
Project Number: MQF-IQP 2837  

 

Ambulatory Interventions Report (AIR) 

An Interactive Qualifying Project  

Submitted to the Faculty of the 

WORCESTER POLYTECHNIC INSTITUTE 

in partial fulfillment of the requirements for the degree of  

Bachelor of Science 

by 

Mina Henes                     Victor Levorse 

Biochemistry             Aerospace Engineering 

                               

Jack Rivadeneira           Fernando Salazar    

Robotics Engineering            Biomedical Engineering 

MIRAD Laboratory, May 5, 2016 

Approved by;  

Professor Mustapha S. Fofana, PhD, Advisor� 
MIRAD Laboratory, Mechanical Engineering Department



	i 

Abstract 

The purpose of this project is to develop a faster and more reliable way for paramedics to 

keep track of when medical interventions occur in an ambulance. As 911 call volumes increase 

yearly, paramedics rely on the utilization of run numbers for accurate record keeping. Run numbers 

are generated in a sequential manner by either the 911 dispatcher or the unit’s own dispatcher, 

which are specific to every EMS unit. The run numbers are then used to write a complete summary 

of the pre-hospital care provided, known as the run report. Elements of the run report include what 

interventions and medications the paramedics used along with the time. Currently, paramedics 

operating in either the Anglo-American or Franco-German EMS systems must manually record 

when interventions are made. At the end of the run, paramedics must approximate the time an 

intervention was utilized when filling out the run report. The approximations do not always reflect 

an accurate record of the run and when the interventions were preciously used. This project then 

develops an Ambulatory Interventions Report (AIR) software that allows the paramedics to 

timestamp the interventions as they happen. AIR takes advantage of the run numbers and employs 

them to tag the time stamped data to the number. In turn AIR allows for the consolidation of patient 

information. Furthermore, the implementation of AIR provides paramedics exact times, thus 

potentially making run reports more. The team looked to the aviation industry where the use of 

time stamping equipment like the flight data recorder and cockpit voice recorder are common 

practice. AIR was modeled using the same concept as the flight data recorder but instead of 

automated timestamps, AIR allows users to initiate timestamps. Unlike flight data recorders, AIR 

will allow the user to insert comments on any intervention to document certain issues or any other 

information the paramedics deems relevant to the care process. AIR is designed to address 

emergency department issues such as overcrowding by speeding the handoff process, increasing 

accuracy of medical records, and improve overall quality of pre-hospital care. AIR is constructed 

to fit comfortably within the ambulance and work with two touch screen devices to allow easy 

access from either side of the ambulance. Currently, AIR is not integrated with the current charting 

system or dispatch servers. Integration into these into systems is a vital part of the success of AIR 

and must be a point of focus for any future research and development teams. The use of AIR in 

tandem with the current charting system may decrease handoff times and thus contribute to 

decreasing emergency room crowding, making paramedics available to the community. 
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CHAPTER 1. EMS AND LIFE SAVING PRACTICES 

1. Introduction 
Paramedics provide pre-hospital care to many patients each day and are expected to provide 

the highest quality of patient care. Paramedics and Emergency Medical Technicians (EMTs) are 

tasked with transporting patients to the hospital for further care, and providing pre-hospital care 

on the scene and en route. With increasing population, EMS call volume is increasing as well. This 

increased of call volume add additional stress on EMS units, who will be required to handle more 

patients. Thus, accurate records of medications and procedures become essential to the 

enhancement of quality of care. For this reason, effort is being made to develop the Ambulatory 

Interventions Report (AIR). AIR will serve as a timeline for any ambulance run. The report will 

contain interventions done by the paramedics along with a timestamp of when an intervention is 

carried out. EMS systems today are geared towards either bring the patient to the emergency 

department or bringing the emergency department to the patient. The Anglo-American EMS 

system utilizes specialized healthcare providers to quickly and effectively respond to calls, 

stabilize the patient, and transport them to the hospital. The Franco-German system utilizes 

physicians, nurses and paramedics who are dispatched to the scene, evaluate the patient, and finally 

decide if the patient needs to be transported to an inpatient facility. The Anglo-American system 

has its challenges such as emergency department overcrowding and patients who use emergency 

services repeatedly, termed, frequent flyers. Overcrowding results in many trickledown effects 

such as ambulance out of service hours, diversion hours, and medications. Frequent flyers also 

contribute to overcrowding errors (Eckstein & Chan, 2004; Burt, 2006; Huang, 2003; Fuda, 2006). 

The Franco-German system is also faced with issues such as shortage of specialized staff. Despite 

the issues each system faces, they remain essential pieces of pre-hospital care and practices.  	

When paramedics are dispatched, a run number is generated which allows paramedics to 

enter patient information and the patients’ chief complain amongst other things. A run number is 

a unique number identifying every call the EMS service responds to. Using the run number, 

paramedics can write a run report detailing the events of the call and the run number serves as the 

identifier for the run report as well. Through an interview with UMass paramedics, an addition to 

the current system was identified that can increase run report accuracy. Current systems do not 

automatically timestamp medical interventions such as oxygen or CPR. The goal of this system is 

to document the medical interventions taking place in the ambulance. Currently, paramedics must 
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manually note down the time an intervention was started and stopped. However, it is not always 

possible for the paramedics to stop care to record times when interventions are made. As a result, 

run reports are not filled with accurate times of when interventions/procedures were utilized. For 

this reason, UMass paramedics suggested that a program that can time stamp interventions will 

help them produce more accurate run reports. In an effort to automatically timestamp interventions, 

a supporting program is being developed that can work in tandem with the current system used by 

the paramedics.  

The idea of AIR is not novel, but the idea was never utilized in pre-hospital care before. 

For this reason, the team looked to the aviation industry and especially the utilization of flight data 

recorders and cockpit voice recorders. These devices record all events of a flight and associates 

the data with a timestamp. This gives air crash investigators a complete timeline of the plane’s 

flight path and condition. Similarly, the same concept was utilized of AIR.  After each run, run 

reports are saved to a local server and later faxed to the hospital. Hospital staff file the run report 

hard copy in the patients’ file. Run reports include everything that took place during the transport. 

Physicians have access to the run reports should the need arise. However, all times noted in the 

report are estimates as exact times are not available. With the use of the program the team is 

developing, a copy of all time stamped medical interventions can be merged with the run report 

through the run number. This copy can then be view by the paramedics which allows them to write 

accurate reports. A copy of the time stamped interventions can also be given to the emergency 

room physician at handoff time to view an accurate timeline of the pre-hospital care provided by 

the paramedics. 

The following chapters present the framework of setting up the AIR system. Chapter 2 

describes current EMS systems and practices. This Chapter outlines the Anglo-American and Franco-

German EMS systems as well as the personnel and scope of practice laws utilized in each system.  

Lastly, this Chapter also contains handoff methods and the data exchanged at handoff. Chapter 3 

explains why the AIR system is important to ambulatory care. Additionally, in this chapter is a 

detailed explanation of how the AIR system works and program iterations. A summary of future 

research and development, and additional functionality for complete integration into current EMS 

systems is presented.  Finally, Chapter 4 is the conclusion where a comparison is made to evaluate 

the effectiveness of the derived results.  
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CHAPTER 2. EMS SYSTEMS AND SCOPE OF PRACTICE 

2. Introduction 
Several different Emergency Medical Services (EMS) systems have developed over the 

course of time. Today, two of those systems have become cornerstones for providing quality pre-

hospital care.  The Anglo-American EMS model is known as the “Scoop and Run” method and is 

usually run by EMTs without a physician. The Franco-German EMS model is known as the “Field 

Treat and Stabilize” method and is usually run by a physician and a paramedic. Despite the 

differences between the two systems, both have shown effective practices in pre-hospital care 

around the world. They ensure the highest level of patient care while using different methodologies 

and procedures. The personnel in either system must adhere to strict Scope of Practice (SOP) laws. 

SOP laws outline what an EMT/Paramedic can legally do as well as “defines the boundaries among 

professionals” (“National EMS Scope of Practice Model,” 2007). In the Anglo-American system, 

SOP laws are put in place by the EMS division of the National Highway Traffic Safety 

Administration (NHTSA) which is a federal agency of the United States. In addition to the 

NHTSA, entities such as the American College of Emergency Physicians (ACEP), National 

Association of EMS Physicians (NAEP), and other state and federal agencies worked diligently to 

contribute to paramedic SOP laws. Germany, which operates under the Franco-German system, 

holds its paramedics according to the German Industrial Standard (DIN) SOP model, which serves 

the same purpose as SOP laws in the Anglo-American system. 

In Massachusetts (MA), which operates under the Anglo-American System, paramedics 

are held to a defined standard for writing run reports. These reports, are required to include a 

complete account of what happened from the moment paramedics are dispatched to the time a 

patient is transported to the Emergency Department (ED). Elements of this report include the run 

number, the paramedics on scene and their ID numbers, patient information, the patient’s chief 

complaint, assessment, a list of medications given, and a complete narrative of the run. Overall, 

there are 144 required fields as outlined by the MA Office of Emergency Medical Services (see 

Appendix B). A sample of the run report can be seen in Appendix A. In both the Anglo-American 

and the Franco-German systems, establishing a clear SOP model is vital to delivering quality pre-

hospital care. Lastly, proper documentation of the run is a fundamental part of the patient care 

process to ensure accurate patient medical history.             
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2.1 The Anglo-American System 
The Anglo-American system was established around the “Scoop and Run” approach which 

focuses on bringing patients to the ED as quickly as possible. In this system, paramedics are tasked 

with arriving on the scene quickly, stabilizing, and transporting the patient to either the nearest ED 

or the ED of the patient’s choice. The system relies primarily on the utilization of EMTs and 

paramedics to care for and transport patients. Figure 1 shows a schematic representation of the 

patient care process used by the paramedics in the Anglo-American system.   

Figure 1: Schematic Representation of Anglo-American Patient Care Process 

After a 911 call is placed, the ambulance is dispatched to the scene where paramedics begin 

evaluating the patient. The paramedics begin evaluating factors such as vitals, visible trauma to 

the patient, and any other complaints the patient may be experiencing. After evaluation, the 

paramedics stabilize and prepare the patient to be transported to the ED for further care.  

In the Anglo-American system, the primary destination for a patient is the ED thus leading 

to increased ED visits. The Centers for Disease Control and Prevention (CDC) reports that in 2010, 

the number of ED visits totaled 130 million (CDC, 2010). The number of ED visits for 2011 was 

reported at 136.3 million, thus representing a 4.6% increase in only one year (CDC, 2011). 

Bringing patients directly to the ED increased pressure and demand on the hospital, thus affecting 

the quality of care (Sun, 2012). Nevertheless, EMS organizations and hospitals alike adapted to 

the increasing demands and despite growing number of patients, continue to provide exceptional 

care.  

         EMS dispatch can be initiated in several ways. In the United States, 911 gives the caller 

access to police, fire, and EMS. When EMS is requested, an Emergency Medical Dispatcher 

(EMD) answers the call and guides the caller through emergency medical interventions. EMDs are 

utilized in only eighteen states in the United States (Pozner, 2003). The EMD is charged with 

dispatching EMS to the scene or pushing the call to a local dispatch center known as a Public 

Safety Answering Point (PSAP) (see Appendix K). An EMD can talk the patient through basic life 

support procedures such as CPR before the arrival of EMS. In addition to the EMD, the US utilizes 

medical controllers who are often physicians (Pozner, 2003). Paramedics can communicate 
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directly with the medical controller to get instructions on how to properly treat a patient. Often, 

paramedics utilize “off-line” communication using pre-established protocols set by the medical 

controller. 

2.1.1 Personnel and Scope of Practice 
         The personnel in the Anglo-American system are governed by their scope of practice. The 

NHTSA defines the scope of practice as a combination of education, certification, licensure, and 

credentialing (see Figure 2, National EMS Scope of Practice Model, 2007).  

Figure 2: NHTSA Model of Scope of Practice 

For an EMT to practice, he or she must attend an accredited school. Table 1 outlines the amount 

of training hours required for EMTs to practice in the United States. 

Table 1: EMT Training Hours in the United States 
 Classroom Training Hours Field Training Hours 

EMT-B 110 Field Training Simulations are 
Conducted in the Classroom 

EMT-I 200 – 400 Field Training Simulations are 
Conducted in the Classroom 

EMT-P 250 – 500 250 – 500 
 

Education includes critical thinking skills, physical skills, and technical skills. Certification 

is achieved through examinations administered by the school, whose purpose is to prove that the 

candidates have the cognitive, physical, and technical competencies. Appendix C summarizes the 
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specific psychomotor skill sets EMTs need to master before they can be certified. Certification is 

also designed to test the EMT’s ability to deliver effective and safe patient care. In addition, it is 

designed to test the EMT’s mastery of psychomotor skills such as airway and breathing, 

assessment, pharmaceutical intervention, and much more. Table 2 shows the cognitive and 

psychomotor examinations candidates must pass in order to become certified EMTs (nremt.org). 

The next step in scope of practice is licensure, which is granted by the state in which the individual 

hopes to practice. A fundamental part of scope of practice is what an EMT is legally can do; 

therefore, licensure is granted to an EMT by the state giving them legal permission to practice. In 

order to work for an EMS unit, an EMT must obtain credentials from a hiring EMS entity to 

practice in their agency and from the medical director. Lastly, in addition to passing cognitive and 

psychomotor examinations, EMTs must participate in continuing education classes to keep their 

skills up to date with current methods, equipment, and techniques (nremt.org). 

Table 2: EMT Certification and Examinations 

 Certification Cognitive 
Examination Psychomotor Examination 

Massachusetts 
Continuing 
Education 

Requirements 

EMT-B EMT 
Certificate 

70 to 120 
Questions 

Successful completion of a state-
approved EMT psychomotor 

examination through educational 
program 

40 Hours 

EMT-A Advanced 
Emergency 

Medical 
Technician 
(NRAEMT) 

135 Questions 1.     Patient Assessment-
Trauma 
2.     Patient Assessment-
Medical 
3.     Ventilatory Management 
4.     Cardiac Arrest 
Management/AED 
5.     IV and Medication Skills 
6.     Pediatric Intraosseous 
Infusion Skills 
7.     Spinal Immobilization 
(Supine Patient) 
8.     Random EMT Skills (i.e. 
Joint Immobilization) 

50 Hours 

EMT-P Paramedic 
(NRP) 

80 to 150 
Questions 

Same Psychomotor skills as 
EMT – A, plus Oral Station 

60 Hours 
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         The National Registry of Emergency Medical Technicians (NREMT) is responsible for 

certifying EMTs and paramedics. The NREMT administers both cognitive and psychomotor 

examinations for the three EMT levels. EMT-B candidates must pass a 70 to 120 question written 

exam that tests them on airway management, cardiology & resuscitation, trauma, medical and 

obstetrics/gynecology, and EMS operations. Psychomotor examinations are administered by the 

educational institution the candidate attends. EMT-A candidates must pass 135 question written 

exam that focuses on the same general concepts of the EMT-B exam with added emphasis on IV 

management and pediatric interosseous infusion skills. In addition to the cognitive exam, 

NRAEMT candidates must pass a psychomotor exam consisting of trauma and medical patient 

assessment, cardiac arrest/AED management, and pharmaceutical interventions amongst other 

things. EMT-P certification consists of an 80 to 150 question cognitive exam. Paramedic 

candidates must also pass a psychomotor exam consisting of trauma patient assessment simulation, 

IV and medication management, and ventilator management amongst other things. 

2.1.2 Ambulance Fleet - Response Time and Incident Type 
 Caring for the ever expanding population and therefore patient demands, takes a very well 

organized National EMS system. In the United States, the ambulances and EMTs that man them 

are the task force dedicated to providing quality pre-hospital care. There are a total of 78,258 

ambulances in the US (National EMS Assessment, 2011). The number of vehicles is related to the 

population by 298 credentialed vehicles per 1,000,000 people counting all 50 states (National EMS 

Assessment, 2011). Table 3 shows the total number of credentialed vehicles per state. 

Table 3: Number of Credentialed Vehicles 

 Number of States for Each Vehicle Type  Mean Vehicles per State Total 

BLS Transport 34 512.9 17,438  

ALS Transport 37 981.8 36,327 

 

In 2003, a total of 669,278 EMTs (Basic, Intermediate, and Paramedic) were employed 

(EMS Performance Improvement Center, 2003). We see a growth to a total of 826,111 credentialed 

EMTs during 2011, which is 2,870 per 1,000,000 people. Figures 3 and 4 show the total count of 

EMT-Basic and EMT-Paramedic per state as of 2011, respectively.  
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Figure 3: National EMT-Basic Count 

 

 
Figure 4: National EMT-Paramedic Count 

In 2011, a total of 956,454 EMS professionals were employed in the US. Out of this total, EMT-

Basic compose 57%, EMT-Intermediate make up for 6%, and EMT-Paramedic make up 21%. The 

rest of the EMS professionals are composed of First/Medical Responders and other EMS staff.  

EMS providers aim to arrive on scene as quickly as possible. Response time is constantly 

being challenged by environmental factors, number of paramedics, and location and number of 

EDs. The average EMS response time across the US is estimated to be nine minutes and four 
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seconds (NEMSIS, 2010). Table 4 shows the 2010 and 2011 National EMS data related to 

response, scene, and transport times for both pediatric and adult patients.  

Table 4: National Average EMS Times  

 Pediatric Patients 
(0 – 18 Years) 

Adult Patient 
(19+ Year) 

Avg. EMS Response Time (Minutes) 9.2 9.4 
Avg. EMS Scene Time (Minutes) 12.6 14.9 
Avg. EMS Transport Time (Minutes) 11.7 12.2 
Total Incident Count 12,000,111 12,672,842 

 

Along with response time, which is defined as the time the unit was notified by dispatch to when 

the unit arrived on scene, EMS also have scene and transport times. Scene time is defined as the 

time an EMS unit arrives on the scene until it leaves the scene and transport time is considered as 

the time it takes an EMS unit to arrive at the hospital after leaving the scene. 

The 2010 - 2011 National EMS data analyzes response, scene, and transport times and 

compares them with each other in different environment types, which is shown in Figure 5. This 

data was collected over a 24-month period and included 1,200,111 pediatric calls and 12,672,842 

adult calls for a total of 13,872,953 calls. 

   

Figure 5: Effects of Environment on EMS Response Times 
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In addition, the impact of environment type, response times can be assessed on a city scale. 

Massachusetts, along with 13 other states, has around 51-100 hospitals with EDs. In 2011, a total 

of 5,852 hospitals (inpatient facilities with an ED) were identified nationwide (2011 National EMS 

Assessment). Figure 6 shows the number of hospitals with an ED per state (data from ID, AK, TN, 

and FL not available).  

 
Figure 6: Hospitals per State (Inpatient Facility with an ED) 

On a state level, Massachusetts is divided into 5 medical service regions and has 17 ACEP 

verified trauma centers. Figure 7 explores the location of ACEP verified trauma centers in different 

regions in Massachusetts.  
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Figure 7: Division of Massachusetts by Regions 

Providing EMS services in the heart of Massachusetts, Boston EMS is a vital organization 

for providing pre-hospital care in one of the busiest cities in Massachusetts.	Boston EMS sets 

specific response time goals which differ depending on the priority of the call. Calls can be 

classified from priority 1-4, 1 being life threatening/urgent calls, such as cardiac related incidents, 

2 being potential life threatening/serious, such as respiratory incidents, and 3-4 being non-life 

threatening injury, such as illnesses and injuries. Table 5 shows the median response times for 

2011 and compares them to the set response time goals. 

Table 5: 2011 Median Response Times vs Targets 
Priority Level 2011 Goal 

Priority 1 5.7 minutes 6.0 minutes 

Priority 2 7.3 minutes 7.0 minutes 

Priority 3 7.6 minutes 8.0 minutes 

Priority 4 N/A N/A 
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Priority 1 
27%

Priority 2
44%

Priority 
3-4
30%

A patient satisfaction survey conducted in 2011 showed that 80% of the patients were 

satisfied with the services provided (Boston EMS Annual Report, 2011). Response times can be 

met thanks to the location of ambulances and paramedics around the city, seen in Figure 10. Not 

only does ambulance locations help Boston EMS reach their response time goals, Boston EMS is 

able to respond to the increasing call volume and transport more patients effectively.    

2.1.3 Benefits and Challenges of the Anglo-American System 
In Boston, EMS services are largely provided by Boston EMS. Boston EMS is an example 

of an EMS organization that has adapted to the growing number of patients, clinical incidents, and 

transports. Despite the growing demand, Boston EMS continues to provide the highest level of 

pre-hospital care possible. According to Boston EMS annual reports, in 2013, Boston EMS 

responded to 116,637 incidents that included 75,761 BLS transports and 7,379 ALS transports. A 

summary of transport types and incident priorities is given in Figure 8. 

  

 
 

Figure 8: (a): 2013 Transport Types (b): 2013 Incidents by Priority 

BLS
91%

ALS
9%

a b 
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As shown in Figure 8, the majority of calls are BLS at priority 2. However, priorities 3 and 4 are 

also common in the Boston area. Figure 9 shows the number of clinical incidents Boston EMS 

responded to from 2007 to 2013.	 

Figure 9: Boston EMS Clinical Incidents 

From 2007 to 2014, the number of clinical incidents increased from 101,956 to 120,013, 

which represents a 15.0% increase in just seven years. However, not all clinical incidents are 

brought to a hospital. Figure 11 shows the total transports from 2007 to 2013. Responding to 

increasing numbers of incidents every year takes tremendous planning. To keep up with the 

demands of patients and adhere to response time goals, Boston EMS strategically place their 
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ambulances and paramedics across the city. Figure 10 shows the locations of the sixteen ambulance 

stations.	 

Figure 10: Location of Boston EMS Ambulances and Paramedics 

The sixteen stations operated by Boston EMS are staffed with a total of twenty-four ambulances 

during peak hours, which includes nineteen Basic Life Support (BLS) and five Advanced Life 

Support (ALS) ambulances (Boston EMS Annual Report, 2011). The strategic locations of the 

ambulances allow Boston EMS to respond to clinical incidents while meeting their targeted pre-

hospital response times and demands. By locating their ambulances in key areas around the city, 

Boston EMS is able to transport patients to hospitals quickly and safely. The location of the 
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ambulances also allows Boston EMS to effectively deal with the increasing number of transports 

as seen in Figure 11.  

Figure 11: Boston EMS Transports 

From 2007 to 2013, the number of BLS and ALS transports grew from 71,039 to 83,405 

transports, which represented an increase of 14.8% in seven years. Although Boston EMS has been 

facing an increasing number of transports, they continue to provide exceptional patient care. 

Boston EMS response times continue to remain below their goals, and patient satisfaction surveys 

continue to show that patients are more than satisfied with the care they received. Although many 

EMS units, like Boston EMS, have adapted to the increasing number of patients, many states 

received low grades in the 2014 American College of Emergency Physicians (ACEP) report card. 

          The ACEP report card grade the States across America based on five criteria. They are: 

access to emergency care, quality and patient safety environment, medical liability environment, 

public health and injury prevention, and disaster preparedness. The overall grades for the 2009 and 

2014 for all the fifty States and Puerto Rico are summarized in Table 6. 
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Table 6: National Grade by Category 
 2009 2014 

Grade Grade 

Access to Emergency Care D- D- 

Quality & Patient Safety 
Environment C+ C 

Medical Liability 
Environment C- C- 

Public Health & Injury 
Prevention C C 

Disaster Preparedness C+ C- 
Overall C- D+ 

 

According to ACEP, access to emergency care received the lowest grade out of the five categories. 

It is pointed out from the ACEP study that the United States does not have enough EDs to 

accommodate the growing demand of emergency care especially after the Affordable Care Act 

(ACA) made it possible for more people to be insured. On State by State level, the ACEP study 

showed that the impact of ED shortages and limited ED bed availability which was reflected in the 

access to emergency grade (see Figure 12).  

Figure 12: Access to Emergency Care Grade by State 

Access to emergency care consists of five subcategories; access to providers, access to treatment 

centers, financial barriers, hospital capacity, and access to specialists (ACEP Report Card, 2014). 

The scores seen in Figure 12 are impacted by the availability of EDs, the capacity of EDs, and the 

staffing of the EDs. EMS systems greatly contribute to this grade in numerous ways. EMS units 
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are transporting more patients to EDs than ever before, thus decreasing the availability of the ED 

to real emergencies.  

Emergency rooms in America suffer from overcrowding despite large numbers of beds and 

more efficient triage systems. The Center for Health Information and Analysis (CHIA) in 

Massachusetts reports that the number of ED visits grew from 2,777,027 patients in 2004 to 

3,093,778 in 2010, which is a 10.24% increase in just six years (CHIA, 2013). Figure 13 depicts 

the growing number of patients being brought to the ED in Massachusetts.	 

Figure 13: Total ED Visits in MA from 2004 to 2010 

The ACEP report card suggests that the enactment of the ACA is one reason for the increasing 

number of ED visits. In 2015, ACEP conducted an email survey, about the ACA, that included 

2,098 ED Physicians. Among the Physicians in the survey, 75% reported a slight or great increase 

in ED volume while the remaining 25% reported the same or slightly less ED volume than in 
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previous years (“ACEP ACA Poll Report”, 2015). The results of the survey are presented in Figure 

14. 

Figure 14: ACEP Survey: ED Volume After ACA Enactment 

In addition to the challenges involved in transporting the increasing numbers of patients, 

overcrowding, medication errors, ambulance diversion, and frequent ED users are other problems 

to deal with. 

2.1.4 Overcrowding 
         ED crowding is becoming a critical problem not only in the US but in many other countries. 

ED crowding is especially becoming a problem for countries in the Anglo-American system. A 

year-long study, starting in April, 2001, done by the Doctors: Marc Eckstein, MD and Linda S. 

Chan, PhD from Keck School of Medicine of the University of Southern California in association 

with ACEP, revealed that ED crowding has an adverse impact on the availability of ambulances 

to the community (see Eckstein & Chan, 2004, Trzeciak, 2003). Figure 15 shows the consequences 

of ED overcrowding on ambulances, their out of service time, and their availability to the 

community in the Los Angeles area.			
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Figure 15: Number of Hours Ambulance Crew was Out of Service 

The study was conducted over the course of twelve months (April 2001 to March 2002) 

and a total of 21,240 incidents were identified where EMS personnel were out of service for an 

extended period of time. The study showed that the median handoff time was 27 minutes per 

incident, with an average of 20 to 40 minutes, and the longest handoff time during the study was 

405 minutes (Eckstein & Chan, 2004). The effects of ED crowding can be clearly seen on the 

ambulance service; however, the effects of ED crowding can also be seen in many other areas as 

well. In addition to long Ambulance Out of Service (AOS) hours, another major consequence of 

ED overcrowding is a hospital’s ability to go into diversion status. Diversion status is when an ED 

can no longer accept patients, therefore forcing EMS services to transport patients to another 

hospital (CDC, 2006). The CDC reported in 2005 that 34.4% of the hospitals in the United States 

went on diversion and these hospitals spent 5% to 19% of their operating time in diversion status 

(CDC, 2006). Although the number of diversion hours was not accurately reported, the CDC was 

able to determine the causes of diversion hours as depicted in Figure 16. 
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Figure 16: Mean Percentage of Diversion Hours by Reasons for Diversion 

The survey by the CDC revealed that in more than 50% of cases, ED crowding was 

responsible for ambulance diversion. Although the CDC’s report did not include the number of 

hours hospitals were on diversion status, a study conducted by the Department of Medicine, 

University of Southern California, Los Angeles, CA, in association with ACEP, looked at 

diversion hours for several hospitals in the Los Angeles (LA) area. In 1998, the average diversion 

hours in LA was 57 hours. In 2004, the average diversion hours in LA was reported to be 190 

hours (Sun, 2006). Another study conducted by ACEP in 2003 determined that approximately 45% 

of all EDs in the United States declared diversion status (Burt, 2006). Diversion status greatly 

impacts EMS transport times. However, for patients walking into the ED, overcrowding could 

mean increased wait times. The third effect of ED overcrowding can be observed through the wait 

times reported by the 2014 ACEP Report Card. Figure 17 was extrapolated from the report card 

and accounted for the number of States in a specific time group identifying the median time from 

ED arrival to ED departure for admitted patients 
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Figure 17: Median Time from ED Arrival to ED Departure for Admitted Patients 

The ACEP report card reports that 176 minutes (South Dakota) was the lowest wait while the 

highest were 452 minutes (District of Columbia) and 778 minutes (Puerto Rico). However, Figure 

17 points to another problem; more than half of the United States will wait in the ED between 200 

to 300 minutes before seeing a physician with an average wait time of 5.8 hours in a typical 

crowded ED (Rivers, 2003). The effects of ED crowding can also be seen on the quality of care 

physicians provide while prescribing medications to patients being discharged or patients being 

transported to an inpatient floor.  

         Patients being discharged from the ED are typically sent home with a prescription to help 

them manage their care before seeing their Primary Care Provider (PCP). A study conducted by 

the Advocate Christ Medical Center from Oak Lawn, IL suggested that ED crowding resulted in 

frequent medication prescribing errors (Kulstad, 2008, Rothschild, 2009). Some of the medications 

errors identified by the hospital pharmacists are prescribing “medications at incorrect doses, 

frequencies, durations, or by incorrect routes” (Kulstad, 2008) with the most severe error being 

prescribing the wrong medication. Most errors appeared to happen with “look-alike, sound-alike” 

medications such as Ketorolac and Ketamine, and with administration routes such as intravenously 

and intramuscularly. Figure 18 explores the correlation between the Emergency Department Work 

Index Score (EDWIN Score), which is a qualitative measure of ED occupancy, and the number of 

errors per day. Figure 18 suggests there is a positive correlation between the number of errors per 

day and an increasing EDWIN score. Furthermore, the study suggested that ED crowding also 

resulted in medication errors for patients being transferred from the ED to inpatient floors. These 
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errors occurred due to lack of communication between the pharmacists, ED physician, and 

inpatient physicians due to the overcrowding of the ED (Kulstad, 2008, Rothschild, 2009).	 

Figure 18: Daily Medication Errors during Various Crowding Times 

In another study conducted by a number of hospitals and organizations, including Brigham 

and Women’s Hospital, Harvard Medical School, and ACEP, a team of Physicians studied 

medication errors that were identified by ED pharmacists. The study looked at four hospitals, 

following twelve ED pharmacists with an average of 3.3 years of experience in hospital pharmacy. 

The observations took place between 4pm – 10pm, which is when the ED experiences its heaviest 

load of patients. During the 226 observation sessions, which totaled 787 hours, the team observed 

the review of 17,230 medications for 6,471 ED patients. Out of the 17,230 medications reviewed, 

634 were suspected medication errors, which included 505 (79.7%) errors that were identified as 

repeats. Table 7 summarizes the top three medication errors and a complete list is included in 

Appendix E. These observations were made when the ED was at normal operating conditions and 

with sufficient staff (Rothschild, 2009). The study also revealed that 23 errors were potentially life 

threatening, 241 were serious, 183 were significant, and 57 were insignificant or could not be 

categorized according to Rothschild, 2009. Table 7 shows the types of errors discovered by the 

ED pharmacists and along with some specific error examples. 
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Table 7: Types of Medication Errors Recovered by ED Pharmacists 
Types of 

Medication 
Errors 

No(%) Example 

Underdoes 94 
(16.8) 

The emergency physician ordered a loading dose of 1,400 
mg acetylcysteine to treat a 100 kg patient with an 

acetaminophen overdose. The pharmacist corrected the 
dose to 14,000 mg. 

Overdose 87 
(12.5) 

The emergency physician ordered a heparin infusion rate 
at 500 units/h but was transcribed by the nurse as 500 

units per kg per hour. The pharmacist intercepted the error 
before administered. 

Drug 
Omission 

59 
(10.5) 

The emergency physician ordered calcium gluconate, 
sodium polystyrene sulfonate (Kayexalate), and insulin 
for a patient with severe hyperkalemia. The pharmacist 

noticed the blood glucose of 100 mg/dL and 
recommended adding 50 g intravenous dextrose to avoid 

iatrogenic hypoglycemia. 
  

       One of the more serious causes of ED overcrowding is increasing use of the ED for reasons 

that are non-urgent or not appropriate for an ED setting (Huang, 2003). A subgroup of patients, 

often termed “frequent flyers” is a group of patients that have been a topic of concern for 

emergency professionals for many years (Fuda, 2006). Although the literature has been divided on 

how many ED visits characterize a frequent flyer, many agree that an individual making four or 

more visits in a 12-month period is a frequent flyer. In a study done by the Massachusetts Division 

of Health Care Finance and Policy, Boston, MA, it was determined that only 1% of MA residents 

are frequent ED users. This 1% of MA frequent users accounted for 3.8% of all ED patients and 

17.6% of all ED visits in 2003 (Fuda, 2006). Furthermore, the study concluded that 57.8% of MA 

residents utilized multiple EDs. Demographics for non-ED, infrequent, and frequent users are 

shown in Figure 19. 
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Figure 19: MA Frequent ED Users – Demographics 

        The definition of a frequent flyer for this study was five or more ED visits in a twelve-month 

period. The study found that only 24.5% of MA residents used an ED even once while 1% made 

five or more visits in 2003. Furthermore, the study determined that the average number of ED 

visits made by a frequent flyer ranged from 5 to 254 visits while visiting anywhere from 1 to 43 

different EDs. On an individual hospital level, frequent flyers accounted for 8% to 31% of total 

ED visits (Fuda, 2006). Figure 20 and Table 8 contain the number of EDs visited by frequent flyers 

and the total number of ED visits, respectively.	 

Figure 20: Number of EDs Visited by a Frequent Flyer in MA 
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Table 8: Total MA ED Users and ED Visits – 2003 
Visits, 2003, No Patients, No Total Patients, % 
One  1,156,629 68.6 
Two 306,055 18.2 
Three 110,212 6.5 
Four 47,876 2.8 
Five 24,565 1.5 
Six or more 39,497 2.3 
Total 1,684,834 100 

  

 Figure 20 and Table 8, show that the majority (86.8%) of frequent flyers in MA prefer to 

use either one or two EDs perhaps due to geographical constraints or due to the staff’s familiarity 

with their condition (Fuda, 2006). In addition to frequent ED users and visiting multiple ED, 

frequent ED users showed a different primary diagnosis pattern than infrequent users. Table 9 

shows the top 10 primary diagnosis groups common among frequent users and compares them to 

infrequent users. 

Table 9: MA - Top 10 Primary Diagnosis Groups Common Among Frequent Flyers 

Primary Diagnosis Infrequent Users Visits 
(%) 

Frequent Users Visits 
(%) 

Substance Abuse  22,748 (1.0) 21,182 (4.3) 
Migraine  9,420 (0.4) 7,546 (1.6) 
Anemia 3,848 (0.2) 2,355 (0.5) 
Mental Disorders 61, 481 (2.7) 34,050 (7.0) 
Convulsions  12,617 (0.6) 6,668 (1.4) 
Diseases of the Teeth 22,472 (1.0) 10,615 (2.2) 
Congestive Heat Failure  14,336 (0.6) 6,663 (1.4) 
Diabetes 12,105 (0.5) 5,495 (1.1) 
Lumbago 20,453 (0.9) 9,079 (1.9) 
Surgical and Medical 
Complications  16, 501 (0.7) 6,160 (1.3) 

 

      The primary diagnosis given to frequent ED users and infrequent ED users were in some 

cases similar and in others cases vastly different (Fuda, 2006). Mental disorders and substance 

abuse were the two primary diagnosis groups among frequent ED users. At an individual patient 

level, 54% of frequent flyers presented to the ED at least once with a mental disorder or substance 

abuse diagnosis compared with 12.0% of infrequent users. These diagnoses lead to a difference in 

the number of admitted patients between frequent and infrequent users. From the frequent users 
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group, 18.8% were admitted and 2.3% were held for observation. In the infrequent user group, 

14.2% were admitted and 2.5% were held for observation. 

A study done by the of Clinical Neuroscience, Karolinska Hospital, Stockholm, Sweden in 

association with ACEP, found that frequent users had higher usage of other medical services as 

well (Hansagi, 2001). In a study done by Karolinska Hospital, participants were placed into four 

classes. Class A consisted of patients who only visited the ED once in a twelve-month period, class 

B is two visits, class C is three visits, and class D is four or more visits; the number of patients in 

each class is shown in Table 10.  

Table 10: Number of Participants in each Class 
Class Number of Participants 

Class A (1 ED Visits) 34,881 Patients  
Class B (2 ED Visits) 7,963 
Class C (3 ED Visits) 2,358 

Class D (≥ 4 ED Visits) 2,147 
Total 47,349 

 

During the study, the 47,349 participants made a total of 70,700 ED visits. Class D comprised only 

4% of the subjects, yet accounted for 18% of the total ED visits recorded (Hansagi, 2001). In 

addition to frequent use of the ED, a total of 57% and 59% participants in class C and D, 

respectively utilized outpatient services. Table 11 presents the percentage of patients in each class 

that utilized outpatient services and were admitted to the hospital once or more times. 

Table 11: Outpatient Services and Admission of Frequent ED Users 
 Outpatient Services (%) Admitted Once or More (%) 
Class A (1 ED Visits) 43 36 
Class B (2 ED Visits) 49 53 
Class C (3 ED Visits) 57 71 
Class D (≥ 4 ED Visits) 59 80 
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In addition to the high use of the ED, outpatient services, and high admission rates, class 

C and D participants also utilized PCP visits noticeably more frequently than class A and B 

participants. Figure 21 compares the average number of primary care Physicians and outpatient 

services visits among different age groups of the four classes.  

Figure 21: No. of PCP and Outpatient Services Visits 

Participants 65 and older utilized PCP and outpatient services more frequently in all classes. Class 

C and D used PCP and outpatient services significantly more than class A and B in all age groups.  

2.2 The Franco-German System 
The Franco-German system is centered around the idea of “Field Treat and Stabilize”, 

which is possible due to the presence of a physician or nurse in the EMS system. One of the 

strengths of the Franco-German system is the ability to bring a physician to the scene to conduct 

an on-the-scene assessment and if possible, an on-the-scene treatment (Arnold, 1998). The on-the-

scene assessment allows the physician to make a very important decision, whether or not to admit 

a patient to the hospital. If the physician determines that the patient needs to be taken to the 

hospital, then the ambulance will transport the patient and the patient will be admitted to one of 

the inpatient floors for further care. Figure 22 shows a schematic representation of the care plan 

used in the Franco-German system. 
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Hansagi et al

Visits to hospital outpatient departments were made by
43% of patients in class A, 49% in class B, 57% in class C,
and 59% in class D (test for trend, P<.001). The ED was
the only source of ambulatory care for 27% of patients in
class A, 23% in class B, 17% in class C, and 13% in class D
(test for trend, P<.001). Admitted one or more times to
in-hospital care were 36% of patients in class A, 53% in
class B, 71% in class C, and 80% in class D (test for trend,
P<.001).

The number of ambulatory visits and hospital admis-
sions increased with increasing frequency of ED visits
within the age groups as well, as shown in Figures 1 and 2.
The frequent ED users’ propensity to make high use of
other care sites as well was also evidenced in a logistic
regression model adjusted for age and sex (Table 2). Con-
verted to RRs (Table 3), the frequent ED users’ RR was
1.89 (95% CI 1.71 to 2.09) to make 5 or more visits to pri-
mary care physicians and 1.58 (1.36 to 1.82) to make 5 or
more visits to hospital outpatient departments. In addi-
tion, frequent ED users were more likely to have been
admitted 5 or more times to in-hospital care (RR 2.81;
95% CI 2.48 to 3.21) and to have had 30 or more hospital
days (RR 2.96; 95% CI 2.62 to 3.33).

Of the 100 most frequent ED users, a diagnosis code
connected with an ED visit was registered for 71 patients.

5 6 4 A N N A L S  O F  E M E R G E N C Y  M E D I C I N E 3 7 : 6 J U N E  2 0 0 1

Respiratory diseases (ICD-9 codes 460-519) accounted
for 23 patients, of whom 9 were diagnosed with asthma
(code 493). Mental diseases (codes 290-319) were pres-
ent for 7 patients, 4 of whom evidenced alcohol-drug
dependence (codes 303-305). Symptoms and ill-defined
conditions (codes 780-799) were registered for 23 patients,
and the remaining 18 were given other codes. Only 2
patients were registered as having chronic diabetes (code
250), and 1 as having circulatory disease (410-456).

A total of 873 (1.8%) patients died during the year. The
SMR was higher, the higher the ED class: 0.88 (95% CI
0.81 to 0.96) in ED class A; 1.10 (95% CI 0.95 to 1.27) in
class B; 1.35 (95% CI 1.09 to 1.68) in class C; and 1.55
(95% CI 1.26 to 1.90) in class D (test for trend, P<.0001).

D I S C U S S I O N

The computerized patient database provided valid data
on overall health care use by ED patients. Studies with
similar aims undertaken before the data era were, of
necessity, restricted to interviewing patients, a method
that is subject to the inherent weaknesses of self-reports,
such as memory bias or unwillingness to answer. In the
present study the compilation of data concerning use of
different health care sources was unproblematic because

Figure 1.
Average number of physician visits in primary health care and at
hospitals by age group and ED class.
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Figure 2.
Average number of hospital admissions by age group and ED
class.
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Figure 22: Schematic Representation of Franco-German Patient Care Plan 

         In Germany, which operates under the Franco-German system, EMS dispatch is structured 

differently than in the Anglo-American System. To reach EMS services, the caller calls 112 instead 

of 911 (Roessler, 2005). This number puts the caller in contact with an emergency ambulance 

center which is managed by paramedics who receive additional ambulance dispatch training 

(Roessler, 2005). Depending on the situation, the dispatcher will determine whether to dispatch an 

ambulance staffed with paramedics or a Physician staffed ambulance. The involvement of a 

Physician prompted Germany to create two distinct dispatch systems; the stationary and the 

rendezvous systems (Roessler, 2005). In the stationary system, the Physician arrives with the 

paramedic-staffed ambulance. In the rendezvous system, the Physician arrives using a rapid 

response vehicle equipped with all the necessary equipment. The stationary system is 

advantageous because only one vehicle is dispatched to the scene. However, 87% of current 

systems follow the rendezvous system because in many cases the patient may not need to be 

transported to the hospital. Thus having a separate Physician vehicle allows them to respond to 

another call in a timely manner (Roessler, 2005). 
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2.2.1 Personnel and Scope of Practice 
         Like the Anglo-American system, the Franco-German system utilizes paramedics. 

However, certification levels and designations are slightly different. Table 12 summarizes the three 

different paramedic levels utilized in Germany and their training requirements. 

Table 12: EMT Training Hours in Germany 
 Classroom Training Hours Field Training Hours 
Rettungshelfer (RH) 160 80 Hours of Hospital Training 

Rettungssanitäter (RS) 160 160 Hours of Hospital Training  
160 Hours of Ambulance Training  

Rettungasassistent (RA) 1200 Hours of Practical and 
Theoretical Training (1 Year) 

1600 Hours of Ambulance 
Apprenticeship (1 Year) 

  
RH, RS, and RA are somewhat analogous to the BLS, ILS and ALS designations used the United 

States. However, SOP laws in Germany are vastly different. Physicians have been an integral part 

of EMS from the very beginning, and thus paramedics are only allowed to perform a small number 

of interventions. If a physician is not needed or not readily available, paramedics are allowed to 

perform the following; defibrillation, venous access, tracheal intubation without muscle relaxants, 

infusion of crystalloid solutions, and administration of certain drugs (Roessler, 2005). RS and RA 

paramedics are trained to handle many different situations, but the strength of the Franco-German 

system comes from the utilization of physicians. Physicians are dispatched to the scene for a 

number of reasons, including suspicion of acute impairment of vital functions, loss of 

consciousness, extensive external bleeding, chest pains, shortness of breath, stroke, seizures, 

accidents with major trauma, pediatric accidents, and birth (Roessler, 2005). 

2.2.2 benefits and Challenges of the Franco-German System 
Aside from utilizing physicians, one of the strengths of the Franco-German system is its 

implementation of nurses in ambulances, with a physician at the dispatch center ready to dispatch 

to help the nurse. A study conducted in 1998 by Dr. H. Haljamäe Suserud, a physician from the 

anesthesiology and intensive care unit from Sahlgrenska University Hospital, Göteborg, Sweden, 

compared roles of nurses and paramedics in ED. The study examined the competencies of 

paramedics and nurses as well as how physicians in the ED feel about the pre-hospital care each 

group can provide. The twenty doctors in the study expressed the need to have personnel competent 

in all areas of rescue and pre-hospital patient treatment whether they are a nurse or paramedic. 

Nine of the twenty doctors considered the competence level of EMTs to be insufficient due to their 
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limited of knowledge in areas such as pharmaceutical intervention and advanced medical 

procedures. To fill the professional gap in pre-hospital, 12/20 participants suggested further 

education of EMTs while 17/20 suggested the involvement of Registered Nurses (RN) is a more 

effective method. Lastly, 18/20 noted that nurses trained in anesthesia or intensive care are more 

advantageous in an ambulance setting. Overall, the twenty participants realize that the presence of 

nurses will enhance patient care (16/20) and allow for more complex medical procedure to occur 

in the field (11/20) (Suserud,1998). The combined use of nurses and physicians in the Franco-

German system gives rise to many advantages; however, the system is not without some 

weaknesses.  

One weakness of the Franco-German system is a shortage of dedicated staff, both in the 

ED and in the pre-hospital setting. A survey of the Nordic Countries done by a number of 

organizations and colleges revealed that Countries such as Sweden are short staffed in the ED and 

in the field. The presences of a physician in the field allows the ED to have specialized units such 

as trauma, pediatrics, cardiac care, etc. However, a consequence of the compartmentalization of 

the ED is the increasing demand for specialized staff. In Sweden for example, there is a shortage 

of specialized intensive care nurses. The shortage of specialized staff is not only driven by the 

compartmentalization of the ED but it is also driven by the advanced medical equipment and 

techniques presented in these EDs. The demand for highly trained staff, necessary to operate the 

equipment and perform specialized techniques, is at an all-time high for the Nordic Countries 

(Langhelle, 2003). 

2.3 Run Reports and Patient Handoff 
         In the United States and many other countries, run reports are used to keep a summary of 

all relevant information pertaining to an ambulance trip. Run reports are associated with a run 

number, which is generated sequentially by the EMS unit or the 911 dispatcher. When a run 

number is generated, it is passed to the responding ambulance crew along with the patient’s address 

and chief complaint, among other information. The run number allows paramedics to start a new 

run report where all information regarding patient care will be recorded. The run number also 

provides a unique number to identify individual run reports. 

Run reports are structured in such a way to give a physician or any other healthcare provider 

a complete picture of the patient’s condition when the paramedics arrived on a scene and during 

transport. In Massachusetts, run reports are regulated by the Massachusetts Ambulance Trip 
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Record Information System (MATRIS). MATRIS established nine categories that must be filled 

out with as much detail as possible in order to be up to standard. To name a few of these entries, 

include service/incident/destination, patient information, vital signs, medications, and procedures. 

The run report also provides a place for patients to sign if they refuse care or transport from EMS 

(MATRIS Trip Report, 2011). A run report is a dynamic document, in that paramedics are always 

adding information to it while in transit. When the ambulance arrives at the hospital, paramedics 

can verbally handoff patient information to the ED physician and finalize their report. 

Handoff times are often recognized as volatile, as communication errors between EMS and 

the receiving facility can greatly compromise the quality of care (Maugham, 2009). Handoff 

between EMS and ED staff is largely done verbally. A study was done by the Department of 

Otolaryngology, St. Michael’s Hospital, South Street, Bristol, UK and it revealed that verbally 

handing off information leads to loss of important patient data. Verbal handoff is the dominant 

form of EMS-ED handoff; however, multiple studies revealed that a printed sheet pre-filled with 

patient data is a more effective method of handing off patient information (Maugham, 2009). 

Although run reports often contain greater detail than paramedics give during handoff, paramedics 

do not have the ability to print the report upon arrival to the ED. As a means of trying to provide 

paramedics with such an ability, AIR can be potentially used to print patient information thus 

giving paramedics a more effective method of communicating with ED staff. 

2.3.1 Generating Run Numbers and Run Reports  
         Generating a run number starts when a 911 call is placed and EMS is requested. 911 

dispatchers typically transfer the call to a local EMS unit (e.g. UMass EMS) where a local 

dispatcher can dispatch an ambulance. Figure 23 presents the EMS process utilized in the patient 

care process (Sung, 2012).  

Figure 23: EMS Process 

The run number is generated after a 911 call is placed and before the ambulance is 

dispatched. Run numbers are generated in a sequential manner. Meaning that they start at 1 and 

increase to as large a number as is needed to accommodate all of the calls that the unit receives 

during a given year.  On January 1st, at midnight, the run numbers reset back to 1, and then resume 

incrementing as normal. After generation, the run number is passed to paramedics being dispatched 
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to the scene. This allows the paramedics to start a new run report. The unique identifier for any 

specific report will be the run number. 

 In Massachusetts, MATRIS regulates the 144 required fields of the run report 

(Massachusetts Office of Emergency Medical Services); a full list of the required fields is included 

in Appendix B. The 144 fields fit into nine categories; service/incident/destination, patient 

information, vital signs, medications, procedures, EKG with the attached waveform report, cardiac 

arrest, trauma, and a short narrative. Examples of the service/incident/destination and patient 

information sections are shown in Figures 24 and 25, respectively. A complete example of the run 

report can be seen in Appendix A. Also included in Appendix B is a list of some of the report data 

elements and values which paramedics can choose from when completing a report.  

Figure 24: Run Report – Service/Incident/Destination 
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Figure 25: Run Report – Patient Information 

        The service/incident/destination section of the run report is the first part to be completed by 

paramedics. This section contains details about the EMS unit, Public-Safety Answering Point 

(PSAP) information, information about the scene, dispatch reason, and any information about prior 

aid and who provided it. The report includes the name of the responding EMS unit (e.g. volunteer, 

private or public EMS), the license number, and national provider ID. This section also includes 

the address, date, on-scene arrival time, scene departure time, and the reason of dispatch. Included 

in this part is also a section about any prior interventions that were conducted before the arrival of 

EMS and who made those interventions. 

         The patient information section contains many pieces of valuable information. This section 

includes the patient’s full name, Date of Birth (DOB), age, race, gender, phone number and 

address. This section also provides an opportunity for paramedics to enter current known medical 

information about the patient. This includes current medications, medical/surgical history, 

allergies, barriers to patient care, and alcohol or drug use indicators. Lastly, this section allows the 

paramedics to enter their initial assessment data. This data includes the chief complaint, pain scale, 

responsiveness level, eye opening, verbal, motor, Glasgow qualifier, Mass stroke scale, skin color, 
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pupils, and breathing sounds. The next six sections are where paramedics insert all data collected 

during the transport. These sections are vital signs, medications, procedures, EKG including a 

waveform, cardiac arrest, and trauma. The vital signs section is where paramedics record every set 

of vitals obtained from the patient. This includes date/time, pulse, Blood Pressure (BP), 

Respiration Rate (RR), and SpO2. Under the medications sections, paramedics must record all 

medications administered during pre-hospital care. This includes date/time, medication name, 

dose, and route. The sections allow paramedics to record any procedures attempted on the patient. 

This includes everything from simple bandaging to intubation of the patient. The EKG section 

serves as a place to record any information obtained from a 12-lead (EKG), and if a full EKG 

image is produced paramedics must print it and include it in the run report. The cardiac arrest 

section is used if the patient suffers a heart attack during transport or if a heart attack was the 

primary chief complaint. Lastly, the trauma section is used to indicate a specific type of trauma 

and the location of the trauma. 

         The final part of the run report is a short narrative written by the paramedics. The role of 

the narrative is to provide a clear and complete picture of the patient care process and must be as 

clear and concise as possible. The first part of the narrative is chief complaint which must be 

clearly stated. The next section is history. The history section “sets the scene” by giving details 

about the patient, and describing how and where the patient was found. This section also includes 

the patient’s injury or illness, allergies, and any known medication history. The next section is an 

assessment. This includes head/neck/spine assessment, chest, abdomen, extremities, skin, vitals, 

EKG, and mental assessment. The next section is interventions/response. This section discusses 

what medications the paramedics administered including dose and route. In this section, 

paramedics are also required to note all procedures done on the patient. The last two sections are 

transport and communication. The transport section notes the type of transport used (stretcher, 

etc.) and any changes in condition during transport. The communications section includes contact 

information for the EMS unit and the receiving hospital. Lastly, paramedics must sign their run 

reports and include their level, role, and ID. 

         The last section of the run report is a refusal of care segment that is used when patients 

request not be transported to a hospital or refuse care from the paramedics. An example of the 

refusal of care section is shown in Figure 26. 
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Figure 26: Run Report – Refusal of Care 

Although the run report includes a refusal of care section, this has caused EMS units some 

problems in the past. A presentation was given by Dr. Marc Eckstein, MD, MPH, FACEP a 

medical director for the Los Angeles Fire Department presents many cases in which paramedics 

were found at fault after leaving the scene without transporting a patient (Eckstein). In many of 

these cases, paramedics determine that the patient does not need to be transported or the patient 

refuses to be treated or transported. After a short period of time, paramedics are often called back 

to the scene (Eckstein). 

2.3.2 ED Handoff: Benefits and Challenges  
         Medical handoffs are typically defined as, “the transfer of professional responsibility and 

accountability for some or all aspects of care for a patient, or group of patients, to another person 

or professional group on a temporary or permanent basis” (Bhabra, 2007). Despite the many 

available forms of handoffs, verbal handoffs continue to be the most prevailing method in many 

EDs today (Cheung, 2010). Other presently used methods of patient handoff include note taking, 

printed sheet, and computerized forms applications. St. Michael’s Hospital, Bristol, UK conducted 

a study examining data retention after each handoff cycle using the verbal, note taking, and printed 

sheet methods. The study looked at the handoff of twelve patients who were divided into three 

groups of four patients. Each patient had twenty data points associated with their record, thus 

totaling 80 data points per group and 240 data points in total. Table 13 and Figure 27 display the 

percentage of data retained after each handoff for five cycles of handoff between providers.  

Table 13: Percentage of Data Points Retained After Each Handoff Cycle 
 Verbal (%) Note (%) Printed (%) 
Handoff 1 33 92 100 
Handoff 2 10 91 100 
Handoff 3 9 90 100 
Handoff 4 2.5 88 100 
Handoff 5 2.5 85.5 98.75 
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Figure 27: Percentage of Data Points Retained After Each Handoff Cycle 

The study revealed that note taking and printed sheet handoff methods are superior to 

verbal handoff methods. Overall, the verbal group retained 2.5% of the data, the note-taking group 

retained 85.5% of the data, and the printed sheet group retained 98.75% of the data. The study 

concludes that while verbal handoffs are the most commonly used type of handoff, they are 

susceptible to significant data loss (Bhabra, 2007). Note -taking is significantly better than verbal 

report communication, but, printed sheets with a pre-determined structure were by far the most 

accurate handoff. A limitation of the study conducted at St. Michael’s Hospital was that it did not 

look at the effects of using computer-assisted handoffs. However, a study done by ACEP in 

association with several hospitals looked at using computer-aided handoff systems. The study 

examined the use of electronic health records and how they can be used as a tool to handoff 

patients. It was shown that computer-aided handoff methods were effective at improving 

communication and reducing errors. However, it was also shown that computer-aided systems 

were often complex and difficult to use. Due to their complexity, these systems are often not 

desirable in an ED setting (Cheung, 2009). Although the system has proven to be complex at times, 

the study noted that using a computer-aided handoff can increase safety and communication 

between providers. The program can be made in such a way that forces the user to insert certain 

information, helps the user retrieve information quickly, and provides a means of communication 

between providers through comments (Cheung, 2009). 
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2.3.3 Utilizing Run Reports at ED Handoff  
Currently, handing off patient information does not follow a standardized format, and only 

a few standardized formats exist. In the United States, the SOAP system is advocated by Mosby’s 

paramedic textbook and EMS services (fchn.org).  The explanation of SOAP is detailed in Table 

14. 

Table 14: SOAP system 
 Trauma Cardiac General 

Subjective data Severe Bleeding Chest pain Ankle sore after a fall 
Objective data Low blood pressure Abnormal/no pulse Swelling of Ankle 

Assessment Femoral Artery 
Laceration  

Myocardial Infarction 
(Heart Attack)  

Potentially Fractured 
Ankle 

Plan Direct Pressure over 
Area CPR/AED Splinting 

  

Subjective data includes symptoms, medical history, and allergies, while objective data includes 

any evaluations and vital signs that paramedics recorded.  The assessment is what the initial 

diagnosis made by the paramedic based on vital signs and other data obtained., The plan is what 

interventions/medications the paramedic intends to utilize to properly handle the symptoms of the 

patient.  Other such systems exist, such as South Africa’s MIST system. The MIST system is 

defined in Table 15. 

Table 15: MIST system 
 Trauma Cardiac General 

Mechanism Car accident N/A Fell down 
Injuries Concussion N/A Ankle sprain 
Signs Confusion/Disoriented Abnormal/no pulse Swelling 

Treatment Transport to ED for 
Physician Evaluation CPR/AED Splinting 

 
Mechanism refers to the way in which the injury or illness was received by the patient.  

Injuries are what the patient has sustained, or are suspected to have sustained.  Signs are any 

observations that EMTs make and any monitoring that is done by EMTs.  Treatment is what 

interventions the paramedics utilized to address the patient’s e juries and complaints. Additionally, 

a slightly modified version of the MIST format adds patient demographics, giving a DeMIST 

system. Currently, these forms are fully verbal, and no system is in place to make the transfer of 

patient data printed, despite the benefits, as described in the study done at St. Michael’s Hospital.  

This is preciously the gap AIR was designed to fill.  AIR is a program that allows the time stamping 
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of medical interventions performed by paramedics during the course of an ambulance trip.  In the 

future, it will also be able to make a printed report of the ambulance run for paramedics to hand 

off to ED staff. 

This printed sheet, as discussed previously, will allow for much higher data retention 

during patient handoff.  Printing out the interventions report in the ambulance and handing it off 

with the patient have the potential to save ED staff time during treatment of a patient, as fewer 

diagnostic steps need to be taken early on, and the paramedics’ data can be used instead.  Such a 

reduction in time may be able to reduce the issue of ED overcrowding. 
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CHAPTER 3. ITERATIONS AND FORMULATIONS  

3.  Introduction  
This section describes the myriad of problems we are asked to solve for the duration of the 

IQP life cycle, the process by which the software was developed, and inspiration for our project. 

The first iteration of the project was an all comprehensive vital signs monitor. The goal of the 

vitals monitor was to consolidate all patient vital signs onto one screen and display it on a central 

screen. The second iteration of the project was to build the ultimate patient identification system. 

The goal of this system was to generate a patient ID number to be used by paramedics. The number 

would contain patient identifying information and all pre-hospital care information. The last 

iteration of the project was to develop a time stamping software. The program time stamps all 

medical interventions done during the pre-hospital process. The basic structure of the three 

iterations and their objectives is outlined in this section. Lastly, this section also explains the 

inspiration behind the development of AIR.  

3.1 Project Development and Objectives  
 This section describes the development process of each project iterations. This section also 

describes the objectives behind those iterations.  

3.1.1 Project Developmental Process 
The first set of project objectives were to design a device to measure vital signs of a patient 

during transit to the hospital.  It would also be able to record these vitals and send a live feed of 

the patient’s vitals to the hospital for ED staff to review before a patient arrives.  This could allow 

for earlier diagnosis of a patient. The project’s goal was to design, and build a model of, a device 

meant to measure a number of different vital signs.  For simplicity, we focused on four, specifically 

SpO2, blood pressure, temperature, and pulse.  A mockup of the user interface that the device was 

planned to have can be seen in Figure 28. 
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Figure 28: Sample Vital measurement UI 

The device would have been made such that it could accept input from a number of different 

sensors beyond the ones we initially designed it for.   

We started by obtaining the sensors such as a pulse oximeter and blood pressure cuff, and 

began to look at what kind of signals they sent out that we could read.  During the research for this 

device, we found that the Zoll LifePak already consolidates the recording of vital signs on an 

expandable platform, making our device redundant. Additionally, we found a product by ADLINK 

that allows for the ambulance to send the hospital real-time updates on a patient’s vital signs. It 

was at this point that we discovered that this system we intended to build already existed, albeit in 

a small percentage of EMS systems.  As redeveloping existing systems would be redundant, we 

moved on and began another project. 

The second project was a device and accompanying program meant to keep track of patient 

information during an ambulance run.  The project centered around a number which could be used 

to identify key information about a specific ambulance run.  The information contained in the 

number, known as the Ambulance Patient Identification Number (APIN), was initially a region 
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number, an EMS unit number, an EMT number, and a patient identification number.  The format 

for the initial APIN can be seen in Figure 29.  

 Figure 29: Initial APIN Structure  

Each EMS unit would have a specific number assigned to it, if one such number didn’t 

already exist.  The first digit of this number would be a region code, allowing for more rapid 

identification of which region in a state the unit is geographically located.  Each EMT at a given 

unit would have their own unique EMT ID number, which would be used by APIN to show which 

EMT was primarily in charge of care in the back of the ambulance during the run.  Finally, the 

patient Identification number would be used to identify a specific patient. 

The project then changed slightly, and the identification portion was discarded in favor of 

an incident-focused structure. The change was made after realizing that run numbers are already 

in place to identify patients. In addition, the idea was born out of a data security, and associated 

HIPAA concerns, and so we decided not to store any identifying information about the patient in 

the APIN system, which was re-defined as the Ambulance Patient Incident Number. The new 

APIN was identical in structure to the old APIN, with 3 exceptions.  The new structure contained 

a letter coded lead, a fourth number block, and the patient identification number changed to an 

incident number.  Details of the updated structure of APIN are in Figure 30. 



	42 

Figure 30: Second Structure of APIN 

The status code, which was an optional section, was used if any of the codes applied, and 

would denote what kind of call was associated with the specific run. The Treatment code, which 

is the second update in the APIN structure, would allow for paramedics to denote to which hospital 

the patient was brought, if the patient refused care, or any other possible outcome of an ambulance 

being dispatched.  Finally, the incident number simply started at 1 and incremented with each 

ambulance run. 

The APIN system would also be able to read out vital signs if needed, and we planned to 

have it display SpO2, blood pressure, pulse, and weight.  There would also have been a section for 

Paramedics to add notes about the run to be tagged onto the APIN number.  There were also plans 

to have a printer incorporated into the system, allowing for a wristband to be printed and attached 

to the patient. This would have allowed the hospital to add the APIN number and the 
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accompanying report to the patient’s medical record. A sample of a wristband can be viewed in 

Figure 31. This project went up until the client meeting, where project goals were refined. 

Figure 31: Sample Wristband 

After some development on APIN, and the meeting with the client, the team confirmed that 

APIN would only add confusion and unwanted time to an EMTs run. This was due to the fact that 

APIN served the same purpose as the system that is currently used by EMS. The goals of the 

project were refined to focus on a time stamping software name AIR. The refined goals were aimed 

at improving the accuracy of run reports   

Our meeting took place on February 2nd, 2016 in a UMASS ambulance depot. During this 

meeting, our client informed us on some problems EMTs have while filling out run reports after 

each run. EMTs do not have a way of accurately knowing at what time medical interventions and 

other procedures are done. Our client then expressed the need for timestamping and recording all 

medical interventions and procedures done on the patient during the pre-hospital care process. Our 

team then started developing AIR (Ambulance Interventions Report). This iteration of AIR 

allowed paramedics to manually enter a run number to start a new run. Once the run number was 

entered, the program switched screens to show sixteen interventions. However, after the initial 

meeting, the team was unsure which sixteen interventions were most relevant to the paramedics. 

For that reason, a second meeting with the client was scheduled to discuss the interventions and 

the overall design of the program.  
After the development of the first iteration of AIR, the team scheduled a meeting with the 

client to discuss the features and functionality of the program. The meeting took place on February 

18th, 2016 at the UMass ambulance depot. The client liked the the look of AIR and the features the 

team incorporated into the program, but had a few suggestions and modifications to the program. 

The most important addition the client wished to make to the program is updating the run numbers 

automatically from the server. The client wants this addition in order to avoid having the 

paramedics manually enter run numbers at the start of every call. This would effectively help the 

paramedics avoid making any mistakes entering the run number and save time at the beginning of 

calls. During this meeting, the client also revealed which sixteen interventions were most common 
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to among UMass paramedics. This gave the team a rough idea of what interventions should be 

included on the startup screen and in what order. This meeting also gave the team an idea of how 

the client wants the program to be incorporated into the ambulance. The client requested that the 

program be running on a detachable tablet mounted to the right of the captain’s chair in the back 

of the ambulance. In addition to the captain’s chair tablet, the client also identified a secondary 

location for a second tablet. The client requested two tablets to avoid having personnel reaching 

over the patient to access the program. The requested tablet locations are shown in Figures 32 and 

33. 

 
Figure 32: Client Requested Tablet Locations – Captain’s Chair and CPR Seat 

The client requested that the first tablet be placed between the CPR seat and the captain’s chair. 

This positioning would allow the attending paramedic and either another paramedic or firefighter 

conducting CPR to access the program and time stamp any interventions. 
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Figure 33: Client Requested Tablet Locations – Bench Seat 

The positioning of this tablet allows another paramedic occupying the bench seat to access the 

program and timestamp any interventions being done such as IV establishment or medication 

administration.   

3.1.2 The Objective of each Iteration  
 The objective of AIR and program requirements are fairly compact; however, AIR’s 

potential to bring reform to the EMS – ED process is pronounced. AIR is designed to allow 

paramedics to time stamp all medical interventions that take place during a run. At the end of the 

run, paramedics save the timestamp report, named AIR. AIR was designed to address some of the 

issues discussed in Chapter 2. The issues AIR was designed to address are EMS – ED 

communication, handoff times, ambulance out of service hours, and medication errors. 

 The first and most important issues AIR is designed to address are EMS – ED 

communication and handoff times. EMS – ED communication usually occurs verbally both while 

en route and at handoff times. As seen from the study done by St. Michael’s Hospital, verbal 
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handoffs frequently resulted in significant patient data loss. Loss of patient data or incomplete 

patient records at handoff can be problematic in many ways. Handoffs are usually very volatile 

times as paramedics try to convey has much information as possible to ED staff. However, in busy 

hospitals or when EMS is experiencing a huge load of incoming calls, turn around times are 

shortened to accommodate the increasing number of patients (Powers, 2015). Without a structured 

handoff, it is relatively easy for information to not be handed off to the receiving facility. When 

critical information is not handed off by EMS, ED staff must either remember to ask for it or must 

call the EMS agency if the paramedics have already left the hospital (Powers, 2015). In order to 

reduce communication errors between EMS and the ED, AIR hopes to give paramedics the ability 

to handoff patients using a structured method to avoid gaps in patient care. As a side affect of 

improved EMS – ED communications, patient handoffs will also improve and shorten in time.  

 Improving communication and handoff times are extremely beneficial to the EMS unit the 

patients they serve. By shortening handoff times, ambulance crews will be able to return to service 

much quicker thus making them more available to the community. The study done by Keck School 

of Medicine of the University of Southern California revealed that ambulance crews can 

experience delays during handoff thus affecting their availability to the community. Giving 

paramedics a structured and consistent handoff method through AIR will again help them handoff 

patients quicker, thus crews will be able to return to service much faster.  

3.1.3 The Inspiration  
For the AIR system, we drew inspiration primarily from the field of aviation.  All 

commercial aircraft are mandated to have two pieces of technology on board, a Cockpit Voice 

Recorder (CVR) and a Flight Data Recorder (FDR). Figure 34 is a picture of a flight data 

recorder.  These two items are built in a way such that they will survive even if the rest of the 

aircraft doesn’t, and can be located and the data inside recovered after an incident.  This data is 

then used by experts to piece together the events that led up to the incident. 
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Figure 34: Picture of a Flight Data Recorder 

The CVR is a device that records a number of different audio channels throughout the flight.  The 

CVR records ambient noise in the cockpit, such as engine noise, stall warnings, and actuation of 

the landing gear.  It also records any and all communications between the pilots and crew.  The 

other major piece of equipment is the FDR.  This device is designed to take many pieces of data 

constantly during flight, such as altitude, throttle setting, flap position etc.  A sample of the data 

from an FDR can be seen in Figure 35. 



	48 

Figure 35: FDR Data Sample 

The data from the FDR is sufficient that a computer model of the incident can be created 

solely from its data. All data recorded by the FRD includes a timestamp, allowing for easy 

determination of when the particular event happened.  A sample animation created from data from 

the FDR, including the timestamp, can be seen in figure 36. 
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Figure 36: FDR Animation 

The data extrapolated from Figure 35, can be used by the National Safety Transportation Board 

(NTSB) to generate a very accurate animation of the flight and all actions the pilots implemented. 

Similarly, AIR is indented to have the same usage. These devices provided the team with 

something to look at as a model, and gave way to the final result that is AIR.  AIR is intended to 

be used to aid with paramedics’ reconstruction of the ambulance run, to better be able to keep 

logged times accurate.  Since a run report is meant to, among other things, provide a walkthrough 

of the run, AIR will allow for these reports to more accurately reflect the events of the run. 
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3.2 Structure and Algorithm  
This section not only discusses the multitude of solutions to the problems that the team 

attempted to implement throughout the project, but also the team’s methodology for each of these 

implementations. The particular software solutions that are discussed in this section are The Vitals 

Monitor, The APIN System, and AIR. During the development of this project, the MVC system is 

implemented. MVC is a method of software development in which the data, the user interface and 

the logic are abstracted away into the Model, View, and Controller respectively. 

3.2.1 Patient Vital Signs  
The first iteration of our project is to find a simple way to measure vital signs of a patient 

and consolidate the readings onto a single screen. Although this iteration made it through the basic 

design phase, it mainly served as a framework to evaluate medical devices used in pre-hospital 

care. These devices included a blood pressure cuff and a pulse oximeter. After some modification 

of the project objectives, the APIN system is designed. The project objectives are further modified 

due to the presence of devices such as the Zoll LifePak that already consolidates patient vitals onto 

a central screen.  

3.2.2 The Developmental Stages of APIN 
The APIN system (Ambulatory Patient Identification Number, and later Ambulatory 

Patient Incident Number) is a system intended to be an ambulance based patient status and 

identification system. The idea is to have a device (APIN) that can record vital signs, and 

evaluations of patients receiving pre-hospital care. We quickly determined the feasibility of APIN 

and began designing almost immediately. We decided to begin by drawing up some of the User 

Interface (UI), shown in subsequent Sections in this report, for two reasons. First, we only have 

one programmer on the IQP team. Second, the user interface is the first thing people would see 

when they run the application, so it is important that everyone is able to get some input. After 

drawing up one or two UI screens, a decision is made to determine what our data model would 

look like. From this stage, we begin to write and develop the code for APIN. 
As mentioned above, we used the MVC design pattern when programming the application. 

The ‘M’ in the MVC pattern stands for Model and is the first step in building an application with 

MVC. The design of the data model is centered around generating APIN. A further evaluation of 
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our application requirements provides an opportunity to improve the design and code. The design 

of our data model can be seen in Figure 37. 
 

Figure 37: Data Diagram Flowchart 

The diagram in Figure 37 has five tables and six relations. It also has four forks, four crosses, and 

two forked crosses. Each of these things is representative of different parts of a relational database. 

Data tables in a relational database contain the data. These data can be manipulated under various 

operations such as inner and outer joins. These data tables are represented by the rectangles in 

Figure 37. The next important part of the relational diagram are the relations represented by the 

diamonds. The actual relationship between these data is represented by the different lines between 

the relations and the tables. Four different types of relationships exist. The first type of relation is 

known as a one to one relation in which each element in one table corresponds to exactly one 

element in another table. The second type of relation is called a one to many relation and it 

describes the relationship between two tables where one element in a table corresponds to multiple 

elements in another table. The third type of relation is called a many to one relation and it is the 

inverse of one to many. The fourth type of relation is called many to many, and describes a 

relationship in which each element in a table corresponds to multiple elements in another table and 

vice versa. The many to many, one to many, one to one, and many to one relationships are shown 
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by the forked crosses on both ends, the cross on one end and the fork on the other, the crosses on 

both ends, and the fork on one end and the cross on the other, respectively. 

The second step in the MVC pattern is to develop the view. Understanding the nature of 

the data that needed to be displayed makes the design of the UI somewhat easier. It is also noted 

that, although it was not immediately obvious, a login screen would be required in order to not 

only distinguish between screens, but to validate the users of the application. Once all of the basic 

screens are created, we need a way to navigate through them. A map of the UI is generated from 

the bottom up and can be seen in Figure 38. 

 

 
Figure 38: APIN User Interface Map 

Figure 38 help the team develop each screen of the program. The main screens in APIN are the 

login, main screen, new patient, patient queue, and settings screen. The full details of each screen 

are discussed in subsequent Sections. The final step in the MVC pattern is to create the controllers. 

Controllers join the model and view to create a cohesive program. Anything that does not align 

with the model or the view, goes into the controller. The definition of controllers is somewhat 
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nebulous compared to the model and view. This is done intentionally to allow for much of the 

basic operation of the program to work. 

3.2.3 Ambulatory Interventions Report – AIR  
AIR is our first iteration of the new application. We abandoned our original development 

methodology of MVC and immediately began writing code. We hacked it together in less than two 

days as a proof of concept. The program worked but was obviously unmaintainable. Now that we 

knew the program could be properly built in the remaining time that we had, we decided to rebuild 

the program in a different, better looking, framework. 

We rebuilt AIR with the intent of making it a better application. We quickly realized that 

there wasn’t enough time to build this application properly. Once again it was hacked together 

quickly. Being the second rapidly developed application we made, it came out significantly better 

than the original. Like the original, it was all written in a single class but this time we used JavaFX. 

JavaFX made the process slightly more difficult as it was an unfamiliar framework. 

3.3 Application and Implementation  
This section discusses the application’s capabilities as well as the various processes that 

were implemented as development unfolded. The development processes that are discussed relate 

to AIR as these were the only applications that software development was attempted. This section 

outlines exactly how both APIN and AIR work using user interface screen shots. The functions of 

each program, including input and output, are also discussed.  

3.3.1 Development Processes 
The development processes for each of these attempted projects had major differences. 

This is because the development environment and application constraints sublimated as time went 

on. The first project was built with the best practices in mind. Proper documentation was always a 

priority. The architecture of the program was thoroughly thought out and the design pattern was 

strictly adhered to, such that the final state of the program would have easily allowed for the next 

development team to pick it up. This was what we had decided would be the best course of action 

given the amount of time we had and the basic application requirements. 

The second project was built in less than 36 hours as a basic proof of concept. From start 

to finish all thoughts and theories of architecture and design pattern were thoroughly abandoned. 
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Documentation was severely neglected. Maintainability was something that was not considered 

during the development of this project. Once the project was actually completed, it was erased. 

The third and final project was built on the inside of a week using a new UI framework. 

Documentation was added once the program was completed. The architecture and design pattern 

were totally ignored throughout the development. 

3.3.2 Ambulatory Patient Incident Number – APIN  
The objectives of the vital signs monitor were re-evaluated after further research brought the team 

to the Zoll LifePak. The LifePak is built on an expandable platform, meaning that multiple sensors 

can be attached to display more information. Following this finding, the team switched focus on 

developing an APIN. Detailed operations of APIN are shown in the following figure.  

The first screen of APIN is the login screen, seen in Figure 39. The main purpose of this 

screen is to obtain the EMT ID for the bedside paramedic, which is used to generate part of APIN. 

Figure 39: APIN Login Screen 
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After login, the program brings the user to the main screen, seen in Figure 40. From this screen, 

the user had the option to start a new patient, access the patient queue, modify settings, or sign out 

of APIN.  

Figure 40: APIN Main Screen 

Pressing the “Start New Patient” button initiates the process by which APIN would be generated. 

After the button is pressed, the user is prompted to enter the hospital the patient is being brought 

to (see Figure 41). If the hospital is not listed, the user has an “other” option which prompts the 

user to manually enter the name of the hospital. The selection of the hospital provides another set 

of numbers for the generation of APIN. 
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Figure 41: APIN Select Hospital Screen 

After a hospital has been selected, the user is brought to another screen where they’re prompted to 

enter patient information (see Figure 42). This information includes, name, date of birth, sex, 

weight, patient status, and any paramedic notes about the patient’s condition. In addition to this 

information, APIN was designed to obtained vital signs. On the right hand side, the program also 

displayed the name of the EMS unit and the ID number, the name of the EMT and the ID number, 
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and the ID number of the hospital. All of this information is then saved onto APIN and the number 

can be generated.  

Figure 42: APIN Obtained Patient Information 

Once all patient information is entered into the APIN system, the user simply ends the run. Pressing 

the “Finish Run” button will display the APIN (see Figure 43) to the user and save all information 

to the database. In addition, APIN will also be saved in the patient queue so it can be recalled later. 

Lastly, the “Finish Run” button will bring the user back to the main screen to allow them to start 

a new run or simply sign out.  
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Figure 43: Generating the APIN Number 

To recall a run, the user only needs to access the patient queue and view the list of APINs seen on 

the left side of Figure 44. By clicking on a specific APIN, the information will be recalled from 

the database and displayed on the right side of the screen (see Figure 45). This allows the 

paramedics to obtain any information that may be needed.  
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Figure 44: Previous APIN Numbers Showing in the Patient Queue 

 

 
Figure 45: Recalling Patient Information Using the APIN 
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 In addition to the seven screens shown, APIN also has a settings screen that braches off 

into two additional screens. The first screen allows the EMS director to add a new EMT to the 

system. This allows the program to accept new users as needed. The second screen allows the user 

to select the hospitals that should be displayed after the user starts a new patient. This allows EMS 

units to maintain a “favorites” list of hospitals that are easily accessible. For ever selected hospital 

a button will be created on the “select hospital” screen. After the development of APIN, a client 

meeting took place. During the client meeting, project objectives were once again modified and 

AIR was developed. 

3.3.3 AIR – A Change of Scope 
During the meeting with our client we came to the understanding that the scope of our 

project had changed. The paramedics were not interested in an all inclusive identification system, 

but rather, they were interested in keeping track of interventions taking place in the ambulance. 

The change of scope did have a single benefit. The new program was significantly easier to 

implement. We decided to develop a rapid prototype of what we thought could satisfy our clients 

needs, as a proof of concept. We could then use this prototype as a launching point of our new 

application. We decided that this would be the best course of action to quickly model the client’s 

needs and have a prototype they can view and give comments on. The development of the 

prototype was fairly quick. It contained all of the most basic functionality the client is looking for 

in the final program. 

The final version of AIR satisfied all client requirements. AIR primary consisted of six 

screen shown in Figures 46 to 51. Figure 46 shows AIR before it obtains a run number from the 

server. The entire screen is grayed out and all buttons are not operational except for the “View 

Pervious Runs” and “Run Number” buttons. The program was designed this way to avoid an 

accidental interventions time stamping while the paramedics are not responding to a call. This 

allows allows the paramedics to view their latest 100 AIR reports and enter a run number during a 

server downtime.    
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Figure 46: AIR Start-Up Screen 

 After AIR obtains a run number from the server, the buttons become operational and 

paramedics can begin to timestamp interventions as shown in Figure 47. Once the run number has 

been passed to the ambulance, and AIR is activated, the number is displayed on the top of the 

interventions list as a secondary confirmation that the correct run number was obtained. This also 

makes it significantly easier for paramedics to tell what run they are on without switching to their 

charting system.  
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Figure 47: After Retrieval of the Run Number from the Server 

As part of the home screen, AIR gives paramedics the ability to manually enter a run 

number and start a new run without the servers passing a number as shown in Figure 48. This 

functionality is vitally important to AIR. During a server downtime, where servers cannot pass a 

run number, paramedics need a way to start an AIR report while keeping the interventions related 

to a certain run.  
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Figure 48: Manual Entry of the Run Number in Case of Server Downtime 

After either manual entry or automatic retrial of the run number, AIR allows the user to 

begin time stamping interventions immediately. All interventions along with the timestamp, are 

displayed in the interventions list to the right, shown in Figure 49. The list displays the newest 

intervention on the top. Currently, the program timestamps interventions in UTC and adjusts for 

the time zone difference. Integrating a time zone function into AIR has proven to be significantly 

difficult. For this reason, a decision was made to use UTC. 
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Figure 49: AIR Time Stamping Interventions 

While AIR provides adequate button sizing to avoid accidental button clicks, the fast-paced 

environment of an ambulance can momentarily cause a paramedic to either press a wrong button 

or implement a wrong intervention. For that reason, it was decided that AIR must be able to 

document three things. First, it must be able to document when a wrong intervention is 

implemented. Second, the program can document when the paramedic pressed a wrong button 

unintentionally. Lastly, the program has the ability to document any comments the paramedics 

wish to place on a certain intervention to remind themselves of certain things. To access these 

options, the user needs to simply select an intervention and either right-click with the mouse or 

hold down on a touch screen as shown in Figure 50.   
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Figure 50: Additional Functionality Build into AIR 

After the paramedic handoff the patient to ED staff, then they simply press the “End Run” 

button and AIR will be saved as a text file named after the run number. To access the file again, 

paramedics simply press the “View Previous Runs” and select the run form the run list as shown 

in Figure 51. The file will display in the right side and allow the paramedic to view the 

interventions, along with any comments or wrong button/intervention tags that were placed. 
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Figure 51: Viewing Previous Runs 

For AIR to have a successful, integration into the ambulance environment, it must be operated 

from a small, yet comfortable tablet mounted inside the ambulance. For this reason, the team has 

chosen to run AIR on an 8 inches Insignia tablet shown in Figure 52. The tablet provides a 

reasonably sized platform for the program. Its size can easily be integrated in the small space of 

an ambulance but the user can easily see and use the program. Lastly, this tablet operates in the 

latest version of Windows 10 thus making it easier to run a program developed with any language.  
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Figure 52: Insignia Tablet Running AIR 

In addition to using the Insignia tablet, the team recommends the use of a ball and socket 

tablet holder shown in Figure 53. This holder allows the user to point the tablet in any direction 

thus AIR can be accessed from any position the paramedic is most comfortable with. The holder 

also allows the user to detach the tablet from the base and take it to the scene where the patient is 

so the paramedics can continue to timestamp interventions. When the patient is brought into the 

ambulance, then the tablet can be attached again.  
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Figure 53: Ambulance – Mounted Tablet Holder 

Overall, allowing the paramedics to view the previous AIR reports is a significant function to the 

program. This then allows the paramedics to look at AIR while writing the run report and insert 

specific times of when interventions or medications were implemented. As it stands, AIR satisfies 

all client and program requirements; however, further research and development can still improve 

AIR. 
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3.4 Applications Support  
AIR was developed for several reasons, but the main purpose behind its development is to 

improve accuracy of run reports and enhance pre-hospital care. As it stands, AIR can provide 

paramedics with a very accurate timeline of the run thus allowing them to write run reports with 

greater accuracy. Although the program currently achieves its primary goal, AIR can be further 

developed and improved to provide paramedics with more features. Proper communication 

between AIR and the current charting systems used by EMS services must be a priority for any 

future development teams. Allowing AIR to communicate with EMS dispatch systems and data 

gathering software currently utilized by paramedics will have tremendous effects on the way run 

reports are written. Communication between systems will speed up the process of obtaining a run 

number and passing information to the hospital.  

3.4.1 Adding Functionality to AIR and Enhancing User Experience 
As it stands, AIR has limited functionality which the team recommends must be expanded. 

The expansion of AIR’s functionality will allow the program to capture more information and give 

paramedics more options when using the program. The first major expansion the team 

recommends making to AIR is ability to capture vital signs and store the data under the “vitals” 

timestamp. Currently, when a user hits the “Vitals” button, AIR records the time a set of vitals was 

obtained but does not have the ability to tag actual data to that timestamp. Without real data, the 

timestamp does not have much meaning. For that reason, the team believes that tagging vital signs 

to the timestamp will allow paramedics and ED staff to view a more accurate timeline of the 

patient’s status. To add vital sign data to AIR, the team recommends direct communication 

between AIR and the Zoll device used by paramedics. The device used on the ambulance displays 

vitals on a single screen thus making it easier for the paramedics. Figure 54 shows how the Zoll 

device can be utilized to tag vital signs to the timestamp. 

 
Figure 54: Integrating Vital Signs with Vitals Timestamp 
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After tagging the data to the timestamp, the user can select the set of vital signs in question and 

view them. Figure 55 shows an example of how this function can be implemented. 

 
Figure 55: Viewing Vital Signs from Timestamp 

When the paramedics choose to complete the run, data tagged to the timestamp can then be 

included in the report generated. In turn, the data gives the user or any other personnel a very 

detailed view of the patient’s status while in transit.  

The vital signs button is an essential part of AIR regardless of the user and their scope of 

practice. However, the remaining built-in buttons of AIR, shown in Figure 47, are not entirely 

practical due to scope of practice laws. Currently, AIR is only usable by paramedics due to the 

presence of buttons such as “Monitor” or “Intubation” that EMT-B and EMT-I can not use 

according to SOP laws. In addition to scope of practice, not all paramedics will have use for the 

same buttons. This can be a result of things such as the nature of the job, location of the EMS unit, 

or environment. As a result, the team suggests that AIR must be expanded to allow the user to 

determine which sixteen button be visible on the main screen.  

        Allowing the user to customize the main screen of AIR not only expands the program’s 

scope of practice, but it also allows for increased user comfort and ease of use. AIR can also be 

programmed with standard packages such as, trauma, cardiac, burn, or respiratory, based on 
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categories such as trauma, heart attack, illness, etc to allow paramedics to switch between 

interventions depending on the situation. In addition to having pre-programmed packages for 

different situations, the program should also allow the user to save their current configuration with 

a unique name. In order to make these packages more accessible to the user and minimize the steps 

to switching between packages, the buttons to switch should be visible on the main screen or 

through a “right-click” option as shown in Figure 56. 

 
Figure 56: Switching Between Packages from Main Screen 

       The addition of vitals and packages to AIR can greatly improve the accuracy of run reports 

and enhance user experience. To further enhance user experience and help paramedics easily 

exchange information either amongst themselves or hospital personnel, AIR must have the 

capability to print the timestamps from the ambulance. The print option must be available to 

paramedics during any part of the run through a print button or from a left-click menu as shown in 

Figure 57. 
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Figure 57: Adding a Print Option to AIR 

A major concern for the print option is the availability of space on the ambulance. To save space 

on the ambulance, the team suggests the use of a wireless compact printer like the example shown 

in Figure 58. 
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Figure 58: Recommended Wireless Compact Printer 

Enhancing user experience should be the secondary focus for any further development teams. 

Enhancing user experience and incorporating more user-friendly features will make AIR more 

comfortable for the user. Some of these features include aesthetic options, voice control, mobile 

application, and printing of a wristband. 

        Aesthetic options such as giving the user the ability to changes time zone, font size, button 

size, colors, etc. is a great way to add user comfort. Giving the user the ability to control these 

options will allow the program to be used by a larger array of people. Currently, the program is 

limited to using Coordinated Universal Time (UTC) time and adjusting for the different between 

UTC and the local time zone. For that reason, adding the time zone option to AIR should make it 

much simpler and adaptable to any time zone. Options such as font size, button size, and colors 

are entirely intended for user comfort. To further enhance user experience, AIR must have the 

capability to perform under the same types of conditions paramedics operate under. For that 

reason, AIR should still be able to accept interventions even when the user is not capable of 

physically accessing the program. 

     To achieve this, the team suggests that AIR should be able to accept voice commands. If 

the paramedics are physically unable to access the program, for any number of reasons, then AIR 

should be able to recognize the command and create a timestamp. This option will give paramedics 

great flexibility in many situations where they must have both hands on the patient. This option 
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also becomes vitally important when the paramedics are unable to touch the tablet where the 

program is running due to bodily fluids or other contamination on their gloves.  

3.4.2 Automatically Updating Run Numbers and Communication  
Run numbers and the ability to obtain run numbers are at the heart of AIR. A central 

requirement for the client was that AIR must be able to automatically obtain the run number from 

the dispatch system thus eliminating the need for user input. Presently, EMS servers are only 

sending run numbers to the responding ambulance thus starting a new run on for the paramedics 

on their current system. Figure 59 shows a schematic representation of the current system. 

 
Figure 59: Schematic Representation of Current EMS System 

Currently, AIR is a listener that “listens” to the EMS server and waits for it to pass a run number. 

However, for AIR to obtain a run number, EMS dispatch systems must be aware that AIR is 

waiting for a run number to passed to it. When EMS systems are aware of AIR’s presence, 

automatically update can take place and a new run can be started without any user input. Figure 

60 shows a schematic representation of the integration of AIR and its communication with the 

server. 

EMS Server 
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Figure 60: Schematic Representation of AIR Integration into Current System 

Figure 60 is a simplified representation of how AIR can obtain the run number. AIR obtains the 

number through a connection to a server and checking for an update. Automatically updating the 

run number is vital to advancing the functionality of AIR. However, to further advance the 

usefulness of the AI, it must be able to communicate with both the ED and the current charting 

system. Often, paramedics will report the status of the patient to ED staff either over the phone 

while en route or upon arrival to the ED. Reporting the status of the patient over the phone can be 

a challenging task especially when the paramedics need to be fully focused on the patient and upon 

arrival to the ED may not give physicians a chance to properly prepare. The believes that AIR can 

be further developed to solve this issue. 

        To allow ED staff to view the status of the patient without direct communication with the 

paramedics, AIR can be further developed to upload data gathered by the paramedics to a website 

hospital staff can access. By logging into the website, hospital staff can view all active EMS runs 

destined to that specific hospital. Hospital staff can select a run and view all interventions 

paramedics have logged into AIR. If the paramedics collected a set of vitals, then all data should 

also be visible for the user. An example of patient data can be seen in Figure 61. 

EMS Server 
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Figure 61: Viewing Patient Information 

        Currently, at the conclusion of every run, AIR in the form of a text file is saved to the 

server. However, AIR can not be associated with a run report nor can it be faxed to the hospital. 

For that reason, a recommendation is being made to further develop AIR to have it link the 

timestamps with the run report and merge them into a single document as shown in Figure 62 to 

decrease the number of documents and therefore, errors. 

 
Figure 62: Merging AIR and the Run Report 
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        In addition to merging AIR with the run report, specific data such as vital signs can be 

pulled from AIR and used to populate the related fields of the run report. Information such as 

vitals and procedures can be extracted from AIR and used to populate the appropriate fields of 

the run reports. Populating those fields automatically can help paramedics write run reports in a 

timely manner. This feature can also help reduce human error, and thus leads to a more accurate 

run report.   

 3.4.3 Projected Outcomes – Impact on Society  
 The development of AIR, and further Research and Development (R&D) are 

projected to have profound outcomes on both the EMS community and society. For EMS units, 

AIR can provide many improvements such as enhancing EMS – ED communication, faster 

handoffs, and a timeline that can be used in lawsuits. For patients, AIR can mean increased 

retention of patient related information, accurate records, and greater ambulance availability to the 

community. 

        The main goal for AIR and the driving force behind its development is to enhance pre-

hospital patient care. AIR and the future R&D can be used in many ways to improve the quality 

of care for all patients serviced by EMS and the ED as shown in Figure 63. 

 
Figure 63: A Schematic View of AIR’s Impact on Society 

The impact of AIR can be seen through the trickle-down effect. AIR starts by maintaining a very 

accurate record of the care the patient received from the moment EMS arrived on scene to the 

moment they handed off the patient. This has the potential to trigger a chain of events that 

collectively, can improve quality of care. 

The literature and research shows that physically giving ED staff a printed, pre-filled sheet 

containing all relevant patient information had the highest retention rate. For this reason, it is 

projected that if AIR has a print option that allows paramedics to quickly print timestamps, vitals, 

medications given, and procedures performed, it will greatly enhance EMS – ED communication. 

The printed sheets will present patient data in a consistent and clear format, thus making it easier 

for paramedics to hand off a patient without loss of data. The implementation of a real-time live 

website accessible by ED personnel further improves communication. ED staff can quickly access 
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the website to look at all data they would normally receive from paramedics via a phone. 

Consequently, the website may result in less data loss due to communication errors. Collectively, 

the printed sheets and website access are projected to greatly improve EMS – ED communication. 

Improving EMS – ED communication is only a small portion of the projected impact of AIR on 

EMS and society. When EMS – ED communication is improved, paramedics will be able to reduce 

handoff times. The team projects that handoff time will decrease as a result of ED staff being able 

to view patient information before the patient is in the ED. The printed sheets also have the 

potential to contribute to this reduction in time as paramedics will not need to repeat information 

multiple times to new personnel joining the patient care process. As part of the trickle-down effect, 

faster handoffs will translate into increasing the availability of ambulances to the community 

consequently helping EMS units deal with the increasing number of patients and also. 

AIR’s ability to shorten handoff times will allow paramedic to return to service much 

quicker. Ambulances being out of service for extended periods of times was a serious concern as 

shown by the literature. AIR’s ability to address this issue will, in turn assist EMS accommodate 

the increasing number of patients. Overall, the implementation of AIR is highly beneficial for 

paramedics, the ED, and most importantly, the patient. 
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CHAPTER 4. CONCLUDING REMARKS 
The world of pre-hospital care has tremendously evolved and today we see the products of 

this evolution. This project primarily focuses on the utilization of run numbers, within the Anglo-

American system, to improve the accuracy of run reports written by paramedics. The study of the 

Anglo-American system is done primarily by considering the State of Massachusetts and the data 

of Boston EMS. Some of the problems the literature has revealed include the availability of 

ambulances to the community, diversion hours, long ED wait times, and frequent users of the ED. 

The IQP team believes that the proposed AIR software for  the Anglo-American system can help 

to reduce some of these problems. AIR is a time stamping software inspired by the aviation 

industry. AIR is mounted inside the ambulance and allows paramedics to time stamp all medication 

interventions taking place.  

Using AIR, paramedics can time stamp all ambulatory interventions, print them, and then 

hand them off to an ED staff. By giving ED staff a printed sheet, paramedics will effectively cut 

down on their handoff times. As a result, paramedics will be back in service at much faster rate 

and thus allowing them to respond to other calls. Diversion hours can also be addressed using AIR. 

Since AIR is a complete timeline of pre-hospital care that consolidates patient information into a 

single printed sheet, hospital staff will not be forced to obtain the information paramedics already 

collected. This may include known medical conditions, current medications and vital signs. 

Potentially, this can save time for hospital staff, thereby allowing them to deal with patient in a 

timely fashion, and discharge them sooner. The quicker discharges will free up hospital beds, and 

thus hospitals will not be forced to go on diversion status. AIR can also be used to decrease patient 

wait times in the same mechanism it can decrease diversion hours.  The study conducted by the 

Massachusetts Division of Health Care Finance and Policy, Boston, MA identified that 1% of MA 

recidents are frequent users of the ED. They accounted for 3.8% of all ED patients and 17.6% of 

all ED visits in 2003. Frequent ED users has become an active topic of study in recent years, and 

it has drawn major concerns within the world of emergency medicine. Unfortunately, an 

assessment of AIR’s capabilities reveals that it will most likely not have an impact on reducing the 

number of frequent users. This is due to the nature of conditions frequent users present to the ED 

with and moreover, the fact that most of them are not brought to the hospital by EMS.    

As part of the expanding populace, EMS and their services have become more important 

than ever. The development of the Ambulatory Interventions Report software can provide EMS, 
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ED staff, and patients with superior accuracy. The software is designed in such way that it can be 

integrated into the Franco-German systems, the Anglo-American system, or a modified version of 

the two systems. The personnel operating in any of these systems are prone to making mistakes 

when filing run reports. For that reason, having access to AIR to document pre-hospital care 

administered by a physician or paramedic can be very advantageous. The physician can document 

care relatively faster than now, and then have a record to reference when filling the patient report. 

In the Anglo-American system, AIR has the potential to make an enormous impact on the EMS 

community. By allowing paramedics to time stamp interventions, AIR is effectively creating a 

very accurate timeline of the pre-hospital patient care process.  However, AIR is far from ready to 

be implemented into EMS systems. AIR must undergo major design changes and integrations to 

maximize its functions and have it operate side-by-side with current electronic medical records 

and charting systems.  

For AIR to truly reach its full potential in enhancing pre-hospital care, it must be fully 

integrable into EMS servers current charting systems, vital signs equipment, and hospital servers. 

For this reason, the team is suggesting the following future research and developments. This means 

that AIR must be able to communicate with servers to obtain run numbers and automatically start 

a new run number or report for paramedics. Communicating with charting system and having the 

ability to accept information from those systems are also important. Paramedics already use these 

systems to enter patient identifying information, known medical conditions, current medications, 

and an assessment. AIR can communicate with the charting system to obtain this information and 

consolidate a report for ED staff. AIR must also be able to communicate with the devices 

paramedics are using to obtain vital signs as this allows for further integration. Finally, AIR must 

be able to communicate with hospital servers. This can be very powerful in that it can allow ED 

staff to view the patient’s status before paramedics arrive at the hospital. Overall, AIR has the 

potential to make a profound impact in the way run reports are written. It can be used to enhance 

pre-hospital care and increase safety and accuracy for all EMS patients.  
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APPENDICES 
Appendix A 

MATRIS Trip Report 

	

MATRIS TripMATRIS TripMATRIS TripMATRIS Trip Report Report Report Report                                   Trip Record Number_______Trip Record Number_______Trip Record Number_______Trip Record Number___________________________________________________________ 

 Underlined items are not required.      Values for items with an asterisk * and printed in Blue are listed on the “Data Element Values” document. 
 
Rev. 8/22/2011                                      Page 1 of 2 

This template includes the current minimum elements the Massachusetts Department of Public Health requires for statewide EMS data collection and submission, pursuant 
to 105 CMR 170.345 and 170.347, and Administrative Requirement (AR) 5-403, Statewide EMS Minimum Data Set.  Additional elements not covered by regulations are also 
included.  Use of this template is not required; submission of data elements in accordance with the regulations and AR is required.  Ambulance services are free to 
alter this or any form they use to collect their trip record information, as long as the minimum data elements are collected and submitted to the Department. 

Service Name: Service License #: National Provider ID: 

Date: PSAP: Unit Notified: Enroute: Arrive on Scene: 

Arrive at Patient D/T Left Scene: On Arrival: Transfer of Patient: In Service: In Quarters: 

*Type of Service Request: EMD:  ! Yes   ! No 
!  Unknown 

*Dispatch Reason: *Primary Role of Unit: Unit Call Sign: 

*Type of Response Delay: 
 

*Response Mode to Scene: *Type of Scene Delay: 

Facility: *Incident Location Type: Incident Address: 

# of Patients  
at Scene: 

MCI: ! Yes   ! No Street: City: State: ZIP: 

Prior Aid:! Yes  ! No Type Prior Aid:   *Prior Aid Performed by: *Outcome: 

*Incident/Patient Disposition: 
 
  

*Transport Mode 
 
 

Patient Arrived at Destination  Date/Time 
 
 

Destination: *Reason for Choosing: 

Destination Type:   ! Home ! Hospital  ! Medical Office/Clinic  ! Nursing Home  ! EMS/Air  ! EMS/Ground  ! Prison  ! Other 

*Type of Transport Delay:                                                          *Type of Turn Around Delay: 

PATIENT INFORMATION 
Patient’s First name:                                                    Middle:                               Last:                                                      

Hispanic Ethnicity: 
! Yes   ! No 

*Race: Age Age Units: 
! Years  ! Months  ! Hours 

Birth date:   MM/DD/YYYY Gender:  ! M   ! F 

Home phone: Social Security Number: CC/DNR/MOLST: ! Yes  ! No *Primary Method of Payment: 

Address:                                                                              City:                                                                  State:              ZIP:                                                                       

Current Medications: 
_______________________________________ 
_______________________________________ 
_______________________________________ 
_______________________________________ 
_______________________________________ 
_______________________________________ 
_______________________________________ 
_______________________________________ 
_______________________________________ 
_______________________________________ 
Allergies:                                           ! NKDA 
_______________________________________ 
_______________________________________ 

Medical/Surgical History: 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
 

Barriers to Patient Care: 
! Developmentally Impaired 
! Hearing Impaired 
! Language 
! None 
! Physically Impaired 
! Physically Restrained 
! Speech Impaired 
! Unattended or Unsupervised (includes minors) 
! Unconscious 
Alcohol/Drug Use Indicators: 
! Smell of Alcohol on Breath / about person 
! Patient Admits to Alcohol Use 
! Patient Admits to Drug Use 
! Alcohol and/or Drug Paraphernalia at Scene 

Chief Complaint:                                                                              Pain Scale:                    Possible Injury: ! Yes   ! No 

Duration of Chief Complaint:                             Time Units:  ! Seconds  ! Minutes  ! Hours  ! Days   ! Weeks   ! Months   ! Years 
 
*Chief Complaint Anatomic Location 
  

*Chief Complaint Organ System: Onset Day/Time 

*Primary Symptom *Other Associated Symptoms 
 

*Provider Primary Impression: *Provider Secondary Impression: 
 

Responsiveness Level: 
! Alert 
! Verbal 
! Painful 
! Unresponsive 
 

Eye Opening (A) 
! 4 Spontaneous 
! 3 To Speech 
! 2 To Pain 
! 1 Not at All 
 

Verbal (B) 
! 5 Oriented  
! 4 Confused 
! 3 Inappropriate Words 
! 2 Inappropriate Sounds 
! 1 None 
 

Motor (C) 
! 6 Obeys Commands ! 5 
Localized Pain 
! 4 Withdraws to Pain 
! 3 Flexion to Pain 
! 2 Extension to Pain 
! 1 None 

Glasgow Qualifier:! Legitimate 
Values/No Interventions 
! Patient Chemically Sedated 
! Patient Intubated and 
Chemically Paralyzed  
 
A+B+C= (D) Total GCS:  ______ 

MASS Stroke Scale:  ! Positive ! Negative ! Inconclusive ! Not Applicable 

Skin:  ! Pink ! Flushed ! Cyanotic ! Pale     ! Hot ! Warm ! Cool     ! Diaphoretic ! Dry 

Pupils:  Reactive !R !L   Nonreactive !R !L   Dilated !R !L   Mid-point !R !L   Constricted !R !L 

Breath Sounds:  Clear !R !L   Diminished !R !L   Crackles !R !L   Wheezes !R !L   Rhonchi !R !L 

VITAL SIGNS 
Date/Time Pulse Quality BP BP (E) score RR Quality SPO2 RR (F) score 
    > 89 =    4 

76-89 =  3 
   10-29 =  4> 

> 29 =    3  
    50-75 =  2 

1-49 =    1 
   6-9 =      2  

1-5 =      1 
    None =   0    None = 0 

         

         

         

 

SERVICE/INCIDENT/DESTINATION 
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Appendix A 
MATRIS Trip Report Continued  

	
	

MATRIS TripMATRIS TripMATRIS TripMATRIS Trip Report Report Report Report                                   Trip Record Number_______Trip Record Number_______Trip Record Number_______Trip Record Number___________________________________________________________ 

 Underlined items are not required.      Values for items with an asterisk * and printed in Blue are listed on the “Data Element Values” document. 
 
Rev. 8/22/2011                                      Page 2 of 2 

MEDICATIONS 
Date/Time: *Medication: Dose: Route: Date/Time *Medication: Dose: Route 
        

        

        

        

        

PROCEDURES 
*Procedure: Attempts    Date/Time: Successful Complication 

     

     

     

     

     

EKG (ATTACH WAVEFORM GRAPHIC) 
AED, Capnometry, Cardiac Monitor:  
! AUTOMATED   ! ADVISORY   ! MANUAL   ! SYNCHRONIZED   ! PACER  ! CAPNOMETRY  ! SIDE-STREAM  ! ETCO 
*RHYTHM: 

ECG LEAD: 
! I     ! II     ! III     ! AVR     ! AVL     ! AVF     ! V1     ! V2     ! V3     ! V4     ! V5     ! V6     ! Multi Function Pads   

CARDIAC ARREST 
Cardiac Arrest:  ! Prior to EMS ! After EMS Arrival 
Witnessed by:   ! HCP ! Lay Person  ! Not 
Witnessed 

Etiology:  ! Cardiac ! Trauma ! Drowning ! Respiratory ! Electrocution ! Other 
ROSC: ! No ! Yes, Prior to ED Arrival Only ! Yes, Prior to ED Arrival and at the ED 

Resuscitation Attempted:  ! Ventilation  ! Compressions  ! Defibrillation  ! N/A Signs of Death  ! N/A DNR Orders  ! N/A Signs of Circulation 

Reason CPR Discontinued: ! DNR ! Medical Control Order ! Obvious Signs of Death ! Protocol/Policy Requirements ! ROSC (pulse or BP noted) 

*First Monitored Rhythm:                                     *Rhythm on Arrival at Destination:                                                               Total # Shocks: 

 
TRAUMA 

*Cause of Injury Code: 
 

D + E + F= Revised Trauma Score: 
                                                    ------------- 

MOI:  ! Blunt   ! Burn   ! Other   ! Penetrating Injury Intent:  ! Intentional (Other/Assault)   ! Intentional (Self)    ! Unintentional 
Patient Position in Seat: 
! Driver ! Left (non-driver) ! Middle ! Right ! Other 

 
Seat Row Position:   ! Front Row   ! Back/Cargo Row 

Area of the Vehicle Impacted: 
! Center Front  ! Center Rear   ! Roll Over 
! Left Front      ! Left Rear       ! Left Side 
! Right Front    ! Right Rear     ! Right Side 

Vehicular Injury Indicators: 
! Windshield Spider/Star       ! Steering Wheel Deformity ! Dash Deformity 
! Rollover/Roof Deformity     ! Side Post Deformity ! Space Intrusion >1 foot  
! DOA in Same Vehicle          ! Ejection  ! Fire 

Airbag Deployment: 
! No Airbag Present            ! No Airbag Deployed 
! Airbag Deployed Front      ! Airbag Deployed Side 
! Airbag Deployed Other (e.g., knee, airbelt) 

Use of Safety Equipment: 
! Shoulder Belt     ! Lap Belt          ! Child Restraint  
! Eye Protection   ! Helmet Worn   ! Protective Clothing   ! Protective Non-Clothing 
! Personal Floatation Device            ! None                      ! Other 

NARRATIVE 
 

 

 

 

 

 

 

 

 

 

 

 

 

Medical Control Hospital: 
 

Medical Control Physician: 

Crew Member Name: 
 

Level: Role:                       ID: Signature: 

Crew Member Name: 
 

Level: Role:                          ID: Signature: 

REFUSAL OF CARE 

I acknowledge that medical care has been offered to me by this ambulance service, I understand associated risks, and I refuse care and transport. 

Patient Signature: 
 

Date: 
 

Witness Signature: Date: 
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Appendix B 
MATRIS Trip Report Fields 
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Appendix B 
MATRIS Trip Report Fields Continued  
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Appendix B 
MATRIS Trip Report Fields Continued  
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Appendix B 
MATRIS Trip Report Fields Continued  
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Appendix B 
MATRIS Trip Report Fields Continued  
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Appendix B 
MATRIS Trip Report Fields Continued  
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Appendix B 
MATRIS Trip Report Fields Continued  
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Appendix B 
MATRIS Trip Report Fields Continued  
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Appendix C 
 EMT Psychomotor Skills for SOP 

Airway and Breathing Skill Set 
EMT - B EMT - I EMT - P 

Humidifiers� 
Partial Rebreathers 
Venturi mask 
Manually-Triggered 
Ventilator (MTV) 
Automatic Transport 
Ventilator (ATV)� 
Oral and Nasal airways 

Esophageal-Tracheal 
Multi-Lumen Airways 

BiPAP/CPAP� 
Needle chest decompression� 
Chest tube monitoring 
Percutaneous cricothyrotomy 
ETCO2/Capnography 
NG/OG tube 
Nasal and oral Endotracheal 
intubation 
Airway obstruction removal 
by direct laryngoscopy� 
PEEP 

		
Assessment Skill Set 

EMT - B EMT - I EMT - P 

Pulse Oximetry 
Manual and auto BP 
  

Blood Glucose Monitor EKG Interpretation 
Interpretive 12 Lead 
Blood Chemistry Analysis 

		

Emergency Trauma Care Skill Set 
EMT - B EMT - I EMT - P 

Spinal Immobilization 
Seated Spinal 
Immobilization 
Long Board 
Extremity Splinting 
Traction Splinting 
Mechanical pt Restraint 
Tourniquet 
MAST/PASG 
Cervical Collar 
Rapid 
Extrication 

  Morgan Lens  
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Cardiac Care Skill Set 
EMT - B EMT - I EMT - P 

Mechanical CPR 
Assisted Complicated 
Delivery 

  Cardioversion 
Carotid Message 
Manual Defibrillation 
TC Pacing  

		
Pharmacological Intervention Skill Set 

EMT - B EMT - I EMT - P 

Assisted Medications -
Assisting a patient in 
administering his/her own 
prescribed medications, 
including auto-injection 
Tech of Med Administration 
-Buccal� 
-Oral 
Administered Meds 
 -PHYSICIAN-approved 
over-the-counter 
medications (oral glucose, 
ASA for chest pain of 
suspected ischemic origin) 
  

Peripheral IV insertion IV 
fluid infusion Pediatric IO 
Tech of Med Administration 
-Aerosolized 
-Subcutaneous 
-Intramuscular 
-Nebulized 
-Sublingual 
-Intranasal 
-IV push of D50 and 
narcotic antagonist only 
Administered Meds 
-SL Nitroglycerine for chest 
pain of suspected ischemic 
origin� 
-SQ or IM epinephrine for 
anaphylaxis 
-glucagon and IV D50 for 
hypoglycemia 
-Inhaled beta agonist for 
dyspnea and wheezing� 
-Narcotic antagonist 
-Nitrous oxide for pain 
relief 

Central line monitoring 
IO insertion� 
Venous blood sampling 
Tech of Med Administration 
-Endotracheal� 
-IV (push and infusion) 
 -NG 
-Rectal� 
-IO� 
-Topical� 
-Accessing implanted 
central IV port 
Administered Meds 
-Physician-approved 
medications 
-Maintenance of blood 
administration 
-Thrombolytic Initiation 
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Appendix D 
 National EMS Procedure Formulary 

 EMT - 
Paramedic 

EMT - 
Intermediate EMT - Basic 

12 Lead ECG Interpret X   
12 Lead ECG Obtain X X  
Airway – Bagged (via BVMask) X X X 
Airway – Bagged (via Tube) X X  
Airway – Blind Insertion Airway 
(Combitube, LMA, King, EOA, 
etc.) 

X X  

Airway – Change Tracheostomy 
Tube X   

Airway – Cleared, Opened, or 
Heimlich X X X 

Airway - CPAP X   
Airway – Direct Laryngoscopy  X   
Airway – Extubation  X   
Airway – Foreign Body Removal X X  
Airway – Impedance Threshold 
Devise  X X  

Airway – Intubation (Oral) X X  
Airway – Intubation Confirm 
(Colorimetric CO2 Esophageal 
Bulb) 

X X  

Airway – Oral or Nasal X X X 
Airway – Suctioning  X X X 
Capnography X X  
Cardiac Pacing – External  X   
Cardioversion  X   
Chest Decompression – Needle  X   
Childbirth  X X X 
CPR by External Automated 
Device X X X 

CPR – Start Compressions and 
Ventilations  X X X 

Defibrillation – Automated (AED) X X X 
Defibrillation – Manual X   
Glucose Measurement X X  
Pulse Oximetry  X X X 
Spinal Immobilization X X X 
Splinting X X X 
Venous Access – Extremity IV X X X 
Wound Care X X X 
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Appendix E 
 Medication Errors 

Types of 
Medication 

Errors 
No(%) Example 

Underdoes 94 (16.8) 
The emergency physician ordered a loading dose of 1,400 mg 

acetylcysteine to treat a 100- kg patient with an acetaminophen 
overdose. The pharmacist corrected the dose to 14,000 mg. 

Overdose 87 (12.5) 
The emergency physician ordered a heparin infusion rate at 500 

units/h but was transcribed by the nurse as 500 units/kg per 
hour. The pharmacist intercepted the error before administered. 

Drug Omission 59 (10.5) 

The emergency physician ordered calcium gluconate, sodium 
polystyrene sulfonate (Kayexalate), and insulin for a patient 
with severe hyperkalemia. The pharmacist noticed the blood 

glucose of 100 mg/dL and recommended adding 50 g 
intravenous dextrose to avoid iatrogenic hypoglycemia. 

Wrong 
Frequency 46 (8.2) 

The pharmacist recommended changing the ED physician’s 
incorrect order for prazosin 10 mg 3 times a day to 10 mg once 

daily 

Wrong Drug 38 (6.8) 

The emergency physician ordered succinylcholine for rapid 
sequence intubation of a patient with a serum potassium of 8.3 
mmol/L. As succinylcholine can exacerbate hyperkalemia, the 
pharmacist recommended changing to the alternative paralytic 

agent rocuronium. 

Duplicate Drug 
or Drug Class 26 (4.6) 

The emergency physician prescribed atazanavir 600 mg daily 
and Reyataz 600 mg daily, not realizing they are the same 

medication. The pharmacist corrected the error. 

Allergy 25 (4.5) 

The emergency physician ordered Zosyn to treat diverticulitis 
for a patient with a history of anaphylactoid reactions to 

penicillin. The pharmacist recognized the allergy and 
recommended an alternative antibiotic. 

Wrong Schedule 25 (4.5) 

The emergency physician ordered the heparin protocol for 
treating thromboembolism (loading dose 80 units/kg and 

maintenance dose 18 units/kg/h) for a patient with an acute 
coronary syndrome. The pharmacist corrected the error to the 
acute coronary syndrome schedule/protocol (loading dose 60 

units/kg and maintenance dose 12 units/ kg per hour). 
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Appendix E 
 Medication Errors Continued 

Types of 
Medication 

Errors 
No(%) Example 

Failure to 
monitor 
(including 
laboratory test 
results) 

23 (4.1) 

A patient was receiving a heparin infusion after a heparin bolus 
for antithrombotic therapy. The ED pharmacist alerted the staff 
10 min after the last partial thromboplastin time result was 
completed, high at 128 seconds, and recommended holding the 
infusion for an hour and resuming at a lower dose as per the 
protocol. 

Wrong Route 22 (3.9) 
The emergency physician ordered 10 units subcutaneous regular 
insulin for treatment of severe hyperkalemia. The route was 
corrected to intravenous. 

Wrong Strength 19 (3.4) 
The emergency physician ordered Kaletra (lopinavir/ritonavir) 
strength of 20/50 every 12 hours. The ED pharmacist corrected 
the order to 400/100 every 12 hours. 

Wrong Dosage 
Form 15 (2.7) 

The emergency physician ordered 35 mg intramuscular 
methylprednisolone acetate (Depo- Medrol). The pharmacist 
checked with the physician, who corrected this to his intended 
intravenous methylprednisolone sodium succinate (Solu-
Medrol). 

Contraindication 14 (2.5) 

A patient who just completed an iodinated contrast imaging 
study in the ED was ordered metformin. The ED pharmacist 
recommended holding the metformin for 48 hours and 
monitoring renal function. 

Other 68 
(12.1) 

The emergency physician ordered a loading dose of 
fosphenytoin (1-g phenytoin equivalent) at 150 mg/h for a 
patient with status epilepticus. The pharmacist corrected the rate 
to 150 mg/min. 

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



	98 

Appendix F 
EMS Vehicles 

Figure #: Number of Credentialed Vehicles 

Figure #: Number of Credentialed EMS Vehicles – BLS Non-Transport 
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Figure #: Number of Credentialed EMS Vehicles – BLS Transport 
 

Figure #: Number of Credentialed EMS Vehicles – ALS Non-Transport 
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Figure #: Number of Credentialed EMS Vehicles – ALS Transport 
 

Figure #: Number of Credentialed EMS Vehicles – Specialty Care Transport Vehicles 
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Figure #: Percentage of All EMS Vehicles in Service During Any Normal 24-Hour Period 
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Appendix G 
EMS Professionals 

Figure #: First Responder Credentialed 

Figure #: EMT – Basic Credentialed 
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Figure #: EMT – Intermediate Credentialed  

 
Figure #: EMT – Paramedic Credentialed 
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Appendix H 
Medical Directors 

Figure #: Have State EMS Medical Director 

Figure #: Local EMS Medical Director Numbers 
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Appendix I 
EMS Personnel Continuing Education 

Figure #: Medical Responder Continuing Education Hours Required per Year for Recertification 

Figure #: EMT Basic Continuing Education Hours Required per Year for Recertification 
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Figure #: EMT Intermediate Continuing Education Hours Required per Year for Recertification 
 

Figure #: EMT Paramedic Continuing Education Hours Required Year for Recertification 
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Appendix J 
EMS Data Submission 

Figure #: State Requirement for Local EMS Agency Data Submission 

Figure #: Data Submission Frequency from Local EMS Agencies to the State EMS Data System 
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Figure #: State Participation in the National EMS Database 
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Appendix K 
PSAP 

Figure #: PSAP Centers for 911 Access per State 
 

911 Master PSAP Registry 
https://www.fcc.gov/general/9-1-1-master-psap-registry 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



	110 

Appendix L 
Number of Responses 

Figure #: 2009 EMS Responses by State (911, Specialty Care, and Non-Emergent) 
 
 
Table #: 2009 National Estimate – EMS Patient Patient Responses  

2009 National Estimate: 
EMS Patient Responses 

36,698,670 
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Appendix M 
Number of Transports  

 
Figure #: Estimated 2009 EMS Patient Transports (911, Specialty Care, and Non-Emergent) 

 
 
Table #: 2009 National Estimate – EMS Patient Patient Responses  

2009 National Estimate: 
EMS Patient Transports 

28,004,624 
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Appendix N 
Trauma Regions 

Figure #: Trauma Regions by State 
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Appendix O 
Free-Standing Emergency Departments 

Figure #: Number of Free-Standing Emergency Departments by State  
(Not Located at Same Geographic Location as Hospital) 

 
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



	114 

Appendix P 
Massachusetts Ambulance Service List 

	

	
	

	

	

	

	

	

	

	

	

	

	

Region 1 
Adams Ambulance Service National Ambulance Svc. 

Agawam Fire Dept. New Marlborough Rescue  
Amherst Fire Dept. North Adams Ambulance Svc.  

Becket Ambulance Dept.  Northampton Fire Dept.  
Belchertown EMS Northfield EMS 

Charlemont Emergency Services Ambulance  Otis Rescue Squad  
Chicopee Fire Dept. Palmer Ambulance Svc. Inc.  

Colrain Volunteer Ambulance Assoc. Pioneer Valley Ambulance  
Conway Ambulance Svc. (Town of) Plainfield Fire EMS 

County Ambulance Svc. RAM Ambulance Inc.  
Dalton Ambulance & Rescue Inc.  Richmond Fire Dept. Ambulance Svc.  

Easthampton Fire Dept. Riverside Park Enterprise  
Granby Fire Dept. Sandisfield Fire Dept. 

Granville Fire Dept. Shelburne Falls Fire District  
Harris Medical Svc. South County EMS 

Hatfield Ambulance Svc. South Hadley #1 Fire District  
Highland Ambulance EMS South Hadley #2 Fire District  

Hilltown Community Ambulance  Southampton Fire Dept. 
Hinsdale Volunteer Firemen's Assoc. Southern Berkshire Volunteer Ambulance  

Holyoke Fire Dept. Southwick Fire Dept.  
Lanesborough Volunteer Fireman's Assoc. Turners Falls 

Lee Ambulance Svc. Village Ambulance Svc. 
Lenox Volunteer Ambulance Squad  Ware Fire Dept. 

Longmeadow Fire EMS West Springfield Fire Dept. 
Ludlow Ambulance Svc. Westfield Fire Dept. 

MedCare Emergency Health  Westhampton Fire Dept. 
Monson Fire Dept. Ambulance Svc. Wilbraham Fire Dept. 

 Windsor Fire Dept. Ambulance Svc. 
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Appendix P Continued  
Massachusetts Ambulance Service List Continued 

 
Region 2 

Ashburnham Fire Dept. MedStar EMS 
Ashby Fire/EMS Medway Fire Dept. 

Athol Fire/EMS (Town of) Mendon Fire Dept. 
Auburn Fire/Rescue Milford Fire Dept - EFR Basic 

Ayer Fire Dept. Milville Fire Dept. 
Barre Ambulance Svc. North Brookfield EMS 
Bellingham Fire Dept. Northborough Fire Dept. 

Berlin Emergency Rescue Squad Northbridge Fire Dept. Ambulance Svc. 
Blackstone Fire Dept. Oakham Fire Dept. 

Bolton Volunteer Ambulance Squad Orange Fire Dept. 
Boylston Fire Dept. Oxford Fire - EMS 

Brimfield Ambualnce Svc. Patriot Ambulance Inc. 
Brookfield Emergency Squad Paxton Fire Dept. 

Charlton Fire Dept. Pepperell Fire Dept. 
Clinton Fire Dept. Ambulance Svc. Phillipston Fire Dept. 

Community EMS Inc. Princeton Firefighters Emergency Medical Svc. 
Devens Fire Rescue Rutland Fire Dept. Ambulance 
Douglas Fire Dept. Shirley Ambulance Svc. 
Dudley Fire Dept. Southbridge Fire Dept. Ambulance 

East Brookfield Fire Dept. Spencer Rescue & Emergency Squad Inc. 
Events EMS Sterling Fire Dept. Ambulance 

Fitchburg Emergency Medical Svc, Sturbridge Fire/Ambulance 
Fitchburg Fire Dept. Templeton Fire Dept. 
Franklin Fire Dept. Townsend Fire - EMS Dept. 

Gardner EMS Umass Memorial EMS 
Groton Fire Dept. Umass Memorial Life Flight 

Hardwick Rescue $ Emergency Squad Upton Fire EMS Dept. 
Harvard Ambulance Svc. Uxbridge Fire Dept. 

Holden Fire Dept. Vital Emergency Medical Svc. 
Hopedale Fire Dept. (Town of) Warren Fire Dept. Ambulance 

Hubbardston Fire Dept. Webster Emergency Medical Svc. 
K's Personal Transport West Boylston Fire Dept. 

Lancaster Ambulance Svc. West Brookfield Rescue Squad 
Leicester Emergency Medical Svc. Westborough Fire Dept. 

Leominster Fre Dept. Westminster Fire Dept. 
Lunenburg Fire Dept. Winchendon Ambulance Svc. 

Marlboro Hudson Ambulance & Wheelchair Svc, Wood's Ambulance Inc. 
MedStar Ambulance Inc. Wood'd EMS 
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Appendix P Continued  
Massachusetts Ambulance Service List Continued 

 
Region 3 

Acton Ambulance Svc. Inc.  Mass EMS Inc.  
Amesbury Fire Dept. Melrose Fire Ambulance  
Andover Fire Rescue  Merrimac Fire Dept.  

Atlanctic/Cataldo Ambulance Svc. Methuen Fire Dept. 
Beauport Ambulance Svc. Middleton Fire Dept.  

Beverly Emergency Management  Nahant Ambualnce Svc. 
Billerica Police Ambulance Svc. North Andover Fire Dept.  

Chelmsford Fire Dept.  North Reading Fire Dept.  
Essex Fire Dept.  Notheast Regional Ambulance Svc, Inc  

Georgetown Fire Dept.  PrideStar Ambulance Svc. 
Gloucester Fire Department Rescue  Pulse EMS, Inc,  

Gaurdian Ambulance  Reading Fire Dept.  
Haverhill Fire Dept.  Rockport Town Ambulance Svc.  

Lawrence General Paramedic Svc. Salisbury Fire Dept. 
Lowell General Hospital Paramedics  Swampscott Fire Dept.  

Lynn Fire Dept  Tewksbury Fire Dept.  
Lynnfield Fire Dept. Ambulance  Topsfield Fire Dept.  

Lyons Ambulance Svc. LLC Trinity EMS Inc.  
Manchester By the See (Town of) Tufts Emergency Medical Svc.  

Marblehead Fire Dept. Wenham Fire Dept.  
 Westford Fire Dept. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	117 

Appendix P Continued  
Massachusetts Ambulance Service List Continued 

 
Region 4 

Acton Fire Dept.  Lexington Fire Dept. 
American Ambulance Svc. LifeLine Ambulance Svc. 

American Medical Response of Mass Lincoln Ambulance Svc. (Town of) 
Arlington Fire Dept. Littleton Fire Dept. 

Armstrong Ambulance Svc.  MIT EMS 
Ashland Fire Dept.  Maynard Fire Dept. 
Bedford Fire Dept. McCall Tansportation LLC 
Belmont Fire Dept.  Medfield Fire Dept. 

Boston College EMS Millis Ambulance (Town of)  
Boston EMS Natick Fire Dept.  

Boston MedFlight  Needham Fire Dept.  
Boxborough Fire Dept. Norfolk Fire Dept.  

Brandeis Emergency Medical Corps Norwell Fire Dept.  
Brewster Ambulance Svc. Norwood Fire Dept. Ambulance  

Burlington Fire Dept.  Professional Ambulance & Oxygen Svc. 
Cambridge Fire Dept.  Scituate Fire Dept.  

Canton Fire Dept  Shaon Ambulance Svc. 
Carlisle Fire Dept.  Sherborn Fire Dept. Rescue Squad  

Cataldo ambulance Svc. South Shore Hospital  
Children's Hospital Boston  Southborough Fire Dept.  

Cohasset Fire Dept.  Spaulding Rehabilitation Hospital Ambulance  
Concord Fire Dept.  Stow Emergency Med. Svc. (Town of)  
Dover Fire Dept.  Sudbury Fire Dept.  

EasCare Ambulance  Walpole Fire & Rescue Dept.  
Eastern Ambulance Svc. Watertown Fire Dept.  

Fallon Ambulance & Fallon Emergency Medical 
Svc. Wayland Fire Dept. 

Hanover Fire Dept.  Weston Fire Dept.  
Hingham Fire & Rescue Svc. Westwood Fire Dept  

Holliston Fire Dept.  Wilmington Fire Dept. 
Hopkinton Fire Dept.  Winhester Fire Dept.  

Hull Fire/Rescue & Emergency Svc.  Woburn Fire Dept.  
 Wrentham Fire Dept. 
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Appendix P Continued  
Massachusetts Ambulance Service List Continued 

 
Region 5 

Abington Fire Dept. Marion Emergency Medical Svc. 
Acushnet Fire and EMS Marshfield Fire Dept. 

Alert Ambulance Svc. Inc.  Mashpee Fire & Rescue  
Attleboro Fire Dept. Massachusetts Maritime Academy EMS 

Avon Fire Dept.  Mattapoisett Police Emergency Medical Svc.  
Barnstable Fire/Rescue  Medical Services Ambulance  

Berkley Fire Dept.  Middleboro Fire Dept. 
Bourne Fire Department  Nantucket Fire Dept. 

Brewster Fire Dept.  New Bedford EMS 
Bridgewaer Fire Dept.  North Attleborough Fire Dept.  

Bridgewater State College Police Dept. Norton Fire Dept. 
Cape Cod Ambulance  Oak Bluffs Ambulance Svc. 

Carver Ambulance Svc.  Orleans Fire Department Rescue Svc.  
Centerville-Osterville-Marston Mills  Pembroke Fire Dept. Ambulance  

Chatham Fire Dept.  Plainville Fire Dept. 
Coastal Medical Transportation Svc. Plympton Fire Dept. 

Cotuit Fire Dept.  Privincetown Fire Dept. Rescue Squad  
Dartmouth Fire District 1 Randolph Fire Dept.  
Dartmouth Fire District 3 Raynham Fire Dept. 

Dennis Fire Dept.  Rehoboth Ambulance Committee 
Dighton Fire Dept.  Rehoboth Fire Dept.  
Duxbury Fire Dept.  Rehoboth Rescue Squad  

East Bridgewater Fire Dept.  Rochester Fire Dept. Ambulance Svc.  
Eastham Fire Dept.  Rockland Fire Dept. 
Easton Fire Dept.  Sandwich Fire Dept. 

Edgartown Fire Dept.  Seekonk Fire Dept. 
Fairhaven Fire and EMS Somerset Fire Dept. 

Fall River Fire Dept.  Stat Ambulance Svc. Of New England  
Falmouth Fire/Rescue Dept.  Stat SouthCoast Ambulance Svc. Inc. 
Foxborouh Fire and Rescue  Stoughton Fire Dept. 

Freetown Fire Dept.  Swansee Ambulance Corps  
Halifax Fire Dept.  Tisbury Ambualnce Svc. 
Hanson Fire Dept.  Tri-Town Ambulance  
Harwich Fire Dept. Truto Rescue Squad  
Holbrook Fire Dept. Wareham Emergency Medical Svc.  

Hyannis Fire & Rescue Dept. Wellfleet Fire Dept. 
Kingston Fire Dept. West Barnstable Fire Dept. 
Lakeville Fire Dept. West Bridgewater Fire Dept. 

Lower Cape Ambulance Assoc.  Westport Fire Dept. 
Mansfield Fire Dept. Whitman Fire Dept. 

 Yarmouth Fire Dept. 
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Appendix Q 
List of Massachusetts Emergency Departments 

Addison Gilbert Hospital 
298 Washington Street 
Gloucester, MA 01930 

978-283-4000 

Cambridge Hospital  
 1493 Cambridge Street 
Cambridge, MA 02139  

617-498-1000 

Heywood Hospital  
242 Green Street Gardner, 

MA 01440  
978-632-3420 

Anna Jaques Hospital        
25 Highland Avenue 

Newburyport, MA 01950 
 978-463-1000 

Cape Cod Hospital 
 27 Park Street Hyannis, MA 

02601  
508-771-1800 

Holyoke Medical Center  
575 Beech Street�Holyoke, 

MA 01040  
413-534-2500 

Athol Memorial Hospital  
 2033 Main Street�Athol, 
MA 01331 978-249-3511 

Charlton Memorial 
Hospital 363 Highland 
Avenue�Fall River, MA 

02720  
508-679-7041 

Jordan Hospital  
 275 Sandwich Street 
Plymouth, MA 02360  

508-746-2001 

Baystate Franklin Medical 
Center  

164 High Street�Greenfield, 
MA 01301 413-773-0211 

Children’s Hospital  
300 Longwood Avenue 

Boston, MA 02115 
 617-355-6117 

Lahey Clinic Hospital 
 41 Mall Road Burlington, 

MA 01805  
781-744-8100 

Baystate Mary Lane 
Hospital 85 South 

Street�Ware MA, 01082  
413-967-6211 

Clinton Hospital  
201 Highland Street Clinton, 

MA 01510  
978-368-3850 

Lawrence General Hospital 
One General 

Street�Lawrence, MA 01842  
978-683-4000 

Baystate Medical Center  
759 Chestnut Street 

Springfield, MA 01107  
413-794-0000 

Cooley Dickinson Hospital  
30 Locust Street 

Northampton, MA 01060 
 413-582-2108 

Lawrence Memorial 
Hospital of Medford 

170 Governors Avenue 
Medford, MA 02155  

781-306-6300 
Berkshire Medical Center 
725 North Street�Pittsfield, 

MA 01201  
413-447-2834 

Emerson Hospital 
 133 Old Road Concord, MA 

01742  
978-287-3690 

Lowell General Hospital  
295 Varnum Avenue Lowell, 

MA 01854  
978-937-6000 

Beth Israel Deaconess 
 148 Chestnut Street 

Needham, MA 02492� 
781-453-3000 

Fairview Hospital 
�29 Lewis Avenue�Great 

Barrington, MA 01230  
413-854-9700 

Marlborough Hospital  
157 Union Street 

Marlborough, MA 01752  
508-485-1121 

Beth Israel Deaconess 
Medical Center  

 330 Brookline Avenue 
Boston, MA 02215  

617-667-7000 

Falmouth Hospital 
100 Ter Heun Drive 

Falmouth, MA 02540  
508-548-5300 

Martha’s Vineyard 
Hospital 

 1 Hospital Road�Vineyard 
Haven, MA  

508-957-0111 
Beverly Hospital  

 85 Herrick Street Beverly, 
MA 01915  

978-922-3000 

Faulkner Hospital 
1153 Centre Street Jamaica 

Plain, MA 02130  
617-983-7000 

Metrowest Medical Center  
115 Lincoln Street 

Framingham, MA 01702  
508-383-1000 
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Appendix Q Continued  
Boston Medical Center 

One Boston Medical Center 
Place Boston, MA 02118� 

617-638-8000 

Harrington Healthcare at 
Hubbard 

340 Thompson 
Road�Webster, MA 01570� 

508-949-8703 

Metrowest Medical Center 
– Leonard Morse� 

67 Union Street�Natick, MA 
01760  

508-650-7000 

Brigham & Women’s 
Hospital 75 Francis 

Street�Boston, MA 02115  
617-732-5500 

Harrington Memorial 
Hospital 100 South 

Street�Southbridge, MA 
01550  

508-765-9771 

Milford Regional Medical 
Center  

 14 Prospect Street�Milford, 
MA 01757� 

508-422-2240 

Brockton Hospital 
680 Centre Street Brockton, 

MA 02302 
 508-941-7000 

 

HealthAlliance Leominster 
Hospital  

 60 Hospital 
Road�Leominster, MA 

01453� 
978-466-2000 

Tobey Hospital 
 43 High Street Wareham, 

MA 02571  
508-295-0880 

Milton Hospital  
92 Highland Street Milton, 

MA 02186  
617-696-4600 

South Shore Medical 
Center  

55 Fogg Road�South 
Weymouth, MA 02190  

781-624-8321 

UMass Memorial Medical 
Center  

281 Lincoln Street Worcester, 
MA 01605  

508-334-1000 
Morton Hospital and 

Medical Center� 
88 Washington Street 
Taunton, MA 02780  

508-828-7100 

St. Luke’s Hospital  
101 Page Street�New 
Bedford, MA 02740  

508-961-5388 

UMass University Campus 
Medical Center  

55 Lake Avenue North 
Worcester, MA 01655  

508-334-1000 

Mount Auburn Hospital  
330 Mount Auburn Street 
Cambridge, MA 02138  

617-499-5025 

St. Vincent Hospital  
123 Summer Street 

Worcester, MA 01608  
508-363-6025 

Whidden Memorial 
Hospital 

 103 Garland Street�Everett, 
MA 02149  

617-389-6270 
Nantucket Cottage Hospital 

 57 Prospect 
Street�Nantucket, MA 02554  

508-825-8165 

Steward Carney Hospital 
2100 Dorchester Avenue 

Boston, MA 02124  
617-296-4000 

Winchester Hospital  
41 Highland Avenue 

Winchester, MA 01890  
781-756-2000 

New England Medical 
Center 750 Washington 

Street�Boston, MA 02111  
617-636-5000 

Steward Good Samaritan 
Medical Center 

�235 North Pearl Street 
Brockton, MA 02301  

508-427-3000 

Wing Memorial Hospital  
40 Wright Street�Palmer, 

MA 01069  
413-283-7651 

 
Newton-Wellesley Hospital 

2014 Washington Street 
Newton, MA 02458  

617-243-6193 

Steward Holy Family 
Hospital 70 East 

Street�Methuen, MA 01844  
978-687-0156 
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Appendix Q Continued  

Noble Hospital 
115 W- Silver Street 

Westfield, MA 01085 
413-568-2811 

Steward Nashoba�Valley 
Medical Center 

200 Groton Road�Ayer, MA 
01432 

978-784-9255 

 

North Adams Regional 
Hospital 

71 Hospital Avenue�North 
Adams, MA 01247 

413-664-5256 

Steward Norwood Hospital 
800 Washington Street 
Norwood, MA 02062 

781-769-4000 

 

North Shore Medical 
Center, Salem Campus 81 
Highland Avenue�Salem, 

MA 01970 
978-741-1200 

Steward Quincy Medical 
Center 

 114 Whitwell Street�Quincy, 
MA 02169� 

617-773-6100 

 

North Shore Medical 
Center, Union Campus 

500 Lynnfield Street�Lynn, 
MA 01904 

781-477-3455 

Steward St- Anne’s 
Hospital 795 Middle 

Street�Fall River, MA 02721 
508-674-5741 

 

Saints Memorial Medical 
Center  

One Hospital Drive Lowell, 
MA 01852 

978-934-8323 

Steward St. Elizabeth’s 
Medical Center 

736 Cambridge Street 
Boston, MA 02315 

617-789-2666 

 

Somerville Hospital 
230 Highland Avenue 
Somerville, MA 02143 

617-591-4700 

Sturdy Memorial Hospital 
211 Park Street�Attleboro, 

MA 02703 
508-236-7000 
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Appendix R 
Code for AIR 

package	rebuild;	

import	java.io.BufferedWriter;	

import	java.io.File;	

import	java.io.FileWriter;	

import	java.util.Optional;	

import	java.util.Scanner;	

import	javafx.application.Application;	

import	javafx.beans.value.ChangeListener;	

import	javafx.beans.value.ObservableValue;	

import	javafx.collections.FXCollections;	

import	javafx.collections.ObservableList;	

import	javafx.geometry.Insets;	

import	javafx.scene.Scene;	

import	javafx.scene.control.Button;	

import	javafx.scene.control.ContextMenu;	

import	javafx.scene.control.Label;	

import	javafx.scene.control.ListView;	

import	javafx.scene.control.MenuItem;	

import	javafx.scene.control.TextArea;	

import	javafx.scene.control.TextField;	

import	javafx.scene.control.TextInputDialog;	

import	javafx.scene.layout.GridPane;	

import	javafx.scene.layout.HBox;	

import	javafx.scene.layout.Priority;	

import	javafx.scene.layout.VBox;	

import	javafx.scene.text.Font;	

import	javafx.stage.Stage;	

	

	

public	class	Sleven	extends	Application	{	

	 /**	

	 	*	Copyright	

	 	*/	

	 private	Stage	window;	

	 private	boolean	enableSave	=	true;	

	 private	boolean	restrictUsage	=	false;	

	 private	boolean	alive	=	true;	

	 private	Scene	runNumberScene,	previousRunsScene,	actionScene;	

	 private	Button	previousRuns;	

	 private	Button	buttonSettings	=	new	Button("Settings");	 	

	 //	runNumberScene	

	 private	Button	runNumberEnter,	runNumberBackspace,	runNumberClear,	
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	 	 	 runNumberHome;	

	 private	Button[]	numberButtons	=	{	new	Button("1"),	new	Button("4"),	

	 	 	 new	Button("7"),	new	Button("2"),	new	Button("5"),	new	Button("8"),	

	 	 	 new	Button("3"),	new	Button("6"),	new	Button("9"),	new	Button("0"),	};	

	 //	Action	Screen	

	 private	Button	finishRun;	

	 private	TextField	runNumberField	=	new	TextField();	

	 private	String	runNumber;	

	 private	int	timeAdjustment	=	0;	

	 private	String[]	actionButtonLabels	=	{	"Monitor",	"12	lead",	"Oxygen",	

	 	 	 "Patient	in	EA",	"NTG",	"CPR",	"IV",	"Intubation",	"Asprin",	

	 	 	 "Oral	Meds",	"IV	Meds",	"Epinephrine",	"Splinting",	"Morphine",	

	 	 	 "Benadryl",	"Vitals"	};	

	 //	

	 private	Button[]	actionButtons	=	{	new	Button(actionButtonLabels[0]),	

	 	 	 new	Button(actionButtonLabels[1]),	

	 	 	 new	Button(actionButtonLabels[2]),	

	 	 	 new	Button(actionButtonLabels[3]),	

	 	 	 new	Button(actionButtonLabels[4]),	

	 	 	 new	Button(actionButtonLabels[5]),	

	 	 	 new	Button(actionButtonLabels[6]),	

	 	 	 new	Button(actionButtonLabels[7]),	

	 	 	 new	Button(actionButtonLabels[8]),	

	 	 	 new	Button(actionButtonLabels[9]),	

	 	 	 new	Button(actionButtonLabels[10]),	

	 	 	 new	Button(actionButtonLabels[11]),	

	 	 	 new	Button(actionButtonLabels[12]),	

	 	 	 new	Button(actionButtonLabels[13]),	

	 	 	 new	Button(actionButtonLabels[14]),	

	 	 	 new	Button(actionButtonLabels[15])	};;	

	 private	Button	RunNumberButton;	

	 //	Patient	Data	

	 private	Label	weight;	

	 private	int	weightMeasurement	=	0;	

	 private	ListView<String>	listOfPreviousRuns;	

	 private	ListView<String>	actionList;	

	 private	final	Font	large	=	new	Font(72);	

	 private	final	Font	medium	=	new	Font(36);	

	 private	void	correctButtonsState()	{	

	 	 new	Thread()	{	

	 	 	 public	void	run()	{	

	 	 	 	 for	(Button	b	:	actionButtons)	

	 	 	 	 	 b.setDisable(true);	

	 	 	 	 finishRun.setDisable(true);	
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	 	 	 	 while	((runNumber	==	null	||	runNumber.equals(""))	&&	alive)	

	 	 	 	 	 try	{	

	 	 	 	 	 	 Thread.sleep(100);	

	 	 	 	 	 }	catch	(Exception	ex)	{	

	 	 	 	 	 }	

	 	 	 	 for	(Button	b	:	actionButtons)	

	 	 	 	 	 b.setDisable(false);	

	 	 	 	 finishRun.setDisable(false);	

	 	 	 }	

	 	 }.start();	

	 }	

	 private	ChangeListener<String>	dateFormatter	=	new	ChangeListener<String>()	{	

	 	 public	void	changed(ObservableValue<?	extends	String>	arg0,	

	 	 	 	 String	arg1,	String	arg2)	{	

	 	 	 String	text	=	runNumberField.getText();	

	 	 	 //	Day	

	 	 	 for	(String	s	:	"456789".split(""))	{	

	 	 	 	 if	(s.equals(text))	{	

	 	 	 	 	 text	=	"0"	+	text;	

	 	 	 	 	 break;	

	 	 	 	 }	

	 	 	 }	

	 	 	 //	Month	

	 	 	 if	(text.length()	<	5)	

	 	 	 	 for	(String	s	:	"23456789".split(""))	{	

	 	 	 	 	 if	(text.endsWith("/"	+	s))	{	

	 	 	 	 	 	 text	=	text.substring(0,	3)	+	"0"	+	s;	

	 	 	 	 	 	 break;	

	 	 	 	 	 }	

	 	 	 	 }	

	 	 	 if	(text.length()	==	5)	

	 	 	 	 runNumberField.setText(text	+	"/");	

	 	 	 if	(text.length()	==	2)	

	 	 	 	 runNumberField.setText(text	+	"/");	

	 	 	 //	Full	date	validation	

	 	 	 if	(text.length()	>	9)	{	

	 	 	 	 String[]	dmy	=	text.split("/");	

	 	 	 	 int	day	=	Integer.parseInt(dmy[0]);	

	 	 	 	 int	month	=	Integer.parseInt(dmy[1]);	

	 	 	 	 int	year	=	Integer.parseInt(dmy[2]);	

	 	 	 	 String	newDate	=	"";	//	the	nearest	valid	date	

	 	 	 	 int	daysInFebruary	=	year	%	4	==	0	?	29	:	28;	

	 	 	 	 String	thirtyDayMonths	=	"9	4	6	11";	

	 	 	 	 if	(month	>	12)	
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	 	 	 	 	 month	=	12;	

	 	 	 	 if	(day	>	31)	

	 	 	 	 	 day	=	31;	

	 	 	 	 if	(month	==	2)	

	 	 	 	 	 if	(day	>	daysInFebruary)	

	 	 	 	 	 	 day	=	daysInFebruary;	

	 	 	 	 if	(day	>	30)	

	 	 	 	 	 if	(thirtyDayMonths.contains(""	+	month))	

	 	 	 	 	 	 day	=	30;	

	 	 	 	 String	dbuffer	=	day	>	9	?	""	:	"0";	

	 	 	 	 String	mbuffer	=	month	>	9	?	""	:	"0";	

	 	 	 	 newDate	=	dbuffer	+	day	+	"/"	+	mbuffer	+	month	+	"/"	+	year;	

	 	 	 	 runNumberField.setText(newDate);	

	 	 	 }	

	 	 }	

	 };	

	 public	static	void	main(String[]	args)	{	

	 	 launch(args);	

	 }	

	 /**	

	 	*	Sets	up	the	configuration	for	the	action	buttons	loads	the	config	file.	

	 	*/	

	 private	void	setActionButtons()	{	

	 	 this.loadConfigFile();	

	 	 int	i	=	0;	

	 	 for	(Button	b	:	this.actionButtons)	{	

	 	 	 b.setText(actionButtonLabels[i]);	

	 	 	 i++;	

	 	 }	

	 }	

	 /**	

	 	*	Makes	the	scene	for	RunNumber	

	 	*/	

	 private	void	makeRunNumberScene()	{	

	 	 GridPane	layout	=	new	GridPane();	

	 	 layout.setPadding(new	Insets(10,	10,	10,	10));	

	 	 layout.setHgap(10);	

	 	 layout.setVgap(10);	

	 	 VBox	v	=	new	VBox();	

	 	 HBox	h	=	new	HBox();	

	 	 h.setPadding(new	Insets(10,	10,	0,	10));	

	 	 h.setSpacing(10);	

	 	 runNumberField.setMaxWidth(Double.MAX_VALUE);	

	 	 runNumberField.setEditable(false);	
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	 	 runNumberField.setFont(large);	

	 	 runNumberField.setPromptText("Enter	Run	Number");	

	 	 HBox.setHgrow(runNumberField,	Priority.ALWAYS);	

	 	 runNumberBackspace	=	new	Button();	

	 	 runNumberBackspace.setText("<");	

	 	 runNumberBackspace.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 runNumberBackspace.setFont(large);	

	 	 runNumberBackspace.setOnAction(e	->	{	

	 	 	 String	txt	=	runNumberField.getText();	

	 	 	 if	(txt.length()	==	0)	

	 	 	 	 return;	

	 	 	 if	(txt.endsWith("/"))	

	 	 	 	 txt	=	txt.substring(0,	txt.length()	-	1);	

	 	 	 txt	=	txt.substring(0,	txt.length()	-	1);	

	 	 	 runNumberField.setText(txt);	

	 	 });	

	 	 HBox.setHgrow(runNumberBackspace,	Priority.ALWAYS);	

	 	 runNumberClear	=	new	Button();	

	 	 runNumberClear.setText("X");	

	 	 runNumberClear.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 runNumberClear.setFont(large);	

	 	 runNumberClear.setOnAction(e	->	{	

	 	 	 runNumberField.setText("");	

	 	 });	

	 	 HBox.setHgrow(runNumberClear,	Priority.ALWAYS);	

	 	 h.getChildren().add(this.runNumberField);	

	 	 h.getChildren().add(this.runNumberBackspace);	

	 	 h.getChildren().add(this.runNumberClear);	

	 	 v.getChildren().add(h);	

	 	 for	(Button	b	:	numberButtons)	{	

	 	 	 b.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 	 GridPane.setHgrow(b,	Priority.ALWAYS);	

	 	 	 GridPane.setVgrow(b,	Priority.ALWAYS);	

	 	 	 b.setFont(large);	

	 	 	 b.setOnAction(e	->	{	

	 	 	 	 String	txt	=	b.getText();	

	 	 	 	 runNumberField.appendText(txt);	

	 	 	 });	

	 	 }	

	 	 layout.add(this.numberButtons[0],	0,	0);	

	 	 layout.add(this.numberButtons[1],	0,	1);	

	 	 layout.add(this.numberButtons[2],	0,	2);	

	 	 layout.add(this.numberButtons[3],	1,	0);	

	 	 layout.add(this.numberButtons[4],	1,	1);	
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	 	 layout.add(this.numberButtons[5],	1,	2);	

	 	 layout.add(this.numberButtons[6],	2,	0);	

	 	 layout.add(this.numberButtons[7],	2,	1);	

	 	 layout.add(this.numberButtons[8],	2,	2);	

	 	 layout.add(this.numberButtons[9],	1,	3);	

	 	 runNumberHome	=	new	Button();	

	 	 runNumberHome.setText("Home");	

	 	 runNumberHome.setOnAction(e	->	this.toHomeScreen());	

	 	 runNumberHome.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 runNumberHome.setFont(large);	

	 	 runNumberEnter	=	new	Button();	

	 	 runNumberEnter.setText("Enter");	

	 	 runNumberEnter.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 runNumberEnter.setFont(large);	

	 	 runNumberEnter.setOnAction(e	->	setRunNumber());	

	 	 GridPane.setHgrow(runNumberHome,	Priority.ALWAYS);	

	 	 GridPane.setVgrow(runNumberHome,	Priority.ALWAYS);	

	 	 GridPane.setHgrow(runNumberEnter,	Priority.ALWAYS);	

	 	 GridPane.setVgrow(runNumberEnter,	Priority.ALWAYS);	

	 	 VBox.setVgrow(layout,	Priority.ALWAYS);	

	 	 layout.add(this.runNumberHome,	0,	3);	

	 	 layout.add(runNumberEnter,	2,	3);	

	 	 layout.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 v.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 v.getChildren().add(layout);	

	 	 this.runNumberScene	=	new	Scene(v);	

	 }	

	 /**	

	 	*	Makes	the	scene	for	Previous	Runs	

	 	*/	

	 private	void	makePreviousRunsScene()	{	

	 	 HBox	layout	=	new	HBox();	

	 	 VBox	left	=	new	VBox();	

	 	 left.setSpacing(10);	

	 	 VBox	right	=	new	VBox();	

	 	 layout.setSpacing(10);	

	 	 layout.setPadding(new	Insets(10,	10,	10,	10));	

	 	 listOfPreviousRuns	=	new	ListView<String>();	

	 	 getFiles();	

	 	 Button	goHome	=	new	Button("Home");	

	 	 goHome.setFont(large);	

	 	 goHome.setOnAction(e	->	toHomeScreen());	

	 	 goHome.setMaxWidth(Double.MAX_VALUE);	

	 	 VBox.setVgrow(listOfPreviousRuns,	Priority.ALWAYS);	
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	 	 left.getChildren().add(listOfPreviousRuns);	

	 	 left.getChildren().add(goHome);	

	 	 TextArea	ta	=	new	TextArea();	

	 	 ta.setEditable(false);	

	 	 listOfPreviousRuns.setOnKeyReleased(e	->	ta	

	 .setText(readFile(listOfPreviousRuns.getSelectionModel()	

	 	 	 	 	 	 .getSelectedItem())));	

	 	 listOfPreviousRuns.setOnMouseClicked(e	->	ta	

	 .setText(readFile(listOfPreviousRuns.getSelectionModel()	

	 	 	 	 	 	 .getSelectedItem())));	

	 	 ta.setFont(medium);	

	 	 ta.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 VBox.setVgrow(ta,	Priority.ALWAYS);	

	 	 right.getChildren().add(ta);	

	 	 right.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 HBox.setHgrow(left,	Priority.ALWAYS);	

	 	 HBox.setHgrow(right,	Priority.ALWAYS);	

	 	 layout.getChildren().addAll(left,	right);	

	 	 previousRunsScene	=	new	Scene(layout);	

	 }	

	 /**	

	 	*	Makes	the	scene	for	Action	

	 	*/	

	 private	void	makeActionScene()	{	

	 	 this.setActionButtons();	

	 	 HBox	layout	=	new	HBox();	

	 	 layout.setPadding(new	Insets(10,	10,	10,	10));	

	 	 layout.setSpacing(10);	

	 	 VBox	leftSide	=	new	VBox();	

	 	 VBox	rightSide	=	new	VBox();	

	 	 GridPane	actionLayout	=	new	GridPane();	

	 	 actionLayout.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 actionLayout.setHgap(10);	

	 	 actionLayout.setVgap(10);	

	 	 VBox	dashboardLayout	=	new	VBox();	

	 	 dashboardLayout.setSpacing(10);	

	 	 //	dashboardLayout.setPadding(new	Insets(10,	10,	10,	10));	

	 	 dashboardLayout.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 VBox.setVgrow(dashboardLayout,	Priority.ALWAYS);	

	 	 HBox	SelectSex	=	new	HBox();	

	 	 SelectSex.setSpacing(10);	

	 	 this.previousRuns	=	new	Button();	

	 	 this.previousRuns.setText("View	Previous	Runs");	

	 	 this.previousRuns.setOnAction(e	->	this.toPreviousRunsScreen());	
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	 	 this.previousRuns.setFont(this.medium);	

	 	 //	female.setSelected(true);	

	 	 weight	=	new	Label();	

	 	 weight.setText("Weight:	"	+	this.weightMeasurement);	

	 	 weight.setFont(medium);	

	 	 HBox	nameAndDOB	=	new	HBox();	

	 	 nameAndDOB.setSpacing(10);	

	 	 RunNumberButton	=	new	Button();	

	 	 RunNumberButton.setText("Run	Number");	

	 	 RunNumberButton.setFont(this.medium);	

	 	 RunNumberButton.setOnAction(e	->	this.toRunNumberScreen());	

	 	 buttonSettings.setFont(medium);	

	 	 nameAndDOB.getChildren()	

	 	 	 	 .addAll(this.previousRuns,	this.RunNumberButton);	

	 	 dashboardLayout.getChildren().add(nameAndDOB);	

	 	 leftSide.getChildren().add(dashboardLayout);	

	 	 int	width	=	4;	

	 	 int	i	=	0;	

	 	 for	(Button	b	:	actionButtons)	{	

	 	 	 if	(b.getText().endsWith("$"))	{	

	 	 	 	 b.setText(b.getText().substring(0,	b.getText().length()	-	1)	

	 	 	 	 	 	 +	"\nON");	

	 	 	 }	

	 	 	 String	text	=	b.getText();	

	 	 	 b.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 	 GridPane.setHgrow(b,	Priority.ALWAYS);	

	 	 	 GridPane.setVgrow(b,	Priority.ALWAYS);	

	 	 	 actionLayout.add(b,	i	%	width,	i	/	width);	

	 	 	 b.setFont(medium);	

	 	 	 b.setOnAction(e	->	{	

	 	 	 	 if	(runNumber	==	null	||	runNumber.equals(""))	

	 	 	 	 	 return;	

	 	 	 	 long	time	=	System.currentTimeMillis();	

	 	 	 	 int	seconds	=	(int)	((time	/	1000)	%	60);	

	 	 	 	 int	minutes	=	(int)	((time	/	1000)	/	60)	%	60;	

	 	 	 	 int	hours	=	(int)	(((time)	/	1000	/	3600)	%	24)	

	 	 	 	 	 	 +	this.timeAdjustment;	

	 	 	 	 String	tz	=	"_UTC";	

	 	 	 	 if	(this.timeAdjustment	>=	0)	

	 	 	 	 	 tz	+=	"+"	+	this.timeAdjustment;	

	 	 	 	 else	

	 	 	 	 	 tz	+=	this.timeAdjustment;	

	 	 	 	 String	tim	=	hours	+	":"	+	minutes	+	":"	+	seconds	+	tz;	

	 	 	 	 ObservableList<String>	ol	=	actionList.getItems();	
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	 	 	 	 String	text2	=	text;	

	 	 	 	 if	(text.contains("\n"))	{	

	 	 	 	 	 int	dex	=	text.indexOf("\n");	

	 	 	 	 	 text2	=	text.substring(0,	dex)	+	"	"	

	 	 	 	 	 	 	 +	text.substring(dex	+	1);	

	 	 	 	 }	

	 	 	 	 String	fin	=	"";	

	 	 	 	 boolean	isToggle	=	false;	

	 	 	 	 this.actionList.setItems(ol);	

	 	 	 	 if	(b.getText().endsWith("\nON"))	{	

	 	 	 	 	 isToggle	=	true;	

	 	 	 	 	 fin	=	b.getText().substring(0,	b.getText().length()	-	3)	

	 	 	 	 	 	 	 +	"	ON";	

	 	 	 	 	 b.setText(b.getText()	

	 	 	 	 	 	 	 .substring(0,	b.getText().length()	-	3)	+	

"\nOFF");	

	 	 	 	 }	else	if	(b.getText().endsWith("\nOFF"))	{	

	 	 	 	 	 isToggle	=	true;	

	 	 	 	 	 fin	=	b.getText().substring(0,	b.getText().length()	-	4)	

	 	 	 	 	 	 	 +	"	OFF";	

	 	 	 	 	 b.setText(b.getText()	

	 	 	 	 	 	 	 .substring(0,	b.getText().length()	-	4)	+	

"\nON");	

	 	 	 	 }	

	 	 	 	 if	(isToggle)	

	 	 	 	 	 ol.add(fin	+	"_"	+	tim);	

	 	 	 	 else	

	 	 	 	 	 ol.add(text2	+	"_"	+	tim);	

	 	 	 });	

	 	 	 i++;	

	 	 }	

	 	 VBox.setVgrow(actionLayout,	Priority.ALWAYS);	

	 	 leftSide.getChildren().add(actionLayout);	

	 	 //	right	side	

	 	 actionList	=	new	ListView<String>();	

	 	 //	actionList.setCellFactory(ex	->	{	

	 	 //	return	null;	

	 	 //	});	

	 	 actionList.setMaxSize(Double.MAX_VALUE,	Double.MAX_VALUE);	

	 	 ContextMenu	cm	=	new	ContextMenu();	

	 	 MenuItem	mistake	=	new	MenuItem("Mistake");	

	 	 MenuItem	wrongAction	=	new	MenuItem("Wrong	Intervention");	

	 	 MenuItem	comment	=	new	MenuItem("Add	Comment");	
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	 	 cm.getItems().addAll(mistake,	wrongAction,	comment);	

	 	 actionList.setContextMenu(cm);	

	 	 actionList	

	 	 	 	 .setOnTouchStationary(e	->	{	

	 	 	 	 	 int	index	=	actionList.getSelectionModel()	

	 	 	 	 	 	 	 .getSelectedIndex();	

	 	 	 	 	 mistake.setOnAction(ex	->	{	

	 	 	 	 	 	 String	s	=	actionList.getItems().get(index);	

	 	 	 	 	 	 s	+=	"	***MISCLICK***";	

	 	 	 	 	 	 actionList.getItems().set(index,	s);	

	 	 	 	 	 });	

	 	 	 	 	 wrongAction.setOnAction(ex	->	{	

	 	 	 	 	 	 String	s	=	actionList.getItems().get(index);	

	 	 	 	 	 	 s	+=	"	***WRONG	INTERVENTION***";	

	 	 	 	 	 	 actionList.getItems().set(index,	s);	

	 	 	 	 	 });	

	 	 	 	 	 comment.setOnAction(ex	->	{	

	 	 	 	 	 	 String	s	=	actionList.getItems().get(index);	

	 	 	 	 	 	 TextInputDialog	tid	=	new	TextInputDialog(	

	 	 	 	 	 	 	 	 "Enter	your	comment");	

	 	 	 	 	 	 tid.setTitle("Comment");	

	 	 	 	 	 	 Optional<String>	result	=	tid.showAndWait();	

	 	 	 	 	 	 if	(result.isPresent())	{	

	 	 	 	 	 	 	 s	+=	"\tComment:	"	+	result.get();	

	 	 	 	 	 	 }	

	 	 	 	 	 	 actionList.getItems().set(index,	s);	

	 	 	 	 	 });	

	 	 actionList.getContextMenu().show(this.window);	

	 	 	 	 });	

	 	 actionList	

	 	 	 	 .setOnContextMenuRequested(e	->	{	

	 	 	 	 	 int	index	=	actionList.getSelectionModel()	

	 	 	 	 	 	 	 .getSelectedIndex();	

	 	 	 	 	 mistake.setOnAction(ex	->	{	

	 	 	 	 	 	 String	s	=	actionList.getItems().get(index);	

	 	 	 	 	 	 s	+=	"	***MISTAKE***";	

	 	 	 	 	 	 actionList.getItems().set(index,	s);	

	 	 	 	 	 });	

	 	 	 	 	 wrongAction.setOnAction(ex	->	{	

	 	 	 	 	 	 String	s	=	actionList.getItems().get(index);	

	 	 	 	 	 	 s	+=	"	***WRONG	INTERVENTION***";	

	 	 	 	 	 	 actionList.getItems().set(index,	s);	

	 	 	 	 	 });	

	 	 	 	 	 comment.setOnAction(ex	->	{	
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	 	 	 	 	 	 String	s	=	actionList.getItems().get(index);	

	 	 	 	 	 	 TextInputDialog	tid	=	new	TextInputDialog(	

	 	 	 	 	 	 	 	 "Enter	your	comment");	

	 	 	 	 	 	 tid.setTitle("Comment");	

	 	 	 	 	 	 Optional<String>	result	=	tid.showAndWait();	

	 	 	 	 	 	 if	(result.isPresent())	{	

	 	 	 	 	 	 	 s	+=	"\tComment:	"	+	result.get();	

	 	 	 	 	 	 }	

	 	 	 	 	 	 actionList.getItems().set(index,	s);	

	 	 	 	 	 });	

	 	 	 	 });	

	 	 rightSide.getChildren().add(actionList);	

	 	 finishRun	=	new	Button();	

	 	 finishRun.setText("End	Run");	

	 	 finishRun.setFont(large);	

	 	 finishRun.setOnAction(e	->	this.endRun());	

	 	 finishRun.setMaxWidth(Double.MAX_VALUE);	

	 	 rightSide.getChildren().add(finishRun);	

	 	 VBox.setVgrow(finishRun,	Priority.ALWAYS);	

	 	 VBox.setVgrow(actionList,	Priority.ALWAYS);	

	 	 HBox.setHgrow(leftSide,	Priority.ALWAYS);	

	 	 HBox.setHgrow(rightSide,	Priority.ALWAYS);	

	 	 layout.getChildren().add(leftSide);	

	 	 layout.getChildren().add(rightSide);	

	 	 this.actionScene	=	new	Scene(layout);	

	 	 this.correctButtonsState();	

	 }	

	 /**	

	 	*	sets	the	runNumber	to	the	text	in	the	runNumberField	and	then	goes	to	the	

	 	*	action	screen	

	 	*/	

	 private	void	setRunNumber()	{	

	 	 this.runNumber	=	runNumberField.getText();	

	 	 if	(this.runNumber.equals("")	&&	restrictUsage)	

	 	 	 return;	

	 	 ObservableList<String>	ol	=	actionList.getItems();	

	 	 ol.addAll(this.runNumber);	

	 	 this.actionList.setItems(ol);	

	 	 this.toActionScreen();	

	 }	

	 /**	

	 	*	Shows	the	run	number	screen	This	screen	is	the	same	as	the	Date	of	birth	

	 	*	screen	but	the	onAction	for	the	enter	button	has	been	changed	to	

	 	*	setRunNumber()	
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	 	*/	

	 private	void	toRunNumberScreen()	{	

	 	 this.numberButtons[4].requestFocus();	

	 this.runNumberField.textProperty().removeListener(this.dateFormatter);	

	 	 this.runNumberField.setText("");	

	 	 this.runNumberField.setPromptText("Enter	Run	Number");	

	 	 this.runNumberEnter.setOnAction(e	->	setRunNumber());	

	 	 this.runNumberHome.setText("Home");	

	 	 this.runNumberHome.setOnAction(e	->	toHomeScreen());	

	 	 this.window.setScene(this.runNumberScene);	

	 }	

	 /**	

	 	*	Shows	the	action	screen	

	 	*/	

	 private	void	toActionScreen()	{	

	 	 //	setRunNumber();	

	 	 this.window.setScene(this.actionScene);	

	 }	

	 /**	

	 	*	Shows	the	previous	runs	screen	

	 	*/	

	 private	void	toPreviousRunsScreen()	{	

	 	 getFiles();	

	 	 window.setScene(previousRunsScene);	

	 }	

	 /**	

	 	*	Shows	the	home	screen	

	 	*/	

	 private	void	toHomeScreen()	{	

	 	 //	this.name.setText("");	

	 	 this.runNumber	=	"";	

	 	 //	window.setScene(this.homeScene);	

	 	 window.setScene(this.actionScene);	

	 }	

	 /**	

	 	*	This	is	where	the	run	number	is	passed	to	the	program	by	the	server.	

	 	*		

	 	*	@param	newRunNumber	

	 	*/	

	 protected	void	setRunNumber(String	newRunNumber)	{	

	 	 this.runNumber	=	newRunNumber;	

	 }	

	 /**	

	 	*	getFiles	gets	a	list	of	APIN	Files	for	viewing	
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	 	*/	

	 private	void	getFiles()	{	

	 	 try	{	

	 	 	 ObservableList<String>	listOfFiles	=	FXCollections	

	 	 	 	 	 .observableArrayList();	

	 	 	 listOfPreviousRuns.setItems(listOfFiles);	

	 	 	 int	i	=	0;	

	 	 	 for	(File	f	:	new	File(".").listFiles())	{	

	 	 	 	 if	(i	>	100)	

	 	 	 	 	 break;	

	 	 	 	 String	s	=	f.getName();	

	 	 	 	 if	(s.toUpperCase().endsWith(".AIR")	

	 	 	 	 	 	 &&	!s.toUpperCase().equals(".AIR"))	

	 	 	 	 	 listOfFiles.add(s);	

	 	 	 	 i++;	

	 	 	 }	

	 	 }	catch	(Exception	ex)	{	

	 	 	 ex.printStackTrace();	

	 	 }	

	 }	

	 /**	

	 	*	Saves	the	data	entered	by	an	EMT	on	the	action	screen	to	a	file	named	

	 	*	after	the	run	number	

	 	*/	

	 private	void	saveToFile()	{	

	 	 saveToFile(0);	

	 }	

	

	 /**	

	 	*	Saves	the	data	entered	by	an	EMT	on	the	action	screen	to	a	file	named	

	 	*	after	the	run	number	

	 	*/	

	 private	void	saveToFile(int	same)	{	

	 	 if	(!enableSave)	

	 	 	 return;	

	 	 try	{	

	 	 	 String	fn	=	this.runNumber;	

	 	 	 if	(same	!=	0)	{	

	 	 	 	 fn	+=	"("	+	same	+	")";	

	 	 	 }	

	 	 	 File	fil	=	new	File(fn	+	".AIR");	

	 	 	 if	(fil.exists())	{	

	 	 	 	 System.out.println("File	already	created!");	

	 	 	 	 saveToFile(same	+	1);	



	135 

	 	 	 	 return;	

	 	 	 }	

	 	 	 System.out.println("Saving...");	

	 	 	 BufferedWriter	bw	=	new	BufferedWriter(new	FileWriter(fn	+	".AIR"));	

	 	 	 bw.write("Run:	"	+	runNumber);	

	 	 	 bw.newLine();	

	 	 	 for	(String	s	:	this.actionList.getItems())	{	

	 	 	 	 bw.write(s);	

	 	 	 	 bw.newLine();	

	 	 	 }	

	 	 	 bw.close();	

	 	 }	catch	(Exception	ex)	{	

	 	 	 ex.printStackTrace();	

	 	 }	

	 	 System.out.println("Done.");	

	 }	

	 /**	

	 	*	Saves	the	configuration	file	

	 	*/	

	 private	void	saveConfigFile()	{	

	 	 String	fn	=	"config";	

	 	 try	{	

	 	 	 BufferedWriter	bw	=	new	BufferedWriter(new	FileWriter(fn));	

	 	 	 for	(String	line	:	this.actionButtonLabels)	{	

	 	 	 	 bw.write(line);	

	 	 	 	 bw.newLine();	

	 	 	 }	

	 	 	 bw.write(this.timeAdjustment	+	"");	

	 	 	 bw.close();	

	 	 }	catch	(Exception	ex)	{	

	 	 }	

	 }	

	 /**	

	 	*	Loads	the	configuration	file	

	 	*/	

	 private	void	loadConfigFile()	{	

	 	 try	{	

	 	 	 Scanner	scan	=	new	Scanner(new	File("config"));	

	 	 	 this.actionButtonLabels	=	new	String[16];	

	 	 	 int	i	=	0;	

	 	 	 while	(i	<	actionButtons.length)	{	

	 	 	 	 actionButtonLabels[i]	=	scan.nextLine();	

	 	 	 	 i++;	

	 	 	 }	
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	 	 	 this.timeAdjustment	=	scan.nextInt();	

	 	 	 scan.close();	

	 	 }	catch	(Exception	ex)	{	

	 	 	 saveConfigFile();	

	 	 }	

	 }	

	 /**	

	 	*	Reads	the	file	at	the	given	filepath	and	returns	the	entire	file	

	 	*	separated	by	newline	chars	("\n")	

	 	*		

	 	*	@param	filepath	

	 	*	@return	

	 	*/	

	 private	String	readFile(String	filepath)	{	

	 	 String	eachLine	=	"";	

	 	 try	{	

	 	 	 File	f	=	new	File(filepath);	

	 	 	 Scanner	sc	=	new	Scanner(f);	

	 	 	 while	(sc.hasNext())	{	

	 	 	 	 eachLine	+=	sc.nextLine()	+	"\n";	

	 	 	 }	

	 	 	 sc.close();	

	 	 }	catch	(Exception	ex)	{	

	 	 }	

	 	 return	eachLine;	

	 }	

	 /**	

	 	*	Called	when	the	run	is	ended	

	 	*/	

	 private	void	endRun()	{	

	 	 saveToFile();	

	 	 ObservableList<String>	clear	=	FXCollections.observableArrayList();	

	 	 this.actionList.setItems(clear);	

	 	 this.toHomeScreen();	

	 	 this.correctButtonsState();	

	 }	

	 /**	

	 	*	Called	when	the	window	requests	close.	

	 	*/	

	 private	void	dispose()	{	

	 	 alive	=	false;	

	 	 window.close();	

	 }	

	 /**	
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	 	*	This	is	where	it	makes	all	of	the	scenes	and	sets	the	window	properties.	

	 	*/	

	 public	void	start(Stage	mainStage)	throws	Exception	{	

	 	 window	=	mainStage;	

	 	 window.setTitle("Rebuild");	

	 	 window.setWidth(Double.MAX_VALUE);	

	 	 window.setHeight(Double.MAX_VALUE);	

	 	 this.makeRunNumberScene();	

	 	 this.makePreviousRunsScene();	

	 	 this.makeActionScene();	

	 	 window.setOnCloseRequest(e	->	{	

	 	 	 e.consume();	

	 	 	 dispose();	

	 	 });	

	 	 window.setScene(this.actionScene);	

	 	 window.show();	

	 }	

}	

	

	

	

	

	

	

	

 


