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Background Traumatic brain injury (TBI) is a 
major global health problem that dispropor-
tionally affects low- and middle-income coun-
tries. The needs for patients with TBI therefore 
may differ between levels of national develop-
ment. We aimed to describe differences in ep-
idemiology and acute care provision of TBI be-
tween India and Europe.

Methods We used data from two prospec-
tive observational registry studies – the Col-
laborative Indian NeuroTrauma Effectiveness 
Research in TBI (CINTER-TBI) and the Col-
laborative European NeuroTrauma Effective-
ness Research in TBI (CENTER-TBI), which 
included TBI patients with an indication for 
brain CT-scan presenting to 65 centres across 
Europe and Israel and two trauma centres in 
India. We performed descriptive analyses of 
demographic, injury, and treatment character-
istics and used random-effects logistic regres-
sion with covariate adjustment to examine the 
likelihood of acute neurosurgical interventions 
and in-hospital mortality.

Results We included 22 849 patients from 
CENTER-TBI and 3904 from CINTER-TBI. The 
median age in Europe was 55 years (IQR = 32–
76) compared to 27 years (IQR = 18–40) in In-
dia. The most common cause of TBI in Europe 
were falls (n = 12150 (53%), while traffic inci-
dents predominated in India (n = 2130 (55%)). 
The proportion of patients with severe TBI was 
higher in India (n = 867 (22%)) than in Europe 
(n = 1661 (7%). Professional pre-hospital care 
involving ambulance service was utilised by 
three-fourths (n = 17203 (75%)) of Europe-
an and less than a one-tenth (n = 224 (6%)) of  
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Traumatic brain injury (TBI) is a major global health and socioeconomic problem affecting more than 50 
million people each year and causing an estimated global financial burden of USD 400 billion [1]. Low-in-
come and middle-income countries (LMICs) are disproportionately impacted, as about 90% of trauma-re-
lated deaths worldwide occur in such contexts [2]. In India, approximately 50% of trauma-related deaths 
are likely related to TBI [3,4], equalling one TBI-related death every three minutes. This growing public 
health crisis highlights a need for targeted resource allocation and regulations tailored to local needs and 
circumstances [1,5]. Therefore, the Indian Ministry of Health and Family Welfare produced an operational 
guideline in 2015 with the aim of reducing case-fatality rates from traffic incidents [6]. The most important 
challenge now, however, is the lack of availability of high-quality data on TBI epidemiology in India. In-
formation systems in many places are manual and rudimentary, and no central trauma registries exists; in 
2017 and 2022, the Lancet Neurology commissions on TBI emphasised the scarcity of up-to-date epidemi-
ological data for patients with TBI, especially in LMICs, and particularly for individuals undergoing acute 
care interventions [1,5]. They advocated for improved characterisation of this population through exten-
sive collaborative observational studies with harmonised data collection meant to allow for comparisons.

Recently, two globally coordinated research initiatives in the field of TBI have been established – the first be-
ing the prospective Collaborative Indian NeuroTrauma Effectiveness Research in TBI (CINTER-TBI) whose 
data collection was harmonised with the Collaborative European NeuroTrauma Effectiveness Research in 
TBI (CENTER-TBI) study. This harmonised approach has allowed comparisons of TBI care in India and Eu-
rope in large numbers. In our study, we aimed to describe differences in the epidemiology and acute care 
provision for TBI patients between India and Europe.

METHODS
Study population

The CENTER-TBI and CINTER-TBI registries were both 
prospective observational studies. The CENTER-TBI reg-
istry included patients of all ages with a clinical diagnosis 
of TBI presenting between 2014 and 2018 to one of 65 cen-
tres across Europe and Israel in whom computed tomogra-
phy (CT) brain scan was being conducted [7,8]. There were 
otherwise no specific exclusion criteria. The CINTER-TBI 
registry, meanwhile, included patients meeting the same 
criteria who presented to one of two major governmental 
trauma centres in India, the All-India Institute of Medical 
Science in New Delhi and the Sawai Man Singh Hospital in 
Jaipur, from 2017 to 2018 (Figure 1). Both CENTER-TBI 
and CINTER-TBI were conducted in accordance with Good 
Clinical Practice standards (CPMP/ICH/135/95). All partic-
ipating hospitals were level 1 trauma centres (Figure S1 in 
the Online Supplementary Document). Informed consent 
was not required for the use of the registry databases in our 
study, as only routinely collected clinical data were accessed 
with no patient identifiers being retained for analysis. Eth-
ical approvals for the CENTER-TBI and CINTER-TBI stud-
ies were obtained from the medical ethics committees of all 
participating centres.

Figure 1. Flowchart CENTER-TBI and CINTER-TBI registry patients. 
CENTER-TBI – Collaborative European Neurotrauma Effectiveness  
Research in TBI, CINTER-TBI – Collaborative Indian Neurotrauma  
Effectiveness Research in TBI, TBI – traumatic brain injury.

Indian patients in our sample. Patients with severe TBI were more likely to undergo surgical contusion/
haematoma evacuation in India compared to Europe (OR = 2.0; 95% CI = 1.7–2.5) and Indian patients had 
higher odds of undergoing intracranial pressure monitor placement (OR = 2.3; 95% CI = 2.0–2.7). A pri-
mary decompressive craniectomy was likewise more often performed in the Indian cohort (OR = 5.1; 95% 
CI = 3.5–7.5). Discharge destinations in Europe included rehabilitation centres (n = 1261 (6%)) or nurs-
ing homes (n = 1208 (5%)), which was rarely the case in India (n = 13 (0%) and n = 9 (0%), respectively).

Conclusions Substantial disparities between India and Europe exist along the neurotrauma care chain, 
with both systems being likely to face unique features and challenges in the future.
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Data collection

Local clinical research teams extracted patient registry variables from a patient’s clinical chart after they were 
admitted to the ward or intensive care unit (ICU) or were discharged. Data collection procedures were har-
monised across studies: the same e-CRF was used in both studies, a common data dictionary was shared, 
and data were entered into identically structured databases. Extensive discussions between the principal 
investigators ensured a common understanding of data procedures and nomenclature, and study person-
nel received the same training provided during webinars, local site visits and through common manuals on 
standardised operating procedures. Data were entered into a web-based electronic case report form (Ques-
gen Systems Inc, Burlingame, USA) in an anonymised format, and were hosted on the International Neu-
roinformatics Coordinating Facility platform and extracted by a custom-made data management tool, Neu-
robot (RRID: SCR_01700) (INCF, Karolinska Institutet, Solna, Sweden). 

Here we used the datasets ‘CENTER Registry version 3.0’ and ‘CINTER India Registry’ which data on de-
mographics (age and sex); pre-existing health status, including pre-injury anticoagulant and antiplatelet use; 
mechanism of injury; location of injury; severity of TBI and other traumatic injuries; CT brain findings; time 
from trauma to hospital arrival; time from trauma to CT scan; hospital or ICU length of stay; (timing of) 
emergency (neuro)surgical interventions; in-hospital mortality; and discharge destinations. Patients were 
included in one of three clinical care pathways after presentation and brain CT scan: home discharge from 
the emergency department or death, admission to the hospital but not to the ICU, or admission to the ICU.

Statistical analysis

We summarised patient and injury characteristics using descriptive statistics, including medians (MDs) 
with interquartile ranges (IQRs) or numbers with percentages (rounded to nearest integer). Numerical data 
were compared with t-tests or Mann-Whitney U tests, depending on the normality of the distribution, while 
categorical data were analysed using χ2 tests. We approximated the likelihoods of undergoing intracranial 
surgery and in-hospital mortality with random-effects logistic regression models, incorporating the vari-
ables age, sex, baseline Glasgow Coma Score (GCS) and pupillary reactivity with a random-effect for (sub)
continent to account for within-cluster correlations. We presented these findings using adjusted odds ratios 
(aORs) and their 95% confidence intervals (CI), with the corresponding ORs indicating the odds for surgery 
or mortality in India compared to Europe.

We considered P-values ≤0.05 as statistically significant. All analyses were performed in SPSS (version 
28.0.1.0) or R (version 4.3.0). We reported our findings per the STROBE guidelines [9].

RESULTS
Demographics, injury mechanisms, and pre-hospital care

We included 22 849 patients from centres across Europe and Israel and 3904 from India. Substantial dis-
parities were found in key demographic characteristics (Table 1). Median age was 55 (IQR = 32–76) years 
in Europe vs 27 (IQR = 18–40) years in India (Figure 2). The study population showed a higher male prev-
alence in India (n/N = 3010/3904 (77%) than in Europe (n/N = 13864/22849 (61%).

Pre-injury American Society of Anaesthesiologists (ASA) Physical Status classification was higher in Europe 
compared to India for ASA 1 (n = 9099 (40%) vs n = 3733 (96%)), ASA II (n = 6557 (29%) vs n = 64 (2%)), ASA 
III (n = 5347 (23%) vs n = 88 (2%)) and ASA IV (n = 539 (2%) vs n = 17 (0%)). Antiplatelet or anticoagulant 
use was more common in European patients compared to the Indian patient population (n = 2749 (12%) vs 
n = 51 (1%)).

Road traffic injuries (n = 2130 (55%)) and falls from height (n = 1231 (32%)) were the most common mech-
anisms of injury in India, while ground level falls (n = 8639 (38%)), road traffic incidents (n = 5913 (26%)), 
and falls from height (n = 3511 (15%)) were most frequent in Europe. Falls from height were the most 
common injury mechanism among paediatric patients in India (n/N = 666/1029 (65%)) while falls from 
standing height were most common in older people in Europe (n/N = 5694/8812 (65%)) (Figure S2 in the 
Online Supplementary Document). With respect to the place of injury, there was a higher incidence of 
injuries sustained on the streets in India compared to Europe (2228 (57%) vs 7450 (33%)), alongside a 
comparable percentage of injuries at home (1334 (34%) vs 8683 (38%)). Subgroup analyses indicated that 
home-related injuries were mostly sustained by older adults in Europe (paediatric: n/N = 235/8683 (3%); 
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Table 1. Demographics and injury characteristics*

Europe  
(n = 22849)

India  
(n = 3904) P-value

Age in years, MD (IQR) 55 (32–76) 27 (18–40) <0.001
Age general population in 
years, MD (IQR)

43 (37–50) 28 (22–35) <0.001

Age group <0.001
Paediatric (<18 y) 996 (4) 911 (23)
Adult 13038 (57) 2804 (72)
Older people (≥65 y) 8812 (39) 189 (5)
Unknown/missing 3 (0) 0 (0)
Sex, n (%) <0.001
Male 13864 (61) 3010 (77)
Female 8985 (39) 894 (23)
Pre-injury ASA classification <0.001
ASA I 9099 (40) 3733 (96)
ASA II 6557 (29) 64 (2)
ASA III 5347 (23) 88 (2)
ASA IV 539 (2) 17 (0)
Unknown/missing 1307 (6) 2 (0)
Anticoagulant use (incl. platelet inhibitors) <0.001
No 18068 (79) 3844 (99)
Yes 2749 (12) 51 (1)
Unknown/missing 2032 (9) 9 (0)
Injury mechanism <0.001
Road traffic incident 5913 (26) 2130 (55)
Ground level fall 8639 (36) 210 (5)
Fall from height (>1m/5 stairs) 3511 (15) 1231 (32)
Assault/violence 2451 (11) 242 (6)
Sport-related 784 (3) 12 (0)
Other/unknown 1551 (7) 79 (2)
Location of accident <0.001
Home 8683 (38) 1334 (34)
Street/traffic 7450 (33) 2228 (57)
Public place 3555 (16) 270 (7)
Sports field 724 (3) 3 (0)
Other/unknown 2437 (11) 69 (2)
GCS at presentation <0.001
GCS 3–8 1661 (7) 867 (22)
GCS 9–12 915 (4) 496 (13)
GCS 13–15 18502 (81) 2521 (65)
Unknown/missing 1771 (8) 20 (1)

Europe  
(n = 22849)

India  
(n = 3904) P-value

Total ISS, MD (IQR) 9 (4–17) 22 (9–25) <0.001
Head AIS <0.001
0 3264 (14) 8 (0)
1–2 12038 (53) 300 (8)
3 3754 (16) 2001 (51)
4–5 3283 (14) 1587 (41)
6 279 (1) 8 (0)
Unknown/missing 231 (1) 0 (0)
Radiological findings on initial CT-scan <0.001
ASDH
No 1950 (38) 1243 (66)
Small 2126 (41) 492 (26)
Large 1044 (20) 138 (7)
Unknown/missing 58 (1) 2 (0)
EDH <0.001
No 4200 (81) 1430 (76)
Small 645 (12) 297 (16)
Large 254 (5) 147 (8)
Unknown/missing 79 (1) 1 (0)
Contusion <0.001
No 1948 (38) 620 (33)
Small 2539 (49) 1098 (59)
Large 603 (12) 154 (8)
Unknown/missing 88 (2) 3 (0)
Traumatic SAH <0.001
No 2468 (48) 1461 (78)
Yes 2666 (51) 413 (22)
Unknown/missing 44 (1) 1 (0)
Midline shift <0.001
No 3514 (68) 1348 (72)
0–4 mm 580 (11) 277 (15)
≥5mm 918 (18) 250 (13)
Unknown/missing 166 (3) 0 (0)

AIS – Abbreviated Injury Scale, ASA – American Society of Anaesthesiolo-
gists classification system, ASDH – acute subdural haematoma, CT – com-
puted tomography, EDH – extradural haematoma, GCS – Glasgow Coma 
Score, ICP – intracranial pressure, IQR – interquartile range, ISS – Injury 
Severity Score, MD – median, SAH – subarachnoid haemorrhage
*Values presented as n (%) unless specified otherwise.

Figure 2. Age distribution of TBI patients. TBI – traumatic brain injury.
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adult: n/N = 2996/8683 (35%); older people: n/N = 5452/8683 (63%)), while in India, they were predom-
inantly observed in paediatric patients (paediatric: n/N = 647/1334 (49%); adult: n/N = 598/1334 (45%); 
older people: n/N = 89/1334 (7%)). 

Pre-hospital professional care by ambulance service was provided to less than one-tenth of Indian patients 
(n/N = 223/3904 (6%)), compared to three-fourths of patients in Europe (n = 17203 (75%)) (Table 2). In Eu-
rope, helicopter assistance was additionally provided in 893 (4%) cases, while a mobile medical team was 
involved in 3800 (17%); these pre-hospital care types, meanwhile, were reported to be used in only one 
and two cases in India, respectively. In Europe, over three-fourths (n = 19 862 (87%)) of patients were trans-
ported directly from the scene of accident to the study centre, compared to just under two-thirds (n = 2423 
(62%)) in India. Median time in hours from injury to the study hospital was shorter in Europe compared to 
India (MD = 1.6 (IQR = 0.8–5.7) vs 3.9 (MD = IQR = 1.6–9.8)). For patients with severe TBI, rates of pre-hos-
pital intubation (n/N = 1062/1661 (64%) vs n/N = 48/867 (6%)) and ventilation (n/N = 967/1661 (58%) vs 
n/N = 39/867 (4%)) were higher in Europe compared to India.

Table 2. Acute care provision, outcomes, and process parameters*

Europe (n = 22849) India (n = 3904) P-value
Type of emergency care <0.001

No professional care 5259 (23) 3678 (94)

Ambulance (without physician) 12510 (55) 223 (6)

Helicopter service 893 (4) 1 (0)

Mobile medical team 3800 (17) 2 (0)

Not applicable 246 (1) 0 (0)

Unknown/missing 141 (1) 0 (0)

Pre-hospital intubation in severe TBI patients <0.001

No 586 (35) 819 (95)

Yes 1062 (64) 48 (6)

Unknown/missing 13 (1) 0 (0)

Pre-hospital ventilation in severe TBI patients <0.001

No 659 (40) 828 (96)

Yes 967 (58) 39 (4)

Unknown/missing 35 (2) 0 (0)

Transport to study hospital <0.001

Primary referral 19862 (87) 2423 (62)

Secondary referral from other hospital 2927 (13) 1481 (38)

Unknown/missing 60 (0) 0 (0)

Time (hours) from injury to study hospital, MD (IQR) 1.6 (0.8–5.7) 3.9 (1.6–9.8) <0.001

Time (hours) from injury to first CT-scan, MD (IQR) 2.9 (1.7–7.0) 4.1 (2.3–10.0) <0.001

Care pathway <0.001

ED 9839 (43) 1258 (32)

Admission 8571 (38) 1248 (32)

ICU 4372 (19) 1398 (36)

Unknown/missing 67 (0) 0 (0)

Key emergency intervention† <0.001

No 20029 (88) 2848 (73)

Yes 2496 (11) 1056 (27)

Unknown/missing 324 (1) 0 (0)

Intracranial surgery

Craniotomy for haematoma <0.001

No 22019 (96) 3591 (92)

Yes 830 (4) 313 (8)

Unknown/missing 0 (0) 0 (0)

Decompressive craniectomy <0.001

No 22568 (99) 3515 (90)

Yes 281 (1) 389 (10)

Unknown/missing 0 (0) 0 (0)

External ventricular drainage <0.001

No 22691 (99) 3898 (100)

Yes 158 (1) 6 (0)

Unknown/missing 0 (0) 0 (0)
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Injury severity, radiological characteristics, and in-hospital care

Differences in severity of TBI, expressed by the GCS at presentation, were found between Europe and India 
for severe TBI (GCS = 3–8) (n = 1661 (7%) vs n = 867 (22%), moderate TBI (GCS 9–12) (n = 915 (4%) vs n = 496 
(13%)) and mild TBI (GCS 13–15) (n = 18 502 (81%) vs n = 2521 (65%)) (Table 1; Figure S3 in the Online 
Supplementary Document). Total Injury Severity Score was higher in India (MD = 22, IQR = 9–25) com-
pared to Europe (MD = 9 (IQR = 4–17)), as was the Head Abbreviated Injury Scale score (MD = 3 (IQR = 3–4) 
vs MD = 2 (IQR = 1–3)). Median time in hours from injury to the first CT-scan was shorter in Europe (MD = 2.9 
(IQR = 1.7–7.0)) compared to India (MD = 4.1, IQR = 2.3–10.0)). Regarding patients with abnormalities on the 
first CT-scan, an acute subdural haematoma (n/N = 3170/5178 (61%) vs n/N = 630/1875 (34%)) and traumat-
ic subarachnoid haemorrhage (n/N = 2666/5178 (51%) vs n/N = 413/1875 (22%)) were more common in Eu-
rope compared to India. Extradural haematoma, meanwhile, were more common in India (n/N = 444/1875 
(24%)) compared to Europe (n/N = 899/5178 (17%)) (Figure 3).

An intracranial pressure (ICP) monitor was placed in 396 (10%) of patients in India versus 786 (3%) in Eu-
rope. Emergency intracranial surgery, defined as craniotomy for haematoma evacuation with or without 
primary decompressive craniectomy (DC), was performed in 695 (18%) of Indian patients versus 1049 (5%) 
European patients. After covariate adjustment, this translated into an increased likelihood of undergoing 
ICP monitor placement and emergency intracranial surgery in India (OR = 2.3; 95% CI = 2.0–2.7) compared 
to Europe (OR = 4.6; 95% CI = 4.0–5.2) (Table S1 in the Online Supplementary Document). The adjusted 
likelihood of external ventricular drain (EVD) insertion was significantly lower in India compared to Europe 

Europe (n = 22849) India (n = 3904) P-value
ICP device insertion <0.001

No 22063 (97) 3508 (90)

Yes 786 (3) 396 (10)

Unknown/missing 0 (0) 0 (0)

Time (hours) from SH presentation to ICP monitor placement, MD (IQR) 3.1 (1.3–7.7) 8.6 (5.6–17) <0.001

Time (hours) from SH presentation to craniotomy, MD (IQR) 2.2 (1.0–6.4) 4.3 (2.4–11) <0.001

Time (hours) from SH presentation to DC, MD (IQR) 2.5 (1.1–12) 7.6 (4.0–18) <0.001

Time (hours) from SH presentation to EVD insertion, MD (IQR) 5.7 (1.8–39) 4.7 (3.5–361) 0.83

Time (hours) from CT-scan to ICP monitor placement, MD (IQR) 4.3 (1.6–11) 7.1 (3.9–16) <0.001

Time (hours) from CT-scan to craniotomy, MD (IQR) 3.6 (1.3–8.1) 5.0 (1.7–14) 0.007

Time (hours) from CT-scan to DC, MD (IQR) 3.6 (1.2–13) 6.5 (2.3–17) 0.0036

Time (hours) from CT-scan to EVD insertion, MD (IQR) 7.1 (1.7–35) 3.2 (1.6–360) 0.601

Length (days) of hospital stay, MD (IQR) 0.7 (0.2–5.5) 1.9 (0.2–7.6) <0.001

Length (days) of hospital stay for admitted patients, MD (IQR) 4.0 (1.1–12) 2.5 (0.3–8.0) <0.001

Length (days) of ICU stay, MD (IQR) 3.7 (1.3–12) 4.0 (1.8–7.3) 0.122

Time (days) from injury to death, MD (IQR) 3.4 (1.1–9.9) 4.6 (2.0–9.6) 0.001

Time (days) from presentation at study hospital to death, MD (IQR) 3.0 (0.9–9.2) 3.7 (1.7–8.6) 0.0087

Time (days) from presentation to study hospital to death or discharge 
in severe TBI patients, MD (IQR)

8.8 (1.8–24) 8.8 (3.5–18) 0.902

Time (days) from presentation to study hospital to discharge in severe 
TBI patients, MD (IQR)

16 (5.5–32) 13 (7.0–21) 0.009

Status at discharge <0.001

Alive 21258 (93) 3491 (89)

Dead 1058 (5) 413 (11)

Unknown/missing 533 (2) 0 (0)

Discharge destination <0.001

Other hospital 2324 (10) 424 (11)

Rehabilitation 1261 (6) 13 (0)

Nursing home 1208 (5) 9 (0)

Home 15962 (70) 3035 (78)

Unknown/missing 2094 (9) 423 (11)

ASDH – acute subdural haematoma, CT – computed tomography, DC – decompressive craniectomy, ED – emergency department, 
EDH – extradural haematoma, EVD – external ventricular drain, ICP – intracranial pressure, ICU – intensive care unit, IQR – inter-
quartile range, MD – median, SH – study hospital, TBI – traumatic brain injury
*Values presented as n (%) unless specified otherwise.
†Defined as craniotomy for haematoma, DC, ICP device insertion, external ventricular drainage, damage control thoracotomy, damage 
control laparotomy, extraperitoneal pelvic packing, external fixation limb, interventional radiological procedure or other intervention

Table 2. continued
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(n = 6 (0%) vs n = 158 (1%), OR = 0.1; 95% CI = 0.06–0.3). We found no significant difference for patients with 
severe TBI in India versus Europe regarding the likelihood of ICP monitor placement after confounding ad-
justment (n/N = 266/867 (31%) vs n/N = 399/1661 (24%), OR = 1.0; 95% CI = 0.8–1.2), while the probability 
of EVD insertion remained lower in India compared to Europe (n/N = 6/867 (1%) vs n/N = 93/1661 (6%), 
OR = 0.10; 95% CI = 0.05–0.2). Patients with severe TBI were more likely to undergo emergency intracranial 
surgery in India compared to Europe (n/N = 348/867 (40%) vs n/N = 396/1661 (24%), OR = 2.0; 1.7–2.5)), 
particularly when a large contusion was present (n/N = 45/80 (56%) vs n/N = 73/267 (27%), OR = 2.1; 95% 
CI = 1.2–3.8)). Severe TBI patients undergoing emergency intracranial surgery were more likely to receive 
a primary DC in India compared to Europe (n/N = 261/348 (75%) vs n/N = 150/396 (38%), OR = 5.1; 95% 
CI = 3.5–7.5), especially in cases with a large acute subdural haematoma (n/N = 37/85 (44%) vs n/N = 88/458 
(19%), OR = 2.5; 95% CI = 1.2–5.0)).

Median time in hours from presentation at the study hospital to neurosurgical intervention was shorter 
in Europe compared to India for ICP monitor placement (MD = 3.1 (IQR = 1.3–7.7) vs MD = 8.6 (IQR = 5.6–
17)), craniotomy for haematoma evacuation (MD = 2.2 (IQR = 1.0–6.4) vs MD = 4.3 (IQR = 2.4–11)) and DC 
(MD = 2.5 (IQR = 1.1–12) vs MD = 7.6 (IQR = 4.0–18)).

Hospital stay, discharge status and post-hospital destinations

European patients were more often included in the emergency department care pathway (9839 (43%) vs 
1258 (32%)) or admission pathway (8571 (38%) vs 1248 (32%)), while Indian patients were more often in-
cluded in the ICU care pathway (1398 (36%) vs 4372 (19%)). For patients with severe TBI, median length of 
hospital stay was not significantly different between India and Europe (MD = 8.8 (IQR = 3.5–18) vs MD = 8.8 
(IQR = 1.8–24)). The length of ICU stay in days was also comparable between Europe and India (MD = 3.7 

Figure 3. CT characteristics at presentations. ASDH – acute subdural haematoma, EDH – extradural haematoma, tSAH – traumatic sub-
arachnoid haemorrhage.
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(IQR = 1.3–12) vs MD = 4.0 (IQR = 1.8–7.3)) (Table 2). There were 413 (11%) cases of in-hospital mortality in 
India and 1058 (5%) in Europe. After multivariable adjustment, in-hospital mortality was still significantly 
lower in Europe compared to India (OR = 0.34; 95% CI = 0.28–0.40). This mortality difference was predom-
inantly present for patients with severe TBI (n = 333 (38%) vs n = 504 (30%)) and less for moderate (n = 40 
(8%) vs n = 68 (7%)) or mild (n = 37 (2%) vs n = 254 (1%)) TBI. The cause of death in Europe was more often 
the initial head injury (n/N = 580/1058 (55%)), while secondary intracranial damage was a more common 
cause in India (n/N = 195/413 (47%)) (Table S2 in the Online Supplementary Document). The median time 
in days from injury to death was significantly longer in India compared to Europe (MD = 4.6 (IQR = 2.0–
9.6) vs MD = 3.4 (IQR = 1.1–9.9)), as was the time from presentation at the study hospital to death (MD = 3.7 
(IQR = 1.7–8.6) vs MD = 3.0 (IQR = 0.9–9.2)). Similar percentages of patients in Europe (n = 2324 (10%)) and 
India (n = 424 (11%)) were discharged to other (referring) hospitals. In Europe compared to India, a larger 
proportion was discharged to either a rehabilitation centre (n = 1261 (6%) vs n = 13 (0%)) or nursing home 
(n = 1208 (5%) vs n = 9 (0%)). Just over two-thirds (n = 15 962 (70%() of European patients and over three-
fourths (n = 3035 (78%)) of patients in India were discharged home (Table 2).

DISCUSSION
CINTER-TBI and CENTER-TBI are large observational studies that describe the processes and structures of 
TBI care in India and Europe. In our analysis of their sample, we observed substantial disparities along the 
entire neurotrauma care chain spanning from injury to post-hospital care.

The significantly younger neurotrauma population, the corresponding lower ASA score, and the lower use 
of anticoagulants in India compared to Europe are in line with the current demographic pyramids. Further-
more, the age difference may be related to specific injury mechanisms. The increasingly older population 
experiencing falls from standing height is considered the main contributor to the TBI burden of disease in 
Europe [1,8,10]. This incidence is likely to increase even further, as the share of older people in the Europe-
an Union is expected to double to 30% by 2060 [11].

A similar demographic trend, although to a lesser extent and occurring much later, is expected in India 
due to future ageing of the population [12]. In our study, however, we observed a high incidence of paedi-
atric TBI in India, for which the main cause was falls from height. They have been mentioned as the lead-
ing cause of death among young children in India ever since the decline in infection-related mortality [13]. 
These data have inspired the All-India Institute of Medical Science to launch the ‘Safe Balcony, Safe Child’ 
campaign with the aim to increase awareness and offer specific tools to prevent TBI in young children and 
thereby reduce the burden of disease for this specific patient group [14].

Road traffic incidents remain the leading cause of TBI among adults in India. This follows previous estima-
tions that approximately 60% of head injuries in India are due to traffic incidents [15]. As seen in fast-grow-
ing economies, this can be attributed to a rapid rise in motorised vehicles on the road without analogous 
development in infrastructure, precautions, and legislation [16]. In Europe, the number of road traffic fatal-
ities been decreasing for over 20 years, mainly due to coordinated governmental regulations [17]. In India, 
various coordinated public campaigns by organisations such as the Neurotrauma Society of India and the 
Neurological Society of India, together with non-governmental organisations, have aimed to address these 
issues by focussing on key subjects like road- and vehicle safety, public awareness, and helmet use [18]. 
These initiatives have yielded tangible results such as helmet laws and ‘Good Samaritan Laws’ protecting 
civilians who aid road traffic injury victims from financial or legal prosecution. Despite the ever-increas-
ing population and vehicle numbers, the plateaued incidence of road traffic injury related deaths in India 
around 2010, is perhaps partly due to these initiatives [18].

Besides varying patient populations and trauma mechanisms, we found key differences in regards to the 
pre-hospital phase. Ambulance services and mobile medical teams were generally available in Europe, 
while professional pre-hospital care was present in only 6% of cases in India. Even though high-level am-
bulance services, often financed by local governmental or private institutions, are increasingly being devel-
oped throughout India, many rural and semi-urban areas still lack such facilities [19,20]. The current data 
show that most European patients were transported directly to a level 1 trauma centre, while patients in 
India more often presented to a local hospital first. Moreover, time from injury to presentation at the study 
hospital (a level 1 trauma centre) and time to the first CT-scan were found to be significantly longer in In-
dia. This disparity can probably be attributed to the fact that many rural areas in India are located several 
hundreds of kilometres from a designated hospital with neurotrauma care facilities. It has been reported 
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that up to one-third of all general trauma patients in India presents to a hospital more than 24 hours after 
trauma [21]. Improving timely access to complex neurotrauma care by advancing the pre-hospital medical 
infrastructure with the aim to make the ‘golden hour’ concept for trauma care within reach will continue 
to be a priority for policy makers in India and will likely improve functional outcomes and quality of life 
of neurotrauma patients [22].

Indian patients were more severely injured than European patients upon presentation to a designated neu-
rotrauma centre. It is likely that Indian patients sustaining mild TBI experience a higher threshold due to 
geographical, financial, or other practical factors to seek specialised care than their European counterparts. 
This could bias the data towards more severe TBI in India [23]. Also, long-distance transports to level 1 
neurotrauma centres could have exacerbated the patients’ condition at hospital presentation. Conversely, 
patients with severe TBI may not survive such long-distance transports, which could potentially lead to se-
lection bias in the opposite direction.

The first CT scan after arrival at the study hospital more often showed an epidural haematoma in Indian 
patients compared to an acute subdural haematoma in European patients. This probably reflects differences 
in population age and trauma mechanisms, with the corresponding susceptibility to different types of intra-
cranial injuries (i.e., younger patients after high-energetic trauma vs older patients after low-velocity falls, re-
spectively). After adjusting for baseline variables and injury severity, patients seemed more likely to undergo 
emergency intracranial surgery in India compared to Europe, especially when a large intracranial contusion 
was present. Severe TBI patients undergoing intracranial surgery were more likely to undergo primary DC in 
India vs Europe. This could reflect a cultural difference in aggressiveness of emergency neurosurgical care 
for these patients between India and Europe, although residual (unmeasured) confounding might also be an 
explanation [20,24–26]. The likelihood of ICP monitor placement was higher in India compared to Europe, 
while the reverse was true for EVD insertion. This could be partly explained by between-centre treatment 
preferences regarding the use of intraparenchymal pressure monitors vs EVDs for monitoring ICP [27,28]. 
Furthermore, local monitoring facilities and resources may have influenced neurosurgical decision-making 
for TBI patients, although no firm conclusions regarding this can be drawn from the current data.

Time from arrival at the study hospital and from the first CT scan to ICP monitor placement, craniotomy, or 
DC was significantly longer in India compared to Europe. This potential reason for this could be differenc-
es in trauma and hospital logistics. The large-scale level 1 trauma centres in India with their corresponding 
geographical drainage areas may serve a much larger population than European hospitals. For patients with 
severe TBI, total length-of-stay in the level 1 trauma hospital or in the ICU were not significantly different 
between Europe and India, despite the greater severity of TBI in India and the larger proportion of Indian 
patients being included in the ICU care pathway. This could reflect disparities in medical resource availabil-
ity, forcing similarly injured patients in India to be discharged earlier than in Europe. However, additional 
data are required to further explore this hypothesis.

We also observed large differences in discharge destinations and post-hospital care. While there was avail-
ability of rehabilitation centres and nursing homes in Europe, patients in India were hardly referred to such 
facilities and were either transferred to another (referring) hospital or discharged home. Rehabilitation is still 
a scarce commodity in India, as shortages across the care chain and lack of resources often leave no other 
option than home discharge [22,29]. This issue was also addressed during the World Health Organization 
(WHO) meeting ‘Rehabilitation 2030: a call for action’, which focussed on the unmet rehabilitation needs 
around the world, with a particular emphasis on LMICs [30]. Simultaneously, European healthcare systems 
including post-hospital care facilities are also facing a crisis. Increasing shortages of healthcare staff togeth-
er with the rapid increase in older people requiring neurotrauma care has been described as ‘a ticking time 
bomb’ by the WHO, and some have even forecasted the impending ‘collapse of the European healthcare 
system’ if prompt action is not taken [31,32].

The strengths of this study are the large patient cohorts and the harmonised data collection procedures, 
which ensured data consistency and facilitated comparisons across diverse geographical locations. Moreover, 
the coverage of multiple facets of TBI care, including demographics, injury mechanisms, pre-hospital care, 
in-hospital treatments, and discharge destinations, have not been reported in prior studies. By directly com-
paring TBI care chains between India and Europe, this study addresses an evident gap in current literature.

Our study also has several limitations. First, all participating hospitals were level 1 neurotrauma centres, 
mostly located in urban areas, with access to state-of-the-art neuroimaging, ICUs, and neurosurgical fa-
cilities. Hence, our results may not be generalisable to TBI patients presenting to hospitals in more rural 
settings, where access to specialised neurotrauma care is virtually absent. Second, our findings should be 
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interpreted with consideration of the different demographic pyramids between India and Europe. Third, 
several biases may be present. Selection bias caused by unmeasured differences in patient populations and 
injury severity remains possible. Confounding may explain differences in likelihood of the interventions, 
despite statistical adjustment. Finally, functional outcomes were not available.

CONCLUSIONS
We found substantial disparities between India and Europe across the entire chain of neurotrauma care. 
However, both healthcare systems have unique features and will likely experience their own challenges in 
the future; their thorough comparison could therefore provide a reliable evidence base for their improve-
ment. While India may take further steps towards centrally-coordinated, timely neurotrauma care for all, 
European countries will have to accommodate the rapidly ageing population. To combat these challenges, 
centralised governmental legislation and financial support should be tailored to local needs in Europe and 
India, which should be reassessed by continuous monitoring with targeted high-quality data analogous to 
CENTER-TBI and CINTER-TBI. Our findings may inform legislative discussions, stimulate initiatives com-
bating the ever-increasing public health burden of TBI, and provide a reliable foundation for further collab-
orative Indian-European initiatives.
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