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This article conducts a contemporary comparative review of the medical literature 
to update and establish evidence as to which framework among Rotterdam and 
Marshall computed tomography (CT)-based scoring systems predicts traumatic brain 
injury (TBI) outcomes better. The scheme followed was following the recommen-
dations of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
guidelines for literature search. The search started on August 15, 2020 and ended 
on December 31, 2020. The combination terms used were Medical Subject Headings 
terms, combination keywords, and specific words used for describing various pathol-
ogies of TBI to identify the most relevant article in each database. PICO question to 
guide the search strategy was: “what is the use of Marshall (I) versus Rotterdam score 
(C) in TBI patients (P) for mortality risk stratification (O).” The review is based on 
46 references which included a full review of 14 articles for adult TBI patients and 
6 articles for pediatric TBI articles comparing Rotterdam and Marshall CT scores.  
The review includes 8,243 patients, of which 2,365 were pediatric and 5,878 were adult 
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Introduction
Traumatic brain injury (TBI) is a leading cause of morbid-
ity and mortality in trauma patients and is a major pub-
lic health concern globally by affecting the younger age 
group.1-5 Clinical outcomes of TBI is multifactorial and var-
ies across institutions, regions, age groups, and health care 
systems.4 Due to the malignant nature of TBI, various pre-
diction and prognostic models are in use for resource alloca-
tion, prediction of clinical outcome at the time of admission, 
decision making, and family counseling.6,7 Results of the 
IMPACT study group showed that computed tomography 
(CT) characteristics have highest prognostic value after 
clinical severity.8 Marshall (1995) and Rotterdam CT (2005) 
scoring systems are two most commonly used to predict 
clinical outcome in TBI patients.7,9,10 Recently, many studies 
were conducted to evaluate the comparative efficacy of the 
two prediction models.5,7,11-14 Each of these models aims at 
improving the outcome prediction and has their own sets of 
limitations. Since guidelines for surgery in TBI patients is not 
uniform worldwide, two major limitations of Marshall scor-
ing is stated as the division of hematoma based on volume 
and surgical evacuation.15 Additionally, there is existing liter-
ature in favor of either of the scoring system and there is no 
conclusive evidence as to which scoring systems has better 
predictive power. Therefore, this comparative review aims to 
summarize and update the available evidence from existing 
studies of the predictive value of Marshall and Rotterdam CT 
scoring system in predicting clinical outcome in TBI patients.

Methods
We conducted this comparative review based on the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis16 statement guidelines to ensure a high-quality 
study. A systematic and comprehensive literature search 
was conducted in the electronic database of PubMed and 
Scopus to identify cohort, prospective, observational stud-
ies, and randomized clinical trials (RCTs) on validation of 
Rotterdam score and Marshall score for mortality risk strat-
ification within 6 months in TBI patients. The search started 
on August 15, 2020 and ended on December 31, 2020. The 
combination terms used were Medical Subject Headings 
(MeSH) terms, combination keywords, and specific words 

used for describing various pathologies of TBI to identify the 
most relevant article in each database. PICO question to guide 
the search strategy was: “what is the use of Marshall (I) ver-
sus Rotterdam score (C) in TBI patients (P) for mortality risk 
stratification (O).” An example of the search strategy used in 
PubMed was: “patients”[All Fields])) AND (“paediatrics”[All 
Fields] OR “pediatrics”[MeSH Terms] OR “pediatrics”[All 
Fields]) AND (“child”[MeSH Terms] OR “child”[All Fields] OR 
“children”[All Fields]) AND (“traumatic brain injury” [MeSH 
Terms] OR “traumatic brain injury” [All fields]) AND (“mor-
tality risk stratification” [All fields]) OR (“Rotterdam score” 
[All Fields] OR “Marshall score” [All fields]) NOT (“Helsinki 
score” [MeSH Terms] OR “Helsinki score” [All Fields]).  
All patients included were diagnosed by CT scans. Studies 
with pediatrics patients and studies on the scoring sys-
tem other than Marshall and Rotterdam CT scoring system 
were excluded from this review. Articles were reviewed by 
two authors to identify studies in which patients with TBI 
were diagnosed by CT and mortality risk stratification was 
performed by Marshall and Rotterdam score. Authors inde-
pendently reviewed initially titles and abstracts and then full 
texts of remaining articles and results. The references were 
studied to identify other prospective studies. No assess-
ment of quality and risk of bias was done and no study was 
excluded based on quality.

Results
This review is based on a comparison of the predictive value 
of Rotterdam13 and Marshall10 CT score in predicting clinical 
outcome in TBI patients (►Table  1). A total of 63 (n = 63)  
studies were retrieved using the search criteria and screened 
for potential eligibility. The studies comparing the pre-
dictive value of two scoring systems or assessment of the 
scoring system in the pediatric age group were considered 
for this review. This review was based on 46 referenced arti-
cle, including 14 citations on comparison of the two scoring 
system and 6 citations on use of Rotterdam and Marshall 
CT scoring system in pediatric TBI patients. There were no 
systematic review, meta-analysis, or RCT found. The review 
includes 8,243 patients, of which 2,365 were pediatric 
and 5,878 were adult TBI patients. Characteristics of studies 
including adult patients and pediatric patients are as shown 
in ►Table 2, respectively.

TBI patients. Marshall CT classification is not ordinal, is more descriptive, has better 
inter-rater reliability, and poor performance in a specific group of TBI patients requir-
ing decompressive craniectomy. Rotterdam CT classification is ordinal, has better dis-
criminatory power, and a better description of the dynamics of intracranial changes. 
The two scoring systems are complimentary. A combination of clinical parameters, 
severity, ischemic and hemodynamic parameters, and CT scoring system could predict 
the prognosis of TBI patients with significant accuracy. None of the classifications has 
good evidence for use in pediatric patients.
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Table 1  Differences between Marshall and Rotterdam CT 
classification

S. No. Marshall CT classification Rotterdam CT 
classification

1. More descriptive More discriminative

2. Lacks individual CT 
characteristics

Individual CT  
characteristics present

3. Predictive value is similar to 
Rotterdam CT score

Predictive value is 
similar to Marshall CT 
score

4. Higher inter-rater reliability Comparatively less 
inter-rater reliability

5. Uncertain predictive  
value in patients requiring  
decompressive craniectomy

Better predictive  
value in patients 
requiring decompres-
sive craniectomy

6. Individual parameter of 
mass lesion evacuated/non 
evacuated is retrospective 
and hence has variable 
application

No such restriction on 
individual parameters 
measured

7. Patients with lower GCS are 
likely to have grade IV or V 
and hence no significant  
discriminatory predictive 
value in these cases

Prognosis can be 
discriminated even in 
patients with low GCS 
based on individual CT 
characteristics

8. Not ordinal Ordinal

Abbreviations: CT, computed tomography; GCS, Glasgow coma scale.

Discussion
Prediction Models in TBI
TBI accounts for significant mortality, morbidity, and eco-
nomic burden globally.3 It was found in a systematic review 
that economically productive young age group have a partic-
ularly high incidence of TBI.2 On the other hand, individuals 
in extremes of age sustaining TBI have more severe injuries 
and the likelihood of poorer outcomes.2 Several classifica-
tion systems are in use to classify TBI based on clinical and 
radiological parameters. These classification systems aim to 
prognosticate the outcomes of TBI. However, there is no clas-
sification system which is comprehensive and inclusive of 
all predictors. Clinical complications of a TBI can lead from a 
compressive brain syndrome, and consequently, intracranial 
hypertension. Massive hemorrhage depending on the degree 
of TBI may end in hypovolemic shock and worsen the progno-
sis of patients. Therefore, it is important to have a scale that 
correctly classifies the prognosis of patients with TBI and thus 
be able to take the correct measurements. Mayo classifica-
tion system devised a classification for TBI with a sensitivity 
of 89% and specificity of 98% by including multiple predictors 
in the classification system.25 Clinically, Glasgow Coma Scale 
(GCS) and Glasgow Outcome Scale (GOS) are used to assess 
the severity and prognosticate brain injury.26,27 However, 
it is difficult and, in some cases, impossible to determine 
GCS, since many patients are intubated, sedated, intox-
icated, or unable to speak or move.25-28 Therefore, CT is the 
recommended evaluation method of choice. In 1991, an 
image prognostic scale was first described by Marshall et al, 

according to many characteristics assessed in CT brain.29 This 
classification system is considered a gold standard in TBI 
classification. International guidelines on the prognosis of 
severe TBI states class I evidence for Marshall10 CT scoring as 
a major CT prognostic model in TBI patients.30 However, it has 
limitations for space-occupying injuries.9,10,20,31 Accordingly, 
in 2005, Maas et al determined a new prognostic classifica-
tion by imaging that includes basal cisterns, midline, epidural 
hematoma, intraventricular, or subarachnoid hemorrhage 
(SAH), generating greater validation to define the mortality 
risk stratification or prognosis.9 One of the major differences 
between these two classifications is that Rotterdam CT clas-
sification is stand-alone and does not require any interven-
tion as one of the parameters in contrast to Marshall score 
where evacuation of mass lesion is one of the measurements. 
The predictive power of these scoring systems depends on 
the outcome measured. Both the scoring system has a similar 
mortality prediction but only Rotterdam scoring correlation 
with predicted outcome measured as GOS.17 Also, none of 
the two scorings were found to have significant predictive 
power for outcome evaluated as Functional Independence 
Measure motor or cognitive domain at discharge or 
9 months’ follow-up, though specific scores (Marshall 3 and 
5, Rotterdam 5 and 6) were able to predict these outcomes 
and length of stay.19 This study aimed to conduct a compar-
ative review to establish the existing evidence for the pre-
dictive power of Rotterdam and Marshall scoring system in 
mortality risk stratification of TBI patients.

Predictive Value of Rotterdam CT Scoring System
Mohammadifard et al15 conducted a comparative study of 
Marshall and Rotterdam scoring system in predicting early 
deaths after brain trauma in a cohort of 150 patients. Mean 
age was 43.36 ± 21.65 years, mean GCS was 8.7 ± 3, and 
mean Marshall and Rotterdam CT score was 3.2 ± 1.3 and 
2.5 ± 1.0, respectively, in this study.15 They found a signifi-
cant correlation between the Rotterdam score and mortal-
ity at 2 weeks, 1 month, and after 3 months; however, no 
such correlation was found with Marshall score.15 Sensitivity 
and specificity for mortality prediction at 2 weeks for 
Rotterdam and Marshall score were 56, 94.11%, and 87.34, 
52.63%, respectively, and 57.69, 94.44%, and 87.34, 52.63%, at 
1 month, respectively.15 Sensitivity and specificity for mor-
tality prediction at 2 weeks for Rotterdam and Marshall score 
were 57.69, 94.44%, and 87.17, 50%, respectively.15 Receiver 
operating characteristic (ROC) area under the curve (AUC) 
showed higher accuracy in predicting mortality at 2 weeks, 
1 month, and 3 months for Rotterdam score as compared 
with the Marshall score.15 Huang et al evaluated the effi-
cacy of Rotterdam scoring in predicting outcome and mor-
tality after decompressive craniectomy (DC) in TBI.20 They 
reported that Rotterdam score is an independent predictor 
of unfavorable outcome defined by GOS of 1 to 3, with odds 
ratio of 1.830, 95% confidence interval of 1.043 to 3.212, and 
p = 0.035.20 The study by Huang et al20 highlights an import-
ant limitation of Marshall scoring and utility of Rotterdam 
scoring in prognosticating TBI patients requiring DC. In the 
study by Huang et al,20 90% of patients requiring DC belong 
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to Marshall class V. In a similar study, Waqas et al found 
that Rotterdam score has significant independent predictive 
value for mortality and unfavorable outcome in TBI patients 
requiring DC.14 Therefore, in these patients, Rotterdam CT 
scoring would have more discriminatory predictive strength.  
Mass et al9 reported in their study on the efficacy of Marshall 
CT scoring system, that combination of individual CT findings, 
additional CT findings like the presence of traumatic SAH, 
and detailed description of mass lesions predicts outcome 
better than the Marshall CT scoring system.9 In fact, Marshall 
classification was not intended to be a prognostic model and 
thus Mass et al9 compared it with a model comprising of 
individual CT characteristic findings and reported Rotterdam 
score to be a better prognostic model. In the observational 
study by Pargaonkar et al,11 researchers found that Rotterdam 
score had a better linear relationship between scoring and 
mortality than Marshall CT score. Similar findings were 
obtained in the study by Munakomi et al.23,32 Also, the pos-
itive predictive value for predicting mortality was higher for 
Rotterdam scoring (82.5%) as compared with the Marshall CT 
scoring system (79.3%).11 Similar results were reported with 
the highest accuracy for Rotterdam CT score in predicting 
the outcome based on GOS at 3 and 6 months (AUC 0.722) 
as compared with the Marshall score (AUC 0.657).17,24  
Nelson et al33 reported better predictive power of CT charac-
teristics of Rotterdam score than Marshall score in extended 
analysis of CT scans. They further suggested that the most 
important parameter in predicting mortality is the magni-
tude of midline shift which is a continuous variable.33

Limitations of the Rotterdam CT Scoring System
One of the drawbacks of the Rotterdam scoring is that the 
authors used CT scan performed within first 4 hours of the 
admission and not the worst CT scan, as worst CT scan is done 
later which might have better predictive power. Another lim-
itation is that patients with mild head injury were excluded 
from the study by Mass et al9 and hence Rotterdam CT scoring 
might not be applied to the prediction in these patients who 
can have neurological deterioration over time. Since midline 
shift and status of the basal cisterns are important CT char-
acteristics in Rotterdam score, the inter-rater variability is a 
concern when a CT scan is evaluated by physicians with dif-
ferent expertise. Studies reported higher interclass correla-
tion for Marshall scoring as compared with the Rotterdam 
scoring.34,35 The classification fails to predict long-term reha-
bilitation of TBI patients and clinical outcomes in penetrating 
TBI patients.19

Predictive Value of the Marshall CT Scoring System
Mass et al9 reported good predictive value of Marshall CT 
scoring model which can be enhanced by combining the 
individual characteristics. Marshall score is validated, widely 
used for prediction of mortality, and functional outcome 
which are lacking in the Rotterdam score.36,37 In the study by 
Deepika et al,12 authors found that Rotterdam score had sim-
ilar accuracy to Marshall score and not superior. Majdan et al  
compared ROC AUC for the predictive value of Rotterdam 

and Marshall score and reported similar performance for the 
two scores.22 Similar results were found in another study by  
Charry et al.18 Mata-Mbemba et al reported that Marshall score 
has as good predictive power as Rotterdam score.7 Although 
Mata-Mbemba et al included a large number of patients, their 
study has high risk of bias due to concealment of allocation. 
This could limit the validation of their conclusion. Munakomi 
et al23,32 highlighted the importance of mortality predic-
tion of Marshall score (0% for 1, 2, and 4, 40% for 3, 18.79% 
for 5, and 95.66% for 6) and importance of evacuation of mass 
lesions.

Limitations of the Marshall CT Scoring System
The problem with Marshall scoring is that it is more descrip-
tive than discriminatory as most of the patients who would 
require DC belong to Marshall class IV or V and therefore it 
is not possible to use it as a predictor for mortality in these 
cases accurately. Marshall CT score is based on data collected 
between 1984 and 1987 from 753 patients of Traumatic 
Coma Data Bank, which is much less than the number of 
patients in the study for the Rotterdam score.10 The predictor 
of hematoma evacuated or nonevacuated can only be applied 
retrospectively.12 The cutoff of 25 mL is not uniform for the 
traumatic intracranial lesions as guidelines differ for differ-
ent pathology. It is expected for the mortality in patients 
with Marshall grade V to be lesser than grade IV and V as 
it includes evacuated mass lesions.12,32,38 Also, in any study 
patients with Marshall score IV are likely to be less in num-
ber as many patients with midline shift may require surgery 
irrespective of GCS and this practice varies among the sur-
geons and centers.32 The study by Bobinski et al showed that 
17 patients had evacuated mass lesions at 24-hour CT who 
had nonevacuated mass lesion at the initial CT scan. This 
highlights one very important scenario where prognostica-
tion based on Marshall score should be performed with care 
as the score and predicted outcome can change over time. 
They further reported that Rotterdam score bears significant 
negative correlation with GOS based on initial and 24-hour 
CT scan, but for Marshall score, negative correlation with GOS 
was found based on initial CT scan and not on CT scan done 
at 24 hours.17 Similar to Rotterdam classification, the classifi-
cation fails to predict long-term rehabilitation of TBI patients 
and clinical outcomes in penetrating TBI patients.19 Marshall 
CT scoring is not appropriate as prognostic model for TBI 
patients requiring DC.14,20

Rotterdam and Marshall Scoring in Pediatric TBI 
Patients
Marshall and Rotterdam CT scoring has not been validated in 
patients aged < 14 years.7 Rotterdam scoring is used to pre-
dict unfavorable outcome in pediatric populations, results 
were different from the adult population.13 Pediatric pop-
ulation had better outcomes for the same scoring in less 
severe injuries but worse outcomes in cases of more severe 
injuries for the same scoring in adults.13 All the patients with 
Rotterdam score of 6 had GCS 3 and 22% of the patients with 
Rotterdam score of 2, that is, normal scans, had GCS of 3.13  
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As a result, they suggested modification in Rotterdam score 
for better accuracy in the pediatric age group as predicted 
mortality = [e–6.57 + (1.527*Rotterdam)]/[1 + e–6.57 + (1.527*Rotterdam)].13 Higher 
mortality (odds ratio 1.75) was found to be associated with 
higher Rotterdam score in a prospective observational cohort 
of 92 pediatric patients with age range of 1 month to 6 years 
suggesting that Rotterdam score can be used to predict mor-
tality in pediatric patients.39 Contrary to this, Mikkonen et 
al40 reported that adult CT scoring system performs well in 
a retrospective cohort of 341 TBI patients aged < 18 years 
treated in the intensive care unit, with Rotterdam score 
having better predictive value (AUC 0.80) than Marshall 
score. Talari et al41 reported in a retrospective cohort of 
506 pediatric patients of the suitability of Rotterdam score 
cutoff of 3 for predicting early mortality and clinical out-
come with acceptable sensitivity and specificity. ROC AUC 
to delineate the strength in predicting survival in pediatric 
patients was 0.838 and 0.781 and for GOS ≤ 3 was 0.748 and 
0.663 for Rotterdam and Marshall CT score.42 Similar results 
were found for the Rotterdam score in other studies.43

Limitation of Current Systematic Review and 
Meta-Analysis
The present study was conducted based on individual vari-
ables and their association with the outcome. This resulted 
in a different number of studies for each variable. The other 
drawback of the present study is noninclusion of different 
variables that can affect the outcome after TBI. Intracranial 
pressure data, cerebral perfusion pressure data, and treat-
ment information can influence the outcome and mortality 
after TBI. The time frame for data collection and observation 
is also variable in individual studies. Since the majority of 
studies included in the review are retrospective in nature 
with a variable time of outcome assessment. For prognostic 
models, the outcome should be assessed at a fixed point of 
time. Further lack of information on intracranial pressure and 
prognostic effects of individual characteristics in the CT scan 
adds to the relative weaknesses of this review. Another lim-
itation of our study is that the endpoint defined is mortality 
risk stratification rather than other functional outcome vari-
ables. This is because we believe that mortality would be an 
objective endpoint with no inter-rater variability and miss-
ing outcome. Most of the studies have reported comparative 
analysis of the two scoring systems based on initial CT scans, 
moderate and severe TBI patients, and mortality outcomes at 
6 months. This cannot be generalized for a wider cohort of 
mild TBI patients, geriatric, and pediatric patients.13,44 Also, 
there is likely an evolution of CT changes which may have a 
better prediction. It is needless to mention that 6 months is 
a long time and many factors may confound the measured 
outcome of mortality, therefore some authors have suggested 
using these CT scores for early mortality prediction, prefera-
ble within 1 or 2 weeks.12,45

Conclusion
A combination of clinical parameters, severity, ischemic and 
hemodynamic parameters, and CT scoring system could 

predict the prognosis of TBI patients with significant accu-
racy. Marshall scoring is more descriptive, widely accepted 
with good predictive value, and good inter-rater reliability, 
and Rotterdam score is superior in the description of dynam-
ics of intracranial changes. Though most of the studies con-
cluded that Rotterdam CT scoring is better than the Marshall 
CT scoring, we believe that the two scoring systems are 
complimentary. As either of the scoring systems has its lim-
itations and Rotterdam CT scoring system improvises upon 
Marshall CT scoring, a combination approach would yield a 
better predictive model. The predictive power of Rotterdam 
score is different in the pediatric age group as compared with 
adults and modifications are required for better applicabil-
ity of CT-based scoring system in the pediatric age group. 
Further prospective comparative studies in mild TBI patients, 
pediatric, and geriatric TBI patients are required to establish 
their wider applicability.
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