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Abstract

Aim of the Study: Cardiopulmonary resuscitation and mild therapeutic hypothermia
(MTH) have improved neurological outcomes after sudden cardiac arrest, but the factors
affecting favorable neurological outcome remain unclear. The aim of this study was to clarify
these factors in patients in cardiac arrest treated with MTH.

Methods: Forty-six consecutive patients (mean age, 59.4 ± 14.3 years; 37 men and 9
women) who had had cardiogenic cardiac arrest from January 2008 through December 2011,
including cases that were and were not shockable, were enrolled in this study, and the factors
affecting favorable neurological outcome were retrospectively investigated. The interval from
cardiac arrest to cardiopulmonary resuscitation, the return of spontaneous circulation (ROSC),
the start of MTH, and the attaining of the target temperature were retrieved from the
medical records. The relationship between the neurological outcome and clinical findings,
including the causes of cardiac arrest and vital signs before MTH, were also investigated.

Results: Blood pressure and body temperature before MTH were higher, the interval
from cardiac arrest to ROSC was shorter, and MTH was started earlier in patients with
favorable neurological outcomes than in those with unfavorable outcomes. A multivariate
logistic regression model revealed that the presence of prehospital ROSC was predictive of a
favorable neurological outcome. In addition, renal failure during MTH occurred more
frequently in patients with unfavorable neurological outcomes.

Conclusion: MTH is associated with favorable neurological outcomes after sudden cardiac
arrest, including those with non-shockable rhythms, especially in patients with prehospital
ROSC.
(J Nippon Med Sch 2013; 80: 287―295)
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Introduction

The concept of cardiopulmonary resuscitation
(CPR) was standardized by the American Heart
Association and the International Liaison Committee
on Resuscitation1, and the promotion of this concept
and the introduction of automated external
defibrillators have improved the treatment of
patients with sudden cardiac arrest. Although
sudden cardiopulmonary arrest is treated by both
the emergency medical system and by trained
bystanders, the rate of neurologically intact survival
remains low. Hypoxic brain damage and infectious
complications are associated with death after the
return of spontaneous circulation (ROSC); thus, the
care given after cardiac arrest is important for
avoiding post-cardiac arrest syndrome2. On the other
hand, mild therapeutic hypothermia (MTH) is an
effective method for improving neurological
outcomes3,4. However, no MTH protocol for
optimizing neurological outcomes has been
established. Therefore, the present study
investigated the factors contributing to favorable
neurological outcomes in patients with sudden
cardiac arrest treated with MTH.

Patients and Methods

This study was performed in accordance with the
ethical standards of the Declaration of Helsinki, and
the study protocol was approved by the Ethics
Review Board of Chiba Hokusoh Hospital, Nippon
Medical School (approval number 304). All data were
retrospectively collected from the medical records.
Therefore, written informed consent was not
required by the Ethics Review Board, and the
concept of the study was disclosed on a poster at
our institution. There was no financial support for
this study, and there are no conflicts of interest to
declare.

Study Population
Of 113 consecutive patients admitted to an

intensive care unit after cardiac arrest from January
of 2008 through December of 2011, 46 patients

treated with MTH for cardiogenic cardiac arrest
were enrolled in this study (Fig. 1). Cases were
excluded when the time course of cardiac arrest or
CPR procedure was not clear in the medical records.
The indications for MTH at our institution are
shown in Figure 1. Other exclusion criteria for this
study were 1) pregnancy, 2) drug intoxication, 3)
bleeding (or bleeding tendency), 4) low daily activity
before cardiac arrest, and 5 ) uncontrollable
arrhythmias. The mean age of the enrolled patients
was 59.4 ± 14.3 years, and 37 of the patients were
men. Cardiac diseases were diagnosed with
electrocardiography, cardiac ultrasonography, and
coronary artery angiography. The underlying
diseases leading to sudden cardiac arrest were acute
coronary syndrome in 22 patients, other ischemic
heart diseases in 10 patients, cardiomyopathy in 7
patients, primary arrhythmias in 4 patients, and
others in 3 patients. Percutaneous coronary
interventions were performed successfully in 21 of
22 patients with acute coronary syndrome, and
these interventions were started after ROSC in all
patients and before MTH in 14 patients.

Evaluation of Cardiac Arrest, CPR, and MTH
Of the 46 cases of cardiac arrest, 43 were out of

hospital, and 3 were in hospital. Cardiac arrest was
diagnosed by bystanders in 23 cases, by emergency
medical technicians in 18 cases, by physicians in 4
cases, and by a critical care nurse in 1 case. The
rhythm of cardiac arrest was ventricular fibrillation
or pulseless ventricular tachycardia in 39 patients
and pulseless electrical activity or asystole in the 7
patients. The timing of the onset of cardiac arrest,
the start of CPR, ROSC, hospital arrival, the start of
MTH, attaining of target temperature (32℃―34℃)
after MTH, and the termination of MTH were
investigated. The intervals were calculated from
these time records.
The MTH was administered with a cooling device

and self-adhesive, hydrogel-coated pads (Arctic SunⓇ,
Medivance, Inc., Louisville, CO, USA) in 34 patients,
a cooling blanket (Medi-Therm IIⓇ, Gaymar
Industries, Inc., Orchard Park, NY, USA) in 10
patients, infusion of cold intravenous fluids in 30
patients, percutaneous cardiopulmonary support
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Table　1　Combination of mild therapeutic 
hypothermia methods

Surface cooling + + + - 44
Blood cooling + + - + 34
Stomach lavage + - - -  7

Number of cases 7 25 12 2 46

Surface cooling includes cooling blanket and 
cooling device with self-adhesive hydrogel-coated 
pads. Blood cooling includes infusion of cold 
intravenous fluids and use of a percutaneous 
cardiopulmonary support system (both  in 5 
cases).

Fig.　1　Subjects of this study and indications for mild therapeutic 
hypothermia at our institution. CPA, cardiopulmonary arrest; 
ROSC, return of spontaneous circulation

(Bio-ConsoleⓇ 550, Medtronic, Inc., Minneapolis, MN,
USA) in 9 patients, and lavage of the stomach in 7
patients (Table 1). The MTH (34℃) was maintained
for 24 to 48 hours, and rewarming was done
gradually (over 24 to 72 hours), in accordance with
the institutional protocol.

Clinical Findings
Systolic blood pressure, diastolic blood pressure,

heart rate, cardiac rhythm, and body temperature

before MTH were investigated. Shock, sepsis,
bleeding, pneumonia, seizure, myoclonus, and renal
failure were evaluated as complications during
MTH.

Neurological Outcome
The neurological outcome was defined according

to the Glasgow-Pittsburgh cerebral performance
category (CPC) 30 days after cardiac arrest5. Both
CPC-1 (good cerebral performance) and CPC-2
(moderate cerebral disability) were considered
favorable neurological outcomes, and CPC-3 (severe
cerebral disability), CPC-4 (coma, vegetative state),
and CPC-5 (death) were considered unfavorable
outcomes. The relationship between neurological
outcome and clinical features, including vital signs
before MTH and findings during MTH, was
investigated.

Statistical Analysis
All continuous data are expressed as the means ±

standard deviation, and mean differences between
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Table　2　Time intervals of CPR and MTH

Rhythm of cardia arrest Underlying disease Presence of bystander

shockable
n=39

non-shockable
n=7

Ischemic 
heart disease
n=32

Others
n=14

Bystander
(+)
n=29

Bystander
(-)
n=17

Onset to CPR 5.2±5.6 3.3±6.0 7.7±5.9 3.9±5.2 †† 1.9±3.2 10.6±4.4 †††
Onset to ROSC 32.4±23.8 51.4±20.7 37.4±24.3 34.4±24.4 37.4±26.6 31.7±19.4
Onset to hosptal 
arrival

58.9±51.3 36.6±18.3 51.9±19.1 57.1±56.8 54.9±51.4 56.5±44.0

Onset to start of 
MHT

151.1±108.8 210.7±124.2 155.2±102.5 162.3±117.2 163.4±110.7 154.6±117.0

Onset to 34℃ 434.0±194.3 393.6±154.7 361.5±155.8 456.9±195.4 437.2±169.0 411.9±221.0

CPR to ROSC 27.2±24.8 48.1±21.3 † 29.6±25.7 30.8±25.4 35.9±26.6 21.1±20.0
CPR to hospital 
arrival

53.7±51.1 33.3±17.4 44.2±20.9 53.4±56.0 53.3±51.2 45.9±43.1

CPR to start of 
MHT

145.8±108.9 207.4±124.9 147.5±104.1 158.6±117.1 161.8±10.2 144.0±118.3

CPR to 34℃ 428.8±194.4 390.3±158.8 353.8±157.0 453.2±195.1 435.6±169.3 401.3±220.9

ROSC to hospital 
arrival

26.5±60.2 -14.9±16.0 14.6±34.9 22.7±65.5 17.5±62.0 24.8±50.8

ROSC to start of 
MTH

118.6±103.4 159.3±107.6 117.9±83.3 127.8±112.7 125.9±100.3 122.9±112.8

ROSC to 34℃ 401.6±195.8 342.1±165.9 324.1±154.9 422.4±199.7 399.8±174.6 380.2±221.5

Hospital arrival 
to start of MHT

92.1±106.2 174.1±115.6 103.3±104.7 105.2±114.5 108.4±106.5 98.1±19.8

Hospital arrival 
to 34℃

375.1±93.9 357.0±160.8 309.6±155.5 399.8±196.1 382.3±171.0 355.4±217.9

Start of MHT to 
34℃

282.9±185.3 182.9±212.6 206.3±147.9 294.6±202.8 273.8±197.8 257.3±183.1

Prehospital 
ROSC, cases (%)

29 (74.4) 1 (14.3) † 21 (65.6) 9 (64.3) 17 (58.6) 13 (76.5)

Mean ± standard deviation (minutes); CPR, cardiopulmonary resuscitation; MTH, mild therapeutic hypothermia; 
ROSC, return of spontaneous circulation; †, p<0.05 versus shockable; ††, p<0.05 versus ischemic heart disease; 
†††, p<0.0001versus bystander (+)

groups were analyzed with Student’s t-test.
Proportional differences were analyzed with Fisher’s
exact analysis. Categorical variables were analyzed
with the χ2 test. A multivariate logistic regression
model was used to evaluate the factors associated
with a favorable neurological outcome. A p value of
<0.05 was considered to indicate statistical
significance. All data were analyzed with the
StatView 5 software package for Windows (SAS
Institute, Cary, NC, USA) and SPSS 14.0 J for
Windows (SPSS Japan Institute, Tokyo, Japan).

Results

Time Courses of CPR and MTH
The time courses of CPR and MTH are shown in

Table 2. The interval from the start of CPR to
ROSC was shorter in patients with shockable
cardiac arrest, and the interval from the onset of
cardiac arrest to the start of CPR was shorter in
those with ischemic heart disease and those with a
bystander present. Prehospital ROSC was
significantly more frequent in cases of shockable
cardiac arrest (74.4%) than in cases of non-shockable
cardiac arrest (14.3%). However, there were no
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Table　3　Patient Characteristics

Total
n=46

Favorable neurological 
outcome
n=30

Unfavorable neurological 
outcome
n=16

p value

Age (years) 59.4±14.3 59.1±14.6 59.9±14.1 0.8691
Sex (male/female) (cases) 37/9 23/7 14/2 0.3777
Underlying disease
ischemic heart disease (cases) 32 21 11 0.9301
other (cases) 14  9  5
Rhythm of cardiac arrest
Vf/pulseless VT (cases) 39 27 12 0.1773
others (cases)  7  3  4
Presence of bystander
bystander (+) (cases) 29 20  9 0.4857
bystander (-) (cases) 17 10  7
Prehospital ROSC (cases) 30 25  5 0.0004
Interval
Onset to CPR (min) 4.9±5.7 4.9±6.1 5.0±5.0 0.9404
Onset to ROSC (min) 35.3±24.1 24.8±15.0 55.1±26.0 <0.0001
Onset to hospital arrival (min) 55.5±48.3 63.0±58.4 41.5±8.8 0.1525
Vital sign before MTH
systolic blood pressure (mmHg) 134.8±47.9 147.9±38.8 110.2±54.5 0.0092
diastolic blood pressure (mmHg) 67.8±36.1 75.7±33.4 53.2±37.4 0.0429
heart rate (beats/min) 97.1±31.9 98.5±26.3 94.4±41.3 0.6788
body temperature (℃) 35.6±1.5 36.0±1.0 34.9±2.0 0.0217

Vf, ventricular fibrillation; VT, ventricular tachycardia; ROSC, return of spontaneous circulation; CPR, 
cardiopulmonary resuscitation; MTH, mild therapeutic hypothermia

differences in other intervals, including that from
arrest onset to ROSC, in regards to the rhythm of
cardiac arrest, underlying diseases, and the presence
of a bystander.

Clinical Findings before MTH and Outcome
The relationship between clinical findings before

MTH and neurological outcome is shown in Table 3.
Patients with a favorable neurological outcome more
often had prehospital ROSC and had higher blood
pressures and body temperatures than did patients
with an unfavorable outcome. There were no
differences in outcome regarding age, sex,
underlying disease, or the rhythm of cardiac arrest.

MTH and Outcomes
Table 4 shows the relationship between the MTH

procedure and neurological outcome. The intervals
to the start of MTH from the onset of cardiac arrest,
the start of CPR, and hospital arrival were
significantly shorter in patients with a favorable
neurological outcome than in patients with an

unfavorable neurological outcome. The time to
achieving the target temperature and the duration
of MTH had no significant relationship with the
outcome.

Complications during MHT
Complications during MTH are shown in Table 5.

Renal failure was significantly more frequent in
patients with a poor neurological outcome, but the
other complications, including bleeding, shock,
pneumonia, seizure, and myoclonus, were not.

Factors Predicting a Favorable Neurological
Outcome
A multivariate logistic regression model revealed

that prehospital ROSC was predictive of a favorable
neurological outcome (Table 6). However, neither
systolic blood pressure nor the interval from hospital
arrival to the start of MTH predicted a favorable
neurological outcome.
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Table　4　Therapeutic hypothermia

Total
n=46

Favorable neurological 
outcome
n=30

Unfavorable neurological 
outcome
n=16

p value

Onset to start of MTH (min) 160.1±112.0 136.3±99.0 204.9±123.8 0.0463
CPR to start of MTH (min) 155.2±112.2 131.4±100.1 199.9±123.1 0.0475
ROSC to start of MTH (min) 124.8±103.8 111.5±95.1 149.8±117.6 0.2371
Hospital arrival to start of MTH (min) 104.6±110.4 73.3±88.8 163.4±125.2 0.0069

Onset to 34℃ (min) 427.8±187.9 430.5±151.7 422.9±247.7 0.8987
CPR to 34℃ (min) 422.9±188.3 425.6±151.6 417.9±248.9 0.8972
ROSC to 34℃ (min) 392.5±191.1 405.7±154.6 367.9±249.6 0.5289
Hospital arrival to 34℃ (min) 372.3±187.7 367.5±150.1 381.4±249.1 0.8131
Start of MHT to 34℃ (min) 267.7±190.6 294.2±149.1 218.1±249.0 0.2004

Duration of MTH (min) 1,560.5±406.9 1,617.8±342.2 1,453.1±501.5 0.1942

MTH, mild therapeutic hypothermia; CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation

Table　5　Complications during mild therapeutic hypothermia

Total
n=46

Favorable neurological 
outcome
n=30

Unfavorable neurological 
outcome
n=16

p value

Bleeding (cases)  3  1 2 0.2304
Seizure (cases)  3  1 2 0.2304
Myoclonus (cases)  2  2 0 0.2910
Shock (cases)  3  1 2 0.2304
Renal failure (cases)  6  1 5 0.0074
Pneumonia (cases) 13 10 3 0.2955

Table　6　Multivariate analysis of factors associated with a favorable neurological outcome

Favorable neurological outcome

Odd ratio 95% confidence interval p value

Prehospital ROSC 7.8482 0.5006-3.6199 0.0096
Hospital arrival to start of MHT (≤60 min) 4.0636 -0.2366-3.0407 0.0935
Systolic blood pressure before MTH (≥140 mmHg) 3.1209 -0.5966-2.8728 0.1985
Body temperature before MTH (≥36℃) 1.8203 -1.2711-2.4691 0.5302

ROSC, return of spontaneous circulation; MTH, mild therapeutic hypothermia

Discussion

Effects of MTH and Cardiac Arrest Rhythm
The first case report of MTH after cardiac arrest

was published by Williams et al. in 19586. They
reported that 4 patients had a favorable neurological
outcome after cardiac arrest and resuscitation with
MTH induced by surface cooling (30℃―34℃) for 24
to 72 hours. Thereafter, several reports of MTH
were published7―9. The concept of CPR was

standardized by the American Heart Association
and the International Liaison Committee on
Resuscitation in 20001, and the recovery of
neurological damage is a highlight of care after
cardiac arrest2,10,11. The beneficial effects of MTH are
significant for patients with shockable cardiac arrest
(ventricular fibrillation or pulseless ventricular
tachycardia)2,12,13, but, according to recent reports,
MTH is also beneficial in patients with non-
shockable cardiac arrest (pulseless electrical activity
or asystole)2,14―16. The present study suggests that the
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effects of MTH on neurological outcome are not
correlated with the rhythm of cardiac arrest. Soga et
al. have reported that MTH is effective in non-
shockable cardiac arrest when ROSC occurs less
than 16 minutes after cardiac arrest16, but ROSC was
late in our study population (32.4 ± 23.8 minutes in
shockable cardiac arrest and 51.4 ± 20.7 minutes in
non-shockable cardiac arrest).

CPR Procedure and Neurological Outcome
A shorter interval from cardiac arrest to ROSC is

a factor predicting a favorable neurological
outcome17,18. However, Testori et al have reported
that the beneficial effect of MTH increases with the
cumulative time of complete circulatory standstill in
patients with witnessed out-of-hospital cardiac arrest
(late ROSC)19; so, there should be no hesitation in
administering MTH in cases with late ROSC. In the
findings of the present study, patients with early
ROSC had a favorable neurological outcome,
especially those with prehospital ROSC. On the
other hand, in the present study the interval from
cardiac arrest to the start of CPR did not affect the
neurological outcome. These findings suggest that
the effects of CPR are strongly related to the CPR
skill of bystanders and emergency medical staff
before hospital arrival; so, there is no relationship
between the neurological outcome and the interval
from cardiac arrest to the start of CPR.

Vital Signs before MTH and Neurological
Outcome
Spontaneous hypothermia is a factor associated

with an unfavorable neurological outcome, and the
time to achieve the target temperature is shorter
and the rewarming time is longer in such cases than
in cases with normal body temperature20,21. The
present study also found that body temperature
before MTH was lower in patients with unfavorable
neurological outcomes but that the time from the
start of MTH to achieving the target temperature
did not differ between patients with favorable
outcomes and those with unfavorable outcomes,
because spontaneous hypothermia was recognized in
few cases. There was no evidence of a relationship
between any vital sign and neurological outcomes22,

but the guidelines for treating sudden cardiac arrest
recommend that the systolic blood pressure be
maintained at 90 mm Hg or greater2. In the present
series the blood pressure was higher in patients
with a favorable neurological outcome than in those
with a poor outcome.

Procedure of MTH and Neurological Outcome
An early start of MTH was associated with a

favorable neurological outcome in the present study,
but the Italian Cooling Experience Study Group has
reported that an early start of MTH did not affect
the outcome23. The interval from the onset of cardiac
arrest to the start of MTH may have been shorter
in patients with a favorable neurological outcome in
the present study because the start of MTH was
early in cases with early ROSC. On the other hand,
the time to achieving the target temperature and
the duration of MTH did not affect the outcome, a
finding that is consistent with previous reports24,25.

Complications during MTH and Neurological
Outcome
In the present study renal dysfunction during

MTH was associated with an unfavorable
neurological outcome. Vanstan et al have reported
that acute kidney injury is a risk factor for a poor
neurological outcome in patients after sudden
cardiac arrest26. However, the present study found
no relationship between neurological outcome and
other complications, including bleeding, shock,
pneumonia, seizure, and myoclonus, during MTH.

Other Clinical Findings and Neurological
Outcome
Belliard et al have reported that older patients

tended to have unfavorable neurological outcomes18,
but in the present study we found no relationship
between age and neurological outcome. We also
found no difference in outcome between patients
with ischemic heart disease and those with other
underlying diseases. Because of the small number of
patients, the efficacy of early coronary reperfusion
could not be analyzed in the present study.
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Study Limitations
First, this study included a small number of

patients with cardiogenic cardiac arrest and was
performed retrospectively in only a single university
hospital. Second, various MTH procedures were
used, and the differences between them could not be
precisely analyzed. A large, prospective, multicenter
cohort study is recommended to clarify the relation
of outcome to the status of cardiac arrest, vital signs
before MTH, complications during MTH, and
medications, in patients with sudden cardiac arrest.

Conclusions

The present study has found that MTH is
associated with favorable neurological outcomes
after sudden cardiac arrest, including those with
non-shockable rhythms. Earlier ROSC, especially
prehospital ROSC, predicts a favorable neurological
outcome in patients treated with MTH after sudden
cardiogenic cardiac arrest. Poor renal function
during MTH is a factor predicting an unfavorable
neurological outcome.
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