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Introduction
India has more cardiovascular disease (CVD) than any other country claiming nearly 5 million 

lives annually. It is projected that by 2020, nearly 60% of patients with CVD world-wide will be 
of Indian descent as Indians have a higher genetic predisposition for and earlier risk of CVDs 
than other ethnicities [1-4]. Specifically, ST segment elevation myocardial infarction (STEMI) and 
sudden cardiac arrest (SCA) are major contributors to disability and death in India with over half 
of patients dying in pre-hospital settings prior to reaching hospitals. The high rates of acute STEMI 
and SCA through- out India is an expanding public health problem that is currently being addressed 
by the Heart Rescue India (HRI) program [5- 7].

Pre-hospital delays remain a major obstacle in the institution of early reperfusion therapy, 
which is crucial in salvaging myocardium and reducing adverse cardiovascular events following 
STEMI [8]. Low public awareness, inadequate emergency transportation infrastructure, and the 
lack of a coordinated Emergency Medical Services (EMS) system are major contributors to these 
delays [9]. Pre-hospital care in India is also hampered by a lack of financial means to cover medical 
transportation costs, as well as a misunderstanding of CVD warning signs and symptoms [10]. 
Over-populated urban settings with chronic traffic grid-lock contribute to response delays as larger 
paramedics units have difficulties maneuvering around traffic while rescuing and transporting 
patients. While timely response to acute CVD symptoms and ST-elevation myocardial infarction 
(STEMI) care can be facilitated by paramedics, a large proportion of STEMI patients do not access 
care through emergency medical systems and often opt for self-transport, particularly in urban 
settings with traffic congestion or remote rural settings with long paramedic response times [11]. 
To reduce pre-hospital response and transportation times in densely populated areas of India, we 
describe the establishment of a novel nurse-paramedic motorcycle response system for acute pre-
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Abstract
India has more cardiovascular disease (CVD) than any other country claiming nearly 5 million 
lives annually. It is projected that by 2020, nearly 60% of patients with CVD world-wide will be of 
Indian descent as Indians have a higher genetic predisposition for and earlier risk of CVDs than 
other ethnicities. Specifically, ST segment elevation myocardial infarction (STEMI) and sudden 
cardiac arrest (SCA) are major contributors to disability and death in India with over half of patients 
dying in pre-hospital settings prior to reaching hospitals. The high rates of acute STEMI and SCA 
through-out India is an expanding public health problem that is currently being addressed by the 
Heart Rescue India (HRI) program. An innovative pre - hospital system using nurse-paramedic 
first responders on motorcycles with complementary ambulance unit back-up and transport, when 
combined with community risk screening and education, provides rapid STEMI/SCA identification 
and treatment. Our goals are to increase the capacity of the paramedic response system, develop 
standard protocols for acute CVD management and ultimately improve overall patient survival. 
This pre-hospital response system may foster a scalable model that can be integrated into the current 
healthcare system and large urban centers throughout India.
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hospital STEMI/SCA care in the city of Bangalore, India (population 
12M) and review the literature of similar motorcycle-based first 
responder systems.

Methods
To reduce pre-hospital response delays in densely populated 

areas, a pre-hospital system of STEMI/SCA care is being developed 
in Bangalore, India using nurse-paramedic on motorcycles for acute 
CVD events. First responder nurse-paramedics on motorized scooters 
will be rapidly deployed to assess and stabilize patients prior to the 
arrival of larger paramedic units accompanied by nurse-physician 
teams. At the scene, first responders will also perform and transmit 
an ECG to a cardiac command center. STEMI patients will be rapidly 
identified and confirmed by an on-call emergency medicine physician 
or cardiologist. If there is evidence of STEMI, a larger ambulance unit 
will be dispatched to stabilize and transport the patient to a “spoke” 
hospital for further care and emergent thrombolytic therapy or a 
comprehensive “hub” hospital for urgent percutaneous coronary 
intervention (PCI). Standardized data elements will be used for acute 
CVD care in the pre-hospital and hospital settings for acute STEMI/
SCA using web-portal data entry and quality metric reporting.

In our study, 5 spoke hospitals and 2 hub hospitals within a 
surrounding population of 500,000 have been identified (Table 1). 
The system includes 24/7 first responders on motorized scooters who 
are trained to transmit ECGs to designated hub hospitals for potential 
STEMI interpretationas well as equipped with automatic external 
defibrillators (AEDs) for any patient suffering SCA. An ambulance 
will be simultaneously dispatched for further stabilization with 
STEMI patients transported directly to a hub hospital for urgent PCI 
revascularization of the culprit coronary vessel [7].

Data metrics include the following quality measures: time of call 
by CVD patients, time to arrival by motor scooter and ambulance unit, 
time from ECG interpretation to thrombolytic administration at the 
designated spoke hospital, or cardiac catheterization at the designated 
hub hospital. Goals are to have patients call the emergency response 
system within 30 minutes from symptom onset, first responders to 
arrive at the scene within 15 minutes of the initial call, diagnosis of 
STEMI made within 15 minutes of ECG transmission, and fibrinolytic 
therapy or PCI administered within 60 and 90 minutes of STEMI 
diagnosis, respectively (Table 2). Community education programs 
will further identify at-risk individuals to reinforce the use of these 
pre-hospital heart rescue action plans. The purpose of this paper is 
to review the literature reporting nurse paramedic motorcycle-based 

first response for a variety of conditions to form a basis for the HRI 
pre-hospital system design.

Literature Review and Discussion
Motorcycle paramedics globally

The concept of motorcycle medics has been described in the 
emergency medical systems (EMS) literature since the 1990s in both 
urban and rural pre-hospital settings [12,13]. Although motorcycles 
often lack the capacity to transport patients, larger paramedic units 
or ambulances in pre-hospital settings can be supplemented by these 
smaller more maneuverable vehicles, particularly in crowded urban 
areas [14].

Recent studies in Africa have reported that systematic motorcycle 
transportation systems have improved health service delivery to 
rural village populations. Resource-poor environments in Zambia 
have documented increased health worker productivity and greater 
geographical patient coverage [15]. Motorcycle equipped village 
health team members in Uganda were involved in a proof-of-concept 
study to strengthen a WHO-sponsored immunization program. The 
sustained improvements in local immunization systems provided 
evidence that this approach was an effective framework for enhancing 
and delivery for Uganda nation-wide [16].

While not the same magnitude as India, there is a high mortality 
rate due to CVDs in Iran. A major barrier identified for providing 
EMS in the city of Tehran is inadequate and poor transportation 
systems. Various reasons cited included unsuitable ambulances, 
unsafe roads, heavy traffic, and the inability of patients to pay for 
transportation. The authors also note that pre-hospital EMS models 
used in the United States and Europe are not practical as they are too 
costly to implement. For this reason, one high priority component 
in developing EMS transportation in Iran is the utilization of the 
motorcycle ambulances, especially in areas of heavy traffic. These 
smaller vehicles play an important role in reducing response time at 
the peak of city traffic. Based on their findings, the use of motorcycle 
ambulances is a well suited and economical method for providing 
emergency medical services [17].

In Taiwan, a study compared EMS response times of motorcycles 
and standard ambulance units in a congested urban setting of Taipei. 
They compared an advanced-life support (ALS) ambulance staffed 
with a physician, to that of a basic life support (BLS) motorcycle. The 
motorcycle was driven by a traffic policeman while transporting a 
nurse with basic medical equipment including oxygen and a trauma 
kit. In this trial, no motorcycles were equipped with automatic 
external defibrillators (AEDs). The authors documented and reviewed 
over 800 calls. They found that the motorcycles arrived before the 
ambulance 65% of the time, motorcycle and ambulance arrived at 
the same time in30% of the cases, whereas ambulances arrived at 
the scene before the motorcycle in only 4% of the calls. In regards to 
response times, motorcycles arrived: 4.9 +/- 3.0 minutes, ambulances 
6.3 +/- 3.4 minutes (P value less than 0.05). The authors concluded 
that the benefits of motorcycles include significantly reduced EMS 
response times, proficiency in navigating difficult scenes, and the 
ability to assist the ALS ambulance with finding the most expeditious 
route to and from the scene. Disadvantages of motorcycles included 
less visibility to ongoing traffic (even with flashing lights and sirens), 
and less stability compared to 4- wheeled vehicles, particularly in 
inclement weather conditions [18].

Hub

M S Ramaiah Memorial Hospital

Spoke

1.  People Tree Hospital- 5.8 km

2.  Aveksha Hospital- 8.3km

3.  Santhosh Hospital- 7.7km

Hub

Suguna Hospital

Spoke

1.  Ananya Hospital- 2.2km

2.  Sreenivasa Hospital- 3.8km

Table 1: Hub & Spoke Hospitals, with Distance to Hub Hospital.
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Motorcycle paramedic safety
One European investigation addressed the safety of a first-

response medical emergency motorcycles (MEM), driven by an 
emergency medical technician providers. In this investigation, they 
analyzed the number of crashes, as well as the incidence and nature 
of injuries sustained. The MEM responders used limited equipment 
(basic life support and AEDs) to perform initial assessments and 
interventions. All responders underwent an emergency defensive 
driving course. A minimum of 2-years of experience with motorcycle 
riding was required before first responders could apply for the course. 
The wearing of protective equipment was mandatory (which included 
a helmet, gloves, jacket, trousers with elbow/knee padding, and 
reflective clothing material). Over a 3-year period, MEMs operating 
in a metropolitan EMS group responded to over 3600 calls. MEMs 
imparted rapid and efficient responses to EMS services in the urban 
areas studied, with acceptable levels of safety. Accidents included only 
12 motorcycle falls, resulting in three injured MEM drivers. No fatality 
was registered. One serious injury and two slight accidents occurred. 
Although they noted that motorcycles were less crashworthy than 
4-wheeled closed vehicles, they are less visible and more vulnerable to 
hazardous weather and suboptimal road conditions. They concluded 
that physical injuries from crashes can be reduced with proper 
selection of skilled motorcycle riders, specific defensive emergency 
motorcycle riding habits, and adequate use of protective riding 
equipment [14]. Our HRI program will only deploy fully-trained 
motorcycle riders with standardized protective equipment. We also 
utilize two-wheel motor scooters for first responders. These vehicles 
are lighter and easier to control than motorcycles and their design is 
compatible for either male or female drivers. They are safer for driving 

on congested roads and more cost effective.

Pre-hospital ECGs and STEMI Diagnosis
The 12-lead electrocardiogram (ECG) can capture vital cardiac 

information in the pre-hospital setting. The pre-hospital ECG has 
the potential to influence emergency department (ED) management 
and subsequent cardiologic intervention. Paramedic and physician 
documentation with a formal pre-hospital ECG hand-off is essential 
[19]. In one investigation, despite training and a high level of 
confidence, the paramedics studied were only able to identify acute 
inferior wall STEMIs and normal ECGs. Given the paramedics' 
low sensitivity and specificity, they could not rely solely on 
paramedic ECG interpretation to activate the cardiac catheterization 
laboratory. Future evaluation of training programs that include 
assessment, initial training, testing, feedback, and repeat training are 
recommended [20]. Another group demonstrated that non-physician 
EMS interpretation of STEMI on pre-hospital ECG had excellent 
sensitivity and high negative predictive value. This finding supports 
the use of pre-hospital ECGs interpreted by EMS to help identify and 
facilitate treatment of STEMI [21].

In many institutions, computer interpretation messages on 
ECGs are often provided, and may aid the paramedics' diagnosis of 
STEMI. In one study the data was mixed suggesting that computer 
messages influence paramedic interpretation, improving accuracy 
when the computer was correct (true positive for STEMI or true 
negative for STEMI-mimic), and worsening accuracy when incorrect 
(false positive for STEMI or false negative for STEMI-mimic). In 
our current study, the appropriate management and disposition of 
patients with STEMI in the pre-hospital setting depends on accurate 

1.  Number of calls to central call center / month (rolling total to track usage)

2.  Time from MI symptom (chest pain, dyspnea, nausea, diaphoresis, dizziness, syncope) onset to call placed to the center

a.  Numerator: number of calls with time <= 60 minutes

b.  Denominator: number of calls reporting symptoms listed above

c. Mean time and range for all calls per month

3.  Time from initial call placed to center to nurse motorcycle arrival

a.  Numerator: number of arrivals <= 15 minutes from call center call

b.  Denominator: number of calls

c. Mean time and range for all calls per month

4.  Time from initial call placed to call center and first ECG

a.  Numerator: Number of patients who call within 30 minutes

b.  Denominator: Number of patients who have a first ECG done by first responder

5.  Time from first responder ECG diagnosis of STEMI to hospital arrival

a.  Numerator: STEMI prehospital setting diagnosis to Hub hospital ambulance arrival within 30 minutes

b.  Denominator: number of patient with STEMI diagnosis in prehospital setting

transported to Hub hospital by ambulance

Hospital

6.  Percent STEMI patients arriving at the hospital by ambulance

a.  Numerator: Number of patients with STEMI who arrive by ambulance

b.  Denominator: All STEMI patients who arrive at the hospital

7.  STEMI patients with cardiac arrest in prehospital setting and survival to hospital

a.  Numerator: Number of cardiac arrest patients with STEMI diagnosed in prehospital setting surviving to hospital arrival

b.  Denominator: All cardiac arrest patients with STEMI diagnosed in prehospital setting

Table 2: Quality Measures Heart Rescue India (HRI).
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interpretation of the 12-lead ECG by nurse-paramedics. Pre-hospital 
paramedic ECG readings of potential STEMI are electronically 
transmitted and confirmed at our hub center by an on-call emergency 
physician or cardiologist [22]. Previous studies have shown that 
paramedic accuracy in reading 12 lead ECGs can range from 86% 
to 94%. However, recent studies have demonstrated that accuracy 
diminishes for the more uncommon STEMI presentations (e.g. lateral 
wall injuries). Unlike hospital physicians, paramedics rarely have an 
ability to review previous ECGs for comparison. Therefore, ready 
availability of previous ECGs may also improve paramedic accuracy 
and enhance their confidence in interpreting STEMIs [23].

Pre-hospital Fibrinolysis Therapy
Despite the supporting published evidence for pre-hospital 

fibrinolysis (PHF) for STEMI patients by paramedics, the complexity 
of the process has not been rigorously explored in a stepwise approach. 
One mapping study of STEMI calls in which paramedics administered 
fibrinolytics described the process to be complex, containing many 
steps, but relatively few individual steps were highly hazardous to 
patient care or safety [24]. In a recent Australian study, pre-hospital 
thrombolysis was safely and routinely delivered by paramedics in 
regional and rural settings with good clinical outcomes. Pre- hospital 
thrombolysis (PHT) were administered by paramedics to STEMI 
patients if more than 60 minutes from the cardiac catheterization 
laboratory (CCL), and primary percutaneous coronary intervention 
(PCI) at the CCL. The incidence of major bleeding (TIMI criteria) in 
the PHT group was only 1% and no patients in the primary PCI group 
experienced major bleeding [25].

In another investigation, nurse-paramedic providers were 
required to determine whether a STEMI was present at the scene, and 
whether PHF was indicated. Providers radioed their impressions to 
the receiving hospital and initiated stabilization protocols. The final 
decision was made by a physician upon arrival to the hospital. In this 
investigation, 151 patients with chest pain were studied; 21 (13.5%) 
were positive for STEMI; 17 of the 21 were recognized in the pre-
hospital setting by the nurse-paramedic team; 4 of the 21 did not 
meet ECG requirements but had high suspicion; there were no false-
positive diagnoses. Fourteen patients eventually received thrombolytic 
therapy. The authors noted decreased in- hospital thrombolytic 
times to administration on average of 22 +/- 13.8 minutes (control 
group 51 +/- 50 minutes). They concluded a pre-hospital chest pain 
protocol using ECGs at the scene can speed hospital administration 
of thrombolytic agents [26].

Paramedic Transport for PCI Intervention
Paramedics play an important role in the early identification of 

patients with potential CVD who activate the EMS system. Time to 
reperfusion is linked to survival in patients presenting with STEMI. 
Primary percutaneous coronary intervention (PCI) is now considered 
the ultimate strategy when it can be performed quickly. Because the 
number of cardiac catheterization facilities is limited, pre-hospital 
systems have attempted to develop protocols to ensure access to 
primary PCI for patients with STEMI. The pre-hospital ECG has been 
shown to be a valuable tool to identify STEMI early and its use in the 
field has allowed paramedics to alert the medical team of an incoming 
patient [27].

Mortality for STEMI is strongly predicted by the time from first 
medical contact to reperfusion. Therefore, pre-hospital diagnosis by 
paramedics in the field has a significant reduction on the door-to- 

balloon (DTB) times of patients with STEMI undergoing primary 
percutaneous intervention [28]. Studies note important reductions 
in time to reperfusion by activation of the catheterization laboratory 
by EMS from the scene, with acceptably low false-positive rates. This 
type of field research can inform multidisciplinary policies and bring 
about meaningful clinical practice changes [29].

Pre-hospital ambulance notification and initiation of treatment 
of STEMI is associated with significant reduction in door-to-balloon 
time for primary PCI [30]. In one investigation, paramedics performed 
pre-hospital STEMI notification using brief communications via 
EMS 9-1-1 dispatchers as soon as they diagnosed a STEMI on a 12-
lead ECG. They found that early notification of STEMI by paramedics 
through dispatchers resulted in earlier cardiac catheterization lab 
activation. This practice significantly decreased door to balloon 
time (DTB) and yielded a higher percentage of patients meeting the 
DTB≤60 minutes quality metric [31]. Another trial noted the time 
from hospital arrival to PCI with balloon inflation was significantly 
shorter during the period in which EMS activated the catheterization 
laboratory than during the period the laboratory was activated by 
hospital staff. Thus, paramedics with quality electrocardiogram 
interpretation training and education can identify patients with acute 
STEMI and properly activate the catheterization laboratory [32,33].

Pre-hospital Defibrillation and AEDs
Clinically important events and advanced care treatment are 

common in community STEMI and SCA patients undergoing pre-
hospital transport or inter-facility transfer to a PCI center. During 
transport, patients may require cardiopulmonary resuscitation (CPR) 
or cardiac defibrillation [34]. Most sudden cardiac arrests (SCA) 
are due to ventricular fibrillation (VF). The use of defibrillators in 
hospitals or by EMS personnel can save many cardiac arrest victims. 
Automated external defibrillators (AEDs) permit defibrillation 
by trained first responders. AEDs accurately identify malignant 
ventricular tachy- arrhythmias and frequently result in successful 
defibrillation. Prompt application of an AED shows a greater number 
of patients in VF compared with initial rhythms documented by later 
arriving EMS personnel. Survival is greatest when the AED is placed 
within 3 to 5 minutes of a witnessed collapse. Community-based 
studies show increased cardiac-arrest survival when first responders 
are equipped with AEDs rather than waiting for paramedics to 
defibrillate [35]. Defibrillation can be carried out by individuals 
other than physicians such as trained first responders and trained 
lay rescuers [36]. In addition, general knowledge of EMS activation 
and familiarization with established principles of cardiopulmonary 
resuscitation are essential [36]. As such, each of our nurse-paramedic 
first responders undergo extensive training prior to deployment.

In many low-middle income countries, survival following sudden 
cardiac arrest (SCA) continues to be tragically low, despite advances 
in technology and international guidelines for resuscitation. Few 
cities or EMS agencies report accurate patient outcomes after SCA. 
Among those who do, survival from witnessed VF ranges from 8% to 
40%. One study in a medium-sized U.S. city reported outcomes and 
incidence of VF over an 18-year period incorporating an aggressive 
approach to pre-hospital SCA. High survival from witnessed VF-
induced SCA (46%) was achieved during the study period. Rapid 
response, followed by rapid defibrillation, was the major contributor 
to survival [37]. Most in-hospital nurses intend to use an AED if 
permitted to do so by a medical directive. Successful implementation 
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requires educational initiatives focusing on safety and efficacy of 
AEDs, support from physicians and hospital administrators, and 
additional training on AED use. The same can be said for nursing 
AED use in the pre- hospital setting [38].

The role of nurse-paramedics
Pre-hospital triage and transport of STEMI patients have 

traditionally been undertaken in emergency medical service systems 
with advanced care paramedics (ACPs). ACPs are however, not 
available in many regions. A pilot study was conducted to determine 
the feasibility of pre-hospital STEMI triage in a region with only 
primary care paramedics or basic life support providers. They found 
that hemodynamically stable patients with suspected STEMI can 
be safely and effectively transported directly for primary PCI by 
paramedics without advanced care training. They concluded that pre-
hospital STEMI triage for primary PCI can be extended to regions 
that have few or no paramedics with advanced care training. This 
concept applies to the current situation in India [39].

Regarding nurse-paramedics, in Sweden, Finland, Netherlands 
and Belgium, all ambulances are staffed with at least one nurse. 
Increased patient survival after out of hospital cardiac arrest were 
noted with nurses having higher qualifications and more training 
and experience with emergency care. The Swedish Association for 
Ambulance Nurses (SAAM) in collaboration with Swedish Society of 
Nursing published a competence description for ambulance nurses 
[40]. Most nurses who practice in the pre-hospital setting have a 
background in anesthesia, intensive care medicine or cardiology. 
They require special ambulance courses and typically have clinical 
experience in the ED. Paramedics identify that nurses are good at 
providing medical care and psychological support to the victims and 
families, but only a few paramedics recognized the nurse as having 
a “lead role” in the pre-hospital setting. Some junior paramedics 
looked upon the nurses as “rivals”; however, more experienced 
paramedics had a positive attitude toward nurses in this role [41]. 
It was noted in another article that most physicians recommend 
that more nurses, especially those with emergency, anesthesia or 
intensive care experience be involved in the pre- hospital setting. The 
authors recommend a 3-year nursing program plus a 1-year special 
ambulance nursing curriculum. They also recommend that both 
nurses and paramedics update their clinical skills and have hospital 
clinical experiences in addition to their pre-hospital training [42].

Conclusion
Rapid response to ST-elevation myocardial infarction (STEMI) 

and sudden cardiac arrest (SCA) the pre- hospital phase is critical, 
as the administration of the most appropriate treatment in a timely 
manner is instrumental for mortality reduction. STEMI and SCA 
systems of care based on networks of medical institutions connected 
by an efficient emergency medical service are essential [43]. The first 
steps are devoted to minimize the patient's delay in seeking care, 
rapidly dispatch a properly staffed and equipped vehicles (such as 
motorcycles) to make the diagnosis on scene. They can then deliver 
initial drug therapy, defibrillation when indicated, and transport the 
patient to the most appropriate cardiac care facility. Primary PCI 
is the treatment of choice, but thrombolysis followed by coronary 
angiography and PCI is a valid alternative. These decisions should be 
gaged by the patient's baseline risk, time from symptoms onset, and 
primary PCI-related delay. Paramedics and nurses have an important 
role in pre- hospital STEMI care and their integration is recommended 
to increase the effectiveness of a system. Strong cooperation between 

cardiologists and emergency medicine physicians is critical for 
optimal pre- hospital STEMI and SCA care. Scientific societies 
have an important role in guideline implementation as well as in 
developing quality indicators and performance measures. Health care 
professionals, along with policy and administrative decision makers 
are encouraged to overcome existing barriers to promote optimal 
cardiac care [43].

Our innovative pre-hospital system using nurse-paramedic first 
responders on motorcycles with complementary ambulance unit back-
up and transport, when combined with community risk screening and 
education, provides rapid STEMI/SCA identification and treatment. 
Our goals are to increase the capacity of the paramedic response 
system, develop standard protocols for acute CVD management and 
ultimately improve overall patient survival. Protocols for pre-hospital 
response to STEMI and SCA also require ongoing evaluation. Our 
“hub and spoke” model of care with a thrombolysis and cardiac 
catheterization lab strategy uses a tiered response system with first 
responders on swift and agile motor scooters complemented with 
larger ambulance units for patient stabilization and transport. This 
pre-hospital response system may foster a scalable model that can be 
integrated into the current healthcare system and large urban centers 
throughout India.
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