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Abstract
Study design A descriptive, cross-sectional survey of individuals involved in prehospital transportation of neurotrauma
patients was performed.
Objectives Little is known about prehospital care of neurotrauma patients in low- and middle-income countries. This study
sought to assess the knowledge of prehospital transporters in Tanzania and propose an educational intervention to help
identify patients with severe neurotrauma.
Setting Dar es Salaam, Tanzania.
Methods Surveys assessed demographic information and medical knowledge with three outcomes of identifying signs of a
deceased, sick, or clinically deteriorating patient. Predictors of increased medical knowledge were investigated with uni-
variate and multivariate logistic regression (MLR).
Results The survey included 501 participants, who were predominantly young (mean: 36.7 years) and male (84.0%). More
than 70% of participants self-reported being able to recognize a deceased or sick patient, yet fewer than 20% correctly listed
more than two signs of a deceased, sick, or clinically deteriorating patient. MLR showed that first aid training (Odds ratio
(OR): 2.3; 95% confidence interval (CI): 1.3, 3.9; p= 0.002) was predictive of identifying a deceased patient, being
employed (OR: 0.5; 95% CI: 0.3, 0.9; p= 0.021) was a negative predictor of identifying a sick patient, and higher education
level (OR: 2.3; 95% CI: 1.1, 4.8; p= 0.032) was predictive of identifying a clinically deteriorating patient.
Conclusion In a survey of prehospital transporters of neurotrauma patients in Tanzania, higher education level and first aid
training were associated with higher medical knowledge scores. An educational flier was created to identify severe neu-
rotrauma patients. Additional education of prehospital transporters in Tanzania may improve morbidity and mortality of
neurotrauma patients.

Introduction

Injuries due to trauma cause more than 5 million deaths
each year, nearly 1.7 times the number of deaths from
human immunodeficiency virus/acquired immunodeficiency
syndrome, malaria, and tuberculosis combined [1]. Every
year, more than 5 million treatable neurosurgical injuries
occur in low- and middle-income countries (LMICs) yet
they do not undergo surgical intervention; traumatic brain
injury (TBI) accounts for the greatest proportion of these
cases [2]. Traumatic spine injury (TSI), constituting frac-
tures to the vertebral column and spinal cord injury (SCI), is
also a major culprit, mostly affecting young, wage-earning
males. Though mortality rates of TSI are lower compared to
TBI, more patients survive with a permanent disability,
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losing the ability to live independently and provide income
for their families [3]. For LMICs specifically, a study of TSI
patients in northeast Tanzania showed that only 20.7% of
patients were able to walk unaided at discharge [4]. In
addition, in-hospital mortality rates for TSI remain much
higher in LMICs like Tanzania (24.1% reported by Rashid
et al.), increasing the burden of this devastating injury [5].
For all neurotrauma (both TBI and TSI), access to neuro-
surgical expertise is limited in many LMICs for a variety of
reasons, including a dearth of resources, lack of qualified
surgeons, and delays in access to care [2]. While a multi-
pronged approach is needed to improve access to neuro-
surgical care worldwide, one important and potentially
fixable area of need is the prehospital care of patients with
neurotrauma.

Many LMICs lack formal prehospital emergency medi-
cal services (EMS). In Tanzania, most patients are trans-
ported by taxi, bus, or private cars. Barriers to EMS
implementation include financial limitations, poor infra-
structure, and underqualified first responders [6]. Acutely
injured patients are often first referred to lower-level facil-
ities and require long travel times to reach tertiary centers,
leading to delays in presentation and missed windows of
opportunity for intervention [7, 8]. The first hours following
TBI are crucial to prevent morbidity and mortality [9], as
50% of mortality from TBI occurs within the first 2 h after
injury [10]. However, neurotrauma patients in Tanzania
often wait for days to reach a tertiary center [6]. Studies of
TSI from Tanzania have shown that patients are admitted
approximately 6 days after injury [3], often with complete
SCI. An overwhelming majority of patients (87.2%) inclu-
ded in a study of TSI patients at a referral hospital in
northern Tanzania were referrals from peripheral centers
[5]. A case report of a TSI patient in rural northern Tanzania
illustrated specific factors such as extreme distance to hos-
pital (350 km) and suboptimal transport conditions of TSI
patients in LMICs that contribute to increased morbidity
[11].

Prehospital care is a major need among LMICs.
Ensuring safe and timely prehospital transport has the
potential to reduce morbidity and mortality among neu-
rotrauma patients. In addressing this public health pro-
blem, we must first assess the medical knowledge of
transporters and how patients are transported. Using a
major East African tertiary referral center located in Dar
es Salaam, Tanzania, the objective of the current study
was to (1) describe the current practice of transportation
of trauma patients, (2) assess the knowledge of indivi-
duals transporting trauma patients, and (3) propose
potential interventions for prehospital transporters to
recognize neurotrauma emergencies. Our aim was to
facilitate the development of efficient, safe prehospital
transport of neurotrauma patients.

Methods

Study design

A descriptive, cross-sectional survey was conducted of
individuals involved in transporting neurotrauma patients to
hospitals. Surveys were administered over a 2-month period
in 2016 and distributed within the three municipals of Dar
es Salaam—Ilala, Temeke, and Kinondoni—in the 50 km
radius from the main hospital (shown in Fig. 1). Since no
patient records were accessed, formal institutional review
board approval was not required.

Population surveyed

The intended audience was prehospital transporters, defined
as individuals who routinely transport trauma, including
neurotrauma, patients from the initial site of injury to
Muhimbili National Hospital (MNH) and/or Muhimbili
Orthopaedic Institute (MOI). Prehospital transporters were
identified at taxi collection areas at major transit points;
private car stations including motorcycles and taxi and bus
stands; public transport stations; and the Emergency
Department at MNH and/or MOI. All individuals interested
in or currently involved in transporting trauma patients to
hospitals were sampled. Duplication of surveys was pro-
tected against by respondents placing initials and phone
numbers on the survey and researchers screening for pre-
vious survey participation.

Survey questions

The survey was prepared in English and translated into
Swahili, which is the primary language used by Tanzanians
(Supplementary Appendix). Several demographic variables
were collected: age, sex, level of education (none, primary,
secondary, tertiary level education), first aid training (yes/
no), job title, employment status (self-employed vs.
employed), experience transporting an injured patient (yes/
no), and frequency of transporting (once vs. more than
once). The level of education was then categorized into low
(none or primary) or high (secondary or college). First aid
training refers to a first aid training that is taught to drivers
who receive a special license known as a Class C license.
Participants were also asked what they thought could be
done to improve the transport of trauma patients. We
identified three predictor variables: level of education, first
aid training, and employment status.

Several survey questions assessed the medical knowl-
edge of transporters, which we considered the principle
outcome of our study. First, participants were asked if they
were able to recognize if a patient was deceased, alive, or
very sick. Second, participants were asked to list signs of
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Fig. 1 Dar es Salaam. Map of Dar es Salaam illustrating three major municipalities [21].
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the following scenarios: a deceased patient, a very sick
patient, and a clinically deteriorating patient. These signs
were then compared to a standardized list of five signs for
each category, and the number of signs that a participant
listed correctly was recorded. Answers were then dichot-
omized into high (>2 of 5 signs identified) or low (2 or
fewer signs identified) scores. No concrete definition was
given for “very sick” or “clinically deteriorating” patients.

Educational intervention

Directed by the survey results, we created an educational
flier targeted to prehospital transporters. The objective of
these fliers was to provide simple, succinct information
that may help transporters recognize emergency neuro-
trauma situations that require expedient transfer to ter-
tiary centers. These fliers were based on Brain Trauma
Foundation guidelines and National Institute for Health
and Care Excellence (NICE) pathways focusing on pre-
hospital care for both TBI and SCI [12–15]. Given the
widespread use of Swahili and English in Tanzania and
other African countries, fliers were created in both lan-
guages (Fig. 2a, b).

Statistical analysis

All continuous data was categorized as mean with standard
deviation (SD) and median with range where appropriate.
Categorical data was described as n (%). The medical
knowledge outcomes were then compared between

differences in three predictor variables using Chi-square
tests: education level, presence of first aid training, and
employment status. Predictors of higher scores on the
medical knowledge outcomes were assessed with univariate
followed by multivariate logistic regression, controlling for
age, sex, and prior experience transporting a patient. We
controlled for age and sex due to the chance for different
educational opportunities, and prior experience because this
could impact medical knowledge. Any variable with p <
0.10 on univariate analysis was entered into the multivariate
model, and statistical significance was considered at an
alpha level of 0.05. All analyses were performed using
Statistical Package for Social Sciences (SPSS)
Version 26.0.

Results

Demographics and opinions of transporters

A total of 501 participants were included in the survey.
Participants were predominantly young (mean: 36.7
years) and male (84.0%). A majority of participants
(59.3%) had a high (secondary or tertiary) education
level. Thirty-three percent had first aid training and
39.0% were employed. When asked about how to
improve the transport of trauma patients, the most
common responses were some form of rapid transport
(ambulance, helicopter) (33.0%) and increased education
for transporters (26.0%) (Table 1).

Fig. 2 Educational fliers.
a English version of flier about
prehospital identification of
neurotrauma. b Swahili version
of flier about prehospital
identification of neurotrauma.
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Medical knowledge of transporters

Overall, 71.3% of participants reported they were able to
recognize a deceased patient, while 73.4% reported they
could recognize a sick patient. However, when asked to list
signs of a deceased patient, signs of a sick patient, and signs
of a clinically deteriorating patient, only 13.2%, 14.6%, and
13.0%, respectively, were able to list more than 2 out of
5 standardized signs (Table 2).

Differences in medical knowledge outcomes

The impact of each of the three predictor variables (first aid
training, education level, employment status) on medical
knowledge is summarized (Tables 3–6).

For the first outcome of identifying a deceased patient,
Chi-square tests showed that there was a statistically

significant difference between prehospital transporters with
and without first aid training being able to correctly list
>2 signs of a deceased patient (p= 0.004). There was no
difference associated with education level (p= 0.190) or
employment status (p= 0.446). First aid training was a
significant factor on univariate analysis (p= 0.005), and
after controlling for age, sex, and prior experience trans-
porting a patient, multivariate logistic regression still
showed that those with first aid training (Odds ratio (OR):
2.3; 95% confidence interval (CI): 1.3, 3.9; p= 0.002) were
more likely to correctly list >2 signs of a deceased patient.

For the second outcome of identifying a sick patient,
Chi-square tests showed that there were significant differ-
ences in correctly listing >2 signs of a sick patient among all
three predictors: between prehospital transporters with and
without first aid training (p= 0.016), those with different
education levels (p= 0.012), and self-employed vs.
employed (p= 0.029). All three predictors of education
level (p= 0.013), first aid training (p= 0.017), and
employment status (p= 0.031) were significant on uni-
variate analysis. After controlling for these three factors as
well as age, sex, and prior experience transporting a patient,
multivariate logistic regression showed that employed par-
ticipants (OR: 0.5; 95% CI: 0.3, 0.9; p= 0.021) were less
likely to list >2 signs of a sick patient.

For the third outcome of identifying a clinically dete-
riorating patient, Chi-square tests showed that there were
significant differences in correctly listing >2 signs of a
clinically deteriorating patient between prehospital trans-
porters with and without first aid training (p < 0.001) as well
as those with different education levels (p < 0.001). Uni-
variate analysis showed that education level (p < 0.001) and
first aid training (p= 0.001) were significant factors. After
controlling for these as well as age, sex, and prior experi-
ence transporting a patient, those with higher education
level (OR: 2.3; 95% CI: 1.1, 4.8; p= 0.032) were more
likely to identify >2 signs of a clinically deteriorating
patient.

Discussion

Prehospital care of trauma patients is lacking in many
LMICs. Little is known about the medical knowledge of
prehospital transporters in LMICs. We sought to char-
acterize the medical knowledge of these transporters and
create an educational flier to improve prehospital transporter
knowledge as it relates specifically to neurotrauma. Both
receiving first aid training and higher education level were
significantly associated with multiple medical knowledge
outcomes of identifying sick and clinically deteriorating
patients. These results suggest that additional education is
an important determinant of being able to identify deceased,

Table 2 Outcome scores of medical knowledge for survey participants.

Medical knowledge scores All survey
participants

N= 501

Ability to recognize deceased patient, n (%) 357 (71.3%)

Ability to recognize sick patient, n (%) 368 (73.4%)

List high (>2 out of 5) number of signs of
deceased patients, n (%)

66 (13.2%)

List high (>2 out of 5) number of signs of sick
patients, n (%)

73 (14.6%)

List high (>2 out of 5) number of signs of
clinically deteriorating patients, n (%)

65 (13.0%)

Table 1 Demographic information and opinions of survey participants.

Demographic information All survey participants

N= 501

Age, mean (SD) 36.7 (9.7)

Male, n (%) 421 (84.0%)

High education level (secondary or tertiary),
n (%)

297 (59.3%)

First aid training, n (%) 165 (33.0%)

Employed, n (%) 195 (39.0%)

Previously transported injured patient, n
(%)

236 (47.1%)

Opinions about ways to improve transport

Increased education, n (%) 130 (26.0%)

Special signs on transport vehicles, n (%) 68 (13.6%)

Ambulance, helicopter, or rapid transport
system, n (%)

165 (33.0%)

Improving traffic for prehospital
transporters, n (%)

68 (13.6%)
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Table 3 Comparing medical knowledge by education level, first aid training, and employment status.

Medical knowledge outcomes Education First aid training Employment status

Low High p-Value No Yes p-Value Self-employed Employed p-Value

N= 204 N= 297 N= 336 N= 165 N= 306 N= 195

Low # of signs of deceased patient 182 253 0.190 302 133 0.004* 263 172 0.466

High # of signs of deceased patient 22 44 34 32 43 23

Low # of signs of sick patient 184 244 0.012* 296 132 0.016* 253 175 0.029*

High # of signs of sick patient 20 53 40 33 53 20

Low # of signs of deteriorating patient 193 243 <0.001* 305 131 <0.001* 262 174 0.241

High # of signs of deteriorating patient 11 54 31 34 44 21

*Statistically significant result at p < 0.05.

Table 4 Predictors of identifying
>2 out of 5 signs of deceased
patient.

Predictors Univariate Multivariate

OR (95% CI) p-Value OR (95% CI) p-Value

Age 1.002 (0.975, 1.029) 0.901

Male 2.542 (0.988, 6.540) 0.053* 3.149 (1.202, 8.253) 0.020***

Education (high vs. low) 1.430 (0.833, 2.484) 0.192

First aid training 2.137 (1.265, 3.609) 0.005* 2.303 (1.345, 3.942) 0.002***

Employed 0.818 (0.476, 1.406) 0.467

Prior transport of injured patient 0.749 (0.443, 1.266) 0.280

*Statistically significant result on univariate analysis at p < 0.05.

***Statistically significant result on multivariate analysis at p < 0.05.

Table 5 Predictors of identifying
>2 out of 5 signs of sick patient.

Predictors Univariate Multivariate

OR (95% CI) p-Value OR (95% CI) p-Value

Age 0.971 (0.945, 0.999) 0.040* 0.984 (0.956, 1.1012) 0.261

Male 0.960 (0.491, 1.878) 0.906

Education (high vs. low) 1.998 (1.154, 3.459) 0.013* 1.559 (0.839, 2.896) 0.160

First aid training 1.850 (1.117, 3.064) 0.017* 1.601 (0.916, 2.799) 0.099

Employed 0.546 (0.315, 0.945) 0.031* 0.513 (0.292, 0.903) 0.021***

Prior transport of injured patient 0.658 (0.396, 1.094) 0.107

*Statistically significant result on univariate analysis at p < 0.05.

***Statistically significant result on multivariate analysis a p < 0.05.

Table 6 Predictors of identifying
>2 out of 5 signs of clinically
deteriorating patient.

Predictors Univariate Multivariate

OR (95% CI) p-Value OR (95% CI) p-Value

Age 0.926 (0.895, 0.959) <0.001* 0.940 (0.909, 0.974) 0.001***

Male 0.477 (0.258, 0.881) 0.018* 0.774 (0.400, 1.500) 0.448

Education (high vs. low) 3.899 (1.985, 7.660) <0.001* 2.262 (1.071, 4.777) 0.032***

First aid training 2.554 (1.506, 4.330) 0.001* 1.631 (0.913, 2.913) 0.098

Employed 0.719 (0.413, 1.251) 0.243

Prior transport of injured patient 0.321 (0.177, 0.581) <0.001* 0.436 (0.234, 0.812) 0.009***

*Statistically significant result on univariate analysis at p < 0.05.

***Statistically significant result on multivariate analysis at p < 0.05.
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sick, and clinically deteriorating patients, more than
employment status.

It has been shown in a variety of settings that the
implementation of a formal prehospital system or additional
training in an informal system leads to improved outcomes
for trauma patients. In Londrina, Brazil, Marson et al.
reported that the implementation of a formal prehospital
trauma care system with firemen trained in basic life support
and physicians providing advanced life support was asso-
ciated with decreased mortality before hospital admission, in
the first hour after trauma, and after motor vehicle crashes
[16]. Stassen et al. in South Africa utilized a free and open
online lecture series that led to increased adherence among
prehospital providers to prehospital TBI care guidelines
[12]. Transitioning to an LMIC setting, Mock et al. imple-
mented a 6-h basic first aid course for commercial drivers in
Ghana, and drivers self-reported improvement in crash scene
management (including directing traffic to prevent second-
ary crashes), airway management, external bleeding control,
and splinting of injured extremities [17]. Jayaraman et al.
also showed that a 1-day basic prehospital trauma course for
police, commercial drivers, and community leaders in
Kampala, Uganda resulted in sustained knowledge and skill
retention at 6 months [18]. These studies agree with our
results in showing that a formal training course can lead to
increased medical knowledge and improved patient out-
comes. Additionally, prehospital transport in Ghana and
Uganda is mainly conducted by nonmedical personnel,
much like in Tanzania. Still, these interventions largely
focus on trauma patients in general and may have over-
looked essential prehospital transport measures as they
pertain to neurotrauma. Our educational flier was created to
address this void in the literature and provide a preliminary
intervention to improve prehospital neurotrauma care.

Educational aids such as our proposed pamphlet could
improve medical knowledge of prehospital transporters in
Tanzania and hopefully improve patient outcomes, especially
neurotrauma victims who require emergent transport to a
tertiary hospital. The timely transport of neurotrauma patients
to a large referral center was underscored by Ahidjo et al. who
found that presentation greater than 24 h after injury and
multiple hospital admissions were independent predictors of
mortality among SCI patients in Nigeria [19]. Additionally,
current evidence-based guidelines recommend the immobili-
zation of all acute SCI patients during transport [20]. We hope
that our educational flier will prompt quick assessment and
proper transportation of SCI patients to appropriate facilities.
Although we propose a potential intervention in the form of a
flier, additional improvements in SCI patient morbidity and
mortality could be achieved through programs such as first aid
classes or prehospital care training sessions. The utility of
social networks such as WhatsApp to impart knowledge and
help organize these programs should also be considered.

Further studies assessing the feasibility and benefits of such
programs in Dar es Salaam would be beneficial.

Several limitations should be considered in the current
study. As with any survey, these are self-reported responses
that are subject to great variability. Additionally, the med-
ical knowledge outcomes of identifying >2 out of 5 signs of
deceased, sick, or clinically deteriorating patients form an
imperfect method of assessing medical knowledge. It is
certainly possible that some survey participants had greater
knowledge of how to identify deceased, sick, or clinically
deteriorating patients but did not list signs that aligned with
the 5 standardized signs included in the survey.

Conclusion

In a survey of potential prehospital transporters involved in
neurotrauma care in a major East African city, many par-
ticipants self-reported that they could identify a deceased or
sick patient, but few successfully identified multiple signs
of deceased, sick, or clinically deteriorating patients. First
aid training and higher education levels were significantly
associated with improved medical knowledge outcomes.
Therefore, we propose the distribution of an educational
flier to prehospital transporters to help with the identifica-
tion of critically ill SCI patients. Further formal training of
prehospital transporters in LMICs may improve morbidity
and mortality of SCI patients.
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