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Strengths and limitations of this study

►► Prospective cohort study reporting results of a previ-
ously published protocol.

►► Data were collected using a newly created trauma 
registry incorporating prehospital variables.

►► The study reports on a novel smartphone-based 
prehospital notification application.

►► The intervention could only be achieved in one of the 
four planned centres.

►► Ongoing improvements in trauma resuscitation and 
outcomes were potential confounders in the associ-
ation between prehospital notification and improved 
processes and outcomes.

ABSTRACT
Objectives  To assess the effect of a mobile phone 
application for prehospital notification on resuscitation and 
patient outcomes.
Design  Longitudinal prospective cohort study with 
preintervention and postintervention cohorts.
Setting  Major trauma centre in India.
Participants  Injured patients being transported by 
ambulance and allocated to red (highest) and yellow 
(medium) triage categories.
Intervention  A prehospital notification application for 
use by ambulance and emergency clinicians to notify 
emergency departments (EDs) of an impending arrival of a 
patient requiring advanced lifesaving care.
Main outcome measures  The primary outcome was 
the proportion of eligible patients arriving at the hospital 
for which prehospital notification occurred. Secondary 
outcomes were the availability of a trauma cubicle, 
presence of a trauma team on patient arrival, time to first 
chest X-ray, and ED and in-hospital mortality.
Results  Data from January 2017 to January 2018 were 
collected with 208 patients in the preintervention and 263 
patients in the postintervention period. The proportion of 
patients arriving after prehospital notification improved 
from 0% to 11% (p<0.001). After the intervention, more 
patients were managed with a trauma call-out (relative 
risk (RR) 1.30; 95% CI: 1.10 to 1.52); a trauma bay was 
ready for more patients (RR 1.47; 95% CI: 1.05 to 2.05) 
and a trauma team leader present for more patients (RR 
1.50; 95% CI: 1.07 to 2.10). There was no difference in 
time to the initial chest X-ray (p=0.45). There was no 
association with mortality at hospital discharge (RR 0.94; 
95% CI: 0.72 to 1.23), but the intervention was associated 
with significantly less risk of patients dying in the ED (RR 
0.11; 95% CI: 0.03 to 0.39).
Conclusions  The prehospital notification application 
for severely injured patients had limited uptake but 
implementation was associated with improved trauma 
reception and reduction in early deaths. Quality 
improvement efforts with ongoing data collection using 
the trauma registry are indicated to drive improvements in 
trauma outcomes in India.
Trial registration number  NCT02877342.

Introduction
India faces a growing burden from trauma 
where a person dies from injuries as a result 
of a road traffic crash every 4 min. The 
economic burden is substantial.1 It is esti-
mated that in urban areas of India, more 
than 50% of all trauma deaths could be 
prevented through improvements in trauma 
systems.2 Inclusive trauma systems focus on 
all components of patient care (prevention, 
prehospital care, initial reception and resus-
citation, definitive management and rehabil-
itation). Introduction of trauma systems has 
been associated with significantly improved 
outcomes.3 4 However, population-based 
trauma systems in India are generally poorly 
funded and are struggling to cater for one of 
the highest population densities in the world. 
An unknown number of patients are unable 
to access healthcare, compounded by a lack 
of universal formal prehospital care services 
and an organised system of trauma care.

Commencing in 2013, the Australian and 
Indian Governments invested in a programme 
to find the best ways of delivering required 
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care to injured people. The Australia-India Trauma 
Systems Collaboration (AITSC) brought together govern-
ments, industry, clinicians and researchers to improve 
information and resources, and to pilot new systems of 
care. One intervention was the provision for prehos-
pital notification of major trauma patients. The majority 
of injured patients in India arrive to hospital by private 
transport. But use of ambulance services is increasing 
and emergency medicine technicians are qualified to 
perform initial assessments and provide initial assessment 
for injured patients.5

Prehospital notification of the impending arrival of 
patients requiring emergency care is seen as an integral 
component of an advanced prehospital care system.6 7 
It is expected that prehospital notification would allow 
trauma teams more time to prepare, enabling preallo-
cation of tasks and parallel processing of tasks that have 
been previously demonstrated to improve resuscitation 
times compared with ad hoc allocation and/or sequen-
tial execution of tasks.8 However, in the setting of major 
trauma, limited evidence exists to associate notification 
with improved patient outcomes.9 Prehospital notification 
was associated with reduced mortality (adjusted OR 0.61, 
95% CI: 0.39 to 0.94; 72 073 participants) in Canada.10 
An improvement in mortality after the introduction of 
prehospital notification (from 32.4% in 1987 to 22.7% 
1989) was also reported from the UK.11 Improved time to 
chest X-ray (CXR) has also been associated with prehos-
pital notifications.12

The aim of this study was to report on the initial imple-
mentation of a prehospital mobile phone application-
based communication system to enable prehospital care 
providers to notify the trauma centre of the impending 
arrival of a seriously injured trauma patient.

Methods
Setting
The protocol for this study has been previously 
published.13 This study was completed in one of the four 
planned centres. The Lokmanya Tilak Municipal General 
Hospital is a Level I trauma centre, which caters to the 
megapolis of Mumbai and receives about 2500 patients 
with limb or life-threatening injuries per year.

Patients
Inclusion and exclusion criteria were consistent with the 
published protocol; this study included all patients who 
were transported by a public ambulance and allocated 
on arrival to hospital to a red (first) or yellow (second) 
priority triage category after acute trauma, excluding 
patients allocated to a green (third) category. Patients 
who were dead at the scene or immediately on arrival 
without any attempted resuscitation were also excluded. 
Patients with isolated poisoning, hanging, burns injury 
only (without other trauma) and single-digit finger or 
toe amputations (unless of the thumb or great toe) were 
excluded.

Patient and public involvement
There was no patient and/or public involvement in the 
design of the study.

Intervention
The intervention was the availability of a prehospital noti-
fication application named ‘Suchana’—an android appli-
cation for use by ambulance and emergency clinicians in 
India to notify EDs at selected hospitals of an impending 
arrival of a patient requiring advanced care. The appli-
cation is a series of pages with drop-down menus for 
data entry regarding patient demographics, mechanism 
of injury and vital signs (figure 1). The application then 
generates a trauma flag using the previously published 
algorithm (online supplementary appendix 1).13 A 
built-in Google maps link determines the estimated time 
of arrival to the destination hospital. The information is 
summarised as a prehospital notification to the phone of 
the receiving trauma hospital (figure 2).

All eligible prehospital clinicians received training on 
the use of this application which would be accessible from 
mobile devices such as a tablet, personal computer or 
smartphone. The training was provided through face-to-
face sessions over a period of 7 months during the prein-
tervention period, but the application was not available 
for clinical use. The application used an algorithm based 
on trauma triage principles developed by the AITSC to 
derive a trauma priority flag that was automatically trans-
mitted to the hospital. This intervention was accompanied 
by downstream education of hospital personnel receiving 
the notification. Education reinforced the importance of 
patient reception at a trauma bay, involvement of a multi-
disciplinary trauma team from the outset and initiating 
assessment and management along Trauma Reception 
and Resuscitation principles.14

Outcomes
The primary outcome was the proportion of eligible 
patients arriving at the emergency department (ED), 
for which prehospital notification occurred. Secondary 
outcome measures were prespecified to be whether or not 
there was a trauma call-out, the presence of a trauma bay 
on arrival, the presence of a trauma team leader, defined 
in the index hospital to be a third-year surgical resident 
or senior, time to first CXR, death in the ED and death at 
hospital discharge.

Analysis
Continuous data were summarised using mean with SD 
if normally or near-normally distributed or with medians 
and IQRs for skewed data. Ordinal data were summarised 
using medians and IQRs. Nominal, including binary, data 
were presented as counts with proportions within their 
categories. Statistical significance was defined as p<0.05. 
A difference between means was analysed for statis-
tical significance using the Student t-test, whereas the 
Wilcoxon rank-sum test was used for assessing statistical 
significance for a difference between medians. The χ2 test 

https://dx.doi.org/10.1136/bmjopen-2019-033236


3Mitra B, et al. BMJ Open 2020;10:e033236. doi:10.1136/bmjopen-2019-033236

Open access

Figure 1  Screenshots of the application for prehospital notification. AVPU: Alert, Verbal, Pain, Unresponsive; SBP: Systolic 
Blood Pressure; ETA: Estimated time of arrival
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Figure 2  Screenshot of the notification received at 
the hospital. RR, relative risk. AVPU: Alert, Verbal, Pain, 
Unresponsive; SBP: Systolic Blood Pressure; ETA: Estimated 
time of arrival; Inj Mech: Injury Mechanism; RTI: Road traffic 
incident

or the Fisher exact test (if a cell frequency was <5) was 
used for nominal data. The uptake of the intervention 
over time (with calendar months after the intervention 
used as units of time) was assessed using an univariable 
Poisson regression model. Results of this analysis were 
presenting using an HR (with 95% CIs) that summarised 
the association of prehospital notification with intro-
duction of the intervention over time. All analyses were 
performed using Stata V.15.0 (Statacorp).

The proportion of patients achieving the primary 
outcome after the intervention was targeted to be 
0.70 (achieved by consensus among trauma leaders in 
Australia and India). This was considered to be a clini-
cally significant level compared with anecdotal reports 
of current practice of extremely low rates of prehospital 
notification. The minimum acceptable difference from 
this hypothesised ideal proportion was considered to be 
10%, with a one-sided absolute difference of >10% (ie, 
less than 0.6) to be considered as a failure to achieve 

the primary outcome. The estimated sample size for a 
one-sample comparison of proportion with the failure 
to achieve the primary outcome. The estimated sample 
size for a one-sample comparison of proportion with the 
hypothesised value of 0.70, an alpha of 0.05 and power of 
0.90 was 191 after the intervention.

Results
Data for the preintervention period were gathered 
from January 2017 to May 2017 and the postinterven-
tion period was from June 2017 to January 2018. Within 
the study period, in this single centre, there were 1613 
trauma patients who presented and were triaged to a red 
or yellow category. In this setting, a high proportion of 
injured patients arrived by means other than an ambu-
lance with a four-wheeled taxi (n=557; 34.5%) being the 
most common mode of transport. Of these, 471 patients 
were included for analyses with the remaining excluded 
as they did not present through a mode of transport 
where the primary intervention of the prehospital notifi-
cation application was possible (figure 3). There were 208 
patients who presented in the preintervention period and 
263 patients in the postintervention period.

The mean age of included patients was 32.2 (16.8) years 
and most patients were of male sex. The most common 
mechanisms of injury were railway incidents (n=138; 
29.3%) and falls (n=115; 24.4%). Most included patients 
were triaged to a red flag (n=324; 68.8%). A comparison 
of patients subgrouped by the primary exposure variable 
of the availability of the prehospital notification applica-
tion is presented in table 1, demonstrating no significant 
difference among demographics, mechanism of injury 
and initial vital signs between the two groups.

Outcomes after the intervention of the introduction 
of a prehospital notification application are listed in 
table  2. There was a modest, but statistically significant 
increase in the proportion of patients who arrived at the 
ED after prehospital notification (0%–11%; p<0.001). 
The number of events of prehospital notification demon-
strated a statistically significant increase over time with a 
Poisson regression coefficient of 0.77 (95% CI: 0.60 to 
0.95; p<0.001). After the intervention, on arrival, more 
patients were managed with a trauma call-out (relative 
risk (RR) 1.30; 95% CI: 1.10 to 1.52). On arrival to the 
ED, a trauma bay was ready for more patients (RR 1.47; 
95% CI: 1.05 to 2.05) and a trauma team leader present 
for significantly more patients (RR 1.50; 95% CI: 1.07 
to 2.10) after the intervention. There was no difference 
in time to initial CXR (p=0.45). On hospital discharge, 
there was no difference after the intervention in mortality 
at hospital discharge (RR 0.94; 95% CI: 0.72 to 1.23), but 
the intervention was associated with significantly less risk 
of patients dying in the ED (RR 0.11; 95% CI: 0.03 to 
0.39).

In the subgroup of 324 patients assigned to a red cate-
gory, prehospital notification improved from 0% to 11.6% 
(p<0.001). Improvements were observed in a trauma bay 
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Figure 3  Selection of patients. ED, emergency department.

being ready (RR 1.48; 95% CI: 1.03 to 2.11) and a team 
leader present on arrival (RR 1.48; 95% CI: 1.03 to 2.11). 
There was no association with hospital mortality (RR 0.86; 
95% CI: 0.67 to 1.10), but there was a significant reduc-
tion in the risk of patients’ death in the ED (RR 0.10; 95% 
CI: 0.03 to 0.35).

In the subgroup of 138 patients who were injured 
through a mechanism involving railways, prehospital 
notification occurred in 23 (27%) after the interven-
tion. The intervention in this subgroup was associated 
with more trauma call-outs (RR 2.50; 95% CI: 1.31 to 
4.75), team leader presence (RR 2.29; 95% CI: 1.19 to 
4.39) and trauma bay being ready on patient arrival (RR 
2.29; 95% CI: 1.19 to 4.39). There was no difference in 
time to CXR, that is, 81 min (IQR: 58–151) compared 
with 81.5 min (50.5–117.5) (p=0.44). Mortality at 
hospital discharge remained similar (43.4% vs 41.2%; 
p=0.69).

In the subgroup of 29 patients who arrived after notifi-
cation, 22 (76%) were assigned a red category compared 
with 302 (68.3%) patients who arrived without notifica-
tion (p=0.40). Patients arriving after notification were 
more frequently injured through a railway incident 
(76%) compared with patients arriving without notifi-
cation (25.5%; p<0.001). Trauma call-outs were more 
frequent after notification (48.3% vs 24.4%; p=0.005), 
but there was no association with trauma leader presence 
(37.9% vs 23.7%; p=0.09) or availability of a trauma bay 
on patient arrival (37.9% vs 23.9%; p=0.09). Time to CXR 
after notification was 107 min (73–120) compared with 
93 min (54–163) without notification (p=0.93). There 
were 7 (24.1%) deaths among patients who arrived after 
notification compared with 140 (31.7%) without notifica-
tion (p=0.40).

Discussion
A prehospital notification system through a smartphone 
application with downstream education on trauma recep-
tion and resuscitation was implemented in a major metro-
politan trauma service in India, but with limited uptake 
of the intervention. After the intervention, there was 
evidence of improved processes in the initial reception 
and resuscitation of injured patients through a higher 
proportion of patients being managed with a trauma 
call-out, having a trauma bay and trauma team available 
in the ED on arrival. There was a significant reduction in 
early deaths in the ED.

However, the study failed to achieve the hypothesised 
clinically important limit of prehospital notification in at 
least 70% of eligible patients. Although a 11% notifica-
tion rate was statistically significant (being a change from 
0%), the study did not achieve the prespecified level of 
clinical significance. The ambulance system in the city is 
not run by one organisation. There are multiple chari-
table and privately operated ambulances that transport 
patients to hospitals but they were not included in this 
study. Most of the victims of road or rail traffic injuries 
were taken to the nearby hospital first and then referred 
to the trauma centre and may not have been included in 
this study due to improved haemodynamics. It is possible 
that a large proportion of patients had short prehospital 
times and this may have contributed to ambulances not 
notifying the hospital.

The effective utility of the application required a reli-
able mobile phone network and anecdotally, there were 
areas of poor reception within the hospital that may 
have hampered communication. The public ambulances 
stationed within a 5 km radius of the hospital participated 
in the intervention. However, some patients were trans-
ported from outside this radius and hence were not able 



6 Mitra B, et al. BMJ Open 2020;10:e033236. doi:10.1136/bmjopen-2019-033236

Open access�

Table 1  Demographic, injury characteristics and presenting vital signs subgrouped by intervention

Variable
Preintervention
(n=208)

Postintervention
(n=263) P value

Demographics

 � Age (years) 33.4 (16.8) 31.3 (16.7) 0.17

 � Male sex 183 (88.0%) 216 (82.1%) 0.08

Mechanism of injury 0.79

 � Motorcar, bus, truck crash 22 (10.6%) 24 (9.1%)

 � Pedestrian/bicycle/tricycle 5 (2.4%) 7 (2.7%)

 � Motorbike crash 34 (16.3%) 33 (12.5%)

 � Autorickshaw 8 (3.8%) 9 (3.4%)

 � Fall from height 52 (25.0%) 63 (23.9%)

 � Penetrating trauma 9 (4.3%) 12 (4.6%)

 � Railway incident 53 (25.5%) 85 (32.3%)

 � Blunt assault 14 (6.7%) 22 (8.4%)

 � Unknown/other 11 (5.3%) 8 (3.0%)

Vital signs (on presentation)

 � Systolic blood pressure (mm 
Hg)

111.2 (22.5) 112.1 (19.1) 0.65

  �  <90 mm Hg 13 (6.2%) 16 (6.1%) 0.91

 � Heart rate (bpm) 96.3 (17.2) 97.3 (14.8) 0.5

  �  ≥120 bpm 14 (6.7%) 10 (3.8%) 0.16

 � Respiratory rate 23.8 (3.5) 23.8 (3.2) 0.99

  �  <12 or >24 bpm 37 (17.8%) 57 (21.7%) 0.5

 � GCS on arrival 0.19

  �  3–8 60 (28.8%) 69 (26.2%)

  �  9–12 21 (10.1%) 42 (16.0%)

  �  13–15 122 (58.6%) 151 (57.4%)

  �  Missing 5 (2.4%) 1 (0.4%)

Transfer from another hospital 149 (71.6%) 203 (60.0%) 0.17

 � Arrival trauma flag 0.07

  �  Red 134 (64.4%) 190 (72.2%)

  �  Yellow 74 (35.6%) 73 (27.8%)

 � ISS 0.87

  �  0–12 139 168

  �  13–24 46 66

  �  25–44 20 24

  �  ≥45 3 5

GCS, Glasgow Coma Scale; ISS, Injury Severity Score.

to notify the hospital. An accurate analysis of factors that 
contributed to the poor uptake of the intervention was 
outside the scope of this report and is the aim of future 
research using a qualitative methodology. We do not 
believe that technological barriers or lack of resources 
were responsible as high-quality devices backed by India’s 
extensive mobile networks were used. Potential other 
reasons could be the need for more training, reluctance 
of first responders to use the system and improved recep-
tion from receiving trauma teams.

Due to the small number of patients who arrived after 
prehospital notification, statistically significant associa-
tions with patient outcomes could not be demonstrated 
from the single intervention of prehospital notification. 
Improvements that were observed were most likely due to 
the combination of prehospital intervention and training 
in trauma reception and resuscitation and cannot be 
attributed to a single intervention. The effect of the inter-
vention and accompanying training of prehospital clini-
cians was likely associated with improved knowledge of 



7Mitra B, et al. BMJ Open 2020;10:e033236. doi:10.1136/bmjopen-2019-033236

Open access

Table 2  Outcomes

Variable
Preintervention
(n=208)

Postintervention
(n=263) P value

Primary outcome

Prehospital notification 0 29 (11.0%) <0.001

Secondary outcomes  �   �

Trauma call-out 40 (19.2%) 82 (31.8%) 0.003

Presence of team leader 40 (19.2%) 76 (28.9%) 0.016

Readiness of trauma bay 41 (19.7%) 76 (28.9%) 0.022

Time to first CXR (mins)* 88 (56–152) 100 (51–153) 0.45

Death at hospital discharge 67 (32.2%) 80 (30.4%) 0.68

Death in the ED 20 (9.6%) 3 (1.1%) <0.001

*Three hundred and eighteen patients had a CXR in the ED.
CXR, chest X-ray; ED, emergency department.

injury severity. Contributory factors toward the significant 
reduction in early deaths are most likely multifactorial 
and complemented by a structured trauma reception and 
resuscitation process. It may be an indication that resus-
citation attempts were better sustained in the short term 
resulting in the better disposition of the patient to the 
operating room or intensive care unit.

Previous studies evaluating trauma outcomes in India 
have been limited, with the absence of prehospital data 
and the inability to evaluate the influence of prehos-
pital factors on trauma outcomes.15 There was a signifi-
cant trend towards improved uptake of the intervention, 
although within the limitations of low numbers. Our 
results demonstrated a 77% improvement in the number 
of prehospital notifications over each month and we are 
95% confident that this value lies between 60% and 95%. 
This intervention, however, did not improve the docu-
mentation of prehospital variables for the assessment 
of trauma outcomes. However, in-hospital data from 
the registry provided robust data, collected prospec-
tively, during the initial hospital reception and resus-
citation phase. This study confirms the importance of 
improving processes across the whole journey of a major 
trauma patient. Although prehospital notification and 
initial improvements in trauma reception may improve 
processes and reduce errors, they have not been previ-
ously associated with in-hospital outcomes.14

The unique epidemiology of trauma in India and 
geographic variations have been previously highlighted, 
with a disproportionate burden of major trauma from 
railway incidents.16 17 The high mortality from this mech-
anism (in excess of 40%) highlighted an area for urgent 
intervention. It was encouraging to observe improve-
ments in the prehospital notification for railway incidents 
and a team-based reception of patients, but it is obvious 
that more system-wide prevention and management strat-
egies are required to improve outcomes of this important 
subgroup.

The poor initial uptake of this intervention by prehos-
pital public ambulances should not be a deterrent to 

continuing efforts to improve prehospital communica-
tion in the Indian system. An extremely high mortality 
rate of over 30% among patients who were transported 
to the ED alive confirms the urgent need for improved 
trauma systems in India. Prehospital services are rapidly 
expanding across India with over 20 states having some 
form of Government or Private–Public Partnership 
prehospital/emergency service. India is rapidly moving 
toward a Western model of prehospital service with the 
aim that all major trauma patients will arrive by an ambu-
lance staffed by personnel trained in basic or advanced 
life support. In addition, a high proportion of patients 
arrived by other means, necessitating prehospital 
communication tools that can be applied to a wide range 
of services. This finding presents opportunities for basic 
training in recognition of severe injury prehospital notifi-
cation for taxi drivers and police personnel.

This study was limited in being confined to a single 
centre and completed in only one of the four planned 
sites. However, the required sample size was achieved in 
the single site. Due to the limited uptake of the inter-
vention, complete prehospital data were not available in 
the registry, limiting analysis of the association between 
prehospital clinical variables and outcomes. The reasons 
for the low prehospital notification rates could not be 
identified and require a qualitative assessment of prehos-
pital providers’ opinions towards the intervention. This 
should be considered as the focus of future research and 
essential to elucidate the reasons for initial low uptake. 
Potential strategies to increase prehospital notification 
include ongoing training, linking of prehospital notifica-
tion to key performance indicators and ongoing research 
demonstrating improved outcomes through improved 
communication between prehospital and in-hospital 
staff.18 Improvement measures in communication skills 
through education of prehospital personnel in India have 
been previously demonstrated and could be expanded to 
include identification and notification of severely injured 
patients.19 20 Secondary outcome variables of the pres-
ence of trauma team leader, trauma bay availability and 
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time to CXR were selected as they were assumed to have 
a direct effect from the prehospital notification. Other 
outcome measures of effective trauma receptions such 
as time to theatre or time to haemostasis are important 
patient-centric outcomes but have multiple potential 
confounders that were not assessed in this trial. These 
could be the focus of future studies.

Conclusions
A prehospital notification application for severely injured 
trauma patients had limited uptake. However, the intro-
duction along with training in trauma reception and 
resuscitation was associated with improved trauma recep-
tion and reduction in early deaths after trauma. Ongoing 
quality improvement efforts with ongoing data collection 
using the trauma registry are indicated to drive improve-
ments in trauma outcomes in India.
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