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Abstract

Arterial blood gas (ABG) analysis is a highly effective & standard diagnostic tool for detection of acid
base imbalances in the body which either due to metabolic or respiratory system alterations. ABG
analyzes parameters like blood pH, pCO2, pO2, HCO. lactate, BEb, BEecf etc to determine whether
the alterations are due to acidosis or alkalosis. Primary indicators of acid-base imbalance are pH, pCO2,
HCOr. Alterations in these three parameters are correlated in acid-base imbalance & compensatory
response mechanism of body. Different types of acid-base imbalances are treated with different
treatment protocols with a common concept of elimination of primary cause. Anaesthesia becomes
critical as well as challenging in acid-base imbalanced patients. Understanding of drug pharmacology,
selection of drugs, doses, anaesthetic techniques, continuous physiological & haematological
assessment, prompt responses to emergencies during anaesthesia all these factors plays crucial role for
a successful completion of anaesthetic protocol in a acid-base imbalanced patients.

Keywords: ABG analysis, acid-base imbalance, compensatory mechanism, anaesthesia, Anaesthetic
emergency

Introduction

Arterial blood gas analysis (ABG) helps to measure the important physiological variables
such as tissue oxygen perfusion, carbon dioxide and blood pH. ABG used as standard
diagnostic test for metabolic imbalance and respiratory dysfunction (Turlock III et al., 1990,
Byrne et al., 2013, Waddell., 2016, Balakrishnan and King, 2014, Swathi et. al., 2020) ?7-2%
2241 Analysis of blood gases can provide valuable information on the cardiopulmonary and
acid-base status of a critically ill veterinary patient which helps in quick diagnosis along with
disease prognosis (Buduk et al., 2019, Desuza et al. 2025) 8. ABG determines the
sufficiency of gaseous exchange (O, & CO,) to evaluate oxygenation and ventilation status of
animals during emergency & critical patient management. (Topal & Gul 2006, Irizzary &
Reiss; 2009, Sidari., 2021) 2 12231 Blood gas analyzing is more accurate than the pulse
oximeter for obtaining information about oxygenation, ventilation and the acid-base status of
the body during in ECC & anaesthetic patients (Atalan et al., 2008, Jeong et al. 2017) [ 131,
In general, arterial blood is used for blood gas analysis, but few studies have demonstrated a
good correlation of indicators for pulmonary function and acid base balance among arterial,
capillary and venous samples in humans and animals (Jeong et al. 2017) 31, In a complete
arterial blood gas analysis parameters like blood pH, pCO,, pO,, electrolytes (Na + , K +,
CL-), blood HCL, bicarbonate (HCO). Oxygenation, ventilation & circulation are three
main factors to assure of adequate tissue & organ perfusion with oxygenated blood during
anaesthesia maintenance (Ko & Krimins; 2012) 31, Capnography monitor & assess the
ETCO, levels at anaesthetic monitoring stage to evaluate the depth of anaesthesia and
although ETCO; cannot estimate all ABG variables, but it can provide a brief estimate of
HCOs3™ and PaCO:; in critical, emergency situations.

Sample collection & analysis
For arterial blood gas (ABG) analysis restraining of animal followed by collection of blood
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& immediate analysis of blood sample is required. Arterial
blood samples can be collected from femoral artery (very
common site), dorsal metatarsal or caudal artery in a
heparinised syringe as per standard protocol. For venous
blood gas analysis blood can be drawn from jugular vein for
best accuracy. Blood sample should be analyzed by using
blood gas analyzer machine or stored into a mixture of ice
and water until analysis. Ideally blood gas analysis should
be done as soon as possible after collection of sample or
within 30-60 min because continuous metabolic activity and
diffusion of gases in the sample syringe can provide false
report & interpretations (Turlock III ef al., 1990, Kules et al.
2015, Waddell., 2016, Jeong et al. 2017, Buduk et al., 2019,
Sidari., 2021, Palanivelrajan et al. 2025) [7-16:29:13. 3,23, 18]

Table 1: Normal reference ranges of different ABG parameters
(Kules et al. 2015) (1]

Reference range

Parameters with unit

pH 7.37-7.44

Partial pressure of carbon dioxide (pCO2) | 22.62-34.52 mmHg

Partial pressure of oxygen (pO2) 91.35-106.05 mmHg

Bicarbonate level (HCO3) 14.06-22.10 mmol/L

Standard bicarbonate concentration (SBC) | 16.59-24.74 mmol/L

Base excess of extracellular fluid (BEecf) |-12. 05-1. 61 mmol/L

Base excess of the blood (BEb) -9.7-0.46 mmol/L

Oxygen saturation (SO2) 94.31-100%

Arterial oxygen content (Ca0Oz) 13.69-29.77 ml OxdL

Capillary oxigen content (CcO2) 13.59-29.56 ml O2/dL

Respiratory index (Ri) 0.10-0.20
Partial pressure of Oz & fraction of inspired
02 ratio (pOx/FiO) 437.00-507.45 mmHg
Anion gap (AG) 5.49-19.67 mmol/L
Lactate (Lac) 0.06-3.54 mmol/L
Alveolar oxygen (A) 106.33-120.12 mmHg

Total carbon dioxide (TCO2) 14.87-23.06 mmol/L

Discussion on pathophysiology of acid base imbalance,
analysis methodology & treatment protocol: The pH
value of normal blood is maintained in between 7.35-7.45
by its buffer systems. When pH decreases below 7.35 it is
considered as acidosis whereas alkalosis happens when pH
increases above 7.45. This change in acid-base balance
towards acidosis or alkalosis is due to respiratory or
metabolic abnormalities also acid base balance or imbalance
of ECF depends on relative quantity of carbonic acid &
bicarbonate base which is normally 1:20 (carbonic acid:
bicarbonate). Acidosis is a clinical condition which is
developed due to development of acidaemia where H * ion
concentration level in blood increases leads to decrease in
blood pH where as alkalosis develops due to alkalaemia
where H *ion concentration level in blood decreases leads to
increase in blood pH. Acidosis is mainly classified into two
types: metabolic acidosis & respiratory acidosis; similarly
alkalosis is also classified into metabolic alkalosis &
respiratory alkalosis. Metabolic acidosis developed due to
increase in production of acids in the body which leads to
sudden decrease in pH and bicarbonate levels (HCO3) as
decrease in HCO; in extra cellular fluid leads to decrease in
pH. Most common conditions/diseases related to metabolic
acidosis are dehydration, shock, diabetes mellitus, enteritis
acute & chronic kidney diseases etc. Respiratory acidosis is
mostly related with clinical conditions like respiratory
diseases (pneumonia, copd, asthma etc.), anaesthesia, CNS
diseases (meningitis, traumatic injury to brain etc.). This
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condition is developed due to decrease in pH level due to
increase in plasma carbon dioxide (pCO,) as a result of
decreased ventilation. Metabolic alkalosis occurs due to
increase in pH & HCO73 levels, mostly associated with
conditions like vomition, pyloric stenosis, medications like
diuretics etc. Respiratory alkalosis develops most in cases
like toxaemia, anaemia, hypoxaemia which ultimately leads
to hyperventilation where excessive CO, is blown off
leading to respiratory alkalosis. Compensatory mechanism
of acid-base balance is a biological & physiological
protective response of the body to correct the significant
alteration of pH value (decrease in acidosis or increased in
alkalosis) than normal standard level. Compensatory
mechanism mainly regulated by 3 physiological responses-
buffer systems (bicarbonate buffer, phosphate buffers &
protein buffers), renal system compensatory mechanism &
respiratory system compensatory mechanism. Buffer
systems & respiratory system acts as a front line defence
whereas renal mechanism acts as second lie of defence to
compensate acid-base imbalance. Compensatory mechanism
acts by regulating secondary acid-base parameters to
counter the disturbances of primary acid base parameter;
When acid base imbalance happens due to metabolic
disturbance compensatory mechanism acts on respiratory
compensatory system to correct acid base balance, similarly
it acts on metabolic compensatory systems to counter acid-
base disturbances originated due to deviation of respiratory
function. To treat different metabolic imbalances, different
treatment and managemental protocols are implemented. In
all type of acid-base imbalance there is a primary cause so
the elimination the route is most important for complete
recovery. In case of metabolic acidosis treatment line
includes IV fluid therapy with M/6 sodium lactate, ringer
lactate along with oral, IV sodium bicarbonate
supplementation to reduce acid level as well as compensate
excess bicarbonate loss. 100% oxygen supply will improve
the ventilation status of patient. Patient of respiratory
acidosis can be treated with bronchodilators like
deriphylline inj. and broncho-stimulators like doxapram inj.,
they improves O, & CO; exchange by bronchodilation &
also improves diaphragmatic contractility. Endotracheal
intubation with tracheostomy if needed followed by oxygen
supply or in severe cases mechanical ventilation to promote
ventilation status. Appropriate fluid therapy. Respiratory
alkalosis can be treated mainly with route cause or primary
cause elimination which triggers hyperventilation and PCO,
decrease.  Anti-anxiety drugs  (anxiolytics-example:
benzodiazepines) can provide relief from anxiety related
hyperventilation which leads to development of respiratory
alkalosis. Patient with metabolic alkalosis can be treated
with IV fluid therapy of 0.9% Nacl and RL solution. Inj. H2
blocker like ranitidine or proton pump inhibitors like
pantoprazole and antiemetic drugs like ondansetron are very
useful if vomition is the route cause of metabolic alkalosis.
Oxygenation can improve the patient condition with
concurrent medication. (Irizzary & Reiss; 2009, Chaterjee
and Shinde., 2012, Waddell., 2013, Grimm et al., 2015,
Waddell., 2016, Thorp & Llss., 2017, King & Boag., 2018,
Sidari., 2021, Chakrabarty., 2021, Sharma et al., 2021) 1% ¢
28, 10, 29, 26, 14, 23. 5, 221 AJong with central nervous system,
cardiopulmonary & renal systems are also got compromised
during general anaesthesia and patients with nonclinical
acid-base imbalance can be present with clinical symptoms
of acid-base imbalance during or after anaesthesia, so
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selection of drugs, doses and techniques should be planned
by correlating with high risky patient status is necessary
(Hall et al., 2001, Grimm et al., 2015) " 19 Capnography
performs multiple tasks like assessment respiratory rate,
estimation of PaCO,, EtCO,, fraction of inspired CO;
(FiCO») during anaesthesia. Although directly PaCO, is not
measured by capnograph but usually it is 3-5 mm/Hg higher
than EtCO,. It also detects anaesthetic emergencies like
apnoea, hyperventilation (hypocapnia), hypoventilation
(hypercapnia) which gives a primary information to
diagnose acid base imbalances like (metabolic acidosis,
respiratory acidosis, respiratory alkalosis) (Topal & Gul.,
2006, Waddell., 2013, King & Boag., 2018, Sidari., 2021,
Clancy., 2023) 2528, 14.23. 7],

Discussion on Clinical case Analysis methodology in
acid-base imbalances with correlation to anaesthesia &
emergency management: Hypothetically consider a case of
chronic pyometra in a old bitch is presented with most
common clinical symptoms of pyometra like, depression,
anorexia, small pus discharge from vagina, injected mucous
membrane as a result of systemic in infection, toxaemia &
septicaemia, secondary urinary infection due to pyometra
etc. In-appetite, systemic infection, toxaemia & septicaemia
all these potential factors mostly leads to development of
metabolic acidosis condition in this case. ABG findings in
such cases mostly revealed low pH, low HCO7 and high
lactate value, for compensation hyperventilation can be
present. For correction of this condition, radical treatment-
ovariohysterectomy should be done, with fluid therapy (RL,
NS), Oxygen supplementation, antibiotics & supportive
treatment can be advise. ABG changes due to metabolic
acidosis is an alteration of normal body homeostasis results
in decrease of both blood pH & bicarbonate level with
increase in acid production. As a result of these changes
cardiovascular system is also shows profound alternations
with most common changes like-I. decrease in myocardial
contractility II. decrease in cardiac output III. decrease in
blood pressure (hypotension). IV. early stage tachcardia
followed by bradycardia at later stage. All these changes are
interlinked and influenced by multiple factors like excess H
* ion, hyperkalemia, decrease of catecholamine’s response
etc. act as a chain reaction if not treated appropriately on
emergency basis. Management of such emergency situations
needs proper diagnosis, accurate treatment plan and
continuous monitoring of patient. Route cause diagnosis &
elimination is most important part of treatment plan. IV
fluids to correct electrolyte imbalance, antibiotics for control
of toxaemia/infection, oxygenation to reduce anaerobic
metabolism and adequate tissue perfusion, Inj. of sodium
bicarbonate etc are already have been discussed earlier.
Along with these for symptomatic correction of hypotension
inj. nor-epinephrine can be given. To counteract
hyperkalemia calcium gluconate can be given intravenously.
All those combined treatment protocol can help to resolve
these conditions. In addition to cardiopulmonary changes
metabolic acidosis also leads to significant variation on
pharmacokinetic & pharmacodynamic profile of anaesthetic
drugs. In this condition potency or sensitivity of anaesthetic
drugs of different classes (benzodiazepines-diazepam,
midazolam; opioids-fentanyl; induction agents-propofol,
etomidate, thiopentone etc.) are increased. It mainly because
of decrease of plasma protein binding ability of drug
molecules due to competitive action of excess H *ion. As a
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result a higher number of unbound free molecules of
anaesthetic drugs remains in plasma. These pharmacological
alterations increase potency of drug effect. Metabolic
acidosis also decreases hepatic function as a result hepatic
metabolism of drug is also delayed. As a result prolong
duration of action of drugs are observed. Considering all
these factors are very much important before preparing an
anaesthetic protocol for a successful anaesthetic outcome
(Hall et al. 2001, Grimm et al. 2015, Novakovski et al.
2017, Zeiler and Pang., 2024) ['! 10.17. 301 For anaesthetic
protocol in such cases, consider those drugs that have
minimal or no cardiopulmonary depression. For
premedication glycopyrrolate is a better choice over
atropine because of better cardiovascular stability and
decreases cardiac arrhythmias which is caused by atropine
and also decreases excessive salivation. (Hall et al. 2001)
(111, For induction midazolam + etomidate or midazolam &
ketamine are good options over depending upon drug
availability due to better cardiovascular stability of
etomidate compared to propofol or alfaxolone (Pascoe et al.
1992, Sams et al. 2008, Rodriguez et al. 2012) 1% 21. 201
similarly ketamine is a respiratory stimulant drug with
excellent visceral analgesic property unlike propofol or
barbiturates (Hall et al. 2001, Grimm et al. 2015) !> 101,
Maintenance of anaesthesia can be achieved either by TIVA
bolus or CRI of etomidate or ketamine (similar to induction
agent) or by inhalant anaesthesia (isoflurane or sevoflurane)
with fresh oxygen supply throughout the anaesthetic
procedure and patient monitoring via pulse oximeter &
capnograph to maintain SpO, & EtCO, levels as per
anaesthetic requirement on the basis of patient condition.
Overventilation should be avoided as it may lead to
development of respiratory alkalosis. Cardio-respiratory
depressant drugs like alpha2 agonists, phenothiazines,
barbiturates, propofol should be avoided while preparing
anesthetic protocol. Now let’s discuss briefly about a patient
showing symptoms of respiratory alkalosis or respiratory
acidosis during anaesthesia. While maintenance of
anaesthesia, if a patient shows symptoms of respiratory
alkalosis (hyperventilation) the most common cause may be
inadequate or light level of anaesthesia (may be less dose of
anaesthetic than actually required dose, delay in
maintenance dose or low concentration of inhalant to
maintain surgical plane of anesthesia etc). This condition
can also trigger the pain sensation. Another possible cause is
inadequate ventilation setting-excess ventilation (respiration
rate) or higher tidal volume setting can ultimately decreases
PCO; levels leading to respiratory alkalosis. To correct this
condition route cause analysis is need to be done. If it’s due
to the light level of anaesthesia, it can be managed by giving
a maintenance shot (bolus) of rapid acting IV anaesthetic
like propofol, alfaxolone etc., or if patient is in inhalant
setup by increasing the concentration of inhalant drug to
produce surgical depth anaesthesia. If it’s due to improper
ventilation setting than correction of ventilation setting
decrease in respiration rate and tidal volume will improve
the patient condition. Decrease in fresh gas flow along with
re-breathing procedure PCO, & EtCO, level can be
increased to normal level. Constant monitoring of patient
via vital parameter monitor (EtCO, SpO, RR), periodic
analysis of ABG are also crucial for confirmatory diagnosis.
Respiratory acidosis during anaesthesia is marked with
contrary causes & symptoms than respiratory alkalosis,
mainly too deep anaesthesia or overdosing of anaesthesia,
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airway obstruction, improper ventilation setting, inadequate
supply of oxygen, decrease in fresh gas flow-all these
factors can potentially leads to respiratory acidosis.
Hypoventilation and build up of CO; level in the body.
Finding the route cause is essential for appropriate treatment
and management. If respiratory acidosis symptoms appears
at the end of surgical protocol due to overdosing of IV
anaesthetic drug then specific antagonist drug shots can be
given for speedy recovery or if it’s due to high concentration
of inhalant anaesthetic supply then reduce or cut the supply
of inhalant and provide fresh gas flow improve ventilation
status which ultimately improve the condition. Broncho-
stimulent like inj. doxapram can improve the ventilation
status. If airway obstruction, mechanical obstruction (faulty
ET intubation) or bronchospasm is the route cause than
correction of these faults will improve the condition like
proper intubation of ET, if upper airway obstruction is there

https://www.biochemjournal.com

than emergency tracheotomy followed by ET intubation can
be useful, if after proper intubation ET got blocked by
mucous, blood, phlegm, suctioning can be done to clear the
blockage and repositioning of ET can be done.
Bronchodilators like deriphylline inj. reduces bronchospasm
and improves ventilation status during anesthesia. Before
connecting the patient into the inhalant anaesthetic machine
proper checking of soda lime canister (CO, absorber),
oxygen cylinder status can reduce the chances of manual
error related respiratory acidosis during anaesthesia.
Changes in ventilation settings like switching to mechanical
ventilation with increased respiration rate and increased
tidal volume can counter ongoing respiratory acidosis
condition during anaesthesia. Constant patient monitoring
via ABG & vitals check are important for assessment of
correction of the condition with ongoing treatment line.

Acid Base
Imbalance
—
| [ [ |
Metabolic Respiratory Metabolic Respiratory
Acidosis Acidosis Alkalosis Alkalosis
pH decreae pH decrease pH increase pH increase
HCO; decrease PCO, increase HCO; increase PCO, decrease
| Compensatory | | Compensatory || Compenstory | = Compensatory
decrease of PCO,  increase of HCO, increase of PCO, decrease of HCO-,

Fig 1: Different types of acid base imbalance & compensatory response

Table 2: Values in different acid-base imbalance condition (Sharma et al., 2021) 221

Acid-base state

pH |HCO3|PCO2

Normal 74 24 40

Metabolic acidosis (Uncompensated) 7.2 15 40
Metabolic acidosis (Partially compensated) 7.3 15 32
Respiratory acidosis (Uncompensated) 7.2 24 90
Respiratory acidosis (Partially compensated) | 7.32 | 38 90
Metabolic alkalosis (Uncompensated) 7.6 24 20

Metabolic alkalosis (Partially compensated) 7.5 20 20

Respiratory alkalosis (Uncompensated)

7.55 | 38 40

Respiratory alkalosis (Partially compensated) | 7.5 38 50

Table 3: Compensatory mechanism in different acid base imbalance (Chaterjee and Shinde., 2012, Grimm et al., 2015, Thorp and Liss.,

2017) [6, 10, 26]
iAmcll)(zil-lgisci pH pCO:2 HCO Compensatory response
Metgbath Decreased Compensatory Decreased Hyperventilation-due to Respiratory compgnsatlon to eliminate CO2 (Rapid &
Acidosis decrease deep breathing)
Respiratory Decreased Increased Compensatory Buffer system (haemoglobin/protein/bicarbonate) regulates serum HCO3
Acidosis ) increase generation. Kidney increases HCO 3 reabsroption with increase H * secretion
Metabolic Compensatory Respiratory compensation to retain CO2 (Depression-slow & shallow
. Increased . Increased .
Alkalosis increase breathing)
Respiratory Increased Decreased Compensatory Buffer system (haemoglobin/protein/bicarbonate) regulates serum HCO3
Alkalosis decrease depletion. Kidney increases H * reabsroption with increase HCO 3 secretion
Conclusion Arterial blood gas analysis provides more accurate diagnosis

Route cause finding in acid-base imbalance is important step
for proper treatment and restoring acid-base haemostsis.

than venous blood sample to detect acid-base imbalance,
blood gas fluctuations, ventilations, oxygenations,
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electrolyte and metabolic alterations in the critically
emergency and anaesthetic patients. ABG allows to find the
underlying route cause of metabolic alterations and helps to
select the therapeutic measures. ABG analysis is a useful
tool for assessment of cardiac, pulmonary, renal,
gastrointestinal, infectious patients treatment responses. Pre-
operative ABG, CBC, LFT, KFT and intraoperative
pulseoximeter, capnography monitoring, ventilatory support
finally postoperative fluid therapy, antibiotic, analgesics
protocol all plays crucial role for a successful completion of
anaesthetic protocol and surgical procedure.
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