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Abstract
Objective: Survival-to-discharge rates following in-hospital cardiac arrest (IHCA) patients
remain significantly low. The use of initial documented cardiac rhythm as predictor
of Survival-to-discharge is still unclear. This study aimed to assess whether the initial
documented rhythm can be used as a predictor of survival-to-discharge following IHCA in
an emergency department of the tertiary care referral institute, south India.
Methods: This observational study was conducted for six months from January to June
2017 among all patients above 12 years, with witnessed cardiac arrest after arrival at the
emergency department. After obtaining informed consent from the patients’ caregivers,
data of socio-demographic details, previous relevant medical history, initial documented
rhythm, neurologic status and survival-to-discharge were collected and analyzed.
Results: The mean age of participants was 50 ± 17.15 years. Of the 252 study participants,
77.4% had non-shockable and 22.6% had shockable rhythm as initial documented rhythm.
The overall survival-to-discharge rate was 17.5% (n=44) in our study. The overall proportion
of participants who survived to discharge after IHCA was higher among participants with
shockable rhythm (16/57, 28%) in comparison to participants with non-shockable rhythm
(28/195, 14.3%). These differences were found to be statistically significant. Among the
patients with shockable rhythm, 61.1% had good cerebral performance.
Conclusion: Survival-to-discharge rates after IHCA can be predicted based on the initial
documented cardiac rhythm. Early identification of patients with impending cardiac
arrest and providing prompt management of patients with cardiac arrest will improve the
survival rates significantly.
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Introduction
Survival-to-discharge rates following in-hospital cardiac
arrest (IHCA) patients remain significantly low (1).
Globally, the commonest cause of death of patients in the
emergency department (ED) is cardiac arrest (2). The
survival-to-discharge rates following IHCA range from
7% to 26% (1). Several factors play an important role in the
survival of patients following cardiac arrest. Age, gender
of the patient, associated co-morbidities, in-hospital
or out of hospital cardiac arrest are some preceding
prognostic factors in determining the survival rates of
the patient (3). The initial documented rhythm, quality of
the resuscitation, intervals between multiple arrests, and
duration of events are some of the intra-arrest factors that
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will influence the survival outcomes. Among the factors
involved in survival outcome of the cardiac arrest patients,
the favorable outcome have been found to be associated
with, witnessed cardiac arrest, short duration between
collapse and initiation of resuscitation, short duration of
arrest and larger time interval between arrests in-case of
multiple arrests (4-6). The relationship between the initial
documented cardiac rhythm and the survival-to-discharge
rate has been documented in some studies (3,7). There is
scant evidence concerning the relationship between initial
documented rhythms and survival-to-discharge rates after
IHCA. Therefore, this study aims to determine whether
initial documented rhythm can be used as a predictor of
survival-to-discharge rates following IHCA in the ED of a
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tertiary care referral institute in South India.
Methods
This observational study was conducted prospectively for
a period of 6 months from January to June 2017 in the ED
of a tertiary care hospital in South India. This hospital has
an average of 350 emergency cases per day. We included
individuals aged >12 years, who sustained cardiac arrest
after reaching and before leaving the ED, in our study.
Patients who had unwitnessed cardiac arrest or who had
prior history of cardiac arrest before arriving to the ED,
and those who did not have documentation of initial
rhythm were excluded from our study. Also, patients
without caregivers were excluded from our study. The
CPR was done according to American Heart Association
(AHA) Guidelines 2016 and all the ED doctors were ACLS
(Advanced Cardiac Life Support) certified. After obtaining
informed consent from the patients’ caregivers, data of
socio-demographic details, previous relevant medical
history, initial documented rhythm, neurologic status
and survival-to-discharge of the patients were collected
and entered in EpiData Manager software version 2.0. All
analyzes were done using STATA software version 14.1
for Windows (StataCorp, College Station, Texas, USA).
Ethical clearance was obtained from the ethics committee
before conducting the study.
Definition of cardiac arrest used in our study was the
cessation of cardiac mechanical activity confirmed by
the absence of detectable pulse, unresponsiveness and/or
apnoea (agonal respirations). In case the patient suffered
multiple cardiac arrests, only the initial in-hospital arrest
at the ED was taken for analysis. The initial documented
rhythms were classified as Ventricular fibrillation (VF),
pulseless ventricular tachycardia (VT(p)), pulseless
electrical activity (PEA), and asystole.
The sample size was estimated to be 188 individuals
based on the expected number of patients with shockable
rhythm as 14.27% (8), with the alpha level at 0.05 and
absolute precision 5% using OpenEpi version 3.01. Total
sample size of 207 was estimated after adding 10% of nonresponse rate.
Results
A total of about 63 180 patients were admitted to the ED
of this tertiary care hospital during a period of 6 months.
Among this batch, 252 participants had witnessed IHCA
and met all inclusion criteria and were included in our
study.
The mean age of participants was 50 ± 17.15 years with the
range of 12–92 years. The majority of participants were in
the age group of 41–60 years (44.4%) and there was a slight
male preponderance (54.4%). The patients had conditions
such as breathlessness (29%), chest pain (20.2%), trauma
(17.5%) and other complications (33.3%). About 81.3% of
participants had comorbidities including diabetes diabetes
(n=41; 16.2 %), hypertension (n=35; 13.8%), both diabetes
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and hypertension (n=27; 10.7%), ischemic heart disease
(n=37; 14.6%), COPD (n=22; 8.7%), malignancy (n=25;
9.9%), and others (n=18; 7.1%) (Table 1).
Of the 252 study participants, 77.4% had non-shockable
rhythm and 22.6% had shockable rhythm. About 136
(54%) patients had initial rhythm as PEA. Ventricular
tachycardia (n = 27; 10.7%) was the least reported initial
rhythm among our study population (Figure 1). The
overall survival-to-discharge rate was 17.5% (n = 44) in
our study (Figure 2).
Among participants with shockable rhythm, 30 (30/57,
52.6%) cases had VF and 27 (27/57, 47.4%) cases had
VT (P). Of participants with VF, 22 (22/30, 73.3%) cases
attained ROSC but 7 (7/30, 23.3%) cases survived to
discharge. The cases who had initial rhythm as VT (P)
27 (47.4%), have almost attained better ROSC (26/27,
96.3%) and survived to discharge rate was also higher
(9/27, 33.3%). Among shockable rhythm patients, VT (P)
(33.3%) had better survival compared to VF (23.3%)
Among patients with non-shockable rhythm, 136 (136/195,
69.7%) had PEA and 59 (59/195, 30.2%) had asystole as
Table 1. Baseline characteristics of study participants (n = 252)
Variable
Age (y),
Mean = 50±17.15

Gender

Chief complaints

Co-morbidity

Category

No. (%)

< 20

12 (4.8)

21–40

65 (25.8)

41–60

112 (44.4)

>60

63 (25)

Male

137 (54.4)

Female

115 (45.6)

Breathlessness

73 (29)

Chest pain

51 (20.2)

Trauma

44 (17.5)

Fever

37 (14.7)

Poisoning

24 (9.5)

Others*

23 (9.1)

Present

205 (81.3)

Absent

47 (18.7)

*Abdominal pain, hematemesis, giddiness, vomiting, palpitations,
sweating.

VF
59, 23.4%

VT
PEA
Asystole
30, 11.9%

136, 54.0%
27, 10.7%

Figure 1. Initial documented rhythm of the participants (n=252).
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252

• Total study
participants

206
(81.7%)

• ROSC

90
(35.7%)

• Survival to
admission

44
(17.5%)

• Survival to discharge

Figure 2. Survival to discharge rate following In-hospital cardiac arrest.

initial rhythm following CPR. Among participants who
had PEA as initial rhythm, 107 (109/136, 80.1%) attained
ROSC and only 18 (18/136, 13.2%) survived to discharge.
In participants with asystole as initial rhythm, 51 (51/59,
86.4%) attained ROSC, of which 10 (10/59, 16.9%)
survived to discharge. Thus, among the patients with nonshockable rhythms, survival-to-discharge was better with
asystole as initial rhythm.
Though majority of study participants had non-shockable
rhythm as initial rhythm after CPR, the overall proportion
of participants who survived to discharge after IHCA was
higher among participants with shockable rhythm (16/57,
28%) in comparison to participants with non-shockable
rhythm (28/195, 14.3%).
Thus, there was significant difference in the survivalto-discharge rate among the patients based on the
initial documented rhythm (Table 2 and Figure 3). The
neurological status of the patients who survived-todischarge was assessed at the time of discharge using
cerebral performance category (CPC) scores (1-4) (9).
Among the patients with shockable rhythm, 61.1% had

good cerebral performance. Significant difference was
found in the neurological outcome of the patients, with
shockable rhythm having better neurological outcome
compared to non-shockable rhythm (Table 3).
Discussion
In our study, 77.4% of patients had non-shockable rhythm
(PEA: 54%, asystole: 23.4%) and 22.6% had shockable
rhythm (VF: 11.9% and pVT: 10.7%). Different studies
have also reported comparable findings. Johnson et al
(8) reported that 14.27% of patients sustained VF/VT
and 85.72% had either asystole or PEA. Girotra et al (7)
reported that 20.7% of patients had ventricular fibrillation
or pulseless ventricular tachycardia and 79.3% had
asystole or PEA as the initial rhythm. Also, Meaney et al
(5) reported that among the patients with cardiac arrest,
24% had shockable rhythm and 76% had non-shockable
rhythm. Thus, we can assume that although the study
settings and criteria are different, but all the studies have
reported non-shockable rhythm as the most common
initial documented rhythm following resuscitation.

Table 2. Initial documented rhythm and survival-to-discharge rate among the study participants (n = 252)
Variable

Initial recorded rhythm

Survival to discharge
Yes
No
No. (%)
No. (%)
7 (23.3)
23 (76.7)
9 (33.3)
18 (66.4)
18 (13.2)
118 (86.7)
10 (16.9)
49 (83.1)

Category
(n)
VF (30)
VT(P) (27)
PEA (136)
Asystole (59)

P value

0.05

Table 3. Neurological status of the patients who survived to discharge based on the initial documented rhythm (n=44)
Variable
Good cerebral performance
Mild neurological deficit
Moderate neurological deficit
Vegetative state

Shockable rhythm
No. (%)

Non-shockable rhythm
No. (%)

P value

11 (61.1)
2 (16.6)
1 (14.3)
2 (28.6)

7 (38.9)
10 (83.3)
6 (85.7)
5 (71.4)

0.03
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IHCA n = 252

CPR (AHA 2016
Guidelines)

Shockable Rhythm
(n=57)

VT(p) n=27

VF n=30

No ROSC
n=8

Non Shockable
Rhythm (n=195)

ROSC
n=22

No ROSC
n=1

ROSC
n=26

PEA n=136

No ROSC
n=29

Asystole n=59

ROSC
n=107

Survival to
admission n=11

Survival to
admission n=13

Survival to
admission n=43

Survival to
Discharge n=7

Survival to
Discharge n=9

Survival to
Discharge n=18

No ROSC
n=8

ROSC
n=51

Survival to
admission n=23

Survival to
Discharge n=10

Figure 3. The relationship between initial documented rhythm and survival to discharge rate.

Conversely, in a study regarding the survival-to-discharge
rates following out of hospital cardiac arrest (OHCA), VF/
VT was reported as common documented rhythm (10).
This decreased prevalence of VF/VT in IHCA compared
to OHCA may be due to the difference in pathophysiology.
The mechanism of cardiac arrest following IHCA will be
hypoxia or hypotension which will present with nonshockable rhythms (11,12).
The survival-to-discharge following IHCA in our study
was 17.5%. This proportion is slightly higher compared
to the results of Johnson et al (8) where the survival-todischarge rate was only 10%. However, Sandorini et al (3)
has reported that the survival-to-discharge rates following
IHCA usually vary widely between 0%–42%, with most
common range beings from 15%–20%. Our study also has
the value that lies within this range (17.4%). The reason
for such differences across several studies is due to the
fact that the survival rates depend on several factors such
as pre-arrest prognostic indicators, quality of the CPR
delivered to the patient, associated patient conditions and
also post-arrest care following resuscitation.
On comparing the survival rates based on the initial
documented rhythm, it can be seen from our study that the
patients with shockable rhythms (28%) had better survival
compared to patients with non-shockable rhythm (14.3%)
as initial documented rhythm following resuscitation.
This finding is similar to the findings of Johnson et al
(8), where they also reported that survival-to-discharge
is higher when the initial documented rhythm is either
VF/VT. In a systematic review done by Sandorini et al (3),
it has been reported that the survival-to-discharge rates
26
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are higher with initial documented rhythm as shockable
rhythm. Also, they have reported that the survival-todischarge rate will range between 18%–64% in shockable
rhythm and between 1.4%–14% in non-shockable rhythm
as initial documented rhythm. These findings are very
much comparable to the findings from our study which
indicates that the survival-to-discharge rates will depend
on the initial documented rhythm and it is better with
shockable rhythms, irrespective of the study settings,
study participants or other associated factors predicting
the outcome of cardiac arrest. Among the non-shockable
rhythms, patients with asystole (16.9%) had better
survival compared to patients with PEA (13.2%). This
finding differs from the results reported by Johnson et
al(8) where survival to hospital discharge was better in
PEA (11.75%) than asystole (7.14%). Holmgren et al (13)
have suggested that there is a decline in the proportion
of patients presenting with shockable rhythm among
OHCA, however, the proportion of patients surviving
from shockable rhythms still remained high disproving
the assumption that the decline in proportion of patients
with shockable rhythms will thereby reduce the survival
rates.
The neurological status of the patients who survived
to discharge was better among patients with shockable
rhythm. Girotra et al (7) reported that 50.8% of patients
with VF/VT had good cerebral activity which was
comparable to our study findings, where the proportion
was 61.1%. Johnson et al(8) have also documented that
the patients with shockable rhythms have better survival
outcomes.
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Conclusion
Survival-to-discharge rates following IHCA can be
predicted based on the initial documented cardiac
rhythm. About two-thirds of our study participants
reported non-shockable rhythms as initial documented
rhythm. However, the proportion of patients survived to
discharge was higher among the patients with shockable
rhythms. The neurological outcomes were poor among
the patients with non-shockable rhythms. The proportion
of survivors following IHCA with shockable rhythms is
consistent over decades. Early identification of patients
with impending cardiac arrest, and providing prompt
management of patients with cardiac arrest will improve
the survival rates significantly. Focused interventions can
be brought up in these areas thereby improving the overall
survival-to-discharge rates following IHCA.
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