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Preface

We pose a perspective by presenting new Japanese studies regarding PCAS (post- 
cardiac arrest syndrome), which had been defined as the system failure after whole- 
body ischemia-reperfusion injuries in the 2008 ILCOR statement [1]. For the 
targeted readers such as emergency physicians, intensivists, cardiologists, neurolo-
gists, and the others treating PCAS patients, we provide several recent topics of 
PCAS: (1) non-convulsive status epilepticus with neuromonitoring during TTM; (2) 
the timing of the crucial treatments for PACS, PCI, and TTM; (3) the early predic-
tions for survival and neurological outcome by lactate clearance in post-cardiac 
arrest survivors; (4) TTM indication for suffocation cases; and (5) a stricter outcome 
prediction using physiological parameters for post-cardiac arrest victims, which all 
could facilitate the readers to do future research in this field. Furthermore, we sum-
marize and make editors’ comments on each topic for the purpose of the readers’ 
better understanding of the book.

Dr. Kazuhiro Sugiyama et al., Tokyo Metropolitan Bokuto Hospital, described 
the analysis of non-convulsive status epilepticus using amplitude electroencepha-
lography (aEEG) in post-cardiac arrest patients. They found that approx. 10% of 
post-cardiac arrest patients being monitored with aEEG exhibited a pattern of non- 
convulsive seizures and further found that a patient of them recovered to CPC-1. 
This continuous monitoring with aEEG is used for the early detection of epileptic 
episodes, and would be quite beneficial especially during TTM, in which sedatives, 
narcotics, and even neuromuscular blockade will be given. Furthermore, the authors 
showed that a single bipolar frontal hairline lead could work well if physicians aim 
to explore the generalized seizures, which would be approvable also to the other 
medical staff.

Dr. Yuji Hosoda et al., National Cerebral and Cardiovascular Center, presented a 
detailed comparison of neurological outcomes between PCI-first and TTM-first 
strategies in OHCA patients with a presumed cardiac origin. They concluded that in 
the present multi-center registry study, the timing of PCI did not significantly affect 
neurological outcome and survival in OHCA patients although PCI-first strategy 
delayed the induction of TTM. These results give a chance of discussions regarding 
topical heart cooling or systematic induced hypothermia during PCI, otherwise 
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 normothermia during the intervention for the myocardial protection in PCAS 
patients [2, 3].

Dr. Kei Hayashida et al., Keio Gijyuku University, showed that the early lactate 
clearance is associated with improved outcomes of post-cardiac arrest syndrome. 
This topic supports a previous report describing an association of neuromuscular 
blockade usage with an early clearance of serum lactate with favorable neurological 
outcomes in OHCA survivors [4, 5]. Also, the current results might show, at least in 
part, the importance of hemodynamic optimization in the survivors of cardiac arrest.

Dr. Yutaka Sakuda et al., Okinawa Kyodo Hospital, focused on the indication of 
targeted temperature management in patients after choking or suicide hanging. The 
authors evaluated such cases treated with therapeutic hypothermia. Although all 
patients had poor outcomes in their study, several previous case reports showed 
recoveries to CPC 1or 2, whose conditions were discussed with the experienced 
cases of this study. The authors proposed to seek criteria of selecting right victims 
from near or exact suffocation for the indication of TTM. Indeed, a recent larger 
registry study of 692 victims reported that hanging patients with cardiac arrest had 
worse outcome than non-cardiac arrest patients; cardiac arrest patients with TTM 
had worse unadjusted survival and neurologic outcome than non-TTM patients, 
which might be due to the variety of TTM implementation [6]. This recent study 
might support Dr. Sakuda’s proposal.

Dr. Mitsuaki Nishikimi et al., Nagoya University, Department of Emergency and 
Intensive Care Medicine, proposed a potential stricter prediction score, CAST 
(post-cardiac arrest syndrome for therapeutic hypothermia) or cCAST (condensed 
CAST) score, in neurological outcomes in cardiac arrest patients before inducing 
targeted temperature management. CAST score is calculated by eight parameters 
including initial rhythm, ROSC duration, GCS motor scale, and gray matter to white 
matter attenuation ratio. The authors validated both scores on sensitivity and speci-
ficity and concluded that cCAST score is more accurate to predict a poor outcome 
in PCAS patients.

Finally, we, as the editors, express our appreciation to all the authors for their 
time and vigorous efforts on valuable studies.

Ehime, Japan Mayuki Aibiki
Yamaguchi, Japan  Susumu Yamashita
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Chapter 1
A Single-Center Study on Nonconvulsive 
Status Epilepticus After Cardiac Arrest

Kazuhiro Sugiyama and Yuichi Hamabe

Abstract The prognostication of post-cardiac-arrest patients remains a challenge. 
Electroencephalography (EEG) is a promising modality; however, conventional 
EEG is difficult for non-neurologists to interpret. Amplitude-integrated EEG 
(aEEG) is quantitative EEG that is easy to interpret. aEEG is derived from continu-
ous EEG with reduced electrode montage, with an easy setup. aEEG patterns have 
been useful in the prognostication of comatose post-cardiac-arrest patients. EEG is 
important in monitoring seizure activity in post-cardiac-arrest care. At the 44th 
Annual Meeting of the Japanese Society of Critical Care Medicine, we reported the 
incidence and characteristics of status epilepticus among patients treated with target 
temperature management and monitored with aEEG using a single bipolar frontal 
hairline lead. Seven of 61 patients (11%) revealed status epileptics, and 1 patient 
with continuous normal voltage before status epilepticus showed a good neurologi-
cal outcome. aEEG monitoring with reduced leads has limited, but substantial, util-
ity for detecting generalized seizure. Status epilepticus during post-cardiac-arrest 
care is not uniform: patients with status epilepticus are categorized into two groups 
based on the background pattern of aEEG before status epilepticus. Status epilepti-
cus from continuous normal voltage is not always associated with poor outcomes. 
Knowledge of the background pattern can be gained, via aEEG monitoring, from 
the early phase after return of spontaneous circulation (ROSC). This could help 
identify targets of aggressive anticonvulsant therapy. Furthermore, aEEG monitor-
ing is a useful tool for intensive and emergency physicians who treat post-cardiac- 
arrest patients at the bedside.

Keywords Amplitude-integrated electroencephalography · Post-cardiac-arrest 
care · Hypoxic encephalopathy · Prognosis · Status epilepticus

K. Sugiyama (*) · Y. Hamabe 
Tertiary Emergency Medical Center, Tokyo Metropolitan Bokutoh Hospital, Tokyo, Japan
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1.1  Background

1.1.1  Why Do We Need Amplitude–Integrated 
Electroencephalography?

The prognostication of neurological outcomes of comatose post-cardiac-arrest 
patients remains a challenge. Current guidelines recommend treatment with at 
least 24  h of target temperature management (TTM), and patients need to be 
sedated during TTM. Prognosis based on neurological examination needs to be 
delayed in patients treated with TTM. Early prognostication is ideal to customize 
post-cardiac- arrest care for each patient. Several modalities are useful in early 
prognostication, including conventional or continuous electroencephalography 
(EEG), which is an extensively studied promising test. EEG recordings in post-
cardiac-arrest patients are crudely classified as benign or malignant. The malignant 
pattern includes complete or near-complete suppression, burst suppression, gener-
alized periodic discharge, status epilepticus, and the absence of reactivity to stim-
uli. These patterns predict a poor neurological outcome. The normal continuous 
pattern, diffuse slow pattern with reactivity to stimuli, and lack of malignant pat-
tern are relatively benign and associated with good neurological outcomes [1–4]. 
However, conventional EEG or continuous EEG (cEEG) is difficult for non-neu-
rologists to interpret. Furthermore, standardization of the interpretation is not suf-
ficient, and there are substantial interobserver differences. In some sophisticated 
centers, cEEG recordings are interpreted by neurologists online immediately. To 
the best of our knowledge, there is no center that uses this system in Japan; most 
emergency and intensive care physicians engaged in post-cardiac-arrest care are 
not familiar with interpreting EEG. We need some modalities to use cEEG record-
ings in real time at the bedside.

1.1.2  What Is Amplitude–Integrated Electroencephalography?

There is a trend to quantify EEG recordings and make interpretation easier for non- 
neurologists. Amplitude-integrated EEG (aEEG) is a type of quantitative EEG that 
may provide a solution.

aEEG features the amplitude of conventional EEG and is usually derived from 
one or two EEG channels with reduced electrode montage. aEEG has been used 
widely in neonatal care. In this field, electrodes are placed at the C3, C4, P3, and P4 
positions of the international 10–20 system. In adults, the use of the single frontal 
hairline lead is reported, in addition to C3, C4, P3, and P4. The minimum and maxi-
mum amplitudes in a short period are displayed as longitudinal bandwidths. aEEG 
uses a band-pass filter that removes extremely low and high frequencies to avoid 
artifacts. The upper and lower limits of the band show the maximum and minimum 
amplitudes, respectively. Amplitudes of <10 μV and >10 μV are displayed on linear 
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and logarithmic scales, respectively. This semilogarithmic scale helped detect small 
changes at lower amplitudes and avoid overloading the display at higher ampli-
tudes. These bands are arranged using a compressed timescale, which is typically 
6 cm/h (Fig. 1.1). Therefore, reviewing longer periods of hours or days is possible. 
The reduced simplified montage is set up easily and acceptable in the busy environ-
ment of intensive care. In addition, the simplified information from the cEEG and 
compressed timescale enables physicians to interpret and monitor brain function in 
patients continuously at the bedside.

Raw EEG traces are available in modern devices, and it is important to refer to 
the raw trace to avoid any misinterpretation caused by noise. Furthermore, raw EEG 
traces can assist with the interpretation of seizure activity.

1.1.2.1  aEEG in Neonatal Care

aEEG traces are classified into patterns according to background activity. Physicians 
can monitor brain function by recognizing these simple patterns. Several classifica-
tion systems have been suggested for use with neonates. In neonatal care, the ges-
tational age significantly affects EEG. Sleep-wake cycling plays an important role 
in interpreting brain function together with background activity. Hellstrom et al. 
have developed a classification that consists of five background patterns, that is, 
continuous, discontinuous, burst suppression, low voltage, and flat. In their classi-
fication, the sleep-wake cycle and seizure are also considered [5]. aEEG is useful 

Logarithmic
scale

Linear scale

Fp1-Fp2

Fp1-Fp

100

50

25

10

5

Maximum
amplitude

Minimum
amplitude

Fig. 1.1 Scheme of an amplitude-integrated electroencephalography. The minimum and maxi-
mum amplitudes in a short period are displayed as longitudinal bandwidths. The upper and lower 
limit of the bands shows the maximum and minimum amplitudes, respectively. Amplitudes <10 
and > 10 μV are displayed on linear and logarithmic scales, respectively. These bands are arranged 
with a compressed timescale, which is usually 6 cm/h

1 A Single-Center Study on Nonconvulsive Status Epilepticus After Cardiac Arrest
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in predicting the neurological outcome of hypoxic encephalopathy in neonates. A 
randomized trial that evaluated the efficacy of hypothermia in neonates with 
hypoxic encephalopathy used aEEG pattern as part of the inclusion criteria of the 
study [6]. In addition, aEEG is useful in detecting status epilepticus. Seizure activ-
ity displays as abrupt rises in the lower and upper margin of the band in aEEG 
traces. The raw EEG is referenced to confirm seizure activity.

1.1.2.2  aEEG in Adult Post–Cardiac–Arrest Care

Recently, aEEG patterns have been reported as useful in adult post-cardiac-arrest 
care. Rundgren et al. monitored comatose post-cardiac-arrest patients with aEEG 
from admission to the intensive care unit during the completion of therapeutic hypo-
thermia. They classified aEEG patterns into four simple background patterns: con-
tinuous, suppression burst, flat, and status epilepticus (Fig.  1.2). The aEEG was 
created from two bipolar channels. They measured aEEG in 100 patients: 29 of 31 
(90%) with continuous aEEG patterns at the start of monitoring, and 54 of 62 
patients (87%) at normothermia (36 h after cardiac arrest) gained consciousness. No 
patients who exhibited suppression-burst patterns at registration and normothermia 
regained consciousness. Flat aEEG patterns at registration were not associated with 
poor neurological outcomes; however, flat patterns at normothermia were more 
associated with poor outcomes [7].

Oh et  al. monitored consecutive aEEG in 55 comatose post-cardiac-arrest 
patients with different methods from those used by Rundgren et al. They monitored 
aEEG using the bipolar frontal hairline lead. In addition, they applied the neonatal 
care classification system of aEEG with more detailed voltage criteria. They classi-
fied aEEG patterns into continuous normal voltage (CNV), discontinuous normal 
voltage (DNV), low voltage (LV), burst suppression, and status epilepticus (Fig. 1.3). 
The continuous pattern classification used by Rundgren et al. included the CNV, 
DNV, and LV patterns used by Oh et al. In their study, 16 of 17 patients (94%) with 
CNV at the start of monitoring had a cerebral performance category (CPC) score of 
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Fig. 1.2 Classification of the pattern of amplitude-integrated electroencephalography, as previ-
ously described in Rundgren et al. SB suppression burst; ESE electrographic status epilepticus
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1 or 2 at hospital discharge. Conversely, all 21 patients who did not show CNV 
 patterns during monitoring period had poor neurological outcomes [8]. These stud-
ies showed that aEEG monitoring can be performed and play an important role in 
the prognostication for adult post-cardiac-arrest care. aEEG patterns could predict 
good neurological outcomes at the very early phase after ROSC and predict poor 
neurological outcomes by monitoring changes in aEEG patterns. Therefore, inten-
sivists and emergency physicians who are unfamiliar with conventional EEG can 
use aEEG bedside prognostication.

Considering these results, recovery of the normal aEEG trace is essential to 
obtaining a good neurological outcome. However, some patients who recover a nor-
mal trace after an extended period do not have a good neurological outcome. 
Therefore, the particular cutoff time for predicting a good neurological outcome 
from ROSC to recovery of a normal aEEG trace remains unknown. In infants with 
asphyxia, Thoresen et al. have reported that time to a normal aEEG trace is a good 
predictor of neurological outcomes [9].

Fig. 1.3 Classification of the pattern of amplitude-integrated electroencephalography, as previ-
ously described in Oh et al.

1 A Single-Center Study on Nonconvulsive Status Epilepticus After Cardiac Arrest
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Oh et al. prospectively studied 130 adult comatose post-cardiac-arrest patients. 
They found that the recovery of CNV within 24 h after ROSC was strongly associ-
ated with good neurological outcomes [10]. In a previous study, we evaluated 30 
adult survivors of cardiac arrest with initial shockable rhythm and found that the 
optical cutoff of CNV recovery time after ROSC to predict a good neurological 
outcome is 23  h. These two studies report similar results and evaluated patients 
sedated with midazolam. Furthermore Oh et al. reported in their study that a time to 
normal trace from ROSC >36 h predicted a poor neurological outcome with 100% 
specificity.

1.1.2.3  aEEG Monitoring Methods in Adult Post–Cardiac–Arrest Care

No classification system of aEEG in adult post-cardiac arrest care has been estab-
lished. Rundgren et al. have suggested a very simple classification system that is 
easy to understand (Fig. 1.2). Compared with this classification, Oh et al., who used 
the neonatal care classification system, have developed a more precise set of voltage 
criteria (Fig. 1.3). Moreover, this classification is still easy for non-neurologists to 
interpret. In the studies mentioned above, Oh et al. reported higher specificity for 
both good and poor neurological outcomes. This difference is related, in part, to the 
aEEG classification system used in both studies. Higher specificity is desirable for 
prognostication; therefore, we have used the classification reported by Oh et al. in 
our practice.

Simplicity and ease of setup are important factors in monitoring aEEG during 
post-cardiac-arrest care because many procedures have to be performed in this situ-
ation. The complexity of preparation could become a major barrier to monitoring 
cEEG. Typically, a montage with reduced electrodes is used to aid with this. Oh 
et al. used a bipolar channel of frontal hairline lead. They argue that this method is 
sufficient to monitor global brain function and is useful in prognostication. The 
frontal hairline lead can be positioned easily. Expert EEG technicians are not avail-
able full time in most centers in Japan; however, physicians or nurses in intensive 
care units (ICU) can attach the frontal hairline electrode in a very short time and set 
up aEEG monitoring. We use the Fp1-Fp2 bipolar channel to monitor aEEG, with 
disposable hydrogel electrodes (Fig. 1.4). Using this method, it is possible to begin 
aEEG monitoring in 5 min.

Monitoring seizure activity is another important role of cEEG. The monitoring 
and treatment of status epilepticus have been increasingly emphasized in post- 
cardiac- arrest care. Current guidelines recommend the use of frequent conventional 
EEG or continuous EEG to detect seizure in these patients [11, 12]. The role of 
aEEG in monitoring seizure in post-cardiac-arrest patients has not been established. 
We recently reported 65 cases that were monitored with aEEG using frontal hairline 
montage during post-cardiac-arrest care after ROSC at our center at the 44th annual 
meeting of Japanese Society of Critical Care Medicine. We evaluated the incidence 
and characteristics of post-cardiac-arrest patients with electrographic status 
epilepticus.

K. Sugiyama and Y. Hamabe
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1.2  Methods

Comatose survivors after cardiac arrest who were treated with TTM and monitored 
with aEEG at our center from April 2013 to December 2016 were evaluated. Patients 
were excluded from the study if they were under 18 years of age, aEEG monitoring 
was not started within 24 h after ROSC, or aEEG recordings could not be inter-
preted because of noise.

During TTM, patients were maintained at 34 °C for 24 h and gradually rewarmed 
to 36 °C during the next 12 h. An external cooling system was applied as a cooling 
device, but the heat exchanger in circuit was used in patients treated with extracor-
poreal membrane oxygenation. Midazolam and fentanyl were used for sedation and 
analgesia, and most patients were paralyzed with vecuronium during hypothermia 
to control shivering. Administration of midazolam and vecuronium was stopped 
when the patient’s temperature reached 36 °C.

We used the classification system of aEEG patterns previously described by Oh 
et  al. (Fig.  1.3). This classification includes CNV, DNV, LV, flat, BS, and status 
epilepticus (SE). The aEEG monitoring was performed with bipolar channel 
Fp1-Fp2 (frontal hairline lead). We used the diagnostic criteria for status epilepticus 
previously described in the study by Rundgren et  al. Status epilepticus was sus-
pected from aEEG traces and confirmed by referencing the raw bipolar channel 
Fp1-Fp2 trace. There are two different diagnostic criteria for status epilepticus, 
from continuous background and burst suppression. In patients with a continuous 
pattern before status epilepticus, electrographic status epilepticus was diagnosed 
when the repetitive epileptiform discharge with a frequency and amplitude >1 Hz 
and >50 μV, respectively, continued for >30 min. And in patients with a suppression- 
burst pattern, electrographic status epilepticus was diagnosed when repetitive epi-
leptiform discharge with a frequency and amplitude >1 Hz and >50 μV, respectively, 
occupied >50% of a 30-min period [7].

Left Right

Fp1 Fp2

Fz

Cz

Fig. 1.4 A bipolar frontal hairline lead using disposable hydrogel electrodes

1 A Single-Center Study on Nonconvulsive Status Epilepticus After Cardiac Arrest
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1.3  Results

Sixty-five patients were eligible for the study. The median age was 63, 86% were 
male, 66% had an initial shockable rhythm, and 88% underwent coronary angiog-
raphy after admission. Median arrest time was 24 min, median time from ROSC 
to the start of aEEG monitoring was 5.7  h, and median monitoring period was 
53 h. Among these patients, 22 patients (44%) had a good neurological outcome 
(Table 1.1).

Status epilepticus was recognized in seven patients (11%). Backgrounds and 
clinical characteristics of patients with status epilepticus were not significantly dif-
ferent from those without status epilepticus (Table 1.1). CNV, flat, and burst sup-
pression patterns led to status epilepticus in one, one, and three patients, 
respectively. Two patients showed status epilepticus at the start of monitoring. 
Among these patients, one patient had a good neurological outcome at hospital 
discharge.

Patients with good and poor neurological outcomes had different clinical charac-
teristics. Patients with a good neurological outcome had shorter arrest times com-
pared with those with a poor outcome and had an initial shockable rhythm. He 
recovered CNV before status epilepticus. Conversely, six patients with poor prog-
nosis exhibited noncontinuous patterns, such as burst suppression and flat patterns, 
before status epilepticus, or exhibited status epilepticus at the start of monitoring. 
Among them, status epilepticus began during hypothermia, with a median time of 
18 h after ROSC (Table 1.2).

Table 1.1 Patient’s characteristics and neurological outcome

All patients 
n = 65

Without status 
epilepticus n = 58 
(89%)

With status 
epilepticus n = 7 
(11%) p

Age 63 (46–70) 63 (46–70) 70 (63–0) 0.4
Male, no. (%) 56 (86%) 49 (85%) 7 (100%) 0.58
Initial shockable rhythm, no. 
(%)

43 (66%) 38 (66.7%) 5 (71.4%) 0.69

Arrest time (min) 24 (18–39) 25 (18–40) 23 (20–30) 0.6
Coronary angiography, no. 
(%)

57 (88%) 51 (88%) 6 (86%) 0.6

Duration from ROSC to the 
start of aEEG monitoring (h)

5.7 
(4.4–8.4)

5.6 (4.4–8.5) 5.9 (4–9.4) 1

Duration of aEEG monitoring 
(h)

53 (45–66) 53 (46–65) 52 (46–65) 0.91

CPC at hospital discharge
  CPC 1 and 2 27 (42%) 26 (45%) 1 (14%) 0.23
  CPC 3 and 4 15 (23%) 11 (19%) 4 (57%)
  CPC 5 23 (35%) 21 (36%) 2 (28%)

ROSC return of spontaneous circulation; aEEG amplitude-integrated electroencephalography; 
CPC cerebral performance categories

K. Sugiyama and Y. Hamabe
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Here, we present a more detailed clinical course of patients with good neurologi-
cal outcomes. A 59-year-old man suffered from sudden cardiac arrest and received 
bystander cardiopulmonary resuscitation. He revealed a ventricular fibrillation 
when paramedics arrived at the scene. ROSC was achieved 22 min after collapse. 
Coronary angiography was performed after the admission to our center, and a diag-
nosis of vasospastic angina was given. He underwent TTM, and aEEG monitoring 
began 3 h after ROSC. He revealed LV at the start of aEEG monitoring; however, 
the amplitude developed gradually and CNV was recovered 23 h after ROSC. He 
was maintained at 34 °C for 24 h and then rewarmed. Midazolam was discontinued 
after his temperature reached 36 °C. Following this, he exhibited status epilepticus 
44 h after ROSC; however, he received no anticonvulsant treatment. He regained 
consciousness approximately 96 h after ROSC, with a CPC score of 2 at hospital 
discharge.

1.4  Discussion

The frequency of status epilepticus in comatose post-cardiac-arrest care patients is 
approximately 10–30% [13–15]. In addition, epileptiform activity, such as electro-
graphic seizures or interictal epileptiform discharges, is recognized in approxi-
mately 40% of patients [15]. The status epilepticus in the post-cardiac-arrest period 
is associated with poor neurological outcomes [13–16]. However, a small number of 
patients who reveal status epilepticus after ROSC have good neurological outcomes. 
Legriel et al. reported that 2 of 31 patients with status epilepticus (6%) during post- 
cardiac- arrest care had a CPC score of 1 or 2 at 1 year after cardiac arrest. These two 
patients demonstrated background reactivity to stimuli. Legriel et al. discussed that 
the prognosis of hypoxic encephalopathy with status epilepticus might be improved 
compared to that in the era before hypothermia treatment, and therapeutic 

Table 1.2 Characteristics and neurological outcome of patients with status epilepticus

Noncontinuous background 
n = 6

Continuous background 
n = l

Age 70 (59–71) 59
Male 6/6 1
Arrest time (min) 27 (18–32) 18
Initial shockable rhythm 4/6 1
Duration from ROSC to status 
epilepticus (h)

18.4 (12.9–29.6) 44.3

Head CT
  Loss of gray white matter contrast 4/6 0
Neurological outcome
  CPC 1 and 2 0/6 1
  CPC 3, 4, and 5 6/6 0

ROSC return of spontaneous circulation; CPC cerebral performance categories

1 A Single-Center Study on Nonconvulsive Status Epilepticus After Cardiac Arrest
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hypothermia and sedatives with anticonvulsant effects might be beneficial in treat-
ing status epilepticus in these post-cardiac-arrest patients [14]. Rundgren et al. cat-
egorized patients with status epilepticus into two groups in their study to evaluate 
the efficacy of aEEG in comatose post-cardiac-arrest patients. The electrographic 
status epilepticus was recognized in 26 of 95 patients (27%). Of these patients, 16 
developed electrographic status epilepticus from a suppression burst, and 10 patients 
developed electrographic status epilepticus after they revealed a continuous pattern 
in aEEG. A group of patients with a suppression-burst pattern developed status epi-
lepticus at a relatively early phase during hypothermia. None of these 16 patients 
regained consciousness. Conversely, two patients who exhibited a continuous pat-
tern regained consciousness. Electrographic status epilepticus occurred after 
rewarming in these two patients. One of these patients received no anticonvulsant 
treatment other than propofol for sedation, and he recovered to CPC 2. Another 
patient was administered midazolam, fosphenytoin, diazepam, and topiramate. She 
recovered to CPC 3 after 6 months. This study shows that the continuous pattern of 
background activity before status epilepticus is a key factor to obtaining a good 
neurological outcome. This was consistent with the results of our study. It is impor-
tant to understand the process of status epilepticus development (Figs. 1.5 and 1.6). 
For this reason, cEEG monitoring from an early phase after ROSC is necessary. 
Furthermore, aEEG with reduced montage could play an important role in providing 
information on background activity changes. Intensivists and emergency physicians 
could understand this process at the bedside. This could lead to prompt anticonvul-
sant therapy for patients with the potential for good neurological recovery.
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Fig. 1.5 Status epilepticus developed from a continuous normal voltage trace
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Frieberg et al. mentioned in their clinical review that “A major question, yet to be 
answered, is whether post-anoxic ESE is a condition that causes further brain injury, 
or is simply a sign of the hypoxic-ischemic encephalopathy” [17].

Current guidelines recommend anticonvulsant therapy for seizures after cardiac 
arrest, which is based on evidence that anticonvulsant therapy is recommended to 
prevent damage of the brain caused by prolonged status epilepticus. Seizures may 
increase the cerebral metabolic rate and exacerbate brain injury caused by cardiac 
arrest. However there has been no definite evidence to recommend anticonvulsant 
therapy vs no treatment in status epilepticus among post-cardiac-arrest patients. As 
mentioned above, one patient in the study by Rundgren et al. had a good neurologi-
cal outcome without aggressive anticonvulsant therapy for status epilepticus. In 
addition, one patient who developed electrographic status epilepticus after rewarm-
ing and cessation of midazolam had a CPC score of 2 at hospital discharge without 
anticonvulsant therapy in our study. It remains uncertain whether he might have 
developed better cerebral function if he were treated aggressively with anticonvul-
sant therapy.
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Fig. 1.6 Status epilepticus developed from a burst suppression trace
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Status epilepticus in post-cardiac-arrest patients is often refractory; therefore, 
aggressive anticonvulsant therapies, such as large amounts of anesthetic agents like 
midazolam, propofol, or barbiturates, are required to control electrographic seizure 
activity. It is difficult to decide whether these kinds of anesthetic agents should be 
used in each situation. The sedative effects of these drugs lead to difficulties in early 
prognostication and more complicated post-cardiac arrest care. Patients sedated 
with barbiturates usually need a long period before regaining consciousness. 
Furthermore, deep sedation caused by these agents may lead to various complica-
tions, such as circulatory collapse; severe nosocomial infections, like pneumonia; 
ICU-acquired weakness; and deep vein thrombosis. These complications may be 
detrimental for the prognosis of post-cardiac-arrest patients.

A multicenter randomized controlled trial, “TELSTAR,” is recruiting partici-
pants. This study recruits comatose post-cardiac-arrest patients who are admitted to 
ICUs, monitored with cEEG, and report electrographic status epilepticus after 
ROSC. Patients are randomly assigned to aggressive anticonvulsant therapy to sup-
press all seizure activity or no treatment. The aggressive therapy includes both anti-
epileptic and anesthetic drugs, like thiopental. The primary outcome is neurological 
outcome at 3 months after cardiac arrest [18].

This study is recruiting all patients with status epilepticus and is not considering 
the background activity before status epilepticus. The frequency of patients with the 
potential for recovery, i.e., patients with status epilepticus from a continuous back-
ground, is very small. We argue that over half of the patients with status epilepticus 
exhibit burst suppression or noncontinuous patterns as background activity, and these 
patients usually have very severe brain damage with a poor prognosis. If these patients 
are included in the study, anticonvulsant treatment might not show any benefit.

We suggest that the efficacy of anticonvulsant treatment should be evaluated only 
in patients who exhibit continuous background aEEG patterns before status epilep-
ticus. However, these patients would be a relatively small population within the 
population of patients with hypoxic encephalopathy.

In addition, the role of aEEG in this field is challenging. cEEG with standard 
montage is the gold standard to detect nonconvulsive status epilepticus. In some 
specialized centers, cEEG recordings are sent to neurophysiologists online and 
interpreted continuously. However, most centers do not have these sophisticated 
systems, and recordings are interpreted by experts on a daily basis. This causes 
delays in diagnosis and therapeutic intervention; therefore, the detection of status 
epilepticus with monitoring of trends in quantitative EEG by non-neurologists is 
desired.

qEEG is a visual representation of statistically transformed raw EEG signals. 
Although aEEG is a representative method, other qEEGs have been used to detect 
seizure activity. The compressed spectral array is another common method, which 
consists of a color display representing power in different frequency bands. Other 
qEEG methods include techniques that display EEG data based on rhythmicity or 
spectral symmetry.

Seizure activity causes an abrupt elevation of lower and upper margin of the band 
when monitoring aEEG.  There are several studies that examined the efficacy of 
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aEEG monitoring to detect electrographic seizure activity; however, the results of 
these studies are not optimistic.

In neonates, aEEG is used to detect seizure activity and monitoring cerebral 
activity in various encephalopathies. aEEG monitoring can help detect clinical and 
nonclinical seizures; however, its sensitivity and specificity have been as insuffi-
cient when compared with conventional cEEG. Rakshabhuvankar et al. conducted a 
systematic review that included 10 studies and 433 patients. These studies com-
pared the simultaneous recording of aEEG and cEEG. The sensitivity and specific-
ity for individual seizure detection were 76% and 85%, respectively, for aEEG with 
a raw trace, and 39% and 95%, respectively, for aEEG without a raw trace. They 
concluded that aEEG has a relatively low and variable sensitivity for seizure detec-
tion and cannot be recommended as the sole method for the management of neona-
tal seizures [19].

A few small single-center studies have evaluated the efficacy of aEEG for seizure 
detection in the management of seizures in adult patients. Nitzschke et al. examined 
whether aEEG recordings derived from a frontal single-channel EEG could detect 
seizures compared with raw EEG recordings. The sensitivity and specificity of 
aEEG were 40% and 89%, respectively. In this study, aEEG was evaluated by inten-
sive care physicians who received training in aEEG interpretation [19]. Another 
study by Dericioglu et al. examined the ability of nonexpert ICU physicians and 
nurses to detect seizures. In this study, raw EEG recordings were converted to aEEG 
and density spectral array (DSA), and raters interpreted the recordings of aEEG and 
DSA without the raw trace. They found that the sensitivity and specificity for sei-
zure detection were high and inter-rater reliability was acceptable. In addition, there 
was no difference between physician and nurses, and they concluded that ICU fel-
lows and residents can achieve acceptable levels of accuracy for seizure identifica-
tion using the digital EEG trend analysis methods following brief training [20].

Considering these results, aEEG cannot substitute cEEG in monitoring seizures. 
Today’s gold standard for monitoring nonclinical or nonconvulsive seizures is 
cEEG. However, aEEG should play a complementary role to cEEG. In addition, we 
should not interpret aEEG recordings without the raw trace. For a non-neurologist, 
aEEG traces suggesting seizure activity should warrant a consultation to the neu-
rologist. Nonetheless, aEEG could help non-neurologists by assisting with continu-
ous monitoring and timely interventions of seizure.

Another problem with seizure monitoring in critical care settings is whether the 
reduced montage number of channel leads is acceptable for seizure management. 
The conventional 10–20 system montage with full leads is a standard technique to 
detect seizure. This montage usually requires specially trained EEG technicians, 
which are not available 24 h a day and 7 days a week in most centers. Furthermore, 
the placement of many electrodes is time-consuming, and frequent care for patients 
in ICU is a major obstacle for the placement of many electrodes. Patients may need 
to be moved frequently, and typically these patients have many lines or drains. 
Several studies have evaluated the efficacy of a reduced electrode montage in 
 seizure detection. These studies report relatively low sensitivity (approximately 
70%) and high specificity (approximately 90%) of this method for seizure detec-
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tion [21–25]. Most studies used a reduced montage with 7–8 leads; however, some 
studies examined the efficacy of subhairline leads. Subhairline leads have advan-
tage of easy placement because hydrogel electrodes can be used in a similar man-
ner to that in electrocardiography. Brenner et  al. examined the efficacy of 
subhairline leads in patients who exhibited altered mental states after seizure in the 
emergency department. A neurophysiologist could diagnose nonconvulsive status 
epilepticus in all 12 patients using the subhairline montage compared with the 
standard 10–20 system [26].

These studies included patients with various backgrounds and clinical condi-
tions. Vanherpe et al. examined the efficacy of the subhairline or eight-lead montage 
in comatose post-cardiac-arrest patients treated with TTM. They categorized the 
EEG recordings into three categories: without ictal activity, with interictal activity, 
and with probable electrographic seizure. The sensitivity for detecting probable 
electrographic seizure was 92% and 100% for hairline and eight-lead montage, 
respectively. Vanherpe et  al. discussed that global seizures are more common in 
hypoxic encephalopathy compared with other conditions; therefore, the sensitivity 
of hairline and eight-lead montage is more acceptable in these populations [27].

In our study, 11% of patients revealed status epilepticus. This fits with the low 
number reported in previous studies. We used a single bipolar frontal hairline lead 
in our study. Considering the results of these studies, this method might not have 
enough sensitivity to detect all patients with status epilepticus. We decided to use 
this method as the simplest way without obstacles to introduce aEEG in our center. 
Therefore, ease and simplicity were most highly valued. Our main purpose was to 
use aEEG as a guide in prognosis. We argue that we will use a montage with more 
leads to detect seizures with a greater sensitivity. During the very early phase after 
ROSC, it is difficult to place many leads; however, after a few hours post-ROSC, we 
could place an additional five or six leads.

The diagnostic criteria of EEG for nonconvulsive status epilepticus are generally 
defined as definite, if the following conditions are recognized [28]:

 1. Focal or generalized spikes, sharp waves, or sharp-and-slow complexes at fre-
quencies of >2.5 Hz

 2. Focal or generalized spikes, sharp waves, or sharp-and-slow complexes at fre-
quencies ≤2.5 Hz or rhythmic activity >0.5 Hz and one of the following:

 – Electrographic and clinical improvement after an IV trial of an antiseizure 
drug

 – Subtle clinical ictal phenomena during the EEG pattern
 – Typical spatiotemporal evolution

These criteria should be met during at least 10 consecutive seconds, and abnor-
mal EEG should constitute >50% of the monitoring period.

The diagnostic criteria of aEEG to diagnose electronic status epilepticus have not 
been developed. Rundgren et al. diagnosed electrographic status epilepticus in their 
study based on the pattern of aEEG and simultaneous raw EEG recordings, and we 
used these criteria in our study. They applied different criteria to the electrographic 
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status epilepticus, from continuous pattern and suppression burst. In patients with a 
continuous pattern before status epilepticus, electrographic status epilepticus was 
diagnosed when the repetitive epileptiform discharge with a frequency > 1 Hz and 
amplitude >50 μV continued for more than 30 min and in patients with a suppression- 
burst pattern, when the repetitive epileptiform discharge with a frequency and 
amplitude of >1 Hz and >50 μV, respectively, occupies more than 50% of a 30-min 
period [7]. These criteria are different from the current gold standard because of the 
time of publication of their study. The incidence of status epilepticus is strongly 
affected by diagnostic criteria; therefore, while aEEG is a complementary technique 
to detect seizures, the actual diagnosis of seizure requires the use of the raw cEEG 
trace, and standard diagnostic criteria should be referenced.

Periodic discharges are often recognized during ictal or interictal periods in post- 
cardiac- arrest patients. aEEG may have a limited ability to detect the periodic dis-
charges. When seizures start, the lower and upper margin of the band of the aEEG 
trace elevates suddenly. However, periodic low-frequency discharge might not show 
remarkable changes on an aEEG trace. The upper margin of the band may increase; 
however, this change may be difficult to notice when periodic discharges continue 
for long periods (Fig. 1.7). These aEEG traces, with periodic discharges, might be 
recorded as continuous normal voltage or continuous pattern traces. Periodic dis-
charges have been reported to be associated with poor outcome in some studies 
[28]; therefore, we should pay attention to periodic discharges when using aEEG in 
prognostication.

Fig. 1.7 Periodic discharges are recognized in the raw trace. This aEEG trace meets the criteria of 
continuous normal voltage

1 A Single-Center Study on Nonconvulsive Status Epilepticus After Cardiac Arrest
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1.5  Conclusion (Perspective from Our Study)

Our study showed that aEEG can help to identify patients with status epilepticus 
with limited sensitivity and provide important information regarding background 
activity before status epilepticus. This may lead to a better prognostication of 
patients with status epilepticus and aid to determine an indication for aggressive 
anticonvulsant therapy for each patient. With this aim, we have to begin aEEG mon-
itoring from the early phase after ROSC.

The sensitivity of aEEG with a single frontal lead alone is not sufficient. 
Additional leads should be placed once patients have been stabilized to detect 
seizure activity. The efficacy of anticonvulsant therapy in post-cardiac-arrest 
patients with status epilepticus remains unknown. We believe that patients with a 
continuous background trace before status epilepticus should be treated 
aggressively.

References

 1. Westhall E, Rossetti AO, van Rootselaar A-F, Wesenberg Kjaer T, Horn J, Ullén S, et  al. 
Standardized EEG interpretation accurately predicts prognosis after cardiac arrest. Neurology. 
2016;86(16):1482–90. https://doi.org/10.1212/WNL.0000000000002462.

 2. Lamartine Monteiro M, Taccone FS, Depondt C, Lamanna I, Gaspard N, Ligot N, et al. The 
prognostic value of 48-h continuous EEG during therapeutic hypothermia after cardiac arrest. 
Neurocrit Care. 2016;24(2):153–62. https://doi.org/10.1007/s12028-015-0215-9.

 3. Spalletti M, Carrai R, Scarpino M, Cossu C, Ammannati A, Ciapetti M, et al. Single electro-
encephalographic patterns as specific and time-dependent indicators of good and poor out-
come after cardiac arrest. Clin Neurophysiol. 2016;127(7):2610–7. https://doi.org/10.1016/j.
clinph.2016.04.008.

 4. Tjepkema-Cloostermans MC, Hofmeijer J, Trof RJ, Blans MJ, Beishuizen A, van Putten 
MJAM.  Electroencephalogram predicts outcome in patients with postanoxic coma during 
mild therapeutic hypothermia. Crit Care Med. 2015;43(1):159–67. https://doi.org/10.1097/
CCM.0000000000000626.

 5. Hellström-westas L. Amplitude-integrated EEG classification and interpretation in preterm and 
term infants. NeoReviews. 2006;7(2):76–97.

 6. Gluckman PD, Wyatt JS, Azzopardi D, Ballard R, Edwards AD, Ferriero DM, et  al. 
Selective head cooling with mild systemic hypothermia after neonatal encephalopathy: 
multicentre randomised trial. Lancet. 2005;365(9460):663–70. https://doi.org/10.1016/
S0140-6736(05)17946-X.

 7. Rundgren M, Westhall E, Cronberg T, Rosén I, Friberg H. Continuous amplitude-integrated 
electroencephalogram predicts outcome in hypothermia-treated cardiac arrest patients. Crit 
Care Med. 2010;38(9):1838–44. https://doi.org/10.1097/CCM.0b013e3181eaa1e7.

 8. Oh SH, Park KN, Kim YM, Kim HJ, Youn CS, Kim SH, et  al. The prognostic value of 
continuous amplitude-integrated electroencephalogram applied immediately after return 
of  spontaneous circulation in therapeutic hypothermia-treated cardiac arrest patients. 
Resuscitation. 2013;84(2):200–5. https://doi.org/10.1016/j.resuscitation.2012.09.031.

 9. Thoresen M, Hellstrom-Westas L, Liu X, de Vries LS. Effect of hypothermia on amplitude- 
integrated electroencephalogram in infants with asphyxia. Pediatrics. 2010;126(1):e131–9. 
https://doi.org/10.1542/peds.2009-2938.

K. Sugiyama and Y. Hamabe

https://doi.org/10.1212/WNL.0000000000002462
https://doi.org/10.1007/s12028-015-0215-9
https://doi.org/10.1016/j.clinph.2016.04.008
https://doi.org/10.1016/j.clinph.2016.04.008
https://doi.org/10.1097/CCM.0000000000000626
https://doi.org/10.1097/CCM.0000000000000626
https://doi.org/10.1016/S0140-6736(05)17946-X
https://doi.org/10.1016/S0140-6736(05)17946-X
https://doi.org/10.1097/CCM.0b013e3181eaa1e7
https://doi.org/10.1016/j.resuscitation.2012.09.031
https://doi.org/10.1542/peds.2009-2938


17

 10. Oh SH, Park KN, Shon YM, Kim YM, Kim HJ, Youn CS, et  al. Continuous amplitude- 
integrated electroencephalographic monitoring is a useful prognostic tool for hypothermia- 
treated cardiac arrest patients. Circulation. 2015;132(12):1094–103. https://doi.org/10.1161/
CIRCULATIONAHA.115.015754.

 11. Nolan JP, Soar J, Cariou A, Cronberg T, Moulaert VR, Deakin CD, et al. European Resuscitation 
Council and European Society of Intensive Care Medicine Guidelines for post- resuscitation 
care 2015: section 5 of the European resuscitation council guidelines for resuscitation. 
Resuscitation. 2015;95:202–22. https://doi.org/10.1016/j.resuscitation.2015.07.018.

 12. Callaway CW, Donnino MW, Fink EL, Geocadin RG, Golan E, Kern KB, et al. Part 8: post–
cardiac arrest care. Circulation. 2015;132(18 suppl 2):S465–82. https://doi.org/10.1161/
CIR.0000000000000262.

 13. Rittenberger JC, Popescu A, Brenner RP, Guyette FX, Callaway CW. Frequency and timing 
of nonconvulsive status epilepticus in comatose post-cardiac arrest subjects treated with hypo-
thermia. Neurocrit Care. 2012;16(1):114–22. https://doi.org/10.1007/s12028-011-9565-0.

 14. Legriel S, Hilly-Ginoux J, Resche-Rigon M, Merceron S, Pinoteau J, Henry-Lagarrigue M, 
et  al. Prognostic value of electrographic postanoxic status epilepticus in comatose cardiac- 
arrest survivors in the therapeutic hypothermia era. Resuscitation. 2013;84(3):343–50. https://
doi.org/10.1016/j.resuscitation.2012.11.001.

 15. Mani R, Schmitt SE, Mazer M, Putt ME, Gaieski DF. The frequency and timing of epilepti-
form activity on continuous electroencephalogram in comatose post-cardiac arrest syndrome 
patients treated with therapeutic hypothermia. Resuscitation. 2012;83(7):840–7. https://doi.
org/10.1016/j.resuscitation.2012.02.015.

 16. Rossetti AO, Logroscino G, Liaudet L, Ruffieux C, Ribordy V, Schaller MD, et al. Status epi-
lepticus: an independent outcome predictor after cerebral anoxia. Neurology. 2007;69(3):255–
60. https://doi.org/10.1212/01.wnl.0000265819.36639.e0.

 17. Friberg H, Westhall E, Rosén I, Rundgren M, Nielsen N, Cronberg T. Clinical review: continu-
ous and simplified electroencephalography to monitor brain recovery after cardiac arrest. Crit 
Care. 2013;17(4):233. https://doi.org/10.1186/cc12699.

 18. Ruijter BJ, Van Putten MJ, Horn J, Blans MJ, Beishuizen A, Van Rootselaar A-F, et  al. 
Treatment of electroencephalographic status epilepticus after cardiopulmonary resuscitation 
(TELSTAR): study protocol for a randomized controlled trial. Trials. 2014;6(15):433. https://
doi.org/10.1186/1745-6215-15-433.

 19. Nitzschke R, Müller J, Engelhardt R, Schmidt GN.  Single-channel amplitude integrated 
EEG recording for the identification of epileptic seizures by nonexpert physicians in the 
adult acute care setting. J Clin Monit Comput. 2011;25(5):329–37. https://doi.org/10.1007/
s10877-011-9312-2.

 20. Dericioglu N, Yetim E, Bas DF, Bilgen N, Caglar G, Arsava EM, et al. Non-expert use of quan-
titative EEG displays for seizure identification in the adult neuro-intensive care unit. Epilepsy 
Res. 2015;109:48–56. https://doi.org/10.1016/j.eplepsyres.2014.10.013.

 21. Rubin MN, Jeffery OJ, Fugate JE, Britton JW, Cascino GD, Worrell GA, et al. Efficacy of a 
reduced electroencephalography electrode array for detection of seizures. Neurohospitalist. 
2014;4(1):6–8. https://doi.org/10.1177/1941874413507930.

 22. Ma BB, Johnson EL, Ritzl EK. Sensitivity of a reduced EEG montage for seizure detection 
in the neurocritical care setting. J Clin Neurophysiol. 2018;1:256. https://doi.org/10.1097/
WNP.0000000000000463.

 23. Karakis I, Montouris GD, Otis JAD, Douglass LM, Jonas R, Velez-Ruiz N, et  al. A quick 
and reliable EEG montage for the detection of seizures in the critical care setting. J Clin 
Neurophysiol. 2010;27(2):100–5. https://doi.org/10.1097/WNP.0b013e3181d649e4.

 24. Kolls BJ, Husain AM. Assessment of hairline EEG as a screening tool for nonconvulsive status 
epilepticus. Epilepsia. 2007;48(5):959–65. https://doi.org/10.1111/j.1528-1167.2007.01078.x.

 25. Young GB, Sharpe MD, Savard M, Al Thenayan E, Norton L, Davies-Schinkel C. Seizure 
detection with a commercially available bedside EEG monitor and the subhairline montage. 
Neurocrit Care. 2009;11(3):411–6. https://doi.org/10.1007/s12028-009-9248-2.

1 A Single-Center Study on Nonconvulsive Status Epilepticus After Cardiac Arrest

https://doi.org/10.1161/CIRCULATIONAHA.115.015754
https://doi.org/10.1161/CIRCULATIONAHA.115.015754
https://doi.org/10.1016/j.resuscitation.2015.07.018
https://doi.org/10.1161/CIR.0000000000000262
https://doi.org/10.1161/CIR.0000000000000262
https://doi.org/10.1007/s12028-011-9565-0
https://doi.org/10.1016/j.resuscitation.2012.11.001
https://doi.org/10.1016/j.resuscitation.2012.11.001
https://doi.org/10.1016/j.resuscitation.2012.02.015
https://doi.org/10.1016/j.resuscitation.2012.02.015
https://doi.org/10.1212/01.wnl.0000265819.36639.e0
https://doi.org/10.1186/cc12699
https://doi.org/10.1186/1745-6215-15-433
https://doi.org/10.1186/1745-6215-15-433
https://doi.org/10.1007/s10877-011-9312-2
https://doi.org/10.1007/s10877-011-9312-2
https://doi.org/10.1016/j.eplepsyres.2014.10.013
https://doi.org/10.1177/1941874413507930
https://doi.org/10.1097/WNP.0000000000000463
https://doi.org/10.1097/WNP.0000000000000463
https://doi.org/10.1097/WNP.0b013e3181d649e4
https://doi.org/10.1111/j.1528-1167.2007.01078.x
https://doi.org/10.1007/s12028-009-9248-2


18

 26. Brenner JM, Kent P, Wojcik SM, Grant W. Rapid diagnosis of nonconvulsive status epilepticus 
using reduced-lead electroencephalography. West J Emerg Med. 2015;16(3):442–6. https://
doi.org/10.5811/westjem.2015.3.24137.

 27. Vanherpe P, Schrooten M. Minimal EEG montage with high yield for the detection of status 
epilepticus in the setting of postanoxic brain damage. Acta Neurol Belg. 2017;117(1):145–52. 
https://doi.org/10.1007/s13760-016-0663-9.

 28. Leitinger M, Beniczky S, Rohracher A, Gardella E, Kalss G, Qerama E, et al. Salzburg consen-
sus criteria for non-convulsive status epilepticus—approach to clinical application. Epilepsy 
Behav. 2015;49:158–63. https://doi.org/10.1016/j.yebeh.2015.05.007.

K. Sugiyama and Y. Hamabe

https://doi.org/10.5811/westjem.2015.3.24137
https://doi.org/10.5811/westjem.2015.3.24137
https://doi.org/10.1007/s13760-016-0663-9
https://doi.org/10.1016/j.yebeh.2015.05.007


19© Springer Nature Singapore Pte Ltd. 2018 
M. Aibiki, S. Yamashita (eds.), A Perspective on Post-Cardiac Arrest Syndrome, 
https://doi.org/10.1007/978-981-13-1099-7_2

Chapter 2
Comparison of Neurological Outcome 
Between the Primary Percutaneous Coronary 
Intervention-First and Targeted Temperature 
Management-First Strategies 
in Out-of- Hospital Cardiac Arrest Patients: 
J-PULSE- Hypo Registry

Hayato Hosoda and Yoshio Tahara

Abstract Target temperature management (TTM) improves neurological outcome 
in out-of-hospital cardiac arrest (OHCA) patients. TTM should be performed for 
OHCA patients as soon as possible. On the other hand, we also need to perform 
emergency coronary angiography and primary percutaneous coronary intervention 
(PCI) against ongoing myocardial ischemia for the patient after cardiac arrest of 
cardiac etiology. However, there have been few studies showing which therapy 
should be done first. We evaluate the priority of TTM or PCI after return of sponta-
neous circulation (ROSC) in OHCA patients using the data of the J-PULSE-Hypo 
Registry. This registry consisted of 14 institutes and retrospectively collected the 
patient after cardiac arrest to study the effect of TTM. These patients were divided 
into the PCI-first group and the TTM-first group to compare neurological outcomes. 
A favorable outcome was defined as a cerebral performance category (CPC) of 1–2. 
A total of 195 patients after cardiac arrest of cardiac etiology were enrolled in this 
present study. All patients underwent both PCI and TTM. There were no significant 
differences between the PCI-first group (n = 95) and the TTM-first group (n = 100) 
in the clinical characteristics. The PCI-first group had a longer median interval from 
collapse to achieve target core temperature (PCI-first, 330 [203–467] min vs. TTM- 
first, 179 [80–295] min; P < 0.01) than the TTM-first group. There were no signifi-
cant differences in the rate of favorable outcome at 30  days (PCI-first, 54% vs. 
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TTM-first, 50%; P = 0.67) between the two groups. The present multicenter registry 
study indicates that the timing of PCI did not significantly affect neurological out-
come and survival in OHCA patients although PCI-first strategy delayed the induc-
tion of TTM.

Keywords Target temperature management · Out-of-hospital cardiac arrest · 
Percutaneous coronary intervention

Abbreviations

ACS Acute coronary syndrome
CA Cardiac arrest
CAG Coronary angiography
CPC Cerebral performance category
CPR Cardiopulmonary resuscitation
IABP Intra-aortic balloon pumping
LVEF Left ventricular ejection fraction
OHCA Out-of-hospital cardiac arrest
PCAS Post-cardiac arrest syndrome
PCI Percutaneous coronary intervention
PCPS Percutaneous cardiopulmonary support
ROSC Return of spontaneous circulation
TTM Target temperature management

2.1  Introduction

Target temperature management (TTM) improves neurological outcome in out-
of- hospital cardiac arrest (OHCA) patients [1–3]. It is noted that TTM should be 
performed for OHCA patients as soon as possible [4]. On the other hand, we 
also need to perform emergency coronary angiography and primary percutane-
ous coronary intervention (PCI) against ongoing myocardial ischemia for the 
patient after cardiac arrest of cardiac etiology since hospital care consisting of 
PCI and TTM improves survival with good neurological recovery in such 
patients [5, 6]. However, there have been few studies showing which therapy 
should be done first.

The present study aimed to examine the priority of TTM or PCI after return of 
spontaneous circulation (ROSC) in patients with OHCA, using the data of the 
J-PULSE-Hypo registry [7].
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2.2  Methods

2.2.1  Patients

The present study was conducted using data from the J-PULSE-Hypo registry, 
which was a prospective, multicenter, cohort study of post-cardiac arrest syndrome 
(PCAS) patients who received TTM at 14 institutes (Fig. 2.1). Patients were regis-
tered between January 2005 and March 2011. Four hundred fifty-two consecutive 
comatose patients who were treated with TTM after return of spontaneous circula-
tion (ROSC) after OHCA were enrolled in this registry when they met the following 
criteria: (1) patients aged ≥18 years; (2) stable hemodynamics after ROSC, includ-
ing stabilization by drugs or assisted circulation, such as intra-aortic balloon pump-
ing (IABP) or percutaneous cardiopulmonary support (PCPS); (3) persistent coma 
(Glasgow Coma Scale ≤ 8) after ROSC; and (4) presumed cardiac etiology of car-
diac arrest according to the Utstein Style guidelines [8]. Patients were excluded for 
the following reasons: pregnancy, aortic dissection, pulmonary embolism, drug 
addiction, and poor daily activity before the onset of cardiac arrest. In addition, we 
selected patients who were diagnosed with acute coronary syndrome (ACS) and 
underwent both PCI and TTM after ROSC. Patients performed PCI after finishing 
TTM were excluded. We divided these patients into two groups, the PCI- first group 
and the TTM-first group. The PCI-first group was defined as that we performed PCI 
before induction of TTM, whereas the TTM-first group was defined as that we intro-
duced TTM before PCI. The study was conducted in accordance with the ethical 
guidelines for epidemiological studies and was approved by the ethics committee of 
the National Cerebral and Cardiovascular Center. Ethical review boards at all 14 
participating centers approved the study protocol.

J-PULSE-Hypo Registry participating hospital

Fig. 2.1 Geographic 
location of the 14 
participating hospitals
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2.2.2  Treatment

Patients were received standard cardiopulmonary resuscitation (CPR) and PCAS 
care according to the 2005 American Heart Association guidelines [9]. TTM was 
performed with sedation and analgesia according to the hospital’s established pro-
cedures. If hemodynamic instability persisted after ROSC, despite adequate fluid 
resuscitation and intravenous infusion of vasopressors and inotropes, IABP and/or 
PCPS was performed as appropriate. TTM was performed with the use of noninva-
sive cooling with surface cooling and/or invasive cooling with blood cooling at the 
discretion of the sites. Core temperature was immediately monitored by the bladder 
or rectal temperature on hospital admission and during the TTM. A target core tem-
perature of 32–35 °C was maintained for 12–72 h. Rewarming was conducted grad-
ually and took at least 24–72  h. Emergency coronary angiography (CAG) was 
performed if acute coronary syndrome (ACS) was suspected, and percutaneous 
coronary intervention (PCI) was performed if it is necessary.

2.2.3  Data Collection

Data were collected according to the Utstein Style guidelines using software designed 
exclusively for the J-PULSE-Hypo study registry [7, 8]. Data were accumulated and 
registered by each facility. The following parameters were recorded for each study sub-
ject: age, sex, presence of bystander CPR, initial rhythm, time from collapse to ROSC, 
mechanical circulation support after ROSC, etiology of cardiac arrest, timing of CAG 
and PCI, cooling method and duration, rewarming duration, and neurological outcome.

2.2.4  Study Outcomes

Outcome data included survival at 90 days and favorable neurological outcome until 
90 days after CA. The survival and favorable neurological outcome was compared 
between the two groups for all patients and for specified subgroups of patients. We 
assessed subgroups defined by the location of coronary artery stenosis and left ven-
tricular ejection fraction (LVEF). The patient’s neurological outcome was assessed 
using the Glasgow-Pittsburgh cerebral performance category (CPC). Favorable neu-
rological outcome was defined as CPC 1 (good recovery) or CPC 2 (moderate dis-
ability) on a five-category scale. The other categories were CPC 3 (severe disability), 
CPC 4 (vegetative state), and CPC 5 (death) [8].

H. Hosoda and Y. Tahara



23

2.2.5  Statistical Analysis

Study patients were divided into two groups based on the timing of PCI or TTM 
(PCI-first group and TTM-first group). We used t-test or Mann-Whitney U test to 
compare the averages of continuous variables and chi-square tests to compare the 
proportion of categorical variables between groups as appropriate. Variables that 
approximate a normal distribution were summarized as mean (standard deviation) 
and groups compared using t-tests. Other continuous or ordinally scaled variables 
were summarized as median ± interquartile range and group compared using Mann- 
Whitney U test. Survival curves were drawn by the Kaplan-Meier method and were 
compared with the log-rank test. All analyses were conducted using JMP version 12 
(SAS Japan, Tokyo, Japan). P-values less than 0.05 were considered statistically 
significant.

2.3  Results

During the study period, 452 comatose adult patients treated with post-ROSC cool-
ing were enrolled in the J-PULSE-Hypo study registry. Among these patients, 283 
of 452 patients were diagnosed with acute coronary syndrome. One hundred ninety- 
five of 283 patients underwent both PCI and CAG. Finally, 195 patients were inves-
tigated in this study. These ACS patients were divided into two groups based on the 
timing of TTM and PCI (95 [49%] cases in the PCI-first group, 100 [51%] cases in 
the TTM-first group) (Fig. 2.2). Table 2.1 showed the baseline characteristics of the 
study patients. Overall, the median age was 62 years, and patients were predomi-
nantly male (88%). Fifty-two % of the patients were received bystander CPR and 
76% presented with an initial shockable rhythm (VF or pulseless VT). Median time 
from arrest to ROSC was 23 min. There were no significant differences between the 
two groups with regard to having witnessed cardiac arrest, bystander CPR status, 
and initial cardiac rhythm. The median time from collapse to ROSC and collapse to 
hospital arrival was comparable between the two groups. Table 2.2 showed charac-
teristics and time interval of TTM between the two groups. The median time inter-
val from collapse to target core temperature and from ROSC to target core 
temperature was significantly longer in TTM-first group than in PCI-first group 
although the median time interval from induction of TTM to target core tempera-
ture was comparable between the two groups. Angiographic finding and the usage 
of IABP or PCPS were no significant differences between the two groups 
(Table 2.3).
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Table 2.1 Baseline characteristics of the PCI-first group and TTM-first group

Overall 
(N = 195)

PCI-first group 
(N = 95)

TTM-first group 
(N = 100) P

Age, year 62 (54–69) 63 (54–69) 62 (55–68) 0.49
Male, n (%) 172 (88) 90 (95) 82 (82) 0.0071
Witnessed cardiac arrest, 
n (%)

173 (89) 87 (92) 86 (86) 0.26

Bystander CPR, n (%) 101 (52) 54 (56) 47 (47) 0.20
Initial cardiac rhythm, n 
(%)

0.56

  VF/pulseless VT 148 (76) 72 (77) 76 (74)
  PEA 15 (8) 5 (5) 10 (10)
  Asystole 10 (5) 6 (6) 4 (4)
  Unidentified rhythm 21 (11) 11 (12) 10 (10)
ROSC before admission, 
n (%)

108 (55) 54 (57) 54 (54) 0.77

Time interval, min
  Collapse to ROSC 23 (13–40) 23 (13–40) 24 (14–40) 0.97
  Collapse to hospital 

arrival
26 (18–36) 25 (16–37) 26 (18–36) 0.73

Values are n (%) or medians (IQR)
CPR cardiopulmonary resuscitation; PCI percutaneous coronary intervention; PEA pulseless elec-
trical activity; ROSC return of spontaneous circulation; TTM target temperature management; VF 
ventricular fibrillation; VT ventricular tachycardia

452 Patient is adult comatose
survivors treated with TTM after

OHCA
Diagnosis:
Clinical history
12-lead ECG
Echocardiogram

195 Underwent both PCI and
TTM 

283 Acute Coronary
Syndromes

169 Were excluded
50 Arrhythmia
6   Dilated cardiomyopathy

19  Hypertrophic cardiomyopathy
15  Acute myocarditis
79  Unknown

88  Were excluded
10 Were not performed CAG
71 Were not performed PCI 
6  Had too late timing of PCI
1  Timing of PCI was unknown

PCI-first group
N=95

TTM-first group
N=100

Fig. 2.2 The study flow diagram
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2.3.1  Outcome

Survival was 71% (68 of 95) for PCI-first group and 72% (72 of 100) for TTM-first 
group at 90 days (Fig. 2.3). There is no significant difference in survival at 90 days 
between the two groups. Figure 2.4 showed the frequency of favorable neurological 
outcome at 30 days (54% [51 of 95] PCI-first group vs. 48% [48 of 100] TTM-first 
group, P  =  0.47) and 90  days (52% [49 of 95] vs. 49% [49 of 100], P  =  0.78, 

Table 2.2 Characteristics and time interval of TTM

PCI-first group 
(N = 95)

TTM-first group 
(N = 100) P

Target temperature, °C 34 (34–34) 34 (34–34) <0.001
Time interval, min
  Collapse to induction of TTM 178 (87–246) 47 (32–64) <0.001
  ROSC to induction of TTM 150 (52–219) 20 (8–48) <0.001
  Hospital arrival to induction of TTM 149 (69–214) 18 (4–37) <0.001
  Collapse to target core temperature 352 (256–504) 184 (101–308) <0.001
  ROSC to target core temperature 330 (203–467) 169 (78–292) <0.001
  Hospital arrival to target core 

temperature
320 (202–491) 162 (77–286) <0.001

  Induction of TTM to target core 
temperature

147 (68–300) 135 (49–267) 0.41

Duration of cooling, h 26 (24–47) 24 (24–30) 0.096
Duration of rewarming ≤48, n (%) 60 (65) 68 (68) 0.43

Values are n (%) or medians (IQR)
PCI percutaneous coronary intervention; ROSC return of spontaneous circulation; TTM target tem-
perature management

Table 2.3 Angiographic finding and usage of IABP/PCPS

PCI-first group 
(N = 95)

TTM-first group 
(N = 100) P

Pre-PCI TIMI flow grade 0 or 1, n (%) 75 (81) 76 (76) 0.59
Post-PCI TIMI flow grade 3, n (%) 89 (96) 87 (87) 0.067
Multivessel disease, n (%) 39 (41) 44 (44) 0.27
  1 vessel disease, n (%) 56 (59) 56 (56)
  2 vessel disease, n (%) 21 (22) 31 (31)
  3 vessel disease, n (%) 18 (19) 13 (13)
IABP usage, n (%) 60 (63) 62 (62) 0.88
PCPS usage, n (%) 25 (26) 38 (38) 0.093

Values are n (%)
IABP intra-aortic balloon pumping; PCI percutaneous coronary intervention; PCPS percutaneous 
cardiopulmonary support; TIMI thrombolysis in myocardial infarction; TTM target temperature 
management
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respectively). There is no significant difference in the frequency of favorable neuro-
logical outcome between the two groups.

Figure 2.5 showed the location of coronary artery stenosis. LMT or LAD lesion 
was 43% (41 of 95) in PCI-first group and 52% (52 of 100) in TTM-first group. 
Multivessel disease was 22% and 26%, respectively. Figure  2.6 showed similar 
results when the patients were classified according to the location of coronary artery 
stenosis. There was no significant difference in both survival at 90 days and the 
frequency of favorable outcomes until 90 days between the two groups.

There was no significant difference in both survival and the frequency of favorable 
outcomes until 90 days in the patients with reduced ventricular ejection fraction (Fig. 2.7).

PCI-first group

TTM-first group

P=0.99 by log-rank test
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Fig. 2.3 Kaplan-Meier curves of the PCI-first group and TTM-first group for 90 days
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and 90 days

H. Hosoda and Y. Tahara



27

LMT or LAD
LCX
RCA
Multi-vessel

43%
(n=41)

14%
(n=13)

20%
(n=19)

23%
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26%
(n=26)

15%
(n=15)

7%
(n=7)

52%
(n=52)

PCI-first group (N=95) TTM-first group (N=100)

Fig. 2.5 The location of coronary artery stenosis
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2.4  Discussion

This study investigated the priority of TTM or PCI after ROSC in the OHCA 
patients using multicenter registry. The results showed that the sequences of TTM 
and PCI did not affect the survival and the neurological outcome. On the other hand, 
the PCI-first group had a longer median interval from CA to target core temperature 
than the TTM-first group.

Previous studies have shown that both TTM and coronary interventions for the 
patients following OHCA can positively influence prognosis [10–12]. Therefore, 
2015 AHA Guidelines have recommended both TTM and acute coronary interven-
tions [13]. However, few studies investigated which therapy should be done first. 
The previous prospective observational study reported whether TTM or CAG was 
performed earlier did not affect the survival and neurological outcome in the patients 
with ROSC after OHCA [14]. As expected, the similar result was showed in our 
study. Moreover, we performed the additional analysis to reveal the patients with 
better therapeutic response for the PCI-first strategy. We investigated the patients 
classified by the location of coronary artery stenosis and LVEF because PCI has 
been more effective for the patients with a large ischemic burden and reduced LVEF 
[15, 16]. However, there were no statistically significant differences in the survival 
and neurological outcome even in the patients with large ischemic burden such as 
having large LAD stenosis, multivessel diseases, and reduced LVEF. Previous stud-
ies have recommended that the interval from CA to target core temperature should 
be within 6 h to make TTM more effective [1, 4]. Although the PCI-first group sig-
nificantly delayed the induction of TTM in this study, it took no more than 6 h. This 
may be a reason why there was no significant difference between the two groups in 
the present study.

2.4.1  Study Limitation

Several limitations of this study should be acknowledged. First, this study was 
observational study. Therefore, the results should be confirmed in future studies. 
Second, there may be some differences in methods of TTM between institutions. 
Third, the data of precise time about reperfusion was not corrected in this study.

2.5  Conclusion

The present multicenter registry studies indicate that the timing of PCI did not sig-
nificantly affect survival and neurological outcome in OHCA patients although 
PCI-first strategy delayed the induction of TTM. The application of both treatment 
seems to be superior to their sequences for the particular OHCA patients.
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Chapter 3
Prognostic Value of Early Lactate 
Clearance in Patients with Post-Cardiac 
Arrest Syndrome

Kei Hayashida

Abstract The current guidelines emphasize that early prognostication of outcome 
is an essential component of post-cardiac arrest care. Lactate has been studied as an 
indicator of critical illness severity. Several studies reported that initial lactate level 
obtained immediately after hospital arrival was an independent predictor of survival 
and neurological outcomes in patients with post-cardiac arrest syndrome (PCAS). 
Recent studies also described that serial lactate measurements in early after-hospital 
admission could be more useful than a single lactate measurement as a predictor of 
outcome in those patients. Thus, we conducted an ad hoc analysis of the prospec-
tive, multicenter observational study to test the hypothesis that early lactate reduc-
tion within 6 h after admission could be a prognostic factor for the outcomes in 
PCAS. Among the eligible patients (n = 1482), the overall 30-day proportions for 
survival and good neurological outcome were 29.7% and 16.7%, respectively. 
Among the study patients, there were significant differences in age, ROSC prior to 
hospital arrival, epinephrine usage during ACLS, mechanical circulatory support, 
therapeutic hypothermia, and lactate levels at 0 and 6 h among the lactate clearance 
quartiles. Of note, patients in the quartile 4 group had the highest initial lactate 
level. Multivariate logistic regression analyses showed that lactate clearance quar-
tile was an independent predictor of the 30-day survival and good neurologic out-
come. In the Cox proportional hazards model, the frequency of mortality during 
30 days was markedly higher for patients with lactate clearance in the 1st (hazard 
ratio, 3.12; 95% CI, 2.14–4.53), 2nd (2.13; 1.46–3.11), and 3rd quartile (1.49; 1.01–
2.19) than those in the 4th quartile. In summary, effective lactate reduction over the 
first 6 h of post-cardiac arrest care was associated with survival and good neurologic 
outcome independent of the initial lactate level.

Keywords Post-cardiac arrest syndrome · Prognostication · Lactate · Lactate 
clearance
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3.1  Introduction

Sudden cardiac arrest is one of the leading causes of death worldwide [1]. Despite 
advances in the management of cardiac arrest patients, improvement in the rates of 
survival to hospital discharge has been extremely limited, and more than half of the 
survivors exhibit lasting neurologic deficits [2, 3]. The current guidelines emphasize 
that early prognostication of outcome is an essential component of post-cardiac 
arrest care [4]. Early and accurate prediction of cardiac arrest outcome can help 
clinicians and families to make a better-informed decision for the patient’s health-
care. Thus, the main objective of predictive test of survivors with PCAS immedi-
ately after return of spontaneous resuscitation (ROSC) is to establish the survival to 
discharge with intact neurological function [5].

3.2  Pathophysiology and Current Treatment for  
Post–Cardiac Arrest Syndrome

The PCAS is characterized as systemic illness from ischemic-reperfusion injury 
combined with the pathophysiologic derangements. The greatest proportion of 
post- cardiac arrest mortality and morbidity is caused by global ischemic brain 
injury [6]. The pathophysiological mechanisms responsible for brain injury after 
ROSC include excitotoxicity, free radical formation, pathological activation of 
proteases, and cell death signaling [2, 7]. Managements for PCAS patients include 
optimizing oxygenation and organ perfusion, targeted temperature management 
(TTM), and treating the underlying etiology of arrest. Current guidelines regarding 
PCAS management recommend measuring serial lactate levels in postarrest 
patients to ensure adequate perfusion, based on evidence from other diseases such 
as sepsis [4].

3.3  Prognostication After Cardiac Arrest

Early and accurate prognostication after cardiac arrest can help with the optimal 
management after hospital admission for patients with PCAS and minimize 
related emotional and financial costs for their families. Over the last few decades, 
several studies have shown the utility of several prognostic tools of PCAS out-
come, such as clinical examination, biochemical markers, electrophysiological 
testing, and neuroimaging. Clinical findings such as the absence of motor response, 
presence of myoclonus status epilepticus, and lack of brainstem reflexes have 
been widely used for the prognostication after successful CPR. Blood biomarkers 
(e.g., neuron- specific enolase [NSE] and soluble 100-β protein) are useful for 
coma prognostication, but results vary among commercial laboratory assays, and 
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applying one single cutoff level for poor prognostication is not recommended. 
Electroencephalogram monitoring after resuscitation can contribute to the predic-
tion of both good and poor neurological outcome. Neuroimaging tests such as 
computer tomography (CT) (e.g., the loss of distinction between gray and white 
matter), position emission tomography (PET) (e.g., reduced glucose metabolism), 
and diffusion MRI are emerging as promising tools for prognostication. However 
their precise roles need further study. This multimodal approach might offer the 
best outcome predictive performance for prognostication of comatose survivors 
from PCAS [8].

3.4  Role of Lactate Metabolism in Cellular Stress 
and Recovery

In the critical care setting, lactate is frequently measured in several diseases, usually 
with the goal of detecting tissue hypoxia. Lactate is a crucial metabolite in the gly-
colysis and oxidative phosphorylation. Under stable conditions, glycolysis and oxi-
dative phosphorylation steadily metabolize glucose. Because the rate of glycolysis 
can increase two to three times faster than oxidative phosphorylation, glycolysis can 
quickly provide far more adenosine triphosphate (ATP). Excess pyruvate will rap-
idly accumulate and is converted to lactate in order for glycolysis to proceed. Under 
recovery conditions, lactate is diverted into pyruvate. These reactions (both direc-
tions) are catalyzed by the lactate dehydrogenase (LDH). Thus, LDH catalyzes the 
conversion of lactate to pyruvic acid and back, as it converts NAD+ to NADH and 
back (Fig. 3.1). When rapidly large amounts of energy are required, such as under 
circumstances of cellular stress, lactate serves as a critical buffer that allows gly-
colysis to accelerate.

Increased lactate levels may represent tissue hypoxia, accelerated aerobic gly-
colysis driven by excess adrenergic stimulation, or decreased clearance due to 
hepatic dysfunction. Several experimental studies have confirmed the relationship 
between the production of lactate and tissue hypoxia by reducing the components of 
systemic oxygen delivery (cardiac output, oxygen saturation, and hemoglobin level) 
until the extraction of oxygen can no longer maintain oxygen availability to the cells 
to meet their demands [9, 10]. When oxygen delivery reduced at a critical level, 
oxygen consumption becomes limited by oxygen delivery with the concomitant 
increase of blood lactate levels. In an experimental study of cardiac tamponade by 
Zhang and colleagues [10], it was demonstrated that resolution of the supply- 
dependent state of oxygen consumption by resolving the tamponade was associated 
with an increment of oxygen consumption to baseline levels and normalization of 
lactate levels. Moreover, impaired aerobic metabolism and aggravation of oxidative 
stress caused by mitochondrial dysfunction have been implicated as causes of neu-
rological deficits following cardiac arrest [11–13]. Pyruvate dehydrogenase (PDH) 
is the critical rate-limiting mitochondrial matrix enzyme linking glycolysis to the 
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tricarboxylic acid (TCA) cycle. PDH is inhibited stimulated by NADH and acetyl- 
CoA. (Fig. 3.1). In tissue hypoxia, lactate is overproduced and underutilized as a 
result of impaired mitochondrial oxidation. Even if systemic oxygen delivery recov-
ers to normal range, microcirculatory dysfunction can cause tissue hypoxia and 
hyperlactatemia. Hyperoxia-induced oxidative inactivation of PDH has been sug-
gested as a culprit in the loss of cerebral aerobic metabolism and neurological defi-
cit after cardiac arrest [11, 14]. Although there are still ongoing discussions, a recent 
science has focused on the presence of mitochondrial dysfunction in critically ill 
that could limit pyruvate metabolism (and thus increase lactate levels) in the absence 
of limited oxygen availability [15, 16].

Glycogen Glucose

PFK

F-1,6-BP

Pyruvate LactateLDH

NADH NAD+

NADH

PDH

Cytosol

Mitochondria

Acetyl-CoA

TCA cycle
Oxidative phosphorylation

[NADH]

NAD+

[NAD+]

ATP, Citrate

AMP

[NADH]

[NAD+]

⊕

⊕

Fig. 3.1 Metabolic pathways of Pyruvate/Lactate. PFK phosphofructokinase; F-1,6-BP fructose 
1,6-bisphosphate; NADH nicotinamide adenine dinucleotide; LDH lactate dehydrogenase; PDH 
pyruvate dehydrogenase
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3.5  Role of Lactate in the Critical Care Setting

Blood lactate concentration is generally recognized as a hemodynamic indicator 
and target for resuscitation in the critically ill for decades. In several critical ill-
nesses, increased blood lactate levels have been related to morbidity and mortality. 
The measurement of lactate levels both in the emergency department and in the ICU 
is shown to be helpful for risk stratification [17]. In addition, Jansen and colleagues 
demonstrated that the duration and area under the curve of increased lactate levels 
are related to both morbidity and mortality in heterogeneous intensive care unit 
patients [18]. Several clinical conditions have been associated with impaired clear-
ance of lactate. Nguyen and colleagues showed a significant association between 
lactate clearance and biomarkers of pro- and anti-inflammation, coagulation, apop-
tosis, and further with multiorgan dysfunction and mortality in severe sepsis and 
septic shock [19]. Also, lactate clearance has been shown to be impaired in patients 
with liver dysfunction [20] and after cardiac surgery [21]. A body of evidence sug-
gests that global tissue hypoxia plays a crucial role in the complex mechanisms 
leading to the endothelial response in severe sepsis and septic shock rather than a 
terminal event. Further, given the well-established relationship with the inadequate 
tissue oxygenation and with morbidity and mortality, lactate levels could represent 
a useful goal of initial resuscitation in many clinical conditions.

3.6  Lactate Levels After Successful Resuscitation 
from Cardiac Arrest

Circulatory arrest and the hypocirculatory state during cardiopulmonary resuscita-
tion (CPR) can contribute to lactic acidosis. Oxygen deficiency leads to anaerobic 
metabolism and therefore to lactate overproduction. Concurrently, the impaired 
liver function due to profound ischemia state results in reduced lactate clearance 
[22]. Carden and colleagues reported in detail the time course of linear increase in 
blood lactate level during CPR in an animal cardiac arrest model, suggesting that 
delayed ROSC and/or poor quality of CPR may lead to an increased blood lactate 
concentration [23]. Decrease in lactate is a surrogate marker for adequate tissue 
perfusion after ROSC and potentially serves as an endpoint for resuscitation. Two 
retrospective studies have demonstrated that effective clearance was associated with 
decreased mortality [24, 25]. Starodub and colleagues measured lactate levels at 
time of hospital admission and 12 and 24 h after ROSC in PCAS patients treated 
with therapeutic hypothermia [26]. They observed no difference in initial lactate 
levels between survivors and nonsurvivors; however, lactate levels at 12 and 24 h 
after ROSC were significantly lower in survivors. Donnino and colleagues reported 
that lower lactate levels at 0, 12, and 24 h as well as a greater lactate reduction at 
12  h were associated with improved survival and good neurologic outcomes in 
patients with PCAS in a four-center prospective observational study [27]. 
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Furthermore, Ikeda and colleagues have demonstrated that pyruvate dehydrogenase 
(PDH) activity was markedly depressed in post-cardiac arrest patients [28]. Taken 
together, it is reasonable to hypothesize that effective lactate reduction early after 
hospital admission can be a prognostic factor for outcomes and a target for resusci-
tation in PCAS patients.

3.7  Can Early Lactate Clearance Predict the Outcomes 
in Patients with PCAS?

Based on the abovementioned backgrounds, we sought to verify the hypothesis that 
early lactate reduction is a prognostic factor for outcomes and a target for resuscita-
tion in PCAS patients. To determine whether early lactate reduction during PCAS 
care can be associated with improved survival and good neurologic outcome at 
30 days after ROSC in patients who suffered OHCA, we conducted an ad hoc data 
analysis of a prospective, multicenter observational study [29].

3.7.1  Study Design and Settings

We performed the survey of survivors after OHCA in the Kanto area, including the 
Tokyo Prefecture of Japan in 2012 (SOS-KANTO 2012 study). Briefly, SOS-KANTO 
study was a prospective, multicenter observational study consisting of 16,452 patients 
who suffered OHCA and were transported to the 67 emergency hospitals by emer-
gency medical service (EMS) personnel between January 2012 and March 2013.

The inclusion criteria of the present study were (1) hospital admission after 
achieving ROSC and (2) lack of severe disability as activities of daily living before 
cardiac arrest. The exclusion criteria were (1) admission to hospitals where the fre-
quency of serial lactate measurements after ICU admission was less than 20%, (2) 
age was less than 18 years, and (3) cardiac arrest was caused by the following dis-
eases: acute aortic dissection/rupture, subarachnoid hemorrhage, and obvious exog-
enous factor including trauma, burn, asphyxia, drowning, accidental hypothermia, 
and drug overdose, because these can affect liver metabolism and/or hypoxic mech-
anism and production and clearance of lactate.

The primary endpoint was 30-day survival, and the secondary endpoint was good 
neurologic outcome 30 days after cardiac arrest. The cerebral performance category 
(CPC) scale was used to categorize neurologic outcomes: CPC 1, good perfor-
mance; CPC 2, moderate disability; CPC 3, severe disability; CPC 4, comatose or 
persistent vegetative status; and CPC 5, brain death or death. CPC 1 and 2 were 
defined as good neurologic recovery. CPC scores were further dichotomized into 
good (CPC 1 or 2) and poor (CPC 3, 4, or 5) outcomes. To collect 1-month  follow- up 
data, the institutional researchers collected inhospital information including sur-
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vival and neurologic outcome. If the patients were discharged from the hospitals or 
transferred out to rehabilitation hospitals, the institutional researchers collected the 
information by phone.

3.7.2  Definition of Early Lactate Clearance

Early lactate clearance was defined as the percent change in lactate level 6 h after a 
baseline measurement. It was calculated using the following formula: lactate at hos-
pital admission (hour 0) minus lactate at hour 6, divided by lactate at hospital admis-
sion (hour 0), which is then multiplied by 100. A positive value denotes a decrease 
or clearance of lactate, whereas a negative value denotes an increase in lactate after 
6 h of intervention.

3.7.3  Data Collection

Pre- and inhospital data were prospectively collected. Prehospital information was 
collected by EMS providers and included age, sex, preadmission functional status, 
witness status, presence of bystander CPR, location of cardiac arrest, cause of car-
diac arrest (coded as cardiogenic or noncardiogenic), initial cardiac rhythm, airway 
management by EMS personnel, prehospital automated external defibrillator (AED) 
attempt, time interval from EMS call to arrival at the hospital, and achievement of 
ROSC prior to hospital arrival. The inhospital information was collected by institu-
tional researchers: ROSC subsequent to arrival at the hospital, hospital admission, 
laboratory data obtained immediately after hospital arrival, medications and post- 
resuscitation treatment, duration of hospital stay, and neurologic outcome at 30 days 
after CA. Post-resuscitation interventions included therapeutic hypothermia, renal 
replacement therapy, and mechanical circulatory support. In this SOS-KANTO 
2012 study, physicians were encouraged to measure lactate levels at 0 and 6 h if they 
deemed it appropriate in each individual case.

3.7.4  Statistical Analyses

Distributions of continuous variables were compared and evaluated with the use of 
the t-test (or analysis of variance). The chi-square test or Fisher exact test was used 
for comparisons of binary variables. The linear trend across the levels of a variable 
was tested by the Cochran-Armitage trend test. The study population was sorted by 
increasing lactate clearance values and divided into four groups by lactate clearance 
quartiles (Table 3.1). For primary analyses, multivariate logistic regressions were 
used for adjusting selected covariates to assess the associations between lactate 
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Table 3.1 Characteristics and pre−/inhospital information by lactate clearance quartile [29]

Variables

1st quartile: 
LC ≤ 22.2% 
(n = 136)

2nd quartile: 
22.2–56.8 
(n = 136)

3rd quartile: 
56.8–76.3 
(n = 136)

4th quartile: 
LC > 76.3% 
(n = 135)

P 
value

Lactate clearance, % −23.0 ± 69.0 41.6 ± 10.2 67.1 ± 5.4 84.2 ± 5.0 –
Prehospital characteristics

  Age, years 69 ± 15 64 ± 14 62 ± 16 63 ± 18 0.002
  Male sex 100 (73.5) 104 (76.5) 97 (71.3) 93 (68.9) 0.55
Preadmission functional status 0.40
  No disability 101 (74.3) 104 (76.5) 100 (73.5) 105 (77.8)
  Mild disability 17 (12.5) 9 (6.6) 9 (6.6) 11 (8.1)
  Unknown 18 (13.2) 23 (16.9) 27 (19.9) 19 (14.1)
Witness 101 (74.3) 101 (74.3) 107 (78.7) 99 (73.3) 0.74
CPR initiated by 
bystander

57 (41.9) 66 (48.5) 60 (44.1) 53 (39.3) 0.47

Cardiac etiology 103 (75.7) 111 (81.6) 105 (77.2) 99 (73.3) 0.43
Location of cardiac arrest 0.18
  Home 81 (59.6) 65 (47.8) 61 (44.9) 75 (55.6)
  Nursing home 6 (4.4) 6 (4.4) 1 (0.7) 2 (1.5)
  Public building 35 (25.7) 49 (36.0) 56 (41.2) 41 (30.7)
  Others 14 (10.3) 16 (11.8) 18 (13.2) 17 (12.6)
Initial shockable 
rhythm

53 (39.0) 49 (36.0) 53 (39.0) 47 (34.8) 0.86

Prehospital procedure by EMS

  Airway 
management

130 (95.6) 127 (93.4) 127 (93.4) 126 (93.3) 0.83

  Defibrillation by 
AED

67 (49.3) 66 (48.5) 66 (50.0) 60 (44.4) 0.80

Time from call to 
hospital arrival, min

35 ± 12 35 ± 13 35 ± 11 33 ± 10 0.21

ROSC prior to 
hospital arrival

35 (25.7) 59 (43.4) 52 (38.2) 60 (44.4) 0.005

Drugs and interventions after hospital arrival

  Epinephrine use 
during ACLS

102 (75.0) 81 (59.6) 89 (65.4) 74 (54.8) 0.004

  Steroids usage 1 (0.7) 2 (1.5) 1 (0.7) 1 (0.7) 0.90
  Anticonvulsants 16 (11.8) 22 (16.2) 15 (11.0) 26 (19.3) 0.18
  Antipyretics 6 (4.4) 9 (6.6) 3 (2.2) 11 (8.1) 0.14
  Mechanical 

circulatory support
47 (34.6) 54 (39.7) 46 (33.8) 24 (17.8) 0.001

  Therapeutic 
hypothermia

57 (41.9) 84 (61.8) 90 (66.2) 85 (63.0) <0.001

  Renal replacement 
therapy

15 (11.0) 10 (7.4) 7 (5.1) 13 (9.6) 0.31
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clearance quartiles and primary and secondary outcomes. Independent variables 
were selected as follows: lactate clearance quartiles, lactate concentration at hospi-
tal admission, age, sex, witness status, CPR initiated by bystander, initial shockable 
rhythm, cardiac etiology, airway management by EMS, AED attempted by EMS, 
time interval from EMS call to hospital arrival, ROSC achieved prior to hospital 
arrival, epinephrine usage during advanced cardiovascular life support (ACLS), and 
treatments after hospital admission including therapeutic hypothermia, mechanical 
circulatory support, renal replacement therapy, steroids usage, anticonvulsants 
usage, and antipyretics usage. Receiver operating characteristic (ROC) curve analy-
ses were performed for evaluating the accuracy of lactate clearance in differentiat-
ing between survivors and nonsurvivors at 30 days. The area under curves (AUCs) 
in the ROC and their 95% CIs was calculated.

As a secondary analysis, the Kaplan-Meier method and logrank tests were used 
to compare the four lactate clearance quartiles. The Cox proportional hazards 
regression model was used to investigate whether lactate clearance was associated 
with all-cause death. All abovementioned covariates were included in the model.

All statistical tests used a significance level of 0.05 and were two-sided. All data 
were analyzed with SPSS version 23.0 (SPSS, Chicago, IL).

3.8  Results

3.8.1  Characteristics of Study Patients

The study flowchart is presented in Fig. 3.2. A total of 16,452 OHCA patients were 
identified during the study period. Of those, 1482 PCAS patients were eligible 
according to the inclusion criteria. The overall 30-day survival proportion and good 
neurologic outcome were 29.7% and 16.7%, respectively. After excluding 409 
patients had data missing for mandatory elements which were included in the multi-
variate regression model; 543 PCAS patients were included in the final analyses 

Table 3.1 (continued)

Variables

1st quartile: 
LC ≤ 22.2% 
(n = 136)

2nd quartile: 
22.2–56.8 
(n = 136)

3rd quartile: 
56.8–76.3 
(n = 136)

4th quartile: 
LC > 76.3% 
(n = 135)

P 
value

Lactate concentrations

  Lactate at hour 0, 
mmol/L

8.5 ± 5.6 9.6 ± 5.2 10.3 ± 4.6 11.0 ± 4.9 <0.001

  Lactate at hour 6, 
mmol/L

9.4 ± 6.0 5.7 ± 3.3 3.4 ± 1.6 1.7 ± 0.9 <0.001

LC lactate clearance. Continuous variables were presented as mean ± SD. Categorical variables 
were presented as frequencies (%)
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(Fig. 3.2). Table 3.1 shows the characteristics by lactate clearance quartile. The lac-
tate clearance quartiles were − 23.0% ± 69.0%, 41.6% ± 10.2%, 67.1% ± 5.4%, and 
84.2% ± 5.0%, respectively. There were significant differences in age, ROSC prior 
to hospital arrival, epinephrine usage during ACLS, mechanical circulatory support, 
therapeutic hypothermia, and lactate levels at 0 and 6 h among the lactate clearance 
quartiles (Table  3.1). The distribution of lactate clearance is shown in Fig.  3.3. 
Among the final analyzed patients, the 30-day survival was observed in 256 of 543 
patients (47.1%) and good neurologic outcome in 149 of 543 patients (27.4%).

3.8.2  Early Lactate Clearance Is Associated with Improved 
Outcomes in Patients with PCAS

The increasing lactate clearance is significantly associated with the increasing sur-
vival proportion (quartile 1, 29.4%; quartile 2, 42.6%; quartile 3, 51.5%; quartile 4, 
65.2%; Cochran-Armitage trend test, p < 0.001) (Fig. 3.4). Multivariate analysis 
showed that lactate clearance in quartiles 3 and 4 was an independent predictor of 
survival (Table 3.2). Similarly, a significant trend was found for a good neurologic 

16,452 OHCA patients in SOSKANT02012
between January 2012 and March 2013

15,308 OHCA patients

3,284 PCAS patients

1,482 Eligible patients

543 PCAS in analyses

1,144 Patients with severe disability or vegetable
status as activities of daily living before CA

12,024 Excluded
- 10,441 No hospital admission due to unsuccessful
   resuscitation
- 1,983 Missing data for whether or not admitted to hospital

1,802 Excluded by exclusion criteria
- 1,092 PCAS admitted to hospitals where the frequency of
serial lactate measurements was < 20%
- 38 Age < 18 years old
- 67 Trauma, 8 Burn, 17AAD, 9 AA rupture, 131 SAH,
  20 AHT, 375 Asphyxia, 29 Drowning, 16 Toxic

939 patients with missing data
- 409 Data missing for lactate clearance
- 530 Data missing for mandatory elements which were
   included in the muttivariate regression model
           - witness 1, bystander CPR 4, initial VT/VF 20, AED by
           EMS 22, airway management by EMS 1, ROSC on
           arrival 5, time from call to hospital arrival 4, epinephrine
           use during ACLS 79, etiology 22, steroid 6, therapeutic
           hypothermia 62, mechanical circulatory support 11,
           renal replacement therapy 38, anticonvulsants 199,
           antipyretics 25, primary endpoint 21

Fig. 3.2 Patient selection. AA rupture acute aortic rupture; AAD acute aortic dissection; ACLS 
advanced cardiovascular life support; AED automated external defibrillator; AHT accidental hypo-
thermia; CA cardiac arrest; EMS emergency medical service; SAH subarachnoid hemorrhage; VT/
VT ventricular fibrillation and pulseless ventricular tachycardia
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outcome with increasing lactate clearances (quartile 1, 14.0%; quartile 2, 30.1%; 
quartile 3, 32.4%; quartile 4, 33.3%; Cochran-Armitage trend test, p  <  0.001) 
(Fig.  3.5). Multivariate analysis revealed that lactate clearances were significant 
predictors of good neurologic outcome (Table 3.3).
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Table 3.2 Unadjusted and adjusted OR of early lactate clearance for survival at 30 days after 
hospital admission [29]

Univariate analysis OR 95% CI P value

  Quartile 1 (reference) 1.0 ref. –
  Quartile 2 1.79 1.08–2.95 0.02
  Quartile 3 2.55 1.55–4.19 <0.001
  Quartile 4 4.49 2.70–7.49 <0.001
Multivariate analysis Adjusted OR 95% CI P value

  Quartile 1 (reference) 1.0 ref. –
  Quartile 2 1.56 0.82–2.92 0.17
  Quartile 3 3.17 1.67–5.60 <0.001
  Quartile 4 6.67 3.37–13.20 <0.001

OR odds ratio; CI confidence intervals
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Table 3.3 Unadjusted and adjusted OR of early lactate clearance for good neurological outcome 
at 30 days after hospital admission [29]

Univariate analysis OR 95% CI P value

  Quartile 1 (reference) 1.0 ref. –
  Quartile 2 2.66 1.45–4.88 0.002
  Quartile 3 2.95 1.61–5.38 <0.001
  Quartile 4 3.08 1.69–5.63 <0.001
Multivariate analysis Adjusted OR 95% CI P value

  Quartile 1 (reference) 1.0 ref. –
  Quartile 2 3.10 1.44–6.67 0.004
  Quartile 3 3.92 1.79–8.55 0.001
  Quartile 4 4.54 2.00–10.34 <0.001

OR odds ratio; CI confidence intervals
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The Kaplan-Meier survival analysis showed a survival benefit during 30 days for 
patients in the higher lactate clearance quartiles (logrank test, p < 0.001) (Fig. 3.6). 
In the Cox proportional hazards regression model, the cumulative proportional haz-
ards were significantly higher for patients with lactate clearance in the 1st (hazard 
ratio [HR], 3.12; 95% CI, 2.14–4.53; p < 0.001), 2nd (HR, 2.13; 95% CI, 1.46–3.11; 
p < 0.001), and 3rd (HR, 1.49; 95% CI, 1.01–2.19; p = 0.04) than those with lactate 
clearance in the 4th quartile (Fig. 3.7).

Survival proportions

Q1
Q2
Q3
Q4

1.0

0.8

0.6

0.4

0.2

0.0

0 5 10 15 20
Days after hospital admission

25 30

P
ro

po
rt

io
n *

*
§

†‡

Fig. 3.6 The Kaplan- 
Meier analysis based on 
lactate clearance quartile 
(Q; log-rank test; 
p < 0.001). *p < 0.001 vs. 
Q1, †p < 0.05 vs. Q2, 
‡p < 0.001 vs. Q3, 
§p < 0.01 vs. Q1

Cumulative proportions of mortality

HR 3.12 (95%CI, 2.14-4.53)

HR 2.13 (95%CI, 1.46-3.11)

HR 1.49 (95%CI, 1.01-2.19)

Ref.P
ro

po
rt

io
n 

of
 m

or
ta

lit
y

Q1
Q2
Q3
Q4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

0 5 10 15 20
Days after hospital admission

25 30

Fig. 3.7 The Cox proportional hazards model of mortality during follow-up according to the 
quartiles of early lactate clearance. HR hazard ratio

3 Prognostic Value of Early Lactate Clearance in PCAS



46

In a receiver operating characteristic (ROC) analysis, the area under the curve 
(AUC) revealed that lactate clearance cutoff of 51.8% provided optimal sensitivity 
and specificity for predicting 30-day survival (AUC, 0.65; 95% CI, 0.60–0.70; sen-
sitivity, 67.2%; specificity, 57.1%).

In summary, our study suggested that effective lactate clearance within the first 
6 h during post-cardiac arrest management was significantly associated with sur-
vival and good neurologic outcomes in patients with PCAS independently of initial 
lactate concentration [29]. Our results also provide evidence that the design and 
interpretation of future clinical studies should consider the early stages of post- 
cardiac arrest care. Further research is required to clarify the mechanisms underly-
ing the role of lactate and its clearance, such as the complex interaction between 
increased removal, decreased production, and lactate dilution.

3.8.3  Limitation of this Study

There were several limitations in this study. First, 63.4% (939/1482) of the eligible 
patients had missing data, resulting in a reduced statistical power. Given that patients 
with data missing had an older age, a lower proportion of initial shockable rhythm, 
cardiac etiology, and received substantial treatments after ICU admission, it is pos-
sible that mortality within 6 h after admission led to a lack of lactate measurement 
at 6 h in these patients and that the role of lactate clearance could be limited to some 
patients with a good prognosis. It is conceivable that the use of lactate clearance 
might be applicable to a population of successfully resuscitated adult patients with 
nontraumatic OHCA. Second, healthcare providers were not blinded to clinical lac-
tate measurements; therefore, care might have been altered based on the available 
data. Third, we could not obtain clinical data related to the causes of hyperlactate-
mia. Lactate clearance might be affected by underlying comorbidities such as sep-
sis, liver disease, and acute/chronic kidney injury in patients. Finally, as with any 
observational study, the association between effective lactate reduction and good 
outcomes does not necessarily prove causality and might be confounded by unmea-
sured factors.

3.9  Conclusions

Greater percentage of lactate reduction within 6 h after admission is associated with 
improved survival and good neurological outcome in patients with PCAS. Although 
the early lactate clearance during post-CA care as a target of resuscitation warrants 
further research, the serial measurement of blood early after admission can be a 
promising tool for prognostication and should be included in the routine manage-
ment in patients with PCAS.
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Chapter 4
Indications for Targeted Temperature 
Management in Patients After Choking 
or Suicide Hanging

Yutaka Sakuda, Masaki Nagama, Shoki Yamauchi, Tadashi Iraha, 
Kiyohiko Kinjoh, and Kei Sakugawa

Abstract Objective: Patients after cardiac arrest from suffocation (airway obstruc-
tion caused by foreign body aspiration) or hanging could not have improved prog-
noses even after undergoing targeted temperature management (TTM). Therefore, 
to obtain characteristics of such patients, we retrospectively evaluated patients’ data 
including other pathologies.

Methods: Sixty patients, who suffered cardiopulmonary arrest inside or outside 
our hospital from June 2009 to July 2016 and received TTM, were assessed. The 
patients were classified into the two groups: CPC1–CPC2 and CPC3–CPC5 at hos-
pital discharge for parameter comparisons. JMP7.0 was used for statistical analysis, 
while the Wilcoxon rank sum test and χ2 test were used for testing statistical 
significance.

Results: Among 60 patients receiving TTM, 40 were male and 20 female. The 
average age was 64. Nine patients had airway obstructions due to foreign body 
aspiration or hanging, while 51 patients died due to other diseases such as ventricu-
lar fibrillation, cardiac infarction, and bronchial asthma. The overall average pH 
upon arrival was 6.99, while the overall average serum potassium was 4.68 mEq/L. In 
two cases, the airway obstruction and hanging were witnessed, while four patients 
received bystander CPR. None of the nine patients with airway obstruction due to 
foreign body aspiration or hanging was evaluated as CPC1–CPC2, while 16 (31%) 
out of 51 patients with other diseases were neurologically favorable. All nine 
patients with airway obstructions were determined as poor outcomes (CPC3–
CPC5), while those in the other causes were 35 out of 51 subjects (100 vs. 68%, 
p = 0.0497).

Discussion: From the results of our hospital, we assume that TTM resulted in no 
improvements in the outcomes of patients who suffered airway obstruction due to 
foreign body aspiration or hanging. In general, some facilities do not actively indi-
cate TTM for patients who suffered airway obstructions. However, improved 
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 prognoses have been reported in some case reports (“The 53-year-old man who was 
out-of-hospital asystole recovered without a problem neurologically.” Intern Emerg 
Med 2009;4:445–7. “A case in which TTM was used successfully in a patient with 
coma after cardiorespiratory arrest induced by hanging.” Resuscitation 2005;67:143–
4. “Neurologically uneventful 2 hanging cases.” Med J Niigata City General 
Hospital 2015;36(1)), suggesting the need for further accumulation of subjects to 
select indicated victims for TTM.

Keywords Cardiac arrest due to suffocation/hanging · TTM (targeted temperature 
management) · pH at admission (arrival) · Bystander CPR

4.1  Introduction

According to the 2015 JRC (Japan Resuscitation Council) guidelines for cardiopul-
monary resuscitation, TTM (targeted temperature management) at a temperature 
level choosing from 32 to 36 °C is recommended for patients in a coma after cardiac 
arrest. However, the cause of cardiac arrest and the time required for spontaneous 
circulation to return may possibly affect the outcome. For inpatients after cardiac 
arrest even without VF/pVT, shockable rhythms (2015 JRC treatment recommenda-
tion: We suggest. Level of evidence: very low) are indicated for TTM. However, it 
is unclear whether TTM should be carried out for outpatients who suffered airway 
obstruction due to foreign body aspiration or hanging.

4.2  Objective

Patients in a state of post-cardiac arrest due to suffocation or hanging may not have 
improved prognoses even after undergoing targeted temperature management 
(TTM). Therefore, to obtain characteristics of such patients, we retrospectively 
evaluated patients’ data including other pathologies.

4.3  Methods

We retrospectively evaluated 60 patients who suffered cardiopulmonary arrest 
inside or outside our hospital and received TTM from June 2009 to July 2016. They 
were divided into the two groups for parameter comparisons: CPC1–CPC2 and 
CPC3–CPC5 at hospital discharge. JMP7.0 was used for statistical analysis, while 
the Wilcoxon rank sum test and χ2 test were used for testing statistical significance. 
Data were shown in mean  ±  SD. **Depicted as statistical significance. *CPC 
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cerebral performance categories; outcome of brain-injured patients: the Glasgow- 
Pittsburgh cerebral performance and overall performance categories.

4.4  Results

As shown in Fig. 4.1, 40 male and 20 female subjects were included in this study. 
The classification of diseases is given in Fig. 4.2: patients with acute myocardial 
infarction made up the majority of 33.3%, while the rate of patients suffered suffo-
cation or hanging was 15%. TTM was carried out in all cases of this study.

Table 4.1 showed the comparisons in parameters between the groups of CPC1–
CPC2 and CPC3–CPC5 in all 60 cases. Table 4.2 described the comparison between 
the groups of suffocation/hanging and cardiac arrests from other origins.

Tables 4.3 and 4.4 demonstrated the demographic data of the suffocating cases 
(abbreviations: FBO, foreign body obstruction; ROSC, return of spontaneous 
circulation).

Female 20 patients

Male 40 patients

Fig. 4.1 TTM was carried 
out in all cases of this 
study. The number of 
males and females are 
shown

Asthma

3
5

6

2
2

2

9

VF 11 patients

Unknown

Cardiomyopathy

AMI

VSA

Takotsubo
CardiomyopathyPulmonary

Embolism

Suffocation/Hanging

20

Fig. 4.2 *VSA vasospastic 
angina. Patients with acute 
myocardial infarction 
accounted for the majority, 
at 33.3%, while 15% 
suffered suffocation or 
hanging
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Table 4.1 Comparison between the CPC1–CPC2 and CPC3–CPC5 groups of the overall 60 cases

CPC1–CPC2 CPC3–CPC5 P value

N 16 44
Gender (male/female) 13:3 27:17 n.s.
Age 63.9 ± 12.7 64.1 ± 16.0 n.s.
BMI 26.9 ± 3.9 24.5 ± 4.1 n.s
Hospitalization duration 34.6 ± 28.4 55.7 ± 68.0 n.s.
pH 7.12 ± 0.18 6.94 ± 0.18 p = 0.0027*
HCO3

− (mEq/L) 19.17 ± 5.42 17.99 ± 6.56 n.s.
B.E. (mEq/L) −10.76 ± 6.29 −14.76 ± 7.00 p = 0.026*
K (mEq/L) 4.50 ± 0.96 4.74 ± 1.20 n.s.
Suffocation/hanging or others 0:16 9:35 p = 0.0497**
Witnessed by others: yes/no 15:1 34:10 n.s.
With or without bystander CPR 13:3 31:13 n.s.
With or without PCPS 3:13 5:39 n.s.

Data were shown in mean ± SD. *Wilcoxon rank sum test and **χ2 test

Table 4.2 Comparison between the suffocation/hanging group and the group suffering cardiac 
arrest due to other diseases

Hanging/suffocation Others P value

N 9 51
Gender (male/female) 5:4 35:16 n.s.
Age 55.8 ± 18.6 65.5 ± 14.1 n.s.
BMI 22.5 ± 1.8 25.4 ± 4.1 n.s
Hospitalization duration (day) 29.6 ± 22.6 52.0 ± 63.9 n.s.
pH 6.83 ± 0.09 7.02 ± 0.19 p = 0.0058*
HCO3

− (mEq/L) 13.44 ± 4.42 19.16 ± 6.17 p = 0.0102*
B.E. (mEq/L) −19.49 ± 3.08 −12.67 ± 7.01 p = 0.0031*
K(mEq/L) 4.66 ± 1.41 4.68 ± 1.10 n.s.
Witnessed: yes/no 3:6 (33.3%:66.7%) 46:5 (90.2%:9.8%) p = 0.0006**
Bystander CPR with or without 4:5 (44.4%:55.6%) 40:11 (78.4%:21.6%) p = 0.0481**

Data were shown in mean ± SD. *Wilcoxon rank sum test and **χ2 test

Table 4.3 List of patients who suffered airway obstruction due to foreign body aspiration or 
hanging

Sex Age Witness Bystander CPR Cause State of arrival Admission temperature (°C)

F 38 No Yes Hanging Asystole 36.4
M 82 Yes Yes FBO Asystole 36.9
M 35 No No FBO Asystole 36.6
M 58 No No FBO ROSC 38.9
F 77 No Yes FBO Asystole 34.5
F 55 No Yes Hanging ROSC 35.2
M 76 Yes No FBO Asystole 35.8
M 40 No No Hanging Asystole 36
F 41 No No Hanging PEA 36.6

FBO foreign body obstruction; ROSC return of spontaneous circulation
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4.5  Case Reports

4.5.1  Case 1. Age: 38 Female Hanging

The patient had been regularly visiting the Department of Psychosomatic Medicine 
for depression for 10 years. She was found unconscious at home by a family mem-
ber 5 min after a sound was heard. An emergency service team received a call and 
transported the patient to hospital in 18  min. With a bystander CPR, adrenaline 
2 mg resulted in the resumption of heartbeat. Upon arrival in the ER, light reflex was 
observed with both pupils having a diameter of 3.5 mm. Her body temperature was 
36.4  °C; blood gas analysis showed that pH 6.675, B.E. −25.6  mEq/L, HCO3 
13.5 mmol/L, PCO2 118.5 Torr, PO2 62 Torr, and K 6.1 mEq/L. GOT 155 IU/L GPT 
185 IU/L. LDH 410 IU/L. CPK 100 IU/L. Her outcome was CPC5 on day 74 after 
pseudomonas aeruginosa septicemia.

4.5.2  Case 2. Age: 82 Male Foreign Body Aspiration During 
Alcohol Intoxication

The patient suffered from foreign body aspiration twice, resulting in CAP, fol-
lowed by a bystander CPR and then was transferred with continued CPR to a 
hospital by an ambulance. It took 27 min for transportation to the hospital. Upon 
arrival, no light reflex was observed with pupil diameters of rt. 4 mm/left 5 mm. 
Upon arrival, his body temperature was 36.9 °C. Blood gas analysis showed that 
pH 6.915, B.E. −13.9 mEq/L, HCO3 21.4 mmol/L, PCO2 107.8 Torr. PO2 1.2 Torr, 
K 6.6 mEq/L, GOT 61 IU/L, GPT 34 IU/L, LDH 314 IU/L, and CPK 78 IU/L. Blood 
ethanol level: 172.0 mg/dL. His outcome was CPC4, eventually, CPC5 with DNAR 
on day 16.

Table 4.4 List of patients who suffered from airway obstruction due to foreign body aspiration or 
hanging

Sex Age
Duration until ROSC 
after arrival at hospital

Achieving time of 
TIM (34 °C)

Highest body temperature 
(°C) within 48 h after arrival Outcome

F 38 In 6 min In 90 min 34 CPC5
M 82 In 8 min In 155 min 36.9 CPC5
M 35 In 3 min In 161 min 36 CPC4
M 58 ROSC before arrival In 30 h 38.9 CPC4
F 77 In 30 min In 17 h 38 CPC5
F 55 ROSC before arrival In 3 h and 44 min 38.2 CPC5
M 76 In 10 min In 2 h and 43 min 36.6 CPC5
M 40 In 12 min In 5 h and 37 min 36.8 CPC5
F 41 ROSC before arrival In 3 h and 52 min 37.8 CPC5

4 Indications for Targeted Temperature Management
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4.5.3  Case 3. Age: 58 Male Foreign Body Aspiration 
from During Eating Meat and Alcohol Drinking

The patient had a history of smoking but no particular disease history. While eating 
and drinking at a steak house, he choked on a piece of meat, resulting in cardiac 
arrest. He did not receive bystander CPR at the site. At 1:23, PEA was confirmed. 
At 1:24, his heartbeat resumed after sternal compressions. A 6 cm piece of meat was 
removed. E1VTM2. Within a period of 24 h, his maximum body temperature was 
38.9 °C. It took 24 min for the emergency team to transport the patient to the hospi-
tal after receiving the call. Pupil diameter: 1.5 (+)/1.5 (+). Upon arrival, his blood 
gas analysis showed that pH 6.922, B.E. −17.5 mEq/L, HCO3 17.4 mmol/L, PCO2 
86.4  Torr, PO2 250.6  Torr, K 3.2  mEq/L, GOT 46  IU/L, GPT 30  IU/L, LDH 
279 IU/L, and CPK 276 IU/L. Blood ethanol concentration was 266.2 mg/dL. His 
outcome was intractable myoclonic epilepsy being difficult to treat. We could not 
stop his epileptic seizures using anti-epilepsy medicine alone and could not evaluate 
his consciousness level accurately for a long time due to the use of sedative agents. 
He was transferred to another hospital on day 56.

4.5.4  Analysis of Suffocating Cases

The mean ambulance transportation time was 22.8  ±  3.76  min. Two cases were 
witnessed. The four patients received bystander CPR (Table  4.3). Spontaneous 
heartbeats in three cases resumed before reaching the hospital (Table 4.4). The aver-
age time until ROSC was 34.8 ± 8.53 min. All 9 patients suffering from airway 
obstruction or hanging were evaluated as poor outcome (CPC3–CPC5), while 16 
out of 51 patients showed neurologically favorable outcomes (CPC1–CPC2) 
(p = 0.0497) (Table 4.1). The cases of hanging were mostly suffering from psycho-
somatic medical diseases (five cases), while cases of airway obstruction due to for-
eign body aspiration were those who had drunk a considerable amount of alcohol 
(three cases). Nielsen et al. [1] showed that there were differences in the TTM man-
agement procedures depending on attending physicians in ICU at the time of arrival, 
and in some cases, it took 30 h to get 34 °C targeted temperature. In our hospital, 
there is a variety of doctors on shift duty including heart surgeons, cardiologists or 
nephrologists, which might be a cause of delayed induction for TTM.

4.6  Discussion

The present results suggest that TTM might not be able to improve the outcomes of 
patients who suffered from airway obstruction due to foreign body aspiration or 
hanging.
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Case 3 in this report had a high fever of 38.9 °C upon arrival. If TTM had been initi-
ated in the early stage, myoclonus epilepsy might not have been so difficult to treat 
[2–8]. Possibly it might cause abrupt sympathetic hyperactivity after the insult [9, 10]. 
In this case, we did not perform TTM because of patient’s family intension. The final 
prognosis might be influenced by the decision for the treatment by patient families’ 
intension based on the underlying diseases or explanations of attending physicians. 
Certain hospitals do not introduce TTM for patients suffering from airway obstruction 
due to the foreign body aspiration or hanging. However, improved prognoses have been 
reported in some studies. Murata et al. reported on a 16-year- old boy who suffered 
incomplete hanging (some part of the body is touching the ground) and cardiac arrest 
for 18 min without bystander CPR, but eventually he was discharged with CPC2 [11]. 
His initial rhythm was VF, and his heartbeat was restarted by the defibrillation using 
AED. Spontaneous respiration regained during transportation. He had GCS 3 upon 
arrival at the emergency department. Both pupil diameters were 2.5 mm with no light 
reflex. His body temperature was 34 °C. So, he was undergoing TTM for 24 h at 34 °C 
and then was rewarmed to 36 °C for 48 h after the insult. From day 24, he had a sus-
tained fever up to 38–39 °C, and consciousness disturbance continued. Since NSAIDs 
or others were ineffective in decreasing his fever, on day 49, amantadine 150 mg/day 
was administered for the purpose of activating the patient activity. The patient recov-
ered gradually to a state such that he could look after himself on day 56. Thus, even 
some cardiac arrest victims after hanging might recover at CPC1 or CPC2. Therefore, 
in the future, we need to establish the neuromonitoring for evaluating the brain function 
even in the early phase of post-cardiac arrest for selecting the right victims to be treated.

Ola et al. reported on the outcomes of cases of near hanging treated in two ICUs 
in Sweden from 2003 to 2006 [12]. Among a total of 13 cases of near hanging, 10 
cases did not go into cardiac arrest. Five patients who underwent TTM treatment 
and all three patients who did not receive TTM were discharged with CPC1–CPC2. 
Interestingly, only one patient of three subjects in cardiac arrest who received TTM 
was discharged with CPC1–CPC2. The most important outcome predictors after 
near hanging were suspension time, depth of coma, and whether or not CA had 
occurred. The estimated cardiac arrest time of our cases was for 24–56 min (an aver-
age duration, 34.8 min). The good recovery case was reported to have a short car-
diac arrest time (as described in the paper of Kashif M et al. 15 min [13]) and also 
with the initial wave form VF (relatively short time expecting with a little damage 
to the heart), the cases without comorbidities with good overall status. But in the 
present study, there were no VF forms as the initial wave at the site. The initial wave 
form VF could be expected to be correlated with a good outcome, so even a hanging 
case may be an indication of TTM if fulfilled the conditions stated above [12].

Baldursdottir et al. have reported 14 cardiac arrest cases due to hanging and suf-
focation including carbon monoxide poisoning and drowning. Among them, six 
cases of cardiac arrests due to hanging underwent TTM: three of the patients were 
discharged from the hospital at CPC1. The pHs of the patients on admission were 
7.31, 7.38, and 7.27, respectively [14].

Jung Hee Wee et al. examined 111 cardiac arrest cases admitted from January 1, 
2007 to December 31, 2012. The average age of the patients was 65.8 ± 16.3, with 
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70.3% of cases suffering cardiac arrest due to clogging of the airway with a foreign 
body. All patients underwent TTM at 32–34 °C, among 52 patients survived, and 6 
of them were discharged with CPC1–CPC2. Light reflex, corneal reflex, and time to 
ROSC were reportedly to be potential predictors for survival [15].

Min Joung Kim et al. demonstrated that among 159 patients who suffered hang-
ing but were not in cardiac arrest, 12 cases of CPC3–CPC5 did not receive TTM, 
suggesting that TTM might have led to different results depending on each patient 
condition. As characteristics of the hanging cases with cardiac arrest who received 
TTM getting CPC1–CPC2, the authors reported the following: (1) CPR time before 
hospital transfer was short as approximately 5 min; (2) pH was greater than 7.28; (3) 
the base excess was higher than −4.7  mEq/L; and (4) HCO3

− was greater than 
20.5 mEq/L. pH and HCO3

− could be useful as prognostic predictors; in our study, 
all cases had a pH less than 7.0 [16].

Two cases of hanging who were not in cardiac arrest were reported. A patient 
was a 40-year-old male with E1V2M4, and his bladder temperature was 39.0 °C on 
admission. He received TTM management and was discharged on the 52nd day 
with CPC1. Although the other patient was discovered in a state of his left foot sub-
merging 2 m under the floor, he was rescued by family members to recover both 
respiration and circulation when emergency personnel arrived. Upon arrival at the 
emergency department, the patient was E2V2M4 with an axillary temperature of 
36.4 °C and received TTM; eventually he regained his consciousness even before 
discharge with CPC1 on the 14th day [17].

In some cases, there were actually no cardiac arrests in a group who were thought 
to have cardiac arrest. According to the home page for citizens by the Japanese 
Circulation Society (http://www.j-circ.or.jp/cpr/call.html), confirmation of a pulse 
is not required. It is recommended to compress the chest if there is no consciousness 
nor respiration. Therefore, some patients who suffered airway obstruction from for-
eign body aspiration or hanging might not experience cardiac arrest, but cerebral 
hypoxia could occur, so TTM should not suspend for cases of airway obstruction 
such from hanging. Patients who do not respond to verbal command after cardiac 
arrest are indicated for TTM.  Cooling starts earlier; less brain damage could be 
expected [18]. We had a drowned woman of 50s with cardiac arrest: her pH was 
6.94, the duration of arrest was approximately 40 min, but her body temperature on 
arrival was 34.4 °C. After 4 days, she was discharged with CPC1 [19]. In this study, 
no cases had a body temperature around 34 °C on admission (Table 4.3).

The mechanisms of cardiac arrest due to airway obstruction caused by foreign 
body aspiration or hanging may vary. Suzutani et al. reported that the mechanisms 
of cardiac arrest due to hanging are as follows: (1) obstruction of the airway; in typi-
cal dead cases by hanging, the base part of the tongue is pushed back and upward 
and tightly adhered to the posterior pharyngeal wall, resulting in closure of the air-
way at the pharynx part (external suffocation); (2) obstruction of the cervical blood 
vessels, wherein the cervical blood vessels are externally compressed by hanging 
and their lumens are collapsed, blood circulation to the cranial cavity  instantaneously 
stops, and then oxygen deficiency occurs in the brain (internal suffocation); (3) 
compression of the cervical nerve; and (4) cervical vertebral fracture and transec-
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tion of the neck or a combination of them. The simultaneous occurrence of (3) and 
(4) is reported to be rare [20]. In this study, there were no cases involving the mech-
anism (4). If either (1) or (2) occurs, oxygen is not delivered to the brain. Therefore, 
they are causes of cardiac arrest due to hypoxic mechanisms. In the current cases 
whose ROSC could not be obtained, PCO2 levels were over 110 Torr, so it is likely 
that they are a group of inadequate ventilation.

4.6.1  Study Limitation

This study was a retrospective evaluation at a single facility. One of the causes for 
cardiac arrest from suffocation and airway obstruction is hypoxemia, while the 
mechanism of cardiac arrest in hanging cases may be due to internal/external suf-
focation, cervical nerve compression, or carotid sinus/vagal activations; thus there 
would be complication. Therefore, it is possible that the mechanisms of cardiac 
arrest may vary among cases suffering from airway obstruction due to foreign body 
aspiration or hanging leading to cardiac arrest.

4.7  Conclusions

Patients who suffered from airway obstruction due to foreign body aspiration or 
hanging without cardiac arrest are reported to mostly recover to CPC1–CPC2. 
However, in some cases on arrival, it is difficult to determine whether such patients 
did have cardiac arrest or not. In such situation, pH upon arrival, at least in part, 
might offer information regarding the possibility of cardiac arrest, thereby poten-
tially predicting prognoses. TTM might have reduced brain damage after cardiac 
arrest due to suffocation mechanisms. However, since there has been very limited 
evidence, we could neither recommend nor refute TTM for post-cardiac arrest 
patients after suffocation. Therefore, we need to accumulate more data and elabo-
rate to allow us to determine subjects who would recover to neurologically favor-
able outcomes.
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Chapter 5
Prediction in Neurological Outcomes 
in Cardiac Arrest Patients Before Inducing 
Targeted Temperature Management: 
Validation of CAST or cCAST

Mitsuaki Nishikimi

Abstract Not only a patient’s family but also ICU physicians need information on 
the probability of a patient recovering from post-cardiac arrest syndrome (PCAS) 
before admitting to the intensive care unit (ICU) and initiating targeted temperature 
management (TTM). In this section, we introduced a novel prediction tool for eval-
uating the neurological prognosis in patients with PCAS before TTM, called a post- 
Cardiac Arrest Syndrome for Therapeutic hypothermia score (CAST) and condensed 
CAST (cCAST). They have been developed using retrospective analyses from data 
of 151 consecutive adult patients who were admitted to four hospitals within the last 
5 years to undergo TTM after cardiac arrest. While the CAST was calculated by 
using eight factors and logistic regression formula, the cCAST was modified by, 
though using same factors, more simple formula. The cCAST of 3.5 or lower was 
associated with a 0.99 (95% CI, 0.94–1.00) sensitivity and a 0.73 (0.61–0.84) speci-
ficity predicting for a poor outcome and 6.5 or higher was with a 0.80 (0.71–0.88) 
and a 0.97 (0.89–1.00). The “cCAST” can be calculated more easily and is useful 
for estimating the prognosis of PCAS patients, describing patients’ conditions to 
their family and making the decision before the initiation of TTM, as with the origi-
nal CAST.
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Abbreviations

95% CI 95% confidence interval
CAST Post-cardiac arrest syndrome for therapeutic hypothermia score
cCAST condensed CAST
CPC Cerebral performance categories
ED Emergency department
GCS Glasgow Coma Scale
GWR Gray matter attenuation to white matter attenuation ratio
ICU Intensive care unit
PCAS Post-cardiac arrest syndrome
TTM Targeted temperature management

5.1  Introduction

5.1.1  The Estimation of Prognosis of PCAS Before 
the Initiation of TTM

Cardiac arrest typically occurs suddenly, and the families of patients are often con-
fused on resuscitation and return of spontaneous circulation in the emergency 
department (ED). Objective information regarding recovery might be helpful to 
explain the patient’s current status to his or her family clearly. Moreover, such infor-
mation could also be helpful for the intensive care unit (ICU) physicians from the 
viewpoint of cost-effectiveness, because the cost of critical care for them is usually 
exorbitant, so the indications for the treatment in post-cardiac arrest syndrome 
(PCAS) patients should be decided more carefully [1]. Estimating the neurological 
prognosis immediately after the return of spontaneous circulation is challenging but 
important for the treatment of patients after cardiac arrest.

Previous studies have examined several factors that are available at the emer-
gency department (ED) before the initiation of targeted temperature management 
(TTM) to determine their relation to the neurological prognosis of PCAS patients. 
For example, the duration of the resuscitation effort was shown to be correlated with 
a good functional outcome for patients with PCAS [2, 3]. In addition, other studies 
have revealed that pH [4], lactate [5, 6], and the Glasgow Coma Scale (GCS) [7, 8] 
are also related to neurological prognosis. However, these factors could not suffi-
ciently separate patients with a good outcome from those with a poor outcome, 
indicating that a more “suitable scaling method” based on a combination of prog-
nostic factors would be needed [9, 10].

Although several studies have described the use of a scoring system to estimate 
neurological outcome on the patient’s arrival in the ED, these scoring systems did 
not focus on whether the patient had undergone TTM [4, 11–13]. Today, many 
intensivists perform TTM for the purpose of promoting a good recovery if intensive 
treatment is indicated. Logically, a scoring system for PCAS patients undergoing 
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TTM should be created using data from only PCAS patients treated with TTM, but 
not from all PCAS patients. Moreover, the factors used for these previous scoring 
systems were mostly limited to clinical history items, such as the time until ROSC, 
the initial rhythm, and the witness status. Potential candidate values used on their 
creation were not selected from blood and physical examination findings or imaging 
studies. If the scoring system for predicting the outcome of the PCAS patients is 
developed by the limited data of those undergoing TTM, furthermore the data 
including the other examinations such as blood and physical examination findings 
or imaging studies as well as clinical history, it is likely to be more suitable scoring 
system for them.

5.1.2  Post–Cardiac Arrest Syndrome for Therapeutic 
Hypothermia Score (CAST)

Previously, we developed a “post-Cardiac Arrest Syndrome for Therapeutic hypo-
thermia score (CAST)” for predicting the neurological outcome in patients with 
PCAS before the initiation of TTM [14, 15]. CAST was created in a multicenter, 
retrospective, observational study using a data of 151 adults who were admitted to 
four hospitals within the last 5 years to undergo TTM after cardiac arrest. It is cal-
culated using eight categorized variables (initial rhythm, witnessed status and time 
until return of spontaneous circulation, pH, serum lactate, motor score according to 
the Glasgow Coma Scale, CT gray matter to white matter attenuation ratio, albumin, 
hemoglobin), which was strongly associated with neurological prognosis of PCAS 
patients at 30 days, and logistic regression formula (Figs. 5.1 and 5.2). The predic-
tive accuracy of CAST has much higher as compared with previous reported scoring 
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Fig. 5.1 The categorical classification of eight variables. ROSC time time until return of spontane-
ous circulation; GCS M motor scale according to Glasgow Coma Scale; GWR gray matter to white 
matter attenuation ratio; Alb albumin; Hb hemoglobin. This figure was cited from a figure of 
Nishikimi’s article [14]
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system for PCAS [4, 12], but the calculation was a little complex. It needs some 
electronic devices for the calculation [16, 17]. Simplified version of CAST, which 
can be calculated more easily but has similar predictive accuracy, may be needed. 
Thus, the aim of this study is to develop the simplified version of the original CAST, 
which can calculate in an easier manner, condensed CAST (cCAST).

5.2  Methods

5.2.1  Study Design

A multicenter, retrospective, observational study was performed. The same patients’ 
data had been retrospectively analyzed for developing the original score. A data of 151 
adults who were admitted to four hospitals within the last 3–5 years to undergo TTM 
after cardiac arrest was reanalyzed: 54 patients treated at Nagoya University Hospital 
between April 2011 and March 2016, 23 patients treated at Chutouen General Medical 
Center between April 2013 and March 2016, 64 patients treated at Japan Red Cross 
Maebashi Hospital between April 2011 and March 2016, and ten patients treated at 
Komaki City General Hospital between April 2012 and March 2016. Eligible patients 
were all PCAS patients who were treated with TTM. They were excluded if they were 
traumatic cardiac arrest patients, or pediatric patients (age <18 years), or did not have 
lived independently prior to experiencing cardiac arrest.
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Fig. 5.2 Calculation used for the post-Cardiac Arrest Syndrome for Therapeutic hypothermia 
score (CAST). Using the categorical classification of eight variables (Fig. 5.1) and the correlation 
coefficients for the data (a), the resulting scores and probability of a good outcome were calculated 
(b). ROSC time time until return of spontaneous circulation; GCS M motor scale according to 
Glasgow Coma Scale; GWR gray matter to white matter attenuation ratio; Alb albumin; Hb hemo-
globin. This figure was cited from a figure of Nishikimi’s article [14] (partially modified)
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5.2.2  Participating Hospital

The four participating hospitals are all tertiary emergency medical centers (Japanese 
centers for emergency patients with serious or life-threatening conditions): Nagoya 
University Hospital is an academic hospital; and Chutouen General Medical Center, 
Japan Red Cross Maebashi Hospital, and Komaki City General Hospital are general 
hospitals. Nagoya University Hospital and Japan Red Cross Maebashi Hospital are 
both located in a city and have 1035 and 592 beds each, including 26 and 12 ICU 
beds, respectively; these hospitals, respectively, treat about 12,000 and 20,000 
emergency patients each year. Chutouen General Medical Center and Komaki City 
General Hospital are both located in the countryside and have 500 and 558 beds 
each, including 10 and 30 ICU/CCU beds; these hospitals treats about 20,000 and 
30,000 emergency patients per year.

5.2.3  Data Set

Data was collected retrospectively from electronic chart reviews, including the clin-
ical histories (age, sex, situation surrounding the cardiac arrest), cardiac rhythms, 
physical examinations (GCS, mydriasis), results of blood examinations (C-reactive 
protein [CRP], albumin [Alb], hemoglobin [Hb], glucose, creatinine, pH, lactate), 
cranial CT scan images, and clinical courses after admission. The gray matter atten-
uation to white matter attenuation ratio (GWR) was measured using the method 
described in previous report [15]. Physical examination was obtained just after 
return of spontaneous circulation, and results of blood examinations were obtained 
about 15 min before and after return of spontaneous circulation. CT scan images 
were obtained using an Aquilion64 (TOSHIBA) or SOMATOM Definition Flash 
(SIEMENS) within 6 h after the patient’s cardiac arrest event.

5.2.4  Protocol of TTM

TTM was considered for cardiac arrest patients who were in a coma (GCS ≤8) 
after ROSC without remarkable hemodynamic instability or a “Do Not Attempt 
to Resuscitation” directive. A temperature between 34 and 36 °C was targeted by 
the infusion of cold fluids in combination with surface cooling, an ice pack and 
cold blanket, or a surface cooling device with a computerized automatic tem-
perature control (Arctic Sun 2000 TTM; Bard Medical Louisville, CO). After 
the targeted temperature had been maintained for 24 h, rewarming to 36 °C was 
performed at a rate of 0.2 °C/4 h. Propofol, dexmedetomidine, midazolam, fen-
tanyl, and rocuronium were used for sedation, analgesia, and muscle relaxation 
according to individual clinician preferences. At all the participating hospitals, 
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the ventilator settings, fluid infusion, and doses of vasopressors, sedatives, and 
analgesics were adjusted so that the mean arterial pressure, pCO2, and urine 
output were ≥80  mmHg, 35–45  mmHg, and ≥  0.5  mL/kg/h, respectively, to 
maintain cerebral perfusion.

5.2.5  Neurological Outcome

We used the cerebral performance categories (CPC) at 30 days to estimate the neu-
rological outcomes as with the original score [18]. The categories were grouped into 
either a good outcome (1–2) or a poor outcome (3–5).

5.2.6  Statistical Analysis

The statistical method for the development of CAST was shown in our previous 
study [15]. R software was used for all the statistical analyses.

5.3  Results

5.3.1  Simplified Version of CAST: Condensed CAST (cCAST)

The eight variables (initial rhythm, witnessed status and time until return of sponta-
neous circulation, pH, serum lactate, motor score according to the Glasgow Coma 
Scale, gray matter to white matter attenuation ratio, albumin, hemoglobin) on the 
original CAST were used for the development of cCAST, and the categorization 
was also performed as with the original (Fig. 5.1). First, the coefficients of the eight 
items in the cCAST were created by simplifying the correlation coefficients in the 
logistic regression analysis used for the original (initial rhythm, 0.570, was con-
verted to 0.5; witnessed status and time until return of spontaneous circulation, 
1.040 to 1.0; pH, 1.167 to 1.0; serum lactate, 0.338 to 0.5; motor score according to 
the Glasgow Coma Scale, 2.225 to 2.0; gray matter to white matter attenuation ratio, 
1.480 to 1.5; albumin, 1.077 to 1.0; hemoglobin, 0.595 to 0.5). By using the simpli-
fied correlation coefficients and categorized variables, the cCAST has been devel-
oped (Fig. 5.3). If the score point is high, the probability of PCAS prognosis is poor, 
and if the score point is low, the probability is good.

Next, for the classification of cCAST, we created the scatter diagram using 
the all data (Fig.  5.4). Looking at this, we considered we could classify the 
prognosis most clearly when we set the threshold to 4 and 6. A cCAST of 3.5 or 
lower was associated with a 0.99 (95% CI, 0.94–1.00) sensitivity and a 0.73 
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(0.61–0.84) specificity for a poor outcome, and 6.5 or higher was with a 0.80 
(0.71–0.88) and a 0.97 (0.89–1.00). Here, specificity measures the proportion of 
poor prognosis patients who were correctly identified as such. Using these 
thresholds, we created three grades in cCAST; Grade High (≤3.5), Grade 
Intermediate (4–6), and Grade Low (6.5 ≤). The 2% (1/48) of all patients clas-
sified into the Grade High group (score  ≤3.5), 55% (17/31) into the Grade 
Intermediate group (4–6), and 97% (70/72) into the Grade Low group (≥ 6.5) 
showed poor outcomes (Table 5.1).
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Fig. 5.4 The scatter diagram of the all analyzed patients showing relationship between their score 
points on cCAST and their neurological outcomes. Looking at this, we considered we could clas-
sify the prognosis the most clearly when we set the threshold to 4 and 6
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5.4  Discussion

5.4.1  Clinical Use of cCAST

In this study, we created cCAST, which can estimate the prognosis of PCAS patients 
before the initiation of TTM without calculator. According to the scoring points, we set 
three grades: Grade High (≤3.5), Grade Intermediate (4–6), and Grade Low (6.5 ≤). 
While Grade High and Intermediate showed a certain possibility of recovery to a good 
outcome, Grade Low did not. Since TTM could increase the overall cost of care for all 
cardiac arrest survivors, the indications should be decided more carefully. Unfortunately, 
patients who do not have any likelihood of recovery may not be candidates for the criti-
cal care treatment including TTM. Thus, still challenging, it appeared that the PCAS 
patients who are classified into Grade Low may not be candidates for TTM.

However, we have to take care of the use of this scoring system. Note that it 
shows only the probability of outcome in a general population, not the precise prob-
ability for an individual patient [19]. Although predictive scores can be used to help 
guide decision-making and risk assessment for individual patients, their results are 
not absolute. Of course, the final therapeutic strategy should be decided after taking 
different factors into account (e.g., the results of discussions with family members, 
the patient’s own wishes, the societal ethos, etc.), although the results of the scoring 
system can be used to guide judgment. Most importantly, a patient’s exact neuro-
logical prognosis cannot be predicted without making decisive examinations, such 
as an electroencephalogram [15].

This condensed score can be also calculated using eight clinical parameters that 
are broadly available before the initiation of TTM. But if this scoring system could be 
combined with a neurological-specific marker or examination, such as NSE or S-100 
or an electroencephalogram, it might be possible to predict patient outcome even 
more precisely. It would be of great interest to predict the neurological outcomes of 
PCAS patients using this scoring system and other tests before the initiation of TTM.

5.4.2  A Possibility of Further Simplification of cCAST

In future study, we have a plan for further simplification of cCAST by cutting down 
the value of GWR from the variables for cCAST. The GWR is one of the strongest 
tools for objectively measuring to detect the hypoxic encephalopathy, and many 

Table 5.1 The proportion of 
poor outcome patients in each 
group

cCAST Grade Proportion of poor outcome

≤3.5 High 1/48 (2%)
4–6 Intermediate 17/31 (55%)
6.5 ≤ Low 70/72 (97%)

Data are presented as absolute frequencies with per-
centages

M. Nishikimi



67

previous studies reported that GWR was beneficial for the estimation of PCAS 
prognosis [18, 20], but the calculation is a little complex, and the brain CT examina-
tion needs to be performed for the calculation. Some hospitals cannot always per-
form the brain CT examination before the initiation of TTM because of several 
factors such as shortage of radiology technician during night. If we can create the 
scoring system without the calculation of GWR, it would become useful for broader 
population.

5.4.3  Limitation

The predictive accuracy of the CAST and cCAST is limited because they were cre-
ated using retrospective data, even though its generalizability is likely to be high 
since it was developed using data from multiple centers. The endpoint used in this 
study was 30 days. Although the outcome at 30 days has been used in a few studies 
that have attempted to establish a predictive score for cardiac arrest patients [4, 21], 
it may be better to set longer-term endpoints such as outcome at 90 days for predict-
ing the future clinical course of the patients more accurately [22]. Further prospec-
tive validation of the CAST and cCAST and a study examining the utility of these 
scores for predicting long-term prognosis would be useful.

5.4.4  A Possibility of the Risk Classification for PCAS 
Using CAST

Finally, we describe a possibility that the CAST may be used for the risk classifica-
tion of PCAS. After previous TTM trial showed no effect of therapeutic hypother-
mia as compared with normothermia [23], the optimal targeted setting temperature 
during TTM for PCAS remains unclear. One of the possible reasons why the afore-
mentioned study failed to show a beneficial of TTM at lower targeted setting tem-
perature is that the subject population in that study included PCAS patients of all 
grades, including the highest and lowest grade, of severity. Logically, the effect size 
of TTM at lower targeted temperature would be expected to differ according to the 
severity of PCAS, and there may be a group with a particular severity who has more 
benefit from it. In actual clinical practice, we may feel that if the PCAS patients had 
several signs for poor prognosis prediction (if their cardiac arrest was no witness, 
the time until return of spontaneous circulation was over 1 h, and they had the pres-
ence of findings of hypoxic encephalopathy in their brain CT), they may remain 
poor outcome even if they underwent TTM at lower targeted temperature. On the 
other hand, we may feel that if they had several signs for good prognosis prediction 
(if their cardiac arrest was with witness and bystander and the time until return of 
spontaneous circulation was only 1 min), they will show good outcome even if they 
did not undergo TTM at lower targeted temperature. The group who had most 
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benefit from TTM at lower targeted temperature may be not too severe and not too 
mild group, in other words, the intermediate group according to their severity 
(Fig. 5.5).

Considering that the CAST is the score for predicting the neurological prognosis 
in PCAS patients before the initiation of TTM, the probability for good prognosis 
on CAST may be able to be converted to their severity, and it may be also useful for 
the risk classification of PCAS treated with TTM. For example, the patients who 
showed poor prognosis on CAST may be regarded as “severe PCAS,” and such 
patients may show a poor outcome regardless of the targeted temperature in 
TTM. On the other hand, the patients who showed good prognosis on CAST may be 
regarded as “mild PCAS,” and such patients may show a good outcome regardless 
of the targeted temperature in TTM. Based on our assumption, it would be great 
interest of investigating the correlation between the targeted setting temperature in 
TTM and the neurological outcome among the intermediate score group patients on 
CAST in future study.

5.5  Conclusion

The cCAST can be calculated more easily and is useful for estimating the prognosis 
of PCAS patients, explaining patients’ conditions to their family, and possibly mak-
ing the decision before the initiation of TTM, as with the original. Further prospec-
tive validation of the CAST and cCAST would be needed.

T
he

 e
ffe

ct
 s

iz
e

of
 T

T
M

 a
t l

ow
er

 te
m

pe
ra

tu
re

A Particular subgroup who
may have more benefit from
TTM at lower temperature

Severity of PCAS

Too mild
(no effect even if the PCAS

underwent TTM at lower temperature)

Too severe
(no effect even if the PCAS

underwent TTM at lower temperature)

Fig. 5.5 Schema of our hypothesis. The group who had most benefit from TTM at lower targeted 
temperature may be not too severe and not too mild group, in other words, the intermediate group 
according to their severity. TTM targeted temperature management; PCAS post-cardiac arrest 
syndrome
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