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Abstract

Background

Little is known about the outcomes of in-hospitatdiopulmonary resuscitation (CPR)
in Asian populations includinglderly patients in Japan.

Objective

To determine the survival outcome of in-hospitaRC&nong elderly patients in Japan,
and to identify predictors associated with survival

Design

Retrospective cohort study in 81 Japanese hosfitatsApril 1, 2010 to March 31,
2016.

Patients

We included elderly patients (agé5 years) who received CPR after two days of
hospitalization.

Main Measures

The primary outcome was survival at hospital disgeand the secondary outcomes
were the discharge disposition and consciousnestdé patients who survived to
hospital discharge. To determine predictors assatiaith survival after in-hospital
CPR, we fit multivariable models for patient-lewgld institutional-level factors.

Key Results

Among the 5,365 patients who received CPR, 595 jKi#vived to discharge. Of
those who survived to discharge, 46% patients Wis@&harged home, and 10% patients
were comatose at discharge. Older age and highdebwf comorbidities were
associated with reduced survival. The adjusted @R @v35 (95% CI, 0.22-0.55) for
age >90 years compared to age 65-69 years, anq3b88Cl, 0.48-0.97) for Charlson
Comorbidity Index score of4 compared with score of 0. Other predictors oticed!

survival included receiving CPR on weekends conparveveekdays (AOR, 0.63; 95%
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Cl, 0.51-0.77) and in small hospitals comparedtgé hospitals (AOR, 0.58; 95% ClI,
0.40-0.83).

Conclusions

Among elderly patients in Japan, the survival rakf in-hospital CPR was
approximately one in ten, and less than half ofe¢hgatients were discharged home. In
addition to older age and higher illness burdeoeiréng CPR on weekends and/or in
small hospitals were significant predictors of regl survival. These findings should be
considered in advanced care planning discussiornik elderly patients to avoid
subjecting patients to CPR that are likely futile.
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Introduction

Whether patients should receive cardiopulmonamnyseagation (CPR) is an important
decision encountered by elderly patients and dirteams. However, outcome data on
inpatient CPR is unclear. Additionally, it has beeported that elderly patients and
physicians overestimate the chance of survival &R when deciding whether a
do-not-resuscitate (DNR) order might be appropridt€herefore, providing accurate
outcomes on CPR may influence the decision makm@®R for hospitalized elderly

patients®

A recent systematic review including 29 studiesrgubthat the survival rate of CPR
among elderly inpatients ranges from 11.6% to 18ar#hdeclines with increasing age.
The vast majority of these patients were from ti%’ ldnd survival rate after CPR has
also beershown to vary by rac®A previous study using Medicare data reported that
black and other non-white patients had a higheilikod of receiving in-hospital CPR

but had lower odds of survivAl.

In contrast, only a few studies have examined theoougs of in-hospital CPR in Asian
populations including elderly patients in Japanpwhave the longest life expectancy in
the world!® In Japan, more than 70% of hospitalized patiertsiged>65 years,
approximately three in four die in the hospitald @awo in ten do not have DNR
orders™ In this context, we used a large population-bakgdbase from 81 Japanese
hospitals to investigate the survival rate afteRGPnong hospitalized elderly patients

and to identify predictors associated with survival

M ethods

Date source
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Patients’ data were extracted from the Diagnosis&iure Combination (DPC) d&ta

of National Hospital Organization (NHO) NetworkJapan. The DPC is nationally
used for health care insurance claims for healVigerendered in acute care hospitals
in Japan, similar to medical claims codes usetientS****The NHO is the largest
hospital network in Japan, and stores DPC data &bmacute care hospitals, typically
teaching/tertiary hospitals in each district, &tiéd with the NHO for administration
and clinical information analysis. The DPC datdudes hospital administrative data
and discharge abstracts: unique identifiers of iaisp characteristics of patients;
admission and discharge status; diagnoses and batities at admission, and
complications after admission recorded in the ha&onal Classification of Diseases,
Tenth Revision (ICD-10); surgical and non-surgimadcedures; drugs and devices used;
and length of sta¥’ To optimize the accuracy of medical informatiotteading
physicians are responsible for registering thertbags. This retrospective study was
approved by the Institutional Ethics CommitteethatNational Hospital Organization

and National Tokyo Medical Center.

Study sample

This study included patients age@s years who were hospitalized and received CPR
two days after admission from April 1, 2010 to Ma&l, 2016. We excluded patients
who received CPR within two days of hospitalizatolure to the inability to distinguish
patients who were in cardiac arrest on arrivahlospitals. The procedure of CPR
was identified as “Closed-chest cardiac massagsjJ@rom the DPC database. For
patients who went into more than one cardiac aeesit and received multiple CPR

episodes during their hospitalization, we only uried the first CPR in our analysis.

Outcome variables
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Our primary outcome was survival to hospital disgeaamong elderly inpatients who
received CPR after the second day of their hosgatiddn. As secondary outcomes, we
investigated the discharge disposition (home, ngr&acilities, or other hospitals) of
patients who survived to hospital discharge ang#ient’s level of consciousness at
discharge (comatose or not). Consciousness levetat@gorized based on the Japan

Coma Scale where comatose is defined by the 3-ahgié¢ of 100, 200 or 308.

Potential predictors

We considered the following potential patient-leaetl institutional-level predictors:
patient sex, age, body mass index (BMI), consciessthevel on admission (based on
the Japan Coma Scalf®)admitting diagnosis, admitting comorbidities (lhea the
Charlson comorbidity indeXf, hospital size (defined by number of hospital be®0,
small; 300-499, medium; arxb00, large), days from admission to CPR, and day of
week of CPR (weekend vs. weekday). We also coresid@hether patients received the
following interventions within three days prior@PR in order to assess
pre-resuscitation interventions: intensive care (1GiU) admission, enteral nutrition,
total parenteral nutrition, vasopressor use, anchan@cal ventilation (defined by

non-invasive positive pressure ventilation anddeasive mechanical ventilation).

Statistical methods

We compared baseline patient characteristics wdingquare test. To determine the
predictors associated with survival after in-hagp@PR at the level of alpha = 0.05, we
fit unadjusted and adjusted logistic regression el®tbr each response using a forward
selection approach. Non-significant variables vaetded sequentially; no potential
confounders that altered estimates of significaotdrs by more than 10% were
identified. Thus, candidate explanatory variabkesoaiated with survival were

identified. Next, we analyzed the candidate vagahlsing generalized estimating
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equations with a logit link function where the ¢kring effect associated with hospitals
is accounted for by the robust sandwich standaai estimator. We tested the
significance of BMI in a subset of patients withrgaete data as BMI was missing in
885 patients (16%), and found no significant imaoce. We also performed a
sensitivity analysis excluding patients who underivaultiple CPR eventall

analyses were performed with STATA 12 software (BA&orp, College Station, TX).

All P values were two-tailed and considered stiaaflyy significant with P<0.05.

Results

Patients

We identified 1,478,934 patients agesb years who were hospitalized for more than
two days in 81 Japanese hospitals from April 1,02@IMarch 31, 2016. Among these,
78,360 patients experienced cardiac arrest afedays of admission, and 5,365

patients received CPR.

Descriptive statistics

Among the 5,365 patients who received CPR, 59%pt#i(11%) survived to hospital
discharge. Of the 4,770 patients who died after (3768 patients (79%) died within
the same day of receiving CPR. Overall, the meliagth of stay was 22 days, and the
median length from hospital admission to eventastimc arrest was 16 days. Table 1
shows the characteristics of the patients who vedeCPR and the survival rates. The
median age was 79 years (IQR, 73-84 years) andvé&¥ male. Of 231 patients who
underwent multiple CPR events during hospitalizat2 (14%) patients survived to

hospital discharge.

Status among patients who survived to discharge after CPR
Among 595 patients who survived to discharge, tleglian length of hospitalization
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from receiving CPR to discharge was 46 days, anflLl8%) patients were comatose at
discharge (Table 2). Of 581 patients with datalatée on discharge dispositions, 279
(48%) patients were transferred to other hospi28§, (46%) patients were discharged
home, and 18 (3%) patients were transferred tamyifacilities.

Multivariable analysis

Table 3 presents significant predictors associat#l survival to hospital discharge
after adjustment. Age and higher burden of comdatrtbglwere significant predictors of
reduced survival. Admitting diagnoses of cancdedtious disease, and hematological
disease were also significant predictors of redumedlival, while admitting diagnoses
of ischemic heart disease, arrhythmia on admisséng ICU admission prior to
resuscitation were associated with greater surviMa patients who received CPR after
two weeks from admission were less likely to sueviReceiving CPR on weekends
and/or in small hospitals were also significantdprors of reduced survival. There was
no effect modification between hospital size andendng CPR on weekends or
between hospital size and ICU admission. Other ofactsuch as sex, BMI,
consciousness level on admission, and pre-restisnitanterventions of enteral
nutrition, total parental nutrition, vasopressogatment, and mechanical ventilation
were not significant predictors or confounders.ttie sensitivity analysis excluding
patients who underwent multiple CPR events, thaifigince and direction of the
effect of the predictors were not different frone tlesult in the main analysis.

Discussion

In our study of over 5,000 elderly patients wheceireed in-hospital CPR in Japan,
approximately one in ten survived, and less thdihdfighese patients were discharged
home. In addition to older age and higher illnesglbn, receiving CPR on weekends
and/or in small hospitals were significant predistof reduced survival; in contrast,
ischemic heart disease, arrhythmia on admissiah)@u admission before

resuscitation were associated with greater survival
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To the best of our knowledge, this is the largasiysoutside of the US examining the
outcomes of in-hospital CPR among elderly patieantsl, the first study focusing on an
Asian populationFurther, this study considered pre-resuscitatiterventions and

institutional-level factors in addition to baselicigaracteristics on hospital admission.

Approximately half of the patients who surviveddiescharge after CPR were
discharged home. In contrast, another half of these transferred to other hospitals;
one in ten were comatose at discharge. Many gbalients transferred to other
hospitals were likely to move to rehabilitation pidals or long-term care hospitals
rather than other acute care hospitals though thetsewere not available in our study.
Nonetheless, these findings suggest that thesenpatiad physical complications after

CPR and required longer-term medical treatment.

Our findings are consistent with prior data repaytihe association between older age
and reduced survivaf’ A systematic review showed that the pooled sutvizia after
CPR was 18.7% for patients between 70 and 79 ydadyr45.4% for those between 80
and 89 years old, and 11.6% for 90 years and Ol@lee survival rates of in-hospital
CPR in the present study wereen lower than that of prior studies. This diffese may
be partly explained by the different inclusion eria of when CPR was performed; for
example, we excluded patients who received CPRmito days of hospitalization
due to our inability to distinguish patients whorevén cardiac arrest on arrival to the

hospitals.

Our finding that arrhythmia, ischemic heart diseas®l ICU admission were associated
with increased survival rates likely reflects iresed use of cardiac monitoring and

rapid response to eveHtin addition, patients with arrhythmia or ischereart disease
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199  might be more likely to have initial rhythms of waaular fibrillation or ventricular

200 tachycardia, which are more responsive to GPRFurthermore, there may be a

201  selection bias in which patients are admitted td ased on physician’s perception of
202  patient’s likelihood to benefit from ICU care. lordrast, cancer, infection,

203 hematological disease and higher burden of comiigsdvere independently

204  predictive of in-hospital mortality, and these fimgs are in line with previous

205  studies’!’ These predictors of poor prognosis can be appliedivanced care planning
206  discussions and guide decision-making alimihot-resuscitate orders.

207

208  Our finding that receiving CPR on weekends compévegleekdays as an independent
209  predictor of reduced survival is consistent witbravious study demonstrating that
210  patients who received CPR during day on weekdays were likely to survive,

211  compared to those who received CPR during day @keres’ Our findings also

212  indicate that receiving CPR in smaller hospitalsipared to larger hospitals were

213  associated with reduced survival. The underlyinglmaism of reduced survival after
214  CPR on weekends and in small hospitals may be ieguldy different hospital staffing
215  patterns in these settings. The difference in Yadability of rapid response systems
216  (RRS) between larger hospitals and smaller hospitaly be another explanation, since
217  the shortage of medical staff is considered tcheemain barrier of implementing

218 RRS? Addressing institutional systems, such as impleingrRRS among small

219  hospitals during weekends, may improve important@mes associated with CPR.
220

221  While our study leverages a rich dataset, it iswititout limitations. First, our

222  definition of CPR was based on the DPC data inrdagnad the definition of CPR has
223  not been validated in this data, although a previalidation study on the DPC data
224  shows that the sensitivity and specificity of conmpoocedures exceeds 90% and the

225  sensitivity and specificity of primary diagnosesr&@9% and 93%’ Second, our
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analyses were limited to patients who received @R& two days of hospitalization,
which may have underestimated the survival rataunstudy. Third, the dataset had
limited information on other potential predictorfssorrvival such as initial arrest rhythm,
presence of witness, use of telemetry, and thdadoiigty of rapid response systems. In
addition, the dataset had also limited informatorother outcomes such as physical

function, quality of life, and details of hospitatswhich patients were transferred.

In conclusion, among elderly patients in Japansthreival rate of in-hospital CPR after
two days of hospitalization was approximately améen, and less than half of these
patients were discharged home. In addition to gbd¢ient age and higher illness
burden, receiving CPR on weekends and in smallitadspvere significant predictors
of reduced survival. These findings suggest thaept’ baseline status should be
considered in advanced care planning discussictmselderly patients to avoid
subjecting patients to CPR that are likely futilgloreover, future studies should
identify potential system factors that might ungedifferences in outcomes after CPR

between large and small hospitals.
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338 Tablel. Characteristics of patients who received in-hospasadiopulmonary resuscitation (N=5,365)

339
Characteristics Sample Survival rate P-value*
n (%) %
Overall 5,365 (100.0) 11.1
Sex
Male 3,375 (62.9) 10.8
Female 1,990 (37.1) 11.6 035
Age
65-69 677 (12.6) 13.6
70-74 890 (16.6) 9.9
75-79 1,181 (22.0) 12.1
80-84 1,308 (24.4) 11.1 0000
85-89 888 (16.6) 11.3
>90 421 (7.9) 6.4
Body Mass Indek
<185 1,251 (23.3) 9.4
18.5-25 3,487 (65.0) 11.4 0.06
>25 627 (11.7) 12.8
Comatose on admission 2965.5) 15.2 0.02
Admitting diagnosis
Cancer 984 (18.3) 6.5
Pneumonia 543 (10.1) 9.8
Congestive heart failure 542 (10.1) 135
Cerebrovascular diseases 377 (7.0) 13.0
Other respiratory diseases 316 (5.9) 7.9
Traumatic diseases 291 (5.4) 14.8
Ischemic heart diseases 290 (5.4) 21.7
Gastroenterological diseases 183 (3.4) 12.0
Other infectious diseases 168 (3.1) 4.8
Aortic dissection 122 (2.3) 131
Neurological diseases 101 (1.9) 13.9
Renal failure 98 (1.8) 12.2
Hematological diseases 92 (1.7) 11

Arrhythmia 88 (1.6) 33.0 < 0.001
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341

Other
Charlson comorbidity index
0
1
2

4

v w

Pre-resuscitation interventions
Intensive care unit admission
Enteral nutrition
Total parental nutrition
Vasopressor use
Mechanical ventilation

Days from admission to CPR
3-7
8-14
15-28
>29

Day of CPR
Weekday
Weekend

Hospital size (number of hospital beds)

<300
300-499
>500

1,170 (21.8)

1,669 (31.1)
1,415 (26.4)
1,016 (18.9)
714 (13.3)
551 (10.3)

5329.9)
820 (15.3)
758(14.1)
1,10320.6)
854(15.9)

1,383 (25.8)
1,064 (19.8)
1,174 (21.9)
1,744 (32.5)

3,695 (68.9)
1,670 (31.1)

845 (15.8)
3,094 (57.7)
1,426 (26.6)

10.5

12.2
12.4
10.5
8.8
8.2

17.9
11.2
8.8
12.1
13.3

14.3
12.3
9.5
8.8

12.4
8.3

6.2
12.0
12.1

18

0.009

<0.001
0.90
0.03
0.21
0.02
<0.001

<0.001

<0.001

Abbreviation: CPR, cardiopulmonary resuscitation

* All the comparisons were made using chi-squars;test6 % missing; including sepsis
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342  Table2. Status among patients who survived to discharge efirdiopulmonary resuscitation (N=595)

343
n (%)
Discharge dispositich
Other hospitals 279(48.0)
Home 266(45.8)
Nursing facilities 18(3.1)
Other 18(3.1)
Neurological status
Comatose at discharge 59(9.9)

344  * 581 patients’ data (98%) were available on disahaigpositions



345  Table3. Multivariable analyses for predictors associatethsurvival to hospital dischare

Predictors OddsRatio (95%Cl)
Age
65-69 Reference
70-74 0.69 (0.50-0.95)
75-79 0.84 (0.63-1.12)
80-84 0.7 (0.52-0.94)
85-89 0.71 (0.52-0.97)

>90
Admitting diagnosis

Pneumonia
Cancer

Congestive heart failure
Cerebrovascular diseases
Other respiratory diseases
Traumatic diseases
Ischemic heart diseases
Gastroenterological diseases
Other infectious diseases
Aortic dissection
Neurological diseases
Renal failure
Hematological diseases
Arrhythmia
Other

Charlson comorbidity index
0
1
2

4

IV w

Pre-resuscitation intervention
Intensive care unit admission
Days from admission to CPR
3-7
8-14

0.35 (0.22-0.55)

Reference
0.61 (0.41-0.90)
1.32 (0.9-1.94)
1.16 (0.76-1.76)
0.73 (0.44-1.21)
1.46 (0.94-2.26)
1.84 (1.21-2.80)
1.19 (0.69-2.03)
0.4 (0.19-0.87)
1.04 (0.56-1.92)
1.36 (0.72-2.59)
1.14 (0.58-2.25)
0.08 (0.01-0.63)
3.96 (2.30-6.79)
1.02 (0.72-1.44)

Reference
0.99 (0.79-1.24)
0.83 (0.64-1.07)
0.75 (0.55-1.03)
0.68 (0.48-0.97)

1.38 (1.06-1.80)

Reference
0.88 (0.69-1.12)



15-28 0.68 (0.53-0.88)

>29 0.67 (0.53-0.85)
Day of CPR

Weekday Reference

Weekend 0.63 (0.51-0.77)
Number of hospital beds

<300 0.58 (0.40-0.83)

300-499 1.05 (0.83-1.32)

>500 Reference

346  Abbreviation: CPR, cardiopulmonary resuscitation

347  * Adjusted for the year of admissiohjncluding sepsis
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Supplementary appendix

Table S1. Sensitivity analysis for predictors associated with survival to hospital discharge excluding

patients who underwent multiple CPR events (N=5,134) *

Predictors

Odds Ratio (95%Cl)

Age
65-69
70-74
75-79
80-84
85-89
>90
Admitting diagnosis

Pneumonia
Cancer

Congestive heart failure
Cerebrovascular diseases
Other respiratory diseases
Traumatic diseases

Ischemic heart diseases

Gastroenterological diseases

Other infectious diseasesf
Aortic dissection
Neurological diseases
Renal failure
Hematologica diseases
Arrhythmia
Other

Charlson comorbidity index
0
1
2

vV

4

Pre-resuscitation intervention

Reference
0.72 (0.51-0.99)
0.83(0.61-1.12)
0.72 (0.54-0.98)
0.72 (0.52-1.00)
0.34 (0.21-0.54)

Reference
0.62 (0.42-0.92)
1.27 (0.86-1.89)
1.12(0.73-1.72)
0.74 (0.45-1.23)
1.45 (0.94-2.26)
1.71 (1.10-2.65)
1.18 (0.69-2.02)
0.31 (0.13-0.74)
1.09 (0.59-2.02)
1.33(0.68-2.57)
1.19 (0.60-2.35)
0.09 (0.01-0.64)
3.94 (2.27-6.83)
0.99 (0.70-1.40)

Reference
0.97 (0.78-1.22)
0.83 (0.64-1.07)
0.75 (0.54-1.03)
0.69 (0.48-0.98)



Intensive care unit admission
Days from admission to CPR
3-7
8-14
15-28
>29
Day of CPR
Weekday
Weekend
Number of hospital beds
<300
300-499
>500

1.35 (1.02-1.79)

Reference
0.89 (0.69-1.15)
0.72 (0.56-0.94)
0.69 (0.55-0.88)

Reference
0.63 (0.51-0.77)

0.58 (0.40-0.83)
1.04 (0.82-1.31)

Reference

Abbreviation: CPR, cardiopulmonary resuscitation

* Adjusted for the year of admission;  including sepsis
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