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ABSTRACT

Objective: Traumatic brain injury (TBI) has become a worldwide public health issue,

raising concerns about which tool might be useful to guide initial management at hospital
admission, especially to decide whether the patient would benefit from an opportune surgical
intervention. Recently, the glucose-to-potassium ratio has more accurate predictive values
than other biomarkers and is useful for its simplicity to obtain. To correlate each biomarker
with the outcome for every patient with TBI.

Methods: The analysis included patients treated in a single institution between 2020 and
2021, diagnosed with mild TBI that required neurosurgery, moderate or severe TBI. Blood
samples were obtained at admission, and the glucose-to-potassium ratio was calculated
retrospectively. Then, these values and other variables were compared with the outcome at 6
and 12 months. Extracranial lesions that directly contributed to the outcome, a Glasgow Coma
Scale of 3 and below, hemodynamic instability, and cardiac arrest were exclusion criteria.
Results: forty-seven patients who reached the criteria were examined, 35 (74%) had a
favorable outcome and 12 (26%) a poor one. The only biomarker significantly related to the
outcome was the glucose-to-potassium ratio in both the bivariate and multivariate analysis
(p=0.04; odds ratio, 8.61; 95% confidence interval, 1.07-69.6).

Conclusion: An increase in the glucose-to-potassium ratio was the only biomarker associated
with poor outcomes and increased mortality.

Keywords: Glucose; Potassium; Traumatic brain injury; Biomarkers

INTRODUCTION

Traumatic brain injury (TBI) is one of the leading causes of death and disability, and is a
major concern worldwide but particularly in developing countries. In Argentina, national
statistics show that traumatic injuries represent approximately 3% of the total deaths and
around half of these occur between the first and third decades of life. TBI makes a significant
contribution not only to the years of lost potential life, but also to the reduction in life
expectancy.”) Moreover, disability related to this injury has become a major concern due to
its impact on the economically active population.
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Many biomarkers have been proposed as predictors of outcome in TBI. Coagulation disorders
are reported in the early stages after trauma,” although sometimes delays in laboratory
results make it difficult for markers such as the D dimer to become relevant enough.
Therefore, several parameters measured in blood samples with readily achievable results have
proven helpful in decision making at hospital admission.***! Serum glucose and electrolytes
such as sodium, calcium, and potassium are some examples.

TBI leads to changes in the parameters mentioned above because of cellular membrane
mechanic disruption and membrane potential arousal, involving neurotransmitters and
ion distribution between the intracellular space and extracellular matrix. In the acute phase
(first hour), considerable glutamate release from the presynaptic axon terminals destabilize
the membrane potential, precipitating a significant increase in potassium levels in the
extracellular space, which correlates directly with the severity of TBI.}”

Increases in serum glucose levels immediately after TBI involves a rapid increase in the
cerebral metabolic rate associated with cellular ATP use that attempts to reestablish

ion balance and cell membrane potential. This early hyperglycemic stage is followed by
hypoglycemia, as observed in human and experimental models that reported in murine
samples a serum glucose decrease lasting 5, 10 or 14 days in mild, moderate and severe TBI,
respectively.>'? Moreover, the level of consciousness (Glasgow Coma Scale [GCS]) is related
to glucose metabolic use rates in the thalamus, brainstem, and cerebellum.?

Recently, a ratio based on serum glucose and potassium levels has been proposed with the
aim of studying 2 instead of only one indicator, thus avoiding false positive test results that
appear, for example, in patients with diabetes while analyzing serum glucose values.'® This
ratio includes one biomarker with a rapid serum peak level (potassium) and one with steady
serum level (glucose). We studied the glucose-potassium ratio as a prognostic factor in TBI
by conducting a retrospective analysis of patients admitted to our institution over a period of
one year, diagnosed with moderate or severe TBI, and including some cases of patients with
mild TBI who underwent surgery. This study aims to understand the relationship between
the glucose-potassium ratio and the outcome in patients with moderate or severe TBI.

MATERIALS AND METHODS

The database examination was carried out with the software “Consulta Practica” and
produced 251 patients with TBI diagnosis between 2020 and 2021, without considering the
severity of the trauma. Then, those with moderate, severe, or mild TBI requiring surgery were
filtered, identifying 76 patients.

Exclusion criteria included cases of fatal polytraumatism with extracranial lesions, death
related to nontraumatic extracranial lesions, GCS 3/15, nonreactive bilateral mydriasis,
absence of brainstem reflexes, and cardiac arrest, age less than 16. Comorbidities included
3 cases of type 2 diabetes mellitus, 3 cases of alcoholism, 7 cases of hypertension, and 1
hormone therapy for breast cancer.

Laboratory samples were obtained at the moment of hospital admission in the resuscitation

room, measuring blood glucose levels, electrolytes, lactate, and white blood cell count.
Results were available within 60 minutes, approximately.
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To evaluate the result in TBI, the “modified ranking score” was calculated through a
telephone interview carried out 6 and 12 months after trauma. The collected data were
uploaded to the IBM SPSS statistics computer program (IBM Corp., Armonk, NY, USA). The
retrospective data were then confirmed by a third-party reviewer.

Having categorized patients according to their progress, a cutoff point of modified ranking
scale (mRS) <3 was envisaged as a favorable outcome, and an mRS >4 was considered
unfavorable. Furthermore, a value of 50 was decided as the cutoff point for the glucose-
potassium ratio; this was established in previous articles,® and the value was adopted for its
calculation simplicity and because of its proximity to the standard mean.

Continuous variables with a normal distribution were expressed as mean + standard
deviation, and those variables without a normal distribution are presented with median
and interquartile ranges 25-50-75. A descriptive statistical analysis was performed using
asymmetry, kurtosis, Kolmogorov-Smirnov, and Shapiro-Wilk tests. The correlation
between variables was evaluated by applying the Pearson correlation test for those normally
distributed, and the Spearman correlation test for those not normally distributed. A p>0.05
was considered statistically significant.

Finally, logistic regression and cross-data analyzes were used for variables expressed in a
mutually excluding dichotomic way.

An Institutional Review Board and/or an Ethics Committee approval was not necessary, given
the retrospective nature of the study and the absence of patient identification data. Therefore,
patient consent was not required.

RESULTS

During the study period, of the 76 patients included in the study and diagnosed with
moderate, severe, or mild TBI that required surgical intervention, 1 presented with an
extracranial (thoracic) lesion that directly contributed to the outcome, 3 died several months
after surgery due to extracranial causes (1 with acute kidney injury and 2 with nosocomial
pneumonia), 5 had a GCS of 3 at admission, 1 had hemodynamic instability and 5 presented
with a cardiac arrest, and were excluded. Being our nosocomy is an adult-only hospital, there
were no patients under 16 years of age. In addition to these 15 patients, we were unable to
contact 14 cases during the follow-up period. Therefore, the evaluation included 47 patients
(42 men, 5 women, between 16 and 68 years of age, mean 36 years old) (FIGURE 1).

The 47 patients were categorized by personal data, the severity of the TBI (mild, moderate,
severe) according to the GCS, the presence of a surgical intervention, and a clinical outcome
according to the mRS. Six presented with a mild TBI requiring surgical intervention (all
underwent evacuation of extradural hematoma), 21 had moderate TBI, of whom 13 were
treated surgically, 3 needed intracranial pressure monitoring, and 5 were controlled clinically.
Of 20 with severe TBI, 13 required surgery, 6 required placement of intracranial pressure
monitors, and one patient with cerebral hemorrhagic contusions was clinically maintained
because of his rapid recovery.
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Admitted with TBI diagnosis
between 2020-2021
(251 patients)

i

Selected with severe,
moderate TBI or mild TBI
requiring neurosurgery
(76 patients)

Presented extracranial lesion contributing to outcome (1 patient)
Long-term decease due to extracranial cause (3 patients)

GCS 3/15 at hospital admission (5 patients)

Hemodynamic instability (1 patient)

Cardiac arrest (5 patients)

Unable to follow-up (14 patients)

A
Included
(47 patients)

FIGURE 1. Flow diagram of patient selection.
TBI: traumatic brain injury, GCS: Glasgow Coma Scale.

The majority of surgical interventions were primary decompressive craniectomies for
removable lesions (n=24); nevertheless a few cases of decompressive craniectomy secondary
to refractory intracranial hypertension were included (n=4). Other surgical interventions
included surgical toilette debridement and frontal sinus cranialization (n=5). In addition,

10 patients were monitored using an intracranial pressure catheter, all receiving medical
treatment. Five cases of moderate TBI and one of severe TBI were clinically monitored due to
their great general appearance associated with mild tomographic lesions (Marshall score of
diffuse injury I-11).19

Thirty-five (74%) of the 47 patients achieved a favorable outcome (mRS <3) and 12 (26%) had
unpromising outcomes, the mean age of the former was 34 and the latter 41. The total mean
age was 36 (+15). The entire number of cases of mild TBI that required surgery had a favorable
outcome, as well as 18 (78%) with moderate TBI and 11 (61%) of with severe TBI. Eight (44%)
patients with severe TBI and 4 (17%) with moderate TBI had unfavorable outcomes. Moderate
TBI was associated with a favorable outcome (odds ratio [OR], 0.529; 95% CI, 0.134-2.086;
p=0.363), and severe TBI was associated with a detrimental outcome (OR, 0.261; 95% CI,
0.07-1.04; p=0.05).

The mean values obtained were for glucose 148 (+39), for potassium 3.65 (+0.5), for the
glucose-potassium ratio 41 (+12), for leukocytes 15,472 (+5,388) and for lactate a median of
18 (interquartile ranges 25-50-75: 12-18-24.8). We decided, for practical reasons, the cutoff
point for glucose was 150 mg/dL, 3.65 mEq/L for potassium, 50 for the glucose-potassium
ratio, 15,500 for leukocytes, and 18 for lactate.

First, the characteristics of the patients, including if they undergo surgery, were analyzed and
compared with the outcome (TABLE 1).

Logistic regression analysis was performed by addressing laboratory test values of the blood
samples collected at hospital admission and those collected 2 hours after the trauma, and
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TABLE 1. Compared outcome to patient characteristics

Variables Good outcome (MRS <3) Poor outcome (MRS >4) OR (95% CI) p-value
Number of patients 35(74.5) 12 (25.5) - -
Age (range) 35.70 (16-68) 34 (18-63) 40.67 (16-68) - -
Feminine sex 5(10.6) 3(8.6) 2 (16.7) 2.13 (0.31-14.62) 0.44
Surgery 41 (87.2) 29 (82.9) 12 (100) 1.41(1.16-1.72) 0.01
Glycemia >150 mg/dL 14 (40.0) 11 (91.7) 16.50 (1.91-142.49) 0.01
Gly/K >50 3(8.6) 8 (66.7) 21.33 (3.95-115.10) 0.00
K >3.65 mEq/L 17 (48.6) 6 (50.0) 1.06 (0.29-3.93) 0.93

Values are presented as number (%). Surgery: intracranial pressure monitoring sensor insertion, decompressive craniectomy, removal of hemorrhagic lesions,
surgical toilette debridement and frontal sinus cranialization
Gly/K: serum glucose/potassium ratio, K: kalemia, OR: odds ratio, CI: confidence interval, mRS: modified ranking scale.

matched with the outcome of each patient. Glucose-potassium ratios >50 were related to
unfavorable outcomes, while values < 50 related to average outcomes (OR, 21.33; 95% CI,
3.95-115.1; p= 0.000). Similarly, glycemic levels >150 were linked to an adverse evolution
(OR, 16.50; 95% CI, 1.91-142.49; p= 0.01) likewise age >50 (OR, 4.83; 95% CI, 1.15-20.26; p=
0.03), presence of subdural hematoma (OR, 4.73; 95% CI, 1.17-19.02; p= 0.03), subarachnoid
hemorrhage (OR, 6.77; 95% CI, 1.59-28.72; p= 0.01), skull base fracture (OR, 10.85; 95% CI,
2.30-51.10; p= 0.00), and demand for monitoring of intracranial pressure (OR, 13.06; 95%
CI, 1.52-112.41; p= 0.02). The remaining indicators did not produce conclusive results. Serum
potassium levels are slightly correlated with an unfavorable outcome (OR, 1.059; 95% CI,
0.29-3.93; p= 0.93), as did leukocytes (OR, 1.97; 95% CI, 0.49-7.99; p= 0.34) and lactate (OR,
1.25; 95% CI, 0.32-4.88; p= 0.75), but these results were not significant to the prognosis.
The R-square acquired for the model was 0.59 (TABLE 2). Finally, we recognized through

TABLE 2. Bivariate and multivariate analysis with outcome results

Variables No. of patients Bivariate Multivariate
(n=47) OR 95% Cl p-value OR 95% Cl p-value
Inferior Superior Inferior Superior

Age >50 12 4.83 1.15 20.26 0.03 32 0.44 12.32 0.32
Feminine sex 5 2.13 0.31 14.62 0.44

Subdural hematoma 15 4.73 1.17 19.02 0.03 3.51 0.70 17.65 0.13
Extradural hematoma 20 0.19 0.04 0.99 0.05

Subarachnoid hemorrhage 13 6.77 1.59 28.72 0.01 3.46 0.65 18.35 0.14
Cerebral contusion 20 1.50 0.40 5.61 0.55

Diffuse axonal injury 6 1.55 0.25 9.77 0.64

Depressed skull fractura 10 1.33 0.28 6.26 0.72

Linear skull fractura 22 1.87 0.49 7.05 0.36

Skull base fracture 11 10.85 2.30 51.10 0.00 4.70 0.85 26.10 0.08
Endocranial hypertension 23 2.67 0.68 10.54 0.16

Anisocoria 10 1.01 0.62 1.64 0.97

Mild TBI 6 0.00 0.00 0.00 0.99

Moderate TBI 21 0.53 0.13 2.09 0.36

Severe TBI 20 3.83 0.96 15.37 0.06 3.13 0.35 27.85 0.31
Early DC 14 3.38 0.85 13.41 0.08

Late DC 3 6.8 0.56 83.00 0.13

Hematoma evacuation 24 0.94 0.25 3.51 0.93

Surgical toilette 10 0.26 0.03 2.33 0.23

ICP monitoring 27 13.06 1.52 112.41 0.02 5.46 0.36 82.11 0.22
Glycemia >150 mg/dL 25 16.50 1.91 142.49 0.01 7.52 0.56 100.19 0.13
Gly/K >50 11 oL 53 3.95 115.10 0.00 8.61 1.07 69.60 0.04
K >3.65 mEq/L 23 1.06 0.29 3.93 0.93

Lactate >18 mmol/L 18 1.25 0.32 4.88 0.75

WBC >15.500/mm? 23 1.97 0.49 7.99 0.34

TBI: traumatic brain injury, DC: decompressive craniectomy, ICP: intracranial pressure, Gly/K: serum glucose/potassium ratio, K: kalemia, WBC: white blood cells

count, OR: odds ratio, Cl: confidence interval.
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the examination of 28 patients who underwent surgery due to intracranial hypertension
(either emergency, late, primary, or secondary decompressive craniectomy) that the
glucose-potassium ratio could predict the outcome in 23 patients (82%) (OR, 9.44; 95% CI,
1.43-62.24; p= 0.02). Furthermore, 4 of the 6 patients who demonstrated an adverse outcome
were either treated clinically or underwent surgery 72 hours after the traumatic incident and
revealed a glucose-potassium ratio >50. However, the 15 cases that presented with a non-life-
threatening outcome had a glucose-potassium ratio <50.

DISCUSSION

If TBI is considered preventable, with an annual approximate incidence of 1%? and
generating innumerable direct and indirect health related expenses (nearly 75 million dollars
in the USY), it emerges as a major concern including not only medical and scientific issues,
but also public health care matters.

TBI is a dynamic process, and involves the conversion of kinetic energy into brain
parenchymal damage. Primary lesions occur passively because of initial trauma by direct
impact or by accelerating and decelerating head movements. Furthermore, these lesions can
be classified as diffuse (brain contusions, diffuse axonal injury, cerebral edema) and focal
(scalp laceration, fractures, and vascular lesions).")

After these initial events, a second process of biochemical events occurs and has been studied
primarily in murine models. Several theories have been proposed and one in particular is
becoming increasingly widespread. It claims that the effects of trauma threshold action
potentials are caused by the release of neurotransmitters (such as glutamate) from neuronal
presynaptic membranes, as well as by the activation of N-methyl-D-aspartate ion channel
receptors, which results in intracellular calcium and sodium influx, as well as extracellular
potassium diffusion. Through energy consumption, a sodium-potassium-ATPase pump
accurately and tightly controls this electrolytic imbalance and membrane potential.
Furthermore, cerebral glucose intake declines, directly proportionate to TBI severity, and
patient age, thereby precipitating hyperglycemia and as a consequence radical hypoglycemic
therapies were endorsed in a bid to protect the neuron from glucose toxicity. This is the case
for insulin treatment, not yet clinically approved.”

The potassium counter effect to trauma is still a concern, as only hyperkalemia has been
reported in animal models, but in human assays hypokalemia and hyperkalemia have both
been observed, as well as a rebound phenomenon exposing initial hypokalemia followed by
increasing levels of serum potassium.®

These processes include cerebral edema that is essentially cytotoxic, modified excitotoxicity
and voltage changes caused by cellular membrane rupture, apoptosis induced by intracellular
glutamate and calcium, altered mitochondrial permeability, DNA damage, free radical
release, cellular necrosis, and enzymatic lysis, among others, as secondary lesions in
conjunction with cerebral hypoxia.?

The glucose-potassium ratio has been reviewed for its prognostic value not only in TBI, but

also in aneurismatic subarachnoid hemorrhage,'** intracerebral hemorrhage,' and carbon
monoxide poisoning.? In these cases, it was considered a more accurate prognostic factor
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than glucose and potassium itself. On the basis of this and considering the neurochemical
processes, we decided to study its applicability in TBI. Moreover, the lack of publications
of this kind in Latin America, as well as the epidemiological contrast between studies from
Europe and Asia, prompted us to start our investigation.

As commented before, we have concluded that there is a close correlation between an
unfavorable outcome and a value higher than 50 in the glucose-potassium ratio, and between
a cipher lower than 50 and benign progression. Furthermore, we found 4 patients with an
elevated glucose-potassium index and a poor outcome who were not surgically treated, at
least in the first 24 hours after admission, and for whom an early surgical intervention could
have reported better prospects in terms of disability.

With regard to the limitations of this study, the retrospective nature of the analysis is
acknowledged, as well as the reliance on a limited sample size. Nevertheless, the results
correspond to those obtained in similar studies with larger samples. Furthermore, the follow-
up for patients was only 6 months, so we did not include long-term complications.

CONCLUSIONS

We aim to contribute to the pursuit of an effective biomarker in TBI to help healthcare
professionals make expedient decisions at hospital admission and within the first 3 hours after
the trauma occurred. We firmly recommend adopting the use of these biomarkers combined
with widely recognized scales, including the Glasgow Coma, Marshall and Rotterdam Scales.?
In conclusion, in view of the results obtained, and with reference to similar studies, the glucose-
to-potassium ratio has been shown to be one of the most promising biomarkers in TBI.
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