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ABSTRACT

Objective: The Rapid Emergency Medicine Score (REMS) was designed to predict in-hospital mortality using
variables that are available in the prehospital setting. The objective of this article is to critically appraise the
development and summarize the evidence regarding the measurement properties (sensitivity, reliability and
validity) of the REMS.

Methods: A literature search was performed identifying all studies describing the REMS. The original valida-
tion study was critically appraised for its development. All other studies that reported any measurement
properties of the REMS were also appraised for evidence of calibration, reliability, and validity.

Results: In total, 26 studies reported on the measurement properties of the REMS. Overall, the REMS was devel-
oped with robust methodology and has good sensibility with adequate content and face validity. It is easy to
understand and feasible to be calculated within minutes of patient assessment. The REMS has the necessary
measurement properties to be both a predictive and evaluative clinical index to measure prehospital severity
of illness; however, no studies have adequately addressed the intra or inter-rater reliability of the score.
Conclusions: There is evidence to support the use of the REMS as a predictive or evaluative instrument. In

most studies, it performed as well or better than other illness severity scores in predicting mortality.
© 2019 Air Medical Journal Associates. Published by Elsevier Inc. All rights reserved.

The evaluation of helicopter emergency medical services (HEMS)
clinical outcomes and response to treatment is fraught with challenges.
Often, regional HEMS systems do not have access to in-hospital out-
comes or treatments, making assessments of performance limited.
Additionally, most HEMS organizations only measure time response
intervals and out-of-hospital cardiac arrest survival.' There are several
proposed performance measures for specific disease processes in pre-
hospital care,' but those affect a small amount of patient transports
and mostly evaluate compliance with standards rather than patient
response. To better understand the effect of HEMS care on clinical out-
comes, a tool that can both predict mortality and measure clinical
change is needed. Furthermore, a reliable measure of severity of illness
could be used to improve triage of patients who would benefit from
launching an HEMS retrieval team.
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A tool that predicts mortality needs to account for severity of ill-
ness. Severity of illness can be understood as the degree of physio-
logic derangement caused by an acute disease process.>> There are
many factors that have been conceptualized as part of severity of ill-
ness including a patient's vital signs, Glasgow coma scale (GCS), age,
laboratory investigations, and chronic health conditions.> However
many illness severity scores are either too disease specific or require
data that are unavailable in the prehospital setting.”

There are various scoring systems that have been developed to
predict mortality including the Acute Physiology and Chronic
Health Evaluation (APACHE II),> the Rapid Acute Physiology Sore
(RAPS),”> and the Rapid Emergency Medicine Score (REMS).* Of
those, REMS shows the most promise as being a useful prehospi-
tal measure of severity of illness and evaluative tool for monitor-
ing clinical change. The objective of this article is to critically
appraise the development and summarize the evidence regarding
the measurement properties (sensitivity, reliability, and validity)
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of the REMS. We also discuss potential applications of the REMS
in the HEMS environment.

Methods

Literature Search

We aimed to identify articles describing the development of the
REMS and all randomized/quasi-randomized trials, cohort, case-con-
trol, cross-sectional, and case series studies that evaluated the REMS
as a measure of illness severity. A literature search was performed on
March 7, 2018, using the PubMed and MEDLINE databases. Using the
PubMed database, a search for the term “rapid emergency medicine
score” yielded 35 articles. An additional search on MEDLINE using the
terms “severity of illness scores” AND “transportation of patients”
yielded 673 articles. A manual search was also performed of the bibli-
ography of the included primary studies. All titles and abstracts were
screened for relevance, and full texts were reviewed if studies met
our criteria. Abstracts, dissertations/theses, commentaries, and letters
were excluded. Studies that did not report the measurement proper-
ties of the REMS were also excluded. Descriptions of the final 26 stud-
ies that were included in our appraisal are provided in Table 1.

Development of the REMS

Previous Severity Iliness Scores

The APACHE II uses a point score based on 12 routine physiologi-
cal variables together with age and previous health status for use in
intensive care unit (ICU) patients. It has been validated to predict
mortality in both medical and surgical intensive care patients.*®
However, the APACHE II score includes several blood chemistry varia-
bles and is therefore not suitable for rapid scoring in the prehospital
or emergency department environments. The RAPS is an abbreviated
version of the APACHE II, which includes the physiologic variables
available in the prehospital setting.” It has an identical point value
system as the APACHE II, except for GCS, which was adjusted to keep
its proportional contribution similar between the 2 scores.” The RAPS
was initially evaluated as a prehospital severity scoring system in a
population of helicopter-transported patients.” Its obvious advantage
over the APACHE Il is the availability of all its components in a preho-
spital environment.

Item Generation

Item generation refers to bringing together a set of variables that
are likely to be included in the instrument. Items should be represen-
tative of important domains, have a statistical association with the
outcome, be sufficient to capture any important clinical change, and
have universal applicability. The variables included in the APACHE II
system are heart rate, respiratory rate, mean arterial pressure (MAP),
GCS, body temperature, oxygenation of arterial blood, arterial pH,
serum sodium, serum potassium, serum creatinine, hematocrit, white
blood count, and GCS.* The maximal APACHE II score is 71. The RAPS
was developed by taking variables of APACHE II that are easily
obtained in the prehospital setting (ie, heart rate, respiratory rate,
MAP, and GCS).” The scoring range for each variable was 0 to 4 with a
maximal score of 16. The REMS was created with the intent on
improving the predictive power of RAPS. The authors included the
initial 4 variables of RAPS and added age (as weighted in the APACHE
I from 0-6 points) and oxygen saturation (weighted on a score 0-4)
(Appendix 1).* Overall item generation seems adequate by including
all variables that are both available in the prehospital setting and
have previously been predictive of mortality.

Derivation and Internal Validation
A multivariable logistic regression analysis was performed. The
REMS was predictive of in-hospital mortality, resulting in an odds

ratio of 1.58 for each point increase (95% confidence interval,
1.48-1.70). Internal validation was done using a 50/50 split-sample
technique, resulting in similar odds ratios and 95% confidence intervals
for the 2 samples.

Weights and Scoring

Each variable has unique ranges that determine the patient's score
for that variable, 0 to 4 for heart rate, respiratory rate, MAP, oxygen sat-
uration, and GCS and 0 to 6 for age. The REMS is calculated by taking
the sum of scores for each variable. Scoring is straightforward and eas-
ily calculated in real time. The result is a continuous REMS score of inte-
ger values ranging from 0 to 26 with a higher score having higher odds
of death. One benefit of these gradations is allowing for greater or
lower physiologic derangement to be tracked over time to evaluate
change to a patient's clinical status (ie, deterioration or improvement).

Sensibility Assessment

Purpose, Population, and Setting

The authors clearly stated their purpose was to determine if a
modified illness severity scoring system (REMS) could be created
using variables only available in the prehospital setting and have the
scoring system perform as well as the APACHE Il in predicting in-hos-
pital mortality for nonsurgical patients presenting to the emergency
department.® Its intended purpose was predictive according to the
framework described by Kirschner and Guyatt.® Although the study
setting was not a prehospital environment, patients were recruited
directly from the emergency department and would have likely
arrived by emergency medical services (EMS). Furthermore, by focus-
ing on a population of patients admitted to the hospital, it was more
feasible to link the REMS to mortality, an outcome that is not com-
monly available in prehospital databases. Additionally, further studies
performed have used REMS for an evaluative purpose (Table 1).

Content Validity

Content validity is the idea that all the dimensions of a particular
concept are adequately captured in the instrument. The REMS score
adequately captures physiologic derangement and level of conscious-
ness; however, it does not assess chronic health conditions. Although
this may be a limitation to the REMS, this information is not often
available in the prehospital or emergency department environment,
especially in acutely critically unwell patients. Therefore, the omis-
sion of data regarding chronic health conditions from the REMS is
appropriate given the intended population for its use. As discussed
previously, item generation was statistically rigorous and clinically
sound. Each variable included has been associated with increased
mortality. Weighing of each variable is appropriate given the degree
to which each is likely to contribute to mortality risk.

Face validity

Face validity refers to whether the variables of a clinical index
make sense. As mentioned earlier, variable selection was relevant,
appropriate, and applicable to severity of illness. Each variable of
REMS is independent of the other and phrased clearly. The responses
for each variable are discrete integers, and score cutoffs are well-
defined. Determination of the final score by the sum of individual var-
iable scores is appropriate.

Feasibility

The measured variables for REMS are easy to understand and rou-
tinely captured on all critically unwell patients in a prehospital and
emergency department population. Scoring of individual variables
according to cutoff values and final calculation of the REMS is simple
to perform. Definitions of variables are intuitive. Instructions are pro-
vided on how to collect all needed information and how missing
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Table 1
The Main Characteristics of Studies That Provided Evidence of Reliability or Validity for the Rapid Emergency Medicine Score (REMS)
Clinimetric
Property Calibration and Reliability
First Author Study Population Reported Study Design and Setting Evidence Validity Evidence
Olsson* 1,027 nonsurgical Predictive Prospective, single center Adequate calibration: Predictive criterion validity:
patients First report of the scale, deri-  H-L 2 statistic=9.3 (P=.23) REMS (ROC AUC=0.910 & 0.015)
vation, and validation REMS predictive of mortality OR = 1.58
Comparison predictive (95% (I, 1.58-1.70) for each 1-point increase
power of the APACHE I, Internal validity:
RAPS, and REMS on in-hos- Similar results with split-sample technique
pital mortality Concurrent construct validity:
REMS similar predictive power of mortality as
APACHE II (ROC AUC=0.901 + 0.015),
1:=0.87
REMS superior to RAPS
Olsson’ 11,751 nonsurgical Predictive Prospective, single-centre Poor calibration: Predictive criterion validity:
patients Comparison predictive H-L x>=62 (P <.001) REMS (ROC AUC=0.852 + 0.014)
power of REMS to RAPS on REMS predictive of mortality OR = 1.40
in-hospital mortality and (95% CI, 1.36-1.45) for each 1-point
length of stay increase
Internal validity:
Similar results with split-sample technique
Concurrent construct validity:
REMS modestly correlated to length of stay
(rs=0.47)
REMS superior to RAPS in predicting
in-hospital mortality (AUC=0.852 4+ 0.014
for REMS compared with 0.652 + 0.019
for RAPS)
Olsson?’ 11,751 nonsurgical Predictive Prospective, single center Not reported Predictive criterion validity:
patients Association between REMS REMS can predict long-term mortality
and short and long-term HR=1.26 (P <.001)
mortality
Olsson?! 865 nonsurgical Predictive Prospective, single center Not reported Predictive criterion validity:
patients Could addition of CCI to REMS can predict short- and long-term
REMS improve predictive mortality
ability of short- and long- Concurrent construct validity:
term mortality REMS weakly correlated to CCI (rs = 0.38)
Addition of CCI to REMS does not increase
predictive power of mortality
Goodacre®” 5,583 nonsurgical Predictive Retrospective, multi-EMS Not reported Predictive criterion validity:
patients services REMS (ROC AUC=0.74 £ 0.04)
Comparison predictive Concurrent construct validity:
power of REMS to RAPS on REMS superior to RAPS in predicting
in-hospital mortality in-hospital mortality (AUC =0.74 + 0.04
for REMS compared with 0.64 + 0.05
for RAPS)
Howell** 2,132 patients with Predictive Prospective, single center Interrater reliability: Predictive criterion validity:
suspected infection Comparison predictive Kappa 0.9 for screening of REMS (AUC =0.802 + 0.05)
power of REMS, MEDS, and infection REMS predictive of mortality OR = 1.40
CURB-65 on in-hospital No specific mention of (95% (1, 1.28-1.45) for each 1-point
mortality interrater reliability for increase
Used “modified” REMS REMS Concurrent construct validity:
where altered LOC given 1 REMS similar predictive strength to MEDS
point, no breakdown for GCS and CURB-65 (AUC = 0.849 + 0.04 for
MEDS, AUC = 0.788 =+ 0.04 for CURB-65)
Cattermole®* 330 medical, surgi- Predictive Prospective, single center Not reported Predictive criterion validity:
cal, and trauma Comparison predictive REMS (AUC = 0.696 + 0.053)
patients power of REMS, APACHE I, Concurrent construct validity:
RTS, MEWS, and PEDS on in- REMS similar predictive strength
hospital mortality to APACHE II, RTS, MEWS
Crowe?® 216 patients with Predictive Prospective, single center Not reported Predictive criterion validity:
severe sepsis or sep- Comparison predictive REMS (AUC=0.62 £ 0.07)
tic shock power of REMS, MEDS, and Concurrent construct validity:
CURB-65 on in-hospital REMS similar predictive strength to MEDS
mortality and CURB-65
Used “modified” REMS
where altered LOC given 1
point, no breakdown for GCS
Ghanem- 1,072 patients with Predictive Prospective, single center Adequate calibration: Concurrent construct validity:
Zoubi'® sepsis Comparison predictive H-L P=0.23-0.85 across dif- REMS similar predictive strength to MEDS

power of REMS, MEWS, and
MEDS on in-hospital
mortality

ferent time intervals

and MEWS
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Clinimetric

Property Calibration and Reliability
First Author Study Population Reported Study Design and Setting Evidence Validity Evidence
Carrillo"” 432 patients requir- Predictive Prospective, single center Test-retest reliability: Predictive criterion validity:
ing interfacility and Compare initial REMS, final r=0.78, no intraclass Higher REMS higher likelihood of need for
transfer evaluative REMS, and change in REMS correlation coefficient hemodynamic or ventilator support
with need for hemodynamic stated Longitudinal construct validity:
or ventilator support Increase in REMS over time has higher
likelihood for hemodynamic or ventilator
support
Bulut'® 2,000 medical and Predictive Prospective, multicenter Not reported Predictive criterion validity:
surgical patients Compare REMS and MEWS REMS (AUC=0.707 & 0.020)
in predicting ICU admission Concurrent construct validity:
and in-hospital mortality REMS modestly correlated to MEWS
(r=0.422)
REMS superior to MEWS in predicting
in-hospital mortality (AUC = 0.630 & 0.021
for MEWS)
Kuo?® 171 patients with Predictive Retrospective, single center Performed but not reported Predictive criterion validity:
Vibrio vulnificus Evaluate performance of Higher REMS associated with higher
infection REMS on predicting in-hos- mortality (AUC = 0.895 =+ 0.05)
pital mortality
Moseson'! 227 medical and Predictive Prospective, single center Adequate calibration: Concurrent construct validity:
surgical patients Compare REMS with other H-L P=0.28-0.77 across dif- REMS had similar predictive performance to
admitted to ICU emergency department and ferent populations other emergency department severity scores
ICU severity scores in pre-
dicting in-hospital mortality
Imhoff?’ 3,680 trauma Predictive Retrospective, single center Not reported Predictive criterion validity:
patients Evaluate performance of REMS (AUC=0.91 + 0.02)
REMS on predicting in-hos- REMS predictive of mortality OR=1.51
pital mortality and compare (95% CI,1.45-1.58) for each 1-point
with RTS, SI, and ISS increase
Concurrent construct validity:
REMS superior to ISS and Sl in predicting
in-hospital mortality (AUC = 0.89 + 0.04
for RTS, AUC=0.87 + 0.01 for ISS, and
AUC=0.55 + 0.31 for SI)
Yu'? 656 patients admit- Evaluative Retrospective, nested case Adequate calibration: Longitudinal construct validity:
ted with infection control, single center H-LP> .05 Patients who experienced a clinical
Evaluate performance of deterioration had an increase of REMS
REMS and other severity within 12-24 hours before clinical
scores at predicting clinical deterioration
deterioration by repeated
measures
Hilderink?® 600 patients with Predictive Retrospective, single center Not reported Predictive criterion validity:
sepsis Evaluate performance of REMS (AUC=0.78 + 0.060)
REMS and other severity Concurrent construct validity:
scores at predicting in-hos- REMS had similar predictive performance to
pital mortality other emergency department and ICU
severity scores
Polita®® 163 trauma patients Predictive Retrospective, single center Not reported Predictive criterion validity:
Evaluate performance of REMS (AUC 0.761 + 0.073)
REMS, RAPS, and simplified Concurrent construct validity:
APACHE II at predicting REMS strongly correlated to APACHE II
mortality and compare with (rs=0.92)
APACHE II REMS similar predictive performance to
RAPS and simplified APACHE II
Ha' 1,746 medical Predictive Prospective, single center Adequate calibration: Predictive criterion validity:
patients Compare performance of H-LP> .05 REMS (AUC=0.712 & 0.074)
REMS with WPS REMS predictive of mortality HR = 1.28
(95% CI, 1.23-1.34) for each 1-point
increase
Concurrent construct validity:
REMS modestly correlated to WPS (rs=0.45)
REMS less predictive of mortality than WPS
(AUC=0.797 + 0.034 for WPS)
El-Sarnagawy>? 104 poisoned Predictive Prospective, single center Not reported Predictive criterion validity:
patients Evaluate performance of REMS (AUC=0.758)
REMS, RAPS, GCS, and Concurrent construct validity:
APACHE II at predicting need REMS had similar predictive performance to
for intubation RAPS, GCS, and APACHE 11
Alter'® 61,346 noncardiac Evaluative Retrospective, single EMS Not reported Longitudinal construct validity:

arrest EMS
transports

service

Initial and final REMS calcu-
lated to assess change in
clinical status and compared
to dispatch priority

Patients with higher dispatch priority had
higher changes in REMS (toward direction
of lower final REMS score or clinical
improvement)
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Clinimetric
Property Calibration and Reliability
First Author Study Population Reported Study Design and Setting Evidence Validity Evidence
Nakhjavan- 2,148 trauma Evaluative Prospective, multicenter Adequate calibration: Predictive criterion validity:
Shahraki'* patients Compare predictive power calibration plot slope = 0.98, REMS (AUC=0.93 + 0.02)
of REMS with RAPS on in- intercept 0.001 Concurrent construct validity:
hospital mortality REMS similar to RAPS in predicting
in-hospital mortality
Miller®! 2,680 trauma Evaluative Retrospective, multicenter Not reported Predictive criterion validity:
patients Comparison of REMS with REMS (AUC=0.911)
modified REMS and other Concurrent construct validity:
trauma severity scores on REMS similar to modified REMS in predicting
predicting mortality in-hospital mortality (AUC = 0.921 for
modified REMS)
Seak'® 66 patients with Evaluative Retrospective, single center Adequate calibration: Predictive criterion validity:
hepatic portal Comparison predictive H-LP=.232 REMS (AUC 0.929)
venous gas power of REMS, RAPS, and Concurrent construct validity:
MEWS on in-hospital REMS similar to RAPS and MEWS in
mortality predicting in-hospital mortality
Brabrand*? 5,784 medical Evaluative Retrospective, single center Adequate calibration: Predictive criterion validity:
patients Comparison of predictive H-L P=.58 (24-hour mortal- REMS (AUC=0.84 + 0.12)
power of REMS with other ity); H-L P=.07 (in-hospital Concurrent construct validity:
emergency severity scores mortality) REMS had similar predictive performance
on 24-hour and in-hospital to other emergency department and ICU
mortality severity scores
Hung* 114 patients with Evaluative Retrospective, multicenter Not reported Predictive criterion validity:
splenic abscess Comparison predictive REMS (AUC =0.671 for REMS)
power of REMS with MEDS, Concurrent construct validity:
RAPS, and MEWS REMS had lower predictive performance
compared to other scores (AUC=0.918 for
MEDS, AUC 0.757 for MEWS, AUC 0.676 for
RAPS)
Park®* 6,905 trauma Evaluative Retrospective, single center Not reported Predictive criterion validity:

Comparison predictive
power of REMS with
EMTRAS, RAPS, and ISS

patients

REMS (AUC = 0.900 for REMS)
Concurrent construct validity:
REMS similar to EMTRAS in predicting
in-hospital mortality

APACHE Il = Acute Physiology and Chronic Health Evaluation; AUC = area under the curve; CCI = Charlson comorbidity index; CI=confidence interval; EMS = emergency medical
services; EMTRAS = emergency trauma score; H-L = Hosmer-Lemeshow goodness-of-fit test; HR = hazards ratio; ISS = Injury Severity Score; MEDS = Mortality in Emergency Depart-
ment Sepsis Score; MEWS = Modified Early Warning System; OR = odds ratio; PEDS = Prince of Wales Emergency Department Score; r = Pearson correlation coefficient; r = Spear-
man rank coefficient; RAPS = Rapid Acute Physiology Score; REMS = Rapid Emergency Medicine Score; ROC = receiver operating characteristic curve; RTS = Revised Trauma Score;

SI=Shock Index; WPS = Worthing Physiological Scoring System.

information was obtained. The study authors recommend using
repeated measures for better predictability or for an evaluative use.
The score should be acceptable to patients because it does not require
any additional measurements or tests beyond what constitutes stan-
dard care provided by the clinician. It should also be acceptable to
clinicians because it is simple to use and intuitive to interpret, with
higher scores having a higher odds of mortality. No special tests or
skills are required. Furthermore, with increasing technologic advan-
ces and electronic patient records, it is possible that the REMS could
be calculated automatically without any additional time from the
clinician.

Reliability

Reliability refers to the extent to which repeat observations give
identical results. This can be either with the same rater (intrarater
reliability) or a different rater (interrater reliability). Commonly used
measures of reliability include proportional agreement, kappa, and
the intraclass correlation coefficient.'® Both of these measures vary
from O to 1, with values closer to 1 indicating higher reliability. None
of the studies of the REMS to date have formally assessed intra- or
interrater reliability, and it is important that these factors be studied.

There is inherent variability of a patient's vital signs that can
change minute to minute depending on physiologic responses and
treatment (ie, resolution of tachycardia with the administration of
analgesia). This variability does cause some concern in regard to its
overall reliability. However, this potential variability also makes it a

useful tool to measure minute-to-minute physiologic change to the
patient. The authors do suggest using the highest REMS to reduce var-
iability and suggest this score may be most predictive; however, the
authors do not offer any evidence for this suggestion.

Because the REMS is a clinical index of vital signs, GCS, and age, it
is possible to assess reliability by looking at examples from the litera-
ture of these individual measures. Prasad'® found that the reliability
of GCS is high in the end-of-range scores (GCS 3-6 and 14-15) as long
as the stimulation techniques are standardized and the users are
trained and experienced.'® The reliability in the middle range
depends largely on the users’ experience and if pseudoscoring
(assigned a score of 1 for any unmeasurable feature) was used.'® A
study by Carrillo and Urrutia'” did show good test-retest reliability of
the REMS with a Pearson coefficient of 0.78.

Validity

Validity is defined as the extent to which an instrument measures
what it is intended to measure. There are many ways of testing valid-
ity, the choice depending on the purpose of the measurement.
Because the REMS is used for both predictive and evaluative pur-
poses, it is necessary to evaluate its criterion validity, concurrent con-
struct validity, and longitudinal construct validity.

Criterion Validity and Discrimination
Criterion validity evaluates whether your measure correlates with
the existing “gold standard” when both are measured at the same
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time.'® In the setting of the REMS, it refers to the ability of the REMS to
distinguish whether a patient lived or died. This may also be referred
to as the discriminatory power of a clinical index.® For a binary out-
come, such as mortality, the receiver operating characteristic curve
plots the sensitivity (true positive rate) against 1 — specificity (false-
positive rate) for consecutive cutoffs for the probability of an outcome.’
Using the receiver operating characteristic curve, an area under the
curve (AUC) value of 1 indicates perfect discrimination, with an AUC of
greater than 0.8 being considered adequate for models predicting mor-
tality.* Olsson and Lind* found the REMS to have an AUC of 0.911 in
their derivation study of medical patients. Additional studies involving
medical, trauma, and surgical populations have shown AUCs of 0.62 to
0.93 for the REMS (Table 1). The majority of those studies have an AUC
greater than 0.8; therefore, the REMS appears to have good criterion
validity and discriminatory power.

Concurrent Construct Validity

Concurrent construct validity refers to the degree to which the
measurement of one instrument correlates to another instrument
when measuring the same patients at the same time.® One way this
can be measured is by using the Pearson correlation coefficient (1) or
the Spearman rank coefficient (rs). There are statistical tests of corre-
lation in which a strong relationship is indicated by an r of greater
than 0.7, a moderate relationship is an rs of 0.3 to 0.7, and a weak
relationship is an r, of less than 0.3.” The derivation study found an ry
of 0.87 when assessing correlation to the APACHE IL.* The REMS has
also been moderately correlated with length of stay,” the modified
early warning system,'® and the Worthing physiological scoring sys-
tem.'® Additionally, multiple studies have found similar or higher dis-
criminatory power to the REMS compared with other commonly used
illness severity scores in medical, trauma, and surgical patient popu-
lations (Table 1). Therefore, the REMS should be considered to have
good concurrent construct validity.

Responsiveness and Longitudinal Construct Validity

Responsiveness has been defined as the ability to accurately
detect change when it has occurred and is sometimes also referred to
as longitudinal construct validity. Assessing longitudinal construct
validity involves correlating changes in scores of the instrument over
time with an a priori prediction of the degree of the expected correla-
tion. In the case of the REMS, it would be expected that the most criti-
cally ill patients who are likely to deteriorate would have a higher
REMS over time.

Only 3 studies have assessed the longitudinal construct validity of
the REMS. Carrillo et al'” studied 432 patients requiring interfacilty
transfer and compared the initial REMS, the final REMS, and the change
in REMS with the need for hemodynamic or ventilator support. They
found that a higher REMS over time predicted a higher likelihood for
hemodynamic or ventilator support.'” A study by Yu et al'? examining
656 patients admitted with infection found that patients who experi-
enced a clinical deterioration had an increase of their REMS within 12
to 24 hours before clinical deterioration. Lastly, a study by Alter et al'®
found that in a population of 61,346 noncardiac arrest EMS transports,
patients with a higher dispatch priority were found to have a higher
change in the REMS over time (in the direction of a lower final REMS
score or clinical improvement). Therefore, although the evidence of
longitudinal construct validity is limited, there does appear to be good
evidence for its evaluative purpose.

Applicability of REMS in HEMS Setting

Decision Aid to Launch HEMS

One of the persistent challenges with HEMS is identifying patients
who benefit most from HEMS transport. Air retrieval teams are costly,
resource intensive, and not without risk.>>>® The REMS offers

another data point to assist in the decision to launch a retrieval team.
It would be possible to integrate the REMS into an application for a
land-based EMS service that would automatically calculate the REMS
based on the initial vital signs of the land paramedics. If the calculated
REMS was above a determined cutoff, a notice could be pushed to the
land crew, prompting them to request an HEMS retrieval team.

Triage Decisions

Another potential use for the REMS in the EMS environment
would be assisting in triage decisions. In the situation in which there
was only a single resource to service multiple retrieval requests, the
calculation of the REMS could serve as another data point in assisting
with which patient should be transported first. If the REMS was auto-
matically integrated and calculated by the HEMS dispatch operations
software, it could allow for comparisons of severity of illness between
multiple patients. Although an understanding of complexities of each
case is required, the REMS may assist in identifying patients who are
more likely to deteriorate without urgent transport.

Assessment of Response to Treatment

As discussed previously, a common limitation to the HEMS data-
base is the lack of in-hospital and mortality data. One benefit of multi-
ple measurements of the REMS could be an assessment for the clinical
response to treatment by the retrieval team. By taking repeated
measurements over time, it would be possible to track patient
improvement or deterioration. This could serve as an additional point
of providing feedback to individual providers or assessment of orga-
nizational protocols.

Conclusion

The REMS was designed to predict in-hospital mortality for admit-
ted medical patients using only variables that are available in the
emergency department and prehospital setting.* Critical appraisal of
its development highlighted several strengths in its development and
a few limitations. The tool was developed with robust methodology.
Item generation was based on known predictors of mortality that are
available in the emergency department. Item reduction was thorough
with appropriate statistical tests and clinical justification for deriva-
tion of the final clinical index. Internal validity was assessed with a
split-sample technique. The REMS has good sensibility with adequate
content and face validity. It is easy to understand and feasible to be
calculated within minutes of patient assessment.

Overall, the REMS has been shown to have the necessary measure-
ment properties to be both a predictive and evaluative clinical index
to measure prehospital severity of illness in medical, trauma, and sur-
gical populations. Most studies have found adequate model calibra-
tion, with the exception of 1 study by Olsson et al” that did not show
adequate model fit using the Hosmer-Lemeshow statistic. The latter
finding may be explained by the large sample size of the study. No
studies have adequately addressed the intra- or interrater reliability
of the score, which does jeopardize both its reliability and validity.
This gap should be addressed in future studies. One study did show
good test-retest reliability. The REMS showed good criterion validity,
discrimination, and concurrent construct validity in medical, trauma,
and surgical patient populations. In most studies, it performed as
well or better than other illness severity scores in predicting mortal-
ity. There was also evidence for good longitudinal construct validity,
with 3 studies showing a change in the REMS being associated with
clinical deterioration or improvement.

There are multiple potential uses for the REMS in HEMS evalua-
tion. From a triage perspective when multiple patients need to be
transported by a single resource, the REMS could identify patients at
highest risk of mortality to assist in decision making. Additionally,
use of the REMS can evaluate the clinical response to HEMS treat-
ment. This could be useful to provide feedback to individual providers
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assess protocols within an entire HEMS organization. In conclu-

sion, there is evidence to support the use of the REMS as a predictive
or evaluative instrument.

Supplementary materials

Supplementary material associated with this article can be found

in the online version at https://doi.org/10.1016/j.amj.2019.02.001.
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