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Abstract 

Background: Severe brain hemorrhage/infarction and cardiac arrest constitute the most critical situations leading 
to poor neurological prognosis. Characterization of these patients is required to offer successful end‑of‑life care, but 
actual practice is affected by multiple confounding factors, including ethicolegal issues, particular in Japan and Asia. 
The aim of this study is to evaluate the clinical courses of patients with severe brain damage and to assess the prefer‑
ence of end‑of‑life care for these patients in Japanese hospitals.

Methods: A retrospective observational study was conducted between 2008 and 2018. All intracranial hemorrhage/
infarction and cardiac arrest out‑patients (n = 510) who were admitted to our two affiliated hospitals and survived but 
with poor neurologic outcomes were included. Demographic characteristics as well as prognosis and treatment poli‑
cies were also assessed.

Results: Patients were divided into two categories; cases with absent brainstem reflex (BSR) (BSR[‑]) and those with 
preserved BSR (BSR[ +]). The survival rate was higher and the length of hospitalization was longer in patients with 
BSR[ +] than in those with BSR[‑]. Among three life‑sustaining policies (i.e., aggressive treatment, withdrawal of treat‑
ment, and withholding of treatment), withholding of treatment was adopted to most patients. In BSR[‑], the propor‑
tion of three treatment policies performed at the final decision did not differ from that at the initial diagnosis on 
neurological status (p = 0.432). In contrast, this proportion tended to be altered in BSR[ +] (p = 0.072), with a decreas‑
ing tendency of aggressive treatment and a modest increasing tendency of withdrawal of treatment. Furthermore, 
the requests from patients’ families to withdraw life‑sustaining treatment, including discontinuation of mechanical 
ventilation, increased, but actual implementation of withdrawal by physicians was less than half of the requests.

Conclusions: BSR constitutes a crucial determinant of mortality and length of hospitalization in comatose patients 
with severe brain damage. Although the number of withdrawal of life‑sustaining treatment tends to increase over 
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Background
Severe brain damage with poor neurological prognosis is 
a critical state that reflects devastated conditions, includ-
ing brain death, brainstem dysfunction and irreversible 
hypoxic encephalopathy. Cardiopulmonary arrest (CPA) 
is one of the most crucial events and constitutes a major 
leading cause of death, accounting for more than 10,000 
cases annually in Japan [1]. Only 20% of out-of-hospital 
cardiac arrest (OHCA) patients are able to restore spon-
taneous systemic circulation, among whom, however, 
80% have severe brain damage with poor neurologi-
cal prognosis [2]. Furthermore, severe brain damage is 
also precipitated by intracranial disease such as cer-
ebral/subarachnoid hemorrhage and cerebral infarction, 
which occur in approximately 300,000 subjects annually 
in Japan [3]. Despite vigorous implementation of medi-
cal care, current advances in clinical practice fail to halt 
the ravaging process or the progression to brain death 
and brainstem dysfunction in many patients resuscitated 
from CPA or with critical brain hemorrhage/infarction.

Although advanced brain damage frequently involves 
ethical considerations or arguments on end-of-life care, 
the strategy for the medical practice in patients with poor 
neurological prognosis may vary depending on personal 
attitudes of physicians or specific regions of the hospitals 
[4–10]. Most Western physicians recognize that with-
holding and withdrawal of life-sustaining treatment are 
acceptable [4–7, 10]. In contrast, Asian countries are fac-
ing different views regarding physicians’ attitudes toward 
end-of-life care [4, 5, 8, 10]. In Japan, physicians used to 
be reluctant to withdraw life-sustaining treatment for 
patients who were comatose and had poor neurological 
prognosis [4, 5]. Meanwhile, the Government [11] and 
several academic societies [12–14] published the guide-
lines for end-of-life care, which qualified the physicians’ 
attitudes toward withdrawal of life-sustaining treatment. 
Under the milieu where medical care becomes more 
complicated and multifaceted, however, much concern 
arises regarding availability and necessity of life-sus-
taining measures, post-resuscitation care and prolonged 
hospitalization, all of which entail important issues to be 
settled with utmost requirement. Thus, there still remains 
a controversy as to the decision-making on the end-of-
life care and management of the comatose patients with 

severe brain damage. Furthermore, although the pres-
ence of brainstem dysfunction is generally recognized as 
more severe brain injury [15], it remains undetermined 
whether the disappearance of brainstem reflex (BSR) 
modifies the attitudes of physicians toward end-of-life 
care.

Our medical facilities, i.e., St. Marianna University 
Hospital and St. Marianna University Yokohama Seibu 
Hospital, play a central role in the emergency care and 
management as tertiary medical centers over the Yoko-
hama and Kawasaki area and accept a large number of 
critically ill patients. During these eleven years, we have 
experienced many patients with severe brain hemor-
rhage/infarction or comatose patients who survive from 
CPA. Among these patients, approximately 500 patients 
were afflicted with neurologically critical sequelae pre-
senting variable degrees of brain/brainstem dysfunction 
but not reaching a level of brain death. The purpose of 
this study is to evaluate the consequence of these patients 
with special reference to BSR and prognosis. Further-
more, serial changes in the preference of end-of-life treat-
ment, i.e., withdrawal/withholding of treatment, were 
assessed in Japanese patients with severe brain damage.

Methods
Study population
This study, a retrospective observational investigation, 
was conducted from April 2008 to December 2018 in 
two affiliated facilities, i.e., St. Marianna University Hos-
pital (Kawasaki) and St. Marianna University Yokohama 
Seibu Hospital (Yokohama). Both of these hospitals are 
assigned as tertiary metropolitan medical centers with 
1175/518 inpatient beds and comprise 10/10 intensive 
care unit (ICU) beds and 20/30 high care unit (HCU) 
beds, respectively. The study was approved by the Insti-
tutional Review Board and Ethics Committee of St. 
Marianna University School of Medicine with waiver 
of the requirement for obtaining informed consent 
(institutional approval No. 1614) and was conducted 
in accordance with the Declaration of Helsinki. Patient 
information was fetched from electronic medical records 
and was anonymized prior to final analyses. The study 
was registered at UMIN (UMIN 000,045,286).

time in BSR[ +] patients, there are many more requests from patients’ families for withdrawal. Since physicians has a 
tendency to desist from withdrawing life‑sustaining treatment, more in‑depth communication between medical staff 
and patients’ families will facilitate mutual understanding over ethicolegal and religious issues and may thus improve 
end‑of‑life care.

Keywords: Brain hemorrhage, Cerebral infarction, Cardiac arrest, Brain death, Withdrawal, Attitude toward treatment, 
Ethics
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The patients devoid of BSR who suffered brain hem-
orrhage/infarction and severe neurological prognosis 
or the OHCA patients who survived for more than 72 h 
but with poor neurologic outcomes were admitted to 
our hospitals (n = 569, Fig. 1). Patients who experienced 
CPA in our hospitals (i.e., in-hospital CPA) or who had 
suffered CPA in other hospitals and then transferred to 
our facilities were not enrolled in this study. In addi-
tion, the patients who met the following criteria were 
excluded; (1) patients in a potentially reversible coma 
(e.g., acute alcohol/drug addiction, hypothermia, sep-
sis, uremia, encephalopathy due to metabolic and 
endocrine diseases, use of neuromuscular blocking or 
high-dose sedative agents), (2) children under the age 
of 16, and (3) patients with a history of medical errors 
or social problems.

Among the potential cases (n = 530), the patients who 
were legally determined as brain death were excluded 
from the study (Fig.  1). The diagnosis of legally deter-
mined brain death was made based on the Japanese 
guidelines for organ transplantation [https:// www. 
mhlw. go. jp/ stf/ seisa kunit suite/ bunya/ 00000 40046. html] 
(i.e., flat EEG, absent BSR and positive apnea test). The 
patients with non-convulsive status epilepticus (NCSE) 
were excluded from the group of CPA patients. Accord-
ingly, the patients finally enrolled in this study were arbi-
trarily categorized into two groups; (1) cases devoid of 

BSR (BSR[-], n = 275) and (2) those with preserved BSR 
(BSR[ +], n = 235, Fig. 1).

Demographic data, including age, gender and etiology, 
were evaluated. Vital signs and neurological status (e.g., 
BSR, consciousness level, apnea test and EEG data) along 
with clinical outcomes were also assessed. Prognosis of 
the patients (e.g., survival to hospital discharge or trans-
fer) and length of stay (LOS) in ICU or hospital were also 
evaluated.

Upon admission, patients received multipronged 
life-sustaining therapies, including administration of 
catecholamines/antibiotics, enteral feeding and endotra-
cheal intubation. The evaluation of the severity of brain 
damage and the prognostication was performed among 
the patients who survived more than 72 h and manifested 
consciousness level of M3 or lower under no influence 
of sedatives/hypnotics/analgesics [16, 17]. Brain CT was 
performed in all patients and approximately half of the 
patients received EEG.

Following the assessment of patients’ neurologi-
cal status and prognostication, treatment policies were 
repeatedly discussed with their families/surrogates, i.e., 
whether they should receive aggressive life-sustaining 
support therapy or whether ongoing life-sustaining ther-
apy should be withdrawn/withheld. We also obtained 
from the families the information regarding the per-
ception about end-of-life care that the patients had 

Fig. 1 Patient selection. CPA Cardiopulmonary arrest, IHCA In‑hospital cardiac arrest, ROSC Return of spontaneous circulation. NCSE Non‑convulsive 
status epileptics

https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000040046.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000040046.html
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embraced. Based on the results of the in-depth discus-
sion, final therapeutic policies were determined by multi-
ple physicians, including neurologists.

Statistical analysis
Results of continuous variables are expressed as the 
median (interquartile range; IQR). Categorical variables 
are presented as the number. The Mann–Whitney U 
test or the Kruskal–Wallis test was used for comparison 
between two groups or among three groups, respectively. 
The chi-square test or Fisher’s exact test was applied for 
analysis of categorical valuables. Statistical analyses were 
performed using IBM SPSS Statistics for Windows, Ver-
sion 25 (IBM Japan Ltd, Japan). P values less than 0.05 
were considered statistically significant.

Results

A. Patients’ characteristics

 During the period between April 2008 and December 
2018, we enrolled 510 patients with BSR[-] (n = 275) 
and BSR[ +] (n = 235) in our two affiliated hospitals 
(Table  1). The patients with BSR[-] were younger 
than those with BSR[ +]. As for the etiology, cerebral 
infarction and intracranial hemorrhage, including 

subarachnoid and cerebral hemorrhage, accounted 
for 64.7% of the BSR[-] group whereas 78.7% of the 
BSR[ +] group was attributed to cardiovascular and 
respiratory diseases.

B. Prognosis and outcomes
 The survival rate was markedly higher in patients 

with BSR[ +] than with BSR[-] (31.9% vs. 0.7%, 
p < 0.001, Table  2). Likewise, total period of hospi-
talization was longer in patients with BSR[ +] (16 
vs. 3  days, p < 0.001) although LOS in ICU was not 
different between BSR[-] and BSR[ +]. When evalu-
ated based on the treatment policy, the patients with 
BSR[ +] receiving aggressive life-sustaining treatment 
had a longer period of hospitalization (42 days) than 
those in whom life-sustaining treatment was with-
held (13  days, p < 0.001). Furthermore, 26.3% (i.e., 
51/194) of the group in which life-sustaining therapy 
was withheld were transferred to nursing hospitals, 
and the LOS of this subgroup was markedly longer 
than that of the patients who died during hospitaliza-
tion (42 vs. 8 days, p < 0.001).

 Among 275 patients with BSR[-], only 82 cases 
(i.e., 29.8%) underwent EEG, whereas 69.4% of the 
patients with BSR[ +] received EEG examination 
(p < 0.001, Fig. 2). In patients with BSR[-], a flat EEG 
pattern predominated (25.4%, p < 0.001) and diffuse 

Table 1 Patients’ characteristics

*; Miscellaneous disorders, Including trauma and Massive systemic hemorrhage

IQR Interquartile range
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slow waves were observed in 4.0% of the subgroup. 
Among 235 patients with BSR[ +], diffuse slow waves 
were more prevalent than flat EEG waves (86 vs. 65 
patients, p = 0.038).

 At the time of admission, brain CT scan was also 
performed in all cases, showing that most of the 
CPA patients manifested diffuse anoxic brain injury. 

Among the cases with equivocal CT findings, we 
confirmed the findings of diffuse anoxic brain injury 
by a second series of CT scan, which was apparent 
even in patients with no EEG evaluation or indeter-
minate EEG findings.

 In patients with BSR[-], the survival rate was not 
different between the subgroup with flat EEG and 

Table 2 Prognosis and length of hospitalization in patients with brainstem reflex [‑]/[ +]

LOS Length of stay, Dx Diagnosis, IQR Interquartile range, na Not available

Fig. 2 Patients’ distribution and EEG findings. EEG was performed in 29.8% of the patients with brainstem reflex [‑] and 69.4% of those with 
brainstem reflex [ +]. In the subgroup with brainstem reflex [‑], paucity of survivors failed to demonstrate the specific role of EEG implementation 
(p = 0.088) nor its findings (p = 1.0) in the prognosis of the patients
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that with diffuse slow waves (p = 1.0, Fig.  2). Simi-
lar results were observed in the BSR[ +] group 
(p = 0.378). Interestingly, the survival rate was not 
dependent on whether EEG was implemented or 
not in patients with BSR[-] (p = 0.088) and BSR[ +] 
(p = 0.366).

C. Temporal changes in treatment policy

Figure  3 illustrates the comparison of various treat-
ment policies between BSR[-] and BSR[ +]. At the time 
of diagnosis on neurological status, a large number of 
the patients were those whose families wished to with-
hold life-sustaining treatment although the percentage 
in the BSR[ +] group was less than that in the BSR[-] 
group (82.6% vs. 90.2%, p = 0.012). Alternatively, the 
rate of the patients with BSR[ +] receiving aggres-
sive life support was twice as many as that with BSR[-] 
(15.3% vs 6.9%, p = 0.002). The rate of the patients 

whose families wished to withdraw life-sustaining 
treatment was nearly the same in the BSR[-] and the 
BSR[ +] group (2.9% vs. 2.1%, p = 0.577).

Temporal changes in the ratio of each treatment policy 
were assessed. In patients with BSR[-], the proportion of 
three treatment practices conducted after the final deci-
sion did not differ from that of policies decided at the 
time of diagnosis (χ2 test; p = 0.432) (Fig. 3). In patients 
with BSR[ +], the proportion of the treatment policies 
tended to be altered (χ2 test; p = 0.072), with a decreasing 
tendency of the aggressive life-sustaining support subset 
(from 15.3% to 9.8%, p = 0.070) and a modest increasing 
tendency of the withdrawal subgroup (from 2.1% to 4.7%, 
p = 0.127).

Figure  4A illustrates serial changes in the number of 
the requests of patients’ families/surrogates to withdraw 
life-sustaining treatment during hospitalization. Most 
of the requests were made within 7  days from the ini-
tial diagnosis on patients’ neurological status although 

Fig. 3 Temporal changes in treatment policies in patients with brainstem reflex [‑]/[ +]. At the time of diagnosis (Dx) on patients’ neurological 
status, a large number of the patients were those whose families wished to withhold life‑sustaining treatment in both brainstem reflex [‑] and [ +] 
groups. In patients with brainstem reflex[‑], the ratio of three treatment policies (i.e., aggressive treatment, withholding, withdrawal) conducted 
after the final decision did not differ from that requested at the time of Dx (left). In the brainstem reflex[ +] group, however, the proportion of the 
treatment policies tended to be altered during 16 [6–38] days (median, IQR), with a decreasing tendency of the aggressive life‑sustaining treatment 
(right)
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several families requested withdrawal of treatment after 
15  days, particularly those of patients with BSR[ +]. 
When the cumulative number of the requests was 
assessed, it reached 22 at day 3–7 in the BSR[-] group. 
In the BSR[ +] group, it gradually increased from 5 to 22 
cases at day 3–7 (p < 0.001), and finally to 28 cases at day 
78 (P < 0.001). Despite considerable numbers of the fami-
lies’ requests, physicians actually withdrew the life-sus-
taining treatment in only 8 cases with BSR[-] (p = 0.009) 
and 11 cases with BSR[ +] group (p = 0.005, Fig. 4B).

Withdrawal/withholding of life-sustaining treatment 
included discontinuation of drugs (catecholamines, anti-
biotics), enteral feeding and hemodialysis (Table 3). Cat-
echolamines were withheld in 69.8% of the patients with 
BSR[-] (vs. 40.8% in BSR[ +], p < 0.001). Tracheostomy 
was performed in more patients with BSR[ +] than in 
those with BSR[-] (27.4% vs. 0.8%, p < 0.001). For with-
drawal of life-sustaining treatment, endotracheal extu-
bation was conducted in 3 patients with BSR[ +], and 
maintenance hemodialysis was discontinued in 5 cases 
with BSR[ +] and one with BSR[-].

Finally, the role of physicians’ suggestions and requests 
of patients’ families/surrogates in the withdrawal from 
life-sustaining treatment was evaluated. There was 

observed no difference in the ratio of physicians’ sugges-
tions to families’ requests between BSR[-] and BSR[ +] 
patients (p = 0.251, Table 4A). When each medical prac-
tice was evaluated, physicians recommended organ trans-
plantation following the withdrawal of life-sustaining 
treatment, particularly in BSR[-] patients (p = 0.022) and 
preferred the discontinuation of hemodialysis in BSR[ +] 
patients (p = 0.020, Table 4B). In contrast, patients’ fami-
lies requested the discontinuation of mechanical ven-
tilation in both BSR[-] (p = 0.029) and BSR[ +] patients 
(p = 0.022).

Discussion
Intracranial hemorrhage/cerebral infarction and CPA are 
serious events that cause ominous sequelae, including 
severe brain damage with poor neurological prognosis 
and/or brainstem dysfunction. There have been reported 
many studies and reviews showing a substantial number 
of patients who develop severe brain damage following 
intracranial hemorrhage/infarction or resuscitation from 
CPA [18, 19]. Additionally, in some resuscitated patients, 
irreversible hypoxic encephalopathy ensues which 
requires differential diagnosis for brain death. Such 
devastating status always worries physicians with their 

Fig. 4 Temporal changes in the number of requests to withdraw life‑sustaining treatment and actual withdrawal. The numbers of the requests of 
patients’ families to withdraw life‑sustaining treatment after specific days of diagnosis (Dx) on neurological status were shown (A). Total numbers 
of families’ requests for withdrawal reached 22 cases in brainstem reflex [‑] (BSR[‑]) and 28 cases in BSR[ +] group (B). Physicians, however, actually 
withdrew the life‑sustaining treatment in only 8 and 11 cases in the BSR[‑] and BSR[ +] group, respectively
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attitudes toward treatment policies because interrupting 
ongoing therapies might evoke ethicolegal and religious 
issues, particularly in Japan and other Asian countries [4, 

5, 8, 10]. To the extent that withdrawal of treatment and 
execution of organ donation depend on the brain status 
of patients, it appears extremely critical to recognize the 

Table 3 Withdrawal or withholding of life‑sustaining treatment

Table 4 Impacts of physicians’ suggestions and families’ requests on withdrawal policy
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characteristics and the temporal profiles of patients fol-
lowing brain hemorrhage/infarction or resuscitated from 
CPA.

A. Characterization of patients with BSR[-]/[ +]

 The present study shows that during the last 11 years, 
we experienced 510 patients who suffered severe 
sequelae of brain damage resulting from intracranial 
hemorrhage/infarction and CPA in our two affili-
ated hospitals (Fig.  1). These unconscious patients 
were classified as cases with absent brainstem reflex 
(i.e., BSR[-]) and those with the preserved reflex 
(i.e., BSR[ +]). Thus, 53.9% of the patients developed 
severe brain damage with BSR[-], a status conven-
tionally deemed as a category of ‘brainstem death’ 
[20–22] and resulted in markedly less survival; the 
patients of this subgroup had survival rate of 0.7% 
and LOS of 3  days (Table  2), as compared with the 
patients with BSR[ +] showing 31.9% of survival rate 
and 16  days of LOS. These findings are consistent 
with the premise that brainstem dysfunction reflects 
more severe brain injury [15] and may further lend 
support to the presumption that impaired BSR affects 
not only the physicians’ attitudes toward treatment 
practices but also the decision-making process of 
patients’ families; they might request to withdraw 
life-sustaining treatment and propose organ dona-
tion. Indeed, organ transplantation was performed in 
six cases (Table 3).

 The impact of brainstem function and EEG activ-
ity on mortality remains a matter of controversy. 
The present study showed that among patients with 
BSR[-], only 29.8% of the patients underwent EEG 
examination, and most of this subgroup manifested 
a flat EEG (Fig. 2). Furthermore, because of a paucity 
of survivors in the BSR[-] group, the survival rate did 
not depend on whether an EEG was implemented 
(p = 0.088) nor on the types of the EEG wave pat-
tern (p = 1.0). In this regard, several statements and 
reports indicate that EEG is not a requirement for the 
diagnosis of brain death unless mandated by regional 
laws [23, 24]. It turns out therefore that implemen-
tation of the EEG plays a permissive role in patients 
with BSR[-].

 In contrast, a substantial number of the patients with 
BSR[ +] had a chance to undergo EEG examination 
(i.e., 69.4%, Fig.  2), probably due to a longer period 
of hospitalization. Among this subgroup, there was 
no difference in survival rate between patients with 
flat EEGs (29.2% [= 19/65]) and those with diffuse 

slow waves (36.0% [= 31/86], p = 0.378). Because a 
number of the patients with BSR[ +] had no chance 
to undergo EEG examination, it awaits further evalu-
ation whether EEG findings affect survival rate in 
patients with BSR[ +].

B. Treatment policy
 Since the current study shows an intimate asso-

ciation between brainstem activity and the prog-
nosis of patients with severe brain damage, the dis-
tinct neurological properties between BSR[-]- and 
BSR[ +]-patients may influence the treatment poli-
cies and attitudes of physicians. At the time of initial 
diagnosis on neurological status, most families of the 
patients with BSR[-] and BSR[ +] had willingness to 
withhold life-sustaining treatment (Fig. 3). In patients 
with BSR[-], however, the ratio of the patients receiv-
ing aggressive life-sustaining treatment was less than 
in those with BSR[ +] (6.9% vs. 15.3%, p = 0.002). 
This difference could be ascribed to the impact of 
impaired brainstem function [15]. When temporal 
factors (i.e., interval between the diagnosis and actual 
implementation of treatment policies) were taken 
into consideration, there existed no serial changes in 
the proportion of each treatment policy (i.e., aggres-
sive, withhold and withdraw) in patients with BSR[-] 
(p = 0.432). In patients with BSR[ +], by contrast, the 
changes in the proportion nearly attained signifi-
cance (p = 0.072), probably due to an additive impact 
of a decrease in cases with aggressive life-sustaining 
support (from 15.3% to 9.8%, p = 0.070) and a mod-
est increasing tendency in the patients who had 
withdrawal of life-sustaining treatment (from 2.1% 
to 4.7%, p = 0.127). These distinct effects could be 
associated with longer hospitalization in BSR[ +] 
cases (i.e., 16 days vs. 3 days, for BSR[ +] and BSR[-], 
respectively, p < 0.001).

 The implications of withdrawal or withholding of 
treatment in end-of-life care may be affected by phy-
sicians’ attitudes toward life-sustaining treatment. 
Vincent [25] previously showed in a questionnaire 
survey conducted in 16 European countries that 93% 
of the respondents withheld treatment from patients 
with no hope of a meaningful life. A recent question-
naire survey on the treatment attitude of physicians 
in Asia demonstrated that they often withheld but 
seldom withdrew life-sustaining treatments in ICU 
patients [4]. This study included 1465 respondents, 
among whom 224 physicians were enrolled from 
Japan. The study showed that 70.2% of respond-
ents withheld and 20.7% withdrew life-sustaining 
treatment. When restricted to Japanese physicians, 
approximately 90% respondents withheld but only 
10% withdrew life-sustaining treatment. The trends 
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observed in these findings are hence compatible with 
the results of our current study. Collectively, these 
findings observed in Asia lend support to the conten-
tion that there is an unacceptable social background 
to interrupting medical practice. Close communica-
tion between physicians and families and in-depth 
discussion would offer more fruitful end-of-life care.

 The present study shows a striking discrepancy in 
number between the requests from patients’ fami-
lies to withdraw treatment and the actual withdrawal 
by the physicians. Thus, the cumulative number 
of requests to withdraw life-sustaining treatment 
increased during a couple of week period (BSR[-
]; from 1 to 22 cases, BSR[ +]; from 5 to 28 cases, 
Fig.  4). Nevertheless, actual implementation of the 
withdrawal was much less in both groups (8 and 11 
cases for BSR[-] and BSR[ +], respectively). The dis-
cord between these results may be accounted for not 
only by personal attitudes of physicians toward treat-
ment policies but also by religious belief of them. 
Indeed, Asian physicians, including Japanese, tend to 
desist from discussing with families the withdrawal 
of ongoing life-sustaining therapy [4, 5], which 
might discourage the families from requesting with-
drawal of treatment. Furthermore, physicians’ deci-
sion may be affected by the prognostic uncertainty 
of patients. The BSR[ +] patients had longer length 
of hospital stays than those with BSR[-], but nearly 
the same withdrawal ratio (Figs.  3, 4), which could 
reflect the suspended decision-making on with-
drawal of life-sustaining treatment. Finally, ethicole-
gal circumstance in Japan may deter physicians from 
interrupting life-supporting treatment. Although the 
guidelines by the Government and several academic 
societies qualified the withdrawal/withholding of 
treatment as end-of-life care practices [11–14], our 
physicians might hesitate to implement justifiable 
withdrawal to avoid lawsuits. This important issue 
should be more thoroughly recognized, and suc-
cessful end-of-life care needs to be established with 
nationwide consensus endorsed by ethicolegal frame-
works.

 Of note, the present study shows that there are some 
differences in the suggestions and requests for with-
drawal between physicians and patients’ families. As 
illustrated in Table 4, physicians suggested withdrawal 
of life-sustaining treatment, resulting in implementa-
tion of organ transplantation, particularly in patients 
with BSR[-]. In striking contrast, 20 families/surro-
gates of the patients requested the discontinuation of 
mechanical ventilation whereas none of the physicians 
had suggestion for this withdrawal. Unlike European 
physicians, Japanese doctors are less likely to withdraw 

life-sustaining treatment [4, 5], which attitude may 
be reflected by no suggestion regarding the cessation 
of mechanical ventilation. Alternatively, the physi-
cians essentially recognize that the recommendation 
of organ transplantation is rendered contributory to 
transplant therapy and may offer an opportunity for 
functional restoration to many potential recipients 
with end-stage organs. The attitudes of Japanese physi-
cians may thus constitute a determinant of end-of-life 
care policies that cannot be modified so easily prob-
ably because of our religious belief or societal culture.

C. Limitations
 The present study has been conducted in two affili-

ated institutions. Thus, the critical care management 
and ethical responses to CPA in these two institu-
tions may not be fully identical. Nevertheless, com-
munication between the staff of these two facilities 
is well maintained through regular assembly and 
medical and other technical information is shared, 
which would minimize the gap between two hospi-
tals. Caveat is in order, however, since the attitudes 
of our medical staff toward treatment policies might 
be deviated from a national consensus on end-of-
life care. Finally, life-sustaining treatment policy for 
patients with severe brain damage may be affected 
by personal attitudes of physicians toward treatment 
of which physicians’ religious belief could be a deter-
minant. Reinforced decision-making frameworks 
involving not only physicians but also co-medical 
staff and lawyers would hence unravel this problem.

Conclusions
The present study demonstrated the characteristics of 
the patients who suffered severe brain hemorrhage/
infarction or were resuscitated from CPA but with poor 
neurological outcomes. Preserved BSR constitutes a 
determinant of survival and length of hospitalization. 
More importantly, although requests of patients’ fami-
lies to withdraw life-sustaining treatment increased 
over time, actual interruption does not correspond to 
the request due to multifaceted confounding factors, 
including medicolegal frameworks and physicians’ atti-
tudes to the treatment. This discrepancy appears to be 
more conspicuous in Japan, and sociolegal, ethical and 
religious issues surrounding our medical circumstance 
should be taken into consideration when discussing 
end-of-life care for patients with severe brain damage 
with poor neurological prognosis.

Abbreviations
CPA: Cardiopulmonary arrest; OHCA: Out‑of‑hospital cardiac arrest; BSR: 
Brainstem reflex; ICU: Intensive care unit; HCU: High care unit; NCSE: Non‑
convulsive status epileptics; LOS: Length of stay.



Page 11 of 11Wakatake et al. BMC Palliative Care           (2022) 21:79  

Acknowledgements
We thank Dr. Hiroki Saito, Dr. Yu Nomura, Dr. Takayuki Naito, Dr. Ken Tsutsumi, 
Dr. Minoru Yoshida, Dr. Mumon Takita, Dr. Hideki Yoshida and Dr. Miyuki Kurisu 
for supporting our clinical investigation. We also thank Mrs. Akiko Hosoyama 
for editing a draft of this manuscript.

Author’s contributions
HW, SF and TY participated in the design of the study. HW wrote the initial 
draft of the manuscript. SF and HHC revised the manuscript. TY, KH, and SF 
helped to draft the manuscript. HW, YK and YM were responsible for data 
acquisition. KH performed the statistical analyses and prepared the figures. All 
authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author (Haruaki Wakatake: haru_waka_2110@marianna‑u.
ac.jp) on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of 
Helsinki and approved by the Institutional Review Board and Ethics Com‑
mittee of St. Marianna University School of Medicine (approval No. 1614: 
2.10.2009). The informed consent was waived by the Ethics Committee of St. 
Marianna University School of Medicine.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Emergency and Critical Care Medicine, St. Marianna Uni‑
versity, Yokohama Seibu Hospital, 1197‑1 Yasashi‑cho, Asahi‑ku, Yokohama, 
Kanagawa 241‑0811, Japan. 2 Department of Emergency Medicine, College 
of Medicine, National Cheng Kung University Hospital, National Cheng Kung 
University, 138 Sheng‑Li Road, Tainan 70428, Taiwan. 3 Department of Emer‑
gency and Critical Care Medicine, St. Marianna University School of Medicine, 
2‑16‑1 Sugano, Kawasaki, Kanagawa 216‑8511, Japan. 

Received: 25 November 2021   Accepted: 9 May 2022

References
 1. Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Hiraide A. Nationwide 

public‑access defibrillation in Japan. N Engl J Med. 2010;362:994–1004.
 2. Hayashida K, Tagami T, Fukuda T, Suzuki M, et al. Mechanical cardiopulmo‑

nary resuscitation and hospital survival among adult patients with nontrau‑
matic out‑of‑hospital cardiac arrest attending the emergency department: a 
prospective, multicenter, observational study in Japan (SOS‑KANTO [Survey 
of Survivors after Out‑of‑Hospital Cardiac Arrest in Kanto Area] 2012 Study). 
J Am Heart Assoc. 2017;6: e007420.

 3. Takashima N, Arima H, Kita Y, Fujii T, et al. Incidence, management and short‑
term outcomes of stroke in a general population of 1.4 million Japanese 
‑Shiga Stroke Registry‑. Circ J 2017; 81: 1636–1646. https:// doi. org/ 10. 1253/ 
circj. CJ‑ 17‑ 0177.

 4. Phua J, Joynt GM, Nishimura M, Deng Y, et al. Withholding and withdrawal 
of life‑sustaining treatments in intensive care units in Asia. JAMA Intern Med. 
2015;175:363–71. https:// doi. org/ 10. 1001/ jamai ntern med. 2014. 7386.

 5. Yaguchi A, Truog RD, Curtis JR, Luce JM, et al. International differences 
in end‑of‑life attitudes in the intensive care unit. Arch Intern Med. 
2005;165:1970–5.

 6. Vincent JL. Cultural differences in end‑of‑life care. Crit Care Med. 2001;29(2 
suppl):N52–5. https:// doi. org/ 10. 1097/ 00003 246‑ 20010 2001‑ 00010.

 7. Azouley E, Metnitz B, Sprung CL, Timsit JF, et al. End‑of‑life practices in 282 
intensive care units: data from the SAPS3 database. Intensive Care Med. 
2009;35:623–30.

 8. Park SY, Phua J, Nishimura M, Deng Y, et al. End‑of‑life care in ICUs in 
east Asia: a comparison among China, Korea, and Japan. Crit Care Med. 
2018;46:1114–24. https:// doi. org/ 10. 1097/ CCM. 00000 00000 003138.

 9. Curtis JR, Vincent JL. Ethics and end‑of‑life care for adults in the intensive 
care unit. Lancet. 2010;376:1275–6. https:// doi. org/ 10. 1016/ S0140‑ 6736(10) 
60143‑2.

 10. Makino J, Fujitani S, Twohig B, Krasnica S, Oropello J. End‑of‑life considera‑
tions in the ICU in Japan: ethical and legal perspectives. J Intensive Care. 
2014;2:9. https:// doi. org/ 10. 1186/ 2052‑ 0429‑2‑9.

 11. Ministry of Health,Labor and Welfare. Guidelines for decision‑making 
process of end‑of‑life care. 2007. http:// www. mhlw. go. jpshi ng/ 2007/ 05/ dl/ 
s0521‑ 11a. pdf

 12. The Japanese Society of Intensive Care Medicine (JSICM). Nature of terminal 
care of critically ill patients in intensive care. 2006. http:// www. jsicm. org/ 
kanko ku_ termi nal. html.

 13. Japanese Association for Acute Medicine (JAAM). Recommendation for 
end‑of‑life care in emergency medicine. 2007. http:// www. jaam. jp/ html/ 
info/ info‑ 20071 116. pdf.

 14. Truog RD, Campbell ML, Curtis JR, Haas CE, et al. Recommendations for 
end‑of‑life care in the intensive care unit: a consensus statement by the 
American College of Critical Care Medicine. Crit Care Med. 2008;36:953–63. 
https:// doi. org/ 10. 1097/ CCM. 0B012 E1816 59096.

 15. Geocadin RG, Callaway CW, Fink EL, Golan E, et al. Standards for studies of 
neurological prognostication in comatose survivors of cardiac arrest. Circu‑
lation. 2019;140:e517–42. https:// doi. org/ 10. 1161/ CIR00 00000 00000 0702.

 16. Young GB. Neurologic prognosis after cardiac arrest. N Engl J Med. 
2009;361:605–11. https:// doi. org/ 10. 1056/ NEJMc p0903 466.

 17. Sandroni C, Cariou A, Cavallaro F, Cronberg T, et al. Prognostication in 
comatose survivors of cardiac arrest: an advisory statement from the 
European Resuscitation Council and the European Society of Intensive Care 
Medicine. Intensive Care Med. 2014;40:1816–31. https:// doi. org/ 10. 1007/ 
s00134‑ 014‑ 3370‑x.

 18. Escudero D, Valentin M, Escalante J, Sanmartin A, et al. Intensive care 
practices in brain death diagnosis an organ donation. Anesthesia 2015; 70: 
1130–1139. Doi;https:// doi. org/ 10. 1111/ anae. 13065.

 19. Sandroni C, D’Arrigo S, Callaway CW, Cariou A, et al. The rate of brain death 
and organ donation in patients resuscitated from cardiac arrest: a system‑
atic review and meta‑analysis. Intensive Care Med. 2016;42:1661–71. https:// 
doi. org/ 10. 1007/ s00134‑ 016‑ 4549‑3.

 20. Benghanem S, Mazeraud A, Azabou E, Chhhor V, et al. Brainstem dysfunc‑
tion in critically ill patients. Crit Care. 2020;24:5. https:// doi. org/ 10. 1186/ 
s13054‑ 019‑ 2718‑9.

 21. Cameron EJ, Bellini A, Damian MS, Breen DP. Confirmation of brainstem 
death. Pract Neurol. 2016;16:129–35. https:// doi. org/ 10. 1136/ pract 
neurol‑ 2015‑ 001297.

 22. Saran JSRG, Padubidri JR. Brain stem death ‑an overview. Med Leg J. 
2019;87:18–20. https:// doi. org/ 10. 1177/ 00258 17218 822008.

 23. No authors listed. Diagnosis of brain death. Statement issued by the honor‑
ary secretary of the Conference of Medical Royal Colleges and their Faculties 
in the United Kingdom on 11 October 1976. Br Med J 1976; 2: 1187–1188. 
doi: https:// doi. org/ 10. 1136/ bmj.2. 6045. 1187.

 24. Greer DM, Shemie SD, Lewis A, Torrance S, et al. Determination of brain 
death/death by neurologic criteria: The World Brain Death Project. JAMA. 
2020;324:1078–97. https:// doi. org/ 10. 1001/ jama2 020. 11586.

 25. Vincent JL. Forgoing life support in western European intensive care units: 
the results of an ethical questionnaire. Crit Care Med. 1999;27:1626–33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1253/circj.CJ-17-0177
https://doi.org/10.1253/circj.CJ-17-0177
https://doi.org/10.1001/jamainternmed.2014.7386
https://doi.org/10.1097/00003246-200102001-00010
https://doi.org/10.1097/CCM.0000000000003138
https://doi.org/10.1016/S0140-6736(10)60143-2
https://doi.org/10.1016/S0140-6736(10)60143-2
https://doi.org/10.1186/2052-0429-2-9
http://www.mhlw.go.jpshing/2007/05/dl/s0521-11a.pdf
http://www.mhlw.go.jpshing/2007/05/dl/s0521-11a.pdf
http://www.jsicm.org/kankoku_terminal.html
http://www.jsicm.org/kankoku_terminal.html
http://www.jaam.jp/html/info/info-20071116.pdf
http://www.jaam.jp/html/info/info-20071116.pdf
https://doi.org/10.1097/CCM.0B012E181659096
https://doi.org/10.1161/CIR0000000000000702
https://doi.org/10.1056/NEJMcp0903466
https://doi.org/10.1007/s00134-014-3370-x
https://doi.org/10.1007/s00134-014-3370-x
https://doi.org/10.1111/anae.13065
https://doi.org/10.1007/s00134-016-4549-3
https://doi.org/10.1007/s00134-016-4549-3
https://doi.org/10.1186/s13054-019-2718-9
https://doi.org/10.1186/s13054-019-2718-9
https://doi.org/10.1136/practneurol-2015-001297
https://doi.org/10.1136/practneurol-2015-001297
https://doi.org/10.1177/0025817218822008
https://doi.org/10.1136/bmj.2.6045.1187
https://doi.org/10.1001/jama2020.11586

	Eleven-year retrospective study characterizing patients with severe brain damage and poor neurological prognosis -role of physicians’ attitude toward life-sustaining treatment
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


