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Abstract: Background: The impact of traumatic brain injury (TBI) on the pediatric population is
profound. The aim of this study is to unveil the state of the evidence concerning acute neurosurgical
intervention, hospitalizations after injury, and neuroimaging in isolated skull fractures (ISF). Mate-
rials and Methods: This systematic review was conducted in accordance with PRISMA guidelines.
PubMed, Cochrane, Web of Science, and Embase were searched for papers until April 2023. Only
ISF cases diagnosed via computed tomography were considered. Results: A total of 10,350 skull
fractures from 25 studies were included, of which 7228 were ISF. For the need of acute neurosurgical
intervention, the meta-analysis showed a risk of 0% (95% CI: 0–0%). For hospitalization after injury
the calculated risk was 78% (95% CI: 66–89%). Finally, for the requirement of repeated neuroimaging
the analysis revealed a rate of 7% (95% CI: 0–15%). No deaths were reported in any of the 25 studies.
Conclusions: Out of 7228 children with ISF, an almost negligible number required immediate neuro-
surgical interventions, yet a significant 74% were hospitalized for up to 72 h. Notably, the mortality
was zero, and repeat neuroimaging was uncommon. This research is crucial in shedding light on the
outcomes and implications of pediatric TBIs concerning ISFs.

Keywords: isolated skull fracture in children; pediatric traumatic brain injury; pediatric

1. Introduction

The impact of traumatic brain injury (TBI) on the pediatric population is profound,
as it stands as a leading cause of both fatalities and disabilities [1,2]. While TBI’s severity
in adults is widely acknowledged, the unique pathophysiological aspects involved in
pediatric cases magnify the associated burden, making it even more substantial [1].

Pediatric brain injuries present distinctive biomechanical characteristics due to the
heightened plasticity and deformability of the developing brain. The infant skull, less rigid
and featuring flexible sutures that act like joints, allows for some movement in response
to mechanical stress, potentially resulting in birth-related injuries such as intracranial
hemorrhages caused by compression and traction during delivery [3,4]. Additionally,
shaking can cause a slight deformity of the skull and redistribute forces within, potentially
leading to stretching and shearing injuries. Furthermore, children’s relatively larger heads
make them more vulnerable to head trauma compared to adults [1,5].

An isolated skull fracture (ISF) stands as a distinct focal point within the complex
spectrum of TBI. TBI, in its broad context, is associated with severe and multifaceted
consequences. However, the ISF introduces its own set of distinctive characteristics that
warrant specific attention. Extensive analysis, through prior comprehensive meta-analyses,
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has diligently explored the short-term implications of this condition. The collective findings
from these studies ultimately revealed a rather low likelihood of emergent neurosurgical
intervention or fatality in cases of ISF. Despite this relatively low risk, it is noteworthy that
ISF cases tend to exhibit a significantly high incidence of hospitalization. This suggests that
although the immediate life-threatening aspect is relatively rare, the injury itself necessitates
a considerable degree of medical care and observation due to its potentially severe nature,
ultimately concluding that the risk of emergency neurosurgery or fatality is exceedingly
low, yet it is accompanied by a notably high rate of hospitalization [6].

Despite the establishment of guidelines for TBI in children [7,8], there is room for re-
search, as new evidence of ISF in the pediatric population has emerged since the publication
of the last meta-analysis [6]. In this matter particularly, there is no robust current evidence
demonstrating the requirement of acute neurosurgical intervention, hospitalizations after
injury, and neuroimaging in ISF [9]. Hence, the authors conducted a single-arm update
meta-analysis to unveil the state of the evidence concerning these factors.

2. Materials and Methods
2.1. Eligibility Criteria

Inclusion in this meta-analysis was restricted to studies that met all the following
criteria (1) randomized or non-randomized studies; (2) report isolated pediatric skull
fracture on computed tomography (CT) scan; (3) studies that report one of the interest
outcomes; (4) studies reporting four or more patients. We excluded non-English papers,
reviews, letters to the editor, abstracts, and commentaries from the initial assessment.

2.2. Search Strategy

We systematically searched for isolated pediatric skull fractures on PubMed, Cochrane,
Web of Science, and Embase databases with the following terms: (Pediatric OR child) AND
(“skull fracture” OR “head injury” OR “head trauma”) AND (“surgical intervention”
OR “neurosurgical intervention” OR “surgical treatment”) AND (“conservative care” OR
management OR “conservative management”). Due to the lack of randomized controlled
trials, our sample is mostly composed of non-randomized studies. The references from
all included studies, previous systematic reviews, and meta-analyses were also searched
manually for any additional studies. Two authors (F.A. and L.B.P.) independently extracted
the data following predefined search criteria.

2.3. Outcomes Definitions

Main outcomes were defined considering mortality, the necessity of acute neuro-
surgery intervention, repeated neuroimaging, and hospitalizations. Cases of ISFs were
considered only if they were diagnosed through CT scanning.

2.4. Quality Assessment

Two authors (F.A and L.B.P) independently evaluated the study quality, and any
differences in their assessments were resolved via consensus. ROBINS-I scale was employed
to assess the studies. By utilizing this standardized assessment tool, our objective was to
assess the methodological rigor and quality of the studies included in our analysis.

2.5. Statistical Analysis

This systematic review and meta-analysis were performed following the Cochrane
Collaboration and the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) statement guidelines [10]. Relative risk (RR) with 95% confidence intervals was
used to compare outcomes in specific treatment scenarios. Cochran Q test and I2 statistics
were used to assess for heterogeneity; p-value inferior to 0.05 and I2 < 35% were considered
significant for heterogeneity. Review Manager was used for statistical analysis.
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3. Results
3.1. Study Selection

We located a total of 4572 articles through our search efforts, with 1935 found in
PubMed, 1616 in Embase, 994 in Web of Science, and 27 in Cochrane database. After the
initial screening, where we assessed 3259 non-duplicate citations, we excluded 3228 articles
based on title or abstract screening, leaving us with 31 articles for a full-text review. Sub-
sequently, nine articles were excluded during the full-text screening and data extraction
process. Next, three citations were manually added. Ultimately, we included 25 studies in
our final analysis [9,11–34], as outlined in Figure 1.
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Figure 1. Prisma Flow Diagram.

3.2. Quality Assessment

Figure 2 uses a concise color-coded system based on the ROBINS-I scale to present the
risk of bias among 25 studies. Green represents the two studies with “Low Risk of Bias”,
yellow delineates the eighteen studies with “Moderate Risk of Bias”, and red highlights the
five studies flagged for “Serious Risk of Bias”.
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Figure 2. Quality assessment of the included studies employing the ROBINS-I scale [9,11–13,15–34].
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3.3. Patient Baseline Characteristics

A total of 10,350 skull fractures from 25 studies were included, of which 7228 were
ISFs identified after CT scanning. Within the selected reports, 18 (72%) were retrospective
analysis of patients’ characteristics and data. The United States of America (US) was the
country in which most of the studies were established, encompassing 17 (68%) citations.
From the included reports, twenty (80%) were initiated in this century; however, only
five (20%) were conducted from 2010 onwards. Out of the total, four (16%) references
were multicentric, with one being from Australia and the rest being from the US. One
of these multicentric studies accounted for 44% of the included skull fractures. Except
for Mannix et al. [20], all studies encompassed patients with equal or less than 18 years.
Concerning the age of the patients, 16 (64%) studies included only patients with 15 years or
less. When analyzing all of the reports, the initial Glasgow Coma Scale (GCS) score ranged
from 13 to 15 in 2 (8%) and from 14 to 15 in 3 (12%) of them, whereas in 12 (48%) the GCS
score was 15. A summary of the data can be examined in Table 1.

Table 1. Baseline characteristics of included studies.

Study and
Year

Study
Design

Single or
Multicenter

Enrolment
Period

Local of
Research

No. of Any
Skull

Fracture

No. of
Isolated Skull
Fracture (%)

Age Range
Initial
GCS
Score

Arrey 2015
[11] R Single 2009–2013 US 326 326 (100) <15 years NR

Blackwood
2016 [12] R Single 2004–2014 US 71 71 (100) <12 years 15

Brown 2014
[13] R Single 2010–2011 UK 6 3 (50) <1 year NR

Greenes
1997 [14] P Single 1992–1994 US 105 78 (74) <23 months NR

Greenes
1999 [15] P Single 1998–1998 US 86 63 (74) <2 years NR

Hassan 2014
[16] R Single 2007–2010 US 223 128 (73) <5 years 15

Katirci 2013
[17] R Single 2009–2010 Turkey 152 127 (84) ≤18 years 13–15

Kommaraju
2019 [18] R Single 2005–2015 US 127 127 (100) ≤18 years 14–15

Lyons 2016
[19] P Single 2008–2015 US 320 300 (94) ≤18 years 14–15

Mannix 2013
[20] R Multicenter 2005–2011 US 4596 3915 (85) <19 years NR

Metzger
2014 [21] P Single 2010–2014 US 88 88 (100) ≤16 years 15

Mizu 2021
[22] R Single 2011–2019 Japan 79 37 (47) ≤15 years 15

Nakahara
2011 [23] R Single 2005–2007 Japan 38 4 (11) <4 years 15

Plackett
2015 [24] R Multicenter 2010–2014 US 42 42 (100) ≤13 years 15

Powell 2015
[25] P Multicenter 2004–2006 US 350 350 (100) ≤18 years 14–15
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Table 1. Cont.

Study and
Year

Study
Design

Single or
Multicenter

Enrolment
Period

Local of
Research

No. of Any
Skull

Fracture

No. of
Isolated Skull
Fracture (%)

Age Range
Initial
GCS
Score

Reid 2012
[26] R Single 2003–2010 US 92 82 (89) <2 years 15

Reuveni-
Salzman
2016 [27]

R Single 2006–2012 Israel 222 222 (100) <14 years 15

Reynolds
2022 [9] R Single

2015–2017
and

2019–2020
US 244 244 (100) ≤18 years NR

Rollins 2011
[28] R Single 2003–2008 US 1810 235 (13) <14 years 15

Schunk 1996
[29] R Single 1992 US 79 43 (54) <18 years 15

Tallapragada
2017 [30] R Multicenter 2009–2014 Australia 358 167 (47) ≤16 years 13–15

Trenchs 2009
[31] P Single 2004–2006 Spain 150 29 (19) ≤1 year 15

Vogelbaum
1998 [32] R Single 1993–1994 US 44 44 (100) ≤15 years 15

White 2016
[33] R Single 2005–2013 US 619 438 (71) 3.4 years

(SD 4.1) NR

Yavuz 2016
[34] R Single 1998–2000 Turkey 123 65 (53) ≤15 years NR

Abbreviations: R—Retrospective; NR—Non reported, P—Prospecitve.

3.4. Outcomes from the Included Patients

In our sample, among the 7228 patients presenting ISFs confirmed by head CT, only
two children underwent acute neurological surgery, representing virtually 0% of the pa-
tients. In contrast to the few patients who needed acute neurosurgery, a greater number of
the children were hospitalized. In summary, 5351 (74%) of them were hospitalized. The
length of their hospital stay did not exceed a period of time corresponding to 72 h, including
an observation period and an eventual hospital admission. No deaths were reported in
any of the 25 studies, despite the high number of hospitalized children and the two acute
neurological procedures. Furthermore, only 10 studies provided useful data concerning the
number of patients who underwent nonaccidental trauma evaluation. This amount, when
reported, reached a total of 378 (5%) patients. Moreover, proceeding with the same rationale
as Bressan et al. [6], the total number of patients that repeated neuroimaging varies in our
whole study depending on the reported data of a single reference [33]. This reference does
not specify the real number of patients with isolated nondisplaced linear skull fractures that
repeated this imaging process, despite mentioning that 560 patients received a repeated
CT. Thus, the data in this particular study is considered non reported. Hence, a total of
150 patients were identified as having repeated neuroimaging. Table 2 provides a greater
view of the exposed data. Subsequently, a pooled analysis was performed.
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Table 2. Outcomes from the included patients.

Study
No. Isolated

Skull Fracture
on CT

No. Acute
Neurosurgery

(%)

No.
Hospitalized

(%)

Length of
Hospital Stay

No. Deaths
(%)

No.
Nonaccidental

Trauma
Evaluation * (%)

No. Repeated
Neuroimaging

(%)

Arrey 2015 [11] 326 0 271 (83) <72 h 0 24 (7) NR

Blackwood
2016 [12] 71 0 55 (77) <72 h 0 0 3 (4)

Brown 2014
[13] 3 0 3 (100) <72 h 0 NR NR

Greenes 1997
[14] 78 0 78 (100) <72 h 0 NR * NR

Greenes 1999
[15] 63 0 24 (44) <72 h 0 NR NR

Hassan 2014
[16] 128 0 NR <72 h 0 NR NR

Katirci 2013
[17] 127 0 NR <72 h 0 NR NR

Kommaraju
2019 [18] 127 0 127 (100) <72 h 0 NR 2

Lyons 2016 [19] 300 0 213 (71) <72 h 0 99 (31) NR

Mannix 2013
[20] 3.915 1 (0.03) 3069 (78) <72 h 0 186 (6) 47 (1)

Metzger 2014
[21] 88 0 50 (57) <72 h 0 10 (23) 2 (2)

Mizu 2021 [22] 37 0 28 (76) <72 h 0 NR 17 (46)

Nakahara 2011
[23] 4 0 NR <72 h 0 NR NR

Plackett 2015
[24] 42 0 NR <72 h 0 NR NR

Powell 2015
[25] 350 0 201 (57) <72 h 0 NR 62 (18)

Reid 2012 [26] 82 0 2 (2) <72 h 0 2 (2) NR

Reuveni-
Salzman 2016

[27]
222 0 222 (100) <72 h 0 2 (1) 4 (2)

Reynolds 2022
[9] 244 0 115 <72 h 0 NR NR

Rollins 2011
[28] 235 0 177 (75) <72 h 0 2 (1) 13 (6)

Schunk 1996
[29] 43 0 38 (88) <72 h 0 NR NR

Tallapragada
2017 [30] 167 1 (0.6) 167 (100) <72 h 0 NR NR

Trenchs 2009
[31] 29 0 29 (100) <72 h 0 NR 0

Vogelbaum
1998 [32] 44 0 44 (100) <72 h 0 22 (50) NR

White 2016 [33] 438 0 438 (100) <72 h 0 31 (7) NR **

Yavuz 2016
[34] 65 0 NR <72 h 0 NR NR

Abbreviations: NR—Non reported. * In ten studies, 101 patients with any skull fracture were evaluated child
abuse, being found a total of thirty patients; number not specified for the subgroup of patients with linear
nondisplaced skull fractures. ** In this study, 560 patients of the total 619 (181 with an isolated depressed skull
fracture and 438 with an isolated nondisplaced skull fracture) received a repeated CT, and no children had new
CT findings. The maximum and minimum number of patients with an isolated nondisplaced linear skull fracture
who could have received a repeated CT ranged between 438 and 379.
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3.5. Acute Neurosurgical Intervention

From 7219 patients from 25 studies, two required acute neurosurgical intervention
(0,0%). After common and random analysis, the risk was calculated to be 0% (95% CI: 0–0%;
I2 = 0%). The plot is available in Figure 3.
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3.6. Hospitalization after Injury

A sum of 6853 patients from 20 studies analyzed the incidence of hospitalization to
more complete exams evaluation after the injury. Due to increased heterogeneity, after a
random analysis, the risk of hospitalization was calculated to be 78% (95% CI: 66–89%;
I2 = 100%). The most heterogeneous study was Reid et al. [26], in which only two patients
out of eighty-two were hospitalized (2.4%). The statistics are depicted in Figure 4.
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3.7. Repeated Neuroimaging

From nine studies with 5074 patients, neuroimaging was repeated in 150 patients (3%).
Once again, due to high heterogeneity, after a random analysis the results came to a rate
of 7% (95% CI: 0–15%; I2 = 92%). Mizu et al. [22] contributed significantly to the present
heterogeneity. The outcome is illustrated in Figure 5.
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4. Discussion

The management of ISFs in children is a multifaceted process that involves weighing
the necessity of surgical intervention. Traditionally, these fractures have been perceived as
potentially warranting surgery in severe cases to prevent or address complications such as
epidural or subdural hematomas and other intracranial injuries [35]. In contrast, conserva-
tive management entails close observation, neuroimaging, and follow-up, and it is typically
preferred for asymptomatic or mildly symptomatic isolated fractures. This approach aligns
with the principle of minimizing invasive procedures in pediatric patients [36]. The positive
outcomes observed in our meta-analysis, which support the efficacy of conservative man-
agement for ISFs, contribute significantly to the ongoing discourse on the most appropriate
approach to these cases. These findings underscore the importance of a thorough evalu-
ation to determine whether surgical intervention or medical hospitalization is genuinely
necessary. While an isolated skull fracture typically bears a low positive predictive value
for adverse outcomes, an escalation in risk emerges if supplementary information from the
patient’s history, physical examination, laboratory results, additional imaging, or social
work evaluation raises heightened concerns regarding the condition.

In our analysis, we highlight an exceptionally low incidence of acute neurosurgical
intervention. Out of the 7219 patients analyzed, only two cases (0.0%) required such
intervention, seen in Mannix et al. [20], and Tallapragada et al. [30] studies. This finding
underscores the rarity of severe complications that necessitate surgical treatment in children
with ISFs [37]. It suggests that a conservative approach, involving observation and non-
operative management, is generally effective in managing these cases.

Because of these necessities, our study reports a notably high hospitalization rate
among pediatric patients with ISFs. Approximately 78% of these patients were admitted to
the hospital to receive a more complete evaluation of exams. The rationale behind this high
hospitalization rate likely includes the need for close monitoring, repeated neurological
assessments, and evaluation for potential complications, even though the incidence of
surgical intervention is extremely low. While this cautious approach ensures the safety and
thorough evaluation of these young patients, it also raises questions about the utilization
of healthcare resources, the potential for over hospitalization in cases where conservative
management may be more appropriate, when analyzing the amount spend annually for
these scenarios [38], and the risk of iatrogenic damage caused by hospitalization itself [39].

Additionally, these discussions, advanced neuroimaging techniques play a pivotal
role in assessing the extent and severity of injury, aiding in more informed decision-
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making, such as the PECARN Rule [40], developed to identify children at minimum risk of
clinically significant TBI by diagnosing the extend and severity of the lesion. The ability
to accurately diagnose and monitor these fractures using neuroimaging is an essential
advancement [41]. The potential of emerging imaging technologies holds promise for
future research and improving diagnostic accuracy [42]. Our study delves into the practice
of repeating neuroimaging in pediatric patients with ISFs fractures, showing a routine
repeat neuroimaging that does not consistently follow a homogeneous proportion across
studies. The data suggests a repeat rate of 3%, which increases to 7% when accounting for
high heterogeneity. This variation in practice reflects the lack of consensus on the necessity
of repeat imaging, with some suggestions in the medical literature [43,44].

In summary, our analysis of the medical literature on pediatric skull fractures reveals a
complex clinical landscape. Clinicians frequently recommend hospitalization for these cases
at a notably high rate (78%), even though the ultimate need for neurosurgical intervention
is relatively low. Moreover, there is substantial heterogeneity in the decision to repeat
neuroimaging in our study. This variability may stem from unclear and non-uniform
guidelines for managing such scenarios. We recognize the critical importance of decision-
making in these situations and the absence of clear directives [45].

In light of these findings, data suggest a cautious approach among clinicians when
contemplating surgical interventions and hospitalization. Emphasizing the significance of
comprehensive clinical assessments and imaging becomes paramount in determining the
appropriate course of action for each patient, and advocating to a conservative management
unless there are clear clinical or neurological warning signs, and the skull imaging indicates
no significant abnormalities.

5. Limitations

While our discussion has provided valuable insights into the management and out-
comes of ISFs in pediatric patients, it is crucial to acknowledge several limitations that
temper the interpretation of these findings.

The inherent heterogeneity in the data sources used for our meta-analysis is a notable
concern. The included studies may have varied widely in terms of patient demographics,
geographical locations, healthcare settings, and diagnostic criteria. This diversity can
introduce variability in the results and may restrict the generalizability of our findings to a
broader population of pediatric patients with ISFs.

Also, the potential for publication bias in meta-analyses cannot be overlooked. Studies
with positive or statistically significant results are often more likely to be published than
those with negative or non-significant findings. This bias could impact the overall outcomes
of our analysis, potentially not fully representing the entirety of relevant research on
this topic.

Another point of limitation is the quality of the included studies. Variability in study
design, data collection methods, and reporting quality among the included studies could
introduce biases or errors in our analysis. It is essential to recognize that the strength of our
meta-analysis hinges on the quality of the underlying data.

Moreover, clinical heterogeneity among patients with ISFs is a complex issue that
is difficult to fully account for in our analysis. Clinical factors such as the presence of
associated injuries, neurological deficits, or other individual circumstances such as the
pediatric population including more or less neonates may significantly influence the deci-
sion to pursue surgical intervention. These nuances may not be fully captured by the data
we analyzed.

Furthermore, the temporal aspect must be considered. Our meta-analysis is based on
data available up to a certain point in time. Clinical practices and guidelines can evolve
over time, and new diagnostic technologies or approaches may have emerged since our
data cutoff date, potentially impacting the management and outcomes of ISFs in children.

Ethical and cultural factors are also significant considerations. Our discussion does not
delve into how these factors may influence clinical decision-making. Variations in health-
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care practices and cultural norms can substantially impact whether surgical intervention is
considered or favored in specific regions or healthcare settings.

Finally, the high rate of hospitalization that we observed in our analysis may not be
universally applicable. Resource availability, healthcare infrastructure, and local practices
can vary significantly across different regions and healthcare systems. The decision to
hospitalize a child with an ISFs may be influenced by these contextual factors.

6. Conclusions

Our study delved into pediatric traumatic brain injuries, spotlighting ISFs. Out of
7228 children with such fractures confirmed via CT scans, an almost negligible number
required immediate neurosurgical interventions, yet a significant 74% were hospitalized
for up to 72 h. Notably, despite this high hospitalization rate, the mortality was zero, and
repeat neuroimaging was uncommon.

This research is crucial in shedding light on the outcomes and implications of pediatric
concerning ISFs. The apparent disparity between high hospitalization rates and the lack
of severe outcomes necessitates further exploration—are these hospitalizations truly nec-
essary? Future studies should prioritize understanding this dichotomy, employ rigorous
randomized controlled trials, and assess the long-term impacts of these injuries, ultimately
aiming to optimize treatment guidelines and observational protocols.
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