Kyriakidou A.

DVM, Postgraduate student,
School of Veterinary Medicine,
Aristotle University of Thessaloniki

Kazakos 6.

DVM, PhD, Associate Professor,

Unit of Anaesthesia and Intensive Care,
Companion Animal Clinic,

School of Veterinary Me

Aristotle University of Thess

Greece

Sawvas L.

DVM, PhD, Assistant Professor,

Unit of Anae and Intensive Care,
Companion Animal Clinic,

School of Veterinary Medicine,
Aristotle University of Thessaloniki,
Greece

Corresponding author:
Kyriakidou Adamantia,

66 Kimonos Voga Str,

546 46, Thessaloniki
adamantia.kir@gmail.com

T.+306951725511

O corvoss

« Respiratory acidosis
« Respiratory alkalosis
+ Metabolic acidosis
+ Metabolic alkalosis

Simple acid-base disorders
(management at the clinic
without blood gas analysis)

> Abstract

Acid-base balance is an important homeostatic mechanism that focuses on maintaining
a constant concentration of hydrogen ions in body fluids and it is expressed by the
negative base-10 logarithm of hydrogen ion concentration (pH). The normal ranges
of pH are between 7.35 and 7.45. However, when the concentration of H* rises, a
decrease of pH is observed and this condition is called acidosis. Conversely, a decrease
in concentration of H* increases pH, a condition termed alkalosis. When the above
disturbances are caused by a change in the partial pressure of carbon dioxide (CO.), they
are defined as respiratory disturbances (respiratory acidosis and respiratory alkalosis),
whereas if caused by a change in the concentration of bicarbonate ions (HCO,), they are
described as metabolic disturbances (metabolic acidosis and metabolic alkalosis). It is
often possible that a combination of two or more disorders may occur (mixed disorders).
Typically, the diagnosis of acid-base disorders is based on the measurement of pH,
partial pressure of CO, and the concentration of HCO, in an arterial blood sample. In
cases where the above control is not possible, the diagnosis or suspicion of occurrence
of an acid-base disorder is established on the findings of the clinical examination and
electronic monitoring of vital functions. Knowledge of the mechanism by which a
disease can cause an acid-base disorder is of significant assistance to the veterinarian.
The detection of any acid-base disturbance leads to early and intensive treatment which
aims to eliminate the cause of primary disease.

> General

Acids and bases are constantly added to body fluids, either because they are ingested
with food or because they are produced in the body as a by-product of the metabolism.
Acid-base balance, i.e. the balance between acids and bases, constitutes an important
homeostatic mechanism. Maintenance of this balance focuses essentially on the regu-
lation of hydrogen ion (H*) concentration in body fluids. Even a small deviation of the
concentration from normal values can cause significant changes in cell function, as in
the ionization of drugs, thus affecting their pharmacokinetics and pharmacodynamics.
For practical reasons, the concentration of H* is expressed according to their negative
base-10 logarithm and is called pH."* Normally, the pH value of blood plasma ranges
from 7.35 to 7.45.' This value indicates remarkable stability despite the continuous acid
production, and this is due to the body’s pH resistivity with the activity of intracellular
and extracellular regulatory systems such as proteins, haemoglobin etc."* Subsequent-
ly, and for the same purpose, an acid-base disorder is counterbalanced, i.e. the body
causes partial neutralization of the disorder, mainly through the respiratory and urinary
system, attenuating the change of pH."?



However, apart from the concentration of H*, an
important role in acid-base balance is played by wa-
ter, carbon dioxide and bicarbonate ions, which are
connected to each other by the following equation:

HO + CO,<->H,CO, <> HCO,; + H*
(equation 1)

In the presence of water, carbon dioxide is convert-
ed to carbonic acid, a reaction which is catalyzed
by carbonic anhydrase and is bidirectional. The dis-
sociation of carbonic acid to bicarbonate ions and
hydrogen ions is also bidirectional. It is obvious that
the elimination of HCO, (e.g. diarrhoea) causes a
relative increase in H* and therefore acidosis (pH
< 7.35); CO, elimination (e.g. tachypnoea) causes a
relative reduction in H* and therefore alkalosis (pH
> 7.45); the increase of H* (e.g. lactic acid) causes
acidosis (pH <7.35) and so on.'?* Generally, simple
acid-base balance disorders caused by changes in
CO, partial pressure originate from the respiratory
system (respiratory acidosis, respiratory alkalosis),
while those caused by a change in HCO, and H* are
metabolic in origin (metabolic acidosis, metabolic
alkalosis). Critically ill animals sometimes develop
mixed acid-base disorders."?

> Diagnosis of Acid-Base Disorders

The diagnosis of simple acid-base disorders is rela-
tively easy in cases where it is possible to measure
the pH, the partial pressure of CO, and the con-
centration of HCO, in an arterial blood sample’®
However, when this is not possible, the veterinar-
ian is able to identify and treat them based only on
the clinical signs and symptoms of the disease that
causes them or with information based on the con-
trol of vital functions by electronic or other means.
The awareness and concern of the clinician for a co-
existing and potentially serious acid-base disorder,
as well as an understanding of the primary disease
mechanism causing these disorders is of valuable
help.

1.Respiratory acidosis

Pathological Conditions and clinical
findings of the Respiratory System

Many cases of pathological conditions of the res-
piratory system (Table 1) or those that secondarily
affect the respiratory system (Table 2) commonly
share certain clinical findings. These include chang-
es in the respiratory rate and tidal volume (indicated
by expansion of the chest wall or the anaesthetic
circuit bag of intubated patients connected to the
anaesthetic machine).®’ (Table 3) The increase in
respiratory rate is often accompanied by a reduc-

Pathological conditions of the respiratory system
+ Pneumonia

- Pulmonary oedema

- Pulmonary fibrosis

- Atelectasis

- Pulmonary tumors

- Obstruction of the upper respiratory system
Diseases of the pleural cavity

- Collection of air, pus, blood

(pneumo-/pyo-/hemo-thorax)
- Diaphragmatic hernia
Myoskeletal disorders

Rib fractures

Disorders of respiratory muscles

Nerve disorders

tion in tidal volume, which can lead to a decrease in
respiratory minute volume. In severe cases, cyanosis
of the visible mucosal may be observed, which is a
clinical sign suggesting that impaired lung function
is accompanied by inadequate tissue oxygenation.

Findings from the electronic monitoring

When monitoring of vital functions by electronic
means is viable, as for example in anaesthetized
animals, the veterinarian may observe an increase

Other conditions

Increased physical activity
Pain
- Stress
Epileptic seizures
Fever
Malignant hyperthermia

Depression of the respiratory centre due to tumors or

traumatic brain injury
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B Simple Acid-Base Disorders

Under anaesthesia

+ Administration of drugs acting on the CNS (e.g. nar-

cotic analgesics, barbiturates)

+ Inadequate ventilation (during mechanical ventila-

tion)
- Incorrect connection of anaesthetic circuit

« Soda lime exhaustion

in the end-tidal CO, (ETCO,)"*”" and in some cases
a reduction of haemoglobin oxygen saturation
(Sp0,),"” especially when the animal is breathing
atmospheric air. It should be noted that normally
when the patient breathes atmospheric air, haemo-
globin saturation should be above 92% and when
breathing 100% O, it should be over 98%, while in
the clinical practice, a percentage less than 85% (hy-
poxaemia) requires immediate correction.

Determination of acid-base balance

When the veterinarian detects the above symp-
toms combined with any of the aforementioned
situations (pathological or not), he should suspect
that the lungs can not sufficiently eliminate the CO,
produced by the body, thereby causing an increase
in the partial pressure of CO, in the blood, a condi-
tion known as hypercapnia. Hypercapnia causes
acidosis, which due to its origin is characterized as
respiratory acidosis. Meanwhile, the O, uptake may
not be sufficient for the needs of the body.*"" In
acute cases, the patient is often at risk due to hy-
poxaemia, before hypercapnia becomes severe and
life-threatening. It should be noted that abrupt ter-
mination of oxygenation results in death after about
four minutes, while the increase in non-eliminated
CO, at life-threatening levels takes about 10-15 min-
utes to develop.®'

Clinical Signs from other organs/systems

In addition to the clinical signs resulting from the
respiratory system, acidosis may cause the cardio-
vascular system to also display observable signs.®'
More specifically, tachycardia' and arrhythmias
(including ventricular fibrillation) can occur due to
the increase in the tone of the sympathetic system
and hypoxaemia when it coexists®!> Moreover,
according to experiments carried out in dogs, the
changes observed primarily in blood pressure are
small since the increase in heart rate is compensat-
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ed by the decrease in myocardial contractility and
systemic vascular resistance.5'

Depending on the extent of hypercapnia, produc-
tion rate and coexisting hypoxaemia, dilation of
brain blood vessels can be observed, followed by an
increased cerebral blood flow and increased intrac-
ranial pressure """ Thus, the observed clinical signs
include restlessness, disorientation, nystagmus, and
even coma (in awake animals) 68102021

Confirmation of the presence of
respiratory acidosis (arterial blood gas
sample analysis)

Consequently, in cases of reduced tidal volume
with or without cyanosis, and possibly disorders of
the cardiovascular system, it is likely that an arterial
blood gas sample analysis would reveal a fall in
pH, an increase (small or large) in the partial
pressure of CO, (depending on the severity of the
disease), and a reduction in the partial pressure of
0,. As concerns the concentration of bicarbonate
ions (HCO,), this is normal in acute disorders since
they constitute a compensatory mechanism of the
body that needs time to be activated."”

Treatment of respiratory acidosis
- Initial treatment

The first step in the treatment of respiratory acidosis
is the elimination of the cause, which in most cases
is sufficient. For example, in cases of pleural effusion,
thoracentesis is required, while the administration
of drugs that suppress the respiratory system
should be discontinued (if possible) or modified ™

- Oxygen administration

The administration of oxygen in respiratory acidosis
is beneficial since it is often accompanied by varying
degrees of hypoxaemia."" In acute and severe
conditions accompanied by cyanosis, it is necessary
to administer oxygen or intubate the trachea and
apply artificial ventilation until the causing factor is
treated .5

- Administration of alkalinizing solutions

The administration of sodium bicarbonate or
other alkalinizing agents is contraindicated as it
leads to an increase of CO, in the blood (equation
1), i.e. worsening of the existing hypercapnia and
respiratory acidosis.®#

2. Respiratory alkalosis

Pathological conditions and clinical signs



Respiratory system
Asthma
Pneumonia

+ Pulmonary oedema

In many cases, in conditions directly or indirectly
affecting the respiratory system (Table 4) or
brainstem respiratory centres (Table 5), and also in
other situations such as those listed in Table 6, the
main common clinical symptom is tachypnoea.®’
The other clinical signs are mainly due to the
primary disease, such as vomiting or diarrhoea in
cases of methylxanthines intoxication, pale mucous
membranes in cases of anaemia, etc.

Findings from the electronic monitoring

When there is the possibility of monitoring vital
functions electronically, the veterinarian  will
observe a decrease of end-tidal CO, (ETCO,)* while
in cases of hypoxaemia, there is a characteristic
decrease of haemoglobin saturation.

Determination of acid-base disorder

Thus, the combination of the aforementioned
clinical signs with one of the above situations
(pathological or not) suggests that tachypnoea,
i.e. the increase in lung ventilation, or otherwise
hyperventilation, increases elimination of CO,
during the breathing process, leading to reduction
in its partial pressure in the blood, i.e. hypocapnia,
which results in respiratory alkalosis.

In veterinary medicine, other than tachypnoea,
no other clinical signs specifically associated with
alkalosis have been described, perhaps due to the
efficient, metabolic compensatory response of the
body. Conversely, according to studies conducted
in humans, there may occur confusion, restlessness,
disorientation, convulsions and myoclonus due
to increased neuromuscular excitability and
reduced brain blood flow."*??  Furthermore,
because of hypercapnia, and hence the absence
of the vasodilating effect of CO, peripheral
vasoconstriction is observed and hypertension may
possibly be present.'® Finally, although hypocapnia

Respiratory center

+ Brain tumors

- Traumatic brain injury

- Heat stroke

- Drug intoxication (e.g. methylxantines)

- Liver failure

has little effect on the myocardium, it predisposes
to supraventricular and ventricular arrhythmias,
particularly —in  patients  with  pre-existing
cardiovascular problems.5%

Confirmation of the presence of
respiratory alkalosis (arterial blood gas
sample analysis)

Respiratory alkalosis is an acid-base disorder that is
difficult to identify because it accompanies diseases
with predominant clinical signs; hence, alkalosis is
not easily diagnosed as a distinct disease*®

The confirmation of respiratory alkalosis is based
on the combination of the results of physical
examination and those from the arterial blood gas
samples, namely increased pH and decreased
partial pressure of CO,*%*? In most patients,
haemoglobin saturation (SpO,) is within normal
limits, except for those cases where low SpO, in
itself is a cause of tachypnoea and hypocapnia. The

Other conditions
Anaemia
Ascent in high altitude
Hypotension
Pain
Fever
Stress

latrogenic (resolution of metabolic acidosis during

mechanical ventilation)
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observed changes of bicarbonate ion concentration
in the blood are compensatory. In acute respiratory
alkalosis, no changes in their concentration are
perceived if no other influencing factor coexists as it
takes time for the compensatory mechanism of the
kidneys to activate.>6%*

Treatment of respiratory alkalosis
- Initial treatment

Most important is the identification and correction
of the underlying cause.'*47?>?¢ Normally, no other
treatment is required, apart from relieving the
underlying cause that led to hyperventilation of
the lungs and thus the respiratory disorder (e.g.
discontinuation of methylxanthine administration,
when the disorder is due to toxicosis of these drugs,
or analgesic drugs when the disorder is a result of
nociceptive stimulus etc.).

- Correction of the observed hypocapnia

The observed hypocapnia does not usually reach
dangerous levels; hence, no effort for correction of
this disorder is necessary apart from special cases,
such as a traumatic brain injury where it can lead to
excessive vasoconstriction and ischaemia of regions
of the brain or in intubated patients receiving
artificial ventilation (iatrogenic hyperventilation)
where reduction of ventilation is demanded for the
correction of the disorder.

- Oxygen administration and hypoxaemia

When hypoxaemia coexists, the administration
of O, is mandatory and also serves to reduce
respiratory alkalosis by decreasing the induced
hyperventilation.

- Administration of analgesics and sedatives
etc.

Finally, for the treatment of disorders due to
“physiological”factors, such as situations of fear, pain
or stress, the administration of analgesic or sedative
drugs has proven to be a satisfactory therapeutic
measure (e.g. administration of analgesia or/and
sedation postoperatively).®

3. Metabolic acidosis

Pathological conditions and clinical signs
from the respiratory system

In many cases of pathological disorders (Tables 7a
and 7b) that seriously affect the general condition of
the patient, such as diarrhoea, shock with impaired
tissue oxygenation and lactic acid production
(lactic acidosis), uremic crisis, and ketoacidotic
diabetes mellitus,'**° a common clinical symptom
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Administration or increased acid production

- Failure of acid secretion by the kidneys (e.g. in renal

failure)
Diabetes mellitus (ketoacidosis)
Shock (lactic acidosis)
- Addison disease (hypoadrenocorticism)

- Ethylene glycol ingestion (e.g. refreshments)

emerges from the respiratory system: ventilation
of the lungs increases markedly. In humans, this
type of breathing is called Kussmaul. This breathing
pattern is characterised by prolonged respiratory
movements with an extreme increase in range,
even when the patient is at rest. Apart from the
type of breathing, the increase in ventilation is also
evident from the fall in end-tidal CO, (ETCO,) during
electronic monitoring.”°

Clinical Signs from other organs/systems

Apart from the specific breathing pattern, there are
some common clinical signs. Specifically, the signs
observed by the cardiovascular system include
reduction of the blood pressure, and/or presence
of ventricular arrhythmia.'”39313 sually, there are
no signs from the central nervous system (CNS),
unless the primary pathological disorder progresses
without treatment, hence a semi-comatose state
may be observed.!”303

Determination of acid-base disorder

The above signs in patients without a respiratory
problem, in conjunction with the patient’s history
and aetiological diagnosis, lead the clinician to
suspect metabolic acidosis.

Metabolic acidosis occurs when the kidneys are not
able to excrete the H* that accumulate in the body
in cases of overproduction of H* or when there are
large losses of HCO,". Thus, a reduction in blood pH
is observed and the concentration of HCO, in blood
plasma also decreases because when acids in the
body increase, an amount of H* concentrations
are neutralized by HCO,, thereby causing the
concentration of the latter in the blood to decrease.

Confirmation of the presence of



Base elimination
- Diarrhoea
- Vomiting (duodenum contents)

- Decreased proximal tubular reabsorption of HCO,"in

the kidneys (e.g. acetazolamide)

- Rapid administration and large volumes of intrave-
nous fluids which are HCO,~free but have high chlo-
ride concentration

metabolic acidosis (arterial blood gas
sample analysis)

When arterial blood gas analysis is possible,
decrease in pH, reduction of bicarbonates
and decrease in Pco, are expected, the latter due
to compensatory hyperventilation.>/203125%¢ |t s
worth noting that hyperkalaemia is not a consistent
finding in metabolic acidosis; it is observed in cases
where acidosis is due to inorganic acids or where
other causes of hyperkalaemia, such as insulin
deficiency, may coexist. 03437

Treatment of metabolic acidosis
- initial treatment

Metabolic acidosis is the most common disorder
of acid-base balance. The recognition and early
correction of this disorder is important because
of the pathophysiological changes that may be
caused by the decreased pH of arterial blood.”

The aim of the therapeutic approach is to treat the
primary disease urgently and effectively, correct
electrolyte imbalances and finally maintain efficient
kidney function and support kidney perfusion. If
all these objectives are achieved, the homeostatic
mechanisms of the body will restore the metabolic
disorder, usually without any further action required
by the clinician.*’%3

- Administration of crystalloid fluids

When the metabolic disorder is due to loss of
bases or where the addition or increase of acids
is observed, in addition to treating the primary
cause whenever possible (e.g. administration of
insulin in cases of diabetes mellitus), the concurrent
aggressive administration of intravenous crystalloids
(e.g. Lactated Ringer’s solution) not only constitutes
part of the primary disease treatment, but it will also

accelerate the correction of metabolic acidosis.*
- Administration of alkalinizing agents

Alkalinizing agents can be administered, such as
sodium  bicarbonate (NaHCO,), in cases where
acidosisis proven to be severe. However, they should
be administered very carefully in order to avoid
jatrogenic complications, like metabolic alkalosis,
hypernatraemia and paradoxical  (respiratory)
acidosis when the produced CO, (equation 1) is not
sufficiently eliminated by the lungs.*73°3!

4, Metabolic alkalosis

Pathological conditions, clinical signs
and findings from monitoring

In certain pathological conditions, such as vomiting
after pyloric obstruction or administration of
diuretic drugs (mainly loop diuretics), etc. (Tables
8a and 8b), apart from the signs of each primary
disease, certain other signs are common, such as
lethargy or conversely restlessness, disorientation,
ataxia, which in rare cases can progress to muscle
contractions, seizures or coma.”*** Other clinical
signs observed include hypotension (due to loss of
intravascular volume and peripheral vasodilation),
muscle weakness, arrhythmias (due to the disorder
of electrical conductivity of myocardial cells),
disturbances of gastrointestinal motility (e.g. ileus)

Excessive loss of [H*]
-+ Vomiting (stomach contents, e.g. pyloric obstruction)
- Diuretic therapy (e.g. furosemide)

- Cushing’s disease (hyperadrenocortisism)

Excessive administration or retention o [HCO,]

- Increased administration of alkali (e.g. sodium bicar-

bonate)

Simple Acid-Base Disorders Q
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and disorders of renal function (decreased ability of
the kidneys to reabsorb water).

Laboratory findings

Evaluation of the concentration of electrolytes
in blood samples reveals hypokalaemia, which
frequently coexists with hypovolaemia and is
responsible for many  signs described above.
However, the muscle contractions observed may
be due to the reduced concentration of Ca*? level
in the blood.*

Determination of acid-base disorder

These signs, combined with the patient’s history
(e.g. vomiting, administration of diuretic drugs,
hyperadrenocorticism or hypokalaemia) and final
diagnosis, are important clues that enable the
clinician to establish the diagnosis of metabolic
alkalosis.®

Metabolic alkalosis is a disorder that occurs when
the bases are increasing in the body or the acids
are decreasing. Losses of H* from the body, such
as vomiting of gastric fluids or base uptake, an
alkalinizing agent or increased HCO, due to its
inadequate elimination (e.g. renal failure), are
conditions which may lead to metabolic alkalosis.’

Confirmation of the presence of
metabolic alkalosis (arterial blood gas
sample analysis)

When the evaluation of arterial blood gas samples
is possible, the results are increased pH and
elevated concentration of bicarbonates;
with regard to partial pressure of CO,, a slight
increase is observed; and as a result of the
metabolic disorder, the compensatory respiratory
mechanism is activated and hypoventilation is
induced, hence decreasing the respiratory rate and
volume of breathing. If the animal is breathing room
air (21% O,), hypoventilation will not exacerbate as
the concurrent reduction of the partial pressure
of O, in the blood will stimulate the respiratory
centre, thus resulting in elimination of CO, which
tends to accumulate®*** Finally, in electrolytic
analysis, the results very often reveal hypokalaemia,
hypocalcaemia and hypochloraemia, as already
mentioned.

Treatment of metabolic alkalosis
- Initial treatment

The removal of the primary cause and restoration
of circulating blood volume and electrolyte balance,
where needed, are the three points of therapeutic
approach.** The combination of an electrolytic
solution rich in chlorine (e.g. NaCl 0.9%,) without
precursor molecules of bicarbonates,in combination
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with KCl, is the most suitable crystalloid fluid for
treating both alkalosis and hypokalaemia and for
the restoration of electrolyte neutrality** The
restoration of chlorine levels in the blood can aid
in the excretion of HCO,”** Although it may take
some days for the restoration of acid-base balance,
in almost all cases these measures are sufficient.*?

- Administration of H,-blockers

The administration of H -blockers (e.g. cimetidine,
ranitidine, famotidine) may be used as adjunctive
therapy when gastric losses increase. Furthermore,
when administration of diuretic agents cannot be
interrupted, H -blockers can be used instead of or
with loop diuretics, spironolactone or amiloride,
which limit the alkalinizing activity of the first by
maintaining chloride ions.”*°

- Avoidance of oxygen administration

Finally, when patients who suffer from chronic
respiratory diseases with chronic hypoxaemia and
hypercapnia develop metabolic alkalosis, they are
more likely to display further reduction in ventilation
and exacerbated hypoxaemia. However, in these
patients it is suggested that oxygen therapy should
be avoided where possible since acute correction of
chronic hypoxaemia may result in further reduction
in ventilation and worsening hypercapnia.*

> Conclusion

Although acid-base disorders constitute an
important problem in clinical practice, the
veterinarian has limited means to approach them
without special equipment, such as a blood gas
analyzer. However, if the veterinarian is concerned
for the coexistence of an acid-base disorder and
also has the knowledge of how a primary disease
may cause this imbalance, then based only on
clinical signs, he/she may conclude the existence
of a simple acid-base disorder which explains the
severity of the signs, and thus proceed to a more
direct and intensive treatment of the primary
disease.
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