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Aim: This study was aimed to assess acid-base and electrolyte disturbances among intensive care
patients. Materials and Methods: The study was conducted in the Department of Biochemistry
with the Department of Anaesthesia intensive care unit (ICU), Govind Ballabh Pant Institute of
Postgraduate Medical Education and Rescarch, Delhi, India. Thirty critically ill patients from the
ICU were enrolled in the study and arterial blood gas (ABG) with serum electrolytes was performed
within 24 h of admission. Results: Out of 30 patients, 14 (46.67%) patients had no respiratory
disturbance and 16 (53.33%) developed respiratory complications; 3 (10%) had metabolic alkalosis,
7 (23.33%) had metabolic acidosis, 4 (13.33%) had respiratory alkalosis, and 2 (6.66%) suffered from
respiratory acidosis. Hyponatremia was present in ICU patients both that got discharged (130.95 £
11.62 mEq/L) after improvement and those who expired (133.31 £ 7.71 mEq/L) during hospital
stay. Mean serum potassium levels and chloride levels were normal among discharged and expired
patients. Conclusion: The present study showed that hyponatremia was the most common electrolyte
disorder seen in our patients and metabolic acidosis was the most common acid-base disturbance.
Electrolyte and acid-base disturbances, especially hyponatremia and acidosis, were highly associated
with ICU mortality. These disturbances should be monitored closely, diagnosed early, and managed
correctly during hospitalization and iatrogenic factors should be avoided.
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Introduction

Electrolyte and acid-base disturbances are frequent and potentially
dangerous complications seen commonly in critically ill patients
admitted to the intensive care unit (ICU). The incidence of electrolyte
and acid-base disturbances varies depending on the different

underlying diseases and comorbidities.!"”) ICU patients commonly
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suffer from disease states such as acute respiratory distress syndrome,
uncontrolled diabetes mellitus, acute or chronic renal failure, acute
or chronic respiratory failure, shock, severe cardiovascular events,
trauma, multiple organ failure, and sepsis.™* Critically ill patients
with hypoxemia, deteriorating oxygen saturations, increasing
breathlessness, or hypercapnia typically require measurement of blood

gases for their management. !

Among the various diagnostic investigations carried out in ICU
patients, arterial blood gas (ABG) analysis is one of the most
common. It is essential for assessing clinical oxygenation, acid-
base status, and the degree of compensation that have occurred in

these patients.*! It provides important information about ventilation,
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oxygenation, and acid-base status.” It is essential to identify these
changes to correct and treat the underlying conditions which cause

them, and to maintain pH homeostasis and prevent organ dysfunction.

Cornock noted that the ABG is used to describe a set of values that
permit the assessment of an individual’s ability to maintain normal
cell function."” Acute respiratory failure is a common problem seen
among ICU patients with a mortality rate as high as 45%."" The
incidence of adult primary respiratory failure in the United States
accounts for 137 hospitalizations per 100,000 residents annually.!"
In India, the overall prevalence of chronic cough, chronic phlegm,
and dyspnea was 2.0%, 1.2%, and 3.4%, respectively, and for chronic
obstructive pulmonary discase has a reported prevalence ranging from
1.4% to 9.4% in males and 1.3-4.9% in females.!"*!

Proper ABG interpretation allows for the assessment of oxygenation,
acid-base status, whether or not it is respiratory, metabolic or mixed,
and the degree of compensation. " Interpreting ABGs are a crucial skill
for physicians, nurses, respiratory therapists, and other health-care
personnel to prevent complications such as electrolyte imbalance,
muscle weakness, narcosis, respiratory failure, organ failure, seizures,

chronic kidney discase, arrhythmias, coma, shock, and death.!*

Electrolyte disorders are among the most common clinical problems
encountered in ICU patients. Conditions such as severe burns, trauma,
sepsis, brain injury, and heart failure lead to disturbances in fluid
and electrolyte homeostasis. There are numerous potential causes
of fluid and electrolyte imbalances in critically ill patients: Renal
hypoperfusion leading to pre-renal azotemia or tubular necrosis
activation of hormonal systems such as renin-angiotensin-aldosterone
system and vasopressin (ADH), third spacing of fluid or insensible
fluid loss, and medication such as cyclosporine and aminoglycoside
antibiotics. In addition, inappropriate administration of fluid and
electrolytes should be considered in the diagnosis and treatment of

fluid and electrolyte disturbances."’!

Limited data exist on the prevalence of these disturbances in critically
ill patients. The presence of these disorders may not only signal severe
underlying pathophysiology but could also be a significant marker of
adverse outcomes. It is currently not established whether electrolyte
and acid-base disturbances are independent contributors to mortality
in ICU patients. The purpose of this study is to assess acid-base and
electrolyte disturbances among ICU patients and their relation to

outcomes, specifically survival.

Aims and objective

The primary objective of this study was to assess electrolyte and acid-
base imbalances commonly seen in ICU patients and to assess survival
outcome of electrolyte imbalance associated with low Glasgow Coma

Scale (GCS) patients in the medical ICU.

Materials and Methods

The study was conducted in the Department of Biochemistry in
collaboration with the Department of Anaesthesia ICU, Govind Ballabh

Pant Institute of Postgraduate Medical Education and Research, Delhi,
India. Thirty critically ill patients in the ICU were enrolled in the study
with informed consent. The study is approved with Institutional Ethics
Committee as F.1/IEC/MAMC/65/No-372, December 2018. ABG
analysis along with other relevant investigations was done within the
first 24 h of ICU admission. The hospitalization details and progress
of the patients were collected from the in-hospital records. Patients
were followed-up until the end points, that is, discharge by the treating
physician, discharge against medical advice, or in-hospital death.

The arterial whole blood sample was taken heparinized syringe and
transported in ice packs for ABG analysis within 15 min of collection
as per protocol. The sample was immediately analyzed on NOVA Stat
Profile Prime Plus Critical Care Analyzer in the laboratory for pH,
partial pressure of dissolved oxygen in blood (pO2), partial pressure
of carbon dioxide in blood (pCO?2), and bicarbonates. The results
obtained were tabulated and recorded accordingly.

The normal ranges for the estimated ABG parameters are given
below.!"!

1. Blood pH=7.35-7.45

2. Partial pressure of O, (pO2)=75-100mm Hg
3. Partial pressure of CO, (pCO2)=35-45mm Hg
4

Bicarbonate ions (HCO,-)=22-26mmol/L.

The measurement of electrolytes — sodium, potassium, and
chloride was done on NOVA Stat Profile Prime Plus Critical
Care Analyzer. The reference range for sodium, potassium, and
chloride is 135—145 mEq/L, 3.5-5.5 mEq/L, and 96—106 mEq/L,
respectively.!"” Blood glucose levels were estimated by fully automated
GOD POD method at the time of admission of patients to the ICU.

Data were presented as percentage (%) for frequencies and mean and
standard deviation for continuous variables. Independent Student’s t-test

was done for comparison of continuous variables using SPSS 13 software.

Results

Mean age, HR, and SBP were comparable in both discharged patients
and expired patients. Expired patients (192.13 £ 124.65 mg/dL)
had mean serum glucose levels at the time of hospital admission
were higher than those who got discharged (142.27 £ 27.51 mg/dL)
after hospital stay, although this did not reach statistical significance
(P = 0.125) [Figure 1]. This indicated that mortality rate becomes
higher as glucose levels increase in critically ill patients. Creatinine
levels were comparable in both discharged patients and expired
patients. Hyponatremia was present in ICU patients who got
discharged (130.95 & 11.62 mEq/L) and those who expired (133.31
1 7.71 mEq/L) during hospital stay. Mean serum potassium levels and
chloride levels were normal among discharged and expired patients.
Hypocalcemia was present in critically ill patients those got discharged
(1.10 £ 0.19 mmol/L) after improvement as well as those who got
expired (1.02 £ 0.15 mmol/L).

Out of 30 patients admitted in ICU, 8 patient’s expired (26.66%) and
22 (73.33%) patients were discharged in stable conditions.
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Out of 30 patients, 14 (46.67%) patients were normal without
any respiratory disturbance and 16 (53.33%) patients developed
respiratory complications; 3 (10%) had metabolic alkalosis,
7 (23.33%) had metabolic acidosis, 4 (13.33%) had respiratory
alkalosis, and 2 (6.66%) suffered from respiratory acidosis. There was
no statistically significant difference in pH between those who were

discharged and those who expired (P = 0.88).

Out of 22 patients who got discharged from ICU, 12 (54.54%)
had hyponatremia, 11 (50%) had hypokalemia. and 5 (22.7%) had
hypochloremia. Out of cight patients who expired during hospital
stay, 3 (37.5%) had hyponatremia, 4 (50%) had hypokalemia, and
also 1 (12.5%) had hypochloremia.

Discussion

Respiratory disturbances are common among ICU patients as
shown in our study. Out of 30 critically ill patients admitted to
our ICU, 16 (53.33%) presented with respiratory disturbances.
Out of the 16 patients with respiratory disturbance, 3 (10%) had
metabolic alkalosis, 7 (23.33%) had metabolic acidosis, 4 (13.33%)
had respiratory alkalosis, and 2 (6.66%) suffered from respiratory
acidosis [Table 1].

Electrolyte and acid-base disturbances present differently among
ICU patients depending on various underlying disease states. Table 2
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Figure 1: pH levels in discharged and expired patients (P = 0.88)
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Figure 2: Outcome of critically ill patients

shows broad categorization of critically ill patients according to
different disease states. Baseline characteristics of critically ill patients
(discharged and expired) are shown in Table 3. Out of 30 patients
admitted in ICU, 8 patient’s expired (26.66%) and 22 (73.33%)
patients were discharged in stable conditions [Figure 2].

In the critical cardiac unit, the incidence of hyponatremia but not
hypernatremia was higher in non-survivors than survivors (61.5%
vs. 24.8%, respectively, P =0.000). Hyponatremia in these patients
may be a marker of neurohormonal activation that reflects the severity
of heart failure (HF),"¥ but it may occur following HF therapy.”
Diuretics are one of the most common causes of drugs induced
hyponatremia.” Respiratory acidosis is not the only acid-base
disturbance observed in patients with acute and chronic respiratory
failure. Both metabolic acidosis and metabolic alkalosis can coexist
with respiratory acidosis. Heart failure, acute pulmonary edema,
renal failure, and the onset of sepsis or severe hypoxia are the most
common causes of metabolic acidosis associated with hypercapnia.l”'!
Metabolic alkalosis may also be the consequence of a too high minute

ventilation in patients undergoing mechanical ventilation.*?!

Our results showed that of the 22 patients who got discharged from
ICU, 12 (54.54%) had hyponatremia, 11 (50%) had hypokalemia,
and 5 (22.7%) had hypochloremia. Out of the 8 patients who
expired, 3 (37.5%) had hyponatremia, 4 (50%) had hypokalemia,
and 1 (12.5%) had hypochloremia [Table 4, Figure 3].

Electrolytes such as sodium (Na), potassium (K), and chloride (Cl)
are critical in allowing cells to generate energy, maintain the stability
of their walls, and allow the body to work. Studies had reported that
electrolyte imbalances are associated with increased morbidity and
mortality in critically ill patients. Development of hyponatremia in
ICU patients is associated with disturbances in the renal mechanism
of urinary dilution and can lead to cellular dehydration and central
nervous system damage. Serious disorders such as burns, trauma,
sepsis, acute liver disease, heart failure, and CNS damage along with
a myriad of medications used in the ICUs can lead to disturbances in

fluid and electrolyte homeostasis.!'”

Table 1: Acid-base disturbances among critically ill patients

Respiratory disturbance n=No. of cases Percentage
Metabolic alkalosis 3 10
Metabolic acidosis 7 23.33
Respiratory alkalosis 4 13.33
Respiratory acidosis 2 6.66

Table 2: Broad categorization of critically ill patients

Disorders n=No of patients/30 (%)
Gastrointestinal disorders (e.g., upper 13 (43.33)

Gl bleed, acute necrotizing pancreatitis)

Carcinoma (Ca esophagus, 07 (23.3)
periampullary carcinoma)

Cardiac disorders (e.g., left MCA) 05 (16.66)
Miscellaneous (e.g., sepsis) 05 (16.66)

.Innovations in Pharmaceuticals and Pharmacotherapy | Apr-Jun 2021 | Vol 9 | Issue 2
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Hyponatremia can result from abnormal vasopressin production
(SIADH), loop diuretics, thiazides, osmotic diuretics, and tubular
damage that reduce Na and Cl in diluted part of urine. Signs and
symptoms of hyponatremia are seen mainly when Na levels are
rapidly reduced to less than 125 mEq/L.”" Seizures and coma
caused by cerebral edema are seen when Na is less than 110 mEq/L.
Hyponatremia symptoms may not be seen in ventilated patients and,
therefore, may exacerbate cerebral edema and lead to significant
sequel such as herniation if not carefully monitored. "

Our results were similar to a study by Padhi et al.” who reported
that the frequency of hyponatremia in ICU admission was 34.3%.
Friedman et al. estimated the prevalence of hyponatremia in the ICU
as high as 30%-40%."* Another study done by Laczi et al. found

Table 3: Baseline characteristics of critically ill patients
(discharged and expired)

mild-to-moderate hyponatremia and severe hyponatremia in 15-30%

and 1-4% of hospitalized patients, respectively.!'”

Hypokalemia can occur because of decreased potassium intake or
inadequate replacement, medications such as sympathomimetics,
insulin, dobutamine, diuretics, amphotericin B, and non-absorbed
anions (penicillin and aminoglycosides). Signs and symptoms of
hypokalemia are more neuromuscular, including paralysis, weakness,
constipation, weakness of the respiratory muscles, and rhabdomyolysis.
Cardiac arrhythmia, especially in patients with hypertension and heart

disease, can also be seen.””!

In ICU patients, hypokalemia can be a result of intracellular shifts,
increased losses and decreased ingestion, or administration of
potassium. Serum potassium levels do not correlate well with
intracellular potassium levels and may not correlate with total body

potassium. Therefore, hypokalemia may not imply a depletion of body

Parameters Critically ill Discharged Expired (n=38) potassium stores. Critically ill patients may have underlying conditions
patients (n=30) (n=22) or receive medications that can cause hypokalemia. Metabolic alkalosis

Age (years) 49.73%16.57 48.95%14.6 51.88£22.15 causes an intracellular shift of potassium; however, the total body
HR (min) 93.00£15.07 93.50%15.19 91.63%15.67 potassium does level will not change. Correction of the underlying
SBP (mmHg) 114.03£11.82 115.14£10.47 111.00£15.33 metabolic alkalosis should result in redistribution of potassium into
pH 7.4140.08 7.4140.08 7.4240.08 the extracellular space and correction of hypokalemia.”!
PCo2 33.61%£8.91 33.23%6.25 34.66+14.49

The balance of chloride is closely regulated by the body. Significant
T Co2 22.96%5.18 22.75%4.97 23.55%6.06 ) ) ) )

increases or decreases in chloride can have deleterious or even fatal
PaO2 106.11144.06 101.30%39.11 119.34%56.38 . . . . .

consequences: Chloride is also involved in regulating blood pressure.
Glucose (mg/dL) 155.57478.79 142.27£27.51 192.13£124.65 Hypochloremia in critically ill patients can be caused by active Cl— loss,
Creatinine (mg/dL) 0.8410.23 0.8210.21 0.8810.28 for example, through the Gl tract (e.g., vomiting and diarrhea), through
HCT 30.43%6.94 29.90%7.80 31.88%3.72 inadequate renal Cl— reabsorption, or through dilution following
WBC 9250.014569.45 9777.2714999.23  7800.01+2872.03 infusion of hypotonic ﬂuids.[zq'm] In addition, Cl— can be lost through
Platelet 9 6941.75 2 9741.92 | 9540.86 the kidneys in cases of increased bicarbonate reabsorption in either

chronic respiratory acidosis or hyperaldosteronism. High-volume
Na (mEq/L) 131.58510.64  130.95+11.62 133.3147.71 . P : . .

bicarbonate infusion may result in Cl— being exchanged for bicarbonate
K (mEq/L) 3.5710.86 3.4910.90 3.8010.74 ) . . . ..

to maintain electroneutrality. Studies have reported an incidence of

+ + + . .
¢l (mFq/1) 101797983 1003478, 14 1057741329 hypochloremia between 6.7% and 37% among ICU patients."'*l
Table 4: Mean electrolyte levels in discharged and expired patients

Patients Hyponatremia n=No. of patients Hypokalemia n=No. of patients (%) Hypochloremia n=No. of patients (%)
Discharged (n=22) 124.45%11.83 12 (54.54%) 2.89+0.37 11 (50 90.9846.04 5(22.7)
Expired (n=8) 125.10%4.12 3 (37.5%) 3.2440.07 4(50) 84.440.0 1(12.5)

Mean Sodium levels

1138.75
140 138.24138.7

135
130
1251 124.45
125
115

Ma<135mEq/L

o = N W B U,

Ma>135mEq/L

o Discharged m Expired

Mean potassium Mean Chloride
levels Levels
4.38 4,09 150 —
304 103.1108.
2.89 100 90.98 g4
I I ) I I I
0

K <3.5 mEq/L k> 3.5 mEq/L Cl<96 mEg/L  Cl>96 mEqg/L

M Discharged M Expired M Discharged M Expired

Figure 3: Mean sodium, potassium, and chloride levels in discharged and expired patients
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Expired patients (192.13 £ 124.65 mg/dL) had elevated mean serum
glucose levels at the time of hospital admission than those who got
discharged (142.27 £ 27.51 mg/dL) after hospital stay, although
this did not reach statistical significance (P = 0.125) [Figure 4].
This indicated that mortality rate becomes higher as glucose levels
increases in critically ill patients. Hyperglycemia in these critical
patients may associated with adverse outcome as reported by Van

Den Berghe et al B!

There was no statistically significant difference in pH between those
who were discharged and those who expired (p=0.88) [Figure 1].

Out of 30 patients, according to GCS, 08 (26.67%) had mild,
15 (50.0%) had moderate, and 07 (23.33%) had severe critical
illness [Table 5]. Mean electrolyte levels were shown according to
GCSinTable 6.

The GCSis a 15-point clinical scoring system for assessing a patients’
level of conscious. Causes for altered consciousness which causes
low GCS include intracranial causes such as head injuries, tumors,
hemorrhages, scizures, and degenerative conditions. Metabolic
causes (acid-base and fluid/electrolyte imbalances) are one of
the extracranial causes that can lead altered consciousness in a
patient. Other extracranial causes include hypoxia, sedative drugs,
cardiovascular instability, sepsis, shock, trauma; liver, renal and
endocrine dysfunction, and multiorgan dysfunction. The GCS grades

w
g

@ucase

alive Outcome dead

Figure 4: Glucose levels in discharged and expired patients (P = 0.125)

Table 5: Percentage distribution of critically ill patients

according to Glasgow Coma Scale

Glasgow Coma Scale n=No. of patients (percentage)

13—15 (Mild) 08 (26.67)
9—-12 (Moderate) 15 (50.0)
3-8 (Severe) 07 (23.33)

Table 6: Mean electrolyte levels according to Glasgow Coma

Scale
Glasgow Coma Sodium Potassium Chloride
Scale (mEq/L) (mEq/L) (mEq/L)
13-15 (Mild) 127.491+14.83 3.21£0.56 98.1315.41
9-12 (Moderate) 134.4119.51 3.74+1.03 102.16%9.39
3-8 (Severe) 130.20%5.95 3.6310.72 105.20£13.98

severity of coma according to three categories of responsiveness: Eye
opening, motor, and verbal responses.*!

Sodium is involved in the transmission of nerve impulses and muscle
contraction. Hyponatremia is an under-documented, inaccurately
investigated, and suboptimally managed electrolyte disorder often
leading to poor patient outcomes.P" Critical care patients being
treated for hyponatremia require diligent monitoring. Depending on
the severity of the condition and the selected treatments, serum Na
levels should be measured every 1-2 h during initial treatment and
then at least every 4 h until signs and symptoms resolve.™ Therapy
must then be dictated not only by recognized reversible causes, such
as advanced hypothyroidism, adrenal insufficiency, diuretics, or other
medicines, but also by whether the hyponatremia occurred acutely or
chronically and the degree of symptoms related to it B

Rafat et al. showed that hyponatremia is a very common electrolyte
derangement seen in the setting of the ICU."" Usually, sodium level
correlates directly with the sensorium. As the serum sodium level
falls, consciousness becomes progressively impaired reflecting by

low GCS scores.!'"

In cancer patients, hyponatremia is a serious comorbidity that needs
special care as its treatment varies by pathophysiologic groups,
and its consequences can have a deleterious effect on the patient’s
health.™" Critically, most evidence suggests that overenthusiastic
treatment of SIADH is considerably more dangerous than treatment
that is slow or relatively ineffective. It is vital that caregivers avoid too
rapid normalization of serum sodium except in the most extreme
circumstances.”"Whether hyponatremia in a patient with cancer is just
an indicator of poor prognosis or whether its presence may alter the
patient’s quality of life has not been definitively proven, but increasing

evidence shows that hyponatremia must not be taken lightly.®”!

Chloride levels were normal in our study irrespective of low GCS
in critically ill patients [Table 6]. This may be because of the small
sample size of our study.

Studies show that electrolyte abnormalities were the most frequent
occurrence (59% of patients) of low GCS but did not alter outcome. "
Potassium ions play a major role in regulating fluid balance in cells,
the transmission of nerve impulses, and in muscle contractions.!*”!
A symptom of hypokalemia is confusion or disorientation which,
in turn, is related to a low GCS. Pomernaz et al. concluded that
hypokalemia is the result of a large catecholamine discharge that is
known to accompany severe head trauma, with resultant 32 adrenergic
stimulation of the Na+-K+ pump, which reflects poor survival

outcome in critically ill patients.!*"

Conclusion

The present study concluded that hyponatremia is the most common
electrolyte disorder seen among critically ill patients that alter
consciousness, which becomes progressively impaired, reflecting in
alow GCS score. Hyponatremia and acidosis were highly associated

with ICU mortality; these disturbances should be monitored closely,
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diagnosed early, and managed correctly during hospitalization.

Substantial additional work is still required to determine the true

occurrence of hyponatremia in the various clinical settings.
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