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Background: Initial management of severe traumatic brain injury is important and includes treatment
decision-making and prediction of prognosis. We examined whether biomarkers at admission could be
useful prognostic predictors. We focused on electrolytes and blood glucose, which can be measured eas-
ily at any facility and for which results can be obtained promptly, before those of other biomarkers,
such as D-dimer.

Methods: All trauma patients with head injuries treated at Chiba Hokusoh Hospital between 2014 and
2017 were investigated. Cases of multiple trauma accompanied by fatal trauma, hemorrhagic shock, or
cardiopulmonary arrest, and pediatric cases, were excluded from this study. Blood gas data at the initial
hospital visit were reviewed retrospectively. A poor outcome was defined as death during hospitaliza-
tion or a vegetative state due to head injury. Factors related to poor outcomes were analyzed.

Results: Of the 185 male and 79 female patients studied, 34 had poor outcomes. Poor outcome was sig-
nificantly correlated with potassium (P = 0.003), glucose (P < 0.001), and glucose-to-potassium ratio (P
< 0.001) at arrival. The odds ratio was 4.079 for a glucose-to-potassium ratio of =50.

Conclusions: We evaluated blood gas data at the initial hospital visit, as these results can be obtained
more quickly than those of other biomarkers assessed previously. Serum glucose-to-potassium ratio at
admission may be a potential predictor of prognosis for severe traumatic brain injury.

(J Nippon Med Sch 2021; 88: 342-346)
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Introduction
Severe traumatic brain injury (TBI) is a major healthcare
concern worldwide'. Many TBI survivors live with severe
disabilities. TBI rates are highest in the very young (age
0—4 years) and in adolescents and young adults (age =
15 years)’. The enormous economic burdens resulting
from severe TBI affect patients’ families and countries.
Thus, initial management of severe TBI is extremely im-
portant and includes decision-making to establish treat-

ment strategy, timing of surgery, and determination of

prognosis.

During the early phases after TBI, the incidence of co-
agulation abnormalities is high. Coagulation abnormali-
ties are independent predictors of mortality, even in the
presence of other risk factors’. In previous reports, D-
dimer was identified as a prognostic factor for TBI*’. The
concern with using coagulation byproducts, such as D-
dimer, as prognostic factors is that the results cannot be
obtained immediately. This is disadvantageous for severe

TBI patients, for whom physicians must make quick
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treatment decisions. Few studies have evaluated the use
of biomarkers other than coagulation factors at hospital
admission as prognostic factors for severe TBI. Therefore,
biomarkers measured in arterial blood gas tests of pa-
tients with head injury at admission to Chiba Hokusoh
Hospital were investigated retrospectively, and their use
as prognostic predictors was evaluated. Blood glucose
and potassium levels were previously identified as prog-
nostic factors in cases of subarachnoid hemorrhage’.
Thus, we speculated that such prognostic factors also
could be applied to TBI cases. Electrolytes and blood glu-
cose are measured via arterial blood gas tests at admis-
sion and can be measured easily at any facility. The cor-
responding test results can be obtained more promptly

than those for other biomarkers, such as D-dimer.

Materials and Methods

This study was based on the criteria of the Strengthening
the Reporting of Observational Studies in Epidemiology
statement and was approved (No. 661) by the Chiba Ho-
kusoh Hospital research ethics committee. The number of
inpatients at the Chiba Hokusoh Hospital critical care
center is approximately 1,000 per year. The hospital also
provides a doctor helicopter and a doctor car business.
Approximately 80% of inpatients are trauma cases, so the
facility is one of the leading trauma centers in Japan.
There are approximately 250 cases of severe trauma (in-
jury severity score [ISS] =15) per year.

All patients with TBI treated at Chiba Hokusoh Hospi-
tal between January 2014 and December 2017 were as-
sessed regardless of injury severity or cause, and the dis-
charge summaries for all inpatients were checked. We se-
lected patients whose final diagnosis included head
trauma (acute subdural or epidural hematoma, cerebral
contusion, traumatic subarachnoid hemorrhage, skull
fracture, and skull base fracture). Cases of multiple
trauma, except for TBI, accompanied by fatal trauma (ab-
breviated injury score [AIS] > 3), hemorrhagic shock, and
cardiopulmonary arrest, and pediatric (<18 years) cases
were excluded from this study. Patient records, including
admission data, were reviewed retrospectively. Patients
who died or were in a vegetative state (Glasgow Out-
come Scale [GOS] = 1, 2) secondary to TBI during hospi-
talization were defined as having a poor outcome.

Arterial blood gas samples were obtained from all
trauma patients transported to our hospital. There was
one stand-alone blood gas measuring device in the emer-
gency department, and results were obtained within ap-

proximately 60 seconds. Electrolytes and blood glucose
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levels in the arterial blood gas test at admission and re-
sults of laboratory tests such as coagulation factors and
vital signs, among others, were reviewed from clinical re-
cords. Factors related to poor outcomes were analyzed.

Treatment

At Chiba Hokusoh Hospital, trauma patients are
treated according to the Japan Advanced Trauma Evalu-
ation and Care guidelines’, which correspond to the Ad-
vanced Trauma Life Support guidelines. These guidelines
provide a standardized protocol for treatment and man-
agement of severe TBI in Japan and are similar to guide-
lines used in other countries®’.

Statistical Analysis

Statistical analysis was performed using SPSS for Mac
(V.21.0; SPSS, Armonk, NY, USA). Variables are expressed
as mean + SD, median (interquartile range, 25th-75th
percentiles), or number of patients (%), as appropriate.
Associations of poor outcome with biomarkers at admis-
sion were investigated. Normally distributed continuous
variables were compared with the Student t-test, and
nonnormally distributed variables were compared with
the Mann-Whitney U test. P < 0.05 was considered statis-
tically significant.

Results

Patient Characteristics

Of the 565 TBI patients hospitalized during the study
period (Fig. 1), 71 with hemorrhagic shock, 81 with car-
diopulmonary arrest, 75 with multiple trauma accompa-
nied by fatal trauma, except head injury, and 74 pediatric
cases were excluded. Thus, we included and analyzed
data for 264 patients (185 males, 79 females; mean age,
59.4 years; range 18-97 years).

Patient characteristics, cause of injury, surgical status,
and surgical outcomes are presented in Table 1. The
cause of injury was traffic accident (61.7%), fall (35.2%),
and other causes (3.0%). Procedures such as intracranial
pressure sensor insertion, decompressive craniotomy, re-
moval of hematoma, and hematoma irrigation with
trephination therapy were performed in 35 cases (13.3%).
Seven patients underwent trephination alone and 28 re-
quired craniotomy. After stratifying patients by outcome,
34 patients (12.9%) were classified as having poor out-
comes (P group; GOS =1, 2).

Patient characteristics were compared between the P
and good outcome (G) groups (Table 1). Mean patient
age was 66.7 and 58.3 years, respectively, and the differ-
ence was significant (P = 0.021). Surgical procedures were

performed in 67.6% and 5.2% of patients, respectively.
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565 cases | all trauma patients with head injury during 4 years from 2014 to 2017

71 cases | hemorrhagic shock

81 cases

cardiopulmonary arrest

multiple trauma accompanied with

7S cases fatal trauma (AIS>3) except for head trauma

pediatric (<18)

264 cases | included

Fig. 1 Flow Diagram of patient selection.
Flow diagram of patient selection. We assessed all trauma patients with head inju-
ries during the 4 years from 2014 through 2017. Cases of hemorrhagic shock, car-
diopulmonary arrest, and multiple trauma accompanied by fatal trauma (AIS>3)
except for head trauma, and all pediatric (<18 years) cases, were excluded. Thus,
264 cases were included and analyzed.

Table 1 Patient characteristics

Poor Good
All TBI patients outcome outcome P value
(GOs =1,2) (GOS =3-5)
No. (%) 264 34 (12.9) 230 (87.1)
Age, yr. (range) 59.4 (18-97) 66.7 (20-89) 58.3 (18-97) 0.021
Male sex, no. (%) 185 (70.1) 24 (70.6) 161 (70.7) 0.944
Cause of injury, no. (%) Traffic accident 163 (61.7) 17 (50.0) 146 (63.5) 0.089
Fall 93 (35.2) 14 (41.2) 79 (34.3)
Other 8(3.0) 3(8.8) 5(2.2)
Operation, no. (%) 35(13.3) 23 (67.6) 12 (5.2) <0.001

Operations = Intracranial Pressure (ICP): sensor insertion, decompressive craniotomy, removal of hematoma,

and hematoma irrigation with trephination therapy

Poor outcome was significantly correlated with surgical
procedure (P < 0.001). There was no significant difference
in sex or cause of injury between the two groups.

We compared vital signs at admission between the two
groups. Median Glasgow coma scale (GCS) at admission
in the P and G groups was 4 (range, 3-13) and 14 (range,
3-15) points, respectively. Poor outcome was significantly
correlated with GCS at admission (P < 0.001). There was
a significant difference in heart rate (101 and 83, respec-
tively, P < 0.001) but no significant difference in systolic
blood pressure (159 and 149, respectively, P = 0.062), res-
piratory rate (23 and 21, respectively, P = 0.205), or blood
temperature (35.8°C and 36.2°C, respectively, P = 0.009)
at admission between the two groups.

Arterial blood gases at admission were compared be-
tween the two groups (Table 2). Poor outcome was sig-
nificantly correlated with potassium (P = 0.003), glucose
(P < 0.001), lactic acid (P < 0.001), hemoglobin (P =
0.011), and base excess (P < 0.001). Mean potassium level
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in the P and G groups was 3.45 + 0.42 and 3.72 + 0.50,
respectively. Mean glucose level was 197 + 55.7 and 149
+ 451, respectively. The calculated blood glucose-to-
potassium ratio was 57.4 + 16.1 and 40.8 + 13.4, respec-
tively. There was a significant difference between groups
(P < 0.001).

We investigated the coagulation system at admission in
the two groups. Poor outcome was significantly corre-
lated with prothrombin time and international normal-
ized ratio (PT-INR; 1.16 in the P and 1.02 in the G
groups; P < 0.001), activated partial thromboplastin time
(APTT; 34.3 and 27.2, respectively; P < 0.001), fibrinogen
(116 and 239, respectively; P < 0.001), fibrin degradation
product (FDP; 382.3 and 47.8, respectively; P < 0.001), D-
dimer (189 and 27.5, respectively; P < 0.001), and plate-
lets (17.2 and 21.2, respectively; P < 0.001).

The results of multivariate logistic regression analysis
of arterial blood gas test findings in the two groups are

shown in Table 2. Multivariate analysis was performed
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Table 2 Patient outcomes in relation to arterial blood gas variables

Poor outcome

Good outcome

(n=34) (n=230) Odds ratio P value
Na (SD) (mEq/L) 139 (2.84) 140 (2.95) 0.828
K (SD) (mEq/L) 3.45(0.42) 3.72 (0.50) 0.003
Glu (SD) (mg/dL) 197 (55.7) 149 (45.1) <0.001
Glu/K (SD) 57.4 (16.1) 40.8 (13.4) <0.001
Lac (SD) (mmol/L) 3(2.0) 1.9 (0.98) <0.001
Hb (SD) (g/dL) 12.9 (2.46) 13.8 (1.83) 0.011
BE (+ SD) (mEq/L) -0.9 (4.1) 1.4 (2.8) <0.001
Glu/K =50 4.079 0.030
Age 1.058 0.005
GCS 0.555 <0.001
DM 1.676 0.576

Glu: glucose Lac: lactate Hb: hemoglobin BE: base excess GCS: Glasgow coma scale

DM: diabetes mellitus

because patients with diabetes likely had high blood glu-
cose levels. The odds ratio for a glucose-to-potassium ra-
tio of =50 was 4.079 (P = 0.030). A blood glucose of =
200 mg/dL is used as a diagnostic criterion for diabetes
and hypokalemia is defined as K =3.5. The ratio of these
values is 57.1. We defined the cutoff value as 50, which is

close to 57.1 and easy to calculate.

Discussion

We observed a strong correlation between poor TBI out-
come (GOS =1, 2) and a high glucose-to-potassium ratio
at hospital admission. In particular, for cases with a
glucose-to-potassium ratio of =50, the odds ratio was
4.079. Therefore, glucose-to-potassium ratio at admission
is a potential prognostic biomarker for severe TBI

Hypoglycemia and hypokalemia are often observed in
persons with head injuries and in those with subarach-
noid hemorrhage due to aneurysm rupture®". Fujiki et
al.” reported that hyperglycemia and hypokalemia were
more useful as prognostic factors for subarachnoid hem-
orrhage when glucose-to-potassium ratio was calculated,
as compared with glucose and potassium values alone.
Therefore, we examined whether the glucose-to-
potassium ratio was a useful prognostic predictor in TBL
Indeed, this ratio was a prognostic predictor for severe
TBI. A blood glucose level of =200 is a diagnostic crite-
rion for diabetes. If blood potassium is =3.5, then hy-
pokalemia is diagnosed. In this retrospective study, the
glucose-to-potassium ratio was 57.14. We used 50 as a
cutoff value because it is close to 57.14 and easy to calcu-
late.

Several studies have reported the prognostic value of

coagulation indicators in patients with severe TBI"™".
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However, few focused on the prognostic value of other
factors, such as electrolytes and vital signs, at hospital
admission in cases of TBI. Hypokalemia is a known inde-
pendent prognostic factor for TBI'™". Ookuma et al.” re-
ported that trauma patients with hypokalemia at hospital
admission were likely to present with severe TBI and re-
quire decompression craniotomy. Brown et al."” described
the mechanism by which hypokalemia occurred and re-
ported that trauma causes an epinephrine surge that
stimulates the beta receptor of adrenaline. The sodium-
potassium pump is subsequently activated and trans-
ports potassium into the cell, which leads to a decrease
in the blood potassium level.

Several studies assessed the association between TBI
and hyperglycemia in children”” but not in adults. In pe-
diatric head injuries, hyperglycemia is an independent
prognostic factor’”. Regarding the mechanism by which
hyperglycemia occurs in trauma, Rolih et al.” reported
that stress hormones such as glucocorticoid, growth hor-
mone, glucagon, and epinephrine are activated as a nor-
mal response to stress caused by trauma. As a result, glu-
coneogenesis and glycogen degradation pathways are be-
lieved to be activated, causing hyperglycemia. According
to this mechanism, hyperglycemia presumably follows
trauma, in both children and adults. If hyperglycemia oc-
curs after a TBI, levels of toxic metabolites such as lactate
increase, leading to cerebral metabolic acidosis and brain
damage secondary to ischemia™.

This study had several limitations. First, it is a retro-
spective study conducted at a single center. Second, the
medical history and any internal medication that could
have led to hypokalemia were not examined. Third, cases
of fatal trauma (AIS > 3) other than TBI were excluded,
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but the effects of other traumas in patients presenting

with multiple injuries were not considered. Because of

these limitations, our claims will need to be confirmed in

future studies.

Glucose-to-potassium ratio was a prognostic factor for

severe TBI. We assessed biochemical variables in arterial

blood gas test data at initial hospital admission, which

can be obtained more quickly than previous biomarkers,

and we identified a new biomarker. A serum glucose-to-

potassium ratio of =50 at admission may be a new

biomarker of prognosis for severe TBI. Use of this new

biomarker might lead to earlier prediction of prognosis

for severe TBI and might be useful when rapid decision-

making is required by physicians.
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