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Abstract

Background: The rates of emergency neurosurgery in traumatic brain injury (TBI) patients vary between
populations and trauma centers. In planning acute TBI treatment, knowledge about rates and incidence of
emergency neurosurgery at the population level is of importance for organization and planning of specialized
health care services. This study aimed to present incidence rates and patient characteristics for the most common
TBl-related emergency neurosurgical procedures.

Methods: Oslo University Hospital is the only trauma center with neurosurgical services in Southeast Norway,
which has a population of 3 million. We extracted prospectively collected registry data from the Oslo TBI Registry —
Neurosurgery over a five-year period (2015-2019). Incidence was calculated in person-pears (crude) and age-
adjusted for standard population. We conducted multivariate multivariable logistic regression models to assess
variables associated with emergency neurosurgical procedures.

Results: A total of 2151 patients with pathological head CT scans were included. One or more emergency
neurosurgical procedure was performed in 27% of patients. The crude incidence was 3.9/100,000 person-years. The
age-adjusted incidences in the standard population for Europe and the world were 4.0/100,000 and 3.3/100,000,
respectively. The most frequent emergency neurosurgical procedure was the insertion of an intracranial pressure
monitor, followed by evacuation of the mass lesion. Male sex, road traffic accidents, severe injury (low Glasgow
coma score) and CT characteristics such as midline shift and compressed/absent basal cisterns were significantly
associated with an increased probability of emergency neurosurgery, while older age was associated with a
decreased probability.

Conclusions: The incidence of emergency neurosurgery in the general population is low and reflects neurosurgery
procedures performed in patients with severe injuries. Hence, emergency neurosurgery for TBIs should be
centralized to major trauma centers.
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Background
The incidence of hospital-admitted patients with trau-
matic brain injury (TBI) in Western countries is in the
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range of 83-287 per 100,000 [1-8]. Most commonly,
TBI is divided into mild, moderate and severe; mild TBI
encompasses the vast majority of cases and can often be
cared for at emergency departments or local hospitals.
In TBI patients where neurosurgery is indicated, estab-
lished care pathways to transfer the patients to a level 1
trauma center are utilized. Even though surgery might
not be indicated, patients with severe and moderate TBIs
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tend to benefit from management at centers with expert-
ise and access to neurosurgery and neurosurgical inten-
sive care units [9-11]. Guidelines have been developed
to standardize the treatment of TBI, e.g., the Brain
Trauma Foundation (BTF) which has published recom-
mendations for the management of severe TBI, including
indications for neurosurgical procedures [12, 13]. How-
ever, several studies describe a varying degree of compli-
ance with BTF recommendations and neurosurgical
management [14—17]. These variations can be explained
by differences in the organization of health care, popula-
tion composition, injury landscape, and available health
care resources.

The reported frequencies of hospitalized TBI patients
requiring emergency neurosurgery vary between 4 and
29% [18-23]. Such rates are most often based on pa-
tients in a study center, and thus they are not represen-
tative of the general population, per se. The population-
based incidence of emergency neurosurgery for patients
with TBI has not yet been reported. Estimation of the in-
cidence of emergency neurosurgery in a defined general
population is important to develop adequate care path-
ways that can be used to predict capacity development,
understand resource use and identify high-risk groups
for emergency neurosurgery. Such knowledge can assist
in the future management of TBI and the distribution of
neurosurgical resources, as well as facilitating quality
control studies of neurosurgical services, both locally
and between countries.

In this study, we present contemporary incidence,
rates and patient characteristics for the most common
TBl-related emergency neurosurgical procedures in
Southeast Norway, encompassing 55% of the Norwegian
population. Additionally, we explored the association be-
tween demographics, injury-related characteristics and
emergency neurosurgical procedures.

Methods

Setting and patient population

Oslo University Hospital (OUH) is a Level 1 trauma cen-
ter and the only hospital with a neurosurgical depart-
ment in the southeastern region of Norway, which has ~
3.0 million inhabitants and covers 110,000 km” with
urban and rural areas (current population in Norway is
~ 5.4 million). The region encompasses 19 local hospi-
tals that provide acute care and general surgical assess-
ment, management and stabilization. Trauma patients
with severe injuries or suspected severe TBI are directly
transported and admitted to OUH. OUH also serves as
the primary trauma referral hospital for Oslo residents
(population ~ 700,000) and manages the Oslo Emer-
gency Department (separate location from the main hos-
pital). All emergency neurosurgical TBI procedures in
the southeastern region of Norway are solely performed
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at OUH (intracranial pressure monitoring, evacuation
traumatic intracranial mass lesion, cerebrospinal fluid
(CSF) diversion and decompressive craniectomy).
Norway provides universal healthcare to all Norwegian
residents.

The Oslo TBI Registry — Neurosurgery is a prospective
quality control database that has been maintained by the
neurosurgical department at OUH since 2015. Data were
retrieved manually from electronic medical records and
stored in a Medinsight database. To be included in the
Oslo TBI Registry — Neurosurgery, all of the following
criteria must be fulfilled: (i) traumatic brain injury; (ii)
cerebral CT/CTA or cerebral MRI/MRA with findings
of acute trauma (hemorrhage, fracture, traumatic axonal
injury, vascular injury); (iii) admission to OUH within
seven days of injury; and (iv) a Norwegian social security
number. A more thorough description of the database
and patient characteristics has been previously described
[24]. Data were retrieved for patients admitted between
January 1, 2015, and December 31, 2019, on September
4, 2020. Population data for the same period were re-
trieved from the StatBank of Statistics Norway [25].

Variables

The preinjury American Society of Anesthesiologists
Physical Status Classification System score (ASA) [26]
was grouped into two categories: ASA 1-2 or ASA 3-4.
Trauma mechanisms were grouped into (i) falls; (ii) road
traffic accidents (RTAs) (including all accidents involv-
ing motor vehicles, cyclists and pedestrians); and (iii)
others (including assaults, sports, and self-harm). High
energy included falls from a height > 3 m, RTAs, or other
high-energy accidents. Extracranial injury was registered
if there were any simultaneous injuries to other parts of
the body, verified by imaging (skeletal fractures or injury
to internal organs, not skin injuries) and registered with
“no”, “yes, conservative treatment” or “yes, surgical
treatment”.

Referrals to OUH were categorized as (i) primary: dir-
ectly from the scene of an accident; (ii) secondary: initial
assessment at a local hospital; and (iii) other: Oslo Emer-
gency Department or other. Trauma team activation:
The OUH trauma team is a specially trained interdiscip-
linary team that systematically assesses the patients upon
arrival according to the advanced trauma life support
(ATLS) principles [27]. Intubation was registered when
performed at the scene of accident, at a local hospital or
at admission to OUH. Admission to the intensive care
unit (ICU) included all patients admitted to the ICU,
whereas uncomplicated short stays (<24 h) for TBI ob-
servation in the intermediate/step-down unit were regis-
tered as ward admissions.

The Glasgow coma score (GCS) was recorded as the
lowest score documented in the time frame between
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injury and intubation or arrival at OUH. We grouped
patients based on GCS score into mild (13-15), moder-
ate (9-12), and severe (3—-8) head injury. Preoperative
head CT was assessed and classified based on the Rotter-
dam CT score [28]. The Rotterdam CT score empha-
sizes the status of basal cisterns (dichotomized into
normal or compressed/absent), midline shift (0-5mm
or >5 mm), epidural hematoma (present or absent), and
traumatic  subarachnoid hemorrhage/intraventricular
hemorrhage (tSAH/IVH) (present or absent).

We defined “emergency neurosurgical procedure” as
undergoing one or more neurosurgical procedures aim-
ing to monitor and/or reduce intracranial pressure
(ICP); including insertion of parenchymal ICP monitor-
ing, craniotomy with removal of mass lesions (acute sub-
dural hematoma, epidural hematoma, intracerebral
contusion), decompressive hemicraniectomy (DC), or
CSF diversion by insertion of external ventricular drains
(EVDs). Treatment of TBI at OUH follows the Brain
Trauma Foundation guidelines, and indications for sur-
gery are based on international recommendations [13,
29, 30] and presented in Table 1.

Statistical analysis

Descriptive statistics were used to summarize patient
characteristics and emergency neurosurgical procedures.
Continuous variables are presented as the mean and
standard deviation (SD) or median and percentile, de-
pending on the data distribution. For comparisons be-
tween groups, we used the Pearson x2 test for
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categorical variables and the independent t-test for con-
tinuous variables. Incidence per 100,000 was calculated
in person years. For age-adjusted incidence according to
the direct method, we used the 2013 European standard
population (ESP) and the 2000-2025 WHO World
standard population. We conducted multivariable logis-
tic regression models to assess variables associated with
emergency neurosurgical procedures. For categorical
variables, the category with lowest severity was used as
the reference, “no/absent” was coded as 0 and “yes/
present” was coded as 1. The results are presented as
odds ratios (ORs) with 95% confidence intervals (ClIs)
and p-values. All tests were two-sided, and p-values
equal or lower than .05 were considered significant. Data
were analyzed using IBM SPSS Statistics, version 25.0
(Armonk, NY: IBM Corp).

Ethics

The OUH data protection officer (DPO) approved the
Medinsight database (approval number 2016/17569) and
approved this study as a quality control study (approval
number 18/20658).

Results

Included in this study were 2151 patients with TBI ad-
mitted at OUH during the five-year period 2015-2019.
The mean age was 52 years (SD 25); 37% were > 65 years,
and 68% were males. Preinjury comorbidity with ASA
scores >3 was registered in 28%. Trauma mechanisms
were falls in 1186 (55%) patients, RTA in 488 (23%)

Table 1 OUH treatment protocol - indication for emergency neurosurgical procedures [29]

Procedure Indication

|CP-monitor GCS <9 and abnormal CT

GCS <9, normal CT and = 2 of following features:

age > 40 years or

systolic BP < 90 mmHg or

GCS Motor (GCS M) < 4 (best side)
GCS <13 and:

prolonged surgery in other organ systems

expected prolonged ventilator therapy due to other injuries

Evacuation of acute subdural
hematoma

Evacuation of epidural
hematoma

Evacuation of cerebral
contusion

GCS < 14 and: hematoma volume > 30 ml
or midline shift > 5 mm or hematoma width > 10 mm

GCS < 14 and: hematoma volume > 30 ml or midline shift >5mm or hematoma width > 15 mm

GCS < 12 and: contusion volume > 20 ml or midline shift > 5 mm
In case of contusion in the eloquent cortex (motor cortex, language area), decompressive craniectomy should be

considered instead of evacuation of the contusion

CSF diversion ICP > 22 mmHg for 10 min
ICP > 25 mmHg for 5 min

Decompressive craniectomy

Persisting ICP > 22 mmHg despite all neuroprotective efforts (circulation, ventilation, sedation, positioning,

temperature regulation, osmotherapy, CSF-diversion)
If evacuation of mass lesion alone does not provide ICP control
When CT and clinical presentation are compatible with a meaningful life

Age < 60 years

OUH Oslo University Hospital, ICP intracranial pressure, GCS Glasgow coma score, GCS M GCS motor score, CSF cerebrospinal fluid
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patients and other in 477 (22%) patients. The head injury
was blunt in 98% and penetrating in 2%. The median
time from injury to OUH admittance was 3 hours (IQR
1.3-6.6), and 37% were admitted directly from the scene
of the accident. Trauma team triage was performed for
the majority of patients (77%), 34% were intubated be-
fore arrival or in the ER, and close to half had multiple
injuries (47%). TBI was classified as mild, moderate and
severe in 59, 15 and 26%, respectively. Patient character-
istics are provided in Table 2.

For further analysis, patients were divided into two
groups: the “neurosurgery group” (N =569) who under-
went one or more emergency neurosurgical procedures
and “no-neurosurgery group” (N =1582) (Table 2).
Comparing the two, the neurosurgery group was charac-
terized by younger age, a higher proportion of males, a
lower proportion on antithrombotic medication, more
high-energy trauma, more extracranial injuries, shorter
median time from injury to admittance at OUH, lower
GCS score, and higher Rotterdam CT-score. The two
groups did not differ with respect to the preinjury ASA
score or alcohol influence at the time of injury. The
neurosurgery group had higher in-hospital mortality
(11% vs 7%, p = .002) and had significantly fewer patients
with GCS 15 at discharge (30% vs 75%, p = <.001).

Incidence and type of emergency neurosurgical
procedures

The crude incidence of patients receiving one or more
emergency neurosurgical procedures was 3.9/100,000
person-years (Table 3). The age-adjusted incidences in
the standard population for Europe and the world were
4.0/100,000 and 3.3/100,000, respectively. Emergency
neurosurgical procedures were performed in 27% of pa-
tients; this rate varied from 21% (in 2019) to 32.5% (in
2016), and the yearly incidence was in the range of 3.3—
4.8/100,000 person-years. Age-specific incidence is pre-
sented in Fig. 1, showing a peak incidence between 61
and 84 years. The highest incidence was 7.4/100,000
person-years in the 70-74-year age group. Table 3 and
Figs. 2A-B present the incidences and rates for the dif-
ferent neurosurgical procedures.

The most frequent emergency neurosurgical proced-
ure was insertion of an ICP-monitor, done in 476/2151
of admitted patients, and with a population incidence of
3.2/100,000 per person-years (Table 3). The rate of ICP-
monitor insertion increased with increasing age, peaked
in the 60-year age group and dropped in patients >75
years (Fig. 2A). This was the only emergency neurosurgi-
cal procedure in 39% of cases (184/476). An ICP moni-
tor was inserted in 61% of patients with a GCS <8 (336/
550) and in 26% of patients with a GCS 9-12 (87/334).

The second most frequent emergency neurosurgical
procedure was evacuation of an intracranial mass lesion,
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performed in 13% (284/2151 patients), resulting in an in-
cidence of 1.9/100,000 person-years (Table 3). The most
frequent intracranial mass lesion evacuated was ASDH,
followed by EDH and brain contusions (Fig. 2B). The
age profile for evacuation of an intracranial mass lesion
was similar to that of ICP monitor insertion (Fig. 2A).
After stratifying by the three types of intracranial mass
lesions evacuated, the age profile differed (Fig. 2B).
Evacuation of ASDH was most frequent in patients aged
60—74 years, while evacuation of EDH was most frequent
in patients aged <45years. Cerebral contusions were
most often evacuated in patients aged 45-74 years and
rarely in very young or very old patients. In patients with
ASDH present on primary CT, the hematomas were
evacuated in 16% (184/1185); the corresponding propor-
tions for EDH and intracerebral contusion were 24%
(80/333) and 6% (57/1030), respectively. EVD insertion
was done in 119/2151 (5.5%) patients resulting in an in-
cidence of 0.8/100,000 person-years, and was rare in all
age groups (Table 3 and Fig. 2A). Decompressive cra-
niectomy (DC) was also rarely performed, done in 44/
2151 patients (2%), and was mostly performed in pa-
tients aged 15-59 years (Table 3 and Fig. 2A). DC was
never performed in patients > 80 years.

The multivariable logistic regressions of factors poten-
tially associated with emergency neurosurgery showed
that male sex, RTA, low GCS and CT characteristics
with midline shift and compressed/absent basal cisterns
were significantly associated with an increased probabil-
ity of emergency neurosurgery, whereas high age (>75
years) was associated with decreased probability. These
results are presented in Table 4. The pattern was similar
for insertion of an ICP-monitor, but for this procedure,
the most significant association was for low GCS 3-8
(OR 29.1, 95% CI 20.3, 41.7). For evacuation of intracra-
nial mass lesions, the presence of a midline shift was the
strongest factor (OR 19.2, 95% CI 12.9, 28.7).

Discussion
The incidence of emergency neurosurgery for TBI in the
general Norwegian population was 3.9/100,000 person
years over the five-year study period. Insertion of an
ICP-monitor was the most frequent procedure, followed
by evacuation of an intracranial mass lesion. Overall,
emergency neurosurgery was associated with male sex,
RTA, low GCS and CT characteristics with midline shift
and compressed/absent basal cisterns. The incidence of
emergency neurosurgery decreased in elderly patients.
The frequencies of emergency neurosurgery are in ac-
cordance with previous research comparing subgroups
within the TBI population [18-23]. However, to our
knowledge, this study is the first to describe a general
population-based incidence of emergency neurosurgery.
We found the incidence of emergency neurosurgery
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Table 2 Demographic and clinical characteristics of the study population
Overall Neurosurgery® No-neurosurgery p-value
Total, N (%) 2151 (100) 569 (100) 1582 (100)
Age, years (mean, SD) 52 (25) 49 (22) 54 (25) <.001
Male 1466 (68) 425 (75) 1041 (66) <001
Preinjury ASA score
ASA 1-2 1543 (72) 416 (73) 1127 (71) 39
ASA 3-4 608 (28) 153 (27) 455 (29)
Antithrombotic therapy 545 (25) 115 (20) 430 (27) 001
Preinjury substance dependence 325 (15) 113 (20) 212 (13) <001
High-energy trauma 810 (38) 281 (49) 529 (33) <.001
Extracranial injury 1014 (47) 322 (57) 692 (44) <.001
Alcohol at time of injury 580 (27) 171 (30) 409 (26) 053
Glasgow coma score (GCS)
13-15 1267 (59) 108 (19) 1159 (73) <.001
9-12 334 (15) 111 (20) 223 (14)
3-8 550 (26) 350 (62) 200 (13)
CT findings
Midline shift > 5mm 353 (16) 216 (38) 137 (9) <.001
Basal cisterns compressed or absent 350 (16) 228 (40) 122 (8) <.001
tSAH or IVH 1287 (60) 402 (71) 886 (56) <.001
EDH 333 (16) 141 (25) 192 (12) <.001
ASDH 1185 (55) 407 (72) 778 (49) <.001
Intracerebral contusion 1030 (48) 352 (62) 678 (43) <.001
CT Rotterdam score
1-2 848 (39) 133 (23) 715 (45) <001
3-4 1122 (52) 335 (59) 787 (50)
5-6 181 (8) 101 (18) 80 (5)
Referral to OUH
Primary 800 (37) 272 (48) 528 (33) <.001
Secondary 815 (38) 269 (47) 546 (35)
Other 536 (25) 28 (5) 508 (32)
Trauma team activation 1655 (77) 533 (94) 1122 (71) <001
Intubated 721 (34) 462 (81) 259 (16) <.001
Any extracranial surgery 459 (21) 171 (30) 288 (18) <.001
Admitted intensive care unit 1457 (68) 568 (100) 889 (56) <.001
In-hospital mortality 173 (8) 63 (11) 110 (7) 002
GCS 15 at discharge 1356 (63) 170 (30) 1186 (75) <.001

ASDH acute subdural hematoma, EDH epidural hematoma, IVH Intraventricular hemorrhage, OUH Oslo University Hospital, tSAH Traumatic

subarachnoid hemorrhage

Categorical variables presented as N (%), continuous variables presented as the mean (SD) or median (IQR)
Patient undergoing one or more of the following procedures (redo surgeries are not included): ICP-monitor, evacuation of intracranial mass lesion (epidural
hematoma, acute subdural hematoma, intracerebral contusion), decompressive craniectomy, external ventricular drain

(3.9/100,000 person-years) to be quite low compared to
the reported incidence of hospital-admitted TBI patients
(83-287/100,000) [1-8]. To identify the few patients in
need of neurosurgery, screening with head CT is per-
formed with a rather low threshold, e.g., according to

the Scandinavian guidelines for the initial manage-
ment of minimal, mild and moderate head injuries
[31]. Thus, minor lesions less likely to require emer-
gency neurosurgery are frequently identified.
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Table 3 Emergency neurosurgical procedures: number of patients, age, male proportion and incidence
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Total, Age, Male, Incidence per 100,000, person-years
N (%) (msga)m N (%) Crude incidence® Age adjusted, Europe® Age adjusted, World®
Any procedure 569 (100) 49 (22) 425 (75) 3.87 4.00 333
ICP monitor 476 (84) 47 (21) 356 (75) 324 332 284
Evacuation of mass lesion 284 (50) 52 (21) 215 (75) 193 203 1.55
ASDH 184 (32) 59 (18) 133 (72) 1.25 1.35 0.88
EDH 80 (14) 35(19) 67 (83) 0.54 0.53 0.58
Intracerebral contusion 57 (10) 56 (18) 42 (74) 039 041 0.28
EVD 119 (21) 46 (20) 84 (71) 0.81 0.82 0.72
DC 44 (8) 40 (18) 35 (80) 0.30 0.30 0.29

ASDH acute subdural hematoma, EDH epidural hematoma, EVD external ventricular drain, DC decompressive craniectomy

Redo surgeries are not included

#Population of South-East Norway in person years (2015-2019): 14,740,114
PEuropean standard population 2013, EU-27 + EFTA

‘WHO World standard population: WHO 2000-2025

The incidence of emergency neurosurgery varied with
age; it was low in children and peaked in the 60-70 year
age group. To some extent, this reflects the epidemio-
logical shift described over the last decade in high-
income countries — the typical TBI patient has changed
from a young male, injured in a high-energy trauma, to
an elderly man or woman, often with significant comor-
bidity, injured in a low-energy fall [21, 23, 32, 33]. Still,
male sex was significantly associated with an increased
probability of emergency neurosurgery in this study.
Males are seemingly more likely to take risks [34], which
may explain this overrepresentation. It must also be
taken into consideration that the type of injury mechan-
ism differs globally; in low- and middle-income coun-
tries, RTA is the most common cause and access to

neurosurgery is more limited [10]. The mean age of TBI
patients undergoing one or more neurosurgical proce-
dures was significantly lower than the mean age of all
admitted TBI patients. This can partly be explained by
difference in trauma mechanism, younger patients are
more often involved in high-energy trauma (e.g. RTA)
[24] and receive ICP-monitoring. The incidence of emer-
gency neurosurgery declined abruptly in patients above
85 years, which was somewhat unexpected since the inci-
dence of TBI-related hospital admissions is highest for
the eldest patients [21, 32]. Decisions to limit treatment
are more often made for the oldest patients [35-37], and
for many of these patients, it is justified to refrain from
emergency neurosurgery based on poor prognosis, se-
vere comorbidity, and frailty [38, 39]. However, the use

Incidence per 100,000
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Fig. 1 Age-stratified incidence of emergency neurosurgery in the population of Southeast Norway. Incidence was calculated in person years for
all age groups, with data from five years (2015-2019). Emergency neurosurgery includes patients undergoing one or more of the following
procedures: ICP monitoring, evacuation of intracranial mass lesions, decompressive craniectomy, and external ventricular drain
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Fig. 2 A Emergency neurosurgical procedures within age groups. Number of cases by age group undergoing emergency neurosurgery over five
years (2015-2019). B The type of intracranial mass lesions evacuated within age groups. Redo surgery is not included. Abbreviations ICP:
intracranial pressure; EVD: external ventricular drain; DC: decompressive craniectomy; ASDH: acute subdural hematoma; EDH: epidural hematoma

of age alone as a criterion for treatment limitation must
be practiced with caution, since several studies have
shown that older patients may benefit from aggressive
treatment and access to rehabilitation [40-46].

The most frequently performed emergency neurosur-
gical procedure was the insertion of an ICP monitor. Ac-
cording to the BTF guidelines, ICP monitoring is
recommended for all salvageable TBI patients with an
abnormal head CT and a GCS <8 [12]. In our study,
GCS <8 was the strongest factor associated with inser-
tion of an ICP monitor; 61% of patients with GCS <8 re-
ceived an ICP monitor. This is in line with a European
multicenter study where the proportion was 62% [23]. In

North American studies, the rate of ICP monitoring of
severe TBI patients ranges from 10 to 65% [15, 16, 47].
In our study, 26% of patients with GCS 9-12 also re-
ceived an ICP monitor. The indication for ICP monitor-
ing in this group was mainly prolonged surgery or
expected prolonged ventilator treatment due to other in-
juries, which is in accordance with our local protocol.
Evacuation of intracranial mass lesions was the second
most frequent emergency neurosurgical procedure, with
an incidence of 1.9/100,000. Overall, evacuation of mass
lesions was performed in 13% of CT-verified TBI pa-
tients admitted to our institution, which is in line with
other studies with similar patient populations, ranging
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Table 4 Multivariable logistic regression of potential factors associated with emergency neurosurgical procedures, placement of ICP-
monitor and evacuation of mass lesion

Variable Emergency neurosurgery® ICP-monitor Evacuation mass lesion
OR (95% Cl) p-value OR (95% ClI) p-value OR (95% Cl) p-value
Age
—14 years 1 1 1

15-29 years 5 (68, 1.96) 60 3 (.79, 2.60) 24 62 (30, 1.28) 20

30-44 years 1.06 (61, 1.83) 84 7(63,2.17) 63 81 (40, 1.63) 55

45-59 years 1.29 (77, 2.1 33 2.0 (1.16.3.77) 01 4 (27, 1.08) .08

60-74 years 0 (.65, 1.87) 72 4 (79, 2.62) 23 2 (26, 1.04) 07

75-89 years 41(22,.77) .00 38 (.18, .78) 01 3 (10, .52) <001

90+ years 10 (02, 43) 01 .05 (01, 47) 01 4 (.03, .60) 01
Sex

Female 1 1 1

Male 149 (1.13,1.97) 01 148 (1.05, 1.94) 02 1.86 (1.28, 2.70) .00
ASA-score

1-2 1 1 1

3-4 92 (66, 1.29) 63 .76 (52, 1.09) 14 1.33 (.88, 2.01) 18
Antithrombotic

None 1 1 1

Plate inhibitor 1.02 (64, 1.60) 95 148 (90, 2.43) A3 72 (39,1.31) .28

Anticoagulation 75 (43, 1.31) 32 88 (48, 1.62) 69 63 (34, 1.18) 15

Combination 220 (1.06, 4.54) 03 7 (64, 3.89) 33 1.57 (66, 3.71) 31
Trauma type

Fall 1 1 1

RTA 1.76 (1.29, 2.40) <.001 1.97 (140, 2.77) <.001 1.10 (71, 1.70) 67

Other 1.16 (.84, 1.60) 37 1.15 (.81, 1.63) 43 92 (61, 1.40) .70
GCS

13-15 1 1 1

9-12 440 (3.19. 6.05) <.001 7.7 (4.89, 10.51) <.001 221 (144,341) <.001

3-8 1247 (9.27,16.77) <.001 29.12 (20.34, 41.69) <.001 1.27 (.83, 1.95) 27
Midline shift

No (£5 mm) 1 1 1

Yes (>5mm) 3.69 (258, 5.29) <.001 1.50 (1.01, 2.23) 05 19.23 (12.88, 28.70) <.001
Basal cisterns

Normal 1 1 1

Compressed/absent 1.75 (1.23, 2.50) .00 1.20 (1.36, 2.92) <.001 2.52(1.63,3.88) <.001

OR odds ratio, C/ confidence interval

@Patient undergoing one or more of the following procedures (redo surgeries are not included): ICP-monitor, evacuation of mass lesion, decompressive

craniectomy, external ventricular drain

from 9 to 18% [19, 21, 23]. ASDH was the most frequent
mass lesion evacuated; it was performed in all age
groups but more often in elderly patients, which is in
line with other studies [23, 32, 48, 49]. In our study, 16%
of the patients with ASDH present on primary CT
underwent craniotomy with evacuation of ASDH, which
is in line with the previous reports [18]. EDH is known
to be more frequent in younger people because the dura

adheres more tightly to the skull with age [30]. Thus, as
expected, evacuation of EDH was most often performed
in patients aged <45years. Of patients with EDH
present on CT scan, 24% had a craniotomy, which is
somewhat higher than the previously reported rate of
17% [18]. Evacuation of cerebral contusions was most
often done in patients aged 45-74 years, rarely in the
younger and older patient groups, and in only 6% of
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those with contusion present on CT scan. This corre-
sponds to the 2—10% reported by others [23, 32, 49]. In
the majority of patients observed in the hospital for a
traumatic intracranial lesion, the lesion will not progress
to a size requiring surgical evacuation. However, the re-
sults show that close observation of patients with intra-
cranial mass lesions are necessary. Moreover, given the
low incidence of emergency neurosurgery, it is clear that
only designated centers can provide competent neuro-
surgical services.

In line with other studies, low GCS and CT character-
istics such as midline shift and compressed basal cis-
terns, were strong predictors for emergency
neurosurgery [13, 48, 49]. A midline shift >5mm on
cerebral CT was the predominant factor associated with
evacuation of mass lesions, along with compressed basal
cisterns. The size of the mass lesions was not measured
in our study, but the degree of midline shift and the sta-
tus of the basal cisterns are good indirect measures of
the volume of intracranial mass lesions. At our institu-
tion, EVDs are primarily used to reduce elevated ICP
and not to monitor ICP. The main reason behind this
treatment strategy is the risk of infection associated with
EVD, and that an intraparenchymal ICP sensor causes
less surgical trauma [50-52]. Decompressive craniect-
omy (DC) for severe TBI is still regarded as a treatment
with limited documented benefit and rarely documented
in patients 265 years [43, 44, 53—55]. The two main indi-
cations for DC at our institution have been as a last re-
sort management option for refractory raised ICP and in
cases with severe intraoperative brain swelling, similar to
other European trauma centers [17] and guidelines [56,
571].

Strength and limitations

This study presents a population-based incidence of TBI
emergency neurosurgical procedures over a total period
of five years from a defined geographical region covering
both large rural and urban areas. The region has a de-
fined written criterion for emergency neurosurgery and
a stable all-hour presence of neurosurgeons. Data were
retrieved manually, thus avoiding bias of potential med-
ical coding errors, which is a risk with aggregated data
from national registries.

A limitation of this study is the lack of detailed infor-
mation about the anatomical localization or volumetry
of the traumatic intracranial mass lesions. Moreover, the
study is restricted to what we defined as emergency
neurosurgical procedures. Hence, we do not describe all
neurosurgical procedures relevant for TBI patients; e.g.,
cranioplasty, dural repair or redo-surgery, and surgery at
later stages, such as replacement of bone flaps, shunts
and chronic subdural hematoma, were not included.
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Conclusion

The incidence of emergency neurosurgery after TBI in
the general population is low. Emergency neurosurgery
is multifaceted, but significant factors associated with
surgery were male sex, road traffic accidents, and severe
TBI. The low incidence must be taken in consideration
when organizing trauma care and neurosurgical services.
To maintain necessary expertise, emergency neurosur-
gery should be centralized to major trauma center with
adequate resources, staffing levels and neurosurgery
training.
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