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KEY POINTS

e Extracorporeal blood purification therapies include conventional hemodialysis, hemoper-

fusion, and therapeutic plasma exchange.

Extracorporeal therapies are applied based on the pharmacokinetic and pharmacody-

namic properties of the toxin or endogenous compound targeted to be removed.

¢ In the emergency room, extracorporeal therapies are used to the remove toxins from sys-
temic circulation, before it leads to severe systemic consequences, organ failure, and
death.

e Therapeutic plasma exchange is an adjunct treatment of patients with severe immune-
mediated disease not responding to conventional management with immunosuppression
alone.

o In critically ill patients, extracorporeal blood purification can be used to treat fluid overload
and potentially remove inflammatory cytokines to modulate their systemic inflammation.

INTRODUCTION

The demand for advanced level of care in veterinary patients, along with the versatility
of extracorporeal blood purification (EBP) techniques, has led to a fairly rapid expan-
sion of veterinary renal replacement programs for its applications in both renal and
nonrenal diseases. The traditional use of EBP from a nephrology standpoint is tar-
geted at the treatment of acute kidney injury and chronic kidney disease. The applica-
tion of renal replacement therapies in this setting mainly focuses on urea and
creatinine reduction as well as fluid and electrolyte homeostasis. Blood purification
can also be applied to veterinary patients that require removal of a toxin or endoge-
nous compound to prevent the systemic consequences of the toxin or help modulate
their immune response. The three main modalities of EBP in veterinary medicine
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include hemodialysis, hemoperfusion, and therapeutic plasma exchange (TPE)." The
application of these EBP modalities is based on the physicochemical profile of the
substance aimed to be removed, which means that how the toxin or endogenous
compound behaves in circulation. Standard intermittent hemodialysis (IHD) machines,
continuous renal replacement therapy (CRRT) with membrane-based TPE cartridges,
and centrifugal apheresis platforms have the potential to facilitate rapid clearance of a
variety of toxins. The most common group of drugs cleared with EBP is nonsteroidal
anti-inflammatories using membrane-based TPE or hemoperfusion.? TPE for manage-
ment of immune-mediated conditions in dogs has shown promising results in
decreasing the severity of clinical signs and speeding up recovery by removing immu-
noglobulins that directly target the tissues/cells in question.®~° It is vital to understand
the physicochemical properties of the toxin or endogenous compound aimed to be
removed to use the appropriate EBP technique that would provide the maximum
clearance. In addition, patient characteristics such as body weight and hemodynamic
status may prevent the use of EBP in the acute setting. Peritoneal dialysis is not
considered an extracorporeal therapy and due to its slow clearance of toxins is not
reviewed in this article.

TOXIN REMOVAL IN THE EMERGENCY ROOM

In dogs and cats presenting to the emergency room after an acute ingestion or iatro-
genic exposure to a toxin or drug, extracorporeal therapies are indicated if one or more
of the following apply.

e The patient fails to respond, or is not a candidate, to standard decontamination
techniques (eg, injectable drugs or emesis cannot be induced due to neurologic
signs).

e The dose of toxin exposure/ingestion suggests that severe morbidity or mortality
is likely (eg, ethylene glycol).

e The normal route of elimination is impaired (eg, patient with chronic kidney dis-
ease exposed to a renally cleared drug/toxin).

e An antidote is not available (eg, nonsteroidal anti-inflammatory drugs).

TOXIN PHYSICOCHEMICAL PROPERTIES

The clinician should carefully consider the molecular weight (MW), solubility, protein
binding, volume of distribution (V4), charge, and rate of endogenous clearance
when deciding if a toxin is amenable for extracorporeal purification. The ideal sub-
stance is a small molecule, with a low volume of distribution, low protein binding
(<80%), and one that rapidly distributes from tissue to plasma. Most drugs and toxic
compounds weigh less than 500 Da, and most conventional dialyzer membranes used
in hemodialysis platforms can filter toxins of this size as long as they are water soluble
and minimally bound to protein. Some membranes used in CRRT platforms are able to
remove heavier toxins of up to 50,000 Da via convection.”-® The MW is not important
when considering TPE or carbon hemoperfusion, as the toxins or drugs are either
adsorbed by purified carbon particles or removed with other plasma components.
When using conventional hemodialysis for toxin removal, toxins diffuse against their
concentration gradient by passive diffusion, decreasing the plasma concentration of
the toxin. Most toxins then move from tissue to plasma relatively quickly allowing
for rapid removal of the toxin from the entire system. Some toxins have a slower transit
from tissues to plasma leading to a phenomenon called toxin-rebound, in which
plasma concentrations increase several hours after hemodialysis.®
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Solubility refers to whether a substance dissolves more readily in water or lipid. Hy-
drophilic toxins have the potential to be effectively cleared with hemodialysis, as they
cross into the water-based dialysate. Lipophilic solutes are not readily dialyzed and
require other techniques for clearance such as hemoperfusion or TPE. A new tech-
nique called single pass lipid dialysis has been reported for the management of two
dogs with ivermectin toxicity and ABCB1-1 gene mutation.® To remove a toxin or
drug via EBP, the toxin should be present in significant quantities within the circulatory
system; therefore, the volume of distribution (V) of the drug is the major determinant
of clearance of the toxin. The volume of distribution refers to the estimated volume into
which the drug is distributed in plasma compared with other body tissues. Toxins
amenable to extracorporeal purification techniques have a small V4 (<1 L/kg).%'°
The closer the V4 of the toxin is to blood volume (0.06-0.09 L/kg), the more removable
it becomes as most of the toxin remains within the intravascular space. Highly lipo-
philic drugs tend to have higher V4 and readily distribute into fat, rendering them rela-
tively inaccessible to removal from the circulation. High V4 toxins (>1.5-2 L/kg) are
generally less amenable to removal via EBP; however, extended duration during
CRRT sessions, or repeated hemodialysis sessions, may be partially effective.

When drugs or toxins are highly bound to protein (>80%), they cannot be effectively
removed via hemodialysis as plasma proteins have a large MW (eg, albumin
69,000 Da) and do not cross most dialyzer membranes.'®'" Drugs or toxins that are
highly protein bound such as non-steroidal anti-inflammatory drugs (NSAIDs) require
removal via hemoperfusion or TPE. The algorithm in Fig. 1 shows a suggested
approach to the use of EBP in acute intoxications.

HEMODIALYSIS

When considering hemodialysis for extracorporeal purification of selected toxins, IHD
is preferred over CRRTs due to higher dialysate and blood flows achieved in IHD

Early decontamination techniques successful?

YES /\ NO

Consider monitoring and conventional Antidote available?
therapy ‘/l
YES NO
Consider administration and monitoring Patient assessment: benefits

outweigh the risks using EBP

NO —/I YES

Consider other management alternatives Volume of distribution > 1.5 L/Kg?

YES

|
Protein binding percentage > 80%?

YES /l NO

Use TPE or hemoperfusion therapies Molecular weight < 500 Da?

NO
l YES
Use hemodialysis

Fig. 1. Algorithm with suggested approach to the patient with acute ingestion or exposure
to a toxin.
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platforms compared with CRRT. In human medicine, it is considered that CRRT for
toxin removal has the potential benefits in patients with hemodynamic instability or
when removing toxins with rebound characteristics due to slow movement from tis-
sues to plasma, but most studies show that toxin clearance is higher when using
IHD." The toxins removed with hemodialysis must be hydrophilic with low MW
(<500 Da), low protein binding percentage (<80%), and low volume of distribution
(<1 L/kg). Certain deviations from these characteristics may be circumvented by using
high-flux dialyzers and prolonged intermittent renal replacement therapies. The veter-
inary literature is scarce, and a very few case reports are published describing the use
of hemodialysis for management of acute intoxications. The following toxins have
been removed in acutely intoxicated dogs and cats using hemodialysis.

Baclofen: dogs.''* and cat."®
Ethylene glycol: dogs.'5!”
Ethanol: dog."®

Metaldehyde: dogs.'®

Hemoperfusion

Hemoperfusion is a method of EBP wherein a sorbent, most commonly activated
charcoal, is used to selectively or non-selectively, and often reversibly, adsorb a circu-
lating toxin. This modality is beneficial in cases of toxins that are not readily dialyzable
with conventional IHD due to factors such as a high degree of protein-binding (>80%)
or large MW (>500 Da). Hemoperfusion is often combined with other RRT modalities to
minimize complications associated with the nonselective adsorptive properties of
activated charcoal. The use of hemoperfusion has fallen out of favor in human medi-
cine accounting only for 1% of hemodialysis applications in United States.?® Many
reasons account for the decreased use of hemoperfusion filters both veterinary and
human medicine. In veterinary medicine, the large priming volume required for the
use of previous hemoperfusion devices (Fig. 2A) renders them not amenable for use
in very small patients. New hemoperfusion devices with low priming volume
(Fig. 2B) are currently being used successfully for removal of toxins with or without

a N A , A oL 4

Fig. 2. (A) Charcoal hemoperfusion using the Adsorba 150 C cartridge in-series with an F-160
high-flux dialyzer in IHD platform. (B) Charcoal hemoperfusion using the Atlas V-100 Aima-
Lojic column in an IHD platform bypassing the dialyzer.



Extracorporeal Therapies in ER and ICU

hemodialysis filters in series.?! Hypocalcemia, hypoglycemia, and thrombocytopenia
are possible sequelae to hemoperfusion performed in isolation.?? When hemoperfu-
sion and HD are performed in series, blood passes first through the HP cartridge, fol-
lowed by the HD cartridge, allowing for normalization of electrolyte abnormalities (see
Fig. 2A).

The rate of removal for toxins that are large or highly protein bound using HP will
generally exceed that of HD alone. However, the HP sorbent column may become
saturated at variable rates, resulting in a progressive decline in extraction ratios
throughout the treatment. Saturation of HP columns can occur after 2 to 6 hours of
continuous use. It results from deposition of cellular debris and plasma proteins
from the HP column, with accumulation of adsorbed toxin contributing a relatively
small degree to this saturation. To minimize the effects of progressive HP column satu-
ration, replacement of the cartridge every 3 to 4 hours may be necessary. In the ma-
jority of intoxications, a short treatment of 2 to 4 hours usually suffices to reverse toxic
signs and reduce serum concentrations to a safer range. The following toxins or drugs
have been successfully removed in companion animals with hemoperfusion in series
with hemodialysis.

Ethchlorvynol (Placidyl): dogs.?®
Methotrexate: dog.?*
Phenobarbital: dogs.?®
Ibuprofen: dog.?®

Carprofen: dogs.?’
Cyclosporine: dog.?®

Therapeutic plasma exchange

TPE is a form of apheresis therapy in which plasma is separated from the cellular com-
ponents of blood. The toxins removed via TPE are usually toxins with large MW
(>15,000 Da) or are highly protein bound (>80%) to make other, less expensive puri-
fication techniques unacceptably inefficient (eg, hemofiltration or high-flux dialysis),
and the toxin has a small V4 (<1 L/kg).2° Three different ways of performing TPE are
available in veterinary medicine including manual removal of small volumes of whole
blood via a central line and manual centrifugation (manual TPE); extracorporeal centri-
fugation or extracorporeal membrane-based TPE.2%3! In TPE via extracorporeal
centrifugation, whole blood is pumped into a fast-rotating separation chamber. The
blood components separate into layers based on their density, with the least dense
portion, plasma, separating into a layer closest to the axis of rotation and extracted
from the patient. In membrane-based TPE, whole blood flows through a bundle of par-
allel, single, hollow fibers confined in a plastic cylinder (TPE cartridge). Plasma is
filtered through the pores of the membrane and a portion is collected, whereas other
cellular components are returned to the patient.

A typical goal for each TPE treatment is the removal of one to one and a half plasma
volumes and replacement with fluids such as albumin preparations, synthetic or nat-
ural colloids, and crystalloids. In humans, a combination of albumin and saline is used
most commonly. However, due to complications associated with repeated adminis-
tration of human albumin in dogs as well as limited availability of a species-specific
product, combinations of balanced crystalloids (Lactated ringer’s, Plasmalyte 148,
Normosol-R) and fresh frozen plasma are typically used. Most of the literature evalu-
ating the use of TPE for acute intoxication in companion animals has been focused on
the removal of NSAIDs, the following drugs have been successfully removed with TPE
in dogs.
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e Ibuprofen: dogs.3?-3*
¢ Meloxicam: dogs.*%3°
e Carprofen: dogs.**3¢
e Naproxen: dogs.333437
o Deracoxib: dogs.®®

Although the veterinary literature is limited to the management of NSAID intoxica-
tions, this platform represents an exciting opportunity for advancing the management
of acutely poisoned patients. Further studies are indicated to determine efficacy of
TPE in other specific intoxications.

Management of immune-mediated disease in the ICU

TPE is also capable of removing endogenous pathologic substances, including path-
ologic antibodies, immune complexes, endotoxins, cholesterol-containing lipopro-
teins, and cytokines.®® Its use in people with immune-mediated disease is widely
described.®® Plasma exchange is considered a first-line therapy either as a primary,
stand-alone treatment or in conjunction with other modes of treatment in people
with conditions including Guillain—-Barre Syndrome, Wegener granulomatosis, Good-
pasture’s syndrome, hyperviscosity in monoclonal gammopathies, paraproteinemic
polyneuropathies, antibody-mediated transplant rejection, thrombotic thrombocyto-
penic purpura, and myasthenia gravis.>® When treating immune-mediated diseases,
TPE is generally prescribed every other day, allowing for redistribution of pathologic
substances into the intravascular space and thus increasing efficiency of total body
antibody removal. Clinical improvement is expected within three to five sessions. If
no improvement is seen after this time, additional treatments are unlikely to be
beneficial.

In veterinary patients, TPE has been used to treat patients with immune-mediated
diseases that are severe in nature or refractory to conventional medical management.
Successful use of TPE has been reported in the treatment of dogs immune-mediated
hemolytic anemia.*>*! In dogs with severe IMHA, the use of TPE has been shown to
reduce blood transfusion requirements and improve survival (Fig. 3). The use of TPE
has also been explored in dogs with immune-mediated thrombocytopenia and mixed
hematological disorders (ie, Evan’s syndrome).*243

The use of TPE in the management of immune-mediated disease in dogs has also
been explored for the management of severe refractory cases of myasthenia gravis, as
an adjunct therapy or as a bridge to surgery.® The author of this article has also suc-
cessfully used TPE for treatment of severe pemphigus foliaceus in dogs and a donkey.

A TR E sl o P
Fig. 3. (A) Therapeutic plasma exchange (TPE) in a 7-year-old mixed breed dog with severe
immune-mediated hemolytic anemia. (B) The extracorporeal TPE-2000 circuit used and 2.4 L

of plasma exchanged from the dog. (C) Degree of red blood cell microagglutination imme-
diately before (white arrow) and after TPE (black arrow).
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Specifically, three sessions of TPE in a mature female donkey with refractory
pemphigus resulted in a 73% overall reduction in plasma immunoglobulin-G (IgG)
levels and significant clinical improvement. The dogs treated also demonstrated
marked improvement in clinical signs and therapeutic immunosuppressive de-
escalation was possible following TPE (Fig. 4). However, as with most EBP treatments
in veterinary patients, the literature on the use of TPE forimmune-mediated diseases is
limited to case reports and case series. Thus, randomized, controlled trials are indi-
cated to definitively quantify the benefits of this treatment and to classify TPE as a
first-line therapy in certain immune-mediated diseases.

Management of fluid overload in the ICU

Fluid overload due to overzealous fluid administration has been associated with
increased morbidity and mortality in both human and veterinary ICUs.***° The path-
ologic accumulation of body water that leads to interstitial and visceral edema
worsens organ dysfunction. The cause of positive fluid balance in ICU patients is
multifactorial.

Liberal fluid therapy

Inappropriate monitoring of fluid balance

Renal dysfunction and development of oliguria/anuria
Endothelial dysfunction and damage to the glycocalyx
Hepatic dysfunction

The development of fluid overload also puts an increased demand on the kidneys
which not only are responsible for clear excessive solutes and water delivered with
intravenous fluids but also suffer the consequence of visceral edema, leading to
increased intracapsular pressure, renal venous congestion, transtubular pressure,
and reduced glomerular filtration rate.*® Fluid overload can be treated with EBP, as
water is considered a uremic toxin and hemodialysis can help reduce the water con-
tent by means of ultrafiltration. The early initiation of hemodialysis based on triggers
such as development of oliguria regardless of creatinine levels has been shown to in-
crease renal recovery rates and decreased mortality in people.*” This is likely due to

Fig. 4. Skin lesions in a 2-year-old intact female Catahoula Leopard Hog Dog with severe
and refractory pemphigus foliaceus before treatment with TPE and 4 weeks after three
TPE sessions 48 hours apart, using membrane-based-TPE.
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prevention of fluid overload associated with impaired renal function and overzealous
fluid therapy. No current studies are available in small animals that describe the use
of early hemodialysis to avoid the deleterious effects of fluid overload.

Slow continuous ultrafiltration

Slow continuous ultrafiltration (SCUF) is a form EBP that can be performed in a CRRT
platform and intended to be performed in a true critical care setting for 24 hours per
day. This modality of CRRT uses high-flux dialyzers and in people is mostly used for
management of refractory heart failure and evidence of fluid overload that fails to
respond to diuretic therapy.*® This form of EBP uses low filtration rates and no substi-
tution fluids; therefore, the clearance of other pathologic substances, besides water, is
minimal compared with other forms of EBP. Its use is well-described in humans with
non-diuretic responsive congestive heart failure. In general, this extracorporeal ther-
apy may represent a yet unexplored option for treating refractory heart failure in vet-
erinary patients. More research is indicated to investigate its feasibility and efficacy in
dogs and cats with diuretic-resistant fluid overload.

Management of liver failure and hyperbilirubinemia in the ICU

Many conditions associated with acute liver failure and secondary hepatic encephalop-
athy are commonly managed in the ICU, along with conditions leading to severe hyper-
bilirubinemia and secondary kernicterus. The use of TPE to reduce bilirubin levels has
been previously evaluated in human patients and shown to significantly decrease total
and direct bilirubin levels.“® Two case reports have shown that TPE is an effective ther-
apy that not only reduces plasma bilirubin levels in dogs with hyperbilirubinemia sec-
ondary to immune-mediated hemolytic anemia but aids in resolving the neurologic
signs associated with bilirubin encephalopathy, also known as kernicterus.®%°" Asingle
case report in a dog has also shown that TPE is an alternative method of rapidly
reducing ammonia levels in dogs with hepatic encephalopathy.>? Although no large-
scale studies have been performed to evaluate the role of EBP in the management of
severe hyperbilirubinemia and hyperammonemia in companion animals, these case
studies show that TPE can be used for the management of these patients.

Patient considerations

Any extracorporeal treatment is defined by the prescription, which is developed based
on the physical and clinical condition of the patient, as well as variations in body fluid
volume and composition of the substance being removed. The prescription should ac-
count for the physiologic, hematologic, and biochemical status of the patient before
extracorporeal purification is initiated. Factors to consider in patient assessment
include.

Species

Weight

Hemodynamic stability (risk of hypovolemia and/or hypotension)
Hematocrit and total plasma proteins

Electrolyte and acid-base derangements

Oxygenation capacity

Coagulation status

Current medications

Recent surgery or healing wounds

It may be more challenging to perform EBP on patients that are small in size. In gen-
eral, patients can tolerate loss of up to 20% of total blood volume before developing
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major clinical signs of hypovolemic shock, such as tachycardia, hypotension, and
complete hemodynamic collapse. Thus, it is important to consider the volume of the
extracorporeal circuit in relation to the patient’s blood volume to decide whether the
benefit of EBP outweighs risk to the patient. The species being treated is important
as there are significant variations in blood volume according to each species; for
example, in dogs, the blood volume is considered to be 80 to 90 mL/kg, whereas in
cats, it is 50 to 60 mL/kg. Options to mitigate the risk of performing EBP in very small
patients include using blood to prime the extracorporeal circuit. An alternate method is
performing rapid transfusion directly to the patient as the extracorporeal circulation is
started. Transfusion reactions are possible but are uncommon in clinical practice.
Although these techniques may increase the cost of performing EBP, hemodynamic
stability seems improved in small patients receiving a blood prime.

Coagulation status is also an important consideration when selecting patients for
EBP. Various disease states may cause an increased risk of hypercoagulability during
extracorporeal therapies, and in these patients, more aggressive anticoagulation pro-
tocols will be necessary. Severe systemic inflammation, immune-mediated disease,
and neoplasia may affect the coagulation cascade in varying ways, so careful moni-
toring of clotting times during EBP is required to prevent clotting of the extracorporeal
circuit and provide efficient EBP. Alternatively, patients in a preexisting hypocoagu-
lable state also require special consideration. Clotting factor deficiencies, thrombocy-
topenia, thrombocytopathies, and hyperfibrinolysis may cause increased bleeding
tendencies. In such patients, the risks of excessive hemorrhage from traditional
unfractionated heparin administration are too great despite the need to provide
EBP, and the use of regional citrate may be preferred. Finally, patients with recent sur-
gery or healing wounds may have delayed healing due to the removal of albumin and
other immune components when performing TPE.

Complications of extracorporeal blood purification

Several retrospective studies have evaluated the rate of complications associated
with EBP in companion animals. High rate of complications is reported, ranging be-
tween 33.8% and 54.5%.2:333% Most complications were considered mild and self-
resolving, and death was not reported as a complication associated with EBP in small
animals. Some of the complications could not be directly attributed to EBP.? The most
complications include.

Mild hypotension

Urticaria and facial swelling secondary to plasma transfusion during TPE
Thrombocytopenia secondary to platelet activation during hemoperfusion
External bleeding from the catheter insertion site due to systemic heparinization
Excessive clotting of the TPE cartridge and discontinuation of therapy

Despite the high rate of complications associated with EBP, mortality rate was not
significantly impacted by the high complication rates. In these studies, between
88.9% and 100% of patients who were treated with EBP survived to discharge from
hospital.?33* Lower survival rates were associated with worse clinical signs of
toxicity at presentation before the initiation of EBP in one study.? These findings sug-
gest that the benefits of EBP outweigh the risks associated with the application of
these therapies in small animals.

Present relevance and future avenues to consider or to investigate

As EBP advances and hemodialysis units become more available in veterinary ICUs,
the role of EBP in the management of emergent and critically ill patients will become
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more evident. Controlled trials that evaluate the effect of EBP in patient outcomes and
recovery are lacking. The biggest challenge is appropriate randomization of patients
when considering that most dogs and cats presenting to the emergency room with
an acute intoxication do not have a clear timeline or dose of toxin ingested, and the
severity of immune-mediated conditions such as immune-mediated hemolytic ane-
mia, immune-mediated thrombocytopenia and others, is intrinsic to each patient.
Despite these challenges, research should be aimed at developing guidelines for
the indications, prescription, and adequate interventions when managing patients
with EBP in the critical care setting.

SUMMARY/DISCUSSION

The body of veterinary literature on EBP therapy in small animals is exponentially
growing with a fair number of case reports and multiple retrospective studies. The
use of EBP in acute intoxications not only has been proven to be safe, but based
on pharmacologic monitoring of drugs levels in case reports, it has been proven to
be effective at removing circulating toxins and preventing development of clinical
signs associated with acute intoxications and decreasing the likelihood of organ dam-
age and failure. Knowledge of the physicochemical properties of the toxin or drug in
question is essential when choosing the EBP technique and the risk-benefit ratio
associated with blood purification. In the ICU, the role of EBP is expanding to the man-
agement of those refractory and severe cases of immune-mediated disease not only
as an adjunct therapy to improve immunomodaulation but also to reduce the neurolog-
ical effects of severe hyperbilirubinemia in cases of hemolytic anemia and hyperam-
monemia in cases of hepatic encephalopathy. Finally, EBP can be used for the
management of fluid overload due to renal dysfunction and overzealous fluid therapy
in small animals. EBP will likely play a role in the management of critical iliness, when
enough evidence suggests that cytokine removal can help modulate immune
response and endothelial dysfunction in severe sepsis and noninfectious causes of
critical illness.

CLINICS CARE POINTS

e In dogs and cats with an acute intoxication and failure to respond to conventional
decontamination techniques, blood purification techniques should be considered early in
the course of treatment to decrease morbidity and mortality.

Nonsteroidal anti-inflammatory drugs is the group of toxins most commonly treated with
extracorporeal blood purification in veterinary patients, therapeutic plasma exchange
should be considered as a therapeutic option to decrease the likelihood of organ damage,
development of clinical signs and improve survival.

In severe and refractory cases of immune-mediated disease (eg, immune-mediated hemolytic
anemia, immune-mediated thrombocytopenia, myasthenia gravis or pemphigus),
therapeutic plasma exchange should be considered as an adjunct therapy for control of
clinical signs.

In cases of severe hyperbilirubinemia and hyperammonemia leading to severe neurological
signs, therapeutic plasma exchange can be considered to reduce the levels of these
endogenous neurotoxicants.

e The high complication rates observed in veterinary patients with extracorporeal therapies
should not be the reason to avoid referral, as these complications are for the most part
self-limiting and not associated with mortality.
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