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Abstract

Background: Abnormalities in potassium levels can lead to several clinical difficulties in trauma patients admitted
to the ICU. However, the significance of potassium abnormalities soon after admission in trauma patients has not
yet been clearly delineated. The objective of this study was to describe the plasma potassium abnormalities in
trauma patients on admission and to examine the clinical outcomes associated with these abnormalities.

Methods: We performed a retrospective observational study of plasma potassium levels in trauma patients
admitted to the Fukuyama City Hospital between January 1, 2010 and December 31, 2013. Five hundred twenty
consecutive trauma patients were included and categorized into six groups according to their plasma potassium
level on admission (<3.0, 3.0-<3.5, 3.5-<4.0, 40-<4.5, 4.5-<5.0, and 250 mEq/L). After adjusting for covariates,
including age, gender, the Revised Trauma Score, and the Injury Severity Score, logistic regression analysis was used
to examine the association between plasma potassium levels and outcomes, including life-saving interventions and
in-hospital mortality.

Results: Two hundred twenty-seven patients (43.7 %) presented with hypokalemia (<3.5 mEg/L), while seven patients
(1.3 %) presented with hyperkalemia (5.0 mEg/L). Patients in the lowest potassium group (<3.0 mEg/L, n =36 [6.9 %))
were significantly associated with craniotomy (adjusted odds ratio 5.25 [95 % confidence interval 2.06-13.40]; p < 0.001)
and showed an increased trend toward in-hospital mortality. In the second lowest potassium group (3.0-< 3.5 mEqg/L,

n=191 [36.7 %]), the adjusted odds ratio for craniotomy was significantly higher (2.03 [95 % confidence interval 1.01-4.07];

p=0048) compared to the reference group.

head trauma requiring life-saving craniotomy.

Conclusions: Trauma patients presenting with hypokalemia (<3.5 mEg/L) on admission may be associated with severe

Keywords: Trauma, Potassium, Hyperkalemia, Hypokalemia, Mortality, Intervention, Craniotomy

Background

Various studies about potassium abnormalities in trauma
patients have been performed to assess its significance
and to elucidate its mechanism [1-4]. Hyperkalemia is
recognized as a general phenomenon in trauma patients
because of the theory that the release of cellular contents
due to the tissue damage or hemorrhagic shock com-
monly occurs in the severely injured patients [5, 6]. On
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the other hand, hypokalemia has been reported as a more
general and significant phenomenon and has been investi-
gated for its clinical importance and basic mechanism
[7-12]. The main mechanism of post-traumatic hypokal-
emia is considered that potassium shifts into the cells
responding to epinephrine surge caused by injury.

Although several studies have tried to elucidate the asso-
ciation between the potassium abnormalities and outcomes
in trauma patients, the significance of the potassium ab-
normalities soon after admission in trauma patients has
not been clearly delineated.
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We hypothesize that the occurrence of potassium ab-
normalities in trauma patients soon after admission is
associated with the outcomes of these patients. We
herein describe the plasma potassium abnormalities in
trauma patients on admission and examine the clinical
outcomes associated with these abnormalities in a retro-
spective observational study.

Methods

Study design

This study was a retrospective observational study con-
ducted at the Fukuyama City Hospital. The Fukuyama
City Hospital is a community hospital with 506 beds, lo-
cated in the eastern area of Hiroshima prefecture in Japan,
with an Emergency Medical Center corresponding to the
tertiary trauma center in this area. This study was ap-
proved by the Institutional Review Board of the Fukuyama
City Hospital.

Patients

All trauma patients with neither cardio-pulmonary arrest
on arrival nor burn injury were eligible if they had been
transported to the Fukuyama City Hospital between
January 1, 2010 and December 31, 2013 and if their In-
jury Severity Score (ISS) was greater than 15 [13].

The patients were excluded if they met the following
criteria: (1) were transported to the Fukuyama City Hos-
pital after 24 h or later from the injury onset, (2) the
dates when they were injured were unknown, (3) the
serum creatinine values on admission were greater than
2 mg/dL, or (4) a blood gas analysis was not performed
on admission.

Demographic and clinical information

Information was obtained from the hospital medical re-
cords and our database of trauma patients conforming
to the Japan Trauma Data Bank and included the follow-
ing: age, sex, type of trauma, situation of transport, vital
signs on admission, laboratory values, injury profile ac-
cording to the Abbreviated Injury Score (AIS), ISS, and
therapeutic interventions, including surgery [14, 15].

Scoring for trauma severity

To assess the severity of trauma, the following scores
were coded and calculated by trained assistants and phy-
sicians. To assess the anatomical severity, AIS was coded
by the AIS90 update98 and ISS was calculated [15]. To
assess the physiologic severity, the Revised Trauma
Score (RTS) was calculated according to the vital signs
on admission [16]. Using the method of the Trauma
Score and the Injury Severity Score (TRISS), we esti-
mated the probability of survival to describe the study
population [17].
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Measurement of potassium and other values

In the trauma medicine department at the Fukuyama City
Hospital, blood sampling is typically performed on admis-
sion for the analysis of blood gas, laboratory tests and
quick preparation for blood transfusions. The analysis of
blood gas was performed with ABL700 (Radiometer,
Copenhagen, Denmark), and we obtained the following
values of the plasma from this analysis: potassium, so-
dium, pH and bicarbonate. The serum creatinine level was
measured in the Hospital Central Laboratory Division
with LABOSPECT 008 (Hitachi High-Technologies Cor-
poration, Tokyo, Japan).

Outcome
The primary outcome was death during the hospitalization
from all causes. The secondary outcome was the occur-
rence of a life-saving intervention (LSI). According to the
current literature available on the epidemiology of trauma
deaths, we categorized the LSI into 2 groups, the LSI for
neurological emergency and the LSI for bleeding [18, 19].
The LSI for neurological emergency was defined as crani-
otomy. The LSI for bleeding was defined as intra-aortic bal-
loon occlusion, transcatheter arterial embolization, massive
transfusion, thoracotomy or laparotomy. The transcatheter
arterial embolization and surgeries in the LSI were defined
as those performed within 24 h of arrival. The intra-aortic
balloon occlusion was defined as that performed between
the arrival and start of hospitalization. A massive transfu-
sion was defined as a transfusion of 10 or more units of
packed red blood cells within 24 h of arrival.

Statistical analysis

Continuous variables were assessed for graphically nor-
mality and are described as the mean (standard devi-
ation) or median [inter-quartile range]. Categorical
variables are described as n (%). To adjust for the sever-
ity of trauma, the RTS was divided into two groups (<4
and >4) and the ISS was divided into three groups (16—
24, 25-40, and 41-75) [16].

The normal range of potassium was set between 3.5
and <5.0 mEq/L for describing the distribution of the
potassium disturbance. Additionally, six groups of differ-
ent potassium levels by 0.5 mEq/L was created to inves-
tigate the association of potassium concentration with
the clinical characteristics and outcomes (<3.0, 3.0-<3.5,
3.5-<4.0, 4.0-<4.5, 4.5-<5.0, and >5.0 mEq/L).

We used the following tests to compare the characteris-
tics between the six potassium groups: Fisher’s exact test
for categorical variables, the Kruskal-Wallis test for con-
tinuous variables without normality, and a one-way ana-
lysis of variance for continuous variables with normality.
We used a logistic regression analysis to examine the asso-
ciation between the potassium levels and outcomes while
adjusting for covariates, including age, gender, the RTS,
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and the ISS. In this logistic regression analysis, the potas-
sium concentration of 3.5-<4.0 mEq/L was set at the refer-
ence group. The results of the logistic regression analyses
were reported using the odds ratio (OR) and 95 % confi-
dence interval (CI).

All tests were two sided, and statistical significance
was considered to exist at p <0.05. All analyses were
performed using the R software package (version 3.1.1).

Results

Between January 1, 2010 and December 31, 2013, 584 of
all trauma patients transported to the Fukuyama City
Hospital had an ISS of more than 15 and were neither
cardio-pulmonary arrest on arrival nor burn patients
(Fig. 1). Of these patients, 64 were excluded, 17 were
transported to the hospital after 24 h or later from in-
jury, 3 had no information when they were injured, 13
had serum creatinine values greater than 2 mg/dL on
admission, and 31 did not have a blood gas analysis on
admission. Ultimately, 520 patients were analyzed.

Table 1 shows the characteristics of the study popula-
tion. The range of the potassium concentration on ad-
mission was 2.49-5.72 mEq/L, and 227 patients (43.7 %)
presented with hypokalemia (<3.5 mEq/L), while 7 pa-
tients (1.3 %) presented with hyperkalemia (=5.0 mEq/
L). The median of the ISS was 25, and the median of the
RTS was 7.84. The median of the probability of survival
calculated by the TRISS method was 0.89. During
hospitalization, 44 patients (8.5 %) died.

We divided the patients into six groups according to the
potassium levels on admission (Table 2). In the groups
with extreme potassium levels (<3.0 and >5.0 mEq/L), the
Glasgow Coma Scale and the RTS tended to be lower.
The LSI for bleeding tended to be conducted more fre-
quently in the higher potassium groups. Craniotomy
tended to be conducted frequently in the lowest potas-
sium group (12/36, 33.3 %). The gross in-hospital mortal-
ity was highest in the highest potassium group (2/7,

584 trauma patients
with ISS greater than 15
without burns
without CPAOA
between 1 January 2010 and 31 December 2013

64 patients were excluded due to:
unknown onset date n=3
> transported after = 24 hours from onset n=17
sCr> 2.0 mg/dL n=13
no analysis of blood gas n=231

520 patients were analyzed

Fig. 1 Flow chart of the patient selection. /SS Injury Severity Score,
CPAOA cardio-pulmonary arrest on arrival, sCr serum creatinine
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Table 1 Characteristics of the study population
Characteristics Value
No. of patients 520
Age, year, median [IQR] 61 [35, 74]
Sex, male, n (%) 355 (68.3)
Type of trauma
Blunt injury, n (%) 510 (98.1)
Penetrating injury, n (%) 10 (1.9)
Transferred from another hospital, n (%) 111 (21.3)
Laboratory values upon admission
Potassium, mEg/L, mean [range] 361 [249,5.72]
Hypokalemia (<3.5 mEg/L), n (%) 227 (43.7)
Normokalemia (3.5-<5.0 mEg/L), n (%) 286 (55.0)
Hyperkalemia (=5.0 mEg/L), n (%) 7 (1.3)
Scores
1SS, median [IQR] 25 [19, 30]

RTS, median [IQR]
TRISS Ps, median [IQR]

7.84 (649, 7.84]
0.89 [0.73, 0.95]

LSI for bleeding?, n (%) 117 (22.5)
Craniotomy, n (%) 64 (12.3)
In-hospital mortality, n (%) 44 (8.5)

IQR inter-quartile range, ISS Injury Severity Score, RTS Revised Trauma Score,
TRISS Ps probability of survival calculated by the method of the Trauma Score
and the Injury Severity Score, LS/ life-saving intervention

“The LSI for bleeding was defined as intra-aortic balloon occlusion, transcatheter
arterial embolization, massive transfusion, thoracotomy, or laparotomy

28.6 %) and lowest in the group with a potassium level of
3.0-<3.5 mEq/L (8/191, 4.2 %).

The logistic regression analysis was performed to exam-
ine the association between the plasma potassium levels
and outcomes, with the potassium level of 3.5-<4.0 mEq/
L set as the reference group (Table 3). The unadjusted
ORs for the mortality and craniotomy were significantly
higher in the lowest potassium group (<3.0 mEq/L) (OR
for mortality 3.12 [95 % CI 1.16-8.38]; p = 0.024, OR for
craniotomy 5.59 [95 % CI 2.36-13.20]; p <0.001). After
adjusting for covariates, the patients in the lowest potas-
sium group (<3.0 mEq/L) maintained a significantly higher
OR for craniotomy (5.25 [95 % CI 2.06—13.40]; p < 0.001),
while no group showed statistical significance about in-
hospital mortality. In the second lowest potassium group
(3.0-<3.5 mEq/L), the adjusted OR for craniotomy was
significantly higher (2.03 [95 % CI 1.01-4.07]; p = 0.048)
compared to the reference group. The odds ratios for the
LSI for bleeding tended to be higher in the higher potas-
sium groups, while no statistical significance was detected
in the adjusted ORs.

Discussion
In this retrospective observational study, we found that
the patients presenting with hypokalemia (<3.5 mEq/L)
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Table 2 Characteristics and outcomes by the potassium level on admission

Potassium level on admission <30 3.0-<35 35-<40 4.0-<4.5 45-<50 250 p value
(mEq/L)
No. of patients (%) 36 (6.9) 191 36.7) 195 (37.5) 78 (15) 13 (2.5) 7(13)
Age, year, median [IQR] 38 (16, 61.75] 531[285,695] 64 [42, 745] 68.5 [60.5, 80] 75 [56, 86] 51 (44, 70] <0.001
Sex, male, n (%) 26 (72.2) 119 (62.3) 137 (70.3) 61 (78.2) 10 (76.9) 2 (286) 0.03
Transferred from another 6 (16.7) 30 (15.7) 49 (25.1) 20 (25.6) 4 (30.8) 2 (286) 0.14
hospital, n (%)
Vital signs on admission
SBP, median [IQR] 139 [119.25, 131 [109, 148] 134 [110.5, 156] 136 [104.75, 107 [77,119] 122 [92.5,1235] 0.04
157.5] 155]
Heart rate, median [IQR] 94 [785,111.5] 90 [75.5, 105] 86 [73.5,101] 89.5 [735, 96 [81, 115] 101 (80, 111] 045
106.5]
RR, median [IQR] 22 [15.75, 30] 20 [16, 24] 20 [15, 25] 205 [16.25, 23 [18, 30] 14 [14, 19.5] 0.27
27.75]
GCS, median [IQR] 853, 13] 1511, 15] 1513, 15] 1513, 15] 14 [7,15] 53, 11] <0.001
Temperature, °C, median [IQR]  36.05 [35.65, 36.20 [35.50, 36.20 [35.50, 36.20 [35.62, 35.60 [35.50, 35.90 [35.25, 0.79
36.52] 36.70] 36.80] 36.60] 36.60] 36.90]
Scores
ISS, median [IQR] 26 [21.75,415]  25[19, 29] 25[19, 30] 26 [21, 34] 25 [20, 34] 25215, 27.5] 0.39
RTS, median [IQR] 597 [4.09,7.55] 7841[661,784] 784[690,7.84] 784669 784] 7.11[523,755 503[3.73,690] <0.001
TRISS Ps, median [IQR] 0.80[0.39,0.94] 0.91[0.78,097] 0.89[0.78,094] 0.86 [0.66,093] 0.861[0.33,0.89] 063 [042, 087] <0.001
Outcomes
LSI for bleeding?, n (%) 7 (19.4) 33(17.3) 47 (24.1) 21 (26.9) 5(38.5) 4 (57.1) 0.05
Craniotomy, n (%) 12 (333) 25 (13.1) 16 (8.2) 7 (9.0) 3(23.1) 1(14.3) <0.01
In-hospital mortality, n (%) 7 (194) 8 (4.2) 14 (7.2) 10 (12.8) 3(23.1) 2 (28.6) <0.01

IQR inter-quartile range, SD standard deviation, SBP systemic blood pressure, GCS Glasgow Coma Scale, ISS Injury Severity Score, RR respiratory rate, RTS Revised
Trauma Score, TRISS Ps probability of survival calculated by the method of the Trauma Score and the Injury Severity Score, LS/ life-saving intervention
*The LSI for bleeding was defined as intra-aortic balloon occlusion, transcatheter arterial embolization, massive transfusion, thoracotomy or laparotomy

had significantly more incidence of craniotomy as a sur-
rogate of the severity of head trauma.

Several studies investigated the clinical significance of
post-traumatic hypokalemia regarding the response of the
sympathetic nervous system to head trauma and suggested
that a certain degree of the response indicates a poorer out-
come [8, 9, 12]. Beal et al. reported that hypokalemia was
common in trauma patients and associated with some fea-
tures including younger age, head trauma, lower Glasgow
Coma Scale (GCS), higher ISS, and others [10]. They also
categorized the severity of hypokalemia and found that
patients with severe hypokalemia (<3.1 mEq/L) had
lower admission GCS than those who had mild hypo-
kalemia (3.4—3.5 mEq/L). In the present study, we cate-
gorized the study cohorts by the potassium levels on
admission and found that the lowest potassium group
(<3.0 mEq/L) had the highest OR for craniotomy with a
statistical significance, while the second lowest potas-
sium group (3.0-<3.5 mEq/L) also had the adjusted OR
for craniotomy with a statistical significance. Unfortu-
nately, we were not able to consider the association be-
tween the detailed information about head injury
requiring craniotomy and the severity of hypokalemia

in the present study. However, our results suggest that
the severity of post-traumatic hypokalemia may reflect
the severity of head injury and that a certain degree of
post-traumatic hypokalemia has the possibility to be an
indicator of severe head trauma requiring life-saving
craniotomy.

The mechanism of post-traumatic hypokalemia has been
gradually elucidated; however, whether the post-traumatic
hypokalemia resolves without any intervention remains un-
known. Epinephrine most likely induced hypokalemia be-
cause potassium normally shifts into the cells responding
to epinephrine [20]. Beal et al. reported that the epineph-
rine levels on admission were higher in trauma patients
with hypokalemia [11]. They also found that the epineph-
rine levels decreased toward the normal level simultan-
eously with the recovery of hypokalemia after 24-36 h.
However, Wu et al. reported in the observational study of
the hypokalemic patients with traumatic brain injury that
hypokalemia mainly occurred later than the first 24 h after
injury, and considerable numbers of patients presented with
severe hypokalemia [12]. In the present study, we observed
6.9 % of all trauma patients presented with severe hypokal-
emia (<3.0 mEq /L) and the lowest value of potassium of
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2.49 mEq/L, although the information about the courses of
the potassium abnormalities was unfortunately unavailable.
If the post-traumatic hypokalemia was caused by the potas-
sium shifts and the reaction ceased shortly, the recovery of
hypokalemia may be expected without any intervention.
However, in the cases of prolonged or considerable hypo-
kalemia, some of the interventions for hypokalemia may be
required. Although the other various causes are possible,
the prolonged post-traumatic hypokalemia itself is possible
to reflect the prolonged derangement of neurological con-
dition caused by head trauma.

We observed no significant association between clin-
ical outcome and hyperkalemia soon after admission.
However, we found that the patients with higher potas-
sium levels tended to require interventions for bleeding.
Post-traumatic hyperkalemia is induced by extensive tis-
sue damage and aggressive transfusion [6]. Additionally,
prolonged hemorrhagic shock theoretically leads to
hyperkalemia due to alterations in the cellular membrane
function [5]. The main causes of death due to trauma in-
clude injury of the central nervous system and exsanguin-
ation; the latter is related to the extensive tissue damage
and hemorrhagic shock [18, 19]. In the present study,
most of the patients were injured by a blunt mechanism
related to the extensive tissue damage and many patients
had brain injury; hence, the two main pathologies men-
tioned above may coexist. Therefore, the effect of hyper-
kalemia may be offset by the effect of hypokalemia, and
the clinical significance of hyperkalemia may be obscured.

There are several limitations associated with this
study. First, we collected the potassium concentration
from the analysis of blood gas in the emergency room,
which was a measurement of the plasma. The potassium
concentration in the serum may result in a higher value
than in the plasma, which is caused by the potassium re-
lease from platelets or other cells [21]. Therefore, care
should be taken when the results of the present study
are extrapolated to other investigations or compared
with other studies. Contrary, the internal validity of the
present study is presumed to be unchanged, because we
chose the measurement of the plasma in which the dis-
persion of potassium values from this phenomenon was
consequently assumed to be smaller. Second, this was a
retrospective observational study, and thus, it is possible
that some of the important factors that may affect the
results were overlooked. These factors include prescribed
medicines, kidney function, pH, interval from injury to ad-
mission, infusion or transfusion before admission, and in-
terventions for potassium abnormalities before admission.
The detailed medical information such as the medicines
or the interventions before admission was unfortunately
unavailable in this study because of the paucity and uncer-
tainty of information stemmed from the retrospective de-
sign. We tried to minimize the effects of them by setting
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and adjusting the design of this study. For example, the
kidney function was considered by the creatinine level to
exclude the patients with renal insufficiencies possible to
affect the metabolism of potassium, and the temporal or
medical concerns were considered by setting the time
window of inclusion. Third, a small sample size made the
statistical analysis difficult, especially in the groups with
extreme potassium levels, and may have decreased the
power of analysis. Further investigation with consider-
ations to the points mentioned above is required to evalu-
ate the role of potassium abnormalities as informative and
valuable phenomena in trauma medicine.

Conclusions

In conclusion, we herein found that trauma patients pre-
senting with hypokalemia (<3.5 mEq/L) required increased
incidence of craniotomy and hypokalemia (<3.0 mEq/L)
showed an increased trend toward in-hospital mortality in
a retrospective observational study. Our findings suggest
that hypokalemia in trauma patients on admission reflects
the severity of head trauma.
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