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ABSTRACT

Objective: Overtriage (OT) of helicopter emergency medical services (HEMS) poses significant burden to mul-
tiple stakeholders. The project aims were to identify the following: 1) associated factors, 2) downstream
effects, and 3) focus areas for change.
Methods: We undertook a failure mode and effects analysis (FMEA) to evaluate our HEMS interfacility trans-
port process. Data were collected from organizational finances and 3 key stakeholder groups: 1) interfacility
patients transferred by HEMS in 2017 who were discharged from the receiving facility within 24 hours
(n=149), 2) flight registered nurses (n=19), and 3) referring emergency medicine providers (EMPs) (n=30)
from the top HEMS users of 2017. The completed FMEA identified failure modes, the frequency and severity
of effects, and unique risk profile numbers (RPNs).
Results: Twelve failure modes were identified with 30 potential causes. Leading failure modes included inap-
propriate HEMS requests by EMPs (RPN =343), inappropriate activation by EMS for interfacility transport
(RPN =343), and minimizing patient/family involvement in decision making (RPN =315). Significant burdens
to organizational finances and flight registered nurse satisfaction were identified.
Conclusion: Associated factors for interfacility HEMS OT, downstream effects, and areas for change were iden-
tified. EMP and emergency medical services practices, HEMS processes, and shared decision making may
affect regional OT rates.

© 2019 Air Medical Journal Associates. Published by Elsevier Inc. All rights reserved.

Overtriage (OT), as it pertains to helicopter emergency medical
services (HEMS), is the inappropriate use of medical helicopters for
the transport of low-acuity patients not in clinical need of HEMS ben-
efit. The Ground and Air Medical qUality in Transport (GAMUT) Qual-
ity Improvement Collaborative defines HEMS OT as the “percent of
the HEMS patient transport contacts discharged without hospital
admission.”! OT poses significant burden to HEMS providers, health
care systems, government and private medical funds, and patients.?”’
OT does not significantly improve the outcome of low-acuity patients
and may inappropriately ration a scarce resource away from a
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potential patient in need.® An increased workload of flight registered
nurses (RNs) by inappropriate use of their time and resources has
anecdotally been seen to lead to decreased job satisfaction, increased
burnout, and increased turnover. Injudicious use of government
funds such as Medicare or Medicaid represents poor fiduciary
responsibility that can have far-reaching implications for the country
or state. Lastly, patients billed for overtriaged HEMS transports may
have their claims denied by third-party payers and bear responsibil-
ity for part or all of this expense.

Rates of OT vary significantly among HEMS programs and are dif-
ficult to validate and compare. Published OT rates were found from a
multitude of perspectives including HEMS providers, receiving
trauma centers, and state/national databases. The heterogeneity of
data collectors, data sources, and specific populations resulted in a
wide variance in reported scene transport, interfacility transport, and
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combined OT rates (ie, 3%-85.2%, 6.6%-26%, and 1.3%-70%, respec-
tively).>°-2° The GAMUT database where HEMS providers may volun-
tarily submit blinded quality metric data to compare themselves
with national averages reported an average HEMS OT rate of 2.6% in
2017.%7

Our HEMS program is 1 of few not-for-profit HEMS providers in
our region and assumes much of the uninsured costs for care. We
identified that the frequency of patients transported by critical care
helicopter and subsequently discharged home from the receiving
emergency department (ED) nearly doubled from 7% in 2016 to 13%
in 2017, well above the GAMUT benchmark. The financial burden of
OT to the institution was unknown. However, HEMS operations have
been shown to be most cost-effective when significant reductions in
OT are made.>” Using an estimated 50% insurer denial rate for the
volume of 2017 OT HEMS transports because of the lack of medical
necessity, we approximated the organization incurred $1,440,000 in
bad debt and over $100,000 in variable costs. We identified literature
that reported patient, provider, or system factors associated with
HEMS QT°11:1416.20.23-26.28-38. hgwever, little could be applied to our
population or setting, impeding planning efforts to reduce OT. Given
the rise in HEMS OT, potential costs to the program, and minimal
applicability of the literature, we undertook a failure mode and
effects analysis (FMEA) to identify the following: 1) associated factors
for OT, 2) severity and likelihood of downstream effects of OT, and 3)
focus areas for impactful change. Our goal was to use this information
to improve processes that would reduce HEMS OT.

Methods

Design

We undertook a quality improvement initiative using the FMEA
approach to evaluate the helicopter transport request process, identi-
fying which steps in the process a failure (deviation from desired pro-
cess) might occur, causative factors for the failure, and the severity of
their impact(s).>® The FMEA was conducted following the Institute
for Healthcare Improvement’s FMEA tool (Fig. 1).>° A FMEA template
was created with interdisciplinary validation, outlining the known
steps of an interfacility HEMS transport request as well as identifying
the possible failures of these steps, leading to OT. Known down-
stream effects were added to the template, and placeholders were
given to presumed or unsure effects. Data were used to inform
incomplete FMEA items, such as potential causes of process failures,
severity of outcomes, and likelihood of occurrence. Data were
obtained from surveys and discussions performed with flight RNs
and emergency medicine providers (EMPs) (emergency medicine
physicians, advanced practice RNs, and physician assistants) as well
as from organizational databases. These data were input into the
FMEA tool for completion and analysis of failure modes, effects, and
risk priority. Because the majority of OT at this HEMS program
occurred from interfacility transport requests, this FMEA was
designed for interfacility requests only. The study protocol was
approved by The Ohio State University Institutional Review Board
and this health system’s institutional review board.

Setting

The FMEA was conducted at a not-for-profit, hospital-based, heli-
copter and ground ambulance critical care transport program; a divi-
sion of a large, urban academic health system that serves as the
public safety net health system for the region. This program is the
oldest HEMS program in the region (established in 1982) and oper-
ates 3 helicopters and 3 ground ambulances with satellite basing
across Northeast Ohio. Traditionally, this program has promoted a
unique helicopter crew configuration, 2 Instrument flight rules
—operating pilots and an advanced practice medical crew consisting
of a physician and RN or an acute care nurse practitioner and RN.

These crew configurations garner a higher operational cost but
increase safety and the level of care provided. The flagship facility of
this program’s health system is the longest standing level 1 trauma
center in Northeast Ohio, and, as such, this HEMS program and its
health system are well established as the experienced tertiary trauma
care providers in the region. In 2017, over 1,600 trauma patients
were transported by this program. Oversaturation of HEMS programs
and “helicopter shopping” have been witnessed in this region, as well
as a relative scarcity of ground critical care transport services, likely
increasing the potential for HEMS OT and the financial risk for
patients.>>?%*2 As a not-for-profit program, this organization has
made a stance to not operate with practices commonly seen with for-
profit HEMS programs, such as producing liens and lawsuits against
patients who are uninsured or cannot pay.***? Also, this program
charges approximately half the cost of its for-profit competitors, cou-
pled with advanced crew configurations, increasing OT's margin for
burden at this program.*®4?

Sample

Data were gathered from 3 key stakeholder groups to inform the
FMEA: 1) patients transported by this HEMS program in 2017, who
were discharged from the receiving facility within 24 hours after
interfacility transport (medical record audit) (n=149); 2) all actively
employed flight RNs from this HEMS program (n=22); and 3) refer-
ring EMPs and their emergency medicine directors, who were
employed by the top 15 HEMS-utilizing facilities of 2017 (n=76).
Facilities were ranked in order of total HEMS transport requests.
Facilities were further described by the percentage of transport
requests that were considered OT. Eligibility criteria for EMPs were
those who worked at 1 of the top 15 requesters for HEMS and repre-
sented high (>25%), moderate (10%-24%), or low (<10%) OT propor-
tion. Exclusion criteria included students, residents, or providers who
did not have the position or authority to request HEMS transport.

Variables and Data Collection Procedures

Data were collected from 4 data sources to complete the FMEA
template. The outcome of interest, HEMS OT, was defined as patients
transported by HEMS and discharged from the receiving facility in
< 24 hours.

Patient Variables

Unidentified, aggregate data were gathered from the internal
electronic medical record database (emsCharts® Warrendale, PA) to
identify characteristics and themes among 2017 OT patients, which
included interfacility or scene transport, transport distance, diagno-
ses, injury versus non-injury, mechanism of injury, Glasgow Coma
Scale score, drug/alcohol indicators, vital signs, as well as demo-
graphics (age, sex, race, and referral location).

Financial Variables

Unidentified financial data were obtained via organizational data-
base and flight log software (Flight Vector® Softtech Inc. (Henderson,
NV)), providing amounts billed/received, adjustments, payer type,
account status, and bad debt.

Flight RN Variables

Staff flight RNs were sent an electronic, anonymous survey hyper-
link via company e-mail forwarded by the chief flight nurse. The
flight RN survey was adapted from multiple nursing job satisfaction
studies as well as turnover intention and burnout tools.***® Job satis-
faction was operationally defined as “the feeling of pleasantness
when occupational desires or needs have been fulfilled.”*® Survey
items were validated by interdisciplinary members of this program’s
Quality Improvement Committee. Items were submitted to a panel of
8 content experts to ensure content validity >0.78 for each item using



Step Steps to Interfacility Transport Failure Mode Failure Causes Failure Effects Likelihood of Likelihood of  Severity Risk Priority ~ Actions to
Number Occurrence  Detection (1-10) Number Reduce

(1-10) (1-10) (RPN) Occurrence
of Failure

Failure Mode: What could go wrong?

Failure Cause: Why would the failure happen?

Failure Effects: What would be the consequences of the failure?

Likelihood of Occurrence: 1-10 [10 = very likely to occur]

Likelihood of Detection: 1-10 [10 = very unlikely to detect]

Severity: 1-10 [10 = most severe effect]

Risk Priority Number (RPN): Likelihood of Occurrence x Likelihood of Detection x Severity

Figure 1. Institute of Healthcare Improvement FMEA tool. (Reprinted with permission from the Institute for Healthcare Improvement).
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the content validity index (CVI) method per Lynn.*® The final survey
consisted of 20 items, with CVIs ranging from 0.88 to 1.0. The survey
obtained flight RN perceptions related to job satisfaction, burnout,
and intention to leave as affected by OT. In addition, the following
demographic content was requested: age, sex, certification status,
years of experience as a flight RN, and employment status (full-time,
part-time, or as needed). Survey data were collected and managed
using REDCap Powered by Vanderbilt University (Nashville, TN), elec-
tronic data capture tools hosted at Case Western Reserve University
(Cleveland, OH).>°

EMP Variables

Data were gathered from the electronic medical record database
to identify 2017 referring EDs. An investigator-designed survey was
used to elicit EMPs’ perceptions and practices of HEMS use. The sur-
vey was designed using a 3-step process. Domains of interest were
identified and mapped from the Systems Engineering Initiative for
Patient Safety (SEIPS 2.0) framework (Fig. 2).°' Instrument items
were created and validated by interdisciplinary members of this pro-
gram’s Quality Improvement Committee. Items were revised and
submitted to a panel of 8 content experts to ensure CVI >0.78 for
each item. The final survey consisted of 37 items, with CVIs ranging
from 0.88 to 1.0. The final survey content included EMPs’ knowledge
of transport modes, system, and process factors that could influence
HEMS requests; EMP judgment on helicopter requests; and demo-
graphic information (age, sex, level of education, years of experience
as an EMP, and employment status). The quality initiative overview
and introduction were sent to EMP directors. If the directors agreed,
he or she forwarded the e-mail/survey to his or her EMPs. Second,
group and individual discussions were held at sites electing to have
the lead author further clarify influential factors, allowing the
EMPs to expound on potential concepts not mentioned in the survey.
Survey and discussion data were collected and managed using RED-
Cap electronic data capture tools hosted at Case Western Reserve
University.

Analyses

Descriptive statistics were conducted on all variables. Notes from
discussions were reviewed for recurring themes. Data triangulation
was performed to inform FMEA components and for quantification of
the likelihood of occurrences, severity of outcomes, detectability of

WORK SYSTEM

PROCESSES

failures, and the risk priority number (RPN). The RPN was established
to rank failures for interventional priority. RPNs were calculated for
each step as the likelihood of occurrence (1-10) multiplied by the
likelihood of detection (1-10) multiplied by the severity (1-10). Asso-
ciated factors for the FMEA analysis were considered clinically mean-
ingful if reported in >25% of participants.

Results

Patient Participant Profile

One hundred ninety-three patients were initially identified as
HEMS OT from 2017. Forty-four patients were excluded for scene
response. OT cases resultant of interfacility transport were examined
(n=149).

Characteristics of the patients included 67% males and 88% adults
(>18 years). The average age of these patients was 38 years old, rang-
ing from 1 year to 90 years old (median = 37 years old). The racial dis-
tribution was 52% white; 30% black, non-Hispanic; 5% white,
Hispanic; 1% black, Hispanic; and 12% unknown or unidentified. The
majority of patients (87%) were insured.

Nearly half (46%) of the OT patients were transported from 1
county. Most patients (90%) were transported to this program’s flag-
ship hospital. The majority of patients (91%) were transferred for
traumatic injuries. Nearly all (97%) patients were transported to an
ED. Three patients were transported to a cardiac catheterization suite,
1 patient was transferred to a medical intensive care unit, and 1
patient was transferred to a pediatric intensive care unit.

EMP Participant Profile

Referring EMPs and their directors were surveyed to identify the
decision-making and human systems factors affecting EMPs’ use of
HEMS for interfacility transport. Post-survey discussions were also
conducted. From the top 15 HEMS-utilizing EDs, 10 EMP directors
were sent recruitment e-mails regarding the study; 3 to 5 attempts
were made for each EMP director. Six directors responded as willing
to participate in the study (7 EDs, 1 director responsible for 2 EDs).
Recruitment e-mails were sent to an additional 3 EMP directors, with
1 additional director agreeing to participate. Of these 7 directors
agreeing to participate, 1 dropped out (ie, ceased communication).
Of the 6 directors who did not participate, 2 stated they required
organizational permission, and 4 never responded to the e-mail
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Figure 2. The Systems Engineering Initiative for Patient Safety (SEIPS) Model 2.0. (Reprinted with permission from Holden et al.”")
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invitations. After e-mail correspondence with the directors willing to
participate, follow-up phone conversations were conducted to pro-
vide further information regarding the study. EMP directors sent
their EMPs the study information and the anonymous electronic sur-
veys via an e-mailed hyperlink. In addition, EMP directors also noti-
fied EMPs of the opportunity to meet with the lead author in person
or by phone for more in-depth discussions regarding HEMS trans-
port.

Thirty surveys were completed by EMP respondents: 19 physi-
cians, 8 physician assistants, and 3 nurse practitioners. EMP respond-
ents were 73% male and varied in age (25-35 years old [37%], 36-
50 years old [33%], and >51 years old [30%]). Two thirds of EMPs had
between 4 and 15 years of experience, and 37% of respondents noted
experience functioning as a flight physician, flight nurse, or flight
paramedic. Most (90%) were board certified in emergency medicine/
acute care, and 90% were full-time EMPs. High, moderate, and low OT
EDs were represented by 33%, 47%, and 20% of respondents, respec-
tively. After survey completion, confidential discussions were held
with 10 EMPs.

Flight RN Profile

An electronic survey was sent to 22 flight RNs from their chief
flight nurse. Nineteen surveys were completed. All but 1 respondent
were full-time flight RNs. Two thirds were male. Almost half were 30
to 40 years old, 42% were 41 to 50 years old, and 10% were 51 to
60 years old. Approximately one third of flight RNs had <6 years of
experience, one third had 7 to 10 years of experience, and one third
had 11 to 30 years of experience. Almost half of the respondents held
secondary employment outside of this HEMS program.

FMEA Process Steps, Failure Modes, and Failure Causes

The interdisciplinary Quality Improvement Committee created a
12-step process for HEMS interfacility transport requests with corre-
sponding failure modes (Fig. 3). Survey and discussion content was
used to validate the identified failure modes and their causes. No
new failure modes were discovered from the EMP data. Failure
modes identified with RPN >140, and considered most amenable to
intervention, included 1) inaccurate determination of the patient as
critically ill or exceeding resources, 2) inappropriate EMS activation
of HEMS for ED rendezvous, 3) inappropriate request for helicopter
transport by EMP, 4) EMP determines noncritical patient needs to be
transferred by HEMS for services not available at their facility, 5)
patient/family not informed on mode of transport selection by EMP,
and 6) patient follow-up information not given to EMP.

Inaccurate determination of the patient as critically ill or exceed-
ing ED resources (step 4a, RPN 140), although potentially severe, had
a low likelihood of occurrence. EMPs reported following current evi-
dence-based guidelines, with few exceptions. HEMS use due to a lack
of ED resources was infrequently cited; 30% of EMPs noted limited or
inefficient technologic resources, and 23% noted scarce resources
(such as blood products). Most (87%) stated nurse staffing had no
effect on their decision to use HEMS; 77% reported that high pro-
vider-to-patient ratios had no impact on their use of HEMS.

Inappropriate EMS activation of HEMS for ED rendezvous (step 4b,
RPN 343) was noted frequently in discussions and survey content.
When presented with a non-critical patient, with HEMS en route per
EMS activation, 20% of EMPs would not cancel HEMS, and 27% were
unsure. Most discussion participants repeated these 2 responses.
EMPs revealed they were weary to change the initial clinical decision
made by EMS. The most common themes mentioned were a lack of
time to truly determine whether the patient was critically ill before
HEMS arrival, not wanting to contradict another healthcare pro-
vider's judgment, potential liability of canceling HEMS, and not want-
ing to delay non-critical but necessary transfer.

Inappropriate requests for helicopter transport by EMPs (step 8,
RPN 343) and transfers by HEMS for services not available (step 5a,
RPN 224) had several contributing factors, including EMP education,
cost concern, input on decision making, and ground ambulance
delays. Most EMPs had little or no formal training regarding the types
and abilities of the various levels of transport care. EMPs on average
overestimated the cost of this program’s patient transport modalities
(179% of charges for critical care ground transport and 133% for
HEMS charges). Half (53%) reported that neither cost of transport nor
HEMS program billing practices (ie. billing the patient directly for
unreimbursed charges, “balance billing”) were impactful to their
HEMS use. EMPs from high OT EDs were least likely to report a per-
ceived cost impact on decision-making (20%), compared with middle
(36%) and low OT ED EMPs (86%). Only one third of EMPs reported
frequently or almost always receiving input from the receiving physi-
cian on the most appropriate mode of transport. Most (87%) said they
would be open to a flight acute care nurse practitioner’s input on a
patient’s mode of transport. A minority of EMPs (37%) stated they
were not in favor of dispatch center personnel questioning their
mode of transport decision. EMPs from high OT EDs were signifi-
cantly more likely to welcome questioning of their mode of transport
choice (70%) compared with middle OT ED EMPs (21%) and low OT
ED EMPs (17%). When facing prolonged ground transport response
times, 27% of EMPs responded that they would up-triage a non-criti-
cal patient to HEMS if estimated response times were >90 minutes,
and 27% reported a 15- to 90-minute threshold to up-triage to HEMS.
Twenty-seven percent noted that they would up-triage to a higher
level of service if it provided an easier acceptance/transfer process.

Regarding patient/family not informed on the mode of transport
selection by EMP (step 9, RPN 315), over three quarters of EMPs
noted that they almost always inform the patient/family on the clini-
cal need of HEMS transport. However, nearly three quarters (73%)
noted that they inform and consent the patient to HEMS transport
after they have already called to dispatch the helicopter. Nearly half
(47%) of EMPs noted that they used a specific health system’s trans-
port service because of organizational affiliations. Discovered during
EMP discussion, patients semi-frequently ask EMPs the potential cost
and insurer coverage of HEMS transport before transfer, and EMPs
reported having no information to provide. It was not identified if
patients were provided information on the options and differences in
regional HEMS service providers.

Regarding patient follow-up information not given to EMP (step
12, RPN 224), 17% of EMPs noted their facility reviews HEMS use for
appropriateness and provides them feedback. This HEMS program
strives to conduct follow-up calls to referring EMPs regarding the
patient's status/findings 24 hours after transfer. Nearly half of the
EMPs responded that these follow-up calls have been impactful on
their future decisions to use HEMS. Internal feedback noted semi-fre-
quent difficulty in obtaining follow-up data, reported primarily
because of bedside nurse refusal to provide information, citing Health
Insurance Portability and Accountability Act concerns. This occurred
nearly exclusively at outside health systems, which represented 40%
of this program’s HEMS destinations.

FMEA Failure Effects

The failure effects (ie, downstream consequences) identified in
this FMEA impact 3 common stakeholders: patients (both actual and
potential), flight RNs, and health systems.

For OT interfacility HEMS patients, potential consequences are
financial burden, risk exposure, loss of autonomy, and missed care.
Few patients were exposed to financial burden here. Most (87%)
were insured, although lower than national reports,”? and only 4%
received insurer denials. Increased risk exposure consists of HEMS
accidents (3.2/100,000 flight hours in the United States).” Loss of
autonomy and control in healthcare decision-making is noted when



Step Steps to Interfacility Transport Failure Mode

Number

Failure Causes

Failure Effects

Likelihood of Likelihood of

Occurrence
(1-10)

Detection
(1-10)

Severity
(1-10)

Risk Priority
Number

(RPN)

1|Patient presents to EMS
(or direct to ED, see #3)
2a|EMS transports patient to ED EMS provider calls inaccurate patient report to ED. | EMS provider ED MD preemptively calls for HEMS, 3 30
knowledge/experience deficit when not needed, based on EMS
provider's radio report
2b |EMS transports patient to ED Patient is transported to a hospital without -Closest Facility Non-trauma center ED MD tasks HEMS 2 16
necessary evaluation/treatment resources, when for transport to tertiary trauma center,
better resourced facilities are within reasonable  [-No other facility present or open |potentially overburdening Level One
distance for transport. resources, when definitive treatment
-Patient preference could have been performed at a
community Level 2 or 3 ED
3 |Patient presents to ED EMP
4a|ED EMP assess/treats patient EMP inappropriately determines the patient as -Education deficit -Patient is over-triaged to HEMS: 4 140

critically ill or exceeding the resources of their
facility

-Low volume of moderate-severe
trauma case exposure

-Poor resources or staffing

-Non-payment/reimbursement; financial
burden to patient and HEMS program

-Flight nurse burden; satisfaction,

burnout, turnover

-Removal of public service asset for
someone else in need

-Increased risk exposure for patient and
crew

Rationale

2a. Occurrence - 23% of EMPs noted that inaccurate communications at least sometimes results in inappropriate HEMS request. Detection - This should be identifiable after patient presents to the EMP. Severity - Severity is low, as
EMP should still have opportunity to cancel HEMS if deemed unnecessary after patient arrives.

2b. Occurrence - Highest OT facilities are not in close proximity to Level 2 or 3 trauma centers; EMS generally appears to be transporting to the closest appropriate facility. If patients arrive to a rural/community ED without necessary
resources to treat the patient, the appropriate measure is to transfer the patient out. Given the distance from tertiary care, these rural facilities most prudent action may be to request HEMS for transport. Detection - Detection is
plausible, but thorough detection would be labor intensive. Severity - impact is limited to a theoretical overburdening to a tertiary health system, and the missed opportunity for the HEMS system to provide care for another patient,
potentially in greater need of HEMS care/benefit.

4a. Occurrence - The majority of EMPs surveyed noted they received very little or no formal training regarding the types and abilities of the various levels of transport care (ALS, critical care ground, HEMS). Impact of this education
deficit appears generally low however, as OT represents 13% of HEMS requests, and EMPs responded to clinical survey items mostly following current evidence-based guidelines. Also, this does not appear to be a system-wide issue
since 41% of all interfacility OT occurred between 2 facilities. Minimal exposure to moderate-severe trauma patients has been noted to influence secondary over-triage however, and may contribute to HEMS utilization in these rural
facilities.* 30% of EMPs noted that limited/inefficient technologic resources increased their use of HEMS. 23% of EMPs responded that they request HEMS transport because of the ease of accessing scare resources (such as blood
products, medications, additional advanced providers, etc.). 87% of EMPs reported that ED Nurse staffing issues had no affect on their decision to utilize HEMS, and 77% reported that high provider to patient ratios, or “pull to full”
strategies, had not impacted their use of HEMS. Detection - the effect of an individual EMP's education or exposure is unrealistic to track with OT occurrences, as is real-time resources and staffing at each facility. However, the ability
to track the OT occurrence remains consistent. Additionally, the ability to determine an EMP's clinical judgment or concern for a patient's clinical stability as unwarranted or inappropriate is an exceedingly difficult task, with
infrequently any inarguable verdict on medical appropriateness. Severity - 61% of charges were recouped from OT cases. 47% of Flight RNs noted that they were less satisfied with their job when they were called to transport OT
patients; risk statements for burnout were occurred generally in 1/3 to 1/2 of Flight RNs; and 16% reported they often think about quitting their job, 16% were actively looking at other jobs, and 32% noted OT causes them to consider
leaving this HEMS program. Finally, though HEMS crashes have decreased over the last few years, HEMS accident rates remain above 3 accidents per 100,00 flight hours.** A theoretical risk for missed opportunity costs exists for a
HEMS asset to be tasked to an OT trip, being unable to execute a true critical care transport, with or without payment. This risk has clinical outcome implications for the patient if transport is delayed/unavailable, as well as financial
implications for the HEMS program.

Figure 3. FMEA: OT of critical care transport helicopters for interfacility transport. (Adapted with permission from Institute for Healthcare Improvement.*”)

027—80% (610Z) 8€ 1pUNO[ [DIIPIN 1 / 1D 33 I{SMOqDLD “TY

(84



R.L. Grabowski et al. / Air Medical Journal 38 (2019) 408—420

414

‘panunuo) g NSy

-wesSoud SNIH s1y Sundaye A3daaip Jou 1a1uad Aleinia) SUIAI@3. dY3 03 SUSpING [erjua3od 03 UOIHIPPE Ul ‘9A0qe SY - AJIBASS "I3JSUBL} 10} PAMO[|04 10U B.1€ S31NPadoid [ewlou ssajun

“UOIJBWLIOJUI SIY} DAIDI3] A[2)I| PINOM pUE WINILIOSUOD BWUNEL} [BUOIS3S 3y} 104 SI9JSUBL} S93BUIPI00D OS|e welSoud siy) "ASAINns siy} se yons ‘saunseaws Apnis Juanbauyur 03 paywi| st uo13I3312p 35pajMouy| 40 yoeT “uenisAyd Suinldal

9y Aq PaJa}40 219M SUONEPUBWIWIOIBI JBYIaym 50| p|nod [auuosiad yoledsip SINIFH ‘Vodsues) Ja1je Uo(19918p 10 SINTH JUSISISUOD O} UOIIPPE U] - UOIIIRIBA “||oM Se 343y} payde) S| 1iodsuel) Jo apow Jo ssauajeridoidde ji umouyun
SI'}1 JOA3MOH "Jaysueuy Ajljioey Jo ssaualeridoidde Sunjdel) ‘9a1HWwod |d/ID [BUIdUl UMO S Sey YdIym ‘s1asues) ewned) ajeridosdde Suneuipiood ‘uoigal ay3 Ui S1SIXa WNIUOSUOD BWINEL} i/ "UOISAJ SIY} UIYHM SI3}UD BUINES} € 10 ¢
|9A87 M3} 31 343y} ‘AjIUBLIND "GT< JO $3102S A3IaAas Anfu] yym sjuaiied pue sadeloyjownaud/sadeioyloway yym syuaried 1oy 1yauad 4o yoe| paniadiad pue ‘syuaijed a1euOau Paleqniul YHM 3iyauag panadsad e 1oy 3daoxa ‘lodsuery
SINFH WOl 11Jauaq SUIAIDIA SUOIIPUOD [EIIUI|D PISE]-IIUDPIAS 3] AJIIUSPI 01 3|qe 2JaM SJIAIT ‘49AaMOH "ueidisAyd Suiaiadal ay) wody Indul Suiaiedal shemie 3sowe Jo Ajjuanbaly patiodal sdIN 4O €/T AJUQ - 23uaLINIIQ *qg

‘weuSoud SIATH SIY3 01 uap.ng 123Jip 30U ySnoyy ‘sadinias Ayjeldads pue g3 Suiniadad ay) 03 uapJang [elpualod [euonippy ‘dAoge pajou se Ajaanas Suiddoys 1a1dodijay,, Jo 9duUapIdUl pue S1dYJeW

9A1119dW0D ‘PaIBINIESIDIAO BY) USAIS ‘DI9YMIS| SSaUISN] JIBY) 33e) 0} WaY] J0j Jed) JO IO ‘SdIAI3 SullIajaJ Jo Juawspnl ay) uonsanb o1 juelsay aq Aew swetgoud SNIH ‘OS|y “Japiaoid Suliiaja. ay) Jo UoNBIISIP 3Y) 18 Ajp1ewn|n

sl Jodsuely Jo apow ‘|auuosiad yoledsip SIATH Yl pue uepisAyd Sundadde ayl 01 JUBPIAS 3¢ p|noys sHodsuell 3say3 0 ainjeu ayl ysnoy] - uoiaalaq "uepisAyd uindsdoe ay3 wouy Indul paaizdal shemie 3sowle Jo Ajzusnbaiy

Aay 183 papuodsal SdIAF JO %/E 1eY) punoj sem 1 ‘Sulew-uoIsIIaP SdIAI3 UO 3duan|jul Japiroid apisino Sunen|eas Uy -Juedlyiusis si sjuaied [e211I2-UOU JO Jiodsued) Joj sy 13 01 paie|au SuiSell-dn jo awnjoa ysiy siyy ‘Adjiqejiene
2Je [B211149 PUN0J3 JO A1I24EIS BAIIR|3J BY) PUE ‘UoIaJ SIY) JO ainjeu [ednu Ajzuanbaiy syl UBAID "SINIH 01 a8e1i1-dn 01 Way) asned pjnom pjoysaiyl awll ou Jey) papuodsal Japulewal ay) pue ‘SNIH 03 adel-dn o) pjoysalyy

INUIW 06-ST B paliodal %/ ‘SaInuIW 06< 3¢ PINOM SawWI) asuodsal pa1ewnss Ji SINIH 01 a8el1-dn pjnom Asyi 1ey1 papuodsal sdINT JO %/ ‘Sawi asuodsal 1iodsuel) punoss paduojoid Suioey usypn "92ua4in220 Juanbaly e se
pauonuaw Jou ySnoy 4a3uad [eida4 Alenual J1ay) 03 syuaiied Jo Jaysues) 0} paingLiuod ‘ASojolped [euoljuanialul pue ASojoSuAle|0lo ue yons ‘Aljige|ieAe 21AIaS AJeldads JO yoe| B PaOU SUOISSNISIP dINT ||e AlJeaN - 92ua1InddQ ‘eS

‘A)1an3s ey 235 - AjIaASS SN0} |nj1oedWl JO BIJE PUB UOI1DRI3P 91BINIJE 31 193448 ||IM Ajje3uaiod Siy| ‘UOIIBAIIOE SIA/F UB SE Pa10OU 35IMJI3YI0 10U pUE ‘g3 18yl Wouy AY|1De4I1Ul SB payJew st

du1 8y ‘g3 2y s4e3ud Jusned pue sNoAzapual 3 U Joj SINIH S91BAIIE SIAIT JI ‘AjJUR1IND “JaASMOY ‘10 JO 82UB4INI20 3Y3 AJIUSPI 03 BNUIIUOD [|IM SISA|RUE J0U-1S0 "D1351[BRJUN BB JUSWSSASSE JO 3IB| JO ‘SPaau [ed131Id-UoU Joj 1odsuel)
anunuod 03 8uraaise ‘Bupjew-uoIsIAP SN 3SJaA3L 01 AT UB JO 3DUBYISAY B O3 aJn|iey SIY1 404 asned ay3 Suid31a( - Uo1IRIB3Q "24ed A1e123ds |edilld-uou Joy Juaned ay) Jo 1iodsues) [enjuana Aejap 01 Suiuem jou pue ‘Alissasau

30 5j0e] 104 uonndaniad ajeunddeul ue 03 aNp SIH Sul@dued Jo Aujigel| ay3 Juaied 3y} J0j UIAIUOD S J3PIA0Id 31EIYY{EDY JBYIOUE 1DIPEIIU0D 0} SUIUBM JOU ‘|eALLIE SINTH 240434 [|I Aj[ed13id Jou st Juaned ay} aulwialap Ajni3 03

aWI] JO ¥IB| B 2J9M PAUOIIUAW SBWBY} UOWWIOD Is0W 3y "SIAI3 Aq 1odsuel) SNIH 1oy paisanbal uaaq Suiney syuaned |©21312-UOU JO O1IBUSDS 3] Ul dUaLIAdXa YuM Onewsa|qoid aq Aj[UoISEIIO 0] SIY] PRIOU SJINT ,'SNOAZApPUDI
@3, 40} SUOIIBAIIIE SIAIF JO IUBPIDUI PASEAIIUI PAIOU SJIAF YHM SUOISSNISIQ "SINTFH [92Ued 03 A[9j1| 1eyMaWOS ISe3] Je 9¢ 0} PAIOU I9M SIUBPUOASAI dINIT JO %/ ‘|1 Aj[e211110 3 10U 0} PauIWIRIP SI Jualjed By} pue Maud SNIH

ay3 03 Joud saaLLe Jualled ayl I ‘UOIIBAIIIE SINTFH-SIAIF UE [2dued pinom Aays i payse uay “Aj@yijun st odsuesl SNIH 404 padJewes uaaq sey jeyy a3 419yl SuLiajua juaiied e SuISsasse 10U d|A/F UB JO POOYI[aXI| 3YL - 32UBLINNIQ "

ojeuolney

3A0QE P3OU Se SaW0IIN0

:SINFH 03 PaSel1-Jano si Jualled-

paau |eaulp

Aqg Jo pealsul “423uad Ale(1ia) 0] duelsIp
J0 asnedaq SINIH Aq paulajsues) Juaned- (*@2uB|NqUY puUnoJD
aJe) [eanl) Aq Ajajes paliajsuel) uaaq aney
191U22 ewned) € 1o g [9A97 91elidoidde uenisAyd PIN02 Yya1ym ‘spaau juaiied tad 493uad ewnesy
UB WOJJ UOIIBAIIDB/3.BD JO UOISIBAIQ- SuinIz2a) wouy Indul Jo yeT- € 19A3] 3|qeded e Suissed ‘491uad ewnes] T [9A9)
e 01 uiajsuesy 9°1) "AjjIoe) 92anosal Ajeroads

$924N0S3aJ 1Jauaq SINFH/e1R114 98e1) 9|qeded e Buissed 40 ‘SINTH Y1im papasu ueyy e} Jayloue 0} Jodsuesy
€9 L € € AJenis1/auQ [9A37 40 BUlUBPINGIBAQ- ewneJ} yum Ajueljiwey Jo yoei- a.ed [aA3] Jaysiy 01 Jajsuell 01 sapldap dIAN3 d3 10} paau saulwia1ep dINI 43| as

weJsSoud SAFH 40 U Ayd
Buini@294 Aq papuswiwiodas

10U BPOW DUBINGUY PUNOJD die)
9A0QE Se SaW02IN0 | [e21311) 40 Joddng 8y padueApy -

:SINIH 01 pa8el1-Ian0 si Jualed-

|BALLIE JO BWII} PRJEWIISD

1SIA 03 Joluq Ja3je swWoy | @duenquy punoJn aJle) |ednu) Jo
Modsueuy a8ueuse 01 jualied uo uaping-| 1ioddng 8417 pasuenpy pasuo|oid- ‘siseq jusnedino
U0 PaAlaal 3 0] 3|qe STIAIDS 10} J0 ‘AlijIoe)
oe) SulII9jal| 1B 3|ge[IBAR 10U S3DIAIDS J0J SINTH AQ paJlajsuely

21A19s Ajedads Aq uonenjeaa

Dk} Jayjoue 03 Jodsuesy

vTe L v 8 1leme 0} 03 SuIAI923. UO udpIng- 18 5321AI9s AJe1dads Jo joe]-[  aq 01 spaau jualied [ED111ID-UOU SAUIWIRIBP dIAT 104 paau saulwIR1ap dINI a3 |es
juawspn( siapinoad Jayjoue
95J9A3. 0] JUBM 10U S30P dINI-
papaau Ji paiels Apeadje 1iodsuesy
|92Ued 0] JUBM 10U SI0P dINT-
9A0QE S SaW02IN0 SINFH [92ued 10U S90p dINT @3 ‘Ajprelidoiddeur
£ve L L L :SINIH 03 pasel-Iano si jualied- juanied ssasse Jou sa0p dINI- 3 01 91N0JUd SNIH PIBAIIOE ST uaned sjealn/ssasse dIN3 @3 |qy

(Nd¥) (ot-1) (ot-1) (ot-1)
JaqWInN JSTIETEIS uolPAI3Q  IDUAIINIIQ JaqWInN

Aond sty 4O pooy1[ayI7 40 pooy1aI] 510943 aunjieq sasne) ainjie4 3pOIA 24njie4 odsues] Ayjoepaiul 03 sdais dais




415

R.L. Grabowski et al. / Air Medical Journal 38 (2019) 408—420

‘panunuo) °g anJrf

*aN0QEe PAJOU SY - AJI9ASS *(SAISUUI Joge| 3 p|nom sy} ySnoy)) sSuipaodal auoyd Ja3uad yajedsip Jo malaal Ag Jo ‘Suipiodal saydiedsip Aq pa3dalap aq pjnod OLIBUADS SIY| - U013 "Indul uedisAyd 03 aoueidadde siyy puaixa AjayI|
PINOM SdIANIT "dNDV 40 NY 14814 SINFH e wouy Jodsuedy jo apow ajeudosdde uo 3ndur 03 uado ag pjnom Aayi 1eyy pariodad %/8 ‘4anamoH "ueldisAyd Suini@aaa ayy wouy indul Suiaiedaa Ajjuanbauy Jou 10dau SdIAIF 1SOA - 92UBINIQ0 *L

‘aA0qe pajou sy - Ajanas siaydiedsip SINIH Aq 3|qeliodal pue a|qe1da1ap
Ajisea aq pjnom uouawouayd siy| - uoialaq ‘Ajpuanbaijul 1ng ‘palinddo sey euswouayd syl JO UOIIBAIRSGO |BI0PIBUY “(%/LT) SdINI 3 LO MO| pue (%) SdINI a3 LO 3|ppiw 01 patedwod ‘(%0,) @210y2 1i0dsuell Jo apow J1ayl
40 Suiuonsanb juem oy Ajay1| asow Ajpueaiyiudis aiam sq3 L0 YSiy wouy sdiNg ‘sdnous a1yl 1s8uowe ‘JISASMOH ‘U 9p 1odsued) Jo sapow J1ay3 Suluoisanb Jaiuad yajedsip e 3suleSe asam Ayl paiels SdINT JO %/E - @IUa4IN2Q ‘q9

"aA0ge PIIOU SY - AJIaAaS 's8uIpJ0dal ||ed J91uad Ydledsip JO MaIAaI AQ Pa1921ap 3 AjISE UBI SOLIEUDS 953Y] ‘UOIIEIIIIUSP! | O SINIH PIEPUERIS 01 UOILIPPE U| - U03I918Q "SIIIAIS Liodsues)

AKouasiawa Jo [apow Ayjnn a1gnd e se uonisod s,welSoud ayy pue uonadwod Suisealdul 0y anp sisanbau Jodsues) Jo apow Jo Juswspnl sdIA7 Jo uonsanb ywi Aew weiSoud SNFH s1Yy3 Jaramoy ‘Buiddoys uaydooiay Juanaid
pue a1eSniw 03 3dwalie weiSoud siy) 18 sauNseaw aANIY “Ajajes palajdwod aq ued 1ey) 3sanbau SINIH Aue 3dad2e 01 241S9p 01 Pe3| UBD UOIHIAAdWOD PUB UOIIBINIBSIDAO PUB ‘UoISal SIY) Ul passaulm uaaq sey Suiddoys ua1dodijaH
*dIN3 ue jo Juawspn( ayl Suiuonsanb yiim 9|qe1I0jW0d [99) 10U 0] WY J0) 3|gepUBISIaPUN 3G PINOM 11 ING ‘|9A| JIpawie.ed Jo diseq - 1|A|3 9Y) 01 paules) Ajjedipaw a.e weidoud siy) 1e s19yd1edsip SIAIH 1SOIA - 23ua14n2d0 “e9

andur s,uenisAyd Sundadoe
9)e) 10U S20p Japinoid Sulliasey-

9AO0(E Pa10OU SE S3W021N0 ndul 921042 apow Jodsuesy ajeudosdde ST-VIVNEREY]
oL L z S :SINJH 01 padeli}-JaA0 s Jualjed- ou suajjo uenisAyd Sundaoy- 92UaNjjul 30U s30p ueldisAyd Sundaddy | 1e 1y3nos Jusied Joy adueidsddy | £
9|qissod paydiedsip si 423dodijsy pue ‘podsuesy
9AO0(e P]OU SB SAWO02IN0 |  JaAduaym sisanbau SIAFH 1dadoe punous Joj uonsadsns sayoledsip surese Jodsuesy
14 L T v :SINJH 01 padeli}-Jano st jualed-| 03 Suljjim ainynd weioud SNFH-| USAS ‘papasu Jou uaym Ja1dodi|ay spuewap diag juaned Joj s|jea diN3 a3|q9
3|qissod

JaAauaym sysanbai SN IH 1dadoe
03 8uiyoo| an3nd weidoud SINIH-

159nbaJ Y1Im 32IAI9S SINIH Jayloue
01 8u108 dIAI3 Jo Jeay Jo 1dadsal

40 1no uawspnl's,dA3 uonsanb
j0u 03 Sundwane Jaydedsiqg-

Jo ssauaiendoadde SuiAyuapt
9AO0(e P210OU SB SaW021N0 Y1IM 110jwiod/a3pajmouy 1odsuedy Jo spow aelidosdde 3sow uihynuspl 1odsuesy
:SINJH 01 padeLi}-JaA0 S Jualjed- Jaydiedsip Jo y2e7- | yum diA3 Suliiayal 1sisse J0u Sa0p Jajuad yaledsiqg juaned Joy s|jed diN3 a3

(Nd¥) (ot-1) (o1-1) (ot-1)
JaquinN >thm>mm uonaaleg JUaIN10 JaquinN

Ayionid sty 0 pooYIIYI JO pooyi|ay S103443 a4n|ie4 sasne) ainjieq Spo a4n|ieq e}49)u| 03 SIS dars




R.L. Grabowski et al. / Air Medical Journal 38 (2019) 408—420

416

‘panunuo) ¢ nSig

9p aJedyijeay ul uoiedpdiyied pue Awouoine Ajiwey/iusiied ‘uonippe u| “aA0qe palou sy - Ajanas “1iodsuell SNIH Suipuadwi U PawIoul 10 PIIUSSUOD 10U 3I9M
A3y 1841 SM3JD SIAIFH 01 1odal syuaiied ssajun ‘siseq 9sed Ag 3Sed B U0 9|qe1291apun AjJeau si Siy] - Uoi3da1aq "apIspaq 18 PaALLIe Apeadje sey SINFH Ja1je asnjal 01 Ajayl| 553 3¢ AeW INQ ‘SaALLIE SINTH J31Je 0S Op [|13S Ued Jodsue.y

SINFH 3snyaJ 03 SulysIMm SJudlled "UMOUUN S| ss3204d By) ul Aliea pawioyul Ji odsues) SNIH asnyad pue Juawspnl s g3 uonsanb Aew syuaied [0 Yyaiym o3 Junowe ay| “191dod1jay ay yoledsip 0} pajjed Apeas|e aney Aay) Jaye
Ajuo 1ng ‘uodsuey SNIH 01 Juaned ay) 1UasU0d pue wiojul ASyl 1Yl paljou (%E/) /€ Alieau puy “1odsuesl SINIH JO paau [edluld ayl uo Ajiwej/iuaned ayl wiojul sAem|e 1sow|e Ayl 18yl pa1ou S4IAIT JO /€ JOAQ - 93Ua4INIIQ 6

‘aA0qe Pa1oU Sy - AJIBARS "Paljuap! 9 Jou Aew syuaned 1O pue ‘smaJd 0} papiroid aq J0u

Aew eiep dn-moj|o} 3usnied ‘swaisAs yijeay Jayio 01 payodsuely ale sjuslied 41 ‘@l0WIBYHINS SINOY HZ> Ul padieydsip 10U a1am Asyl asneaaq 1O Se paiiauspl g 10u ||Im Asyl ‘un [ed131Id-uou e 03 palywpe si jusned 1 Ing ‘Wodsuely
punous Aq s|qises) pue ajes usaq aAey Aew syodsuel) swos 9|qiseay si Jodsuel) punous 1sanbau AjjeulSiio sdiN3 uaym SINIFH 01 a8el3-dn Jo Supjoel) aAdadsoud “s8ulpiodal ||ed yajedsip ueds 0 aAISUIUl Joge| anold pjnom siyy

INQ ‘PRJISIP USYM SUSAISIUI 10U PIp SI9Yd1edsSIp JI SUIWISISP 0} PAMBIASI 94 Ued s30| [|ed yaredsig "Apnis siyl se Yyans SUIASAINS JUSLIIWIDIUI O} PIYIWI| BB UOIIIDPISUOD 150D PUE [9A3] UOIIEINPT Y NDIIP A|SUIPSIXD BJE S1010B) 353Y)
J0 150W 10} UOI12913( - UO1IIBIBA "SINUIW 06-ST PR9IX3 SYY13 ddue|nquie punoJs Ji syuaiied [ea131Id-uou Ul SINFH 01 98el1-dn pjnom Aayl palou SdIAT JO /T J9A0 ‘9A0ge Palou Se ‘Os|y "ss9204d UoISIIap 140dsuel] pue UojesIaAu0d
|eatajad [euiSuio ay) ur Sunedidiued Jo 1yauag ayl Inoyum ‘weiSoud Jayloue 0] passed aq ||im 1sanbal Jodsues] 191dod1jay Syl ‘(SUONIPUOD JaYIRAaM JO BSNEIC “D°l) JBJSUBL] DY) 913|dWOD J0UUERI UBY] ING ‘PAPI3U JOU UBYM

Modsueuy 423dodi|ay s15983ns weu3o.d SNIH 1eyl pue ‘podsuel) e 1oy 1511y paj|ed st welSoud SNIH JByIoue 8yl 4| ‘suoliel|ije |euoeziuedlo Jo asnedaq adlAIes Jodsuel/waisAs yijesy d1y10ads e pasn Asyl 1eyl paou sdiAg 40 (%L1)
Jley Apean ‘sweaSoud SINIH 49430 Aq pasodwi 1O Jo Jusauodwod e ag os|e Aew 243y ss9204d Jajsuel) pue aduedadde JsIsea Ue Jo asnedaq ‘SINIH "'l ‘@2IAIS JO [A3] JaySiy e 1oy ||ed pjnom Aay) 1ey) pajou SdIAIT JO %/Z ‘Uonippe u|
“uawspn('s,dIAI3 Suliiayal oyl Suluonsanb jo Aleam aq Aew siaydledsip ‘anoge pajou sy “uaned Jiay) Jodsued) 01 Suiwod ag pjnom Japiao.d ad130eid paoueApe Jayloue Jey) 9sea 1e aiow 1|9} Aay) asnedaq weiSoud siy1 wodj SINIH
1sanbau Aay3 181 palou SdIAF JO (%L ) JeY 1sow|y ,"Alios uey) Jayied ajes, aq 01 SINIH Sunnsanbaui pue ‘ewneuy "' ‘suoniejndod juaiied Ul Y1IM [9A3] 1IOJWOD S4IAIT Wouy 10edwi ue aq pjnod a1ayl (%98) sa3 LO Mo| pue (%9€)
3|ppiw 01 paledwod ‘(%0z) 19edwi paAiadiad 1uodau 01 Aj2y1| SS9| a1am sg3 LO Y31y wouy sqIA3 ‘Suyew-uoisidap Jiayl 03 [nj1oeduwi se SIAIFH 40 31502 Sunuodal sdiA3 4O “Hodsuely 10 SIAFH 221j11n 01 UOISIIaP J19y) 03 [nj1oedwi 10U a19m
s92130e.d Suljiq wesSoud SIAFH 40 Juaied ay) 01 Jiodsuel] Jo 1502 1ey) paiodal SdINT JO %ES “98Jeyd SINTH 25elane [enjoe %EET sem asuodsal d|A3 98elany ‘sadieyd aSesane [enjoe uey) Jaysiy paulewal 3ng 49so[d auam Jodsuely
SINTH 40} suolews3 ‘a8ieyd aSesane [en1oe %TET Sem asuodsal ueipaw ‘@81eyd aSesane [en1oe dY) JO %6/ T JO 98eJane ue pariodal asam saa) 1Jodsues) punoJs aued (1o s,wesSoud siy) Jo uolewIsa SqiA3 ‘1odsuesy punoas

2Je2 |B21114D J0J AjgeIOU 1S0W ‘SalI[epow Jiodsuel) Jualied Jo 1500 a8elaAe ay] pa1ewi1saIan0 a8elane uo SdINT (sDg¥d Sulhuied ‘sagny 1sayd Sude|d ‘swexa punosesi|n 1S4 Sulwioylad se yans) adue|nguie punoJs aied [ed1d

B paljuap! Japun may pue ‘(saqny 1sayd Suide|d pue ‘siayewsded snousasuel) Alesodwal Suipiodsuely ‘pieoquo sHgYd SulAied se yons) Sy |e20] 10} Salljepow 92130ead pasueApe paiiauap! sdINg maj AJaA ‘apow Jodsuely
Jad sanyjiqe jo adoas 03 Suipuodsal ul 1931402 Aj3sow a4am sd|A3 ‘siy3 21dsaq "a.4ed 1iodsuel) Jo s|aAs| pue sadA} ay) uo Sululel) [ewIO) OU IO (34N303) T "o°1) 3]131| AJaA palou spuspuodsal dINT 4O (%LS) JIBY J9AQ - 23ua4IndQ '8

104 S

ajeuolley
juanied Jodsuely
01 paydiedsip maud Jodsued] | OT

9A0GE PIoU SE SAWO0IINO
:SINIH O3 PaSelI}-Jan0 S| Judiied-

10 suteSe 8uidajes

-J|9s Aq Jaliieq puodas se Sulsisse| uoilenlis ay) Jo AljedNIId pawnsse
wouy syuanied |1 Ajjear 10 ‘@i Jo k| ‘@uadsayaid *10 03 JaLueq
|euosiad jo asnedaq ‘podsuely |enualod e se Ajiwey/iuaned ayy Suneulwip
sanLLe J21dooljay [1aun Auedwod/apow |  SAIH 404 paau uo Ajiwey/juaned ‘Hodsuedy 104 pasu ay3 Jo/pue ‘podsuely 10dsuedy Jo paau/uonipuod
STE L 6 [ 40 92100 198 10U SI0p JUBIIed- wojul J0u S30p dIN3- JO 9pOW UO pawJojul 10U SI Ajlwey/juaned uo pajepdn Jusned |6

191dod1jay puas 03 saau8e yojedsiqg-

Juaned ||t Ajlearia-uou yum SWIH
401502 J3pISUOD 10U S30P dIN3-

2A0QE PIJOU SE S3W0IIN0 dIN3 Aq sapow piodsuely 1uas s auo pue Jardodlay
:SINIFH 01 padeli}-4an0 S| Jualjed- J0 2d02s Jo 1219p uoneanp3- s1sanbau Aja1elidoaddeu) Japinoad Suiiisyey

papioap Wodsuell Jo 3pojAl

(Nd¥) (o1-1) (ot1-1) (o1-1)
JquinN Asanss uo31eq 9JU3.UND0 JRquinN

Aioud ysiy 4O pooy1[ayI7 4o pooy1|ay $123)43 a.n|ieg sasne) ainjie4 3POIA a4n|! uodsues] Ayjpepaiul 0 sdais dais




417

R.L. Grabowski et al. / Air Medical Journal 38 (2019) 408—420

‘panuniuo) “g Sy

A1119A8S x U0119913( JO POOYI|3)I] X 32UBLINIIQO JO pooy!aI :(NdY) JaquinN Ajiond ysiy
[199443 219A3s 350w = OT] OT-T :

[19919p 01 Aj@i1jun AJaA = OT] OT-T :u0139312 J0 pooy!HiI

[4n220 01 Aj@yj1| AJaA = QT] OT—T :@2Ua44N220 4O pooyi)I]

¢94N]|1ey 3y JO S32UNDISUOD 3] 3 PINOM JBYA\ :$199))3 dJnjiey

¢uaddey aunjiey ay) pjnom Aypn :asne) aunjieq

i8uoum 08 p|nod 1eyp\ :BPOIAl 3Jnjiey

‘anoge palou sy - Ayianas weiSoud siy) 10j 92UaINII0 3q11291IP-UOU B S| YdIYM JO HIRgPas) [eulalul SUIAIRIBI SINT JO %0Z~ YHM 1daduod

a11e1s e Ajayyl| s ssauajeridoidde sdiAI3 mainad 03 [suuosiad @3 Jo o.| YL “dINT Suliiayal Y3 01 paJani|ap AJ|enide Sem UOIIBWIOJUI 1BY]) JBUIBUM ORI JOUURD SISGUSW 3911WWO0D ‘JSASMOH "35eqeIep PJ0dal [BIIPaW J1U0JII3|3 3y}
ul s30] dn-moj|o} ay1 Suiydieas uaym a9111wwod Alljenb ay1 Ag ajqe1d919p SI uolrew.ojul dn-moj|o} JO 3. - Uo13I33aQ "AjjeJINau pasamsue ¢/T pue ‘ssausieldoidde Jo) suoiezi|iin SNIH SMaIASL Oym AlijIoe) J19y1 1B SUO OU SeM 3J3y)
Pa10U SJIAIF JO J|eY ‘0S| "SUOIIeUNSAP SINTH JO %0 1Uasaidal Yyaiym ‘swalsAs yijeay apisino 1e AjaAIsn|oxa-1eau palinado siyl auoyd ayl JoAo uonew.ojul Jusned aAIS 0] sasnaJ 9sinu apispaq ayl ‘Hun Jualind suaned payjodsuely
ay3 Buljjea uaym ‘dn-moj|o} ou 4o} uoljeue|dxa JIay1 se ,YddIH, PaMI saduelsul [|e AlJean “yjels Ag uorewojul Juaned dn-mojjoy A1923. 10U pIp s10dsuel] JO %0T 1Sea| 18 ‘I9ASMOH "SIAIFH 921]11n 0} SUOISIDAP BININy JIdY) U0

|nj1oedwi usaq aAey s|jed dn-moj|o} syl 1eyl papuodsal SdIA3 JO Jjey AjJeaN 1Jodsuell Yyoes o) uonauny Jjeis paldadxa ue sl sinoy g Jaie sdulpuly/sniels s,jual

*10 SINIH 4O 1Y) uey) 121eau8 AJU9ASS B YIIM SWODIN0 Ue Ul 3nsal A1 pjnom quaied 1ey) Jo 3w0dIno [edlul)d Jood pue

uol1elo11919p Aq pamo||oy ‘A1ISsadau |edIpaW JO k| paAIdlad Jo asnedsq Jodsuely e Suisnyad Japinoad SINTH B ‘@10u JO "aA0ge pajou sy - Ajanas “Ajaaidadsold | O SulAyius Adeandoe sispinoad SNFH ulwiR1ap 0} uolesisaAul
Inoym Adeandde J13y) d1epIjEA 01 JNDIYIP 3G PINOM ING ‘DqISEd) SI YIIYM ‘SIaqUIBW MaJID SINTH wod) Suniodal uo Aj3|os AjaJ pinom ainjie) 3yl Jo U0112313( - UOIIBI3Q "93153p 1eJapouw B 15ed| 1e 0} Judsald ale payuap!

sasned ain|ie} ay) ‘Ajjejopaaue ‘podsues) SNIH JO pIau ul jou Juaned e pajou Japircid SIATH BY3 JI “4SASMOH JuaNnbaujul Aj21] S1 1UBWISSISSE SPISPAT WI-1SIl) B SUIMO||0) PA3U SIAITH 104 UOISIDAP S,dINIT dY3 SUISIBASI 9](1I0JW0D
994 pjnom Jauopdeld asinu aJed ainde/ueisAyd SIAIH 2yl ydiym o1 Adusnbaly ay] “anjea [euolieziuedio Suodls e si ssauisng 1eadal 104 (dIANF Y3 SuIdIAIBS) 321AIS JaW0Isnd pood Sulwiolad ‘||oJ e shejd Ajay1| [apow Ayjin

211gnd Jo a4n3nd weaSoud "1Jodsues) Jo AJSsadau [eaIpaw Joj JuswSpn( Maud 03 anp SdIAIF JO sisanbas uodsues) Aylj1oeju91ul 9sNyaJ 01 SMaJD Jodsues) SINIH J0) 92110ead paepuels Jo 2dods a3 Jo N0 Aj[eaauas si 3| - 93Ua4uN220 "TT

sjeuoney

SINIH Jo ssauajendoidde sqINT
Jojuow o} payse} Japinosd g3 oN-

papinoad uolssnasip JSTITRLTR-INEREY]
vz 1A 3 2 S3NUIU0d 10 SINIH uolewJoyul dn-moj|oy ON- M3IAS. UOIEZI|IIN OU ‘dIANF 03 03 dn MOJ||0) ON 03 payiodsuesy st juaned |zt

3|qe|leAe S| jiun punoJs e jiun
@3 ul1em Jo ‘quaned uopuege
‘19jsueJy Aejap 01 Sunuem 10N-

w0y awos Aq
‘Jodsuesy spaau ||13s Aj2y1| Jualled-
juaned sassasse
9A0(E P3)oU Se SaW02IN0 dIN3 10} 1sanbau 1odsuesy s91dodijay pue uodal sani@aa4 ‘quaned
GET L € S :SINIH 01 padell-1aA0 s 1ualled-| suoneas o1jgnd/ao1AIes JawWolIsn)- 91eldosddeur yum sanuiuod maud Jodsued] 03 S9ALIIR M4 Jodsued] | TT
(Nd¥) (o1-1) (o1-1) (o1-1)
JaquinN >u_‘_w>wm uol9leg 22U3LINDQ JaquinN

Ayionid sty 40 pooyI[3YIT 4O pooyIRI] SRENEEYLIEN sasne) aJn|ie4 SpO 34n|eq e}193u] 03 sda1S days




418 R.L. Grabowski et al. / Air Medical Journal 38 (2019) 408420

EMPs choose helicopter transport and the HEMS provider before
informing the patient of the benefits and differences in transport
modes or HEMS providers. Using a critical care transport helicopter
for a non-critical patient may result in missed care for another patient
in greater need.

Flight RNs are at risk for decreased job satisfaction, increased risk
of burnout, and increased intention to leave related to OT. Most (95%)
flight RNs were satisfied with their jobs, and all were motivated by
their work when challenged. However, when overtriaged, 47% noted
they were less satisfied, and only 16% found their work desirably
challenging. Between 33% to 50% of RNs reported transporting OT
patients causes them to doubt the significance of their work, makes
their work feel less meaningful or rewarding, and emotionally drains
them. Nearly one third stated OT causes them to consider leaving this
HEMS job. Negative findings were especially represented in the 7 to
10 years of experience group.

This health system assumed a significant amount of financial bur-
den for OT interfacility HEMS transport; 39% of charges to this patient
group were not recouped. Of the 13% uninsured patients, 95%
received charitable reductions, reducing charges by half on average.
About one quarter of OT cases resulted in bad debt assumption. Over
a third of OT patients received Medicaid benefits, which is higher
than the national average,®®> and 13% received Medicare. Missed
opportunity losses, when revenue-generating flights are missed
because helicopters are unavailable because of an OT transport, were
unable to be calculated.

Discussion

We undertook a FMEA to identify associated factors or causes for
HEMS OT in our program, its impact to financial and personnel
resources, and areas in need of further investigation for impactful
change. We found the following issues, some aligning with the litera-
ture, that could contribute to this problem: regional oversaturation
of HEMS programs,*®>? frequency of EMS activation for ED rendez-
vouses, scarce ground transport resources,”* lack of follow-up infor-
mation or utilization review with EMPs, and minimal patient/family
involvement in HEMS use. The 3 highest risk priorities identified in
the FMEA were inappropriate requests from EMPs for HEMS, inap-
propriate EMS activation for HEMS transport, and patients and their
families not involved in HEMS decision-making.

Potential Plans for Actions to Reduce Failure Occurrence

Inappropriate Requests From EMPs

Inappropriate requests may be resultant of varying definitions or
perceptions of OT; regional systems issues (such as HEMS oversatura-
tion, ground ambulance scarcity, or dispatch process variations); and
EMPs’ knowledge, practices, or available support. We found no stud-
ies validating the sensitivity or specificity of the GAMUT operational
definition of OT as it relates to medical necessity nor any related met-
rics for interfacility transport OT. This is likely due in part to the vari-
ance in subjective opinions on what dictates medical need for
helicopter transport. The GAMUT definition is quantifiable and repro-
ducible but likely includes some portion of patients who required
prompt medical evaluation or intervention. Attempts should be
made to identify patient characteristics or situations for prospective
analysis of interfacility HEMS requests for OT.

The majority of HEMS literature discusses benefit of scene
response; further investigation is needed in isolating benefit from
HEMS interfacility transport. Such research and OT patient charac-
teristics could be used to create an interfacility triage tool for mode
of transport. Targeted education should be provided to referring
EMPs on the scope and capabilities of transport modalities along
with relative costs.??%° Qutreach education, such as providing expo-
sure to moderate to severely injured trauma patients may be

impactful, because a lack of exposure has been seen to increase sec-
ondary OT rates.>®>° Considerations to expand ground critical care
services in scarce regions should also be considered, given the sig-
nificant response to up-triaging non-critical patients related to mod-
erate ground response times.

It is unclear if HEMS dispatchers, who are mostly trained to the
emergency medical technician—basic level, do not feel comfortable
questioning a referring EMP’s judgment or if organizational culture
impedes this. Involvement of an experienced advanced practice pro-
vider, such as a flight acute care nurse practitioner, in the HEMS dis-
patch process could provide decision-making support for EMPs.>>¢
Innovative uses of telehealth for critical care transport consultation
could also be considered with this advanced practice model HEMS
program.”>’ Additionally, because of our increased capabilities,
transport requests received from other HEMS programs (ie, weather
turndowns) currently remove this program from the HEMS utiliza-
tion discussion with the referring EMP, and this may increase OT
passed to this program. Further investigation and process change is
warranted.

Inappropriate EMS Activation for HEMS

The proportion of OT caused by EMS activation of HEMS with ED
rendezvous is unknown. Current processes in transport recording
cause HEMS activations by EMS to be listed as requested by an ED if
the patient enters the ED. This may be falsely elevating some EDs’ OT
rates. Changes in dispatch documentation will more accurately track
the origination of OT requests. Education initiatives can be provided
to EMS agencies with significant OT activations.?® Triage tools and
unique guidance can be provided to individual agencies based on
available regional resources and transport distances. Current devel-
opments at community EDs (ie, increasing resources and establishing
level 3 trauma centers) may impact this phenomenon.

Patients and Their Families’ Decision-Making

HEMS is 1 of the few healthcare interventions in which patients
frequently have no input on when they receive it or which provider
is performing it*°; often patients cannot be informed how much the
service will cost them before they agree. Assuring patient/family
involvement before HEMS arrival would be difficult. Likely, the best
course for this program is to provide EMPs with resources (ie, a bro-
chure), removing some burden from their process and prospectively
providing accurate information to patients and their families regard-
ing this HEMS program’s capabilities, insurance affiliations, and bill-
ing practices.*°

Limitations

Limitations of this quality improvement initiative include time
limitations, a small sample size, lack of randomization, and participa-
tion bias. Changes in organizational alliances prevented the participa-
tion of some referring EDs. A lack of a validated OT definition and
measure may not be accurately portraying the proportion of low-acu-
ity patients being transferred emergently by HEMS (ie, a stable
patient admitted for medical management >24 hours). Gaps in the
literature, lack of HEMS programs’ participation in data sharing, and
varying definitions of OT creates difficulty in identifying average or
acceptable levels of OT. GAMUT data are used for comparison with
other programs; however, self-reported data and reporting biases
may impair the accuracy of reported averages. Also, HEMS programs
not affiliated with their receiving facilities may not be supplying
complete data to GAMUT for OT averages. There are several strengths
to this quality improvement study. We examined the issue from a
number of stakeholders, including those external to our institution.
Our findings revealed a number of facets for which further investiga-
tion would elucidate. These facets, such as OT definition, EMP and
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emergency medical services practices, and shared decision-making,
are applicable across multiple settings.

Conclusion

This FMEA helped to uncover associated factors for interfacility
HEMS OT, downstream effects, and potential actions for impactful
change. OT impacts patients, HEMS programs, and health systems.
Decreased job satisfaction and increased burnout risk were noted
when flight RNs were exposed to OT. Changes to job satisfaction and
burnout could lead to staff turnover. Although OT has been cited as a
financial burden to patients and health systems, we found limited
financial burden for patients compared with this organization. How-
ever, OT practices within the region may cause such burden to other
HEMS patients, particularly from for-profit billing practices. Further
work is needed to validate industry and organizational definitions of
OT and to create prospective identifiers, which can be applied to cre-
ate an HEMS interfacility transport triage tool. Constraints of refer-
ring practices and regional oversaturation of HEMS continue to affect
HEMS OT, but several mitigating actions identified in this FMEA will
likely improve this phenomenon.
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