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ABSTRACT

Background: Blood transfusion is a tool capable of saving lives. Patients undergoing blood transfusion usually present
several alterations in the acid-base and electrolyte balance, aggravating the condition of critically ill patients. Some studies
have demonstrated haematological alterations in certain species that received whole blood transfusions, however, few stud-
ies have evaluated acid base and electrolyte changes in dogs undergoing whole blood haemotherapy. The aim of this study
was to analyze clinical, hematological, blood gas and electrolyte changes in anemic dogs after whole blood transfusion.
Materials, Methods & Results: Twenty nine dogs transfused due to anemia were enrolled in the study. Donors blood was
collected in a transfusion bag containing citrate phosphate adenine dextrose and stored up to 24 h. Blood collections and
evaluations were made before and 24 h after the transfusion. Data distribution normality was tested by the Shapiro Wilk
Test. The means of the variables were compared by paired t-test. It was observed an increase in diastolic blood pressure
and a reduction in heart rate (P < 0.05). There was a not significant increase in systolic blood pressure, temperature, and a
reduction in respiratory rate per minute. Erythrocyte, haemoglobin and haematocrit averages were significantly increased
after blood transfusion (P < 0.05). It was observed a reduction in the mean values of pH (P < 0.05), potassium (P > 0.05)
and ionized calcium (P > 0.05) and an increase in the mean partial pressure of carbon dioxide (pCO,) (P < 0.001), bi-
carbonate (P > 0.05) and sodium (P < 0.05). The probable cause of anemia was monocytic ehrlichiosis (14/29), visceral
leishmaniasis (1/29), babesiosis (1/29), co-infection of Ehrlichia canis and Leishmania infantum (2/29), co-infection of
E. canis and Babesia vogeli (1/29). It was not possible to determine the etiology of the anemia in ten dogs.

Discussion: Heart rate significantly reduced after transfusion, probably because of the increase in hematocrit, hemoglobin
and erythrocyte values. It may be justified by the displacement of extravascular fluid to the intravascular space. Mean values
of systolic blood pressure were slightly elevated before transfusion and remained elevated afterwards, while diastolic and
mean arterial pressure increased significantly after transfusion. These changes may be due to the morbid condition and may be
influenced by many other factors. Haematocrit, haemoglobin and erythrocyte values increased significantly after transfusion,
according to what was observed in other studies. The significant reduction in pH and increase in pCO, reflects the compensa-
tory mechanism for metabolic acidosis to increase ventilation, leading to pCO, reduction and changes in pH. The reduction in
pH due to the contact of the collected blood with conservative solutions is one of the main changes thar occurs during blood
storage. It was described significantly lower pH in dogs’ whole blood samples stored for more than 24 h in vacutainer plastic
containing CPDA-1. We may assume there was no intense pH reduction in the present study because the bags were stored for
up to 24 h. Although not statistically significant, the increase of pO, mean reflects the improvement of tissue oxygen perfu-
sion. It was observed a significant increase in sodium ions. The mean sodium ion concentration before transfusion was very
close to the maximum reference value. Hyperkalaemia was not observed, nor was there significant reduction of potassium
ions after transfusion. Several studies report hyperkalaemia and transfusion-associated cardiac arrests in humans, associated
with infusion of large volumes of blood. Whole blood transfusion increased erythrogram values and did not negatively affect
the electrolyte or acid-base status, representing a safe and useful tool in the intensive care of small animals.
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INTRODUCTION

Blood transfusion is a life-saving emergency
procedure that can lead to several adverse reactions
[21,41,46]. For this reason, non-infectious transfusion-
associated complications have been closely analyzed
for many years [44]. Some studies have investigated
the hematological changes in certain species transfused
with whole blood [14,23,27,38], but few studies have
evaluated acid-base and electrolyte changes in dogs
undergoing hemotherapy [23,28].

Whole blood units include red blood cells,
white blood cells, platelets and plasma. More recently,
it is possible to separate and use each part according
to the animal’s needs, decreasing the risk of adverse
reactions. In some cases, the patient is given a whole
blood transfusion because there is no availability
of the separated blood components. It is admissible
when the patient is able to manage the blood volume
expansion [45].

Electrolyte abnormalities and acid-base status
disturbances must be thoroughly observed and rapidly
treated because these may lead to fatal consequences.
Recognizing acid-base status and serum electrolytes
disturbances on an early stage is of high importance
for clinical management, because it signals the disease
gravity and the risk of death [7]. Accurate evaluation,
monitoring and treatment are essential for an appropri-
ate approach to the patient [4]. Thus, this study aimed
to evaluate clinical, hematological, blood gasometric
and electrolytic parameters in severely anaemic dogs
before and after whole blood transfusion.

MATERIALS AND METHODS

Dogs (blood recipients)

A prospective study was conducted from June
2018 to June 2019, with 29 dogs greater than 1 year,
of different breeds and with any underlying disease
that received a whole blood transfusion.

The owners had been previously informed
about the study objective, the blood collections and the
clinical and laboratorial analysis performed before and
after the transfusion. The animals were included in the
study after the signature of the informed consent form.

The dogs were treated according to the in-
dicated protocol for each case. None of the animals
underwent anaesthesia or surgery or had been previ-
ously transfused. Blood transfusion was warranted

due to severe anemia defined as an intense reduction
in haematocrit (Ht) (below 15%) and haemoglobin
values (Hb) (less than 5 g/dL) [34]. In cases that signs
of acute adverse reactions (urticarial, emesis, diarrhea
and facial oedema) were noted during blood transfu-
sions, the animals were excluded from the study.

Donors blood sampling

Healthy donors were previously selected [5].
Their blood samples were collected for hemogram [42]
and crossmatch. The crossmatch was adapted from a
described protocol [29] to verify agglutination on an
optical microscope in the major and minor tests, and
control of the donor and the recipient. Blood transfu-
sions were performed even in cases where agglutina-
tion was observed, due to the scarce blood availability.

Blood was collected from the jugular vein
of the donors dogs in a transfusion bag containing
citrate phosphate adenine dextrose (CPDA-1)! as an
anticoagulant. The bags were stored for no more than
24 h in an INDREL®? blood bank refrigerator at 2
to 4°C. The amount of whole blood to be transfused
was calculated [5] , approximately 20 mL/kg, with an
intended haematocrit of 25%.

Clinical and laboratory evaluation

All evaluations and blood collections on the
recipient dogs were performed immediately before and
24 h after the transfusion. Clinical examination was
performed to determine attitude, heart and respiratory
rate, temperature, blood pressure, colour of oral and
ocular mucous membranes and clinical signs sugges-
tive of transfusion reactions (e.g. vomiting, diarrhea,
face oedema). Blood was infused on the cephalic vein
after the limb antisepsis and the transfusion period did
not exceed 4 h.

Systolic and diastolic blood pressures were
measured using pet-MAP®, an oscillometric device,
according to the manufacturer’s instructions. The
proper cuff was placed around the forelimb below the
elbow, and 5 consecutive measurements were recorded
in order to calculate the mean systolic and diastolic
arterial blood pressure [1].

Recipient’s biological samples were collected
after antisepsis and included approximately 1.5 mL
of whole blood in a tube containing ethylenediamine
tetraacetic acid (EDTA) for complete blood count by
a Poche 100 Haematology Analyzer*, with subsequent
blood smear verification [42]. Approximately 3 mL of
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blood were collected from jugular vein in a clot acti-
vator tube to measure total calcium and protein after
centrifugation at 2851 g for 5 min, using commercial
kits on the Wiener® Automated Biochemical Analyzer®
[30]. The measurement of ionized calcium (iCa) was
calculated [12] and based on previously described
values [23].

For blood gasometry, approximately 1 mL of
venous blood was collected in heparin-coated syringes
via jugular venipuncture [15] for analysis within 3 min
of collection on the Cobas b121* blood gas analyzer.
Immediately following the collection for blood gaso-
metric analysis, air bubbles were expelled from the
syringe to avoid contact with oxygen. The values ob-
tained were analyzed according to the literature [9,15].

Statistical analysis

Results were tabulated in spreadsheets and
analyzed using the Past statistical program [20]. The
normality of data distribution of the measured variables
was tested by the Shapiro Wilk Test. The means of the
variables at both time points were compared using a
paired #-test. A P value below 0.05 was considered
statistically significant.

RESULTS

Of the 29 dogs evaluated in the study, 14 were
females and 15 were males, from 14 different breeds.
Mixed-breed dogs predominated (n = 13), followed by:
Akita (n = 1), Australian Cattle Dog (n = 1), Boxer (n
= 1), Chow Chow (n = 1), Golden Retriever (n = 1),
Labrador Retriever (n = 1), Maltese (n = 1), German
Shepherd (n = 1), Pinscher (n = 1), American Pitbull (n
=4), Poodle (n = 1), Rottweiler (n = 1), and Shih Tzu
(n=1). The average age was 6.17 years with a median
age of 6 years. Body mass ranged from 2.5 kg to 49
kg, with a mean of 16.91 kg and a median of 17.1 kg.

The means of diastolic, mean, and systolic
blood pressure (mmHg) values, heart and respiratory
rate per minute and temperature observed before and
24 h after the transfusion are described in Table 1.
There was an increase in diastolic blood pressure and
a reduction in heart rate with statistical significance.
Although not significant, there was an increase in
systolic blood pressure, temperature, and a reduction
in respiratory rate per minute.

The values obtained on the erythrogram
after transfusion indicated a significant increase in
erythrocyte, haemoglobin, and haematocrit averages.
Post-transfusion venous blood gas measures showed
a reduction in the mean values of pH (P < 0.05), po-
tassium (K*) [P > 0.05] and ionized calcium (iCa) [P
> (0.05] and an increase in the mean partial pressure
of carbon dioxide (pCO,) [P < 0.001], bicarbonate
(HCO,) [P >0.05] and sodium (Na*) [P < 0.05] (Table
2). Three animals were not included in the analysis of
sodium due to the absence of values obtained before
or after the transfusion.

Of the 29 dogs, 15 (51.7%) did not show agglu-
tination in the compatibility test, while 9 agglutinated
on the major test (31%), 3 on the minor test (10.3%),
and 2 on both (6.9%). Twenty-one dogs (72.4%) were
treated with Ringer’s lactate and 8 were given (27.59%)
0.9% sodium chloride solution after transfusion, but
none received sodium bicarbonate or electrolyte re-
placement within the first 24 h.

Previous diagnostic of monocytic ehrlichiosis
(14), visceral leishmaniasis (1), babesiosis (1), co-
infection of Ehrlichia canis and Leishmania infantum
(2), co-infection of E. canis and Babesia vogeli (1)
were probably the anemia cause in the dogs. It was
not possible to determine the etiology of the anemia
in 10 dogs.

Table 1. Heart and Respiratory rate, temperature, mean diastolic, mean and systolic blood pressure values, heart rate, respiratory rate

and temperature before and 24 h after blood transfusion.

Before transfusion

After transfusion Paired r-test

Farameter M + sd M + sdf P
Heart Rate (BPM) 138.6 £5.5 106.1 4.9 <0.05*
Respiratory Rate (RPM) 29.4+295 286 £2.4 > 0.05
Temperature 37.7+£0.2 37.8+0.1 > 0.05
M. Diastolic (mmHg) 844 +53 94 +4.4 < 0.05%
M. Systolic (mmHg) 106.48 +4.78 117.86 +5.62 <0.05%
Systolic (mmHg) 151.7+5.8 1633 +74 > 0.05

# M= mean; §sd= standard deviation; *statistical significance.
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Table 2. Mean haemogasometric values and standard deviation of dogs before and 24 h after whole blood transfusion.

Before transfusion

After transfusion test Paired r-test

Parameter N* References Values M + sdf M + sdf »

Erythrocytes (x10%uL) 29 55-85 1.54 + 041 29205 <0.001*
Hb (g/dL) 29 12-18 3.58 +£0.83 6.7 +1.01 <0.001*
Ht (%) 29 37-55 11.58 £2.35 21.59 +3.47 <0.001*

pH 29 7.35-7.44 7.37+0.07 7.34 +0.08 <0.05*

pO, (mmHg) 29 479-56.3 3534 +7.55 37.39 £9.50 >0.05
pCO2 (mmHg) 29 33.6-41.2 2594 +6.32 29.96 £5.12 <0.001*

HCO, ‘mmol/L) 29 20.8-24.2 1522 +4.53 16.54 +3.83 >0.05
Na*(mmol/L) 26 140 - 155 153.82 +7.61 157.41 £8.32 <0.05*

iCa (mmol/L) 29 1.2-14 4+09 3.8+1.19 >0.05

K* (mmol/L) 29 3558 3.63+0.84 3.39+0.61 > 0.05

TN= number of dogs; M= mean; §sd= standard deviation; *statistical significance.

DISCUSSION

In this study, in which 29 dogs received whole
blood transfusion, the mean values of heart rate, re-
spiratory rate and temperature of the dogs before and
after the transfusion were within the normal range [18].
However, heart rate showed a significant reduction 24
h after the transfusion, probably due to the increase in
hematocrit, hemoglobin, and erythrocyte values. The
decrease in heart rate can be justified by the displace-
ment of extravascular fluid to the intravascular space,
due to the infusion of blood [32].

Reduced respiratory rate, another compensa-
tory mechanism when there is anemia, was observed
during whole blood [32]. However, in our study there
were no significant changes in respiratory rate. There
was no significant increase in the mean rectal tempera-
ture (P < 0.05), which remained within the reference
range (37.5°C - 39.2°C) for dogs [18].

The values (mm Hg) of systolic pressure in
healthy dogs ranged from 131 to 150, while the dia-
stolic pressure from 71 to 91 and the mean pressure
from 97 to 110. Mean values of systolic blood pressure
were slightly elevated before transfusion and remained
elevated afterwards, with no significant difference be-
tween times, while diastolic and mean arterial pressure
increased significantly after transfusion. These changes
may result from the morbid condition itself and may be
influenced by age, race, sex [6] even in healthy dogs as
described in the consensus on systemic hypertension
in dogs and cats [1].

The patient’s temperament, whose stress and
anxiety increase during care and hospitalization, result-

ing from the white coat syndrome, causes significant
interference in the measurement of pressure [2]. The
stress response leads to the activation of neurohumoral
systems, such as the hypothalamus-pituitary-suprarenal
axis, with the release of cortisol and the sympathetic-
adrenal-medullary system, which causes the release
of catecholamines, adrenaline and noradrenaline,
mainly [35].

As expected, the haematocrit, haemoglobin
and erythrocyte values increased significantly (P <
0.001) after whole blood transfusion in anemic dogs
[39]. Similar increases in haemoglobin and haematocrit
concentrations have been reported after red blood cell
transfusion in euvolemic, anaemic dogs [26]. A study
with anaemic cats and induced hypotension detected
that blood transfusion increased arterial and venous
blood pressure in consequence of volemia restoration
[10].

It was observed a significant reduction in pH (P
<0.05) and increase in pCO, (P <0.001). The compen-
satory mechanism for metabolic acidosis is to increase
ventilation, leading to pCO, reduction and changes in
pH [8]. Although it has been described that bicarbon-
ate ion concentration assumes the same behaviour as
pCO,, no significant increase in bicarbonate ions (P >
0.05) was observed.

The reduction of pH is one of the main changes
that occurs when collected blood contacts the conserva-
tive solutions. As the cells continue their metabolism,
the pH is reduced at a rate proportional to the storage
time [36]. A study described significantly lower pH in
dogs’ whole blood samples stored for more than 24 h
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in vacutainer plastic containing CPDA-1 [33], while
another study demonstrated that goats transfused with
whole blood bags stored for 15 days presented with
lower pH values than animals transfused with fresh
whole blood [17] . From this information, we can as-
sume there was no intense pH reduction in the present
study because the bags were stored for no more than
24 h.

Measurement of venous pO, is useful in cases
that metabolic variables such as tissue perfusion and
oxygen demand are to be evaluated, as its concentra-
tion is defined by oxygen supply and consumption by
tissues [11]. Although it was described that venous
blood is ineffective in measuring pO, as it presents
discrepant values in relation to arterials [40], measur-
ing venous pO, is useful in cases where it is desired to
evaluate metabolic variables, such as tissue perfusion
and oxygen demand, as its concentration is defined by
the supply and consumption of oxygen by the tissues
[16]. Thus, though not statistically significant (P >
0.05), the increase of the mean pO, after transfusion
reflects the improvement of tissue oxygen perfusion.

There was no significant reduction in mean
calcium ion values after whole blood transfusion
(P > 0.05), although hypocalcaemia is described as
a consequence of the binding of calcium with citrate
used as an anticoagulant in the bloodstream [13,23].

There was a significant increase in sodium ions
(P < 0.05) beyond the reference range after transfu-
sion. Hypernatremia frequently occurs in critically ill
patients and it was associated with the use of mannitol,
renal failure, mechanical ventilation and an increased
mortality rate [3]. A higher mortality rate was detected
in hypernatremic animals, even with mild increases
[43]. Anorexia, lethargy, emesis, muscle weakness,
ataxia, seizures and death have all been associated with
hypernatremia in dogs and cats [19]. In this study, none
of the patients exhibited clinical signs associated with
post-transfusion hypernatremia. Importantly, the mean
sodium ion concentration before transfusion was very
close to the maximum reference value.

As the solution of choice for fluid therapy in
most dogs (72.4%) was lactated Ringer’s, the increase
in sodium cannot be justified by the interference of
infused fluid [24]. Of the 8 dogs that received 0.9%
sodium chloride solution after transfusion, only 4 had
hypernatremia after 24 h. To clarify this question,
a t-test simulation was performed, disregarding the

patients that were administered 0.9% sodium chloride
solution, and yet, a significant increase in sodium ions
was detected (P < 0.05).

Several studies report hyperkalaemia and
transfusion-associated cardiac arrests in humans, usu-
ally related to the infusion of large volumes of blood
[25,31,37]. Such events may be justified by the increase
in potassium concentration during blood storage
secondary to the normal erythrocyte lysis that occurs
within the first 2 h after transfusion or during the bag
storage, causing the release of intracellular potassium
ions [44]. Dogs do not get hyperkalemic due to hae-
molysis because most breeds do not have significant
potassium ion concentrations in their erythrocytes, with
the exception of Akita dogs [23] . There was only one
Akita dog in the present study, which did not present
with hyperkalaemia in any of the collections. In fact,
hyperkalaemia was not observed in the present study,
nor was there significant reduction of potassium ions
(P > 0.05) after transfusion. Severe hypokalaemia is
associated with severe changes such as arrhythmias,
paralysis, rhabdomyolysis and interference with dia-
phragm contraction capacity [22].

The limitations of our study were no avail-
ability of compatible blood to be administered in some
cases and the impossibility to diagnose the cause of
anemia in all dogs. Additionally, it was not possible
to associate the variety of clinical presentations of
the infections that lead to anemia with the analyzed
parameters.

CONCLUSION

Blood transfusion increased erythrogram
values and did not negatively affect the electrolyte or
acid-base status, representing a safe and useful tool
in the intensive care of small animals. However, it is
recommended that dogs undergoing blood transfusion
be monitored for changes in calcium and sodium ion
concentrations as well as changes in acid-base balance.
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