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Background. Traumatic brain injury (TBI) is a major cause of mortality and disability. The South African (SA) province of Kwazulu-Natal faces
challenges in providing appropriate care for TBI patients owing to limited resources and delayed access to healthcare services. We aimed to assess
the outcomes of patients with TBI who were treated at a hospital without a neurosurgical unit (NSU).

Objectives. The primary objective was to compare the Glasgow Coma Scale (GCS) scores at admission and discharge from the intensive care
unit (ICU) for patients with TBI receiving neuroprotection. Secondary objectives included analysing demographics and identifying predictive
factors associated with GCS score improvement.

Methods. This retrospective study analysed data from the already established ICU Integrated Critical Care Electronic Database. Data on patient
demographics, mechanisms of injury and GCS scores were collected and analysed.

Results. The analysis included 95 TBI patients, most of whom were young males. Interpersonal violence and transport-related trauma were the
main causes of injury among patients. Approximately 63% of patients had a GCS score improvement >1 upon discharge from the ICU. Patients
who received >12 hours of neuroprotection in the emergency department had significantly lower rates of improvement.

Conclusion. Sixty-three percent of TBI patients had improved GCS scores by >1 on discharge from the ICU, but outcomes varied. Delayed
ICU admission from the emergency department of >12 hours might contribute to worse outcomes. Timely neuroprotection, improved access to
neurosurgical care and better understanding of the factors affecting outcomes are needed.
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Contribution of the study
This study explores the outcomes of patients with TBI admitted to a non-neurosurgical ICU. Factors contributing to a worse outcome are
identified, highlighting the need for adequate numbers of ICU beds and prompt admission from the emergency department.

Traumatic brain injury (TBI) is the leading cause of death and severe
disability in survivors of severe blunt trauma. It remains a significant
problem in sub-Saharan Africa where the incidence of TBI is 1.5 times
higher than the global average.!! Up to 50% of those with severe TBI
have long-term complications, while up to 30% develop incapacitating
long-term neurological deficits.”! Trauma patients with TBI have a
10-fold higher mortality rate than those without TBL"!

Kwazulu-Natal Province (KZN) had an estimated population of
11.5 million in July 2020 (20% of South Africa’s (SA) total population
of 59.6 million)."! Trauma constitutes ~25% of emergency cases in KZN
public hospitals, where there are insufficient intensive care unit (ICU)
beds and limited capacity for rehabilitation.**”! ICU beds are a precious

resource, requiring careful triage due to their finite and limited number,
particularly in the face of resource constraints at regional and tertiary
public hospitals.>¢”!

Patients with severe TBI exclusively treated in hospitals without
neurosurgical units (NSU) had a 26% higher mortality rate and a
2.15 increase in adjusted odds of death compared with those treated
at an NSU.®! The Brain Trauma Foundation’s Prehospital Guidelines
for the Management of TBI recommend that patients with suspected
moderate-severe TBI be transported directly by the emergency
medical services to a facility equipped with computed tomography
(CT) scanning, timely neurosurgical care, and capacity to monitor
intracranial pressure (ICP) and treat intracranial hypertension.®
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Several functioning systems are required to enable this, including
adequate staff, radiological equipment, training, and intensive care
and theatre facilities. Unfortunately, KZN cannot facilitate this level
of care, resulting in many patients with TBI being treated in regional
hospitals. The outcome of these patents has not been well documented
within the SA context.

Access to the appropriate level of hospital care is delayed for
multiple reasons, including a shortage of emergency medical services
staff and ambulances, incorrect triaging of patients due to inadequate
training, transportation of patients to an inappropriate level of
healthcare facility and delays in interhospital transfers of ventilated
patients due to a shortage of advanced life support-trained staff and
equipment. /)

Primary healthcare facilities are not equipped with adequate
diagnostic imaging and the advanced care required for TBI
patients.®) A CT scan of the brain is the gold standard to detect
intracranial abnormalities caused by TBI, and district hospitals are
not equipped with this technology.™®’ These scans help identify
abnormalities that might necessitate neurosurgical intervention and
determine whether patients should be transferred to an NSU. They
also help with prognostication and decisions regarding hospital and
ICU admission.””’ Delayed access to CT imaging may contribute to
delays in appropriate initial and definitive care.!!

The centralisation of NSUs requires CT images to be transferred
electronically to enable neurosurgeons to rapidly interpret the scan
and make clinical decisions. When this function is unavailable or
malfunctions, the interpretation of the CT scan is reliant on the staff
at the referring hospital. Failing this, the Glasgow Coma Scale (GCS)
scores would have to serve as the sole triage tool, which may lead to
inappropriate transfers.!"’!

Study site

The study was performed at Harry Gwala Regional Hospital (HGRH),
formerly Edendale Hospital (EDH). This is a 900-bed regional hospital
in Pietermaritzburg (KZN), with a geographically remote NSU (80 km
away), located at Inkosi Albert Luthuli Central Hospital (IALCH) in
Durban." TBI patients who present to HGRH face many challenges
owing to delays in initial treatment and subsequent transfer to the
TALCH NSU, limited accessibility to urgent CT scans and delayed
neurosurgical intervention. A single CT scanner is available at HRGH;
however, there are staffing shortages, particularly in radiographers,
radiologists, nurses and porters. Consequently, after-hours radiology
is limited. There are times when the CT scanner is broken (with no
backup CT scanner available) or the link for transmission of images to
the referral centre is out of order.

Transportation to JALCH is often delayed following acceptance of
a TBI patient, as it requires confirmation of an available ICU bed at
the sole NSU referral centre in the KZN public health sector. A study
performed at the study site in 2007 demonstrated that the average delay
in transportation of TBI patients to the NSU was 7 hours.!"!!

This study aimed to determine the differences in admission v.
discharge GCS scores, following neuroprotection among TBI patients
admitted into the adult ICU in a single SA regional hospital without
an on-site NSU. Secondary objectives included assessing patient
demographics and identifying factors that might contribute to a lack
of improvement in the GCS score. We hypothesised that following
neuroprotection in a regional hospital’s adult ICU, TBI patients
have minimal improvement in GCS scores (difference of 0 - 1) from
admission to discharge from the ICU.

Method

Study design

This retrospective study analysed data from the Integrated Critical
Care Electronic Database (iCED)." The database implemented in
the Pietermaritzburg Metropolitan Critical Care system effectively
addressed data collection needs and is a cost-efficient and
therapeutically useful solution. It satisfies the criteria for a registry,
facilitating research, system planning, and quality improvement in a
developing nation.!'?

Ethics approval to maintain the database is obtained from the
Biomedical Research Ethics Committee of the University of KwaZulu-
Natal (UKZN) (ref. no. BCA 211/14). Referral, admission and discharge
information are prospectively entered into the database by ICU doctors
(interns, medical officers, registrars and consultants). Patient clinical
details are transcribed from paper form to the database for every referral
and admission, enabling the real-time input of clinical data. Upon
discharge or death, a similar process is followed, except that a substantial
portion of the record is free text.

Data from TBI patients admitted to the adult ICU for neuroprotection
between 1 July 2015 (inception of database use at HGRH) and
29 February 2020 were included for analysis. The original end date
would have been 30 June 2020 (5 years), but was adjusted to avoid the
influence of the lockdown imposed by the SA government in response
to the COVID-19 virus pandemic, and the possibility of COVID-19
infections among TBI patients which may have contributed to increased

mortality risk.

Sample size

A sample size of 85 patients was required to estimate the proportion of
patients with an improved outcome within a 15% margin, with a 95%
probability.

Data collection and management
The principal investigator was the single data collector, ensuring
uniformity. All patients who met the inclusion criteria within
the stipulated timeframe were included, eliminating the need for
randomisation and blinding. Each patient data entry was reviewed to
confirm inclusion and exclusion criteria (Table 1).

A total of 199 TBI patients were admitted for neuroprotection, but

only 95 patient records were included in the analysis (Fig. 1).

Results

We analysed 95 TBI patient admission records. The patients were
relatively young, with 76.8% (1=73/95) under 40 years of age. The male-
to-female ratio was 5.7:1, with 85.2% (n=81/95) of patients being male.
The main mechanisms of injury were interpersonal violence (38.9%;
n=37/95) and transport-related injuries (57.9%; n=55/95). Sixty-three
percent of TBI patients (n=60/95) had improved GCS scores by more
than 1 upon discharge from the ICU. The 37% (n=35/95) of patients
who did not have improved scores were divided into those with no
improvement (34%; n=12/35) those with a GCS difference of 1 (8%;
n=3/35) and those with a decreased GCS score (57%; n=20/35).

The only statistically significant factor for no or minimal
improvement in GCS scores at discharge v. admission was the duration
of neuroprotection >12 hours in the emergency department (ED) before
being referred to the ICU. Almost half of the patients (48.6%) with
>12 hours in the ED had no or minimal improvement v. only 25% in the
<12 hours group (p=0.02). This could be an area of focus to allow for

improved outcomes.
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Nearly half of the patients (46%; 44/95) had an admission GCS score
of 3; however, these might have been higher at referral. Many of these
patients were admitted after sedation to facilitate CT imaging or
ventilation in the ED. The residual effects of anaesthesia in patients
admitted postoperatively may have also contributed to lower GCS
scores; however, they only made up 11% (n=5/44) of those admitted
with a GCS score of 3. Data on the amount of sedation received before
admission is insufficient, but the difference between the postoperative
and non-operative groups was assessed. The postoperative group had a
no improvement rate of 41.2% (n=7/17), while the non-operative group
showed a rate of 32.1% (n=25/78, p=0.47).

Out of 95 patients, 34.7% (n=33) presented with extracranial injuries
and were labelled as non-isolated TBI patients (Table 3). The non-
isolated TBI patients had a higher percentage of no change or decreased
GCS scores than the isolated TBI group (38.7% v. 24.2%, p=0.15).
Insufficient data points were available to assess if each polytrauma
patient in this study had an abbreviated injury score of 3.

For the 63 patients that had a GCS score improvement >1, the average
increase in GCS score was 5.86 with an average discharge GCS score of
12.

Discussion

Three large TBI databases guide protocols, identify prognostic variables
and infer prognostic predictive models. *'*'*) The most applicable to
our setting is the Corticosteroid Randomisation After Significant Head
Injury (CRASH-1) trial," where 75% of patients were recruited from
low-middle income countries (LMICs). It is the largest clinical trial
conducted on TBI patients, with a sample size of 10 008.(1*¢!

The CRASH-1 trial collaborators developed a prognostic model for
predicting two outcomes in two settings (LMICs and high-income
countries) (Fig. 2.)." The two predicted outcomes were death at 14
days and a Glasgow Outcome Scale (GOS) of 1 - 3 (death or severe
disability) at 6 months post-TBL! Predictive factors and their

Table 1. Inclusion and exclusion criteria

Inclusion criteria

All patients admitted to HGRH adult ICU for neuroprotection due to
TBI with admissions available on the iCED

All TBI patients documented with a GCS of < 12 on admission

Any age

Completion of a CT brain
Review of abnormal CT brain scans by a neurosurgical team at IALCH
Exclusion criteria

Patients without a documented admission to ICU and/or discharge
from ICU GCS on iCED

Cardiac arrest with a return of spontaneous circulation prior to ICU
admission

Death within 24 hours of ICU admission

A GCS total score >12 on admission

Delay in initiation of neuroprotection of >24 hours post presentation
to the hospital

No CT brain scan conducted before discharge from the ICU
Documented severe hypothermia (<28 °C)

Documented prolonged hypotensive shock* without administration of
inotropes for >30 minutes

HGRH = Harry Gwala Regional Hospital; ICU = intensive care unit;

TBI = traumatic brain injury; iCED = integrated critical care electronic database;
CT = computed tomography; IALCH = Inkosi Albert Luthuli Central Hospital;
GCS = Glasgow Coma Scale.

*defined as all patients with a systolic blood pressure of 70 mm Hg or less or of 71 to
90 mm Hg with a concomitant heart rate of 108 per minute or greater.

respective risks for the outcome can be obtained from their web-
based calculator (www.crash2.Ishtm.ac.uk/). By entering the varying
predictors, the expected risk of death at 14 days and of death or
severe disability at six months can be calculated.""! This LMIC basic
prognostic model could be used in an ED.

The GOS (Table 4) predicts mortality (GOS 1) v. survival (GOS 2 - 5),
and unfavourable (GOS 1 - 3) v. favourable (GOS 4 - 5) outcomes.!'”!*!
The GOS has five categories: 117181

Prognostic models employing statistical, clinical and data-based
models aim to predict outcomes more accurately than clinical bedside
predictions. The use of computer-based outcome prediction for TBI
patients influences early decisions regarding management.'” These
facilitate a more ethical distribution of limited resources, with increased
therapeutic interventions for those predicted to have a good outcome
while reducing their use for those with a poor prognosis. These models
have been internally validated, but the external validation was done in
comparison to the high-income countries cohort only.!"!

The CRASH-1 basic model includes age, GCS score, pupil reactivity
and the presence of major extracranial injury. Information can be
entered into a web-based calculator. Older age (240 years), low GCS
score, absent pupil reactivity and the presence of major extracranial
injury (defined as an abbreviated injury score of >3) predicted a worse
prognosis.!!

TBI patients older than 40 years old are predicted to have a
worse neurological prognosis.'¥ However, in our cohort, no statistical
difference was noted between the older and younger groups, where
no GCS score improvement was observed in 36.4% (n=8/22) v. 32.9%
(n=24/73, p=0.76) of patients in the 240 years v. patients <40 years
group, respectively.

Pooled data from the International Mission for Prognosis and
Analysis of Clinical Trials in TBIs (IMPACT) project and CRASH-1
trial showed a mortality rate of 51% with a GCS score of 3. Higher GCS
scores demonstrated a mortality rate that declined progressively to 3%
when the GCS score was 15. Similarly, there was a decline in the rate of
unfavourable outcomes at 6 months post-injury, decreasing from 70%
at a GCS score of 3 to 12% at a GCS score of 15.1' There is insufficient
data to determine the GCS at the scene prior to hospital transfer or
admission.

Injuries in LMICs are mainly violence or transport-related.>'* This
is mirrored in SA data,” with similar findings in the current study. The
CRASH study also identified that patients from LMICs were younger,
more likely to be male and had less severe TBI compared with patients
from high-income countries.' Trauma patterns in Pietermaritzburg
previously demonstrated an almost 4:1 male-to-female ratio."” There
is no suggestion of any association between sex and neurological

TBI patients admitted for neuroprotection on iCED

Excluded, n=104

« Cardiac arrest before admission, n=6

+ No CT brain done before discharge from ICU, n=9

« Delay in initiation of neuroprotection >24 hr, n=19

« Transferred to NSU before 48 hr of neuroprotection complete, n=5
« No recorded discharged GCS on iCED, n=65

Included in outcome analysis, =95

Fig. 1. Included and excluded patients as per inclusion/exclusion criteria.
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Table 2. Demographics, mechanism of injury and admission and discharge GCS scores of the study cohort (1 = 95)

Variables Comments
Sex
Male 81
Female 14
Race Unknown patients: n = 4 (age estimation believed to be accurate within the range of 20 years)
Black 93
Coloured 1
Asian
White 0
Age, years
0-19 15 Age0-12:n=1,Age13-17:n=12
20 - 39 56
40 - 59 21
60 - 80 3
Mechanism of injury
Assault 37 Blunt assault: # = 36, Penetrating assault: n = 1
MVA 31
PVA 24
Fall 3
Admission GCS
Severe TBI GCS 3 - 8 83 GCS 3 at admission: n = 26
Moderate TBI GCS 9 - 12 12
Mild TBI GCS >12 0
Discharge GCS
Severe TBI GCS 3-8 39 GCS 3 at discharge; n = 18, including those who died in ICU as GCS 3 n = 11
Moderate TBI GCS 9 - 12 20
Mild TBI GCS >12 36

GCS = Glasgow Coma Scale; MVA = motor vehicle accident; PVA = pedestrian-vehicle accident; TBI = traumatic brain injury.

Table 3. Change in GCS score and possible influencing factors

Change in GCS Score
Decrease/Same Increase
(n=32) (n =63)
n (%) n (%) Total p-value
Age group
<40 24 (32.9) 49 (67.1) 73 0.76
>40 8 (36.4) 14 (63.6) 22
Sex
Male 27 (33.3) 54 (66.7) 81 0.86
Female 5 (35.7) 9 (64.3) 14
Mechanism of injury
Assault 14 (37.8) 23 (62.2) 37 0.63
MVA 9 (29.0) 22 (71.0) 31
PVA 9 (37.5) 15 (62.5) 24
Fall 0 3(100.0) 3
Operative status pre-admission
Non-operative 25 (32.1) 53 (67.9) 78 0.47
Postoperative 7 (41.2) 10 (58.8) 17
Delayed admission post referral to the intensive care unit
No delay 14 (27.5) 37 (72.5) 51 0.17
>6 hours delay 18 (40.9) 26 (59.1) 44
Prolonged neuroprotection in the emergency department before referral
<12 hours 15 (25.0) 45 (75.0) 60 0.02
>12 hours 17 (48.6) 18 (51.4) 35
Non-isolated traumatic brain injury versus isolated
Non-isolated 24 (38.7) 38 (61.3) 62 0.15
Isolated 8(24.2) 25 (75.8) 33

GCS = Glasgow Coma Scale; MVA = motor vehicle accident; PVA = pedestrian-vehicle accident.
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prognosis.?*?!) The patient population in this study had expected
demographics in keeping with the CRASH study.

A recent study completed at HGRH showed the average time between
ICU decision to accept the patient and the actual admission was just
over 6 hours (this included all ICU referrals including non-surgical
patients).”’ These delays and lengthy transfer times to the NSU may
contribute to increased morbidity and mortality in patients with severe
TBL!"! Of the TBI patients admitted to the ICU, 46.3% (44/95)
experienced a similar delay of more than 6 hours. The three most
common reasons for delayed admission to the ICU were waiting for a
neurosurgery review or opinion, unavailability of ICU beds (including
no beds due to ICU staffing constraints) and the necessity for emergency
surgery. These delays may contribute to worse outcomes as seen in our
study, where 40.9% (18/44) of the delayed group had no or minimal
change in GCS versus 27.5% (14/51) in the non-delayed group (p=0.17).

Prolonged neuroprotection >12 hours in the ED before an ICU
referral was the only significant secondary finding contributing to a
worse outcome. The ICU and ED follow the same neuroprotection
protocol goals based on the Brain Trauma Foundation guidelines. Delays
between the presentation to the ED and the referral to the ICU may
occur for several reasons and require scrutiny to untangle the complex
intertwined systems that need to be negotiated in a busy ED. Sufficient
senior staff, adequate number of porters and transfer equipment, timely
access to radiology services, rapid communication and assessment of
CT scan findings, appropriate level of nursing care and rapid response
from the ICU, are all important factors contributing to the appropriate
triage of TBI patients.

Study limitations
The data was obtained from a single centre, which restricts generalisation.

Table 4. Glasgow outcome score
Dead
Vegetative state: incapable of interacting with the surroundings;

unresponsive

Severe disability: able to follow instructions, but unable to live
independently

Moderate disability: able to live independently, unable to resume a
career or studies

Good recovery: able to resume their career or studies

Database entries could be influenced by human error and contributed
to the 65 record exclusions with no recorded discharge GCS scores. We
could not avoid patients being admitted to ICU with a lower GCS due to
the practice of sedation and endotracheal intubation of restless patients
with a GCS score <8 to facilitate CT imaging.

Due to the patients’ low GCS and lack of collateral family history, the
patient’s baseline functional status, existing neurological compromise,
and other co-morbidities are commonly unknown on admission. The ED
at HGRH is well equipped (ventilators and monitors), and consequently,
many TBI patients underwent neuroprotection for prolonged periods in
the ED and possibly transferred directly from the ED to the NSU. Some
TBI patients referred to the ICU were possibly never admitted due to
bed shortages.

The iCED has a data entry point for whether the patient’s pupils
are reactive or not, but this is not always completed. If the patient has
non-reactive pupils, it does not allow for the option of whether one
or both pupils are non-reactive. This limits the predictive value that
the pupil score could provide. The GOS score would be the preferred
outcome scale for future prospective studies in these patients, but there
would have to be a buy-in from the various departments to standardise
their data collection, preferably onto an online database. For example,
the CT brain reports by radiologists should include the Marshall
grading criteria.

Supervision of neuroprotection protocols was performed by on-site
medical staff, as part of the responsibility of the intensivist in charge.
Data regarding compliance was not available in the database as it is not
designed for this detail.

Conclusion

Sixty-three percent of TBI patients improved their GCS by more than
1 upon discharge from the ICU. Among the 37% of patients that did
not show improvement: 34% (n=12/35) showed no improvement, 8%
(n=3/35) had a GCS difference of 1, and 57% (n=20/35) had a decreased
GCS score.

The only statistically significant factor for no or minimal GCS
improvement at discharge v.admission was the duration of neuroprotection
>12 hours in the emergency department before being referred to ICU.
This could be an area of focus for improved outcomes.

A prospective study with a 6-month follow-up may help validate
the web-based prognostic score derived from the basic CRASH-1 trial

CRASH-1
prognostic
models

High-income

countries

1. Mortality at 14 days

2. Death & disability at 6 month

3. Mortality at 14 days
4. Death & disability at 6 month
5. Mortality at 14 days
6. Death & disability at 6 month
7. Mortality at 14 days
8. Death & disability at 6 month

Fig. 2. Prognostic models of the CRASH-1 trial. (CRASH-1 = Corticosteroid Randomisation after Significant Head Injury trial; LMIC = Low-middle income countries;

CT = computed tomography.)
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prognostic tool in an LMIC setting and may assist with better allocation

of resources.
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