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Emergency treatment for traumatic cardiac arrest:
prognostic factors and hospital outcome

Rubén Viejo-Moreno, Carlos Garcia-Fuentes, Silvia Chacon-Alves, Luis J. Terceros-Almanza
Juan Carlos Montejo-Gonzalez, Mario Chico-Fernandez

Objective. To identify prehospital and on-arrival factors associated with hospital outcome in patients with traumatic
cardiac arrest (TCA) discharged with recovered spontaneous circulation from the emergency department.

Material and methods. Multipurpose prospective cohort study of patients with TCA who recovered after treatment at a
tertiary care hospital emergency department between 2003 and 2016. We gathered data on epidemiologic variables,
type and cause of injuries, and prehospital and hospital emergency care. The outcome was overall hospital mortality.

Results. A total of 130 TCA cases were included; 123 patients (94.6%) had received blunt trauma injuries and 65 (50%)
had been in traffic accidents. The mean (SD) age was 39 (16) years, and 96 (73.8%) were male. Fifty patients (65%)
were in asystole and 42 (32.3%) had pulseless electrical activity. Sixteen (12.3%) survived to be discharged; 13 of the
survivors (81.3%) had recovered neurological activity. Factors that were independently associated with hospital mortality
were asystole on arrival of first responders (odds ratio [OR], 25; 95% Cl, 2.5-247; P=.006), nonreactive pupils on arrival at
the hospital (OR, 13; 95% Cl, 2.0-79; P=.006), and an Injury Severity Score over 25 (OR, 13; 95% Cl, 1.8-94; P=.011).
Conclusions. Twelve percent of patients in this cohort survived to discharge after TCA and 8 out of 10 of the surviving
patients recovered neurologically. Asystole at start of prehospital care, nonreactive pupils on hospital arrival, and a
severity score over 25 may indicate poor prognosis after TCA.

Keywords: Heart arrest, traumatic. Cardiopulmonary resuscitation. Advanced life support. Emergency medical services.

Factores pronéstico y resultados intrahospitalarios de la parada cardiaca
traumdtica atendida en un servicio de urgencias

Objetivo. Identificar los factores prondstico a la llegada a urgencias y los resultados al alta hospitalaria de los pacien-
tes en parada cardiaca traumatica (PCT), documentada por un servicio de emergencias médicas (SEM), con posterior
recuperacion de la circulacién espontanea (RCE).

Método. Estudio de cohorte multipropdsito de pacientes con PCT recuperada atendidos en un servicio de urgencias
(SU) de un hospital universitario de tercer nivel de 2003 a 2016. Se recogieron variables epidemioldgicas, tipo y me-
canismo del traumatismo, datos de la atencion extrahospitalaria y del SU. La variable de resultado fue la mortalidad
global intrahospitalaria.

Resultados. Se incluyeron 130 PCT, de los cuales 123 (94,6%) sufrieron un traumatismo cerrado y 65 (50%) tuvieron
un accidente de tréfico. La edad media fue de 39 (DE 16) afios y 96 (73,8%) fueron varones. Cincuenta pacientes
(65%) presentaron asistolia y 42 (32,3%) actividad eléctrica sin pulso (AESP). Dieciséis (12,3%) sobrevivieron al alta,
de los cuales 13 (81,3%) tuvieron recuperacion neuroldgica favorable. Un ritmo de asistolia en la primera atencion de
extrahospitalaria (OR = 25; IC 95% 2,5-247; p = 0,006), las pupilas arreactivas a la llegada al hospital (OR = 13; IC
95% 2,0-79; p = 0,006), y una puntuacion > 25 de la Injury Severity Score (ISS) (OR = 13; IC 95% 1,8-94; p = 0,011)
se asociaron de forma independiente con la mortalidad intrahospitalaria.

Conclusion. En nuestra serie, la supervivencia intrahospitalaria de la PCT fue un 12% siendo la recuperacion neurol6-
gica favorable en ocho de cada diez vivos. El ritmo inicial en asistolia en la atencién extrahospitalaria, la pupilas arre-
activas a la llegada al hospital y una puntuacién > 25 de ISS podrian implicar un mal prondstico.

Palabras clave: Parada cardiaca traumética. Resucitacion cardiopulmonar. Soporte vital avanzado. Servicios de emer-
gencia médica.
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high costs, with cardiopulmonary resuscitation (CPR)
being considered a futile maneuver'=. In 2006, Willis et
al.* reassessed this premise by collecting a survival rate of
4.3% in their sample, confirming hopeful results with
hospital discharge survivors ranging from 5%-8%**.

Introduction

Traumatic cardiac arrest (TCA) has been conceived for
decades as a clinical situation associated with heroic ef-
forts with high mortality, poor neurological prognosis and
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On the other hand, the functional prognosis of the-
se patients has been described as poor, although it also
presents a progressive tendency towards a subsequent
positive evolution, reaching a favourable neurological
recovery (FNR), understood as complete or slight dete-
rioration of the same, from a 2% to 10%’°. Therefore,
the current European CPR guides for 2015 maintain the
premise about the poor prognosis of the TCA. Howe-
ver, as a novelty, they warn about better FNR rates than
those patients who suffer from cardiorespiratory arrest
(CRA) of medical cause, motivating the incorporation of
a new management algorithm for TCA™.

The criteria for not initiating or abandoning CPR
manoeuvres in TCA have also been included in these
guidelines. However, the identification of factors asso-
ciated with increased survival in patients who achieve
restoration of spontaneous circulation (ROSC) remains
unclear and have not been described with certainty. In
addition, there are conditioning factors that could in-
fluence both predictors and TCA outcomes, such as:
the actual timing of the CRA, the frequency of injuries
and type of trauma characteristic of each country, or
different models of prehospital care, as well as their
competencies.

Therefore, given the limited literature on TCA in
Spain’, the objective of this study was to identify the
variables associated with poor prognosis on arrival, and
the vital and neurological prognosis of patients with
TCA documented by the health service. Emergency me-
dical service (EMS), with ROSC, attended at an emer-
gency department (ED) of a university hospital of third
level.

Method

A multipurpose cohort study was carried out from a
registry with data collection prospectively from February
2003 to February 2016 carried out in an ED of a univer-
sity hospital of high complexity of the Community of
Madrid (Spain). Once the EMS had been given notice of
the arrival of the patient with severe trauma (ST), the
hospital reception occurred directly from the ambulance
or helicopter to the resuscitation box of the ED.

We included patients who were older than 18 years
who suffered a TCA, with a score of zero according to
the Revised Trauma Score (RTS) at the time of the first
assessment by the EMS and with ROSCs in situ, who
were later referred to our center with verbal diagnosis
and written CRA report by the EMS. Patients with medi-
cal CPR with secondary trauma were excluded or if CRA
occurred during initial outpatient care or hospital trans-
fer.

Demographic variables (age and sex), trauma type
and mechanism, out-of-hospital care data (initial TCA
rhythm, CPR time and hospital arrival, type of helicopter
or ambulance transport, and administered fluids), atten-
tion given at the ED (blood pressure, heart rate and fre-
quency, pupillary reactivity, volume of blood transfused
if necessary, procedures, anatomical lesions using the

Abbreviated Injury Score -AlS- and severity of the same
through Injury Severity Score -ISS-), and outcome
(length of stay in intensive care unit -ICU-, survival and
neurological status at discharge). Neurological status
was assessed using the Glasgow Outcome Scale (GOS),
and FNR patients were classified as having good reco-
very or moderate disability (GOS 5-4), or poor neurolo-
gical prognosis if they had severe disability or persistent
coma (GOSE 3- 2).

Regarding the statistical analysis, the quantitative va-
riables were described as mean and standard deviation
or median and interquartile range (IQR). The hypothesis
test of these variables was made by the Student t test if
the distribution was normal and the Mann Whitney U
test if the principle of normality was not observed accor-
ding to Kolmogorov Smirnov test. The qualitative varia-
bles were shown by frequency in absolute value and co-
rresponding percentage. The association between them
was analysed by chi-square test or Fisher's test as appro-
priate. A multivariate analysis was performed using logis-
tic regression, using as a dependent variable the hospital
evolution to identify independent predictors of in-hospi-
tal mortality, calculating the odds ratio (OR) and its 95%
confidence interval (95% CI), with internal validation
using a technique of bootstrapping. Statistical significan-
ce was considered throughout the analysis when p
<0.05. Statistical analysis was performed with SPSS soft-
ware version 22.0 (IBM SPSS, Armonk, New York, USA
IBM Corp.).

Results

During the study period, 4,134 trauma patients we-
re treated in the resuscitation box, of which 143 had a
TCA diagnosis. Three patients were excluded due to se-
condary trauma to medical CRA and 10 patients after
initial pulse and subsequent CRA were confirmed du-
ring out-of-hospital care. We finally included 130
(3.1%) patients for the present study.

Patients who suffered a TCA had a mean age of 39
(SD 16) years and were more frequently males (2.9: 1).
Closed trauma occurred in 123 (94.6%) patients. The
most frequent mechanism of trauma was car accident
(28/130 [21.5%]), followed by run-overs (22/130
[16.9%]) and falls 20 (20/130 [15.4 %]).

Asystole and pulseless electrical activity (PEA) were
present in 65 (50%) and 42 (32.3%) patients with TCA
respectively on arrival at the EMS, to which 16 (12.3%)
were added with a TCA diagnosis in non-defibrillable
rhythm without being specified in the clinical history of
the EMS itself. The median time for the ROSC was 10
(IQR 5.0-18.8) minutes. Table 1 shows the out-of-hospi-
tal care data.

On arrival at the ED, from the initial 130 patients, 7
(5.4%) required emergency thoracotomy, all of them
preformed in penetrating trauma, and 35 (28.5%) were
transferred to the operating room or emergency arte-
riography. One hundred twenty (92.3%) of the cases
admitted at the ICU directly or after interventionism.
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Sixteen (12.3%) survived discharge, of which 13
(81.3%) had favourable neurological recovery (Figure
1). Table 2 shows hospital care data.

The ICU stay was 0.8 days (IQR 0.08-2.0) for the
deceased, in opposition to 11.9 (IQR 3,9-21,4) for the
survivors (p <0.001). The most frequent causes of mor-
tality were exsanguination (44/114 [38.6%]) and endo-
cranial hemorrhage (43/114 [37.7%]), respectively.

Regarding the predictors of evolution, after a multi-
variate analysis, we found that an asystole rate on arri-

Table 1. Univariate analysis of out-of-hospital prognostic
factors according to in-hospital mortality

Global Deceased Alive p
(N=130) (N=114) (N=16)

n (%) n (%) n (%)

Age (years) [mean (SD)]  39.0 (15.8) 36.0(15.4) 46(16.0) 0.47

Male sex 96(73.8) 85(88.5) 11(11.5) 0.62

Mechanism of trauma 0.164
Car 28(21.5)  25(21.9) 3(18.8)

Run over 22(16.9) 20(17.5) 2(12.5)
Fall 20(154) 19(16.7) 1(6.3)
Motorcycle 16(12.3) 13(11.4) 3(18.8)
Knife stab 6 (4.6) 4(3.5) 2(12.5)
Drowning 6(4.6) 4(3.5) 2(12.5)
Squashed 5(3.8) 5(4.4) 0(0)
Hanging 4(3.1) 4 (3.5) 0(0)
Intoxication fumes 4(3.1) 4(3.5) 0(0)
Hit with object 4(3.1) 3(2.6) 0(0)
Bicycle accident 2(1.5) 2(1.8) 0(0)
Electrocution 2(1.5) 0(0) 2(12.5)
Hypothermia 1(0.8) 0(0) 0(0)
Others 8(6.2) 11(9.6) 1(6.3)

Type of trauma 0.178
Closed 123(94.6) 109(88.6) 14(11.4)
Penetrating 7 (5.4) 5(71.4) 2(28.6)

CRA-OH rhythm (N = 114) 0.004
Asystole 65(50.0) 62 (95.4) 3(4.6)

PEA 42(323) 31(73.8) 11(26.2)

VF 7 (5.4) 5(71.4) 2(28.6)
Adrenaline (N = 104)

(Mg) [median

(IQR)] 2(1-3.8) 2(1-4) 2(1-3) 0.678

Airway management 0.401
oTl 121(93.1) 107(88.4) 14(11.6)
Fastrach 6 (4.6) 4 (66.7) 2(333)
Cricotiroidotomy 1(0.8) 1 (100) 0(0)
Unmanaged 2(1.5) 2 (100) 0(0)

Time of CPR (N = 108)

(Min) [median 10 10 10 0.426
(IQR)] (5-18.8) (5-18.5)  (4.5-19.3)

Volume (N = 93) 0.154
No 1(1.1) 1(100) 0(0)

Yes 92(98.9)  81(88.0) 11(12)
In m* [median 1.550 1.700 1.200
(IQR)] 1.000-2.500)(1.000-2.500) (500-2.200)

Conveyance 0.228
Terrestrial ALS 88(67.7)  80(90.9) 8(9.1)
Helicopter 41 (31.5)  33(80.5) 8(19.5)

Private transport 1(0.8) 1 (100) 0(0)

Outpatient time
(Min) [median 71.3 67.5 75 0.447
(IQR)] (51.5-90) (60-90) (53-105)

SD: standard deviation; CRA: cardiorespiratory arrest; OH: out-of-hos-
pital; PEA: pulseless electrical activity; VF: ventricular fibrillation; IQR:
interquartile range; OTI: orotracheal intubation; CPR: cardiopulmo-
nary resuscitation; CC: cubic centimetres; AVS: advanced life support;
Out-of-hospital time: time of care and transfer to the hospital; SD:
standard deviation; IQR: interquartile range.

Table 2. Univariate analysis of prognostic factors on arrival
at emergency resuscitation ward according to in-hospital
mortality

Global Deceased Alive p
(N=130) (N=114) (N=16)

n (%) n (%) n (%)

Pace in the emergency room 0.315
Sinus rhythm 94(72.3)  80(85.1) 14(14.9)
Asystole 20(15.4) 20 (100) 0 (0)

PEA 15(11.5) 13(86.7)  2(13.3)
Fv 1(0.8) 1(100) 0 (0)

SBP <90 mmHgin

emergencies (N=125) 81 (67.5) 74 (91.4)
HR in the emergency room
(bpm) (n =120) [mean (SD)]87.9 (45.6) 85.8 (47.4) 103.4(22.6)0.169
Pupils in the emergency room

7(8.6) 0.117

(N=118) <0.001
Reactive 30(25.4) 19(61.3)  11(38.7)
Areactive 88 (74.6)  84(95.5) 4(4.5)
AlIS>3
Head 53(57.0)  48(90.6) 5(9.4) 0.022
Chest 64(62.1)  55(85.9) 9(14.1) 0.597
Abdomen 19(19.8) 18(94.7) 1(5.3) 0.136
Column 22 (23.4)  19(86.4) 3(13.6) 0.629
Extremities 25(253)  21(84.0) 4(16.0) 0.98
ISS (N =95) 38 (25-54) 41(29-57) 27 (25-37)<0.040
[Median (IQR)]
1SS<25 25(26.3)  17(68.0) 8(32.0)
ISS>25 70(73.7)  62(88.6) 8(11.4) <0.018
Blood (N = 125) 0.382
Do not 50 (40.0)  42(84.0) 8(16.0)
Yes 75(60.0) 67 (89.3) 8(10.7)
In median cc (IQR) 750 -750 125 0.836

(0-2.500)  (0-2.625)
Emergency thoracotomy 7 (5.4) 5(71.4)

(0-1.937)
2(28.6) 0.178

Urgent surgery (N = 128) 0.313
No 102(79.7) 91(89.2) 11(10.8)
Yes 28(20.3) 23(82.1)  5(17.9)

PEA: pulseless electrical activity; FV: ventricular fibrillation; SBP: systo-
lic blood pressure; HR: heart rate; BPM: beats per minute; AIS: Abbre-
viated Injury Scale; ISS: injury Severity score; CC: cubic centimetres;
SD: standard deviation; IQR: interquartile range.

val at EMS (OR = 25, 95% Cl: 2.5-247, p = 0.006), re-
active pupils (OR = 13, 95% CI: 2.0-79, p = 0.006),
and a score of > 25 points on the ISS (OR = 13, 95%
Cl: 1.8 94; were independently associated with in-hos-
pital mortality (Table 3).

Discussion

Traumatic disease continues to be a major cause of
death and permanent disability in young adults'. Pa-
tients with TCA contribute to this, in whom care was
questioned in terms of cost-effectiveness'. Therefore,
our work focused on investigating the prognostic fac-
tors on arrival in the emergency room of patients who
presented a TCA. This was the cause of 3 out of 100
trauma care, and the patients presented a profile similar
to that of the patient with traumatic disease in Spain,
that is, a man, middle age, who suffers a closed trauma
from a traffic accident'.

Non-defibrillating rhythms are more frequent in me-
dical-originated CRA, with a survival rate in this sub-
group of patients of 4.2% and FNR in 2.9%'. However,
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Traumatic Resuscitation Box

Non-Defibrillating Rhythms
123 (94.6%)

ASYSTOLE PEA Lost
65 (50%) 42 (32.3%) 16 (12.3%)

|

Defibrillation rhythm
7 (5.4%)
PVT
0 (0%)

7 (5.4%) Thoracotomy

6 (4.6%) Deceased in resuscitation box

89 (71.8%) ICU 7 (5.6%) arteriography

LSV: 5 (23.8%)

Hospital Survival: 16 (12.3%)

asystole Survival
3 (4.6%) 11 (26.2%)

28 (22.6%) Operating theatre Z—.

120 (92.3%) Admitted inICU —————>  Survival: 21% (16.2%)

GOS 2: 3 (18.8%)
GOS 3: 0 (0%)

-+ 4 Dead in the operating room

P =0.004

2 (28.6%)

GOS 5: 7 (43.8%)

Figure 1. Hospital evolution of patients with traumatic cardiac arrest. CRA: cardiorespiratory arrest. PEA: pulseless electrical activity;
VF: ventricular fibrillation; PVT: pulseless ventricular tachycardia; LSV: limitation of life support; ICU: intensive care unit; GOS: Glas-
gow Outcome Scale; FNR: favourable neurological recovery (GOS: 4-5).

in comparison with our TCA series, where non-defibri-
llatory rhythms were also the most frequent, 3 times
higher survival rates were found with better FNR rates.

The presence of asystole has been described as a
poor prognostic factor in the patient with trauma®,
which is in accordance with our results where it was
the determinant of the greatest negative impact on sur-
vival. In contrast, 68.8% of the survivors presented an
early PEA. In this context, Smith et al.™ stated that, in
the context of TCA, PEA sometimes represents a state
of "pseudo-CRA" or low cardiac output, which prevents
pulse detection. In these situations, the pump effect of
the cardiac massage loses effectiveness, so that the
identification and treatment of the cause would be a
priority. To do this, early ultrasound in chest trauma is a
current recommendation®, and its incorporation into
the place of care during CPR could provide information
on its causes or predict prognosis, by discerning betwe-
en a true PEA or a "pseudo-CRA" in which, in the con-
text of the TCA and in the light of results, efforts
should be intensified.

Margolin et al.”” associated the presence of low ISS
to survival, while Pickens et al.”® related both low ISS
and the presence of pupillary reactivity after the ROSC
as good prognostic factors. In the same vein, in our se-
ries the presence of an ISS > 25 was related to an unfa-

vourable evolution. Although it is true that the time
spent in calculating this score is an unhelpful tool when
the patient arrives at the resuscitation box to establish a
favourable evolution, it could be useful once it stabili-
zes. With regards to the pupil assessment, in the out-of-
hospital setting this may be difficult, and it is not a va-
riable collected even in large series®* or not
remembered in a high percentage of cases®. However,
we consider it fundamental to assess on arrival at the
EMS in which the environment is controlled and its pre-
sence strongly associated with greater survival.

Huber et al.® presented a series with similar charac-
teristics to ours and we also found no influence on
prognosis in relation to gender, age, trauma mecha-
nism or orotracheal intubation. The presence of sponta-
neous breathing and Glasgow Coma Scale score > 3 af-
ter the EKR have been predictors associated with
survival®. However, they were not included in our
analysis after targeting a majority of patients under the
effects of drugs received during out-of-hospital mana-
gement that could affect such assessment.

Most of our patients were transported in an advan-
ced life support ambulance, and while the times of care
and arrival at the hospital by helicopter were higher,
this did not result in statistically significant differences
in the outcome. This could be due to the reduced geo-
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Table 3. Multivariate analysis of prognostic factors in traumatic
cardiac arrest on arrival at the emergency department

Independent variables OR 95% ClI p

Age 1.0 1.0-1.1 0.068
Sex: male 6.3 0.9-45.4  0.084
Initial EKG asystole rhythm 248  2.5-247.2 0.006
Non-reactive pupils 12.7 2.0-79.2  0.006
ISS > 25 12.9 1.8-93.8 0.011
Sinus rhythm on hospital arrival 1.0 0.1-11.1  0.978

Dependent variable: in-hospital mortality. OR: odd ratio; Cl: confiden-
ce interval; ISS: Injury Severity Score.

graphic extent of the Community of Madrid, which
would allow the early arrival by terrestrial means to a
hospital.

A ROSC was present in 13 of the 16 patients at hos-
pital discharge. These results are more optimistic than
those published by Margolin et al.”” and similar to the
German registry® with integrated medical presence in
the EMS. In addition, short arrival times”?*?, added to
an out-of-hospital activation of hospital trauma care te-
ams?, could have favourably influenced our results.

However, exsanguination continues to be one of the
main causes of death in TCA and the first in our study,
in which neither the volume administered nor the
transfer times had statistical significance. The thoraco-
tomy in ED was not associated with survival, with simi-
lar results to the literature®'. For this reason, strategies
for the control of haemorrhage of exsanguinate trauma
continue to be integrated, some of which are now en-
trenched as permissive hypotension or protocols for
massive bleeding'. Others are controversial, such as
emergency thoracotomy?. Finally, there are also those
in the study such as the Resuscitative Endovascular Ba-
lloon Occlusion of the Aorta (REBOA), cell preservation
by means of hypothermia under support with extracor-
poreal circulation or Selective Aortic Arch Perfusion
(SAAP)*. The impact of the integration of these measu-
res together with the improvement in prehospital ma-
nagement and in the ED, where high percentages of
errors were recorded according to Kleber et al.?*, could
influence the prognosis of TCA.

Our results should be interpreted with caution since
they present several limitations. On the one hand, its
unicentric design and the disposition of a team speciali-
zed in the attention to the ST make that the results
cannot be extrapolables to other locations or other
emergency systems. The study design may have limited
the statistical power of association of certain variables
with in-hospital mortality. The low incidence has forced
to compile information over a long period of time, 13
years, in which there have been changes in the recom-
mendations of CPR as well as the management of ST.
Finally, in our study, only the patients who were trans-
ferred to the hospital were analysed, so that the pa-
tients with TCA declared dead in the place were not in-
cluded, which implies a possible selection of the
patients by the EMSs, which, a priori, may have a hig-
her probability of survival.

In conclusion, in our series TCA with on-site ROSC

in-hospital survival of TCA was 12%, obtaining a favou-
rable neurological recovery in eight out of ten patients
alive. An initial rhythm in asystole in out-of-hospital ca-
re, on-hospital pupils on arrival at the hospital, and a
score of > 25 on ISS were predictors of poor in-hospital
prognosis.
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