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ABSTRACT
Aim: The objective of this study is to assess the serum electrolyte levels, acid-base balance, and the necessity of non-
invasive ventilation in patients experiencing a hypercapnic acute exacerbation of chronic obstructive pulmonary disease.
Material and Methods: A prospective and observational study was conducted on a cohort of 100 patients who were
admitted to the Department of Pulmonary Medicine due to exacerbation of chronic obstructive pulmonary disease (COPD).
Blood investigation were performed. They include arterial blood gases (ABG) and electrolyte levels (Sodium (Na) and
potassium (K).
Results: The mean potassium of the patients who need medical treatment only was 3.69+0.39 m E g/l and mean Sodium was
137.25+£3.96 m E g/l, whereas the mean potassium for the other group was 4.29+0.55 m E ¢/l and mean Sodium was
135.1744.17 m E q/l. The mean serum Bicarbonate of the group the need medical treatment only was 23.66+2.33 m Eq /1.
The mean serum Bicarbonate of the other group was 29.01+2.11 m E g/I. In table 5, the Sodium and Potassium levels before
treatment were 135.17+4.17 and 4.29+£0.55 m E ¢/1, respectively, and mean Sodium and Potassium levels after treatment
were 133.33+3.74 and 3.42+0.52 m E ¢/1, respectively.
Conclusion: Noninvasive positive pressure ventilation (NPPV) has the potential to facilitate the effectiveness of alternative
treatments in cases of hypercapnic respiratory failure, thereby potentially circumventing the need for endotracheal
intubation. While less severe instances of acute exacerbations of chronic obstructive pulmonary disease (AECOPD) typically
exhibit reversibility, the presence of more severe respiratory failure is linked to a significant mortality rate and an extended
period of disability among those who survive.
Keywords: Serum electrolyte Acid-base balance, Non-invasive ventilation, Chronic obstructive pulmonary disease.
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Introduction diseases elicit an increase in ventilation and

The occurrence of hypercapnia and respiratory
acidosis arises from a reduction in ventilation,
resulting in an inadequate removal of carbon dioxide
by the respiratory system relative to its production in
the tissues. Lung diseases that induce irregularities in
the process of alveolar gas exchange generally do not
lead to alveolar hypoventilation. Frequently, these
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hypocapnia as a result of reflex receptors and
hypoxia [1]. Hypercapnia is commonly observed in
the advanced stages of pulmonary disease or when
the respiratory muscles become fatigued. The topics
of interest are Pediatric Respiratory Acidosis,
Metabolic  Acidosis, and Pediatric Metabolic
Acidosis. [2]Respiratory acidosis can manifest as

592



International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 12, No. 3, July-Sep 2023

either an acute or chronic condition. Acute
respiratory acidosis is characterized by an elevation
of PaCO2 above the upper limit of the reference
range, specifically exceeding 45 mm Hg, and is
accompanied by acidemia, indicated by a pH below
7.35. Chronic respiratory acidosis is characterized by
an elevation of PaCO2 beyond the upper limit of the
reference range. This condition is accompanied by a
normal or near-normal pH due to renal compensation,
as well as increased levels of serum bicarbonate
(greater than 30 m E g/L). Acute respiratory acidosis
is characterized by the sudden onset of ventilation
failure. The lack of proper ventilation can be
attributed to the suppression of the central respiratory
center caused by one or more of the following
factors: The etiology of respiratory depression can be
attributed to either central nervous system disorders
or the administration of certain drugs. The inability to
achieve sufficient ventilation can arise from
conditions such as neuromuscular diseases or
paralysis, including myasthenia gravis, amyotrophic
lateral sclerosis (ALS), Guillain-Barré syndrome, and
muscular dystrophy. Additionally, airway obstruction
is commonly associated with asthma or chronic
obstructive pulmonary disease (COPD). [4]Chronic
respiratory acidosis can arise as a result of various
disorders, such as chronic obstructive pulmonary
disease (COPD) [5]. Hypoventilation in chronic
obstructive pulmonary disease (COPD) encompasses
a range of mechanisms, which can be summarized as
follows:There is a reduced level of reactivity
observed in response to hypoxia and hypercapnia.
The occurrence of heightened ventilation-perfusion
mismatch results in an elevation in dead space
ventilation. [6] The diminished functionality of the
diaphragm resulting from fatigue and hyperinflation.
Chronic respiratory acidosis can also arise as a result
of obesity hypoventilation syndrome (OHS),
commonly known as Pickwickian syndrome. It can
also be associated with neuromuscular disorders like
amyotrophic lateral sclerosis (ALS), as well as severe
restrictive ventilatory defects seen in interstitial
fibrosis and thoracic skeletal deformities. This study
employed a pathophysiologic approach, guided by
the principles of compensation laws, to assess acute
exacerbations of Chronic Obstructive Pulmonary
Disecase (COPD). In the context of acute
exacerbations of chronic obstructive pulmonary
disease (AECOPD), the occurrence or exacerbation
of respiratory acidosis is attributed to the
hypoventilation associated with hypercapnia. Given
that a significant portion of these patients,
particularly those who are elderly and in critical
condition, are receiving multiple medications for
their coexisting medical conditions, it is quite
common for them to experience antibiotic (AB) and
electrolyte imbalances. This prevalence of AB and
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electrolytic disorders can introduce a potential bias
when interpreting the final values.

Material and Methods
A prospective and observational study was conducted
on a cohort of 100 patients who were admitted to the
Department of Pulmonary Medicine due to
exacerbation of chronic obstructive pulmonary
disease (COPD). Blood investigation were
performed. They include the following:

(1) Arterial blood gases (ABG).

(2) Electrolyte levels (Sodium (Na) and potassium

(K).

Methodology

Chest radiography has the potential to indicate the
presence of chronic obstructive pulmonary disease
(COPD), although it should be noted that it is not
considered a definitive diagnostic tool for this
condition. Radiographs were employed for the
purpose of diagnosing pneumonia and ruling out
alternative causes of dyspnea in patients with chronic
obstructive pulmonary disease (COPD), such as the
presence of ruptured emphysematous bullae. Upon
admission, all patients were administered oxygen via
nasal cannula or mask in order to maintain a normal
arterial oxygen saturation level of at least 90%.
Additionally, patients were provided with
bronchodilators, corticosteroids, and antibiotics. A
follow-up study was conducted on patients who
underwent clinical examination and laboratory
investigations. The results revealed that a portion of
the patients demonstrated improvement, while others
experienced a decline in their condition, leading to
the administration of non-invasive ventilation (NIV).
Non-invasive ventilation (NIV) was administered
using an oronasal mask in conjunction with a
pressure/volume ventilator. The adjustment of
support pressure, Positive End Expiratory Pressure
(PEEP), and triggered flows was performed in order
to achieve a tidal volume within the range of 6-8
ml/kg, optimize oxygenation, and reduce respiratory
rate. The adjustments to support pressure and positive
end-expiratory pressure (PEEP) were made in
accordance with the arterial gas measurements. The
average Inspiratory Positive Assisted Pressure (IPAP)
was determined to be 16 = 4 cm H20.

Result

In the table 1, the mean age of the NIV positive were
60.58+5.85 years and NIV negative were 63.15+5.98
years, who were admitted to the Department of
pulmonary medicine, with hypercapnic COPD
exacerbation. They were classified according to the
type of management into two groups: the first group
received medical treatment and the second received
non- invasive positive pressure ventilation (NIPPV).
The total number of patients were 100, where 80 of
them were males and 20 females.
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Table 1: Distribution of sex and age

Gender Need for non-invasive ventilation p-value
NIV Positive (N=50) NIV Negative (N=50)
Male 41 (82) 39 (78) 0.08
Female 9 (18) 11 (22)
Age 60.58+5.85 63.15+£5.98 0.33

Table 2: Arterial blood gases finding of the studied group

Acid-base disturbance Need for non-invasive ventilation | p-value
NIV Positive (N=50)| NIV Negative
(N=50)
Compensated respiratory acidosis 14 (18) 43 (86) <0.0001
Mixed respiratory acidosis and metabolic 20 (40) 5(10)
alkalosis
Combined respiratory and metabolic acidosis 16(32) 24
PO2 55.11+4.71 64.21+4.39 <0.05
PCO2 60.25+4.19 50.31+6.2 <0.05

In table: 2, according to ABG finding, patients were classified into three groups: the first group comprised
57(57%) patients who had compensated respiratory acidosis, and the majority of them (43 Patients) received
medical treatment only. The second group comprised 25(25%) patients, who had mixed respiratory acidosis and
metabolic alkalosis. Overall, 20 patients needed non-invasive mechanical ventilation with the medical treatment.
The third group comprised 18 (18%) who had combined respiratory and metabolic acidosis. Of them, 16
patients needed non-invasive mechanical ventilation with the medical treatment and mean PO2 was 55.11+4.71
mmHg whereas mean PCO2 was 60.25+4.19 mmHg.

Table 3: Electrolytes finding of the studied group

Electrolytes Need for non-invasive ventilation (Mean+SD) p-value
NIV Positive NIV Negative
Sodium (mEg/1) 135.17+4.17 137.2543.96 0.36
Potassium (mEq/1) 4.29+0.55 3.69+0.39 <0.05
Bicarbonate (mEq/1) 29.01+£2.11 23.66+2.33 <0.05

In table 3, the mean potassium of the patients who need medical treatment only was 3.69+0.39 m E g/l and mean
Sodium was 137.25+3.96 m E q/l, whereas the mean potassium for the other group was 4.29+0.55 m E g/l and
mean Sodium was 135.1744.17 m E g/l. The mean serum Bicarbonate of the group the need medical treatment
only was 23.66+2.33 m E g/I. The mean serum Bicarbonate of the other group was 29.01+2.11 m E g/I..

Table 4: Outcome and characteristic of the group that needed NIPPV from the start

Acid-base disturbance Studies groups non-invasive p-value
ventilation (N=50)
Improved (N=47) Failed (N=3)
Compensated respiratory acidosis 14 (29.79) 0 (0) <0.0001
Mixed respiratory acidosis and metabolic 19(40.43) 1(33.33)
alkalosis
Combined respiratory and metabolic acidosis 14 (29.79) 2 (66.67)
PO2 55.01+3.66 42.15+4.85 <0.0001
PCO2 60.05+3.63 57.13£3.17 0.21
Table 5: Effect of COPD treatment on the patient electrolytes
Before treatment After treatment P
Sodium (mEq/1) 135.17+4.17 133.33+£3.74 >0.05
Potassium (mEq/1) 4.29+0.55 3.42+0.52 <0.05

In table: 5, the Sodium and Potassium levels before treatment were 135.17+4.17 and 4.29+0.55 m Eq/l,

respectively, and mean Sodium and Potassium levels after treatment were 133.33+3.74 and 3.42+0.52 m Eq/l,
respectively.
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Discussion

Numerous systematic reviews and meta-analyses have
indicated a higher prevalence of chronic obstructive
pulmonary disease (COPD) among individuals who
smoke or have a history of smoking, male individuals,
and those who are aged 40 years or older. The
PLATINO study was conducted to ascertain the
prevalence of post-bronchodilator airflow obstruction
in several Latin American countries, namely Brazil,
Uruguay, Chile, Mexico, and Venezuela. The study
indicated that the highest prevalence was observed in
individuals aged 60 years and older. Individuals who
have pre-existing chronic obstructive pulmonary
disease (COPD) and experience a worsening of their
COPD symptoms, along with hypercapnic respiratory
distress or respiratory failure, are the demographic
that exhibits the highest probability of achieving
positive outcomes through the application of
noninvasive ventilation (NIV). Exacerbations in these
patients lead to an elevation in the effort required for
breathing, surpassing the patient's capacity to
adequately ventilate. This is attributed to several
mechanisms, such as heightened hyperinflation
resulting in reduced diaphragmatic excursion and
strength, augmented intrinsic positive end-expiratory
pressure (PEEP), insufficient or ineffective generation
of tidal volume, alterations in respiratory patterns, and
an elevated respiratory frequency. Noninvasive
ventilation has been shown to effectively relieve the
respiratory muscles, resulting in an increase in tidal
volume, a decrease in respiratory rate, and a reduction
in the work of breathing for the diaphragm. These
improvements are associated with enhanced
oxygenation, reduced hypercapnia, and alleviation of
dyspnea, as supported by multiple studies [7-11]. Our
study included a sample of 100 patients who
experienced exacerbation of chronic obstructive
pulmonary disease (COPD). At the outset, a cohort of
50 patients underwent medical intervention, while an
additional 50 patients required non-invasive positive
pressure ventilation (NIPPV) from the onset. Based
on the clinical evaluation and the patients' reaction to
oxygen therapy, it was observed that only three
individuals exhibited unsuccessful outcomes with
non-invasive ventilation (NIV). In our study, the
average age of individuals who tested positive for
NIV was 60.58+5.85 years, while those who tested
negative had an average age of 63.15+5.98 years. The
total sample size consisted of 100 patients, with 80
being male and 20 being female. The observed
disparities in sex may be attributed to various factors,
including variations in airway anatomy, disparities in
smoking behaviors, differences in respiratory
symptoms, and variances in environmental or
occupational exposures. These findings align with the
outcomes reported in the investigation conducted by
Struik FM et al. In the present study, the
categorization of arterial blood gases was performed,
resulting in the identification of three distinct groups.
These groups were labeled as group A, which
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represented compensated respiratory acidosis, group
B, which denoted mixed respiratory acidosis and
metabolic alkalosis, and group C, which indicated
combined respiratory and metabolic acidosis. Our
findings indicate that the group characterized by
respiratory acidosis and metabolic acidosis (group C)
exhibited the highest level of criticality, as evidenced
by the need for both non-invasive ventilation (NIV)
and transfer to the intensive care unit (ICU). This
finding aligns with the research conducted by
Windisch W et al. [13] and Windisch W et al. [14],
wherein it was posited that patients experienced a
heightened severity of their condition due to muscle
atrophy resulting from metabolic acidemia.
Nevertheless, in certain individuals, effective medical
intervention targeting the metabolic disruption, along
with the rectification of hypoxia and hypercapnia
through the administration of oxygen and non-
invasive ventilation (NIV), may enable us to
implement a secure approach that facilitates prompt
recuperation. Respiratory acidosis may give rise to a
mixed disorder involving metabolic alkalosis if there
is an excessive elevation in bicarbonate concentration
beyond the anticipated level as per the principles of
renal compensation. The occurrence of metabolic
alkalosis resulting in alveolar hypoventilation in our
patient population can be attributed to the
administration of diuretics and corticosteroids, which
led to a relative reduction in circulating blood
volume.As a result, the patients experienced the
development of acute metabolic alkalosis, which can
be linked to a significant decrease in the neural
respiratory drive.[16]In addition, metabolic alkalosis
has the potential to reduce cardiac output and disrupt
the dissociation of oxyhemoglobin.Metabolic
alkalosis has been found to be associated with an
increased requirement for non-invasive positive
pressure ventilation (NIPPV), as supported by the
findings of a study conducted by Struik FM et al.
(reference 18). However, this finding contradicts the
results of a study conducted by Duiverman ML et al.
(reference 19), which reported that patients in group B
(respiratory acidosis + metabolic alkalosis) had a
more favorable prognosis compared to those in group
A (compensated respiratory acidosis), with a lower
need for non-invasive ventilation (NIV). Our study
revealed a statistically significant correlation (p<0.05)
between elevated serum potassium levels and the
requirement for non-invasive positive pressure
ventilation (NIPPV) assistance. The increase in
potassium concentration is attributed to acidosis,
which prompts the translocation of potassium from
intracellular fluid to extracellular fluid (plasma) in a
process involving the exchange of hydrogen ions.
Additionally, renal impairment is known to result in
the condition of hyperkalemia. This analysis aims to
elucidate  the potential correlation  between
hyperkalemia and the necessity for non-invasive
positive pressure ventilation (NIPPV). Our study
found a significant correlation between acidosis and
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failure of non-invasive positive pressure ventilation
(NIPPV), which aligns with the findings of Diaz O et
al. [20]. Diaz O et al. also identified the severity of
acidosis as a predictive factor for the success of
NIPPV in patients with chronic obstructive pulmonary
disease (COPD). Furthermore, a notable correlation
was observed between reduced partial pressure of
oxygen (PO2) and non-invasive ventilation (NIV)
failure, which aligns with the findings of a previous
study conducted by Contreras M et al [21]. This study
demonstrated that failure to enhance oxygenation is
the primary factor contributing to NIV failure.In our
investigation, we observed no statistically significant
association between the patient's partial pressure of
carbon dioxide (PCO2) and the failure of non-invasive
ventilation (NIV). This finding aligns with the
research conducted by Kisaka T et al. [22], which also
failed to identify any connection between baseline
arterial blood gas (ABG) tension and the success of
NIV. However, our results differ from the study
conducted by Titlestad IL et al. [23], who
demonstrated a correlation between NIV failure and
elevated PCO2 levels. The medical intervention for
chronic obstructive pulmonary disease (COPD) has
been found to result in a reduction in the levels of
electrolytes, specifically sodium (Na) and potassium
(K), as reported in the research conducted by Chu CM
et al. The utilization of titrated oxygen therapy is
advised for patients with acute exacerbation of
chronic obstructive pulmonary disease (AECOPD)
during hospitalization. This approach is preferred as it
has been associated with reduced mortality rates and a

decreased probability of developing respiratory
acidosis or hypercapnia compared to patients
receiving high flow oxygen therapy [24].[25]

Monitoring blood gases is crucial in order to maintain
optimal oxygenation levels and prevent the
accumulation of carbon dioxide and the exacerbation
of acidosis. It is recommended to maintain a partial
pressure of oxygen (PaO2) within the range of 7.3-10
kilopascals (kPa), corresponding to a saturation of
arterial oxygen (Sa0O2) between 85% and 92%. This
range is considered essential to mitigate the risks
associated with hypoxia and acidosis.[26]

Conclusion

The pharmacological management of patients
typically involves the administration of
bronchodilators, corticosteroids, and antibiotics.

Noninvasive positive pressure ventilation (NPPV) has
the potential to facilitate the effectiveness of
alternative treatments in cases of hypercapnic
respiratory failure, thereby potentially circumventing
the need for endotracheal intubation. While less
severe instances of acute exacerbations of chronic
obstructive pulmonary disease (AECOPD) typically
exhibit reversibility, the presence of more severe
respiratory failure is linked to a significant mortality
rate and an extended period of disability among those
who survive.
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