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Abstract.The modern approach to the treatment of animals with surgical pathology
requires the application of infusion solutions throughout the whole perioperative period:
before the surgery (in case of emergency treatment), during the surgery, and after it.

In animals with surgical diseases that come for treatment, there are quite often
varying degrees of water-electrolyte balance disorder. The cause of these disorders is both
surgical pathology itself (for example, peritonitis, bowel obstruction), and concomitant
pathology present in the patient (renal failure, diabetes mellitus, cardiac deficiencies,
etc.). The success of surgery treatment largely depends on the proper assessment and
correction of these disorders.

This article presents modern approaches to the issues on infusion therapy in veterinary
surgery of dogs and cats.

Great attention is paid to the selection of means for infusion therapy in animals in
the perioperative period. The article contains examples of determining the volume of
solutions for infusion during the preoperative preparation, intensive therapy for massive
intraoperative blood loss, and postoperative management of patients.

Keywords: perioperative period, infusion therapy, blood loss, crystalloids, colloids,
infusion solutions
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Introduction

The modern approach to the treat-
ment of animals with surgical patholo-
gy requires the application of infusion
solutions throughout the perioperative
period: before surgery (in case of acute
interventions), during surgery, and after
surgery (Battaglia & Steele, 2021).

In animals with surgical diseases that
come for treatment, a varying degree of
water-electrolyte balance (WEB) disorder
is often observed. The cause of these dis-
orders is both surgical pathology itself (for
example, peritonitis, bowel obstruction),
and concomitant pathology present in the
patient (renal failure, diabetes mellitus, car-
diac deficiencies, etc.). The success of the
surgical treatment depends on the proper
assessment and correction of these disor-
ders (Belyayev et al., 2004).

The purpose of the study was to in-
vestigate modern approaches to the is-
sues on infusion therapy in veterinary
surgery of dogs and cats.

Materials and methods
of research

The material of the research was modem
publications that describe the issues of infu-
sion therapy in veterinary surgery of dogs and
cats, which is very important in the practical
training of veterinary medicine practitioners.
The methodological basis of the study is an
investigative approach, dialectically com-
bined with the principles of systematicity.
Chronological, systematic, and analytical
methods were used in the research process.

Results of the research and their
discussion

Preoperative infusion therapy.
The scope and tasks of preoperative
infusion preparation depend on many fac-

tors and often differ significantly in prepa-
ration for planned and urgent surgery.
Planned surgical interventions. When
preparing the animals for planned surgical
treatment, it is necessary first of all to com-
pensate for the existing violations of hemo-
concentration indices. Thus, it is recom-
mended in most clinical cases that before
the planned surgery, the hemoglobin level
should be within the range of 110-180 g/L
for dogs and 80150 g/L for cats, hemato-
crit level — at least 37% for dogs and 26%
for cats, and albumin level — at least 25 g/L
for dogs and cats. Maintenance of such
indicators creates optimal conditions for
healing of postoperative wounds, recovery
of functions, as well as protection against
the development of dangerous anemia as a
result of possible development of intraop-
erative blood loss (Cherniy et al., 2012).
Three variants of infusion therapy are
possible in preparation for planned sur-
gery depending on the patient’s category:
The first category of patients —
healthy or sick animals that do not re-
quire infusion therapy. This applies to
patients who do not have significant
health impairments, which are planned
for surgical procedures with small du-
ration and injures (castrations, ampu-
tations of stubby fingers, extractions of
milk teeth). As a rule, these patients do
not have signs of dehydration and WEB
disorders, and after the surgery, they
quickly start taking water. Thus, WEB
disorders do not develop in these ani-
mals, and, therefore, infusion therapy in
the perioperative period is not required;
The second category of patients —
animals with chronic disorders of wa-
ter-electrolyte metabolism that require
appropriate treatment. Most often these
disorders are caused by a deficiency of
one or several ions. For example, the hy-
pokalemic and hypochloremic alkalosis
is formed during pyloroduodenal steno-
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sis, which requires clear determination
of potassium and chlorine deficiency
and its appropriate correction (Table 1);

The third category of patients — those
who develop severe WEB disorders be-
fore the planned surgery or are first di-
agnosed with a new concomitant disease
during the examination, at which danger-
ous WEB disorders are possible. Exam-
ples of such disorders can be firstly de-
tected signs of cardiovascular deficiency,
renal deficiency, and diabetes mellitus
(Butrov & Galenko, 2008; Ko, 2019).

In a large number of cases, latent dis-
eases are detected accidentally during the
screening examination of patients before
surgical treatment. In this case, it is rec-
ommended to postpone planned operative
treatment for further follow-up examina-
tion of the patient, to ensure compensation
for the detected disease and to determine
the risk degree (Shlapak et al., 2013).

Urgent surgical interventions. Most of-
ten these interventions are performed due
to urgent surgeries on abdominal cavity
organs, traumas. Infusion therapy in these
situations should be focused on the support
of adequate hemodynamics, preloading,
and cardiac output (Detyu, 2009).

It should be remembered that preoper-
ative preparation significantly reduces the

risk of complications and mortality in sick
animals with signs of “‘acute abdomen”. The
disadvantages of infusion therapy in such pa-
tients may not have a significant effect on the
course of the surgery itself but will certainly
be fully manifested after it. The consequenc-
es of poor preoperative infusion preparation
in such patients are varying degrees of dam-
age to the kidneys, lungs, liver, which might

be completely avoided (Galushko, 2011).
The modern standards for preoper-

ative preparation of sick animals with

urgent surgical pathology include the
following actions:

- catheterization of two veins;

- catheterization of the
bladder;

- infusion therapy with crystalloid and
colloidal solutions in the appropriate
volumes.

It is important to note that infusion
preparation of the patient for surgery
should be started with the introduction
of crystalloids. Under no circumstances
can infusion therapy be started with the
introduction of colloids. First of all, it is
necessary to carry out the rehydration
of the body. If the sick animal has water
deficiency — it should first of all be given
water, i.e. crystalloidal solutions. If you
start the infusion of colloids, the patient is

urinary

1. Pathologic conditions, losses of electrolytes and their replenishment
(Hilberi, 1989)

Condition Losses Replenishment
Gastric vomiting K+, H+, CI, Na+, H,O Sol. 0.9% NaCl + KCI 10-20
2 mmol/L

Duodenal vomiting

Mixed losses

Hartmann’s solution

Diarrea

Na+, CI, HCO, K+, H,0

Hartmann’s solution + soda 2—-3
mmol/L + KCl 10-20 mmol/L

Bowel obstruction d
egree

Mixed losses of a severe

Hartmann’s solution + plasma to
relieve hypovolemic shock

Unclear etiology (in case

of unaccounted losses) I

Multicomponent salt solutions
(Normofundin + 5% glucose)

Uremia (rupture of the
bladder)

Accumulation of metabolic
waste products, K+, H+

Sol. 0.9% NaCl or Normofundin +
5% glucose + soda 2-3 mmol/kg
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highly likely to develop side effects. Thus,
in the postoperative period, it should be
expected the appearance of symptoms of
acute renal failure and various blood co-
agulation disorders (Shlapak et al., 2013).

For more effective redistribution of
fluid from the interstitial space, Rheosor-
bilact solution might be administered
as a part of infusion therapy. Hyperton-
ic NaCl solution (7.5-10%) can also be
used, which in the case of intravenous ad-
ministration also contributes to the quick
transition of an intracellular fluid into the
intracellular space. This results in a gentle
but not long-lasting increase in the vol-
ume of fluid in the vascular bed. In this
case, so-called low-volume infusion ther-
apy is carried out. Maximum recommend-
ed doses for 7.5% NaCl solution: 6 ml/kg
for dogs and 4 ml/kg for cats.

The following approach is typical for
current infusion therapy: if the program of
infusion therapy is designed to administer a
large volume of fluids, there must be a col-
loidal component in its composition. The
ideal crystalloid/colloid ratio is 3:1. Thus,
for each 100-150 ml of crystalloids, 40
or 50 ml of colloids should be infused de-
pending on the clinical situation. Colloidal
solutions must necessarily be included in the
infusion program for patients with a blood
level of total protein < 35 g/L, albumin
<20 g/L, anemia with hematocrit <20% or
hemoglobin < 70 g/L. Based on our practi-
cal experience, we recommend including
in the program of infusion therapy, when
guiding the animals with surgical pathology,
dextran solutions (Polyglucin, Rheopoly-
glucin), hydroxyethyl starch (HES) (Re-
fortan, Stabisol, Gecoton, Gecodez), and/or
gelatin solution (Volutens, Gelofusine). The
patient’s condition should be monitored at
the beginning of the infusion of these solu-
tions, as they often have allergic reactions, in
which case the infusion of this drug should
be discontinued (Ko, 2019).

Intraoperative infusion therapy.

The main objectives of intraopera-
tive infusion therapy are:

- elimination of fluid deficiency in
diseased animal, which developed
before the surgery;

- replenishment of physiological
needs of the organism for fluid;

- replacement of pathological fluid
losses that occur during the surgery.
Even if the patient is scheduled for

planned surgery, he or she will have a

certain fluid deficit before it begins. This

is due to a 12—24 hour starvation diet be-
fore the operation. In addition, laxatives
or enemas are often prescribed to prepare
the intestine. These manipulations lead
to loss of fluids and electrolytes, which is
advisable to renew with balanced crystal-
loid solutions, e.g. Glykosteril F5, Nor-
mosol R, Sterofundin ISO, Plasma-Lyte,

Hartmann (Battaglia & Steele, 2021).

It should also be taken into account that
surgical trauma leads to varying degrees of
fluid loss in tissues and its sequestration.
This deficit is manifested by a decrease in
the fluid volume in the interstitial and intra-
vascular space (Shlapak et al., 2013).

The estimated amount of fluid to be
administered to patients to compensate
for the deficit and loss during surgery is
calculated according to the commonly
accepted formulas of infusion therapy.

The determined needs are met according
to the following infusion therapy regimen.
During the first hour, 1/4-1/3 of the volume
of the balanced electrolyte solution is ad-
ministered. After that, the infusion is admin-
istered at a rate of 5 ml/kg/h, increasing to
70 ml/kg/h for severe surgical trauma. The
goal is to maintain diuresis >1 mlkg/h.
When administering infusion therapy, first
of all, pay attention to the patient’s condi-
tion and changes in physiological indicators
(temperature, blood pressure, breathing,
pulse, and heart rate, presence of nasal dis-
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charge, excitation, tremors, vomiting). If
these signs occur, it is necessary to review
the tactics and volume of infusion therapy in
this patient. Sometimes it is better to adminis-
ter a smaller volume of solutions rather than
to deal with the consequences of excessive
or rapid infusion (Butrov & Galenko, 2008).

Particular situations occur when
there is severe bleeding during surgical
intervention.

Massive surgical blood loss accom-
panies long-termed surgical interventions
and is a specific critical condition that de-
velops very quickly and, in the pathogen-
esis of which, severe persistent hypovole-
mia, anemia and threatened coagulopathy
combined with severe shock-induced
sympathoadrenal stress and inflammatory
mediator release as well as body cooling
are dominating ( Gorobets et al., 2010).

These blood losses may occur during
the surgical intervention and most often
are associated with the complexity of the
intervention. It is often necessary to take
into account not only the need to remove
the damaged organs within healthy tis-
sues but also pathological angiogenesis
that can lead to the severe vasculariza-
tion of the surgical zone. Both of these
factors can strongly influence the volume
of blood loss (Gorobets et al., 2011).

However, several surgeries (especial-
ly large and unusual) are accompanied
by massive blood loss, which requires an
active infusion-transfusion therapy (ITT).

Traditionally, massive blood loss is
a loss of more than 30% of total blood
volume during 24 hours (30 ml/kg in
dogs and 20 ml/kg in cats).

Rapid blood loss of the same volume
due to damage of a large vessel during sur-
gery (with correct actions of the surgeon
and anesthesiologist) is usually easier to
tolerate than prolonged bleeding during a
long-term traumatic intervention (Goro-
bets et al., 2011; Rozanski & Rush, 2012).

The combination of hypotension,
hypothermia, coagulopathy, and acido-
sis is a constant syndrome during the
development of hemorrhagic shock,
which maintains and strengthens the
“vicious circle”, and if it is not broken
— the result will be unfavorable.

The basis of an effective ITT for
high blood loss in the surgery:

- supporting sufficient preloading of
the heart using intensive intravenous
infusion;

- gradual manipulation with the composi-
tion of infusion with a focus on the vol-
ume of already lost and expected blood
loss taking into account clinical charac-
teristics and hematologic indices;

- timely use of cardiovasotonics
(ephedrine, mesaton, noradrenaline,
dopamine) for support of post- and
preloading in cases of possible de-
velopment of hemodynamic crisis
and hypovolemic shock;

- prevention and treatment of hemo-
stasis system disorders (Gorobets et
al., 2011).

Eliminating the effects of massive
blood loss, it should be borne in mind that
bleeding occurs in a sick animal on the
background of both the underlying disease
and concomitant pathologies. Besides, the
sick animal is put under anesthesia, which
also affects its condition, and especially
hemodynamics and compensatory reac-
tions (Rozanski & Rush, 2012).

In most cases, it is only possible to
estimate approximately the volume of
blood loss during the massive blood
loss. It is more or less accurate if most
of the spilled blood enters a vacuum
aspirator or a cavity from which it has
been removed in a measuring container.
The weighing of napkins soaked in the
blood helps to estimate blood loss.

Calculations of blood loss by the lev-
el of hematocrit, albumin, platelets, and
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red blood cells, all sorts of tables and de-
vices are not accurate enough and require
additional assistants, devices, and time.

In the intensive care of the massive
blood loss, a major role is played by ITT
phasing — the transition from the infu-
sion of crystalloids and synthetic col-
loids to timely and reasonable transfu-
sion of blood components (fresh frozen
plasma, erythrocyte mass, whole blood,
donor platelets) (Shlapak et al., 2013).

The principle of ITT phasing in case of
ongoing bleeding allows the anesthesiolo-
gist to manage continuous intravenous in-
fusion, maintaining the required circulating
blood volume and not causing excessive
hemodilution with loss of minimally accept-
able coagulation potential and oxygen trans-
port function of the blood (Gorobets, 2010).

Separately, it should be mentioned about
urgent ITT for severe blood loss, which is
characterized by quick loss of a large vol-
ume of the blood. In similar situations, the
main task for the doctor who carries out ITT
is to replenish the vascular bed as quickly
and efficiently as possible (Table 2).

In 1944, the use of hypertonic NaCl
solutions was suggested for the treatment of
severe hemorrhagic shock. In 1980, 1. Vel-
asco has published experimental data on the
improvement of the condition in dogs with
simulated severe hemorrhagic shock.

Studies have shown that even at
blood loss up to 50% of the circulating
blood volume, infusion of 7.5% sodium
chloride at a dose of 4 ml/kg is enough
to restore cardiac output and regional
blood flow (Galushko, 2011).

Bolus administration of 7.5% sodium
chloride solution at a dose of 2040 ml
was associated with increased arterial
blood pressure, restoration of conscious-
ness, and improvement of urine excretion,
i.e. there were signs of shock reversibili-
ty that is confirmed by studies in human
medicine (Butrov & Galenko, 2008).

These works served as a basis for
further research and the emergence of
the concept of small-volume resuscita-
tion as one of the methods of emergen-
cy therapy for different stages of shock
and terminal conditions. This therapy
is based on a rapid infusion of a small
volume (4 ml/kg) of 7.2-7.5% sodium
chloride and is associated with rapid
mobilization of endogenous fluid into
the vascular bed from the interstitium
and intracellular space by the osmotic
gradient. This solution in a volume of
250 ml has the same volemic effect as 1
liter of 5% albumin solution (Ko, 2019).

The hemodynamic effect of hyperton-
ic solutions is very brief that is due to the
rapid alignment of the osmotic gradient
between the extracellular and intracellular
sectors (Makintayr et al., 2012). The use
of 5% glucose solution in the program of
infusion therapy (renewal of circulating
blood volume) is contraindicated.

To maintain the achieved increase in in-
travascular volume it was recommended to
use hypertonic sodium chloride solution to-
gether with colloids (Shlapak et al., 2013).
The obtained bicomponent solution, on the
one hand, increases plasma osmolarity and
mobilization of intracellular water (hyper-
tonic component) and, on the other hand,
it provides an increase in plasma oncotic
pressure and preservation of intravascular
volume (colloidal component) (Table 3).

Today it is believed that the most sta-
ble volemic effect is manifested when us-
ing a mixture of hypertonic NaCl solution
with dextran or HES in a 1:1 ratio at a
dose of 4-5 ml/kg (Belyayev et al., 2004).

One of such combined multicom-
ponent solutions is Gekoton. The main
active substances of the drug are the
third-generation of hydroxyethyl starch
130/0.4, xylitol, and sodium lactate.

Gekoton belongs to the group of
multicomponent colloidal hyperosmolar
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solutions. Gekoton has hemodynamic,
rheologic, anti-shock, and desintoxicating
effects. After administration of the drug
into the vein, the osmotic blood pressure
is increased, the evacuation of fluid from
tissues into the vascular bed is enhanced,
impaired hemodynamics is restored, the
microcirculation and blood rheological
properties are enhanced, cardiac activity,
the process of protein metabolism, desin-
toxicating function of the liver are in-
creased in animals (Shlapak et al., 2013).

The maximum daily dose (in ex-
ceptional cases overdose is allowed) is
5-10 ml/kg/day.

Gelatin solutions are solutions that
have a modified molecular structure.
They are derived from denatured pro-
tein. This protein is extracted from the

collagen tissue of cattle by thermal deg-
radation, hydrolysis, and succinution.
Gelatin drugs are isotonic, iso-oncotic
(4-8%) gelatin solutions and low mo-
lecular weight (20000-40000 Da) plas-
ma substitutes. Their pH is 7.1-7.7 and
they create a colloid osmotic pressure of
33.3 mmHg or 453 mmH,O, osmolarity —
274 mosmol/L, volume effect of these
drugs is 40-100% (Pulnyashenko, 1997).

The meaning of blood dilution is in
an effort to minimize the loss of formed
elements at the stage of the surgery when
blood volume loss is inevitable. If hemo-
dilution does not cause clinically signif-
icant bleeding, it is possible to expect
smaller losses of blood components (at
the loss of equal volume) through low he-
matocrit. If the situation allows, it should

3. The main colloidal solutions from the arsenal of veterinary and human
medicine that are used for the treatment of dogs and cats

Colloid Molecular Duration of
. Osmolarity, | osmotic Volemic .
Solution mass, o therapeutic pH
mosm/L | pressure, KD effect, % .
a action, hour
mmHg
Dextrans
10%
. 310.0 90 3545 200 34 4.5-6.5
Rheopolyglucin
6% Polyglucin 308.0 — 50-80 — 4-6 4.5-6.5
Gelatins
4% Gelofusine 274.0 34 23 100 34 7.1-7.7
4% Volutens 274.0 34 30 100 34 7.4
First-generation of HES

6% Stabisol 300.0 18 450 100 6-8 4.0-7.0

Second-generation of HES
6% Refortan,
6% Gek- 300.0 28 200 100 4-6 4.0-7.0
Infusion
10% Refortan,
10% Gek- 300.0 65 200 130 4-6 4.0-7.0
Infusion

Third-generation of HES

6% Voluven 308.0 36 130 100 4-6 4.0-5.5
Gecoton 890.0 - 130 100 4-6 5.5-7.5

66 | 1SN 2663-967X

Ukrainian Journal of Veterinary Sciences

Vol. 12, Ne 1, 2021



IHgpy3iliHa mepanis 8 nepuonepauiliHomy nepiodi y cobak i Komie

be seek to restore red blood counts only
after bleeding has stopped (Yin, 2008).

Fluid requirements during the post-
operative period.

When calculating the level of in-
fusion therapy for a sick animal in the
postoperative period, several factors
must be taken into account.

It is necessary to calculate the physio-
logical needs of the animal, which is about
30 ml/kg/day for cats and 30—60 ml/kg/day
for dogs. To this figure are added losses
that are not perceived (through salivation,
skin, and lungs): approximately 20 ml/kg/
day and approximately the same amount is
lost with fecal masses and urine. If a sick
animal has a fever, it is necessary to add
fluid in an amount of 4-8 ml/kg per de-
gree of total body temperature above nor-
mal physiological indicators (Rozanski &
Rush, 2012). Other losses (through probes,
drains, etc.) are also taken into account.

Specific losses and fluid requirements (in
cases of intestinal paresis, acute gastric dil-
atation with torsion, in case of loss into the
third space after laparotomy and thoracoto-
my or massive tissue damage) should also be
taken into account, during the first 24 hours
after surgery it is necessary to give solu-
tions at a level of about 4-15 ml/hour (100
400 ml/day), controlling indicators of the car-
diovascular system and respiratory organs.

Conclusions and future
perspectives

Before the planned surgery, the hemo-
globin level should be within the range
of 110-180 g/L for dogs and 80150 g/L
for cats, the hematocrit level should be
not less than 37% for dogs and 26% for
cats, and the albumin level should be not
less than 25 g/L for dogs and cats. Also,
it should be taken into account the ani-
mal’s general condition and the presence
of possible concomitant diseases.

The following approach is character-
istic for the current infusion therapy: the
ideal crystalloid/colloid ratio is 3:1. Thus,
for each 100—150 ml of crystalloids, 40
or 50 ml of colloids should be infused,
depending on the clinical situation. Col-
loidal solutions must be included in the
infusion program for patients with a blood
level of total protein < 35 g/L, albumin
<20 g/L, anemia with hematocrit < 20%
or hemoglobin <70 g/L.

When calculating the level of in-
fusion therapy for sick animals in the
postoperative period, several factors
must be taken into account: calculate
the physiological requirement in the an-
imal, which is about 30 ml/kg/day for
cats and 30-60 ml/kg/day for dogs and
specific losses and fluid requirements.
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AHomauyia. CydacHul nioxio y nikyeaHHi MEapuH i3 XipypaiyHOK Mamosioziero 8UMa2a€E 88e0eHHs
iHgby3iliHUX po34uHi8 yrpPoooex: 8cbo2o nepuonepayiliHozo nepiody: Ao onepayii (Mpu ekcmpeHux
8MpyYaHHsXx), nio yac onepauii i nicas Hei.

Y meapuH i3 XipypeidHUMU 30X80PHOBAHHAMU, AKI HAOXO00AMb HA AiKy8aHHS, OOCUMb 4acmo
crocmepieaomscA pi3HoO20 cmyneHs MopyWweHHA 800HO-e1eKmposimHo20 banaHcy. MPpuYuHoO yux
MopyweHs €, K Cama XipypeidHa namosoeisi (HanpPuKIao, NeEPUMOHIM, KUWKOBA HenpoxioHicms), mak
i HassHa 6 nayieHma cynymHs namonozia (HUpKosa HedocmamHicms, uykposuli diabem, cepuyesa
HedocmamHicms mouwo). Bid npasusibHo20 OUiHIOBAHHSA | KOPeKuii yux rnopyweHs 6aeamo 8 Yomy
3anexums ycriix 30ilicHIO8aHO20 0NEPAMUBHO20 MiKYBAHH.

Y cmammi npedcmaeneHo cydvacHi nioxodu 0o npobaem rnposedeHHs iHgy3iliHoi mepanii y
semepuHapHili xipypeii cobak i Komie.

Benuky yeazy npudineHo eubopy 3acobie 0ns iHpy3ilHOI nidmpumku meapuH y
nepuonepayiliHomy nepiodi. HaeedeHo npukaadu eu3Ha4yeHHs 06’emy po3vuHie 011 iHPY3ii
nid 4yac nepedonepauyiliHoi nidezomosKu, iHMeHcusHoi mepanii macusHoi iHMpaonepayiliHoi
Kpososmpamu U nicnsonepauiliHo2o se0eHHA nayjieHmis.

Kmrovoei cnoea: nepuonepayitiHuli nepiod, iHgys3iliHa mepanis, Kpogsosmpama, Kpucmaoiou,
Kon10i0u, iHepys3iliHi po34uHu
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