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Abstract

Background: Disturbances in acid-base balance are frequently encountered in critically ill patients and often
reflect the severity of the underlying illness. These abnormalities have been consistently associated with
increased morbidity and mortality in intensive care units (ICUs).

Objectives: To evaluate the pattern of acid-base disorders in ICU patients and to determine their association
with mortality.

Methods: This prospective observational study was conducted over a 12-month period in the medical ICU of a
tertiary care teaching hospital in western India. One hundred adult patients admitted for more than 12 hours
were included. Acid-base disorders were identified using arterial blood gas (ABG) analysis following a
structured five-step interpretative approach. Acid-base and biochemical parameters were compared between
survivors and non-survivors.

Results: The mean age of the study population was 52.6 + 13.36 years, with a male predominance (63%).
Mixed acid-base disorders were more frequent than isolated abnormalities (61% vs 39%). Metabolic acidosis
(18%) was the most common isolated disorder, while metabolic alkalosis combined with respiratory alkalosis
(23%) was the most frequent mixed disorder. ARDS (28%) and sepsis (18%) were the leading primary
diagnoses. Overall mortality was 35%. Non-survivors had significantly lower pH, bicarbonate, sodium, and
oxygen saturation, along with higher PaCO, anion gap, and serum creatinine (p < 0.05).

Conclusions: Acid-base disorders are highly prevalent among critically ill patients, with mixed abnormalities
predominating. Significant derangements in acid—base parameters are associated with increased mortality,
emphasizing the importance of early recognition and timely correction.
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Introduction

Maintenance of acid—base homeostasis is essential abnormalities, both of which are associated with

for normal cellular metabolism, enzymatic activity,
and cardiovascular stability [1]. In critically ill
patients, this balance is frequently disrupted due to
sepsis, respiratory failure, renal dysfunction,
metabolic derangements, and iatrogenic factors
such as intravenous fluid therapy and mechanical
ventilation [2,3,8]. These disturbances often
coexist, resulting in complex mixed acid-base
disorders in ICU settings.

Previous studies have demonstrated that a
substantial proportion of ICU patients develop
metabolic  acidosis or mixed acid-base
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increased morbidity and mortality [1,4,7]. Acute
deviations in blood pH can impair myocardial
contractility, reduce oxygen delivery, alter vascular
tone, and precipitate multiorgan dysfunction [9—
11]. Arterial blood gas analysis remains the
cornerstone for evaluating acid-base status,
ventilation, and oxygenation in critically ill patients
[3-5]. A structured approach to ABG interpretation
facilitates early identification of mixed and triple
acid-base disorders, which are particularly
common in ICU populations [6,12].
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However, data describing the spectrum and
prognostic relevance of acid—base disorders from
Indian ICUs are limited. The present study was
therefore undertaken to characterize acid—base
abnormalities in critically ill patients and examine
their relationship with clinical outcomes.

Materials and Methods

Study Design and Setting: This prospective
observational study was conducted in the medical
ICU of a tertiary care urban teaching hospital in
Ahmedabad, India.

Study Duration: December 2021 to December
2022.

Study Population: A total of 100 adult patients
admitted to the medical ICU were enrolled.

Inclusion Criteria

o Age>18years
o ICU stay of at least 12 hours

Exclusion Criteria

e Surgical ICU admissions
e  Obstetric and gynecological patients
o Incomplete clinical or laboratory records

Ethical Considerations: Approval was obtained
from the Institutional Ethics Committee. Written
informed consent was secured from patients or
their legally authorized representatives in
accordance with established ethical guidelines [14].

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Acid-Base Analysis: Arterial blood samples were
obtained under aseptic conditions. Acid-base
disorders were evaluated using a standardized five-
step approach based on classical and contemporary
acid-base physiology [3-6,12]:

1. Validation of ABG values

2. Identification of the primary acid-base
disorder using pH

3. Assessment of expected compensatory
responses

4. Calculation of the anion gap
5. Detection of mixed or triple acid-base
disorders

Interpretation of the anion gap was performed with
consideration of its known limitations in critically
ill patients, particularly in the presence of
hypoalbuminemia [15,16].

Statistical Analysis: Statistical analysis was
performed using IBM SPSS version 22.0.
Continuous variables were expressed as mean =+
standard deviation and compared using Student’s t-
test. Categorical variables were expressed as
proportions and analyzed using the Chi-square or
Fisher’s exact test. A p-value < 0.05 was
considered statistically significant [17].

Results

Demographic Profile: The mean age of the study
population was 52.6 + 13.36 years. Male patients
accounted for 63% of the cohort.

Table 1: Demographic characteristics of ICU patients (N = 100)

Variable Value
Mean age (years) 52.6+13.36
Male 63 (63%)
Female 37 (37%)
Male : Female ratio 1.7:1

Comorbidities: Hypertension (66%) and diabetes mellitus (58%) were the most frequently observed comorbid
conditions, followed by chronic obstructive pulmonary disease, cerebrovascular disease, chronic liver disease,

and chronic kidney disease.

Table 2: Distribution of comorbidities

Comorbidity Number (%)
Hypertension 66 (66%)
Diabetes mellitus 58 (58%)
COPD 25 (25%)
Cerebrovascular disease 19 (19%)
Chronic liver disease 17 (17%)
Chronic kidney disease 16 (16%)

Primary Diagnosis: ARDS was the most common indication for ICU admission, followed by sepsis and acute

exacerbation of COPD.
Table 3: Primary diagnosis at ICU admission
Diagnosis Number (%)
ARDS 28 (28%)
Sepsis 18 (18%)
Acute exacerbation of COPD 14 (14%)
Diabetic ketoacidosis 11 (11%)
Decompensated CLD 10 (10%)
AKI on CKD 8 (8%)
Miscellaneous 11 (11%)
Prajapati et al. International Journal of Current Pharmaceutical Review and Research
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Diagnosis Distribution (n=100)

Miscellaneous (11, 11.0%)

o,
ARDS (8. 28.0%1 AKI on CKD (8, 8.0%)

Decompensated CLD (10, 10.0

Diabetic ketoacidosis (11, 11.0%)

Sepsis (18, 18.0%)

Acute exacerbation of COPD (14, 14.0%)
Figure 1: Primary diagnosis
Pattern of Acid-Base Disorders: Mixed acid—base disorders were observed more frequently than isolated
abnormalities (61% vs 39%). Among isolated disorders, metabolic acidosis predominated. The most frequent
mixed pattern was metabolic alkalosis combined with respiratory alkalosis.

Table 4: Pattern of acid—base disorders

Acid-base disorder Number (%)
Simple disorders

Metabolic acidosis 18 (18%)
Metabolic alkalosis 13 (13%)
Respiratory alkalosis 4 (4%)
Respiratory acidosis 4 (4%)
Mixed disorders

Metabolic alkalosis + respiratory alkalosis 23 (23%)
Metabolic acidosis + respiratory acidosis 18 (18%)
Metabolic alkalosis + respiratory acidosis 9 (9%)
Metabolic acidosis + respiratory alkalosis 7 (71%)

Triple acid—base disorders 4 (4%)
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Distribution of Acid-Base Disorders in ICU Patients
Triple acid-base disorders

Metabolic acidosis + Respiratory alkalosis

Metabolic acidosis

Metabolic alkalosis + Respiratory acidosis

Metabolic alkalosis

Metabolic acidosis + Respiratory acidosis

Respiratory alkalosis

Respiratory acidosis

Metabolic alkalosis + Respiratory alkalosis

Figure 2: Pattern of Acid base disorder
Clinical Outcome: Overall mortality in the study population was 35%.

Table 5: Comparison of acid—base parameters in survivors and non-survivors

Parameter Survivors Non-survivors p-value

pH 7.39+0.12 7.20+0.70 0.031

PaCO: (mmHg) 36.84 £ 16.36 54.73 £35.80 <0.0001

HCOs™ (mEg/L) 25.16 £7.03 21.28 £ 8.90 0.019

Anion gap (mEg/L) 11.03 £4.49 15.74 £3.45 <0.0001

Sa0: (%) 95.10 +£2.40 93.08 +1.70 <0.0001

Serum creatinine (mg/dL) | 1.11 £0.15 1.88 £0.47 <0.0001

Sodium (mEg/L) 13593 £5.17 132.02 +5.40 <0.0001

Discussion levels. These abnormalities have consistently been

associated with adverse outcomes in critically ill
populations,  highlighting  their =~ prognostic
significance [1,2,26].

The present study demonstrates a high prevalence
of acid-base disturbances among critically ill
patients, with mixed acid-base disorders occurring
more frequently than isolated abnormalities. This Conclusions
finding mirrors observations from previous ICU-
based studies and reflects the complex,
multifactorial pathophysiology of critical illness
[1,7,18-20]. Metabolic acidosis was the most
common isolated disorder, likely attributable to
sepsis, renal dysfunction, lactic acidosis, and
diabetic ketoacidosis [9,23-25]. The predominance
of mixed acid-base disorders among patients with
ARDs may be explained by the combined effects of
hypoxia, systemic inflammation, dehydration, and
multiorgan involvement. Non-survivors exhibited References
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