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Abstract

Background: Acid-base and electrolytes disorders are commonly seen in critically ill
patients. Electrolyte abnormalities were the most frequent extra cranial occurrence of altered
consciousness. There are multiple studies which reported altered survival outcome in low
GCS patient and some did not. Aims: To assess the survival outcome of acid-base electrolyte
imbalance associated with low GCS patients in the medical ICU. Methods: This retrospective,
cohort study conducted in the medical ICU of a tertiary center in Chennai, India, for a period
of six months included patients above 18 years old with various acid-base and electrolyte
imbalances. During the study period of six months, a total of 276 patients were admitted in
the medical ICU. Among these 100 patients were included in the study after excluding the
patients who didn’t meet the inclusion criteria and those that had incomplete medical records.
Following data were collected from medical records admission history, age, sex, anion gap,
serum electrolytes, ABG, BUN, creatinine, PCO,, PO,, GCS and days in ICU. Results were
analyzed and outcomes were noted (patient discharged, dies or seeks discharge against medical
advice). Results: The study population included 68 male and 32 female with a mean age of
47.24+17.54 years. Metabolic acidosis was seen in 67% of patients. Mortality was significantly
higher in patients with low GCS (51.06% vs. 20.75%, p<0.0001). Sodium and chloride increased
significantly (p=0.0126, 0.0464 respectively) and potassium decreased significantly (p=0.0008)
when GCS was low. The patients with hypernatremia and metabolic acidosis had 71.44%
mortality rate. The patients with a low GCS have a higher incidence for multiple electrolyte
disturbances. Low GCS leads mostly to an increased mortality especially in the patients
with acid base disorders with electrolyte disorders compared to those with pure acid-base
disturbances. To identify prognostic factors of the patients in the ICU, we performed multiple
regression analysis using the data we collected. Among all the variables only three independent
factors (GCS, BUN and Creatinine) significantly correlated with the criterion. Conclusions:
Electrolyte and acid base disturbances should be seriously considered in low GCS patients to
allow timely and appropriate therapeutic intervention to improve survival outcome.
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Key Message

Acid base disorders and electrolyte imbalance are the primary
contribution to mortality in the ICU. A crucial issue in these
disorders is predicting its outcome when GCS is low. It was
found that survival outcome of acid base electrolyte patients is
based on GCS.

Introduction

Acid-base and electrolytes disorders are commonly seen in
critically ill patients. Acid base disturbances cause blood pH to
shift away from normal range when renal or respiratory function
is abnormal or when an acid/base load overwhelms excretory
capacity. This evokes compensatory responses by the body that
returns pH toward near normal to maintain the PCO,/ [HCO,-]

ratio. !'* A drop or rise in PCO, will result in a drop or rise in
10

hydrogen respectively. The HCO,/ PCO, relationship in extra-
cellular fluids is useful in classifying disorders of acid base
balance namely acidosis due to gain of acid or loss of alkali,
i.e., fall in HCO,/ PCO, ratio and alkalosis due to gain of base
or loss of acid, i.e., rise in HCO,/ PCO, ratio. ['**

Acid base and electrolyte disturbances are found in many ICU
patients mostly with increased anion gap reflecting inorganic
acidosis and serious disease. *! These disturbances need to be
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immediately analyzed to provide information about changes in
respiratory function, electrolyte imbalance and underlying disease
and, also to find out the combination of disorders they have.

GCS (Glasgow Coma Scale) is a 15-point objective clinical
scoring system for assessing changes in a patients’ conscious
level. ! The GCS tool enables one to effectively monitor the
level of consciousness and provides a common language to
improve communication in reporting neurological findings
among healthcare professionals. ¥ Causes for altered
consciousness which causes low GCS include intra cranial
causes such as head injuries, tumours, haemorrhages, seizures
and degenerative conditions. Metabolic causes (acid base
and fluid/electrolyte imbalances) are one of the extra cranial
causes that can cause altered consciousness in a patient. Other
extra cranial causes include hypoxia, sedative drug overdose,
cardiovascular instability, sepsis, shock, trauma; liver, renal
and endocrine dysfunction and multi-organ dysfunction. P!
The GCS grades severity of coma according to three categories
of responsiveness: eye opening, motor, and verbal responses.
The admission GCS has been linked to prognosis prediction for
many conditions, including traumatic brain injury, subarachnoid
hemorrhage, and bacterial meningitis and other. 113

Some studies show electrolyte abnormalities were the most
frequent occurrence (59% of patients) of low GCS but did not
alter outcome. ['*!"1 According to the study by Sh. Pomernaz
et al, hypokalaemia is the 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. '8!

The primary objective of this study is to assess the survival
outcome of acid-base electrolyte imbalance associated with low
GCS patients in the medical ICU. The secondary objective was
to analyze the pattern of electrolyte and acid base imbalances
commonly seen in the ICU.

Subjects and Methods

During the study period of six months, a total of 276 patients were
admitted in the medical ICU. Among these 100 patients were
included in the study after excluding the patients who didn’t meet
the inclusion criteria and those that had incomplete medical records.
This retrospective study was done in a tertiary center in Chennai,
India after approval of Institutional ethical committee clearance.
Informed consent was waived because of the retrospective nature
of the study. Patients above 18 years admitted to the medical ICU
with electrolyte and acid base abnormality were included. Patients
without any acid base disturbance on arrival to the ICU were
excluded from the study. Patients with trauma and head injury,
major surgeries, sedative overdose, septic shock, renal and hepatic
failure, cardiogenic shock and multisystem organ failure were
excluded from the study.

The clinical characteristics of the study population included
patients with sepsis and severe sepsis, Diabetic ketoacidosis,
Hyperosmolar hyperglycemic state, pancreatitis, poisoning,
pneumonia, urinary tract infection, soft tissue infection, fungal
infection, clostridium deficile and oncology patients.

The following data were recorded from patients’ medical record:
cause of admission age, sex and days in ICU and the possible
outcomes were recorded (discharge from the ICU (improved),
or patient discharges against medical advice due to personal
reasons (DAMA) or patient dies (death)). Results of sodium,
potassium, chloride, bicarbonate, Blood Urea Nitrogen (BUN),
creatinine, pH, PCO, and PO, were recorded. Arterial Blood
Gas (ABG) results (from Siemens 238 Blood Gas Analyzer
System) were recorded for analysis of electrolyte imbalance and
acid base imbalance.

Sample analysis was done; values falling outside normal
ranges for sodium, potassium and bicarbonate are described
as abnormally high or low. Each patient’s ABG result was
analyzed to identify the single or mixed acid-base disorder and
the anion gap was calculated. !

Patients were categorized based on their GCS into two groups
(GCS <10 and GCS >10) and this factor was studied to find
out the effect on mortality. They were also compared by
categorizing them into three groups, those that improved, died
or went DAMA.

Data was 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, and Chi-
square test for frequencies using SPSS 13 software. A multivariate
regression analysis was done to evaluate the role of confounding
factors on final prognosis. Odds ratio and 95% confidence intervals
were calculated using logistic regression. A p-value < 0.05 was
considered statistically significant.

Results

During the study period of six months, total of 276 patients
were admitted in the medical ICU. After excluding the patients
that didn’t meet the inclusion criteria and those that had
incomplete medical records, the total study population was
100 patients (68 male and 32 female). The average age of the
patients was 47.24+17.54 years. Patients were compared by
various baseline characteristics [Table 1]. The study consisted
of patients with metabolic acidosis (n=67), metabolic alkalosis
(n=8), respiratory acidosis (n=18), respiratory alkalosis (n=12),
and mixed acid base disorders (n=5). Since five patients had
mixed acid base disorder total count is coming to 110 [Figure
1]. In terms of electrolyte imbalance, the study included
patients with normal sodium (n=58%), hyponatremia (n=33%),
hypernatremia (n=9%) and patients with normal potassium
(n=48%), hypokalemia (n=13%), and hyperkalemia (n=39%).

Mortality was significantly higher in patients with low GCS
(51.06% vs. 20.75%, p<0.0001) [Figure 2]. Survival statistics
of the two groups is shown in Figure 3. However, there is no
significant difference in values obtained for gender.

Comparison between the patients on basis of GCS was
statistically significant for mean sodium, potassium and
chloride, while other mean serum values or factors were not
different [Table 2]. Sodium and chloride significantly increased
(p=0.0126, 0.0464 respectively) and potassium significantly
decreased (p=0.0008) when GCS was low.
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Table 1: Characteristics of the study population.

Table 2: Outcome of study participants between the groups.

Total Improved Death DAMA op-value
Number of Patients (%)
Total 100 58 35 7
Age
<40 34 22 (64.71%) 12 (35.29%) 0.135*
=40 66 36 (54.55%) 23 (34.85%) 7 (10.6%)
Sex
Male 68 40 (60%) 23 (33.3%) 5(6.7%) 0.9291**
Female 32 18 (63.6%) 12(31.8%) 2(9.1%)
GCs
GCS <10 47 20 (42.55%) 24 (51.06%) 3 (6.39%) <0.0001*
GCS>10 53 38 (71.7%) 11 (20.75%) 4 (7.55%)

DAMA: Discharge Against Medical Advice; GCS: Glasgow Coma Scale

*: Significant finding

**: Non significant finding

0 p-value between groups improved and death

There were significantly higher mortality in patients with low GCS (p<0.0001)

MKF Na* lormal
39 33 58

ormal MNa* Il Rcidosis | katosis cidosis | Alkalosis:

Metabolic

I Electrolyte Imbalance | ’ Acid base disorders |
| Total Patient 100

Figure 1: Acid base and electrolyte imbalance distribution among
patients Na*: Sodium, K*: Potassium; |: decreased; 1: increased.
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Figure 2: Effect of low GCS on patient outcomes There were significantly
higher mortality in patients with low GCS (p<0.0001).
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Figure 3: Kaplan-Meier plots show survival statistics of two Groups.
Dashed grey line indicates GCS >10, black line indicates GCS < 10,
grey plus sign (+) indicates GCS >10 censored data (improved), black
plus sign (+) indicates GCS < 10 censored data (improved).

GCS =10 (n=47) GCS>10 (n=53) p-value

Mean = SD

Age (years) 447 +16.86  49.49+18.14  0.1764*
S. Sodium (136-145 138 054 1157 131.72+1044 0.0126*
mmol/L)

S. Potassium (3.5-6 4 51441386 52641606  0.0008*
mmol/L)

S. Chloride (98-106 1) 654 1335 08.02410.58  0.0464*
mmol/L)

S. Bicarbonate (24-30 16 974 1 6084 16421 +6.334 0.6624*
mmol/L)

Anion Gap (8-14.9 18.104 + 10.233 17.277 +8.807  0.6650**
mmol/L)

BUN (10-20 mg/dl) 37.149 + 31.706 45.502 + 32.260 0.1957**
Creatinine (<1.5mg/dl) 2.5021%3.13  3.643 +4.374  0.1413*
pH (7.38-7.44) 7.297+0.199  7.283+0.185  0.7101**

PCO, (35-45 mm/Hg)  35.951 £ 20.665 30.536 + 15.466 0.1385™*

PO, (80-100 mm/Hg) 104.97 £+ 63.875 88.445 +36.898 0.1115**
Days in hospital 11.36 £ 11.01 15.91 £ 19.23 0.1572**

S: Serum; GCS: Glasgow Coma Scale; BUN: Blood Urea Nitrogen;
PCO,: Partial Pressure of Carbon Dioxide; PO,: Partial Pressure of
Oxygen; Normal value ranges are represented in the brackets;

*: Significant finding

**: Non significant finding

There were statistically significant differences between patients with
low GCS and higher GCS in terms of mean sodium, potassium and
chloride.

Metabolic acidosis was the most prevalent disorder (n=27)
among the patients with GCS < 10. Mortality was also
significantly higher in the GCS < 10 group with metabolic
acidosis (55.6% vs. 17.5%, p=0.0013) compared to the patients
with GCS >10 and metabolic acidosis [Table 3].

Table 3: Characteristics of the study participants with metabolic acidosis.
Metabolic

Acidosis Total Improved Death DAMA p«value
Number of Patients (%)
5
0, 0,
Total 67 40 (59.7%) 22 (32.84%) (7.46%)
Sex
3
0, 0, 0,
Male 45 (67.2%) 27 (60%) 15 (33.34%) (6.66%) 1
Female 22 (32.8%) 13(59.1%) 7 (31.8%) 2(9.1%)
GCS
GCS <10 27 (40.29%) 10 (37%) 15 (55.6%) 2 (7.4%) 0.0013
GCsS>10 40 (59.71%) 30 (75%) 7(17.5%) 3(7.5%)

GCS: Glasgow Coma Scale; DAMA: Discharge Against Medical Advice;
~p-value between groups improved and death. There were significantly higher
mortality in patients with low GCS (p=0.0013)

Among the GCS < 10 patients there were patients with metabolic
acidosis (n=27), metabolic alkalosis (n=3), respiratory
acidosis (n=9) and respiratory alkalosis (n=9) and mixed base
disorders (n=1). The most common electrolyte disorder among
patients with GCS < 10 is hyperkalemia, hyponatremia and
hypernatremia. Another common disorder found among all
the patients was the combined disorder of metabolic acidosis,
hyperkalemia and hyponatremia (n=14.9%). The patients with
hypernatremia and metabolic acidosis had 71.44% mortality
rate. The patients with a low GCS have a higher incidence for
multiple electrolyte disturbances. Low GCS leads mostly to
an increased mortality especially in the patients with acid base
disorders with electrolyte disorders compared to those with pure
acid-base disturbances.
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To identify prognostic factors of the patients in the ICU, we
performed multiple regression analysis using the data we
collected. Among all the variables only three independent
factors (GCS, BUN and Creatinine) significantly correlated
with the criterion. Thus the multiple regression model with all
three predictors produced R? =0.138473, F(3,89) =4.768334,
p =0.003959. As can be seen in Table 4, GCS had significant
positive regression weights, indicating patients with better GCS
score were expected to have better chances of improving, after
controlling for the other variables in the model. The BUN and
creatinine have a significant negative weight (opposite in sign
from its correlation with the criterion), indicating that after
accounting for GCS and other variables those patients with
higher BUN scores and higher Creatinine results were expected
to have a negative prognosis (a suppressor effect). This model
indicates those with higher GCS resulted in better prognosis in
the medical ICU, while higher Creatinine readings and higher
BUN have an opposite result on prognosis. This was represented
by the model as follows: prognoses=0.025994 x GCS (1 unit
change) —0.00683x BUN (mg/dl)-0.042533 x Creatinine (md/
dl) +0.460593. The prognosis of patients in the medical ICU with
low GCS have a variety of factors, GCS, BUN and Creatinine
were found to be potential factors influencing prognosis in the
medical ICU. Monitoring these factors may be helpful to get a
better outcome in the medical ICU.

Table 4: Multivariate regression analysis results.

Variable x:ilg::tl: regression P value Ig.g;: er Upper 95%
GCSs 0.025949 0.02963 0.002634 0.049265
BUN -0.00683 0.010394 -0.01201  -0.00165
Creatinine  -0.04255 0.043128 -0.001349 -0.083758

GCS: Glasgow Coma Scale; BUN: Blood Urea Nitrogen

Discussion

Acid base disorders often seen in patients in the ICU, are a major
health problem and are the primary contribution to morbidity and
mortality in the ICU. ™ In this regard, one of the crucial issues
in acid base and electrolyte imbalance is predicting its outcome
when GCS is low. Studies by Demetriades et al. and Weir et
al. show that low GCS implies poor prognosis in patients with
head injuries and stroke. ['*?! Studies by Choi et al. and Piek
et al. showed electrolyte abnormalities were the most frequent
occurrence (59% of patients) but did not alter outcome. ['%!7)
while another study by Pomeranz et al. shows poor outcome in
low GCS patient associated with acid base disorder. ['¥]

Sodium is involved in the transmission of nerve impulses and
muscle contraction. 2" Symptoms of hypernatremia include
restlessness, seizures and coma which affect GCS. People with
low GCS have loss of consciousness and this leads to inability to
express the feeling of thirst and consequently a low intake of free
water. This inability to drink water causes increase in sodium
(eg. Diabetes Insipidus). 2?2 Hypernatremia is associated with
increased mortality in hospitalized patients and in medical
intensive care units. In a study by Aiyagiri, hypernatremic
patients had a lower median admission GCS score (8 vs. 14,
P<0.001), and those patients with low GCS admission scores
were independently associated with increased mortality. 27 A

study by Amini et al. also showed the mortality rate was higher
in head trauma patients with more severe hypernatremia with
lower GCS. 4 This present study, shows significant sodium
increase and increased mortality when GCS was low.

Hyponatraemia is under-documented, inaccurately investigated
and sub optimally managed, leading to poor patient outcomes.
There is a well-recognised association with inpatient morbidity
and mortality. Frequently, insufficient diagnostic assessment
and investigations take place, and this can affect both patient
management and outcomes. *! Critical care patients being treated
for hyponatremia require diligent monitoring. Depending on
the severity of the condition and the selected treatments, serum
sodium levels should be measured every 1 to 2 hours during
initial treatment and then at least every 4 hours until signs and
symptoms resolve. 2% Therapy must then be dictated not only by
recognised reversible causes, such as advanced hypothyroidism,
adrenal insufficiency, diuretics or other medicines, but also by
whether the hyponatraemia occurs acutely or chronically and
the degree of symptoms related to it. *”!

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. 2! 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 all doctors should be aware of the need for a slow
pace of normalization of serum sodium except in the most
extreme circumstances. **!

Whether hyponatraemia 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 hyponatraemia must not be
taken lightly. [

The balance of chloride is closely regulated by the body.
Significant increases or decreases in chloride can have
deleterious or even fatal consequences: Chloride is also
involved in regulating blood pressure. Hyperchloremia, can be
caused by kidney failure, kidney dialysis, and an overproduction
of parathyroid hormone. In this study, chloride significantly
increased (p=0.0464) when GCS was low.

Potassium ions play a major role in regulating fluid balance
in cells, the transmission of nerve impulses, and in muscle
contractions. B9 A symptom of hypokalemia is confusion
or disorientation which in turn is related to the low GCS. A
study by Sh. Pomernaz et al. concluded that hypokalaemia is
the large catecholamine discharge that is known to accompany
severe head trauma, with resultant B2 adrenergic stimulation
of the Na+-K+ pump, which reflects poor survival outcome
in critically ill patients [19]. The present study concurs, when
GCS is low due to electrolyte imbalance potassium significantly
decreased (p=0.0008) [Table 2].

Though the two groups were not statistically different in other
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aspects apart from sodium, potassium and chloride, the results
strongly indicate that once GCS is below ten, a poor prognosis
is more likely especially in patients with significant acid base
disorders with electrolyte disorders compared to patients
with only acid base disturbances. The odds for mortality are
significantly higher when GCS is low. Early intervention is
essential to rectify acid base and electrolyte imbalance to
prevent episodes of altered consciousness and avoid poor
patient outcomes.

Admissions to the ICU are a traumatic time for patients and their
family members. The cases where the patients are in an altered
state of consciousness, combined with their unstable nature and
strong probability of death, makes the families of patients with
such long-term illness vulnerable and under extreme stress. The
severity of the disease may place demands on patients’ families
beyond the families’ ability to cope. Y

In the cases of patients with chronic or terminal illness, the
patient and health care provider roles need to be modified in
the treatment of a chronic condition. The patient has to take a
more proactive role in managing their condition and preventing
complications, health care providers act as consultants,
interpreters of symptoms, resource persons, and offer treatment
suggestions. The care manager works directly with the families
of ICU and terminal patients, helping the families throughout
the hospital stay, as the families deal with severe illness and
sometimes death. The role of care managers is serving as a bridge
between physicians, specialists, and patients, collaborating with
the patients’ doctors while working directly with patients. In
cases where the patient is not in state to take decisions they help
and guide the family members on the situation in a way that
is less stressful. % Family advocates/care managers’ care for
families just as nurses and physicians care for the critically ill
patient. **! The task of the care manager is mainly to help the
patient individually or his family members in helping to adopt
behaviors and lifestyles suitable to the patient’s health condition,
and encouraging greater self-sufficiency in the monitoring of
the parameters through the knowledge of the disease in order to
achieve better outcomes. 34

Conclusion

In this retrospective analysis, we assessed the outcome of low
Glasgow Coma Scale (GCS) patients associated with acid base
and electrolyte imbalance in the medical ICU and found a strong
association between low GCS and mortality.

Electrolyte and acid base disturbances should be seriously
considered in low GCS patients to allow timely and appropriate
therapeutic intervention to improve survival outcome.

Research Limitations

The strengths of this study are that the population was a
homogenous one, representing the general medical ICU
population excluding any cases with trauma. Though the study
is retrospective in nature and we had to rely on previously
recorded data we have reduced selection bias to the best of our
ability. While the study reached its aims, its retrospective nature

implies that associated factors of other co morbid conditions
can affect study outcomes, so we are suggesting a randomized
prospective study to assess survival outcome of low GCS
patients associated with acid base and electrolyte imbalance in
the ICU with a larger sample size and observed for a longer
duration.
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