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Abstract

Objectives — To describe the administration of 5% human serum albumin (HSA) in 588 critically ill
hypoalbuminemic dogs and cats, and report outcome to discharge, changes in albumin concentration, and
adverse effects during hospitalization.

Design — Retrospective clinical study.

Setting — Private emergency and general veterinary center.

Animals - Client-owned dogs and cats.

Interventions — None.

Measurements and Main Results — The medical records of 588 critically ill hypoalbuminemic animals (418
dogs and 170 cats) were reviewed. All animals had hypoalbuminemia (serum albumin <20g/L [2.0mg/dL])
at admission, received an infusion of 5% HSA, and received no other colloid infusion. The HSA solution was
administered through a peripheral vein at 2mL/kg/h for 10h/d (total volume 20 mL/kg/d) until albumin
reached 20g/L. The number of days of HSA infusion (median and range) was 4 days (2-11 d) for dogs and 3
days (2-7d) for cats. Three hundred and sixteen dogs (75.6%) survived to discharge; 56 of 418 (13.4%) died in
hospital. One hundred and twenty-three cats (72.3%) survived to discharge; 21 of 170 (12.4%) died in hospital.
Severe hypersensitivity reactions such as anaphylaxis, angioedema, and urticaria were not noted. Interruption
of albumin infusion and specific treatment of reactions were not required in any animal.

Conclusions — In this study, administration of 5% HSA appeared to be safe in a large group of critically ill,
hypoalbuminemic dogs and cats. The results should be interpreted with caution due to the retrospective,
descriptive nature of the study, the absence of control groups and the lack of follow-up data, as well as the

potentially life-threatening complications of HSA administration.

(] Vet Emerg Crit Care 2010; 20(2): 237-243) doi: 10.1111/j.1476-4431.2010.00526 .x
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Introduction

Albumin is a major blood protein that is responsible for
approximately 70% of plasma oncotic pressure.'™ Al-
bumin performs many physiological functions, of which
maintenance of intravascular volume is one of the most
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important.’> At the level of the capillary, hydrostatic
pressure alone would create a net loss of fluid out of the
intravascular space.” Without the counterbalancing
effect of oncotic pressure, intravascular volume could
not be maintained.”> The movement of albumin out of
the intravascular space is governed by the transcapillary
escape rate.” This is influenced by albumin concentra-
tions in the intravascular and extravascular fluid com-
partments, microvascular permeability, movement of
solvents and solutes, and transcapillary electrical
charge.?

Hypoalbuminemia is a common complication of crit-
ical illness.>*™ It is often associated with the systemic
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inflammatory response syndrome caused by conditions
such as sepsis, peritonitis, pancreatitis, viremia, burns,
multiple trauma, and heatstroke.>® Other causes of hy-
poalbuminemia include neoplasia, liver disease, renal
failure, and inflammatory bowel disease.”'’

Hypoalbuminemia compromises homeostasis and
can result in tissue edema and reduced tissue oxygen
delivery.>"" The resulting hypoperfusion can be re-
sponsible for single or multiple organ dysfunction,'
endothelial damage, and increased vascular permeabil-
ity.!® In critically ill patients, hypoalbuminemia can
contribute to other life-threatening complications such
as hypotension, hypovolemia, pulmonary edema, and
delayed wound healing.>*'*"

Colloids have been recommended in the human and
veterinary literature for restoration of colloid osmotic
pressure and blood volume.'®* Albumin is a natural
colloid and has advantages over synthetic colloids be-
cause it transports drugs, ions, hormones, lipids, and
metals, and has scavenger activity as a thiol-group do-
nor.” Intravenous infusion of human serum albumin
(HSA) is a rapid means of correcting hypoalbuminemia
and transcapillary escape rate.'** It is a well-doc-
umented method of treating hypoalbuminemia in crit-
ically ill humans.'**'?*?*2® The main indications in
humans are: hypovolemia, hypovolemic shock, trauma,
burns, peritonitis, pancreatitis, sepsis, ascites, plasma-
pheresis, and surgical procedures.”'**

Intravenous albumin expands vascular volume, re-
stores oncotic pressure, helps prevent or reverse inter-
stitial edema, protects against ischemia-reperfusion
injury, reduces microvascular permeability, and im-
proves microcirculation.'?**! When albumin is admin-
istered in human patients with an intact vascular wall,
it remains in the vascular compartment for about 24
hours, with a half-life of 16 hours.>’ Despite these ben-
efits, the effectiveness of albumin in human medicine is
controversial.”*?' Authors have questioned whether
the increased cost of albumin can be justified in human
patients, in view of the fact that several studies and
meta-analyses have found that outcomes were no better
for albumin than for saline.®®'*2°

HSA has been used in veterinary patients because of
the lack of commercially available animal products. As
in human medicine, its use is controversial, 7% but
a significant element of the veterinary controversy re-
volves around safety, because of the potential for severe
hypersensitivity reactions to a foreign blood protein.*>
Infusion of 25% HSA provoked a strong IgG antibody
response in dogs, peaking several weeks after admin-
istration.”* Severe immediate and delayed adverse re-
actions® ™ have been reported in both critically ill*>*°
and healthy’** dogs. A retrospective, observational
study reported increased albumin concentrations, im-

proved systolic blood pressure and no severe adverse
reactions when 25% HSA was used as an adjunctive
therapy in 66 critically ill dogs and cats.” Current rec-
ommendations are that 25% HSA should only be ad-
ministered to dogs and cats if the potential benefits are
likely to exceed the potential risks.*>?

The use of iso-oncotic (5%) HSA in veterinary pa-
tients has not been reported, and HSA infusion has
been reported in only 2 cats.” The objectives of this ret-
rospective study were: (1) to describe the administra-
tion of 5% HSA as a constant-rate infusion (CRI) in a
large group of critically ill, hypoalbuminemic dogs and
cats; (2) to report short-term outcomes; (3) to report
changes in serum albumin concentrations during infu-
sion; and (4) to report adverse events recorded during
hospitalization.

Materials and Methods

The records of patients admitted to a private emergency
and general veterinary center that receives both referral
and nonreferral type patients were evaluated for inclu-
sion in the study. Patients that received HSA infusions
between January 1994 and September 2008 and that: (1)
had hypoalbuminemia, defined as serum albumin
<20g/L (2.0mg/dL), at admission; (2) were treated
with a CRI of 5% HSA; and (3) had not received any
other colloid infusion before, during or after the HSA,
were included in the study. As part of the hospital’s
standard operating procedure, owners were required to
sign a general consent form agreeing to hospitalization
and treatment.

Physical examination records and biochemical data
were available for all patients, and blood gas analysis
data were available in some cases. Using data from the
initial clinical examination, the biochemical profile and
records of surgical procedures, the patients were
grouped into 5 categories: gastric-dilatation-volvulus
complex, peritonitis, nephropathy, liver disease, and
protein-losing enteropathy (PLE).

A standard protocol for HSA administration was fol-
lowed at the authors’ clinic during the study period:
The albumin solution was made from 25% commercial
HSA? diluted to 5% in 0.9% saline® for patients with
alkalosis or hyponatremia, or in lactated Ringer’s solu-
tion® for patients with acidosis. When it was not pos-
sible to evaluate the patient’s acid-base and electrolyte
status, the HSA was diluted in 0.9% saline. Albumin
was administered through a peripheral vein either as
initial fluid therapy or after resuscitation with a crys-
talloid solution. The 5% HSA was infused at a constant
rate of 2mL/kg/h over 10 hours (ie, a daily volume of
20mL/kg/d). Serum albumin was measured before
treatment and every 24 hours during the HSA infusion,
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until a concentration of 20 g/L was reached. The albu-
min infusion was discontinued at this point.

During hospitalization, the patients had a physical
examination completed at least twice daily by a veter-
inarian; more serious cases were monitored more fre-
quently or continuously as required. The standard
examination included at least rectal temperature, heart
rate, mucous membrane color, pulse quality, respiratory
rate, and lung auscultation. All findings were routinely
recorded. Because of the clinicians’ awareness of the
potential for adverse reactions to HSA, particular at-
tention was paid to these. The catheter sites were
checked regularly for signs of perivascular inflamma-
tion (swelling and pain around the catheter site). For
infusions extending beyond 3 days, the catheters were
removed every third day and replaced with new cath-
eters in substitute peripheral veins.

The patient records were scrutinized for reports of
adverse reactions to HSA, which were considered se-
vere (anaphylaxis, angioedema, urticaria) or minor (di-
arrhea, hyperthermia, and tremor not associated with
fever [temperature > 39.5°C {103.1°F}]).

Normally distributed data are reported as mean
(standard deviation) and nonnormally distributed data
are reported as median (range).

Results

The records of 588 patients were reviewed. There were
418 dogs and 170 cats. The mean age for dogs was 7.11
years (2.19y). The mean age for cats was 7.70 years
(3.26y). Two hundred and eighty-four of 418 (67.9%)
dogs were male and 134 of 418 (32.1%) were female.
Eighty-nine of 170 (52.4%) cats were male and 81 of 170
(47.6%) were female.

The frequency of various disease classifications for
dogs was: gastric-dilatation-volvulus complex (n=
255), peritonitis (n =62), nephropathy (n=237), liver
disease (1 =18), and protein-losing enteropathy (1=
46) (Table 1). The causes of peritonitis were pancreatitis
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(n=17), diffuse neoplasia (n=12), intestinal perfora-
tion (n = 9), postoperative diaphragmatic hernia (n = 9),
uterine perforation (n = 4), bladder rupture (n = 4), gas-
tric perforation (n =3), bile duct rupture (n =2), post-
operative duodenal or jejunal dehiscence (n =1), and
urethral rupture (n =1).

Of the cats, 62 had peritonitis, 95 had nephropathy,
and 13 had liver disease (Table 2). The causes of peri-
tonitis were feline infectious peritonitis (n = 14), post-
operative diaphragmatic hernia (n=14), bladder
rupture (n =9), intestinal perforation (1 =8), urethral
rupture (n=1>5), pancreatitis (n =4), diffuse neoplasia
(n = 3), uterine perforation (n =2), postoperative duo-
denal or jejunal dehiscence (1 =2), and bile duct rup-
ture (n =1).

Three hundred and sixteen of the 418 (75.6%) dogs
survived to discharge and 56 (13.4%) died in hospital.
Seventeen of 418 (4.1%) were euthanized due to cost
considerations or a poor to hopeless prognosis, and in
29 of 418 (6.9%) the outcome was unknown. These 29
dogs were discharged early at the owners’ request,
usually due to financial considerations. All had albu-
min of at least 20 g/L at the time of early discharge. No
follow-up data were available for this group.

One hundred and twenty-three of 170 (72.3%) cats
survived to discharge, 21 of 170 (12.4%) died in hospi-
tal, 11 of 170 (6.5%) were euthanized, and outcome was
unknown in 15 of 170 (8.8%), due to early discharge at
the owners’ request. Outcomes for the different disease
groupings are shown in Tables 1 and 2.

The median number of days of HSA infusion re-
quired for serum albumin to reach 20g/L was 4 days
(2-11d) for dogs and 3 days (2-7d) for cats.

Severe hypersensitivity reactions such as anaphylax-
is, angioedema, and urticaria were not noted in any
patient record. In no case was it necessary to discon-
tinue or interrupt the albumin infusion due to adverse
effects. Diarrhea, hyperthermia, or tremors were noted
in 182 of 418 (43.5%) dogs and 62 of 170 (36.5%) cats. A
combination of adverse reactions was recorded in 58 of

Table 1: Outcomes for 418 critically ill hypoalbuminemic dogs treated with 5% human serum albumin infusion

Disease groups

All GDV Peritonitis Nephropathy Liver disease PLE
Outcome (n=418) (n=255) (n=62) (n=237) (n=18) (n=46)
Survived 316 (75.6) 209 (82.0) 38 (61.3) 25 (67.6) 10 (55.5) 34 (73.9)
Died 56 (13.4) 28 (11.0) 15 (24.2) 5(13.5) 3(16.7) 5(10.9)
Euthanized 17 (4.1) 7 (2.7) 2(3.2) 3(8.1) 3(16.7) 2 (4.3)
Outcome unknown® 29 (6.9) 11 (4.3) 7 (11.3) 4 (10.8) 2 (11.1) 5(10.9)
Data are shown as frequency counts (%).
*These animals were discharged early at the owners’ request.
GDV, gastric dilatation volvulus; PLE, protein-losing enteropathy.
© Veterinary Emergency and Critical Care Society 2010, doi: 10.1111/j.1476-4431.2010.00526.x 239
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Table2: Outcomes for 170 critically ill hypoalbuminemic cats treated with 5% human serum albumin infusion

Disease groups

Outcome All (n=170) Peritonitis (n = 62) Nephropathy (n = 95) Liver disease (n=13)
Survived 123 (72.3) 47 (75.8) 73 (76.8) 3 (23.1)
Died 21 (12.4) 8 (12.9) 7 (7.4) 6 (46.1)
Euthanized 11 (6.5) 3 (4.8) 6 (6.3) 2 (15.4)
Outcome unknown* 15 (8.8) 4 (6.4) 9 (9.5) 2 (15.4)

Data are shown as frequency counts (%).
*These animals were discharged early at the owners’ request.

182 (31.9%) dogs and 21 of 62 (33.9%) cats (Tables 3 and
4). One hundred and sixteen of 418 (27.8%) dogs and 18
of 170 (10.6%) cats showed reactions on >1 day. Reac-
tions were not noted beyond Day 3. Specific treatment
for minor adverse effects was not required in any pa-
tient. Perivascular inflammation at catheter sites fol-
lowing HSA infusion was noted in 71 of 418 (17.0%)
dogs and 58 of 170 (34.1%) cats.

Discussion

To the authors’ knowledge, this is the first study to
document the administration of iso-oncotic (5%) HSA
as a CRI over several days in critically ill, hypo-
albuminemic animals. The standardized protocol for
HSA infusion at the authors’ clinic provided a study
group with uniform criteria for albumin administra-
tion, a clear end-point and serial measurements of se-
rum albumin. The group included a large number of
dogs and, importantly, 170 cats. To date, the use of HSA
has been reported in only 2 cats.’

The major limitations of this study were its retro-
spective nature, the lack of control groups, the lack of a
defined method for identifying adverse reactions and
the unavailability of follow-up data to assess delayed
reactions. Prospective controlled trials are required to
properly assess the safety and efficacy of 5% HSA in-
fusion in critical veterinary patients.

Table 3: Number of adverse reactions in 182 of 418 critically ill
hypoalbuminemic dogs treated with 5% human serum albumin
infusion

In most previous studies, HSA was administered as a
hyperoncotic (25%) bolus.>*****” In the current study,
5% HSA, which is iso-oncotic,**® was infused as a CRI
of 2mL/kg/h for 10h/d. This rate and concentration
are commonly used for colloid infusions in patients
with acute decreases in colloid osmotic pres-
sure.'82°26303940 The yse of an iso-oncotic solution to
slowly increase plasma albumin concentration repre-
sents a physiologic approach to hypoalbuminemia. Ad-
ministering a hyperoncotic solution can alter the
transcapillary fluid dynamic and may result in edema
due to fluid overload.'®*"*? It has also been suggested
that supraphysiologic infusions of albumin could in-
crease the risk of hypersensitivity reactions to albu-
min.®® The slow, incremental nature of CRI allows
immediate discontinuation of administration should
severe reactions occur, compared with a bolus, where
the entire volume might have been administered before
a reaction is detected.

Trow et al*® diluted HSA to 10% in saline and ad-
ministered it as a CRI for 12 hours in dogs. In that
study, 50.7% of dogs survived to discharge, while 71%
of small animal patients survived to discharge in a
study that used 25% HSA,’ a rate similar to the current
study. The retrospective nature of all 3 studies makes it
difficult to interpret these findings.

Administering species-specific albumin to cats cur-
rently requires the use of species-specific fresh or frozen

Table4: Number of adverse reactions in 62 of 170 critically ill
hypoalbuminemic cats treated with 5% human serum albumin
infusion

Reactions Day 1 Day 2 Day 3 Reaction(s) Day 1 Day 2 Day 3
Diarrhea (D) 32 17 0 Diarrhea (D) 5 3 2
Hyperthermia (H) 44 12 8 Hyperthermia (H) 13 5 3
Tremors (T) 8 3 0 Tremors (T) 5 3 2
D+T 1 0 0 D+T 5 4 0
D+H 32 14 0 D+H 3 2 2
H+T 3 1 0 H+T 0 0 0
D+H+T 4 3 0 D+H+T 2 1 2
Perivascular inflammation 0 7 64 Perivascular inflammation 0 2 56
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plasma.'®?**! Canine serum albumin is now commer-
cially available in the US market, but canine and
feline albumin and plasma were not commercially
available during the study period. For these reasons,
over the past 14 years the authors have administered
HSA when colloid therapy was indicated, particularly
in hypoalbuminemic patients with continuous albumin
loss. Only 1 brand of HSA was used, to reduce the po-
tential risk of administration of different alloalbumins.
In addition, only 1 type of colloidal fluid was admin-
istered. It would be of interest to establish whether ei-
ther of these precautions might have helped to reduce
the incidence of serious immune reactions.

The safety and efficacy of HSA in veterinary medi-
cine are controversial.*'”?* The current study is note-
worthy because it suggests that the risk: benefit ratio of
HSA in critically ill dogs and cats might be more fa-
vorable than has been supposed.****” Within the lim-
itations of the study, albumin infusion was found to be
safe in this patient group within the study period. No
animal required interruption of the albumin infusion or
administration of any drug to control allergic reactions.
No severe adverse reactions were observed during
HSA infusions.

Immediate hypersensitivity reactions to albumin
can range from precipitous life-threatening events such
as anaphylactic shock, cardiac arrest, ventricular ar-
rhythmias, and pulmonary edema, to acute renal
failure, urticaria, pruritus, peripheral edema, hyper-
thermia, diarrhea, vomiting, tremors, and hypoten-
sion.” 104374374 Immediate reactions may occur with-
in 15-30 minutes of initiating an infusion containing
albumin.***3** In the current study, no life-threatening
events or severe immediate reactions were noted; this is
consistent with human and animal studies indicating
that their incidence is low.”*>*® Considering the critical
condition of these patients and the retrospective nature
of the study, it is possible that some of the deaths at-
tributed to the underlying disease could have been
caused by reactions to HSA. The difficulty in accurately
diagnosing adverse reactions has been acknowledged
in the human literature, where subgroups of possible,
probable, and unknown reactions have been reported.46

In 1 previous study, 6.8% of dogs had severe com-
plications (coagulopathy, cardiac arrest) during or soon
after 10% HSA infusion, while 27% overall had reac-
tions that could have been due to the infusion.”® In an-
other study, 3.1% of dogs developed facial edema.’
Anaphylaxis was not observed in either study.”* Two
dogs given repeat 25% HSA infusions after an interval
of several months did not exhibit adverse reactions
within 48 hours.”

In critical patients, nonspecific events such as diar-
rhea, tachycardia, hyperpnea, dyspnea, and hyper-
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thermia could represent adverse reactions to HSA but
these might also be attributable to the underlying
disease process. Thus, minor reactions could have been
over- or underdiagnosed in this study. Prospective,
controlled clinical studies are required to assess the
true incidence of adverse reactions during or after HSA
infusion.

The incidence of complications associated with HSA
appears to be higher in healthy dogs®**” than in sick
ones.”**® Tt is possible that the immune dysfunction
present in critically ill patients might have a protective
effect by reducing antibody production.’**"~>°

No follow-up data were available for the current
study. The authors did not receive any reports of ad-
verse events from owners or referring veterinarians, but
this cannot be taken to mean that none occurred. De-
layed reactions to HSA in dogs®*” are attributed to the
antibody response to human albumin, which peaks 4-6
weeks after administration.** Delayed reactions include
pulmonary edema, increased respiratory effort, lame-
ness, joint effusions, ecchymoses, renal failure, periph-
eral edema, lethargy, inappetance, cutaneous lesions
indicative of vasculitis, fever, and pain.m'?"H’7 Three of
73 (4%) dogs in a recent study had suspected delayed
complications.”® Reactions have been reported from 5
days to 2 weeks following treatment.”" Weekly fol-
low-up after HSA infusion is recommended, and own-
ers and referring veterinarians must be informed about
the risk and nature of delayed reactions.?

In the current study, mean serum albumin concen-
trations increased during administration of 5% HSA.
Several days were required to reach 20 g/L in most an-
imals, with a maximum of 11 days for dogs and 7 days
for cats. Other studies reported significant increases in
albumin after HSA infusions;>*® serum albumin was
significantly higher in survivors than nonsurvivors, as
was the amount of albumin infused.’*>! Controlled
clinical trials in critical patients are required to define
the precise contribution of 5% HSA to increased serum
albumin concentrations.

Conclusions

The results of this study suggested that administration
of 5% HSA appeared to be safe in a large group of
critically ill, hypoalbuminemic dogs and cats, and that
severe adverse reactions were uncommon. However,
these results must be interpreted with caution, due to
the retrospective, descriptive nature of the study, the
absence of controls and the lack of follow-up data, as
well as the potentially life-threatening complications of
HSA administration. The same caveat applies to
the short-term outcome data, which are difficult to
interpret in the absence of controls or follow-up data.

© Veterinary Emergency and Critical Care Society 2010, doi: 10.1111/j.1476-4431.2010.00526.x 241
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Current recommendations, that HSA only be adminis-
tered if the potential benefits outweigh the potential
risks, should continue to be followed. Randomized,
prospective, controlled trials are warranted to investi-
gate the safety and efficacy of 5% HSA in critically ill
dogs and cats.
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Footnotes

?  Albital, Hardis SP.A., Naples, Italy.
b Sodium Chloride 0.9 g/100 mL, Pierrel, Potenza, Italy.
¢ Ringer Lactate, Pierrel.
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