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Abstract: 
Background: Electrolyte disturbances are common in hypercapnic acute exacerbations of COPD (AECOPD) and 
may influence clinical outcomes, particularly the response to noninvasive ventilation (NIV). Identifying early 
predictors of NIV failure is crucial to guide timely escalation of care. This study evaluated the association between 
serum electrolytes (Na⁺, K⁺, Cl⁻) and NIV outcomes in hypercapnic AECOPD. 
Methods: This retrospective study included 178 patients with hypercapnic AECOPD admitted over one year in a 
tertiary care hospital. Clinical parameters, ABG profiles, and serum electrolytes at admission were recorded. 
Patients were categorized into acid–base subgroups, and NIV was initiated based on persistent respiratory acidosis 
and clinical distress. Electrolytes were compared between NIV success and NIV failure groups using the Student’s 
t-test (p < 0.05). 
Results: NIV failure was associated with significantly lower pH, higher PaCO₂, reduced PaO₂/FiO₂ ratio, and 
elevated lactate levels. Electrolyte abnormalities were notable, with higher serum potassium and lower chloride 
in the NIV failure group, while sodium levels were similar. Patients with respiratory plus metabolic acidosis had 
the highest NIV failure rate (95%), whereas respiratory acidosis with metabolic alkalosis showed the best 
outcomes. Diuretic use was common and may have contributed to metabolic patterns across groups. 
Conclusion: Serum potassium and chloride disturbances are important early predictors of NIV failure in 
hypercapnic AECOPD and should be closely monitored. 
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Introduction

Hypercapnic respiratory failure in chronic 
obstructive pulmonary disease (COPD) 
exacerbations is a complex clinical condition 
characterized not only by elevated PaCO₂ and 
acidosis but also by disturbances in both acid–base 
and hydro-electrolyte balances. Acid–base 
derangements arise from alveolar hypoventilation, 
leading to respiratory acidosis, and are frequently 
compounded by associated metabolic abnormalities 
due to comorbidities and multi-drug therapy in 
affected patients. Mixed acid–base disorders and 
hydro-electrolyte imbalances, including 
hyponatremia, hypokalemia and hypochloremia, 
have been observed in COPD patients with 
hypercapnic respiratory failure and are associated 
with more severe physiologic disturbances and 
prolonged need for noninvasive ventilation (NIV) 
support [1,2]. In one study of hypercapnic COPD 
exacerbations, lower serum sodium and chloride 
levels were correlated with longer durations of NIV 
and more complex acid–base profiles, suggesting 
that electrolyte disturbances may reflect greater 

severity of respiratory failure and metabolic 
dysregulation [1].  

Electrolyte imbalances have been shown to 
influence outcomes in patients with respiratory 
failure more broadly, with sodium abnormalities 
exhibiting a U-shaped relationship with mortality 
risk and potassium derangements linked to adverse 
prognosis [3]. Although previous work has focused 
on mortality and general outcomes in heterogeneous 
respiratory failure populations, specific evaluation 
of sodium, potassium and chloride as predictors of 
NIV failure in COPD remains underexplored [4-6]. 
The interplay between acid–base compensation, 
renal electrolyte handling and ventilatory support 
efficacy suggests that derangements in Na⁺, K⁺ and 
Cl⁻ could serve as important biomarkers for 
identifying patients at heightened risk of failing NIV 
and requiring escalation to invasive support. 
Therefore, this study aims to investigate the 
prognostic value of serum electrolyte levels in 
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predicting NIV failure among COPD patients 
presenting with hypercapnic exacerbations. 

Materials and Methods 

Study Design and Setting: This retrospective 
observational study was conducted in a tertiary care 
hospital over a period of one year. All patients 
admitted with hypercapnic acute exacerbation of 
chronic obstructive pulmonary disease (AECOPD) 
during the study period were screened. COPD and 
AECOPD were defined according to GOLD 
guidelines, and hypercapnia was identified as a 
PaCO₂ level >45 mmHg [7,8]. 

Patient Selection and Sample Size: A total of 178 
patients with hypercapnic AECOPD were included. 
Patients were excluded if they were receiving home-
based NIV, had radiological evidence of pneumonia, 
had acute respiratory distress syndrome, or 
presented with severe respiratory failure requiring 
immediate invasive ventilation in the ICU (pH < 7.1, 
hypercapnic coma, or hemodynamic instability). 
After applying these criteria, the final analytic 
cohort consisted of patients suitable for evaluation 
of electrolyte abnormalities and NIV response. 

Clinical Evaluation and Laboratory 
Measurements: All eligible patients underwent a 
standardized clinical assessment at admission that 
included anthropometric parameters, vital signs, 
neurological evaluation using the Glasgow Coma 
Scale, complete blood count, biochemical profile, 
and arterial blood gas (ABG) analysis. Serum 
electrolyte concentrations (Na⁺, K⁺, Cl⁻) measured at 
admission were recorded as primary variables of 
interest. Based on ABG interpretation, patients were 
categorized into three acid–base profiles: 
compensated respiratory acidosis, respiratory 
acidosis with metabolic alkalosis, and respiratory 
acidosis with metabolic acidosis. All patients 
received guideline-based treatment for AECOPD, 
including controlled oxygen therapy, nebulized 
bronchodilators, systemic corticosteroids, 
antibiotics, and management of comorbidities. 

Noninvasive Ventilation Protocol and Definition 
of NIV Failure: NIV was initiated when optimal 

pharmacological management and oxygen 
supplementation failed to produce clinical 
improvement, and patients continued to exhibit 
persistent respiratory acidosis (pH < 7.35 and/or 
PaCO₂ >45 mmHg), significant dyspnea, and 
increased work of breathing [9]. NIV was delivered 
using an oronasal mask connected to a pressure-
support ventilator. Inspiratory pressure, PEEP, and 
trigger sensitivity were adjusted to achieve tidal 
volumes of 6–8 mL/kg, improved oxygenation, and 
reduced respiratory rate. NIV was discontinued 
when the patient achieved clinical stability, defined 
by normalized pH, adequate oxygenation, and 
reduced respiratory distress. 
NIV failure was defined as the need for escalation to 
invasive ventilation due to worsening respiratory 
acidosis, increasing PaCO₂, altered mental status, or 
cardiovascular instability. 

Electrolyte Analysis and Outcome Measures: 
Serum sodium, potassium, and chloride levels at 
admission were analyzed to determine their 
predictive value for NIV failure. The primary 
outcome measure was the occurrence of NIV failure, 
and electrolyte abnormalities were compared 
between successful vs failed NIV groups.  

Statistical Analysis: Data were expressed as mean 
± standard deviation. Differences in electrolyte 
levels between NIV success and NIV failure groups 
were analyzed using the Student’s t-test. A p-value 
< 0.05 was considered statistically significant. 

Results 

In this study, NIV failure was associated with 
significantly worse metabolic and respiratory 
parameters compared to NIV success. Patients who 
failed NIV had lower serum albumin, higher CRP, 
higher heart rate, and markedly poorer gas 
exchange, reflected by lower pH, higher PaCO₂, 
lower PaO₂/FiO₂ ratio, and elevated lactate levels. 
Electrolyte disturbances were also notable, with 
NIV failure patients showing higher serum 
potassium and lower chloride levels, while sodium 
remained comparable between groups (Table 1).
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Table 1: Clinical, Respiratory, and Metabolic Characteristics of the Study Population (N = 178) 
Variables NIV Success (N = 89) NIV Failure (N = 89) p-value 
Age (years) 77.5 ± 8.8 77.6 ± 10.7 0.94 
Gender (M/F) 47/42 45/44 0.85 
Glucose (mg/dL) 142.3 ± 48.9 156.2 ± 76.5 0.26 
Serum Uric Acid (mg/dL) 6.3 ± 2.0 6.6 ± 2.6 0.60 
Serum Albumin (g/dL) 3.3 ± 0.5 2.9 ± 0.5 <0.001 
C-Reactive Protein (mg/L) 76.9 ± 75.7 27.4 ± 34.4 0.039 
Serum Creatinine (mg/dL) 1.08 ± 0.58 1.29 ± 0.88 0.14 
GFR (ml/min/1.73 m², MDRD) 71.8 ± 32.0 72.7 ± 49.3 0.91 
Heart Rate (bpm) 83.8 ± 12.7 93.6 ± 13.6 <0.001 
SBP (mmHg) 124.1 ± 17.0 120.0 ± 17.9 0.21 
DBP (mmHg) 74.2 ± 9.9 72.5 ± 10.2 0.38 
PaO₂ (mmHg) 58.4 ± 13.5 60.2 ± 16.2 0.54 
PaO₂/FiO₂ 255.9 ± 38.6 200.2 ± 57.6 <0.001 
pH 7.42 ± 0.05 7.29 ± 0.11 <0.001 
PaCO₂ (mmHg) 50.5 ± 5.5 75.5 ± 19.8 <0.001 
Lactate (mmol/L) 1.38 ± 0.68 2.01 ± 1.76 0.017 
Serum HCO₃⁻ (mmol/L) 32.6 ± 5.5 36.0 ± 10.1 0.036 
Serum Na⁺ (mmol/L) 138.6 ± 3.9 139.1 ± 6.9 0.63 
Serum K⁺ (mmol/L) 4.4 ± 0.6 4.7 ± 0.8 0.037 
Serum Cl⁻ (mmol/L) 99.4 ± 3.9 96.6 ± 8.1 0.030 

Values are presented as mean ± SD. 
 

 
Figure 1: Metabolic Characteristics of the Study Population 

 
Analysis of acid–base patterns showed that patients 
with respiratory acidosis plus metabolic alkalosis 
had the highest NIV success rate, whereas those with 
combined respiratory and metabolic acidosis had a 

very high NIV failure rate. Compensated respiratory 
acidosis demonstrated an intermediate risk, 
highlighting a clear gradient of NIV outcomes based 
on acid–base status (Table 2).

 
Table 2: NIV Outcomes According to Acid–Base Classification (N = 178) 

Acid–Base Pattern Total (N) NIV Success n (%) NIV Failure n (%) 
Respiratory acidosis + metabolic alkalosis 58 44 (76%) 14 (24%) 
Compensated respiratory acidosis 82 43 (52%) 39 (48%) 
Respiratory + metabolic acidosis 38 2 (5%) 36 (95%) 

χ² < 0.001 
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Figure 2: NIV Outcomes According to Acid–Base Classification 

 
Medication profiling revealed that diuretic use was 
extremely common across all acid–base categories, 
particularly in patients with metabolic alkalosis. 
ACE inhibitors, ARBs, calcium channel blockers, 
and beta-blockers showed variable distribution 

across groups, indicating heterogeneous 
cardiovascular drug exposure that may influence 
metabolic patterns but not necessarily NIV 
outcomes (Table 3).

 
Table 3: Cardiovascular Drug Use by Acid–Base Category and in the Overall Cohort (N = 178) 

Medication Metabolic 
Alkalosis 
Group (N = 58) 

Compensated 
Respiratory Acidosis 
Group (N = 82) 

Metabolic 
Acidosis Group 
(N = 38) 

Total 
Cohort (N = 
178) 

Diuretics 53/58 62/82 35/38 150/178 
ACE inhibitors 15/58 20/82 6/38 41/178 
ARBs 19/58 24/82 8/38 51/178 
Calcium channel blockers 8/58 24/82 5/38 37/178 
Beta-blockers 5/58 6/82 1/38 12/178 
Nitroglycerin 8/58 5/82 2/38 15/178 
Potassium-sparing 
diuretics 

6/58 5/82 2/38 13/178 

 
Discussion 

Hypercapnic AECOPD is a critical clinical event 
requiring careful evaluation, as multiple 
determinants—age, comorbidities, disease severity, 
hemodynamic stability, respiratory acidosis, and 
underlying acid–base (AB) and hydro-electrolytic 
(HE) imbalances—affect the likelihood of recovery 
and the need for ventilatory support [10]. In our 178-
patient cohort, we observed that NIV failure was 
strongly associated with more severe respiratory 
acidosis, markedly lower pH, higher PaCO₂, 
elevated lactate, and significant electrolyte 
abnormalities, particularly increased serum 
potassium and reduced chloride levels. These 
physiological disturbances reflect the acute 
metabolic burden experienced by patients presenting 

with sudden decompensation, often driven by renal 
impairment, poor diabetes control, or fluid loss, all 
of which can rapidly destabilize AB and HE 
equilibrium. 

Patients classified with combined respiratory and 
metabolic acidosis exhibited the poorest prognosis, 
showing a 95% NIV failure rate and the highest need 
for escalation of care, consistent with earlier 
findings that inadequate metabolic compensation 
and renal dysfunction worsen outcomes in 
hypercapnic AECOPD [11]. In contrast, patients 
with respiratory acidosis accompanied by metabolic 
alkalosis demonstrated a substantially lower NIV 
requirement, mirroring situations where diuretic- or 
steroid-induced alkalosis, hypovolemia, or chloride 
depletion can be rapidly corrected. Similar to 
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previous evidence showing improved ventilation 
after withdrawal of loop diuretics in COPD patients 
with edema [13], many of these patients in our 
cohort recovered stabilizing acid–base status once 
volume and chloride levels were restored, 
highlighting the importance of targeted correction of 
metabolic alkalosis in preventing NIV failure. 

Lactate levels were significantly higher in the NIV 
failure group, supporting prior observations that 
elevated lactate serves as a marker of tissue hypoxia, 
respiratory muscle fatigue, and more severe COPD 
exacerbations [1]. However, the clinical 
interpretation of lactate varied depending on the 
acid–base category. In metabolic alkalosis, 
moderate lactate elevation may reflect an adaptive 
metabolic response (“good lactate”), whereas in 
combined respiratory and metabolic acidosis, 
elevated lactate likely indicates impaired perfusion 
and more severe physiological compromise (“bad 
lactate”) [13,14]. This distinction was evident in our 
patients, where the highest lactate levels and highest 
NIV failure rates co-occurred in those with mixed 
acidosis, underscoring lactate’s role as a clinically 
meaningful predictor of adverse outcomes. 

The observed associations between PaCO₂ and 
electrolyte changes align with established 
physiological responses described in classical 
hypercapnia studies. As PaCO₂ increased, 
bicarbonate rose due to renal compensation, while 
serum chloride decreased proportionately—an 
expected pattern that maintains electroneutrality and 
reflects the renal adjustments described by Brackett 
et al. [15] and in chronic hypercapnia research [16]. 
Interpreted through Stewart’s Strong Ion Difference 
framework, this relative hypochloremia increases 
SID and drives metabolic alkalosis through shifts in 
the H⁺/HCO₃⁻ equilibrium [17]. In our cohort, the 
inverse correlation between PaCO₂ and chloride was 
consistent across all acid–base groups, reinforcing 
the significance of chloride as an indicator of 
metabolic compensation and as a potential 
contributor to NIV failure risk in hypercapnic 
AECOPD. 

Conclusion 

Serum electrolyte abnormalities, particularly 
elevated potassium and reduced chloride levels, 
were strongly associated with NIV failure in patients 
with hypercapnic AECOPD. These disturbances 
reflect underlying acid–base derangements that 
impair physiological compensation and worsen 
ventilatory status. Given their routine availability, 
electrolytes can serve as simple, early predictors of 
NIV outcome, enabling clinicians to identify high-
risk patients and initiate timely escalation of care, 
ultimately improving clinical decision-making in 
acute COPD management. 
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