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Abstract

Introduction: Out-of-hospital cardiac arrest (OHCA) is a leading cause of death in the
United States, and efforts have been made to develop termination of resuscitation protocols
utilizing clinical criteria predictive of successful resuscitation and survival to discharge.
A termination of resuscitation protocol utilizing longer resuscitation time and end-tidal car-
bon dioxide (EtCO2) monitoring criteria for termination was implemented for Emergency
Medical Service (EMS) providers in an urban prehospital system in 2017. This study exam-
ines the effect the modified termination of resuscitation protocol had on rates of patient
transport to a hospital, return of spontaneous circulation (ROSC), and survival to discharge.
Methods: A retrospective analysis was performed utilizing data from the Cardiac Arrest
Registry to Enhance Survival (CARES) database. A total of 1,005 prehospital cardiac
arrest patients 18 years and older from 2016 through 2017 were included in the analysis.
Patients with traumatic cardiac arrest or had valid do-not-resuscitate orders were excluded.
Unadjusted analysis using chi-square statistics was performed, including an analysis strati-
fied by Utstein style reporting. Adjusted analysis was also performed using logistic regression
with multiple imputation for missing values.

Results: Unadjusted analysis showed a significant decrease in ROSC on emergency depart-
ment (ED) arrival (30% versus 13%; P <.001) following the change in protocol. There was
no significant difference in patient transport rate (62%) and a statistically non-significant
decrease in overall survival (15% versus 11%). When stratified by Utstein style analysis, sta-
tistically significant decreases in ED arrival with ROSC were seen for unwitnessed asystolic,
as well as bystander witnessed asystolic, pulseless electrical activity (PEA), and shockable
OHCA. Adjusted analysis showed a decreased likelihood of ROSC with the protocol
change (0.337; 95% ClI, 0.235-0.482).

Conclusion: The modification of termination of resuscitation protocol was not associated
with a statistically significant change in transport rate or survival. A significant decrease in
rate of arrivals to the ED with ROSC was seen, particularly for bystander witnessed OHCA.

Cheung BH, Mercer MP. Prehospital disposition and patient outcomes in cardiac arrest
AFTER resuscitation termination protocol change in an urban setting. Prebosp Disaster
Med. 2020;35(3):285-292.

Introduction

Out-of-hospital cardiac arrest (OHCA) is a leading cause of death in the United States, with
over 326,000 deaths annually.! Emergency Medical Service (EMS) providers often initiate
cardiopulmonary resuscitation (CPR) and Advanced Cardiac Life Support (ACLS) in
the field. Depending on the outcome of the resuscitation, patients are either transported
to the hospital or care is terminated in the field. As prehospital providers now approach
a patient in cardiac arrest, they are faced with the challenge of maximizing outcomes in
patients, where possible, while not extending futile care. Thus, EMS systems enact policies
and protocols to help frontline personnel identify patients who would benefit from transport
to the hospital and reduce unnecessary transports.>*

Efforts have been made to identify objective clinical criteria predictive of successful
resuscitation to better guide prehospital care.*® Recent studies have identified end-tidal
carbon dioxide (EtCO2) as a predictor for resuscitative outcome.”'* In particular, patients
in prehospital cardiac arrest with EtCO2 greater than 10mmHg are almost five-times
more likely to have return of spontaneous circulation (ROSC) than patients with EtCO2
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less than 10mmHg.!® Conversely, an EtCO2 less than 10mmHg is
predictive of failure to obtain ROSC.”

At the same time, over the last decade, many advances in pre-
hospital cardiac arrest care have improved survival rates, with
approximately 10% of patients surviving to discharge nationally.!
In particular, progress has been made in improving neurologically-
intact survival of OHCA patients with shockable rhythms.!>!? In
fact, due to advances in CPR and other resuscitative performance,
some EMS systems have reported substantial gains in the rate of
survival for patients with Utstein criteria cardiac arrests, even after
prolonged resuscitation, with ROSC occurring sometime far beyond
the previously futile marker of 25 minutes.?

Recently, the EMS agency serving this study’s municipality
revised their termination of resuscitation protocol to incorporate
these changes. The agency oversees prehospital care for an urban
and suburban area encompassing approximately 47 square miles
with over 1.5 million daytime inhabitants.!* The EMS system
units are all staffed at Advanced Life Support (ALS) level and
respond to approximately 115,000 calls per year. Patients can be
transported to ten receiving hospitals, five of which are locally
certified cardiac care centers capable of receiving ST-elevation
myocardial infarction (STEMI) and OHCA patients.!* On
January 30, 2017, a protocol change was made that extended the
length of OHCA resuscitation from 25 to 40 minutes and added
a requirement of persistent EtCO2 less than SmmHg prior to
termination of resuscitation.’>!¢ This study examines how patient
transport rates, as well as patient outcomes, changed following the
change in termination protocol.

Methods

Study Design

This study is a retrospective analysis utilizing data from the Cardiac
Arrest Registry to Enhance Survival (CARES); CARES is a pro-
spective registry established among 24 states and community
hospitals in 18 additional states in the United States that collects
demographic, dispatch, prehospital EMS, and hospital-based data
on patients who suffer OHCA. This study uses data from 2016 and
2017 from one local reporting EMS system.!” The CARES regis-
try is administered by the Department of Emergency Medicine at
Emory University (Atlanta, Georgia USA), and supported by the
Centers for Disease Control (Atlanta, Georgia USA) as a bench-
marking and performance improvement tool for EMS systems to
track interventions and outcomes for patients following OHCA.'8
The Institutional Review Board at the University of California,
San Francisco (USA), reviewed and approved this study (IRB
number 18-24649).

Study Setting

This study population included patients aged 18 years or older
treated for prehospital cardiac arrest in an urban EMS system from
January 1, 2016 through December 31, 2017. Patients presenting
from January 31, 2017 to the end of the study period were subject to
the new termination protocol (Appendix A; available online only),
while the remainder of patients were subject to the old protocol
(Appendix Bj; available online only). The new protocol extended
the required time of ALS interventions from 25 to 40 minutes
and added a requirement of EtCO2 of less than SmmHg prior
to terminating resuscitation. If these requirements were not met,
EMS was required to make base contact for physician consultation.
Patients with presumed traumatic cardiac arrest etiology or patients

for whom resuscitation was stopped for do-not-resuscitate status
were excluded, as these aspects of the protocol were not revised.

Outcome Measures

The primary outcome of interest was transport to a receiving
hospital. Secondary outcomes of interest included survival to hos-
pital discharge and arrival to emergency department (ED) with
ROSC.

Data Analysis

In this study, all analyses were performed using Stata 13/IC
(Version 13.1; StataCorp; College Station, Texas USA; 2016).
Patient demographics, clinical characteristics, and prehospital
interventions were tabulated before and after the protocol change.
To examine changes in rates of transport, survival, and arrival to the
ED with ROSC before and after the protocol change, chi-square
analysis was used to test unadjusted differences. An unadjusted
analysis was also performed, stratified by Utstein factors for cases
from cardiac etiologies utilizing chi-squared analysis.

To further assess these outcomes following the protocol revi-
sion, an adjusted analysis was performed with logistic regression.
The regression model included factors thought to potentially influ-
ence outcomes, namely the change in protocol, age, gender, race,
socioeconomic status of the arrest location, presumed arrest
etiology, initial cardiac rhythm, witnessed arrest, layperson CPR,
medication administration, advanced airway interventions, and
on-scene time. Due to the large number of missing values for
on-scene time (34% overall; 40% before protocol change and
27% after) and race/ethnicity (28% overall; 24% before protocol
change and 34% after), multiple imputation by chained equations
was utilized to address these deficiencies, a standard practice when
dealing with missing values.?**! Regression analysis was performed
on 20 imputation data sets, and the final result obtained via Rubin’s
rules of recombination.

A power analysis was performed as part of this study’s design.
To detect a 10-percentage point difference in rate of transport,
the sample size required was 732. Similarly, the analysis yielded
asample size of 294 for a 10-percentage point difference in survival,
and a sample size of 792 for a 10-percentage point difference in
prehospital ROSC.

For this analysis, the arrest location, tabulated in the CARES
database, was used as a proxy for patient socioeconomic status.
The median individual income for the 27 ZIP codes comprising
the county served by the EMS agency were obtained from the
2016 American Community Survey, a demographic dataset pro-
duced by the United States Census Bureau (Suitland, Maryland
USA).22 The ZIP codes were then stratified into tertiles by median
income, and this stratification by ZIP code is used as a proxy for
socioeconomic status.

Results

Based on the inclusion criteria, this study included 1,005 adult
patients who suffered OHCA in 2016-2017 within an urban
EMS system in California (Figure 1). Of these patients, 536 patients
(53%) were treated using the old protocol, and 469 patients (47%)
were treated after the modification. Demographic information for
these patients was largely not significantly different between the
two groups and are summarized in Table 1. The majority of patients
suffered cardiac arrest, presumed to be due to a cardiac etiology
(86%), and were found to be in asystole (51%) on EMS arrival.
Fifty-nine percent (59%) of patients had witnessed arrested, but only

Prehospital and Disaster Medicine

https://doi.org/10.1017/51049023X20000473 Published online by Cambridge University Press

Vol. 35, No. 3


https://doi.org/10.1017/S1049023X20000473

Cheung, Mercer

287

I 1061 patients with prehospital cardiac arrests

34 patients with traumatic etiology ‘

12 patients < 18 vears old |

i 8 patients with DNR |

2 patients with no survival data |

1003 patients included in study l
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Figure 1. Study Exclusion Criteria.
Abbreviation: DNR, do not resuscitate.

25% received layperson CPR. Emergency Medical Services person-
nel administered medications (87%) and performed advanced airway
maneuvers (71%), such as intubation or insertion of a supraglottic
airway, to the majority of patients. Forty-three percent (43%) of
resuscitations lasted less than 25 minutes, while 24% lasted greater
than 40 minutes. The majority of patients did not achieve ROSC in
the field (58%), with only 22% arriving to the ED with ROSC.
Sixty-two percent (62%) of patients were transported to hospitals,
and 13% of patients survived to discharge.

Case characteristics before and after the change of resuscitation
termination protocol and chi-squared unadjusted analysis are also
summarized in Table 1. Overall, not many characteristics were
significantly different. However, following the protocol change,
there was a statistically significant decrease in the percentage
of patients receiving medications (89% versus 85%; P <.001).
In addition, a significantly greater proportion of resuscitations
lasted over 40 minutes (17% versus 31%; P <.001) following
the protocol change, which was consistent with the new protocol
requirements.

The primary outcome for this study was the overall rate of trans-
port to a hospital, and no significant difference was found following
the protocol change (62% versus 62%; P =.979). A secondary
outcome for this study was the rate of survival to discharge,
which decreased following the protocol change (15% versus 11%;
P =.107), but this difference was not statistically significant.
Another secondary outcome was arrival to the ED with ROSC,
with a statistically significant decrease following the protocol
change (30% versus 13%; P <.001).

An Utstein style analysis of OHCA cases from cardiac etiology
was also performed comparing outcomes before and after the pro-
tocol change, as shown in Figure 2, Figure 3, and Figure 4. For the
primary outcome of transport to the hospital, no statistically sig-
nificant change in the rate of transport in any subgroup was seen.
There was a statistically significant decrease with bystander wit-
nessed asystolic OHCA (9% versus 2%; P = .045) for the secondary
outcome of survival to discharge, but no statistically significant
change was seen for other subgroups. For the secondary outcome
of arriving to the ED with ROSC, there was a statistically signifi-
cant decrease for unwitnessed asystolic OHCA (13% versus 4%;
P =.013), as well as for bystander witnessed asystolic OHCA
(35% versus 3%; P <.001), pulseless electrical activity (PEA;
42% versus 22%; P=.039), and ventricular fibrillation (VF)/
ventricular tachycardia (V'T; 43% versus 27%; P =.047) OHCA.

Results from adjusted logistic regression analysis for all included
patients are summarized in Table 2 and are displayed in Figure 5
as forest plots. The adjusted odds ratio (OR) for transport to the
hospital following the change in protocol was 1.255 (95% CI,
0.901-1.748), though it was not significant. Patients presenting
with Utstein factors were significantly associated with increased
odds of transport relative to patients presenting without these fac-
tors, in particular bystander (OR =2.867; 95% CI, 2.038-4.033) or
EMS (OR=6.298; 95% CI, 3.429-11.565) witnessed arrest, as
well as shockable rhythms (OR =3.076; 95% CI, 1.988-4.759).
Patients with PEA rhythms were also significantly more likely
to be transported (OR=3.155; 95% CI, 2.117-4.701) than
patients in asystole. Non-cardiac etiologies of arrest (OR = 5.410;
95% CI, 2.027-14.438) were also more likely to be transported than
cardiac etiologies. On-scene time greater than 40 minutes was sig-
nificantly associated with lower odds of transport (OR =0.226;
95% CI, 0.139-0.368).

The odd ratios for survival to discharge following the protocol
change was 0.652, which was not statistically significant (95% CI,
0.414-1.027). Statistically significant factors associated with
decreased odds of survival included age greater than 80 years old
(OR =0.316; 95% CI, 0.130-0.770), medication administration
in the field (OR =0.415; 95% CI, 0.224-0.772), advanced airway
in the field (OR = 0.411; 95% CI, 0.248-0.682), and on-scene time
greater than 25 minutes (OR=0.477; 95% CI, 0.267-0.850 for
25-40 minutes and OR=0.344; 95% CI, 0.160-0.738 for greater
than 40 minutes). Conversely, patients with Utstein factors of
shockable presenting rhythms (OR=8.699; 95% CI, 4.741-
15.962) as well as bystander witnessed arrest (OR =2.445; 95%
ClI, 1.373-4.355) had significantly increased odds of survival as com-
pared to patients without these factors. Patients with PEA arrest also
had statistically increased odds of survival (OR =2.410; 95% CI,
1.266-4.589) as compared to patient with asystole.

The protocol change was significantly associated with decreased
odds of arriving in the ED with sustained ROSC (OR =0.337; 95%
CI, 0.235-0.482). The only other factor significantly associated with
decreased odds of sustained ROSC was on-scene time greater than
40 minutes (OR =0.320; 95% CI, 0.175-0.587). Increased odds of
sustained ROSC were significantly associated with Utstein factors:
shockable rhythm (OR =1.852; 95% CI, 1.192-2.878), bystander
witnessed arrest (OR =2.177; 95% CI, 1.463-3.242), and layperson
CPR (OR =1.845; 95% CI, 1.266-2.691).

Discussion

One goal of termination of resuscitation protocols is to identify
patients who would benefit from prolonged resuscitation and
transport, generally patients with favorable Utstein characteristics.
This protocol revision had limited success in this regard. The over-
all rate of patients arriving in the ED with ROSC decreased
following the protocol revision from 30% to 13%, a statistically sig-
nificant difference. In particular, patients with bystander witnessed
arrest were more likely to arrive in the ED without ROSC. It is
unclear why a larger proportion of patients in the revised protocol
group did not have sustained ROSC, though this result does sug-
gest patients in that group were overall sicker. Despite the likely
sicker population, the overall survival rate remained largely con-
stant (14% versus 11%), with no statistically significant change.
Thus, the protocol revision did seem to encourage the transport
of sicker patients, in particular, those with witnessed arrest, who
prior to the revision, may have had their resuscitations terminated

in the field.
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Overall Total Before Change After Change P
n (%) n (%) n (%)
1005 (100) 536 (53) 469 (47)

Age .695

18-45 122 (12) 68 (13) 54 (12)
46-65 370 (37) 203 (38) 167 (36)
66-80 258 (26) 136 (25) 122 (26)

>80 255 (25) 129 (24) 126 (27)

Gender .266
Male 694 (69) 362 (68) 332 (71)

Female 311 (31) 174 (32) 137 (29)

Race/Ethnicity .229
White 347 (48) 199 (49) 148 (48)
African-American 134 (19) 72 (18) 62 (20)

Asian/Pacific Islander 211 (29) 119 (29) 92 (30)
Hispanic/Native 25 (4) 19 (4) 6 2)
American

Income .362
Lowest 339 (34) 170 (32) 169 (36)

Middle 480 (48) 263 (49) 217 (46)
Highest 185 (18) 102 (19) 83 (18)

Etiology 210
Cardiac 869 (86) 472 (88) 397 (85)
Respiratory/Asphyxia 91 9) 45 (8) 46 (10)

Other 45 (5) 19 (4) 26 (5)

Rhythm .833
Asystole 517 (51) 278 (52) 239 (51)
Idioventricular/PEA 259 (26) 134 (25) 125 (27)

Shockable 229 (23) 124 (23) 105 (22)

Prehospital Resuscitation Characteristics
Witnessed 589 (59) 319 (60) 270 (58) 532
Lay Person CPR 246 (24) 139 (26) 107 (23) 251
Medications 871 (87) 474 (89) 397 (85) .024
Advanced Airway 706 (71) 376 (71) 330 (71) .808

Prehospital ROSC
ROSC at Any Time 425 (21) 234 (44) 191 (41) .348
ROSC on Arrival to ED 218 (22) 159 (30) 59 (13) <.001

Scene Time <.001
< 25 min 287 (43) 153 (48) 134 (39)

25-40 min 216 (33) 114 (36) 103 (30)
>40 min 160 (24) 54 (17) 105 (31)

Transported
Yes 624 | © | 33 | 62 | 201 | (62 979

Patient Outcome
Survival to Discharge 132 (13) 79 (15) 53 (11) 107
Died in the Field 381 (38) 203 (38) 178 (38) .765
Died in the ED 248 (25) 125 (23) 123 (26)

Died in the Hospital 244 (24) 129 (24) 115 (25)

Cheung © 2020 Prehospital and Disaster Medicine

Table 1. Summaﬁr of Patient and Prehospital Characteristics
Abbreviations: CPR, cardiopulmonary resuscitation; ED, emergency department; PEA, pulseless electrical activity; ROSC,

return of spontaneous circulation.
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Total cases
n= 1005

etiology
n=136

Non-cardiac

Cardiac etiology
n=_869

|

| | 1
Bystander witnessed Unwitmessed EMS witnessed
n=400 n=370 n="99
| |
| I |
. Asystole PEA VFNVT )
See Figure 3 ¥ See Figure 4
261 (71%) 66 (18%) 43 (12%)

Figure 2. Utstein Analysis for Unwitnessed OHCA of Cardiac Etiology.
Abbreviations: EMS, Emergency Medical Services; OHCA, out-of-hospital cardiac arrest; PEA, pulseless electrical activity; VF,

ventricular fibrillation; VT, ventricular tachycardia.

Bystander
witnessed

n=370

[

1

Asystole
155 (39%)

PEA
93 (23%)

VENT
152 (38%)

Cheung © 2020 Prehospital and Disaster Medicine

Figure 3. Utstein Analysis for Bystander Witnessed OHCA of Cardiac Etiology.
Abbreviations: ED, emergency department; OHCA, out-of-hospital cardiac arrest; PEA, pulseless electrical activity; ROSC,
return of spontaneous circulation; VF, ventricular fibrillation; VT, ventricular tachycardia.

Before (88)  Afier (67) P Before (89)  After (63) 7
ROSC anytime 40 (45%) 26 (39%) 0407 ROSC anytime 56 (63%) 39 (62%) 0.899
ROSCED 31 (35%) 2  (3%) <0.001 ROSCoED 38 (43%) 17 (27%) 0.047
Transported 57 (65%) 37 (55%) 0228 Transported 73 (82%) 52 (83%) 0934
Admitted 33 (38%) 20 (30%) 0.320 Admitted 52 (58%) 35 (56%) 0.724
Survived 8 (9%) 1 (2%) 0.045 Survived 35 (39%) 23 (37%) 0.725
Before (52)  After(41) P

ROSC anytime 30 (58%) 21 (51%) 0.533

ROSCOED 22 (42%) 9 (22%) 0039

Transported 43 (83%) 29 (71%) 0.171

Admitted 23 (44%) 15 (37%) 0436

Survived 7 (13%) 3 (7%) 0342

Cheung © 2020 Prehospital and Disaster Medicine

One notable feature of the local EMS guidelines is the utiliza-
tion of an EtCO2 cutoff of 5SmmHg, whereas current guidelines
have identified a cutoff of 10mmHg.?* This conservative value
likely leads to over-triage of OHCA patients, which would be con-
sistent with the unchanged rate of transport at 62% following
implementation, despite the likely sicker population less likely to
arrive in the ED with ROSC. This result suggests an EtCO2

cutoft of 5SmmHg is too low to usefully screen OHCA for patients
who would benefit from transport to the hospital.

Termination of resuscitation protocols are also implemented in
part to decrease utilization of resources for patients who are unlikely
to survive their OHCA.>* The results from this study suggest the
protocol adopted by this municipality’s EMS system did not achieve
this goal. The rate of transport did not change overall and remained
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Transport 95% CI Survival 95% ClI ROSC 95% ClI
New Protocol (Rel. Old 1.255 0.901 1.748 0.652 0.414 1.027 0.337 0.235 0.482
Protocol)
Age (Rel. 18-45 Years Old)
46-65 1.200 0.690 2.087 1.160 0.583 2.306 0.992 0.553 1.780
66-80 1.140 0.638 2.036 0.931 0.446 1.944 1.368 0.745 2512
>80 0.894 0.497 1.608 0.316 0.130 0.770 1.302 0.692 2.451
Female (Rel. Male) 0.840 0.580 1.216 1.073 0.623 1.847 1.406 0.956 2.069
Race/Ethnicity (Rel. Caucasian)
Black/African-American 1.108 0.675 1.821 1.247 0.647 2.401 1.087 0.628 1.883
Asian/Pacific Islander 0.951 0.628 1.438 0.990 0.522 1.876 1.255 0.796 1.979
Hispanic/Native American 1.813 0.578 5.682 0.232 0.022 2412 1.375 0.469 4.031
Income (Rel. Lower Tertile)
Middle 0.994 0.684 1.447 1.135 0.685 1.881 0.843 0.577 1.233
Highest 0.739 0.461 1.183 1.173 0.625 2.200 0.666 0.399 1.114
Etiology (Rel. Cardiac)
Respiratory 1.811 0.977 3.358 2.191 1.055 4.548 1.068 0.593 1.923
Other 5.410 2.027 14.438 2.052 0.798 5.271 2.074 0.976 4.410
Initial Rhythm (Rel. Asystole)
PEA/Idioventricular 3.155 2117 4.701 2.410 1.266 4.589 1.438 0.942 2.193
Shockable 3.076 1.988 4.759 8.699 4.741 15.962 1.852 1.192 2.878
Witnessed (Rel. Unwitnessed)
Bystander 2.867 2.038 4.033 2.445 1.373 4.355 2177 1.463 3.242
EMS 6.298 3.429 11.565 1.548 0.718 3.333 1.354 0.742 2.471
Layperson CPR (Rel. None) 1.080 0.741 1.573 1.266 0.769 2.084 1.845 1.266 2.691
Medications Given (Rel. None) 1.799 1.023 3.165 0.415 0.224 0.772 0.646 0.371 1.124
Advanced Airway (Rel. None) 0.992 0.653 1.507 0.411 0.248 0.682 1.258 0.823 1.924
Scene Time (Rel. <25 min)
25-40 min 0.862 0.499 1.488 0.477 0.267 0.850 0.769 0.496 1.191
>40 min 0.226 0.139 0.368 0.344 0.160 0.738 0.320 0.175 0.587

Cheung © 2020 Prehospital and Disaster Medicine

Table 2. Adjusted Odds Ratios for Transport to Hospital, Survival Following OHCA, and Arrival to ED with ROSC from

Lo§istic Regression Accounting for Patient and Case Characteristics
Abbreviations: CPR, cardiopulmonary resuscitation; ED, emergency department; EMS, Emergency Medical Services; OHCA, out-of-hospital

cardiac arrest; PEA, pulseless electrical activity; ROSC, return of spontaneous circulation.

at 62%, and therefore, there was no difference in hospital utilization
after protocol revision. In addition, the data show the proportion of
resuscitations lasting over 40 minutes increased from 17% to 31%
following the protocol revision, a statistically significant difference.
Thus, not only did hospital utilization remain unchanged following
protocol revision, but EMS units were held for significantly longer,
increasing the burden on the EMS system as a whole. This increased
EMS utilization is likely due to the revised protocol requirement
for 40 minutes of resuscitation regardless of EtCO2 monitoring,
which differs from guidelines specifying 20-minute cutoff for
patients with EtCO2 less than 10mmHg.** The strict requirement
of a 40-minute resuscitation limits the utility of EtCO2 monitoring
and its prognostic benefits, which limits the impact of the protocol
revision on decreasing transport.

Opwerall, this study found the protocol revision with the inclusion
of a conservative EtCO2 cutoff and prolonged resuscitation time
did not decrease the rate of hospital transport, and was associated
with an increased rate of patients pronounced deceased in the ED.
While this study is not able to establish causation, this result
suggests inclusion of overly conservative requirements in imple-
menting a termination of resuscitation may be counterproductive,

and motivates the revision of the protocol to be more consistent
with published guidelines. Further work could examine the effects
on utilization and patient outcomes if the protocol were modified
to reflect these guidelines.

Limitations

There are several limitations in this study. Findings are based only
on a single EMS system in one geographic region. The CARES
database is largely complete for prehospital data, but a significant
portion of the prehospital time data are missing, as well as patient
race and ethnicity data. While this study addresses this deficiency
with the standard multiple imputation analysis, a complete data
record would be ideal. In addition, the study is observational by
design, and thus, cannot establish causality between characteris-
tics and outcomes. Additionally, unmeasured confounders may
contribute to observed associations, though this study uses a
logistic regression analysis to mitigate confounding. Another
study limitation is that it is designed to detect a 10-percentage
point difference in survival, and enough data were obtained to
detect a 6-percentage point difference, which is not sufficient
to detect the observed difference in survival and will require
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EMS witnessed
n=9
|
I | |
Asystole PEA VENT
34 (34%) 44 (44%) 21 (21%)
|
Before (15)  After (19) P Before (14)  After(7) "
ROSCamytime 8 (53%) 6 (32%) 0.201 ROSCanytime 6 (43%) 4 (57%) 0.537
ROSC 10 ED 5 (33%) 2 (11%) 0.102 ROSC 10 ED 4 (29%) 2 (29%%) 100D
Transported 11 (73%) 12 (63%) 0.529 Transported 12 (86%) 7 (100%) 0.293
Admitted 7 (47%) 5 (26%) 0218 Admitted 8§ (57%) S5 (71%) 0.525
Survived 0 (0%) 1 (5%) 0.367 Survived 5 (36%) 2 (29%) 0.743
Before(23)  After(21) P
ROSC anytime |1 (48%) 8§ (38%) 0515
ROSC to ED 6 (26%) 1 (5%) 0.053
Transported 21 (91%) 18 (86%) 0.560
Admined 12 (52%) 9 (43%) 0.537
Survived 3O(13%) 3 (14%) 0905

Cheung © 2020 Prehospital and Disaster Medicine

Figure 4. Utstein Analysis for EMS Witnessed OHCA of Cardiac Etiology.
Abbreviations: ED, emergency department; EMS, Emergency Medical Services; OHCA, out-of-hospital cardiac arrest; PEA,
pulseless electrical activity; ROSC, return of spontaneous circulation; VF, ventricular fibrillation; VT, ventricular tachycardia.
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Figure 5. Odds Ratios and 95% CI for (a) Transport; (b) Survival; and (c) Sustained ROSC Associated with Various Patient and

Case Characteristics.

Abbreviations: CPR, cardiopulmonary resuscitation; EMS, Emergency Medical Services; PEA, pulseless electrical activity; ROSC,
return of spontaneous circulation.
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further investigation to evaluate this outcome. In addition, due to
the available case volume, this study was not powered to assess
neurologic outcome, and further work will also be necessary to
evaluate the influence, if any, this protocol revision had on neu-
rologically intact survival rates. Finally, this study cannot provide

insight into how the protocol change is applied by paramedics in
the field.

Conclusion
After revising its termination of resuscitation protocols to include
an EtCO, measurement and an increased resuscitation time, one

urban EMS system found no statistically significant change in rates
of transport or survival. However, a significant decrease in the rates
of patients arriving to the ED with ROSC was observed, particu-
larly for those with bystander witnessed OHCA. In addition,
results from the study also show a larger proportion of OHCA
resuscitation lasting 40 minutes or more following the protocol

change.
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