
Resuscitation 85 (2014) 1647–1653

Contents lists available at ScienceDirect

Resuscitation

j ourna l h o me  pa g e : www.elsev ier .com/ locate / resusc i ta t ion

Clinical  Paper

Feasibility  study  of  immediate  pharyngeal  cooling  initiation  in  cardiac
arrest  patients  after  arrival  at  the  emergency  room�

Yoshimasa  Takedaa,∗,  Takahisa  Kawashimab, Kazuya  Kiyotac, Shigeto  Odad,
Naoki  Morimotoe,  Hitoshi  Kobata f,  Hisashi  Isobeg, Mitsuru  Hondah, Satoshi  Fujimi i,
Jun  Ondaj, Seishi  I k,  Tetsuya  Sakamoto l,  Masami  Ishikawam, Hiroshi  Nakanon,
Daikai  Sadamitsuo,  Masanobu  Kishikawap, Kosaku  Kinoshitaq, Tomoharu  Yokoyamar,
Masahiro  Haradas,  Michio  Kitaurat,  Kiyoshi  Ichiharau, Hiroshi  Hashimotov,
Hidekazu  Tsuji v,  Takashi  Yorifujiw,  Osamu  Naganox,  Hiroshi  Katayamay,
Yoshihito  Ujikez,  Kiyoshi  Moritaaa

a Department of Anesthesiology, Okayama University Medical School, 2-5-1 Shikata-cho Kita-ku, Okayama 700-8558, Japan
b Department of Emergency and Critical Care Medicine, Iseikai Hospital, 6-2-25 Sugahara Higashiyodogawa-ku, Osaka 533-0022, Japan
c Tertiary Emergency Medical Center, Saitama Red-Cross Hospital, 8-3-33 Kamiochiai Chuo-ku, Saitama 338-0001, Japan
d Department of Emergency and Critical Care Medicine, Chiba University Graduate School of Medicine, 1-8-1 Inohana Chuo-ku, Chiba 260-0856, Japan
e Emergency and Critical Care Center, Tsuyama Central Hospital, 1756 Kawasaki Tsuyama, Okayama 708-0841, Japan
f Osaka Mishima Emergency Critical Care Center, 11-1 Minamiakutagawacho Takatsuki, Osaka 569-1124, Japan
g Department of Emergency Diagnosis and Treatment, Himeji Medical Center, 68 Honmachi Himeji, Hyogo 670-0012, Japan
h Emergency and Critical Care Center, Toho University Faculty of Medicine, 5-21-16 Omorinishi Ota-ku, Tokyo 143-0015, Japan
i Critical Care and Trauma Center, Osaka General Medical Center, 3-1-56 Bandaihigashi Sumiyoshi-ku, Osaka 558-0056, Japan
j Department of Neurosurgery, Kitakyushu Yugawa Hospital, 2-1-10 Kuzuhara Kitakyushu Kokuraminami-ku, Fukuoka 800-0251, Japan
k Department of Emergency Medicine, Japanese Red Cross Kumamoto Hospital, 2-1-1 Nagamineminami Higashi-ku, Kumamoto 861-8039, Japan
l Trauma and Resuscitation Center, Teikyo University School of Medicine, 2-11-1 Kaga Itabashi-ku, Tokyo 173-0003, Japan
m Emergency Department, Kure Kyosai Hospital, 2-3-28 Nishichuo Kure, Hiroshima 737-0811, Japan
n Emergency Department, Okazaki City Hospital, 3-1 Goshoai Koryujicho, Okazaki, Aichi 444-0002, Japan
o Emergency and Critical Care Center, Osaka Medical Center, 2-1-14 Hoenzaka Chuo-ku, Osaka 540-0006, Japan
p Emergency and Critical Care Center, Saiseikai Fukuoka General Hospital, 1-3-46 Tenjin Chuo-ku, Fukuoka 810-0001, Japan
q Emergency and Critical Care Center, Nihon University Itabashi Hospital, 30 Oyaguchikamicho Itabashi-ku, Tokyo 173-0032, Japan
r Emergency and Critical Care Medicine, Tokyo Medical University Hachioji Medical Center, 1163 Tatemachi Hachioji, Tokyo 193-0944, Japan
s Emergency and Critical Care Center, Kumamoto Medical Center, 1-5 Ninomaru Chuo-ku, Kumamoto 860-0008, Japan
t Department of Emergency and Critical Care Medicine, Kagawa Rosai Hospital, 3-3-1 Jotocho Marugame, Kagawa 763-0013, Japan
u Department of Clinical Laboratory Science, Yamaguchi University Graduate School of Medicine, 1-1-1 Minamikogushi Ube, Yamaguchi 755-0046, Japan
v Daiken Medical Co., 3-6-1 Doshomachi Chuo-ku, Osaka 541-0045, Japan
w Department of Human Ecology, Okayama University Graduate School of Environmental and Life Science, 2-5-1 Shikata-cho Kita-ku, Okayama 700-8558,
Japan
x Department of Disaster and Emergency Medicine, Kochi University Medical School, Okochokohasu Nankoku, Kochi 783-8505, Japan
y Department of Anesthesiology and Intensive Care Medicine, Kawasaki Medical School, 2-1-80 Nakasange Kita-ku, Okayama 700-0821, Japan
z Department of Emergency and Critical Care Medicine, Okayama University Medical School, 2-5-1 Shikata-cho Kita-ku, Okayama 700-8558, Japan
aa Okayama University, 1-1-1 Tsushimanaka Kita-ku, Okayama 700-0082, Japan

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 12 May  2014
Received in revised form 4 August 2014
Accepted 6 September 2014

Keywords:
Cardiac arrest
Brain ischaemia
Therapeutic hypothermia

a  b  s  t  r  a  c  t

Aim:  Cooling  the  pharynx  and  upper  oesophagus  would  be more  advantageous  for  rapid  induction  of  ther-
apeutic  hypothermia  since  the  carotid  arteries  run in their  vicinity.  The  aim  of  this  study  was  to  determine
the  effects  of pharyngeal  cooling  on brain  temperature  and  the  safety  and feasibility  for  patients  under
resuscitation.
Methods:  Witnessed  non-traumatic  cardiac  arrest  patients  (n  =  108)  were  randomized  to  receive  standard
care with  (n =  53)  or without  pharyngeal  cooling  (n = 55).  In the emergency  room,  pharyngeal  cooling  was
initiated before  or shortly  after  return  of spontaneous  circulation  by perfusing  physiological  saline  (5 ◦C)
into  a pharyngeal  cuff  for 120  min.

� A Spanish translated version of the summary of this article appears as Appendix in the final online version at http://dx.doi.org/10.1016/j.resuscitation.2014.09.014.
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Results:  There  was  a significant  decrease  in tympanic  temperature  at 40 min  after  arrival  (P  =  0.02)
with  a maximum  difference  between  the  groups  at 120 min  (32.9  ± 1.2 ◦C, pharyngeal  cooling  group  vs.
34.1 ± 1.3 ◦C,  control  group;  P < 0.001).  The  return  of  spontaneous  circulation  (70%  vs. 65%,  P = 0.63)  and
rearrest  (38%  vs.  47%,  P = 0.45)  rates  were  not  significantly  different  based  on  the initiation  of  pharyngeal
cooling.  No  post-treatment  mechanical  or cold-related  injury  was  observed  on the  pharyngeal  epithe-
lium  by  macroscopic  observation.  The  thrombocytopaenia  incidence  was  lower  in  the  pharyngeal  cooling
group  (P  =  0.001)  during  the  3-day  period  after  arrival.  The  cumulative  survival  rate at  1 month  was  not
significantly  different  between  the two groups.
Conclusions:  Initiation  of pharyngeal  cooling  before  or  immediately  after  the  return  of  spontaneous  circu-
lation  is safe  and  feasible.  Pharyngeal  cooling  can  rapidly  decrease  tympanic  temperature  without  adverse
effects  on  circulation  or the pharyngeal  epithelium.

©  2014  The  Authors.  Published  by Elsevier  Ireland  Ltd. This is  an open  access  article  under  the  CC
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Mild hypothermia is known to ameliorate poor neurologi-
cal outcomes after resuscitation in humans,1,2 with clinical3 and
laboratory4 data suggesting that early achievement of hypothermia
is one of the most important factors for good neurological out-
comes. However, rapid intravenous infusion of cold fluid, which
is considered the technique for the fastest induction of hypother-
mia, may  increase rearrest rates even after return of spontaneous
circulation (ROSC) initiation.5 Furthermore, nasal cooling, which is
used for intra-arrest cooling, may  cause serious epistaxis and peri-
orbital emphysema.6 Therefore, a technique that can be initiated
before or shortly after ROSC without adverse effects is needed.

The bilateral common carotid arteries run near the pharynx
and upper oesophagus. Therefore, cooling the pharyngeal region
decreases brain temperature by cooling the blood in the carotid
artery.7 We  developed a pharyngeal cooling system in which cold
saline (5 ◦C) is perfused into a pharyngeal cuff. The pharyngeal cool-
ing can be initiated before or shortly after ROSC. In a cardiac arrest
animal model, pharyngeal cooling was initiated simultaneously
with chest compression without having adverse effects on ROSC
and pharyngeal epithelium.7,8

The primary aim of the present study was to determine the
safety and feasibility of pharyngeal cooling in patients with non-
traumatic cardiac arrest; the effects of particular interest were
ROSC success and rearrest rates. The second aim was  to identify
the complications associated with the use of pharyngeal cooling,
e.g., mechanical damage or cold-related injury to the pharyngeal
epithelium. The third aim was to determine the effects of cooling
on the tympanic and core temperatures during the initial 2-h period
after arrival at the hospital.

2. Methods

2.1. Study design

This study was a multicentre, randomized, controlled clini-
cal trial performed in 19 emergency medical centres in Japan
between June 2009 and October 2013. The protocol was deter-
mined by a scientific advisory committee, in which emergency
departments from seven universities in the Chugoku–Shikoku
area in Japan participated, and was approved by the institutional
review board of each participating centre. This study is regis-
tered at http://www.umin.ac.jp/ctr/index.htm (UMIN000002224
and UMIN000008506).

Originally, the present study was financially supported by the
Ministry of Health, Labour and Welfare of Japan and was intended
to determine the effect of pharyngeal cooling on tympanic tem-
perature. In July 2010, the institutional review board at Okayama
University Medical School recommended discontinuation of this
work because of the apparent decrease in tympanic temperature

in the pharyngeal cooling group. In December 2011, after approval
by the institutional review board, the research was  resumed to
examine the effect of pharyngeal cooling on survival with the same
protocol and was  supported by Daiken Medical Co. Although the
sample size (108 cases) was  much smaller than the size required to
evaluate survival (692 cases), the study was terminated owing to
the end of the planned experimental period.

Written, informed consent was  obtained before enrolment
when the family of the patient was present. However, if the family
of the patient could not be located, the need for written, informed
consent was waived, and consent was  obtained as soon as possible.
Randomization assignments were generated with block sizes of 4 in
a 1:1 allocation to groups receiving standard care with or without
pharyngeal cooling. The emergency physician in each participating
centre checked the eligibility of patients and, when a patient was
eligible, telephoned the allocation centre.

2.2. Patients

The eligibility criteria included the following: aged 16–89
years and witnessed cardiogenic cardiac arrest or witnessed non-
cardiogenic cardiac arrest with resuscitation by medical personnel,
including emergency services, within 15 min  after collapse. Both
in-hospital and out-of-hospital cardiac arrests were included. The
exclusion criteria included the following: traumatic cardiac arrest,
core body temperature <34 ◦C upon arrival at the emergency room,
or pharyngeal or oesophageal disorder.

2.3. Treatments

Patients were resuscitated according to the 2005 or 2010 Amer-
ican Heart Association (AHA) Guidelines, depending on the date
of admission. Immediately after arriving at the emergency room,
pharyngeal cooling was  initiated during chest compression or
immediately after ROSC, if ROSC was  achieved before arrival, and
continued for 2 h unless the tympanic temperature decreased to
<32 ◦C. Although it was  encouraged to initiate whole body cooling
following 2 h of pharyngeal cooling, the decision regarding timing
and the technique were up to each facility based on their current
standard care practice, i.e. infusion of cold fluid, ice pack, body
surface cooling, or percutaneous cardiopulmonary support. Resus-
citation measures were continued for at least 30 min  after arrival
at the emergency room.

2.4. Pharyngeal cooling

The pharyngeal cooling system (Daiken Medical Co., Osaka,
Japan) was  composed of a disposable pharyngeal cooling cuff (size
#4 for 50–70 kg body weight) and circulator (Fig. 1). The cuff was
made of vinyl chloride, designed to fit the upper oesophagus and
pharynx and inserted using a manoeuvre similar to that for a
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