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Use of continuous renal replacement therapy for
treatment of dogs and cats with acute or acute-on-
chronic renal failure: 33 cases (2002-2006)

Shenandoah H. Diehl, DVM, DACVECC and Ravi Seshadri, DVM, DABVFE, DACVECC

Abstract

Objective: To describe the indications, clinical features, outcomes and complications associated with use of
continuous renal replacement therapy (CRET) in 17 client-owned dogs and 16 client-owned cats with acute or
acute-on-chronic renal failure refractory to aggressive medical management.

Series summary: Twenty-nine percent of dogs and 44% of cats had evidence of pre-existing chromic kidney
disease (CKD). Median duration of CRRT was 16.3 hours (range (1.3-83.0 hours) in dogs and 11.5 hours (range
1.0-35.5 hours) in cats. Median canine blood urea nitrogen (BUN) improved from 41.0 mmeol/L (115.0 mg,/dL)
to 11.8mmol/L (33.0mg/dL) and creatinine from 636.5mmol/L (72mg/dL) to 274 mmol/L (3.1 mg/dL).
Median feline BUN improved from 46.4 mmol/L (130mg/dL) to 139 mmol/L (3%.0mg/dL) and creatinine
from 10696 mmol/L (121 mg/dL} to 291.7mmol/L (3.3mg/dL). Metabolic acidosis resolved in 80% of
affected dogs and 71% of affected cats. Hyperkalemia resolved in 100% of affected dogs and 88% of affected
cats. Complications noted with CRRT included iatrogenic hypokalemia, iatrogenic metabolic alkalosis, clinical
hypocalcemia, total hypercalcemia, filter clotting, anemia, hypothermia, and neurologic complications. Forty-
one percent of dogs and 44% of cats survived to discharge. No dogs and only 1 cat developed newly
diagnosed CKD.

New or unique information provided: CRRT can be a viable option for the management of acute or acute-on-
chronic renal failure in dogs and cats that are refractory to aggressive medical management. The frequency of
complications associated with CRRT in this study warrants further experience with this modality before its
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widespread use can be recommended.
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Introduction

Acute renal failure (ARF) is a potentially life-threatening
disease in dogs and cats. ARF-induced changes in meta-
bolic state and fluid balance may cause life-threatening
arrhythmias, hypertension, vasculitis, hypervolemia,
interstitial fluid retention, gastrointestinal bleeding,
oliguria, and anuria. These abnormalities may lead to
respiratory and circulatory collapse and damage to
other organ systems. Standard ARF management in-
cludes removal of the inciting cause, IV fluid therapy,
use of osmotic and chemical diuretic agents, medical
management of acid-base and electrolyte abnormalities,
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correction of fluid volume irregularities and uremic
signs, and nutritional and cardiovascular support.!
Despite aggressive intervention, many ARF patients
remain refractory to medical management and succumb
to the consequences of uremia before renal recovery can
occur.” It is well recognized that replacement of renal
function can be performed via dialysis while awaiting
renal recovery or transplantation. Peritoneal dialysis
(PD) and intermittent hemodialysis (IHD) have been
successfully used to manage severe uremia due to var-
ious disease processes in dogs and cats ™ PD is readily
available and less expensive when compared with other
modalities. IHD is becoming more readily available but
the distance to dialysis centers may render this modal-
ity unfeasible for many pet owners. Additionally, many
veterinary patients requiring dialytic therapy have con-
current critical illness requiring care within an intensive
care setting that may not be equipped with IHD.
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ansTRACT. We performed continuous renal replacement therapy (CRRT) on clinically healthy dogs o evaluate the effects of CRRT on
hemodynamics. Heart rate, anerial blood pressure, and central venous pressure of the dogs (n=6) were recorded during the procedure,
which was performed under general anesthesia. Throughout the CRRT, heart rate and arterial blood pressure were siable. Central venous
pressure increased afier CRRT termination but returned to the basal level within 30 min. In this study, hemodynamic alierations, includ-
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ing hypotension, hyperiension, and arrhythmias, were not observed during CRRT. These observations suggest that the CRRT protocol
wsed in the present study can be safely applied to clinical cases with acute renal failure:
KEY WORDS: caning, continuous renal replacement therapy, hemodialysis, hemodynamics.

Acute renal failure (ARF) 15 a common complication of
critical illnesses and is frequently life-threatening in dogs
[2, 19]. If ARF proves refractory to conventional manage-
ment such as intravenous flusd therapy, administration of
diuretics, or vasopressor agents, some form of renal replace-
ment therapy will be required. In human medicine, continu-
ous renal replacement therapy (CRRT) has become the
technigue of choice in the treatment of ARF. In contrast, in
veterinary medicing, intermittent hemodialysis is the stan-
dard extracorporeal therapy for ARF and CRRT is an
emerging modality; although it has been recently investi-
;,du:d animal CRRT is used in only a few veterinary facili-
ties [1, 7, 14]. Therefore, information regarding CRRT in
veterinary medicine is fairly limited.

CRRT is a noninterrupted extracorporeal procedure using
hemofiltration/hemodialysis for fluid and solute removal
[13]. It is continuously administered 24 hr/day rather than
on an intermittent basis, Therefore, it allows continuous and
gradual fluid and solute removal with better hemodynamic
tolerability than either intermittent hemodialysis or perito-
neal dialysis [10, 11, 15]. Furthermore, control of acidosis
and electrolyte balance has also been reported to be superior
in patients receiving CRRT [3, 5, 18]. Therefore, CRRT has
become an essential modality in the intensive care unit
(ICU) settings for patients with profound clinical and hemo-
dynamic mstability [4, 6, 10]. Although CRRT offers better
hemodynamic tolerability than peritoneal dialysis and con-
venhonal hcmudiuly‘uim hypotension observed at the h:g'm-
ning of CRRT is sull the most common complication in
humans [17]. However, there have been no studies analye-
ing the initial hl:mm:lynnmlc impact of CRRT in dogs.
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Therefore, the purpose of this study was to evaluate the
effects of CRRT on hemodynamics in clinically healthy
dogs.

Six adult beagles (all females), weighing 7.5-123 kg
(mean + 8D, 10.7 £ 1.7) were used. The dogs were maimn-
tained for experimental purposes, housed individually in
cages, fed commercial dry food, and given free access to
water. The study was conducted in accordance with the
guidelines outlined by the Experimental Animal Committee
of Yamaguchi University, Japan. Before each experiment,
all dogs underwent complete blood count analysis, serum
blood chemistry, radiography, and ultrasonography and
were determined o be clinically healthy.

After induction of general anesthesia with propofol (7.0
mg/kg), the dogs were endotracheally intubated, and anes-
thesia was maintained with isoflurane. A 12-Fr dual-lumen
catheter (GentleCath; Nippon Sherwood, Tokyo, Japan) was
inserted into the right external jugular vein for CRRT. The
distal tip of the catheter was advanced to the level of the
right atrium. A central venous catheter (LG DX14358; Ter-
ume, Tokyo, Japan) was then inserted into the left external
jugular vein for measuring central venous pressure (CVP).
The distal tip of this catheter was advanced to the level of
the cranial vena cava. Thoracic radiography was used to
confirm the correct placement of the catheter tips in order to
ensure that the distal tips were at least 2 cm apart from each
other. A peripheral arterial catheter was inserted into the
dorsalis pedis artery or femoral artery for continuous blood
pressure maonitoring and for blood gas analysis. After plac-
ing all the catheters, breathing movements were arrested
using vecronium bromide {(continuous rate infusion at 0.1—
0.4 mg/'kg/'hr) and were changed to mechanical ventlation
at a frequency of 10-14 breaths/min to achieve an end-tidal
partial pressure of carbon dioxide (ETCO:) of 35-45

mmHg. The end-tidal 1soflurane concentration was adjusted
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In the early 1900s, a young pharmaceologist at the Johns Hopkins University School
of Medicine pedformed a series of experiments that would lay the foundation for all
extracorporeal blood purification technologies developed during the next 100 years.
Abel and colleagues™ directed anterial blood from animal patients, mixed it with an
anticoagulant, passed it through a device that divided the blood into strawlike semi-
permeable membranes that were suspended in fluid, and then directed the blood
back to the patient (Fig. 1). Abel demonstrated that the subject’s bleod could be
altered by changing the composition of the fluid. This process, referred to as vividif-
fusion, relied on the properties of diffusion and became the basis for intermittent
hemodialysis (IHD).

Continuous renal replacement therapy (CRRT) is a more recently developed blood
purification modality. As the name implies, CRRT is a continuous process, and once
treatment begins, therapy continues until renal function returns or the patient is transi-
tioned to intermittent dialysis. CRRT is similar to IHD because patient blood is divided
into thousands of strawlike semipermeable membranes contained within a dialyzer;
however, whereas IHD is primarily a diffusive therapy, CRRT uses diffusion, cornvection,
and, to alesser extert, adhesion.

CRRT has several significant advantages compared with IHD. The slow and gradual
rature of the technique provides better cortrol of electrolytes and acid-base balance ?
The continuous operation more closely approximates the functioning of a normal
kidney.® Use of convection in CRRT provides a significant advantage in the removal
of larger molecules than can be achieved with diffusion. These larger molecules are
closer in size to those that are normally filtered by the kidney. The goal of IHD is to
make dramatic changes in a patient’s urernic, acid-base, and fluid status over short
periods using diffusion; therefore, significant guantities of pure dialysate must be
produced onsite. This technigue requires a sizeable investment in the purchase and
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A practical approach to hemodialysis
for canine renal disease
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| KEY POINTS

+ Modern technology means that hemodialysis

is now not only feasible but is safe,
efficacious, and indispensable for the
management of animals with life-threatening
uremia.

Hemodialysis may be provided either as
intermittent or continuous therapy. In both
situations azotemic blood is pumped through
a dialyzer, where solute and water exchange
occurs, before clean blood is returned to the
patient.

The movement of molecules across the
dialysis membrane iz primarily driven by two
forces: diffusion and convection.

Various factors must be considered when
selecting a dialysis protocol for each patient.

It is essential to ensure blood coagulation
does not occur during dialysis; various
methods may be employed to prevent this
from happening.

2/ Vieterinany Focus / ¥ol 23 7*3/ 2013

B Introduction

Although considered the standard of care in human medi-
cine, hemodialysis (HD) as a management option for ani-
mals with significant kidney disease continues to have
limited availability. Onby within the last decade has hemo-
dialysis become increasingly available and it is now
offered in many countries. Traditionally, intracorporeal
dialytic therapies |i.e. peritoneal dialysis) have been used
to manage patients with severe acute kidney disease.
However, where available, extracorporeal renal replace-
ment therapies (ERRT) are now preferred due to
improved patient outcomes as well as logistical factors
(1,2). Although patient size may be a limiting factor, as it
employs equipment designed for humans (Figure 1),
ERRT hemodialysis is now a successiul therapy within
veterinary medicine (2).

ERRT may be provided as intermittent hemodialysis
(IHD) or continuous renal replacement therapy (CRRAT)
(Figure 2). Although they differ in execution, both methads
rely on the same physiologic principles. Once vascular
access has been established, typically via a jugular
catheter, the patient is connected to the extracorporeal
circuit. The dialysis machine regulates the flow of blood
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Abstract

Continuous ranal replacement therapy is an emerging technique for the treatment of acute kidney injury (AKI).
Data regarding its use in cats are limited. This report describes the use of a novel continuous renal replacement
therapy (CRAT) system for the treatment of AKI in a cat. A 1.3-year-old cat developed uraemic signs following the
administration of a non-steroidal anti-inflammatory agent for the treatment of a suspect traumatic episode. CRRAT
was providad with a Prismaflex Gambro machine usad in continuous weno-venous haemodiafiliration mode, with
an AMN-63 surface-treated mambrane, synthetic colloid priming and haparin anticoagulation. Two treatment cycles
were performed totalling 51 h of CRRT. The treatment was effective in controlling uraemic signs, and no major
complications were noted. Owing to financial constraing the owners declined further CRRT treatments, and on day
8 of hospitalisation, owing to the lack of significant clinical improvement, humane euthanasia was performed. The
sal-up detailed in this report provides a viable option for the initial freatment of cats with AKIL

Accepted: 5 Juns 2014

Acute kidney injury (AKI) refers to a rapid decrease in
renal function, usually within 48 h.! AKI is a commonly
encountered emergency presentation in  veterinary
patients and is associated with a poor prognosis.*< Renal
replacement therapy (RRT) is indicated when medical
management fails and AKI results in intractable uraemic
signs, and life-threatening acid-base, electrolyte and
fluid disturbances s Continuous RRT {CRRT) describes a
spectrum of blood purification techniques that have
been recently reported for the treatment of AKI in both
dogs and cats.*# While intermittent haemodialysis (IHD)
is mainly a diffusive modality, CRRET can combine con-
wvection and diffusion to achieve solute clearance, allow-
ing for removal of larger molecules.’ Moreover, CRRT
allows a gradual correction of electrolyte, acid-base and
body fluid imbalances, promoting the maintenance of
haemodynamic stability. Despite these theoretical
advantages, current human literature failed to identify a
clear superiority in outcome when comparing the two
techniques.” In feline patients, CRRET has been
associated with a number of complications, and experi-
ence with this technique is limited5” This report
describes the use of veno-vencus haemodiafiltration in a
feline patient with AKL

A 13-year-old, 5 kg, male neutered domestic short-

hair cat presented to the referring veterinarian following

a possible traumatic episode. Earlier in the day the own-
ers found the cat to be very lethargic and noted the pres-
ence of several superficial excoriations. The cat had
access outdoors, but no other previous medical history
or access to toxins was reported. Physical examination
revealed no abnormalities other than the superficial
lesions. The cat was treated with a long-acting antimicro-
bial, cefovecin 10 mg,/ kg (Convenia; Zoetis) and a single
dose of a non-steroidal anti-inflammatory drug, meloxi-
cam 0.2 mg/kg (Metacam; Boehringer Ingelheim), both
administered subcutaneously (SC). In the days following
discharge the cat began vomiting and, 5 days from initial
presentation, developed ataxia. The cat represented to
the referring veterinarian where physical examination
revealed obtundation, bradycardia, renomegaly and
abdominal pain. Serum biochemistry showed marked
hyperkalaemia (9.4 mmol/]; reference interval [RI] 3.5-
58 mmol/l} and azotaemia (urea =464 mmol/l;
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Managing Fluid and
Electrolyte Disorders in
Kidney Disease
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KEY POINTS

+ A personalized, carefully constructed fluid planthat is frequently assessed and revised as
needad is an impartant component of treating patients hospitalized for kidney diseasa.

» Accurate assessment of hydration and water balance is critical for successful fluid
therapy.

+ The goals of fluid therapy in kidney disease are (1) acute resuscitation to restore effective
intravascular volume, organ perfusion and tissue oxygenation; (2) maintenance of intra-
vascular volume homeostasis without excessive fluid accumulation; and (3) fluid removal
during convalescence to remove hemodynamically unnecessary volume.

« Diuretics to increase uring flow do not improve renal function.

Because of the role of the kidneys in maintaining homeostasis, kidney failure may lead
to derangements of fluid, electrolyte, and acid-base balance. Reversing these de-
rangements is the goal of treatment.

Kidrey disease is classically compartmentalized into acute and chronic disease.
Decompensation of chronic disease presents as an acute crisis, and the principles
of therapy are similar, although clinical manifestations of acute kidney injury (AKI) or
decompensated chronic kidney disease (CKD) may be quite different. Many patients
with AKI require hospitalization for optimal management. Patients with CKD may need
hospitalization or their fluid and electrolyte management may cccur on an outpatient
basis.

When blood flow tothe kidney is diminished, as may occur with hypovolemia, hypo-
tension, decreased cardiac output, or increased renal vascular resistance, azotemia
may develop. This hemodynamic azotemia is typically rapidly reversible when the un-
derlying cause is corrected. Intrinsic kidney injury occurs when damage to the renal

The author is a paid consultant for Bayer Animal Health.

The Ohio State University College of Veterinary Medicine, 610 Vernon L Tharp Street, Colum-
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Continuous renal replacement therapy is a safe
and effective modality for the initial management
of dogs with acute kidney injury
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OBJECTIVE

To describe the management of dogs with acute kidney injury (AKI) by continuous renal replacement therapy
(CRRT), and to investigate the relationship between 2 prescribed CRRT dose, the hourly urea reduction ratio (URR),
and the overall efficacy.

ANIMALS
45 client-ownad dogs diagnosed with severe AKI, receiving 48 CRRT treatments at a veterinary teaching hospital.

PROCEDURES
Retrospective study. Search of medical records of dogs with AKI managed by CRRT.

RESULTS

Median serum urea and creatinine at CRRT initiation were 252 ma/dL [Inter guartile range (IQR), 148 ma/dL; range,
64 to 603 mog/dL] and 9.0 ma/dL (IQR, 7 ma/dL; range, 4.3 to 42.2 mg./dL), respectively. Median treatment duration
was 21 hours (IQR, 8.8 hours; range, 3 to 32 hours). Systemic heparinization and regional citrate anticoagulation
wers used in 24 treatments each (50%). The prascrioed madian CRAT dose for the entire treatment was 1 mL/ kg,
min (IQR, 0.4 mL,/kg,/min; range, 0.3 to 2.5 mL/ka,/min). Tha median hourly URR was 4% (IQR, 1%; range, 2% to 12%),
overall URR was 76% (IQR, 30%; range, 11% to 92%) and median Kt/V was 2.34 (IQR, 1.9; range, 0.24 to 7.02). The
CRRT dose was increased gradually from 0.9 mL/kg,/min to 1.4 mL/kg,/min (P < .001) and the hourly URR decreased
from 6.5% to 5.5% (P = .05). The main complication was clotting of the extra-corporaal circuit, occurring in 6/48
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treatments (13%). Twenty-four dogs (53%) survivad to discharge.

CLINICAL RELEVANCE

CRRT iz =afe when the prescription iz based on the current veterinary guidelines for gradual urea reduction. Treat-
ment efficacy can be maximized by gradually increasing the dose according to the actual URR.

Acute kidney injury (AKI) is a debilitating condition,
associated with high morbidity and mortality in
both veterinary and human patients. 12 Metabolic dis-
turbances, fluid imbalance, electrolyte abnormalities,
hypertension, and involvement of multiple organ sys-
tems are commonly present in dogs with sevare AKIE
Diagnostic investigation is aimed to identify the incit-
ing cause and to eliminate it when possible 25 well 2=
addressing complications.

Severe renal dysfunction leads to accumulation of
uramic toxins affecting all body organs, thus providing
only a narrow window of opportunity for therapeutic
intervention. Convantional management is limited and
often insufficient, and animals might succumb to the
consequences of AKI before kidney function has im-
proved. In such casas, dialytic intervention is indicated,
extending the window of opportunity for renal recovery.

There are several modzlities for delivering renal
replacement therapy, including, continuous renal re-
placement therapy (CRRT), intermittent hemodialysis
(IHD) and peritoneal dialysis.* IHD is a very effective re-
nal replacement modality, in which solutes are remowved
mostly by diffusion and excess fluids are removed by
ultrafiltration, typically over 4 to 5 hours® However,
IHD is currently available at a2 limited number of spe-
cialty centers equipped with an IHD unit, and requires
expensive equipment and maintenance (eg, water pu-
rification system) as well as high level of expertisa.

As implied by its name, CRRT is delivered con-
tinuously, resulting in a slow and gradual removal of
uremic toxins. This modality enables the utilization of
both diffusive and convective principles and allows
several treatment modalities: slow continuous ultra-
filtration (SCUF; used primarily for removing excess
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