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Abstract: This study compared the predictive utility of Marshall, Rotterdam, Stockholm, Helsinki,
and NeuroImaging Radiological Interpretation System (NIRIS) scorings based on early non-contrast
brain computed tomography (CT) scans in patients with traumatic brain injury (TBI). The area under
a receiver operating characteristic curve (AUROC) was used to determine the predictive utility of
scoring systems. Subgroup analyses were performed among patients with head AIS scores > 1. A
total of 996 patients were included, of whom 786 (78.9%) were males. In-hospital mortality, ICU
admission, neurosurgical intervention, and prolonged total hospital length of stay (THLOS) were
recorded for 27 (2.7%), 207 (20.8%), 82 (8.2%), and 205 (20.6%) patients, respectively. For predicting
in-hospital mortality, all scoring systems had AUROC point estimates above 0.9 and 0.75 among all
included patients and patients with head AIS > 1, respectively, without any significant differences.
The Marshall and NIRIS scoring systems had higher AUROCsS for predicting ICU admission and
neurosurgery than the other scoring systems. For predicting THLOS > seven days, although the
NIRIS and Marshall scoring systems seemed to have higher AUROC point estimates when all patients
were analyzed, five scoring systems performed roughly the same in the head AIS > 1 subgroup.

Keywords: traumatic brain injuries; diagnostic imaging; computed tomography scan; trauma severity
indices; prognosis

1. Introduction

Traumatic brain injury (TBI), known as the silent epidemic, is a major cause of death
and disability worldwide [1,2]. The worldwide incidence and prevalence of TBI have
been increasing, as the Global Burden of Disease study estimated that from 1999 to 2016,
the age-standardized incidence and prevalence rates of TBI increased by 3.6% and 8.4%,
respectively [2].

Trauma scoring systems summarize the severity of injuries sustained by a patient
into a single number [3]. However, translating the injuries into a single number may have

Brain Sci. 2023, 13, 1145. https:/ /doi.org/10.3390/brainsci13081145

https://www.mdpi.com/journal /brainsci


https://doi.org/10.3390/brainsci13081145
https://doi.org/10.3390/brainsci13081145
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/brainsci
https://www.mdpi.com
https://doi.org/10.3390/brainsci13081145
https://www.mdpi.com/journal/brainsci
https://www.mdpi.com/article/10.3390/brainsci13081145?type=check_update&version=1

Brain Sci. 2023, 13, 1145

20f12

some disadvantages, such that we might need to disregard some injury details and put
patients with varying injuries into a single severity category [3]. Therefore, a sound scoring
system should be designed sensibly to differentiate between patients with favorable and
unfavorable outcomes [3].

Brain computed tomography (CT) is the imaging modality of choice for the primary
evaluation of patients suspected of TBI in emergency departments. Thus far, some scoring
systems based on non-contrast brain CT scans have been introduced. The Marshall classifi-
cation was primarily published in 1991 [4]. This scoring system classifies patients with TBI
into six categories, considering the amount of midline shift (MLS), the status of cisterns,
whether surgical evacuation was performed, the presence of high- or mixed-density lesions,
and whether these density lesions are larger than 25 milliliters (mL) [4]. The first category
includes patients with no visible intracranial pathologies, and the sixth category includes
patients with lesion densities larger than 25 mL that were not surgically evacuated [4].

In 2005, the Rotterdam score was published, trying to solve some of the shortcomings
of the Marshall classification [5]. The Rotterdam score ranges from one to six, similar to
the Marshall classification and the motor component of the Glasgow Coma Scale (GCS).
In contrast to the Marshall classification, the Rotterdam score considers the presence of
subarachnoid hemorrhage (SAH) or intraventricular hemorrhage (IVH) as a particular
item in the scoring system. Moreover, the Marshall classification does not distinguish
between various types of mass lesions. Therefore, due to the better prognosis of epidural
hemorrhage (EDH) compared with intraparenchymal hemorrhage (IPH) and subdural
hemorrhage (SDH), developers of the Rotterdam scoring system decided that a point
should be added to the total Rotterdam score if EDH is absent (not present) [5]. In contrast
to the Marshall classification, the Rotterdam score does not consider the mass lesion size
directly as a separate item.

The Stockholm scoring system was published in 2010 [6]. This scoring system has
some unique features compared to previous scoring systems. It has a separate subscore
named traumatic SAH (tSAH) that consists of SAH depth in convexities, SAH depth in
basal cisterns, and the presence of IVH. The tSAH score ranges from zero to six, and after
being divided by two, this score is used as a component to calculate the Stockholm tally
score. In the Stockholm tally score, the amount of MLS is considered a continuous variable
rather than a categorized variable. It also considers diffuse axonal injuries (DAI) in scoring.
Regarding the mass lesion types, this scoring system subtracts a point when EDH is present
and adds a point in the case of a dual-sided SDH.

In 2014, the Helsinki scoring system was introduced [7]. In contrast to the Marshall
scoring system, which does not consider mass lesion type, and the Rotterdam scoring
system, which only considers EDH as a distinct item, the Helsinki score distinguishes SDH,
intracerebral hemorrhage (ICH), and EDH types of mass lesions. It also considers IVH a
separate item. However, in contrast to the Rotterdam score, this scoring system does not
consider SAH.

The Neurolmaging Radiological Interpretation System (NIRIS) was introduced in
2018 as an outcome-based scoring system that facilitates clinical decision-making [8]. This
scoring system classifies patients with TBI into five distinct categories from zero to four, and
a specific clinical decision has been recommended for each type. In 2019, a revised version
of this scoring system was introduced [9]. In the revised version, hemorrhage/contusion
thresholds were modified; moderate hydrocephalus was moved to the NIRIS 2 category;
pneumocephalus was assigned to the NIRIS 1 category; and MLS of more than 10 mm was
assigned to the NIRIS 4 category [9].

In this retrospective study, we aimed to compare the predictive utility of scoring
systems based on early non-contrast brain CT scans of patients with head injuries who had
undergone CT with suspicion of sustaining TBL
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2. Materials and Methods

This retrospective study was conducted on patients who had sustained or were suspi-
cious of sustaining TBI and were hospitalized at Shahid Beheshti Hospital in Kashan, Iran,
during 2017-2021. Initial identification of patients and extraction of basic data were made
through the National Trauma Registry of Iran (NTRI) [10]. We included patients with head
injuries for whom at least one non-contrast brain CT scan had been performed. Patients
who (i) had left the hospital with personal consent or without notice, (ii) had unknown
discharge status, (iii) were transferred from Shahid Beheshti Hospital to other hospitals
to continue the treatment process, (iv) had significant brain CT findings of nontraumatic
origins such as brain tumors and ischemic stroke, (v) did not have any non-contrast brain
CT scans before performing the neurosurgical intervention, (vi) died during the hospital-
ization, but had no abnormal trauma-related findings in their initial CT scans, and (vii) had
major extra-cranial injuries were excluded. Major extra-cranial injuries were defined as
injuries to the chest or abdomen with an Abbreviated Injury Scale (AIS) score > 3 [11,12].

For patients with more than one non-contrast brain CT scan, the first CT scan per-
formed after the hospital admission was used for scoring. All brain CT measurements
were completed using the picture archival communication system (PACS). The files used
for scoring were in Digital Imaging and Communications in Medicine (DICOM) format.
To calculate the brain hematoma size, we used the ABC/2 formula, in which the A and
B parameters refer to the maximal length and width of the hematoma in the axial plane,
respectively. The A and B lines were chosen to be perpendicular to each other. To calculate
the C parameter, the number of axial slices in which the hematoma could be observed was
multiplied by the thickness of the CT slices. To calculate the MLS, first the most anterior
and posterior visible points on the falx cerebri were connected using a line. Then, the
farthest distance between this line and the septum pellucidum was recorded as the MLS.
At least two radiologists reviewed the scans. An independent board-certified radiologist
resolved any disagreement with the CT findings.

In order to be included in our study, patients who had undergone neurosurgery
had to have at least one non-contrast brain CT scan prior to the surgery. To simulate
the real-world setting and since neurosurgery was one of the outcome variables in our
study, we did not assign any patient based on their first post-admission CT to the Marshall
5 category, i.e., the category that includes patients with any surgically evacuated lesions.
Outcome variables were discharge status (in-hospital mortality), ICU admission, need
for neurosurgery (craniotomy/craniectomy, burr hole, ventricular drain, and duraplasty),
and total hospital length of stay (THLOS). In our study, the third quartile (Q3) of THLOS
was six days, and we defined prolonged hospitalization as THLOS of seven days or more.
Abujaber et al. [13] also used a similar approach to determine the prolonged length of
stay in a previous study. Performing cranial osteoplasty alone was not considered a
neurosurgical intervention.

Statistical Analysis

Data were analyzed using Stata software version 14.0 (Stata Corp, College Station, TX,
USA). The Mann-Whitney U test was used to compare the brain CT scores between outcome
subgroups. The chi-squared test or Fisher’s exact test was used to compare the distribution
of patients in the Marshall, Rotterdam, NIRIS, and Helsinki categories according to outcome
variables. Then, the area under a receiver operating characteristic curve (AUROC) was
used to determine the predictive utility of CT scan-based scoring systems. For testing
the equality of AUROCsS, Stata’s roccomp command was used. Subgroup analyses were
performed among patients who had a head AIS score > 1 based on the first non-contrast
brain CT scan. AIS > 1 cut-off has also been used in previous studies. For instance, while
designing the Predictor of Isolated Trauma in the Head (PITH) scoring system, Lee et al. [14]
used AIS > 1 for dichotomization, i.e., they coded head AIS =1 as 1 and head AIS>1 as 2
in their suggested predictive model. Moreover, the AIS codes of some intracranial injuries,
such as SAH not further specified (NFS) and IVH NFS, have a severity score of 2 in the
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AIS dictionary [12]. Therefore, these codes would have been excluded from our subgroup
analysis if we had chosen AIS > 2 as the cut-off value. Hence, we decided that AIS > 1
would be more suitable for subgroup analysis in our study. The weighted kappa statistic
assessed the inter-rater agreements between the two independent raters.

This study was approved by the Ethics Committee of Sina Hospital, Tehran University
of Medical Sciences (IR. TUMS.SINAHOSPITAL.REC.1399.103).

3. Results

A total of 996 patients were included in the study. Patients’ ages ranged from 0 (less
than one year) to 95 years, with an average (£SD) of 38.8 (£21.1) years. Road traffic
incidents were the most common cause of injury (n = 750, 75.3%), followed by falls (n = 195,
19.6%). Among the patients who were injured due to falls, 65 (33.3%) and 121 (62.1%)
patients were injured due to falls from standing height (i.e., had a fall height of zero) and
falls from height, respectively. Nine (4.6%) patients had unknown fall heights. The majority
(87.0%) of patients in our study had an admission GCS score of 13-15. In-hospital mortality,
ICU admission, neurosurgery, and THLOS > seven days were recorded for 27 (2.7%),
207 (20.8%), 82 (8.2%), and 205 (20.6%) patients, respectively. The median (interquartile
range; IQR) of ICU length of stay (LOS) and THLOS were 4 (9) and 3 (4) days, respectively.
Patients” baseline characteristics, outcome variables, and CT findings are presented in
Table 1. Table 2 shows positive CT findings in TBI deaths according to the variables of
five scoring systems. Inter-rater agreements were substantial for all CT scoring systems
(0.74 to 0.80).

Based on the non-parametric comparison of brain CT scores, the differences observed
between the outcome subgroups of all four outcomes (in-hospital mortality, ICU admission,
neurosurgery, and THLOS of seven days or more) were found to be statistically significant
(p value < 0.001). The median (IQR) of brain CT scores according to in-hospital mortality,
ICU admission, neurosurgery, and THLOS > seven days outcomes are shown in Table 3.
The distributions of patients in the Marshall, Rotterdam, NIRIS, and Helsinki categories
according to outcome variables have been provided in a Supplementary Table S1.

The AUROCs (95% CI) of brain CT scores for predicting the studied outcomes are
shown in Table 4. All five scoring systems had AUROC point estimates above 0.9 in predict-
ing in-hospital mortality, and there were no significant differences among their AUROCs
in this regard. Marshall and NIRIS had higher AUROCs than other scoring systems in
predicting ICU admission and neurosurgery outcomes. In predicting THLOS > seven days,
the Marshall and NIRIS scoring systems had higher AUROC point estimates; however,
differences among the AUROCs were less pronounced, and some overlaps were observed
among 95% Cls. Figure 1 shows the receiver operating characteristic (ROC) curves of
scoring systems for predicting the studied outcomes.

Table 1. Distribution of baseline characteristics, outcome variables, and CT findings.

Number (%)
Male 786 (78.9)
Gender
Female 210 (21.1)
0-14 110 (11.0)
15-44 506 (50.8)
Age (years)

45-64 236 (23.7)
>65 144 (14.5)
13-15 866 (87.0)

GCS score 9-12 65 (6.5)

3-8 59 (5.9)
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Table 1. Cont.

Number (%)
ICU Admission 207 (20.8)
THLOS > Seven Days 205 (20.6)
Outcomes Neurosurgery 82 (8.2)
In-hospital Mortality 27 (2.7)
Skull Fracture 216 (21.6)
SAH 163 (16.3)
SDH 126 (12.6)
Parenchymal Contusion 126 (12.6)
Abnormal Cisterns 107 (10.7)
EDH 79(7.9)
Pneumocephalus 73 (7.3)
CT findings Midline Shift 45 (4.5)
IPH/ICH 41 (4.1)
Mass Lesion > 25 cm3 31(3.1)
Focal Herniation 27 (2.7)
IVH 24 (2.4)
Hydrocephalus 5(0.5)
Duret Hemorrhage 4(0.4)
DAI 2(0.2)
Surgical Evacuation 0!

! The first CT scan after the hospital admission was used for scoring. CT: computed tomography; DAL diffuse
axonal injury; EDH: epidural hematoma; GCS: Glasgow Coma Scale; ICH: intracerebral hematoma; ICU: intensive
care unit; IPH: intraparenchymal hemorrhage; [IVH: intraventricular hemorrhage; SAH: subarachnoid hemorrhage;
SDH: subdural hematoma; TBI: traumatic brain injuries; THLOS: total hospital length of stay.

Table 2. Positive CT findings according to the variables of scoring systems in 27 dead TBI patients,

sorted by frequency.
Marshal Rotterdam Helsinki Stockholm NIRIS
SAH - 22 - 22 22
SDH - - 16 G 16
Skull Fracture - - - - 13
Abnormal Cisterns 11 11 11 - -
Mass Lesion > 25 cm? 11 - 11 - -
Focal Herniation - - - - 11
IPH/ICH - - 8 - 8
Parenchy{nal ) _ ) ) 8
Contusion
IVH - 7 7 7 7
Midline Shift (>5 mm) 5 5 - 5 5
Pneumocephalus - - - - 4
EDH 2 - 3 3 3 3
Hydrocephalus - - - - 3
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Table 2. Cont.

Marshal Rotterdam Helsinki Stockholm NIRIS
- 2

Duret Hemorrhage - -
DAI - - - 1 1

Surgical Evacuation 0 - - - -
! Dual-sided SDH. 2 EDH is calculated as a positive prognostic factor in the Rotterdam, Helsinki, and Stockholm
systems. CT: computed tomography; DAI: diffuse axonal injury; EDH: epidural hematoma; ICH: intracerebral
hematoma; IPH: intraparenchymal hemorrhage; IVH: intraventricular hemorrhage; mm: millimeter; NIRIS:
Neurolmaging Radiological Interpretation System; SAH: subarachnoid hemorrhage; SDH: subdural hematoma;
TBI: traumatic brain injuries.

Table 3. Brain CT scores according to in-hospital mortality, ICU admission, neurosurgery, and

THLOS > seven days.

Scoring Systems

- i >
In HOSp‘ltal ICU Admission Neurosurgery THLOS = Seven
Mortality (n = 994) 1 (1 = 996) Days
(n =996) - - (n =995) 2

Yes No p Yes No p Yes No p Yes No p

Marshall, median (IQR) 4(4) 1(1) <0001 2(1) 1(0) <0001 43 1(1) <0001 22 1(1) <0.001
Rotterdam, median (IQR) 4(2) 2(0) <0001 3(1) 2(0) <0001 3(2 20 <0001 2(1) 20O <0.001
Helsinki, median (IQR) 6(5) 0@ <0001 2(3) 00 <0001 3(6) 0 <0001 03 0O <0.001
3.00 1.00 2.00 1.00 2.00 1.00 1.00 1.00
; 3
Stockholm, median (IQR) (2.00) ) <0.001 (1.45) ) <0.001 (1.92) ) <0.001 (1.15) ) <0.001

NIRIS, median (IQR)

3(2) 0(1) <0001 2(2) 0(1) <0001 3(2) 0(1) <0001 2(2) 0(1) <0.001

1. Two patients had unknown ICU admission status. 2. One patient had an unknown THLOS. 3. Stockholm
score is a continuous variable. Therefore, two decimal places were reported. CT: computed tomography; ICU:
intensive care unit; IQR: interquartile range; NIRIS: NeuroImaging Radiological Interpretation System; THLOS:
total hospital length of stay.

Table 4. AUROCSs (95% CI) of brain CT scores for predicting in-hospital mortality, ICU admission,
neurosurgery, and THLOS > seven days (all patients).

Outcome Variables

Scoring Systems In-Hospital Mortality ICU Admission Neurosurgery THLOS > Seven Days
(n =996) n=9991 (n = 996) (n = 995) 2
Marshall 0.92 0.83 0.95 0.73
(0.89-0.95) (0.80-0.86) (0.93-0.97) (0.69-0.76)
Rotterdam 0.90 0.71 0.81 0.67
(0.84-0.97) (0.67-0.75) (0.75-0.87) (0.63-0.71)
Helsinki 091 0.68 0.78 0.65
(0.84-0.99) (0.63-0.72) (0.70-0.85) (0.60-0.69)
Stockholm 0.93 0.71 0.78 0.66
(0.89-0.97) (0.67-0.76) (0.72-0.85) (0.62-0.70)
0.94 0.83 0.95 0.72
NIRIS (0.91-0.96) (0.80-0.87) (0.93-0.97) (0.68-0.76)

1. Two patients had unknown ICU admission status. 2. One patient had an unknown THLOS. AUROC: area
under a receiver operating characteristic curve; CI: confidence interval; CT: computed tomography; ICU: intensive
care unit; NIRIS: Neurolmaging Radiological Interpretation System; THLOS: total hospital length of stay.
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Figure 1. Comparison of results of ROC analysis for prediction of (A) mortality, (B) ICU admis-
sion, (C) neurosurgical procedure, and (D) prolonged hospitalization by the Marshall, Rotterdam,
Stockholm, Helsinki, and NIRIS scoring systems.

In the subgroup analysis of patients with head AIS > 1, scoring systems had point esti-
mates above 0.75 for predicting in-hospital mortality, and according to the overlap among
95% Cls, observed differences were concluded to be insignificant. The NIRIS and Marshall
scoring systems performed better in predicting ICU admission and neurosurgery; however,
there were minor overlaps among the 95% Cls of the scoring systems for predicting ICU
admission. There were no significant differences among the scoring systems in predicting
THLOS > seven days. The AUROC (95% CI) of scoring systems in the subgroup of patients
with head AIS > 1 is presented in Table 5.

Table 5. AUROCsSs (95% CI) of brain CT scores for predicting in-hospital mortality, ICU admission,
neurosurgery, and THLOS > seven days in the subgroup of patients with head AIS > 1.

Outcome Variables

Scoring Systems In-Hospital Mortality ICU Admission Neurosurgery THLOS > Seven Days
(n = 419) (n=418)1 (n = 419) (n =418) 2
Marshall 0.80 0.77 0.88 0.69
(0.72-0.88) (0.73-0.81) (0.84-0.92) (0.64-0.73)
Rotterdam 0.84 0.69 0.75 0.68
(0.76-0.92) (0.64-0.74) (0.69-0.81) (0.63-0.73)
Helsinki 0.87 0.69 0.75 0.68
(0.79-0.94) (0.64-0.74) (0.68-0.82) (0.62-0.73)
Stockholm 0.76 0.70 0.67 0.68
(0.67-0.85) (0.65-0.75) (0.61-0.74) (0.63-0.73)
0.84 0.78 0.89 0.69
NIRIS (0.78-0.90) (0.74-0.82) (0.86-0.92) (0.64-0.73)

1. One patient had an unknown ICU admission status. 2. One patient had an unknown THLOS. AUROC: area
under a receiver operating characteristic curve; CI: confidence interval; CT: computed tomography; ICU: intensive
care unit; NIRIS: Neurolmaging Radiological Interpretation System; THLOS: total hospital length of stay.
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4. Discussion

In this study, we compared the utility of scoring systems based on early non-contrast
brain CT scans in predicting outcomes of in-hospital mortality, ICU admission, neuro-
surgery, and THLOS > seven days among patients who had sustained or were suspicious
of sustaining TBI and a subgroup of patients who had head AIS > 1 based on their first
non-contrast brain CT scans. For predicting in-hospital mortality, the scoring systems had
AUROC point estimates above 0.9 and 0.75 among all included patients and patients with
head AIS > 1, respectively.

The Marshall and NIRIS scoring systems had higher AUROCs for predicting ICU ad-
mission and neurosurgery than the other scoring systems. For predicting THLOS > seven days,
although the NIRIS and Marshall scoring systems seemed to have higher AUROC point
estimates when all patients were analyzed, the scoring systems performed roughly the
same in the head AIS > 1 subgroup. To interpret these observations, the similarities and
differences between the scoring systems should be scrutinized.

One of these differences is how EDH is scored in each scoring system. EDH has the
best prognosis among extra-axial hematomas, and the mortality rate following EDH is
lower than that of SDH [15,16]. Therefore, the Rotterdam scoring system was designed so
that in the absence (non-presence) of EDH on a patient’s brain CT scan, one point is added
to the total severity score [5]. In the Helsinki and Stockholm scoring systems, if EDH is
observed on a patient’s brain CT scan, three points and one point are subtracted from the
patient’s total severity score, respectively [6,7]. On the other hand, the Marshall scoring
system seems to adopt a neutral position since it does not differentiate among various types
of intracranial hematoma. In the NIRIS scoring system, the presence of EDH per se does
not lead to a lower total score. This approach may be a reason for the poorer performance
of the Rotterdam, Helsinki, and Stockholm scoring systems in predicting ICU admission
and neurosurgical procedures compared with the NIRIS and Marshall scoring systems. A
question might arise: if the NIRIS scoring system considers EDH an adverse prognostic
factor even though EDH has a lower mortality rate than other extra-axial hematomas,
why does it perform similarly to other scoring systems in predicting in-hospital mortality?
The reason might be that the NIRIS takes more details into account. For instance, duret
hemorrhage is associated with a high rate of mortality [17], and the NIRIS is the only
scoring system that takes duret hemorrhage into account and assigns it to the most severe
scoring category, i.e., the NIRIS 4. On the other hand, EDH could not always be a favorable
prognostic indicator. Sometimes the presence of EDH with DAI or high-volume EDH
causing a midline shift and brain herniation could worsen the outcome. These details may
be better to consider in the scoring systems [18].

Another difference among scoring systems is the way they consider cerebral contusions
in scoring. The NIRIS scoring system directly considers cerebral contusions. As mentioned,
the Marshall score adopts a neutral position and does not differentiate among various
lesion densities. To our knowledge, the Stockholm and Rotterdam systems do not consider
cerebral contusions directly in scoring. The Helsinki scoring system has a different item for
intracerebral hematomas. However, it has not made a clear distinction between contusions
and intracerebral hematomas, which may lead to varying interpretations regarding whether
or not to consider contusions of various sizes in scoring. This issue stems from the vague
distinction between ICH/IPH and cerebral contusion, and some arbitrary cutoffs have
even been proposed [19]. On the other hand, the NIRIS scoring system has differentiated
contusions and IPH as two different scoring items. With all that being said, the way
that cerebral contusions are considered in scoring might be another reason for the better
performance of the NIRIS and Marshall systems in our study. We recommend that scoring
system designers take a clear position on this issue and provide a detailed manual for their
scoring systems.

It should also be noted that predicting patients” outcomes solely based on brain CT
findings might be erroneous. For instance, previous studies have found that patients’
baseline characteristics, such as age, and their functional status, such as the GCS score, are
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associated with their outcomes following TBI [20-23]. In other words, patients with similar
brain CT scores but different baseline characteristics and functional scores might have
different outcomes. On the other hand, although non-contrast brain CT is considered the
modality of choice for a rapid initial evaluation of patients with TBI, it has some limitations,
such as lower detection and underestimation of DAI and parenchymal contusions compared
with the more advanced imaging modalities [24].

Another important point to note is that we used the first post-admission brain CT
scan for patients’ severity scoring. According to previous studies, using the initial CT
scan, also known as the admission CT scan, might pose some problems. For instance,
Nagesh et al. observed that among patients with mild/moderate TBI and abnormal initial
CT scans who had not undergone neurosurgical intervention, some might demonstrate
a progression of existing lesions or the evolution of new lesions on repeat CT scans [25].
They also reported that some patients eventually underwent neurosurgical intervention
due to the exacerbation of repeat CT scans without neurological worsening [25]. This
indicates that the repeat CT rather than the admission CT may be used as a basis for clinical
decision-making. Servadei et al. also emphasized the importance of repeat CT scans and
considering the worst rather than the first CT scan to predict the outcomes of patients with
TBI [26]. Stocchetti et al. investigated the time course of raised intracranial pressure (RICP)
and reported that the evolution of RICP can be delayed in many patients [27]. Iaccarino et al.
concluded that among patients with cerebral contusions, the development of or increase
in MLS in follow-up CT scans is associated with deterioration of patients’ status during
the initial hours post-injury and an unfavorable outcome [28]. Some previous studies also
used initial head CT for scoring, such as the study conducted by Thelin et al. in Sweden
and Finland [29]. Thelin et al. recommended that in future studies, researchers should
determine which time point has the highest utility for predicting patient outcomes [29].
We believe that although using the worst head CT might be more reasonable for outcome
prediction, physicians, especially front-line physicians managing patients in emergency
departments, might wonder about the comparative performance of these scoring systems
based on the initial head CT scans.

According to Nagesh et al. [25] and Servadei et al. [26], some imaging and non-imaging
clues on admission might predict the worsening of repeat CT scans. Therefore, a scoring
system that emphasizes these clues can be utilized to predict patients” outcomes during the
initial hours of admission.

In a study by Munakomi, the utility of the Marshall and Rotterdam scoring systems
for predicting the outcome of patients with TBI was investigated [30]. The Rotterdam and
Marshall scores were calculated based on the initial CT scan, and the investigated outcome
was early death, which was measured based on the patients” discharge status. Munakomi
reported the AUROCsS of the Marshall and Rotterdam scoring systems to be 0.912 and
0.929, respectively [30]. In a study by Deepika et al., the AUROCSs of the Marshall and
Rotterdam scoring systems for predicting two-week mortality were reported to be 0.707
and 0.681, respectively [31]. Vehvildinen et al. concluded that the Helsinki score better
predicted six-month mortality than the NIRIS scoring system [32]. Thelin et al. concluded
that the Helsinki and Stockholm scoring systems performed better than the Marshall and
Rotterdam systems in predicting the long-term unfavorable outcome measured by the
Glasgow Outcome Scale (GOS) [29]. It should be noted that the TBI severity distribution
and the way previous studies defined inclusion criteria might play a role in the observed
discrepancies. In Deepika et al.’s study, only patients with moderate and severe injuries
were included; the study by Vehvildinen et al. was conducted on ICU-admitted patients;
Thelin et al. included patients who required neuro-intensive care; and Munakomi included
patients with mild to severe injuries. In our study, we even went one step further and
included head-injured patients that had undergone brain CT, indicating the suspicion of
sustaining TBI. A similar approach, i.e., including patients suspicious of sustaining TBI,
was also adopted by Wintermark et al. [8]. With all that being said, it can be concluded that
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scoring systems may have different predictive performances in different subgroups of TBI,
and we suggest putting more emphasis on this issue in future studies.

Another important issue is that in cases where scoring systems have relatively similar
AUROC:s for predicting a specific outcome measure, other aspects of these systems, such
as user-friendliness and the amount of time required for filling them out, play a major
role in choosing between them. For instance, Creeden et al. mentioned that the NIRIS
was the most preferred scoring system by image reviewers in their study [33]. Therefore,
for future studies, we also suggest placing more emphasis on assessing these aspects of
scoring systems.

Limitations

This study was retrospective, and the initial identification of patients and basic data
extraction were made through the NTRI. However, future studies are warranted to assess
this registry program’s patient coverage and data quality. Most patients included in our
study had GCS scores of 13-15, and only 20.8% were admitted to the ICU. Therefore,
this issue is a limitation of our research since many of the brain CT scoring systems may
have been designed for severe TBI patients requiring ICU admission. However, from
another perspective, it may emphasize the necessity of developing new scoring systems or
recognizing scoring systems that have a higher utility for patients with non-severe injuries
and patients who are suspicious of sustaining TBI. Moreover, the GCS scores in the NTRI
database were collected mostly retrospectively through patient files, and the worst GCS
scores were unavailable.

Another limitation is that our study included both isolated and multiple trauma
patients. In other words, patients with injuries to body regions other than the head were
also included in this study. This is consistent with the fact that road traffic incidents were
our study’s most common cause of injury. Therefore, we believe that stratifying the results
based on isolated and multiple trauma patients will be of benefit in future studies.

5. Conclusions

The Marshall, Rotterdam, Helsinki, Stockholm, and NIRIS scoring systems had high
utility in predicting in-hospital mortality, and there were no significant differences among
their AUROCSs. The Marshall and NIRIS scoring systems had higher AUROCs for pre-
dicting ICU admission and neurosurgery than the other scoring systems. For predicting
THLOS > seven days, although the NIRIS and Marshall scoring systems seemed to have
higher AUROC point estimates when all patients were analyzed, the scoring systems
performed roughly the same in the head AIS > 1 subgroup.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/brainsci13081145/5s1, Table S1: Distribution of patients in Marshall,
Rotterdam, NIRIS, and Helsinki categories according to outcome variables.

Author Contributions: Conceptualization, M.S.-A. and M.K.; methodology, V.B. and H.E.; validation,
S.S., H.T,, and O.G,; formal analysis, V.B.; investigation, S.S., H.T., and O.G.; resources, H.E. and K.N.;
data curation, M.K. and K.N.; writing—original draft preparation, M.K.; writing—review and editing,
M.S.-A. and S.S.; visualization, V.B.; supervision, project administration, and funding acquisition,
M.S.-A. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by Sina Trauma and Surgery Research Center, Tehran University
of Medical Sciences, Tehran, Iran (grant number: 99-3-93-51199).

Institutional Review Board Statement: This study was approved by the Ethics Committee of Sina
Hospital, Tehran University of Medical Sciences (IR. TUMS.SINAHOSPITAL.REC.1399.103).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.


https://www.mdpi.com/article/10.3390/brainsci13081145/s1
https://www.mdpi.com/article/10.3390/brainsci13081145/s1

Brain Sci. 2023, 13, 1145 11 0f12

Acknowledgments: The authors also wish to acknowledge the NTRI for providing some of the data
required for this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Rusnak, M. Traumatic brain injury: Giving voice to a silent epidemic. Nat. Rev. Neurol. 2013, 9, 186-187. [CrossRef]

2. GBD 2016 Traumatic Brain Injury and Spinal Cord Injury Collaborators. Global, regional, and national burden of traumatic brain
injury and spinal cord injury, 1990-2016: A systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2019,
18, 56-87. [CrossRef]

3. Lefering, R. Trauma scoring systems. Curr. Opin. Crit. Care 2012, 18, 637-640. [CrossRef] [PubMed]

4. Marshall, L.E; Marshall, S.B.; Klauber, M.R.; van Berkum Clark, M.; Eisenberg, H.M.; Jane, ].A.; Luerssen, T.G.; Marmarou, A.;
Foulkes, M.A. A new classification of head injury based on computerized tomography. J. Neurosurg. 1991, 75, S14-520. [CrossRef]

5. Maas, A.L; Hukkelhoven, C.W.; Marshall, L.E; Steyerberg, E.W. Prediction of outcome in traumatic brain injury with computed
tomographic characteristics: A comparison between the computed tomographic classification and combinations of computed
tomographic predictors. Neurosurgery 2005, 57, 1173-1182. [CrossRef] [PubMed]

6. Nelson, D.W,; Nystrom, H.; MacCallum, R.M.; Thornquist, B.; Lilja, A.; Bellander, B.M.; Rudehill, A.; Wanecek, M.; Weitzberg, E.
Extended analysis of early computed tomography scans of traumatic brain injured patients and relations to outcome.
J. Neurotrauma 2010, 27, 51-64. [CrossRef] [PubMed]

7. Raj, R,; Siironen, J.; Skrifvars, M.B.; Hernesniemi, J.; Kivisaari, R. Predicting outcome in traumatic brain injury: Development
of a novel computerized tomography classification system (Helsinki computerized tomography score). Neurosurgery 2014, 75,
632-646; discussion 646-637. [CrossRef] [PubMed]

8.  Wintermark, M.,; Li, Y.; Ding, V.Y; Xu, Y,; Jiang, B.; Ball, R.L.; Zeineh, M.; Gean, A.; Sanelli, P. Neuroimaging Radiological
Interpretation System for Acute Traumatic Brain Injury. J. Neurotrauma 2018, 35, 2665-2672. [CrossRef]

9. Zhou, B;; Ding, V.Y;; Li, Y.; Ball, R.L.; Jiang, B.; Zhu, G.; Boothroyd, D.; Zeineh, M.; Gean, A.; Wintermark, M. Validation of the
Neurolmaging Radiological Interpretation System for Acute Traumatic Brain Injury. J. Comput. Assist. Tomogr. 2019, 43, 690—-696.
[CrossRef]

10. Sharif-Alhoseini, M.; Zafarghandi, M.; Rahimi-Movaghar, V.; Heidari, Z.; Naghdi, K.; Bahrami, S.; Koohi-Habibi, S.; Laal, M.;
Moradi, A.; Ghodsi, Z.; et al. National Trauma Registry of Iran: A Pilot Phase at a Major Trauma Center in Tehran. Arch. Iran.
Med. 2019, 22, 286-292.

11. Demetriades, D.; Kuncir, E.; Velmahos, G.C.; Rhee, P.; Alo, K.; Chan, L.S. Outcome and prognostic factors in head injuries with an
admission Glasgow Coma Scale score of 3. Arch. Surg. 2004, 139, 1066-1068. [CrossRef] [PubMed]

12.  Abbreviated Injury Scale 2015 Revision, 6th ed.; The Association for the Advancement of Automotive Medicine: Chicago,
IL, USA, 2016.

13.  Abujaber, A.; Fadlalla, A.; Nashwan, A.; El-Menyar, A.; Al-Thani, H. Predicting prolonged length of stay in patients with
traumatic brain injury: A machine learning approach. Intell.-Based Med. 2022, 6, 100052. [CrossRef]

14. Lee, SH.; Lim, D.; Kim, D.H.; Kim, S.C.; Kim, T.Y,; Kang, C.; Jeong, ].H.; Park, Y.J.; Lee, S.B.; Kim, R.B. Predictor of Isolated
Trauma in Head: A New Simple Predictor for Survival of Isolated Traumatic Brain Injury. |. Emerg. Med. 2018, 54, 427-434.
[CrossRef] [PubMed]

15. Aromatario, M.; Torsello, A.; D’Errico, S.; Bertozzi, G.; Sessa, F.; Cipolloni, L.; Baldari, B. Traumatic Epidural and Subdural
Hematoma: Epidemiology, Outcome, and Dating. Medicina 2021, 57, 125. [CrossRef] [PubMed]

16. Haselsberger, K.; Pucher, R.; Auer, L.M. Prognosis after acute subdural or epidural haemorrhage. Acta Neurochir. 1988, 90, 111-116.
[CrossRef]

17. Parizel, PM.; Makkat, S.; Jorens, P.G.; Ozsarlak, O.; Cras, P.; Van Goethem, ].W.; Van Den Hauwe, L.; Verlooy, J.; De Schepper,
A.M. Brainstem hemorrhage in descending transtentorial herniation (Duret hemorrhage). Intensive Care Med. 2002, 28, 85-88.
[CrossRef]

18.  Piri, S.M.; Khormali, M.; Fakharian, E.; Sharif-Alhoseini, M. Epidural Hematoma in Computed Tomography Scan-Based Scoring
Systems of Traumatic Brain Injury. Arch. Trauma. Res. 2023, 12, 61-62.

19. Khoshyomn, S.; Tranmer, B.I. Diagnosis and management of pediatric closed head injury. Semin. Pediatr. Surg. 2004, 13, 80-86.
[CrossRef]

20. Hukkelhoven, C.W.; Steyerberg, EW.; Rampen, A.J.; Farace, E.; Habbema, ].D.; Marshall, L.E; Murray, G.D.; Maas, A.I. Patient
age and outcome following severe traumatic brain injury: An analysis of 5600 patients. J. Neurosurg. 2003, 99, 666—-673. [CrossRef]

21. Fu, TS, Jing, R.; McFaull, S.R.; Cusimano, M.D. Recent trends in hospitalization and in-hospital mortality associated with
traumatic brain injury in Canada: A nationwide, population-based study. J. Trauma Acute Care Surg. 2015, 79, 449-454. [CrossRef]

22.  Perel, P; Arango, M.; Clayton, T.; Edwards, P.; Komolafe, E.; Poccock, S.; Roberts, I.; Shakur, H.; Steyerberg, E.; Yutthakasemsunt, S.

Predicting outcome after traumatic brain injury: Practical prognostic models based on large cohort of international patients. BM]
2008, 336, 425-429. [CrossRef] [PubMed]


https://doi.org/10.1038/nrneurol.2013.38
https://doi.org/10.1016/S1474-4422(18)30415-0
https://doi.org/10.1097/MCC.0b013e3283585356
https://www.ncbi.nlm.nih.gov/pubmed/22918259
https://doi.org/10.3171/sup.1991.75.1s.0s14
https://doi.org/10.1227/01.NEU.0000186013.63046.6B
https://www.ncbi.nlm.nih.gov/pubmed/16331165
https://doi.org/10.1089/neu.2009.0986
https://www.ncbi.nlm.nih.gov/pubmed/19698072
https://doi.org/10.1227/NEU.0000000000000533
https://www.ncbi.nlm.nih.gov/pubmed/25181434
https://doi.org/10.1089/neu.2017.5311
https://doi.org/10.1097/RCT.0000000000000913
https://doi.org/10.1001/archsurg.139.10.1066
https://www.ncbi.nlm.nih.gov/pubmed/15492144
https://doi.org/10.1016/j.ibmed.2022.100052
https://doi.org/10.1016/j.jemermed.2018.01.001
https://www.ncbi.nlm.nih.gov/pubmed/29478860
https://doi.org/10.3390/medicina57020125
https://www.ncbi.nlm.nih.gov/pubmed/33535407
https://doi.org/10.1007/BF01560563
https://doi.org/10.1007/s00134-001-1160-y
https://doi.org/10.1053/j.sempedsurg.2004.01.003
https://doi.org/10.3171/jns.2003.99.4.0666
https://doi.org/10.1097/TA.0000000000000733
https://doi.org/10.1136/bmj.39461.643438.25
https://www.ncbi.nlm.nih.gov/pubmed/18270239

Brain Sci. 2023, 13, 1145 12 0of 12

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kulesza, B.; Mazurek, M.; Nogalski, A.; Rola, R. Factors with the strongest prognostic value associated with in-hospital mortality
rate among patients operated for acute subdural and epidural hematoma. Eur. . Trauma Emerg. Surg. 2021, 47, 1517-1525.
[CrossRef] [PubMed]

Smith, L.G.F; Milliron, E.; Ho, M.L.; Hu, H.H.; Rusin, ]J.; Leonard, J.; Sribnick, E.A. Advanced neuroimaging in traumatic brain
injury: An overview. Neurosurg. Focus 2019, 47, E17. [CrossRef] [PubMed]

Nagesh, M.; Patel, K.R.; Mishra, A.; Yeole, U.; Prabhuraj, A.R.; Shukla, D. Role of repeat CT in mild to moderate head injury: An
institutional study. Neurosurg. Focus 2019, 47, E2. [CrossRef]

Servadei, F.; Nasi, M.T.; Giuliani, G.; Cremonini, A.M.; Cenni, P.; Zappi, D.; Taylor, G.S. CT prognostic factors in acute subdural
haematomas: The value of the ‘worst” CT scan. Br. J. Neurosurg. 2000, 14, 110-116. [CrossRef]

Stocchetti, N.; Colombo, A.; Ortolano, F.; Videtta, W.; Marchesi, R.; Longhi, L.; Zanier, E.R. Time course of intracranial hypertension
after traumatic brain injury. J. Neurotrauma 2007, 24, 1339-1346. [CrossRef]

Taccarino, C.; Schiavi, P; Picetti, E.; Goldoni, M.; Cerasti, D.; Caspani, M.; Servadei, F. Patients with brain contusions: Predictors
of outcome and relationship between radiological and clinical evolution. J. Neurosurg. 2014, 120, 908-918. [CrossRef]

Thelin, E.P.; Nelson, D.W.; Vehvildinen, J.; Nystrom, H.; Kivisaari, R.; Siironen, J.; Svensson, M.; Skrifvars, M.B.; Bellander, B.M.;
Raj, R. Evaluation of novel computerized tomography scoring systems in human traumatic brain injury: An observational,
multicenter study. PLoS Med. 2017, 14, €1002368. [CrossRef]

Munakomi, S. A comparative study between Marshall and Rotterdam CT scores in predicting early deaths in patients with
traumatic brain injury in a major tertiary care hospital in Nepal. Chin. J. Traumatol. 2016, 19, 25-27. [CrossRef]

Deepika, A.; Prabhuraj, A.R; Saikia, A.; Shukla, D. Comparison of predictability of Marshall and Rotterdam CT scan scoring
system in determining early mortality after traumatic brain injury. Acta Neurochir. 2015, 157, 2033-2038. [CrossRef]
Vehvildinen, J.; Skrifvars, M.; Reinikainen, M.; Bendel, S.; Laitio, R.; Hoppu, S.; Ala-Kokko, T.; Siironen, J.; Raj, R. External
validation of the Neurolmaging Radiological Interpretation System and Helsinki computed tomography score for mortality
prediction in patients with traumatic brain injury treated in the intensive care unit: A Finnish intensive care consortium study.
Acta Neurochir. 2022, 164, 2709-2717. [CrossRef] [PubMed]

Creeden, S.; Ding, V.Y.; Parker, ].J.; Jiang, B.; Li, Y,; Lanzman, B.; Trinh, A.; Khalaf, A.; Wolman, D.; Halpern, C.H.; et al.
Interobserver Agreement for the Computed Tomography Severity Grading Scales for Acute Traumatic Brain Injury. J. Neurotrauma
2020, 37, 1445-1451. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00068-020-01460-8
https://www.ncbi.nlm.nih.gov/pubmed/32776246
https://doi.org/10.3171/2019.9.FOCUS19652
https://www.ncbi.nlm.nih.gov/pubmed/32364704
https://doi.org/10.3171/2019.8.FOCUS19527
https://doi.org/10.1080/02688690050004525
https://doi.org/10.1089/neu.2007.0300
https://doi.org/10.3171/2013.12.JNS131090
https://doi.org/10.1371/journal.pmed.1002368
https://doi.org/10.1016/j.cjtee.2015.12.005
https://doi.org/10.1007/s00701-015-2575-5
https://doi.org/10.1007/s00701-022-05353-0
https://www.ncbi.nlm.nih.gov/pubmed/36050580
https://doi.org/10.1089/neu.2019.6871
https://www.ncbi.nlm.nih.gov/pubmed/31996087

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

