophy of the papillary muscles; high blood pressure before
surgery that may be controlled with medication; old age (However, this is not a deciding
factor, associated to a higher risk of complications during surgery); cachexia or malnutrition,

which can be treated with dietary help (Adin, 2022; Aronson, 2016).

Finding contraindications is just one part of the qualifying process; the other part is making
sure that transplantation is the correct thing to do. Usually, renal transplantation is only done
on cats with end-stage renal disease who don't respond to rigorous medical treatment
(Aronson 2011; Adin 2002). Some clinical symptoms that support transplantation are long-
lasting weight loss; chronic anaemia; azotaemia that gets worse over time (mean creatinine
in one study: 7.9 mg/dL; range: 3.1-19.4 mg/dL); dehydration and uraemia despite a medical
diet and fluid therapy. It often takes a long time to get a referral, and by the time cats get to
specialty centres, they are often very sick. Because of the higher risk of neurological
problems during and after surgery that come with this late-stage presentation (Adin et al.,

2001), haemodialysis may be needed before the surgery.

A full diagnostic workup also includes blood type and crossmatch, CBC, metabolic profile,
and thyroid testing; urine culture, protein/creatinine ratio, urinalysis; and more. Checking
blood pressure; echocardiogram, ECG, and chest radiography; FeLV/FIV serology; and
toxoplasma titers (Adin, 2002; Kyles & Gregory, 2009; Aronson, 2016; Friday et al., 2023).
Checking blood pressure is extremely important too. Adin (2002) says that following
surgery, 62% of cats have high blood pressure, up from 18% previously. It is very important
to keep blood pressure stable before and after surgery since bad control might lead to

problems with the central nervous system. It is also important to check for neoplasia. Some



studies show that the immunosuppressive treatments used after surgery raise the risk of
cancer over the course of a person's life. The rate is 9.5%. In this case, localized tumours
may be treated depending on the situation, but metastatic cancer is a strong no-no (Adin,

2002).

Adin et al. (2001) looked back at 61 feline transplants to find out what factors before surgery
were linked to survival and problems. We looked at how bad the azotaemia was in the cats
(BUN > 100 mg/dL; creatinine > 8 mg/dL). Weight and body condition score; packed cell
volume (PCV) Using erythropoietin, haemodialysis, or hydration treatment before surgery.
The study found that giving severely azotemic cats more intense care before surgery may
help them live longer and minimize the likelihood of CNS problems. This shows how

important it is to assess patients and make them as healthy as possible before surgery.

The donor selection is as important as that of the recipients. Donor cats should be young
(between one and three years old is best), healthy, and not having any diseases that can spread
to other cats or people. Adin (2002) and Aronson (2011) say that the best donor should have
a body size that is the same as or bigger than the recipient's and have a blood type that is
compatible with the recipients. Tests for FeLV, FIV, and toxoplasmosis should be all
negative. Blood tests, urinalysis, and imaging must all reveal that the kidneys work normally
and are in the right place. Excretory urography and abdominal ultrasonography should also

show no problems.

Before & nephrectomy, CT angiography is the best modality to check the renal vasculature
in patients. Its usage in veterinary patients is still limited by cost and availability, but it may
help with donor selection in the future, The left kidney is usually preferred as graft due to
the length of the vein. Aronson (2011) says that donor cats usually have normal lives after
they give up their organs, if they get the necessary care and monitoring following the surgery.
Most of the time, donor cats are either adopted out after surgery or owned by people.
According to ethical guidelines, all donors must find permanent homes, and the owners of
the cats who receive them often agree to take care of them. This approach makes the
transplantation process more complicated emotionally and logistically, even though it

resolves concerns about welfare (Yeates, 2024).
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Figure 2. Decision-making process in screening for renal transplant recipients (Adin,
2022)

Surgical techniques and perioperative care

Feline kidney transplantation is a very difficult and delicate technique that needs careful
planning and strict management before, during, and after the surgery. The surgery needs to
be done with great care, but the patient's health and metabolism also need to be stable for the
transplant to work. Over time, changes in surgical techniques and anaesthetic protocols have
played a big role in the better results found in specialist clinics that do feline kidney

transplants.

One of the most common surgical procedures is to keep organs cool before putting them in.
Byer et al. (2022) stored kidneys at 4°C, which is a way to reduce ischemia injury by slowing
down metabolic activity. The actual transplant involved end-to-side vascular anastomosis
and the implantation of an extravesicular ureteral papilla. These methods are now

conventional because they work well to keep graft perfusion and urine patency.

During the operation, two surgical teams usually work on both the donor and the recipient
at the same time. Because feline vessels are so small, microsurgical equipment and
magnification, like an operating microscope, are used during vascular anastomoses. There
are different techniques published and utilised depending on which systemic vessels are
anastomosed with the renal vasculature, such as the renal artery is sutured end-to-side to the
caudal aorta, and the renal vein is anastomosed to the caudal vena cava. This is called
heterotopic transplantation. There are two ways of introducing the ureter to the bladder.
Either by mucosal apposition or papilla method. It is important to note that the native kidneys
are usually left in situ at first to act as a backup during the first few days after surgery because

of the impact it has on the estimated glomerular filtration rate (GFR).

Bernsteen et al. (1999) did a study that compared two ways of doing an anastomosis: end-
to-end (aETE) of the renal artery to the external iliac artery and end-to-side (aETS) of the
renal artery to the aorta. In the study of 14 cats, aETS was better in several important ways.
Notably, 62% of the cats that had the aETE procedure experienced ipsilateral pelvic limb
neuropraxia because blood flow was cut off when the external iliac artery was tied off. This
did not happen in any of the aETS cats. The aETS approach also made the warm ischemia
time shorter and the continuous suture pattern easier to do, which made the surgery less

complicated and less risky for ischemia. However, this method could still have problems.



One cat in the aETS group had ureteral avulsion, which caused uroperitoneum and led to its
death. This shows how important it is to keep enough ureteral length during graft positioning
to avoid putting too much stress on the anastomosis site (Bernsteen et al., 1999). Stabilization
before surgery is still important for a successful procedure. According to Bernsteen et al.
(2000), the packed cell volume (PCV) should be at least 30%, the blood urea nitrogen (BUN)
should be less than 100 mg/dL, and any electrolyte imbalances should be fixed. If a patient
is underweight or cachectic, they should need nutritional supplementation through a
gastrostomy or oesophagostomy tube. These actions help enhance blood flow to the tissues,
lower the risks of surgery, and get the body ready to deal with the stress of surgery and

immunosuppressive medicine.

There was a lot of talk about hemodynamic and oxygen-carrying assistance. During surgery,
most of the cats (83%) got fresh whole blood, while the others got packed red blood cells or
fresh frozen plasma. The goal of this method was to make sure that enough oxygen was
getting to the body during the protracted procedure. To help with renal perfusion and
electrolyte homeostasis, balanced electrolyte solutions such lactated Ringer's or normal

saline were given.

Byer et al. (2022) also talked about a strong perioperative care plan that could help avoid
problems during and after surgery. They kept a tight eye on vital signs and used mannitol
and nitroprusside to keep blood pressure stable during surgery so that the kidneys could get
enough blood. After the surgery, antibiotics like cefazolin and enrofloxacin were given as a
precaution, along with blood thinners like heparin and blood pressure-lowering drugs like
hydralazine. Despite all these attempts, six cats developed retroperitoneal fibrosis (RPF),
which blocked their ureters. This shows that the existing perioperative techniques, while
helpful, may still need to be improved to completely avoid these problems showing some

gaps in the literature.

Adin et al. (2001) observed that preoperative BUN and creatinine levels were very good at
predicting neurological problems after surgery. This is another way that metabolic status
affects health. Their logistic regression analysis found that for every 10 mg/dL rise in BUN,
the risk of central nervous system (CNS) disorders rose by 1.6 times. For every 1 mg/dL rise
in creatinine, the risk rose by 1.8 times. Interestingly, having high blood pressure before

surgery and taking antihypertensives were not strongly connected to CNS problems. This



suggests that azotaemia is a better predictor of these bad outcomes than cardiovascular

measurcs.

Preoperative care plans try to deal with all the issues that could make things unstable.
Standard treatments include IV fluid therapy that is modified based on the patient's heart
condition, blood transfusions (preferably from the donor to limit antigenic stimulation), and
erythropoietin or darbepoetin to fix anaemia. You might also use antiemetics and phosphate
binders to help the digestive system, and you might give amlodipine to cats with high blood
pressure to get better control before surgery (Aronson, 2011; Friday et al., 2023).

In short, the two most important parts of a successful feline kidney transplantation are the
surgical method and the care given before and after the surgery. Microsurgery and
intraoperative hemodynamic control have come a long way and so have personalized patient
optimization tactics. These have made a big difference in patient outcomes. But studies have
shown that even the best techniques can fail. To improve success rates and long-term graft
function even more, it will be important to keep refining the technique, especially when it
comes to minimizing fibrotic problems and making it easier to handle the ureters. This part
shows what is currently considered the best practice and sets the stage for future advances
in feline transplant care (Aronson, 2011; Gregory et al., 1992; Bernsteen et al., 1999;
Schmiedt et al., 2008; Aronson, 2016; Byer et al., 2022).
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Figure 3. Clamp distal aorta and caudal vena cava, perform arterotomy and venotomy then flush
with heparinized saline. Suture the renal artery in an end-to-end to the distal aorta (Bernsteen et al.,
1999).
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Figure 4. Suture the renal vein in an end-to-side fashion to the caudal vena cava (Bernsteen et al.,
1999)



2 Ao o P
ot T
D0 e

G 27 % 2

20 )
Y
—

Figure 5. Perform a ureteroneocystostomy by performing a cystotomy, everting the
bladder the mucosa and suturing the ureter to the everted bladder mucosa. (Bernsteen et
al., 1999)
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Figure 6. ureteroneocystostomy. (Bernsteen et al., 1999)



Immunosuppressive therapy

Immunosuppressive medication is the most important thing for a cat's kidney transplant to
work. The immune system is always on the lookout for foreign tissue, which makes graft
rejection a continuous concern. One of the hardest things to do after a transplant is to stop
this immune-mediated reaction while also lowering the drugs' toxicity and side effects.
Cyclosporine (CsA) and prednisolone are still the most popular immunosuppressive drugs.
Azathioprine and ketoconazole are sometimes used as further treatments (Schmiedt et al.,

2008).

In the Byer et al. (2022) retrospective analysis, all cats were given a dual immunosuppressive
regimen that included both prednisolone and cyclosporine. The study indicated that all six
cats with retroperitoneal fibrosis (RPF) had at least one documented postoperative trough
CsA level below 250 ng/mL, which is considered subtherapeutic, even though they were
closely watched. This connection shows that not enough immunosuppression could cause
autoimmune-like reactions, which could clog the ureters and cause fibrotic problems. Some
of these cats were also given ketoconazole to block cytochrome P450 and lengthen the half-
life of CsA. However, it is not known if this drug works to stop immune-mediated fibrosis.
These results show how important it is to give the right dose and keep a careful eye on the
patient to avoid under- or over-immunosuppression Byer et al., 2022). In feline renal
transplantation protocols, the microemulsified version of cyclosporine (such as Neoral or
SangCyA) is the best choice since it has more consistent bioavailability than regular oil-
based preparations. The desired trough levels are usually between 300 and 500 ng/mL,
however the optimal concentration may alter depending on how the patient responds and
how likely problems are to happen. We check whole blood cyclosporine levels once a week
to make sure that therapeutic levels are obtained and kept. Then, changes are made based on
the pharmacokinetic results and the patient's condition. (Adams et al., 2005). The normal
dose of cyclosporine ranges between 2 to 5 mg/kg every 12 hours. If the graft is stable after
the first two to three months, the dose may be lowered. For the first three months, patients
usually start taking prednisolone at a dose of 0.5 to 1 mg/kg every 12 hours and then slowly
lower the dose. According to Valverde et al. (2002), immunosuppressive medication began
either 24 hours before surgery or shortly after it. During induction, methylprednisolone was
given in 40% of the cases. There were several times when prednisolone started: 13% of the
time before surgery, 37% of the time right after surgery, and 47% of the time within 24 hours

of surgery. This difference shows that the immunosuppressive approach can be tailored to



the patient's clinical stability and what was found during the surgery.

When standard treatment doesn't produce enough immunosuppression, azathioprine may be
used as a third-line treatment. Azathioprine, which is normally administered every 72 hours
at a dose of 0.3 mg/kg, can inhibit bone marrow, so WBC levels need to be checked often to
avoid pancytopenia or iatrogenic neutropenia. It is still not very common for cats to utilize
it, but it could aid in circumstances where the treatment isn't working or when there are
sudden rejection episodes even though the CsA levels are high (Bernsteen et al., 2000). You
can give cats that are at high risk of CsA toxicity or who need lower cyclosporine doses 10
mg/kg of ketoconazole once a day. This will slow down CsA metabolism and stop hepatic
cytochrome P450 enzymes from working. This allows for less cyclosporine to be used, but
it has its own problems, such as being toxic to the liver, and therefore requires regular testing

of liver enzymes (Bernsteen et al. 2000).

When indicators of acute rejection show up, including less urine output, tiredness, or high
serum creatinine levels, aggressive actions must be taken. These could be high doses of
corticosteroids like Solu-Delta Cortef (10 mg/kg IV every 12 hours), fluid diuresis with
balanced electrolyte solutions, and intravenous cyclosporine infusion (Sandimmune, over 4—
6 hours). If there is no improvement, azathioprine is added, although this is done with care

because it has a narrow safety margin.

Giving immunosuppressive drugs to cats that have had kidney transplants is both an art and
a science. It requires close communication between the internal medicine and surgical teams,
thorough monitoring of drug levels, and the capacity to change protocols based on how the
patient responds. Recent research has revealed that getting the right immunosuppressive mix
is important for stopping graft rejection and minimizing the risk of serious problems like
RPF. To get better long-term success in feline kidney transplantation, monitoring methods

and drug treatments will need to keep getting better (Aronson, 2016; Byer et al., 2022).



Post-op complications

Even though surgical procedures, anaesthetic, and immunosuppressive regimens have all got
better, postoperative complications in feline kidney transplantation are still a big concern.
These problems affect both the short and long-term outcomes. They can happen at different
times and with different levels of severity. Some problems, such as infections or high blood
pressure, are easier to handle but still need to be watched closely. Others, like RPF or acute

rejection, can make the graft not work properly and even kill the patient.

Byer et al. (2022) did a retrospective analysis and showed that RPF affects 7% of
transplanted cats (6 out of 81). This makes it one of the worst complications documented in
the literature. Between 39 and 210 days after surgery, the patients showed signs of anorexia,
vomiting, lethargy, and azotaemia. Imaging showed that the transplanted kidney and ureter
were surrounded by fibrous tissue, leading to hydronephrosis and hydroureter formation.
The causes of RPF are unknown, although it's assumed that immune-mediated rejection
events and not sufficient immunosuppression might be involved. Two surgical options were
explored: renal pelvis-to-bladder anastomosis or ureteral reimplantation. Results were
cautious, though, because two of the six cats died soon after surgery and two more had
recurring obstruction, which shows how serious this problem may be. Byer et al. (2022) say
that these results show how important it is to find problems early and maybe even use new

ways to deal with them.

There is still a big chance that the graft will be rejected. Halling et al. (2004) say that renal
hypertrophy on ultrasonography and loss of blood flow after that were signs of acute
allograft rejection, which usually occurring 21 to 26 days after surgery. Histopathological
investigation demonstrated interstitial infiltrates that were consistent with rejection, vascular
inflammation, haemorrhage, and infarction. Interestingly, body temperature also went up
during rejection episodes. This suggests that it could be a useful early warning indicator,

especially when advanced diagnostics are hard to get to.



Figure 7. Native and allograft kidney. The native is the on the left adjacent to the
gloved finger and the allograft is on the right (Aronson, 2011).

There is still a big chance that the graft will be rejected. Halling et al. (2004) say that renal
hypertrophy on ultrasonography and loss of blood flow after that were signs of acute
allograft rejection, which usually occurring 21 to 26 days after surgery. Histopathological
investigation demonstrated interstitial infiltrates that were consistent with rejection, vascular
inflammation, haemorrhage, and infarction. Interestingly, body temperature also went up
during rejection episodes. This suggests that it could be a useful early warning indicator,

especially when advanced diagnostics are hard to get to.

Bernsteen et al. (1999) investigated problems that can happen during surgery, especially
when it comes to making decisions on vascular anastomosis. In their study, 62% of cats who
had end-to-end anastomosis (aETE) developed neuropraxia or pelvic limb ischemia. This
was probably because the external iliac artery was tied off. The end-to-side (aETS) group
did not have any of these issues. The aETE group also had more vascular disasters, such as
seizures, systemic thromboembolism, and renal vein avulsion. It is also important to
carefully choose the length of the donor ureter because one aETS cat had its ureter ripped
out, which caused uroperitoneum and death. Longer warm ischemia times, which are more
common with aETE, were also connected to a higher risk of acute tubular necrosis (ATN),

which can cause early graft malfunction and higher rejection rates.



Even with the best techniques, immediate complications are common. Valverde et al. (2002)
said that there were a lot of early problems in the first 24 hours after surgery. Hypertension
(67%) was the most common disease, followed by haematuria (47%), electrolyte
abnormalities (30%), and issues with limb perfusion (17%). Seizures, uroperitoneum, acute
graft rejection, and ocular ulcers were also recorded, however they happened less often.
Metabolic acidosis, hypotension, hypothermia, and, to a lesser extent, arrhythmias and
hypoglycaemia were all common problems that happened during surgery. These side effects
show how crucial it is to keep blood pressure, normal body temperature, normal blood

volume, and acid-base balance steady throughout the perioperative phase to minimize risk.

Chronic immunosuppression often leads to problems that last for a long time. Infections are
a prevalent issue since the host's immune system is weak and affects many organ systems
(Bernsteen et al., 2000). Opportunistic infections like bacteria, viruses, fungi, and protozoa
can make existing illnesses worse or induce systemic sickness. Neoplasia is another concern;
cats who have had transplants are 65 times more likely to get SCC and lymphoma
(Wooldridge et al., 2002). Long-term usage of cyclosporine has also been linked to endocrine
problems such diabetes mellitus, which requires insulin therapy for a long time to keep blood

sugar levels stable (Gregory, 1998).

Severe hypertension and problems with the central nervous system (CNS) are two of the
most dangerous adverse effects. Fifteen percent of cats show signs of CNS problems, such
as seizures, nystagmus, or obtundation. High BP after surgery occurs in a third of the
patients. It's intriguing that none of the cats who had haemodialysis before surgery had any
difficulties with their central nervous system. This means that metabolic stabilization might
help protect against neurotoxicity and osmotic oscillations caused by the buildup of uremic
toxins. These results are also in line with trends in death rates. During the first six months
after transplantation, rejection, hypertension, CNS events, and infections were often given

as reasons for death.

Postoperative problems require quick action and attentive monitoring. For instance,
ultrasonography is used to check urine outflow and graft perfusion in cases of persistent
azotaemia. The patient gets intense immunosuppressive treatment with IV cyclosporine (6.6
mg/kg/day) and prednisolone (10 mg/kg IV ql2h) if there is any suspicion of rejection.
Acepromazine (if needed) or hydralazine (2.5 mg SC) are examples of drugs that can be used

to treat high blood pressure. Ultimately, early discovery and aggressive treatment of these



problems are what keep grafts working and improve long-term survival (Kyles & Gregory,

2009).



Long term outcome and prognosis:

When it comes to feline kidney transplantation, the long-term results are what matter, even
though the surgery and the first few days after are vital. Long-term success can be measured
by survival rates, quality of life, and the capacity to maintain the graft working without major
issues. Surgical procedures and care before and after surgery have come a long way, but it is
still very challenging to keep cats healthy and their grafts alive over time (Byer et al., 2022;
Bernsteen et al., 2009; Adin et al., 2001).

Cats that have a kidney transplant can live longer (360 to 613 days) and have a better quality
of life compared to those who did not get graft. Most kidneys start working again 24 hours
after surgery, and serum creatinine levels usually return to normal in 7-10 days (Bernsteen
et al., 1999). No matter what anastomosis technique is chosen, early graft performance is
usually reliable. The end-to-side aortic method (aETS), on the other hand, seems to be better
because it has fewer complications. This short-term success is a good sign, but whether the
patient will live long-term will rely on a variety of things when they leave the hospital, such

as the surgery's results, the owner's compliance, and the patient's specific risks.

One of the most important aspects of the success relies on how dedicated the owner is to
take immunosuppressive drugs. Bernsteen et al. (2000) warned that skipping doses of
medicine could quickly lead to acute rejection episodes that could cause the graft to fail.
Chronic illnesses like diabetes and cancer can still emerge even when medical procedures
are followed exactly. This highlights how vital it is to improve immunosuppressive regimens
and set up long-term monitoring approaches that include metabolic screening and

biomarkers for early identification to deal with late-onset side effects.

According to Aronson's (2011) study, cat transplant patients live an average of 360 to 613
days and leave the hospital 70 to 92% of the time. However, things usually start to go wrong
after the first year. We often encounter calcium oxalate nephrosis, ureteral blockages, acute
and chronic rejection, and retroperitoneal fibrosis (RPF) as some of the most common
problems. Other less common complications are haemolytic uremic syndrome, infections,
and diabetes mellitus. The high rates of neoplasia, especially post-transplant lymphoma,
which can be as high as 24% in some individuals, are quite concerning. Cats that have
toxoplasma can obtain transplants, but they must take medicine for the rest of their lives to

minimize the risk of the disease coming back when their immune system is weak.



The study by Adin et al. (2001) completes the long-term picture by demonstrating that the
survival rate after 5 months was 59% and declined to 41% after 3 years. The age of the
recipient was the only preoperative predictor that exhibited a statistically significant
connection to survival. More cats over the age of 10 years died soon after surgery. This trend
is like what has been seen in persons who have received transplants. For these people, the
graft's chances of survival go down as they get older, perhaps because they have other health
problems and don't have enough physiological reserves. It was interesting to find that there
was no substantial link between long-term results and other preoperative parameters such
body condition, blood pressure, and electrolyte balance. These may raise the chance of

neurological problems in the early stages, but they don't seem to affect survival after the
surgery.

It's also interesting to see how fibrosis-related problems affect long-term outcomes. Byer et
al. (2022) found that retroperitoneal fibrosis made it far less likely for transplants to survive
over time. Within 40 to 41 days, two of the six cats that had revision surgery had their ureters
blocked again. On the other hand, one cat lived for six years following the transplant and
then died of a disease that had nothing to do with it. This illustrates that it is still possible to
get good results in the long run. The total recurrence and death rate, on the other hand,
highlights how crucial it is to do more to stop RPF, which is still a big problem for long-term

graft function.

Even while the short-term success rates have gone up (60-70% of cats live over a year),
long-term success is still limited by the complications that come up in the later phases
(Bernsteen et al., 2000). It would be good for the field to perform research to uncover early
signals of chronic graft failure and to look at new immunosuppressive regimens that have
less long-term toxicity. By doing more study on biomarkers, making treatment plans that are
specific to each patient, and teaching owners more, it may be able to give cat transplant

patients longer lives and keep their quality of life high for many years.



Ethical and practical considerations:

Feline kidney transplantation is a medically promising treatment for end-stage renal failure,
but it raises a variety of logistical and ethical difficulties that still affect how doctors work
and what people think. Some of these concerns are the long-term commitment that owners
need to make, the welfare of donor cats, and the effects on society of making transplants
more available. As the profession grows, it is still hard to find a balance between animal

welfare and medicinal progress.

Using living cats as kidney donors is a big ethical problem. Ethical issues are much more
critical in veterinary medicine than in human health because cats can't give their informed
permission to organ donation. No matter what happens with the transplant, the recipient's
owner usually adopts the donor cat. Donor cats are often found in shelters or study colonies
(Adin, 2002). One out of fifteen donor cats had renal insufficiency and a lower ability to
concentrate urine. This shows that lifelong follow-up is necessary, even though long-term
studies suggest that unilateral nephrectomy usually does not affect the donor's renal function

(Adin, 2002).

The moral problem gets harder when you think about the motives and steps that go into
choosing a donor. Yeates (2014) asks if the cats that people give away really come from
groups that are at risk of being put to sleep, or if they would have found homes anyhow. This
anxiety raises the concept that a donation inevitably helps the donor by making sure of their
adoption. Yeates also says that calling shelter cats "organ sources" is wrong because it could
lower ethical standards for veterinarians and make animals more likely to be treated as
commodities. Even though donor nephrectomy may save a cat from being put to sleep and
offer it a home, the stress of surgery, discomfort after surgery, and the chance of long-term
damage are all ethical issues that need to be considered. Some animal rights groups, like the
RSPCA, are absolutely against feline living donation. Others, however, say that donor
programs are okay if they are closely monitored for ethical reasons, especially when they

help both cats (Yeates, 2014).

There are also ethical issues with the cats that receive the organs. Transplanting a cat with
chronic kidney disease (CKD) may help them live longer and have a better quality of life,
but there are hazards. Some of these side effects could be deadly, such as infections caused
by immunosuppression (Bernsteen et al., 1999), neoplasia (Wooldridge et al., 2002),
retroperitoneal fibrosis (Aronson, 2002; Byer et al., 2022), and diabetes mellitus after a
transplant (Gregory et al., 1997; Case et al., 2007). Yeates (2014) stresses that veterinarians



must assess the probable benefits of transplanting against the hazards in each case.
Temperament, comorbidities, and the owner's ability or inability to provide long-term care
are all things that need to be thought about very carefully. Yeates also asks a philosophical
question: Is a cat that has undergone three kidney transplants still deemed biologically
"normal"? He compares transplantation to insulin therapy for diabetic cats and concludes
that these types of treatments maintain physiological function rather than improve it, which

is in line with veterinary ethics.

Practical problems make the moral situation even more difficult. A kidney transplant is not
a cure-all; it requires continued immunosuppressive medicine, regular checkups by a
veterinarian, and being ready for any problems that may arise. According to Byer et al.
(2022), complications that happen after surgery, such as infections, graft rejection, and
ureteral blockage, sometimes require more treatment, which costs more money and causes a
lot of stress. Owners need to know all these things before the operation. This means knowing
that transplantation can't cure CKD, that the donor cat will live with you forever, and that
missing doses of medication can fast cause the graft to fail (Bernsteen et al., 2000). In
addition, if the owners don’t fully commit to the after care, then benefits may not last long

making the whole procedure not worth it.

Finally, there are real-world problems that make it hard to get more cats kidney transplants.
Not many veterinary hospitals do the very specialized and costly surgery. Byer et al. (2022)
say that making things easier to access and getting better results will require both technology
advances and systemic changes, like improving patient selection standards, lowering
postoperative fibrosis, and financing research on early diagnostic biomarkers. There will still
be moral and practical problems with the widespread use of feline transplantation programs

unless these measures are achieved.

In conclusion, feline kidney transplantation is a lifesaver for cats with end-stage renal
disease, but it raises a lot of challenging moral and practical questions. To balance the needs
of donors, recipients, veterinarians, and pet owners, there needs to be openness, stringent
ethical control, and continual work to make medical processes and support systems for pet
owners better. As the field grows, these elements will be very important in making sure that

this life-extending medicine is used in an ethical and caring way.



Conclusion

Kidney transplantation is a complicated and life-saving treatment for cats with end stage
renal illness. The success of this procedure relies on different aspects mentioned above
mainly candidate selection, perioperative care, immunosuppressive therapy and
postoperative care. It is a multidisciplinary approach that requires excellent coordination

through the different steps.

One of the biggest problems faced is the retroperitoneal fibrosis (RPF) which is a primary
cause of transplant failure, addressing this issue requires the early detection of biomarkers

like CRP and techniques to avoid fibrotic consequences.

The main point of disputes on this procedure beyond the medical aspect, is the logistics and
ethics in terms of welfare and the commercialization of living donors. Educating owners on

the financial and lifelong care responsibilities is as important to aim for the best outcome.

Looking forward, an area that could be more open to research could be the use of new
diagnostic tools like contrast-enhanced ultrasonography (CEUS) that could help monitor

graft function and find perfusion problems without having to do surgery.
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