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Introduction. Skull fractures are often found in patients with traumatic brain injury (TBI). Although skull fractures may indicate
greater force impact and are associated with local or diffuse brain injuries, the prognostic value of skull fractures remains unclear.
+is retrospective study aimed to assess the association between skull fractures and mortality in patients with TBI.Methods. +is
study included 5,430 TBI patients registered in the trauma registry system from January 2009 to December 2018. Clinical and
demographic data including age, sex, trauma mechanisms, comorbidities, Glasgow Coma Scale (GCS) score, abbreviated injury
score (AIS)-head, injury severity score (ISS), and in-hospital mortality were acquired. Multiple logistic regression and propensity
score matching were used to elucidate the effect of skull fractures onmortality outcomes of TBI patients. Results. Compared to TBI
patients without skull fracture, patients with skull fractures were predominantly male, younger, had lower GCS upon arrival at the
emergency room, and had higher AIS-head, ISS, and in-hospital mortality. +e patients with skull fracture had 1.7-fold adjusted
odds of mortality (95% confidence interval (CI): 1.27–2.25; p< 0.001) than those without skull fracture, controlling for age, sex,
comorbidities, and AIS-head. Additionally, the propensity score-matched analysis of 1,023 selected paired patients revealed that
skull fracture was significantly associated with increased 1.4-fold odds of risk for mortality (95% CI: 1.02–1.88; p � 0.036).
Conclusions. Using a propensity score-matched cohort to attenuate the confounding effect of age, comorbidities, and injury
severity, skull fracture was identified as a significant independent risk factor for mortality in patients with TBI.

1. Introduction

Traumatic brain injury (TBI) is one of the leading causes of
morbidity and mortality associated with road traffic acci-
dents [1]. Currently, computed tomography (CT) has be-
come the standard for initial evaluation of patients suspected
with TBI, and skull fractures are often found in patients with
TBI. It has been estimated that out of 4,660 patients with
TBI, 28% of patients had skull fractures. In addition, skull
fractures are found in 25% of patients with fatal head injuries
at autopsy [2].

+e clinical importance of skull fractures has been re-
ported in the literature; however, the prognostic value of
skull fractures remains unclear. Simulation data showed that

skull fractures could reduce the risk of diffuse brain injury,
but increase the risk of brain contusion [3]. Skull fractures
have been reported to contribute to unfavorable outcomes in
moderate [4] or severe TBI [5] and increase the risk of
leakage of cerebrospinal fluid [6]. Additionally, skull frac-
tures have been associated with local or diffuse injuries of the
brain, including cranial nerve injury, seizures, and intra-
cranial hemorrhage [2]. It has also been reported that as-
sociated neurologic deficits and complications are more
common in patients with skull fractures than in patients
without skull fractures [7].

Of note, the comorbidity and demographic features of
patients, as well as trauma severity, may confound the as-
sessment regarding the effect of skull fracture onmortality in
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patients with TBI. For example, aging is associated with a
decrease in skull bone stiffness and may increase the oc-
currence of skull fractures [8]. Furthermore, women were
suggested to have favorable outcomes with better recovery
than men [9], and this effect is suggested to result from
higher levels of circulating estrogen and progesterone
[10–14]. In patients with liver cirrhosis, an increased risk of
sustaining skull fracture was found to be 1.75 [15]. Mean-
while, the comorbidities of patients and an associated higher
injury severity score (ISS) were also associated with in-
creased mortality in patients with TBI [16].

To assess the effect of skull fracture on the mortality of
patients with TBI, the present study was designed to in-
vestigate the relationship via a propensity score-matched
cohort analysis of the registered data to attenuate the
confounding effects of the associated comorbidities, de-
mographic features, and injury severity of patients.

2. Methods

2.1. Ethics Statement. +is study was approved by the In-
stitutional Review Board (IRB) of Chang Gung Memorial
Hospital (approval number 202000057B0). Because the
study was designed for retrospective analysis of the regis-
tered database, the need for informed consent was waived
according to IRB regulations.

2.2. Patient Population and Retrieved Information. We col-
lected the medical data of 35,154 patients (Figure 1) between
January 2009 and December 2018 from the trauma registry
system of a level I trauma center in Southern Taiwan
[17–20]. Only hospitalized adult patients (age ≥20 years)
with TBI were included in this study. +e abbreviated
injury score (AIS) was used to evaluate injury severity in
the following body regions: head/neck, face, chest, abdo-
men, extremities (including pelvis), and external region
[21]. +e AIS was a simplified, expert-based anatomical
scale for the severity of bodily injuries, including traumatic
brain injury [22, 23] with AIS � 1–6 points for injuries
based on mortality probability. An injury with AIS � 1 is
never fatal, while an injury AIS � 6 is almost certainly fatal.
+e ISS was calculated by summing the squares of the three
highest AIS scores in each body region [24, 25] and was
categorized into groups of 1–15 (mild to moderate), 16–24
(severe), and >24 (critical). Patients with multiple trauma
(AIS ≥3 in other body regions besides the head) (n � 1,457),
aged less than 20 (n � 683), burn injury (n � 2), or in-
complete data (n � 0) were excluded. +e retrieved patient
information included age, sex, comorbidities cerebrovas-
cular accident (CVA), hypertension (HTN), coronary ar-
tery disease (CAD), congestive heart failure (CHF),
diabetes mellitus (DM), and end-stage renal disease
(ESRD)), trauma mechanisms, Glasgow Coma Scale (GCS)
score upon arrival at the emergency department, AIS, ISS,
hospital length of stay (LOS), and in-hospital mortality.
According to the GCS, the severity of TBI was categorized
in terms of mild (13–15), moderate (9–12), and severe (<8)
injuries [26].

2.3. Statistical Analysis. Patient characteristics are summa-
rized as mean± standard deviation, median with
interquartile range (GCS and ISS), or frequency (%) as
appropriate. Demographic traits and clinical variables were
compared between the two groups of patients (those with
skull fracture versus without skull fracture) using the chi-
square test. In this study, the primary outcome measure was
in-hospital mortality. +e adjusted odds ratio of mortality
was calculated using logistic regression, controlling for age,
sex, comorbidities, and AIS-head. Independent risk factors
for mortality were evaluated via univariate and multivariate
logistic regressions, which included parameters that were
significant in the univariate model. In addition, a selected
cohort was studied with propensity score matching of pa-
rameters with significance in multivariate logistic regression
to evaluate the effect of skull fracture on mortality. All
analyses were performed using the SPSS software (IBM,
version 23). A 1 :1 propensity score-matched study pop-
ulation was created by the greedy method using the R
software (version 3.5.0; package: MatchIt, method: match it)
with a 0.2 caliper width to attenuate the influence of con-
founding variables on the outcome assessment. A p value of
<0.05 was set to determine statistically significant group
differences.

3. Results

As given in Table 1, a total of 5,430 patients who were sent to
our emergency room, including 3,279 men (60.4%) and 2151
women (39.6%), were included in this study.+emean age at
the time of the accident was 55.1± 19.6 years. +e most
commonly encountered trauma mechanisms were motor-
cycle accidents (n� 2,844, 52.4%), followed by fall accidents
(n� 1,732, 31.9%). Of these patients, 1,058 (19.5%) had skull
fractures according to radiographic reports. HTN and DM
were the first and second most common comorbidities,
respectively, of these patients. Most patients presented with
mild TBI with a GCS score of 13–15 (75.9%) and sustained
an ISS <25 (90.2%). Of the patients with TBI, the median

Trauma patients enrolled in the Trauma Registry system
(2009-2018)
n = 35, 154

Patients with traumatic brain injuries
n = 7572

Excluded patients with polytrauma: n = 1457
Excluded patients aged less than 20: n = 683
Excluded patients with a burn injury: n = 2

Study population
n = 5430

Skull fracture (-)
n = 4372

Skull fracture (+)
n = 1058

Figure 1: Flowchart illustrating the enrollment of the adult patients
with traumatic brain injuries in this study.
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head AIS score was 4, and the average in-hospital mortality
rate was 6.5%.

With male sex predominance, the average age was sig-
nificantly lower in the skull fracture group than in the
nonskull fracture group (Table 1). Significant differences in
comorbidities and trauma mechanisms were also observed
between patients with and without skull fractures. +e GCS
upon arrival at the emergency room was significantly lower
in the skull fracture group than in the nonskull fracture
group (median (Q1–Q3): 14 (9–15) vs. 15 (13–15); p< 0.001).
Patients with skull fracture were also associated with higher
ISS (16 (13–20) vs. 14 (9–16); p< 0.001), AIS-head (4 (3-4)
vs. 3 (2–4); p< 0.001), mortality (10.3% vs. 5.6%; p< 0.001),
and hospital stay (12.3 days vs. 10.4 days, p< 0.001) than
those without skull fractures.+e patients with skull fracture
had 1.7-fold adjusted odds of mortality (95% CI: 1.27–2.25;
p< 0.001) than those without skull fracture, under condi-
tions controlled by age, sex, comorbidities, and AIS-head.

Table 2 provides the regression analysis of the associated
risk of mortality by the presence of skull fracture, sex, age,
comorbidities, AIS of head� 4, AIS of head� 5, and ISS. In
univariate analysis, skull fracture was significantly associated
withmortality (odds ratio, 1.9; 95% CI: 1.52–2.44; p< 0.001).
Age, CVA, HTN, CAD, and ESRD were also significantly

associated with mortality in patients with TBI. AIS-head
(OR (95% CI): 10.0 (8.06–12.35); p< 0.001) and ISS (1.3
(1.24–1.29); p< 0.001) were also the significant risk factors
for mortality. +ese parameters affecting mortality were
included in further multivariate analyses to clarify their
independent effects on mortality in patients with TBI. Skull
fracture had a significant effect on the increasing mortality
rate (1.8 (1.35–2.48); p< 0.001). In addition, age (1.0
(1.01–1.02); p � 0.002), CAD (2.1 (1.32–3.31); p � 0.002),
and ESRD (4.2 (2.46–7.04); p< 0.001), excluding CVA and
HTN, were identified as the independent risk factors for
mortality. No trauma mechanisms had been identified as the
independent risk factors for mortality. AIS-head� 4 and 5
were also associated with a significantly higher mortality rate
(AIS-head� 4, 4.5 (1.76–11.51); p � 0.002 and AIS-head� 5,
88.4 (27.28–286.26); p< 0.001, respectively). In contrast,
AIS-head� 3 and ISS were not found to be a significant risk
factor for mortality in patients with TBI.

To clarify the importance of skull fractures on the
mortality of patients with TBI, 1 :1 propensity score-
matched patient cohorts with the same number of patients
(n� 1,023 for each group) were created (Table 3) to attenuate
the influence of confounding variables on the outcome
assessment. In the matched patient cohort, there were no

Table 1: +e demographic traits and clinical characteristics of patients with traumatic brain injury.

Variables All, n� 5430 Skull fracture (+), n� 1058 Skull fracture (−), n� 4372 OR (95% CI) P

Gender <0.001
Male, n (%) 3279 (60.4) 784 (74.1) 2495 (57.1)
Female, n (%) 2151 (39.6) 274 (25.9) 1877 (42.9)

Age, mean (years) 55.1± 19.6 46.7± 19.0 57.1± 19.2 <0.001
Comorbidities, n (%)
CVA 298 (5.5) 24 (2.3) 274 (6.3) <0.001
HTN 1734 (31.9) 197 (18.6) 1537 (35.2) <0.001
CAD 264 (4.9) 33 (3.1) 231 (5.3) 0.003
CHF 38 (0.7) 2 (0.2) 36 (0.8) 0.026
DM 911 (16.8) 98 (9.3) 813 (18.6) <0.001
ESRD 135 (2.5) 12 (1.1) 123 (2.8) 0.002

Trauma mechanisms, n (%)
Automobile 119 (2.2) 8 (0.8) 111 (2.5) <0.001
Motorcycle 2844 (52.4) 643 (60.8) 2201 (50.3) <0.001
Bicycle 275 (5.1) 50 (4.7) 225 (5.1) 0.576
Pedestrian 191 (3.5) 43 (4.1) 148 (3.4) 0.282
Fall 1732 (31.9) 249 (23.5) 1483 (33.9) <0.001
Strike by against 269 (5.0) 65 (6.1) 204 (4.7) 0.047

GCS, median (IQR) 15 (13–15) 14 (9–15) 15 (13–15) <0.001
3–8 788 (14.5) 259 (24.5) 529 (12.1) <0.001
9–12 523 (9.6) 145 (13.7) 378 (8.6) <0.001
13–15 4119 (75.9) 654 (61.8) 3465 (79.3) <0.001

ISS, median (IQR) 16 (9–17) 16 (13–20) 14 (9–16) <0.001
1–15 2551 (47.0) 328 (31.0) 2223 (50.8) <0.001
16–24 2345 (43.2) 574 (54.3) 1771 (40.5) <0.001
≥25 534 (9.8) 156 (14.7) 378 (8.6) <0.001

AIS-head, median (IQR) 4 (3-4) 4 (3-4) 3 (2–4) <0.001
Mortality 355 (6.5) 109 (10.3) 246 (5.6) 1.9 (1.52–2.44) <0.001
Mortality (AOR)∗ — — — 1.7 (1.27–2.25) <0.001
Hospital stay (days) 10.8± 11.7 12.3± 11.7 10.4± 11.7 <0.001
AIS, abbreviated injury score; AOR, adjusted odds ratio; CAD, coronary artery disease; CHF, congestive heart failure; CI, confidence interval; CVA, cerebral
vascular accident; DM, diabetes mellitus; ESRD, end-stage renal disease; GCS, Glasgow Coma Scale; HTN, hypertension; IQR, interquartile range; ISS, injury
severity score; OR, odds ratio. ∗AOR, controlled for age, sex, comorbidities, and AIS-head.
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significant differences in age, sex, comorbidities, and AIS-
head of the patients. +e propensity score-matched analysis
revealed that skull fracture remained significantly associated
with an increased risk of mortality (1.4 (1.02–1.88);
p � 0.036).

4. Discussion

+is study revealed that various factors were associated with
skull fracture, including sex, age, comorbidities, GCS, ISS,
and AIS-head. Multivariate analysis revealed that skull
fracture, age, CAD, ESRD, and AIS-head were the

independent risk factors for mortality in patients with TBI.
Notably, many factors contribute to the mortality of patients
with TBI [27]. +erefore, a propensity score-matched co-
hort, attenuating the confounding effect of the above vari-
ables, was created for this study in the outcome assessment.
We found that skull fracture was still significantly associated
with a 1.4-fold increase inmortality risk in patients with TBI.

In this study, females accounted for a small proportion
(25.9%) of skull fracture patients, which is consistent with
the results of a previous study that revealed gender differ-
ences in head trauma [5, 28]. Our previous studies also
reported that more males than females sustained TBI in road

Table 2: Univariate and multivariate logistic regressions of the risk factors for mortality of the patients with traumatic brain injury.

Mortality
Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

Skull fracture (+) 1.9 1.52–2.44 <0.001 1.8 1.35–2.48 <0.001
Gender 0.157
Male 1.2 0.94–1.47 — —
Female 0.9 0.68–1.06 — —

Age 1.0 1.02–1.03 <0.001 1.0 1.01–1.02 0.002
Comorbidities
CVA 1.5 1.02–2.29 0.041 1.1 0.69–1.86 0.637
HTN 1.7 1.33–2.06 <0.001 1.1 0.81–1.49 0.541
CAD 2.8 1.93–3.92 <0.001 2.1 1.32–3.31 0.002
CHF 2.2 0.85–5.63 0.106 — —
DM 1.2 0.92–1.59 0.166 — —
ESRD 5.0 3.32–7.52 <0.001 4.2 2.46–7.04 <0.001

Trauma mechanisms
Automobile 0.9 0.41–1.93 0.770 — —
Motorcycle 0.5 0.38–0.60 <0.001 0.8 0.51–1.34 0.442
Bicycle 1.7 1.12–2.51 0.013 1.5 0.80–2.91 0.203
Pedestrian 0.9 0.47–1.61 0.658 — —
Fall 2.1 1.66–2.57 <0.001 1.2 0.74–1.92 0.483
Strike by/against 0.7 0.41–1.26 0.248 — —

AIS-head
AIS� 3 0.2 0.11–0.27 <0.001 2.2 0.89–5.46 0.087
AIS� 4 0.5 0.37–0.60 <0.001 4.5 1.76–11.51 0.002
AIS� 5 32.4 25.25–41.64 <0.001 88.4 27.28–286.26 <0.001

ISS 1.3 1.24–1.29 <0.001 1.0 0.97–1.06 0.568
CAD, coronary artery disease; CHF, congestive heart failure; CI, confidence interval; CVA, cerebral vascular accident; DM, diabetes mellitus; ESRD, end-stage
renal disease; GCS, Glasgow Coma Scale; HTN, hypertension; ISS, injury severity score; OR, odds ratio.

Table 3: Propensity score-matched cohort of the patients with or without skull fracture.

Propensity score-matched cohort
Skull fracture (+), n� 1,023 Skull fracture (−), n� 1,023 OR (95% CI) P Standardized difference (%)

Age 47.0± 18.8 47.4± 18.7 — 0.646 −2.03
Male 757 (74.0) 757 (74.0) 1.0 (0.82–1.22) 0.00
Comorbidities
CVA 21 (2.1) 21 (2.1) 1.0 (0.54–1.84) 1.000 0.00
HTN 192 (18.8) 192 (18.8) 1.0 (0.80–1.25) 1.000 0.00
CAD 29 (2.8) 29 (2.8) 1.0 (0.59–1.69) 1.000 0.00
CHF 1 (0.1) 1 (0.1) 1.0 (0.06–16.01) 1.000 0.00
DM 92 (9.0) 92 (9.0) 1.0 (0.74–1.35) 1.000 0.00
ESRD 5 (0.5) 5 (0.5) 1.0 (0.29–3.47) 1.000 0.00

AIS-head 3.6± 1.0 3.7± 1.0 — 0.678 −1.84
Mortality 105 (10.3) 78 (7.6) 1.4 (1.02–1.88) 0.036 —
AIS, abbreviated injury score; CAD, coronary artery disease; CHF, congestive heart failure; CI, confidence interval; CVA, cerebral vascular accident; DM,
diabetes mellitus; ESRD, end-stage renal disease; HTN, hypertension; OR, odds ratio.
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accidents [18, 29]. +e study results did not identify gender
as a significant risk factor for mortality, which is in ac-
cordance with reports from other studies [10–14]. However,
the complex physiological and social factors, which may
have contributed by the differences between males and fe-
males in terms of skull fractures, were not explored in the
study. Hence, further work on this topic is encouraged.

Furthermore, the study results revealed that age was an
independent factor for mortality in patients with TBI. +is
result is consistent with those of many reports demon-
strating that age is an important risk factor for mortality at
any given level of GCS and AIS-head [30, 31]. Notably, in
this study, patients with skull fractures were younger than
those without skull fractures. It has been reported that aging
may lead to a decrease in the stiffness of cranial bones [8];
therefore, older individuals are more prone to fractures;
however, since the impact force sustained in each patient
during the accident was unknown, the association between
age and occurrence of skull fracture would not be conclusive.

Comorbidities of patients with TBI are important factors
that contribute to alterations in the clinical course and in-
fluence the short-term and long-term outcomes of patients
[32–34]. +is study found an association between CAD and
ESRD and increased mortality in patients with TBI, a
phenomenon that has been supported by many prior studies
[6, 16, 35–37]. Furthermore, in this study, we found that
AIS-head, but not ISS, is an independent factor for mortality
in patients with TBI. ISS was significantly associated with
mortality only in the univariate regression, but not in the
multivariate regression. Although ISS reflects the severity of
multiple traumas in an injured person, the input of AIS-head
into the regression may, to a large extent, explain the
mortality outcome [38] and lessen the influence of ISS on the
mortality outcome. Similar reports have shown that multiple
traumas have no role in the mortality of patients with severe
head injury [39, 40] and the mortality of patients depends on
the severity of the intracranial pathology, regardless of
ISS [41].

+is study has some limitations. First, the analysis was
limited to data from a level I regional trauma center, and the
conclusions may not be generalizable to other regions or
countries. Second, the different skull fracture types such as
linear/nondepressed/depressed/compound fractures may be
associated with different trauma mechanisms [42] and
prognosis [43]. However, the skull fracture types and their
association with local hematoma or parenchymal injury
were not recorded in the trauma registry system and thus
may lead to bias in the outcome assessment.+ird, this study
was a retrospective study based on a trauma registry data-
base, which could have led to selection bias. +e parameters
that could be selected from the registered database for
outcome analysis were still limited, considering the complex
interaction of various factors leading to mortality in patients
with TBI. Fourth, some bias may exist considering that the
CT characteristics of patients which may also affect the
prognosis of traumatic brain injury were not studied as a
parameter. Fifth, the use of the propensity score as the
matching method to attenuate nonrandomized assignment
of the study population on the outcome assessment rely on a

correct model fit of the relationship between the propensity
score and the outcome [44, 45]. +e goodness-of-fit for the
propensity score model may have impact on the outcome
evaluation [44, 45]. Furthermore, only short-term in-hos-
pital mortality was measured, and long-term mortality was
not included; thus, a selection bias may exist in the outcome
analysis.

5. Conclusions

Using a propensity score-matched cohort to attenuate the
confounding effect of age, comorbidities, and injury severity,
skull fracture was identified as a significant independent risk
factor for mortality in patients with TBI.
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