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Abstract
Background  Previous studies of do-not-resuscitate (DNR) or do-not-intubate (DNI) orders in stroke patients have 
primarily been conducted in North America or Europe. However, characteristics associated with DNR/DNI orders in 
stroke patients in Asia have not been reported.

Methods  Based on the Taiwan Stroke Registry, this nationwide cross-sectional study enrolled hospitalized stroke 
patients from 64 hospitals between 2006 and 2020. We identified characteristics associated with DNR/DNI orders 
using a two-level random effects model.

Results  Among the 114,825 patients, 5531 (4.82%) had DNR/DNI orders. Patients with acute ischemic stroke (AIS) 
had the highest likelihood of having DNR/DNI orders (adjusted odds ratio [aOR] 1.76, 95% confidence interval [CI] 
1.61–1.93), followed by patients with intracerebral hemorrhage (ICH), and patients with subarachnoid hemorrhage 
(SAH) had the lowest likelihood (aOR 0.53, 95% CI 0.43–0.66). From 2006 to 2020, DNR/DNI orders increased in all three 
types of stroke. In patients with AIS, women were significantly more likely to have DNR/DNI orders (aOR 1.23, 95% 
CI 1.15–1.32), while patients who received intravenous alteplase had a lower likelihood (aOR 0.74, 95% CI 0.65–0.84). 
Patients with AIS who were cared for by religious hospitals (aOR 0.55, 95% CI 0.35–0.87) and patients with SAH who 
were cared for by medical centers (aOR 0.40, 95% CI 0.17–0.96) were significantly less likely to have DNR/DNI orders.

Conclusions  In Taiwan, DNR/DNI orders increased in stroke patients between 2006 and 2020. Hospital characteristics 
were found to play a significant role in the use of DNR/DNI orders.
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Background
Stroke is a leading cause of death and disability world-
wide. Japan and Taiwan report the highest incidence 
rates of stroke in Asia. Although stroke-related mortality 
rates are decreasing in East Asia, many stroke survivors 
experience lifelong disabilities and poor quality of life [1]. 
These individuals require timely access to palliative care. 
However, guidelines or laws requiring professional judg-
ment regarding patients’ terminal status before adminis-
tering palliative care may be a serious obstacle in these 
countries [2].

Strictly speaking, do-not-resuscitate (DNR) only refers 
to the limitation of cardiopulmonary resuscitation (CPR) 
in the event of cardiac arrest [3]. However, in practice, a 
DNR order is often followed by a limitation of other types 
of care. For instance, a do-not-intubate (DNI) order may 
be issued, which withholds intubation and mechanical 
ventilation (IMV) in cases of pre-arrest respiratory fail-
ure [4, 5]. In some cases, patients with DNR orders may 
also refuse surgical interventions [6]. It is worth noting 
that signing a DNR consent form often marks the begin-
ning of palliative care [5, 7].

In 2000, Taiwan became the first country in Asia to 
pass legislation specifically addressing end-of-life and 
palliative care, with the Hospice Palliative Care Act [8]. In 
Japan, the Guideline for Medical Decision-Making Pro-
cess in End-of-Life Care, issued in 2007, guides the use 
of DNR orders, but relevant laws have not been passed 
[2]. In South Korea, the “Act on Decisions on Life-Sus-
taining Treatment for Patients in Hospice and Palliative 
Care or at the End of Life” was passed in 2016, and fully 
enforced in 2018. This act limits the “terminal stage” to 
patients with acquired immune deficiency syndrome, 
chronic liver cirrhosis, chronic obstructive pulmonary 
disease, cancer, and other specified diseases, but stroke is 
not included [2, 9]. There have been no studies of end-of-
life care in patients with stroke in Korea or Japan yet in 
English literature [2, 9, 10]. Most studies have been car-
ried out in North America [11–18] or Europe [5, 19–21]. 
Several of the few studies published in Asia were in Tai-
wan [22–24].

Although withholding and withdrawing life-sustaining 
treatment (LST) are considered morally equivalent in 
Western countries, this is generally not the case in Asia 
[2]. In a 2012 survey of intensive care unit physicians, 
80% of physicians in Taiwan and 79% in Korea reported 
that withholding and withdrawing LST were ethically 
different [2, 25]. Specifically, more than 80% of physi-
cians from Taiwan tended to withhold but not withdraw 
therapies, while less than 3% responded that they often 
withdrew LST [25]. Despite the legal permissibility of 
withdrawing LST after the amendments of the Hospice 
Palliative Care Act in 2011 and 2013, many physicians in 
Taiwan still hesitate to do so.

In Taiwan, under the Hospice Palliative Care Act, doc-
tors can only forgo LST, such as IMV, CPR, or resuscita-
tion drugs, when terminal patients or their families sign 
formal written consents. The formal written consent 
form used in Taiwan is a combined form of DNR and 
DNI, despite being called a “do not resuscitate” consent. 
The right to refuse CPR/IMV is only entitled to termi-
nal patients, defined as individuals with incurable dis-
eases who cannot avoid death in the near future based on 
medical evidence [2]. Thus, end-of-life and palliative care 
have been overlooked in patients with non-cancer dis-
eases such as stroke. End-of-life care often begins late in 
the clinical course when stroke patients have already lost 
capacity and are under IMV [26]. In two previous stud-
ies of stroke patients in Taiwan, DNR consents were all 
signed by surrogates [22, 23]. However, with the progress 
of the palliative care movement globally and domesti-
cally, the National Health Insurance program in Taiwan 
has begun reimbursing palliative care for eight types of 
non-cancer diseases, including severe stroke, since 2009. 
While this change in the reimbursement policy does not 
amend the legal definition of terminal patients, it may 
serve as an official green light for some physicians and 
hospitals to diagnose severe stroke patients as terminal 
and issue DNR or DNI orders after obtaining consent.

Studies on factors related to end-of-life care in patients 
with stroke have mainly been conducted in Western 
countries [16, 27–31]. Age, sex, ethnicity, illness severity, 
and comorbidities are significant factors [16, 29, 30]. In a 
qualitative study, hospital culture and policy were found 
to influence physicians’ attitudes toward patient auton-
omy in DNR decision-making [32]. Previous studies have 
attempted to investigate differences in the frequency 
of DNR orders [27], withdrawal of care [31], and pallia-
tive care encounter [28] among various hospital types in 
patients with stroke, but no similar study has been con-
ducted in East Asia [2, 33]. Therefore, we investigated 
a wide array of patient and hospital factors associated 
with DNR/DNI orders among stroke patients in Taiwan. 
We hypothesized that the use of DNR without IMV is 
increasing and that variations in DNR use exist between 
different types of hospitals, as hospital cultures and poli-
cies may affect the timing of considering DNR orders and 
interpretations of the definition of terminal patients [32].

Methods
Study design and data source
This cross-sectional study is based on the Taiwan Stroke 
Registry (TSR), a nationwide hospital-based registry that 
has been enrolling stroke patients since 2006. The TSR 
includes 19 academic medical centers, 37 regional hos-
pitals, and 8 district hospitals. Patients admitted within 
ten days after stroke onset are included, and the data is 
collected prospectively by neurologists and study nurses 
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trained by the TSR. The type of stroke is diagnosed by 
the treating neurologist or neurosurgeon, and then dou-
ble-confirmed by another neurologist who reviews the 
neuro-images and fills in the registration form accord-
ingly. Patients with traumatic types of intracerebral 
hemorrhage (ICH) or subarachnoid hemorrhage (SAH) 
are excluded from the registry. The registry has enrolled 
more than 150,000 patients to date. The details have been 
described in previous studies [34, 35].

Study population
We included patients aged 20 to 100 admitted through 
the emergency room between 2006 and 2020 with acute 
ischemic stroke (AIS), ICH, or SAH. Patients were 
excluded if their admission source data were missing 
(Fig. 1).

Outcomes
Since DNR orders may be issued after aggressive treat-
ments fail, previous studies have used various defini-
tions to distinguish early DNR orders from late DNR 
orders (i.e. DNR orders issued after intensive treatment 
fails) [12, 13, 36]. In Taiwan, the official “do not resusci-
tate” consent form is actually a combined form for DNR 
and DNI. It is common practice to withhold IMV after a 
do-not-resuscitate consent is signed. Therefore, if a DNR 
consent is signed before intubation, the patient would 
not be intubated, and this DNR order would be classified 
as a DNR without IMV (early DNR). If a DNR consent is 
signed after the failure of aggressive treatment, including 
IMV, this DNR order would be classified as a DNR with 
IMV (late DNR). DNR orders for patients who did not 
receive IMV during their hospitalization were defined as 
DNR/DNI orders, which were used as the primary out-
come to capture DNR orders signed early in the clinical 
course.

Characteristics
Covariates included age, sex, National Institute of Health 
Stroke Scale (NIHSS) scores upon admission [37, 38], the 
combined score of eye and motor tests on the Glasgow 
Coma Scale (GCS E + M) upon admission [5, 39, 40], 
whether patients with AIS received intravenous alteplase, 
and comorbidities including histories of uremia, conges-
tive heart failure, cancer, and previous stroke. The diag-
noses of comorbidities recorded in the Taiwan Stroke 
Registry are reported by professional study nurses based 
on patient’s medical records. Congestive heart failure is 
defined based on the clinical diagnosis made by cardi-
ologists or the treating physician in patient’s medical 
records. Uremia is defined as end-stage renal disease 
when dialysis is indicated, as suggested by nephrologists. 
The physicians do certainly take laboratory data into con-
sideration while making their diagnoses, but do not make 

the diagnoses based on laboratory data alone. Hospital 
characteristics such as accreditation level, religious affili-
ation, and ownership were also included. The number 
of years from 2006 to admission was also calculated and 
included in the models as “years-from-2006.”

Statistical analysis
Continuous variables were expressed as mean with 
standard deviation. Ordinal variables were expressed as 
median with interquartile range. Count and percentage 
were used for categorical variables. To assess baseline 
characteristics between patients with and without DNR/
DNI orders, the Student’s t-test was used for continuous 
variables, the Wilcoxon (Mann-Whitney) rank-sum test 
was used for ordinal variables, and the chi-square test 
was used for categorical variables.

The variables in the models were chosen based on their 
potential confounding effects in the causal diagram [41]. 
Age was centered to the mean and NIHSS was centered 
to the median. Missing data for age, NIHSS, GCS (E + M), 
sex, uremia, congestive heart failure, cancer, and previ-
ous stroke were imputed using multiple imputation for 
each of the three types of stroke. Covariates included 
centered age, centered NIHSS, GCS (E + M), sex, comor-
bidities (uremia, congestive heart failure, cancer, and 
previous stroke), years-from-2006, and hospital char-
acteristics (accreditation level, religious affiliation, and 
ownership). In patients with AIS, receiving intravenous 
alteplase was an additional variable. A two-level random 
effects model was used to evaluate independent associa-
tions with DNR/DNI orders in patients with AIS, ICH, or 
SAH collectively and respectively. Forest plots were used 
to display the adjusted odds ratios (aOR) with 95% confi-
dence intervals (CI). All analyses were performed using 
Stata software (version 14.0, StataCorp LP, USA). The 
significance level was set at a P value of less than 0.05. 
Subgroup analyses of AIS, ICH, and SAH were planned 
in advance, and this study was exploratory in nature, so 
the significance level was not adjusted for multiple com-
parisons [42–44].

Results
A total of 114,825 patients were enrolled (Fig.  1), and 
4.82% (5531) received DNR/DNI orders. Among the 
91,947 patients with AIS, 4.9% (4464) had DNR/DNI 
orders, and 26.3% of these patients with DNR/DNI 
orders (1173/4464) died in the hospital. For the 19,345 
ICH patients, 4.9% (954) had DNR/DNI orders, and 
36.4% (347/954) died in the hospital. Among the 3533 
patients with SAH, 3.2% (113) received DNR/DNI orders, 
and 48.7% (55/113) died in the hospital.

The DNR/DNI group were older, had a higher pro-
portion of females, had higher NIHSS scores, lower 
GCS scores, a higher proportion of comorbidities, and a 
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Fig. 1  Flowchart of patient selection. AIS, acute ischemic stroke; ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage
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higher proportion of previous stroke (Table 1). The per-
centage of patients with AIS who had DNR/DNI orders 
was 2.02% in 2006, 6.98% in 2019, and 9.60% in 2020. For 
patients with ICH, the corresponding percentages were 
2.93% in 2006, 9.23% in 2019, and 12.41% in 2020. For 

patients with SAH, the percentages were 2.99% in 2006, 
3.45% in 2019, and 14.63% in 2020.

After adjusting for all other characteristics, patients 
with AIS were found to be significantly more likely to 
have DNR/DNI orders (aOR 1.76, 95% CI 1.61–1.93) 
compared to patients with ICH. On the other hand, 
patients with SAH were significantly less likely to be 
associated with DNR/DNI (aOR 0.53, 95% CI 0.43–0.66) 
compared to patients with ICH (Fig. 2).

The overall associations of age (aOR 1.05, 95% CI 1.05–
1.06, collectively), NIHSS (aOR 1.10, 95% CI 1.09–1.10, 
collectively), and years-from-2006 (aOR 1.12, 95% CI 
1.11–1.13, collectively) with DNR/DNI were consistent 
across the three types of stroke (Figs. 2, 3 and 4, and 5). 
The overall positive associations of uremia (aOR 1.40, 
95% CI 1.23–1.59, collectively) and cancer (aOR 2.03, 
95% CI 1.84–2.25, collectively) with DNR/DNI were 
consistent in the subgroups of AIS and ICH (Figs.  2, 3 
and 4). Congestive heart failure was positively associ-
ated with DNR/DNI in the total population (aOR 1.66, 
95% CI 1.48–1.86, collectively) and in the subgroups of 
AIS and SAH (Figs. 2 and 3, and 5). Females were signifi-
cantly associated with an increased likelihood of DNR/
DNI orders in the total population (aOR 1.21, 95% CI 
1.14–1.29, collectively) and the subgroup of AIS (Figs. 2 
and 3). Patients with previous stroke were significantly 

Table 1  Patient and hospital characteristics of study participants
Characteristic DNR/DNI P

No 
(n = 109,294)

Yes 
(n = 5531)

Stroke type < 0.001
AIS 87,483 (80.04) 4464 (80.71)
ICH 18,391 (16.83) 954 (17.25)
SAH 3420 (3.13) 113 (2.04)
Age (Years)* 67.1 ± 13.5 77.8 ± 12.3 < 0.001
NIHSS† 5 (3–12) 20 (11–27) < 0.001
GCS (E + M)† 10 (10–10) 8 (6–10) < 0.001
Female 42,122 (38.54) 2967 (53.64) < 0.001
Uremia 3671 (3.36) 356 (6.44) < 0.001
Congestive heart failure 2691 (2.46) 523 (9.46) < 0.001
Cancer 4335 (3.97) 675 (12.20) < 0.001
Previous stroke 29,012 (26.54) 1933 (34.95) < 0.001
Years-from-2006* 6.1 ± 3.7 7.7 ± 3.6 < 0.001
Medical center 67,043 (61.34) 3541 (64.02) < 0.001
Religious hospital 14,101 (12.90) 552 (9.98) < 0.001
Hospital ownership < 0.001
Public 29,237 (26.75) 1844 (33.34)
Private not-for-profit 65,813 (60.22) 2806 (50.73)
Private for-profit 14,244 (13.03) 881 (15.93)
Values are expressed as numbers, with percentages in parentheses unless otherwise specified

AIS, acute ischemic stroke; DNR/DNI, do-not-resuscitate orders in patients not intubated; GCS (E + M), eyes and motor score on the Glasgow Coma Scale; ICH, 
intracerebral hemorrhage; NIHSS, National Institute of Health Stroke Scale; SAH, subarachnoid hemorrhage
*For continuous variables, each cell reports the mean ± standard deviation. †For ordinal variables, each cell reports the median value, with the interquartile range 
in parentheses

Fig. 2  Two-level random effects model for characteristics associated 
with DNR/DNI use in patients with stroke. CI, confidence interval; DNR/
DNI, do-not-resuscitate orders in patients not intubated; GCS (E + M), eyes 
and motor score on the Glasgow Coma Scale; NIHSS, National Institute of 
Health Stroke Scale
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Fig. 4  Two-level random effects model for characteristics associated with DNR/DNI use in patients with intracerebral hemorrhage. CI, confidence interval; 
DNR/DNI, do-not-resuscitate orders in patients not intubated; GCS (E + M), eyes and motor score on the Glasgow Coma Scale; NIHSS, National Institute 
of Health Stroke Scale

 

Fig. 3  Two-level random effects model for characteristics associated with DNR/DNI use in patients with ischemic stroke. CI, confidence interval; DNR/DNI, 
do-not-resuscitate orders in patients not intubated; GCS (E + M), eyes and motor score on the Glasgow Coma Scale; NIHSS, National Institute of Health 
Stroke Scale
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more likely to have DNR/DNI orders in the total popula-
tion (aOR 1.12, 95% CI 1.11–1.13, collectively) and in the 
subgroup of ICH (Figs. 2 and 4).

Higher GCS (E + M) scores (aOR 0.94, 95% CI 0.92–
0.96) and intravenous alteplase (aOR 0.74, 95% CI 0.65–
0.84) were significantly associated with a decreased use 
of DNR/DNI orders in patients with AIS (Fig. 3).

Patients treated at hospitals with a religious affiliation 
were significantly less likely to have DNR/DNI orders in 
the total population (aOR 0.63, 95% CI 0.42–0.97) and 
in the subgroup of AIS (aOR 0.55, 95% CI 0.35–0.87) 
(Figs. 2 and 3). Patients with SAH who were cared for at 
academic medical centers were significantly associated 
with a lower likelihood of having DNR/DNI orders (aOR 
0.40, 95% CI 0.17–0.96) (Fig. 5).

In the sensitivity analyses using complete cases, 97,186 
patients had no missing data. Age, NIHSS, and years-
from-2006 continued to show positive associations with 
DNR/DNI orders across all three types of stroke. How-
ever, the associations between hospital characteristics 
and DNR/DNI were no longer significant.

Discussion
Our study, based on 91,947 patients with AIS, 19,345 
patients with ICH, and 3533 patients with SAH, revealed 
an increase in the proportion of patients with DNR/
DNI orders in Taiwan over the past 15 years. According 
to the Hospice and Palliative Care Act in Taiwan, with-
holding LST is only allowed for terminal patients, and 

the definition of “terminal patients” has not changed 
since the law was enacted in 2000. The increasing pro-
portion of patients with DNR/DNI orders from 2006 to 
2020 could be due to several factors, such as an increase 
in disease severity over time, changing interpretations 
of the legal definition of terminal patients by physicians, 
or earlier signing of DNR/DNI consents by patients and 
their families during the disease trajectory. After adjust-
ing for age, NIHSS, and GCS (E + M), the yearly trend 
was still significantly increasing, suggesting that the latter 
two plausible explanations may be more likely. A previ-
ous study in a community with a large minority popula-
tion in the United States reported that early DNR orders 
(within 24 h) after AIS increased between 2007 and 2016, 
while it remained stable in patients with ICH [11]. In our 
study, the proportion of patients with DNR/DNI orders 
increased in all three types of stroke, which may indicate 
a gradual general acceptance of end-of-life and palliative 
care among all stroke patients. The increasing acceptance 
of palliative care may be due to multiple factors, includ-
ing legislation, government policy, an aging population, 
mass media education, the reimbursement of palliative 
care by the National Health Insurance program, and sub-
sidies for community education provided by hospitals 
[45, 46]. The practice of end-of-life care in patients with 
stroke in Taiwan has shifted from beneficence (to avoid 
death if possible) toward patient autonomy (allowing 
patients to refuse IMV if they so wish).

Fig. 5  Two-level random effects model for characteristics associated with DNR/DNI use in patients with subarachnoid hemorrhage. CI, confidence 
interval; DNR/DNI, do-not-resuscitate orders in patients not intubated; GCS (E + M), eyes and motor score on the Glasgow Coma Scale; NIHSS, National 
Institute of Health Stroke Scale
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In this study, it was found that patients with AIS were 
more likely to have DNR/DNI orders than patients with 
ICH, and even more so than patients with SAH. A simi-
lar trend was observed in a previous study conducted in 
Taiwan, where withholding IMV before death was more 
common in AIS patients than in ICH patients [23]. One 
plausible explanation is that ICH and SAH are sudden 
events that require aggressive treatment. In severe cases, 
patients are intubated early for surgery, and DNR con-
sents are signed only when treatment fails. Although AIS 
also occurs suddenly and requires timely management 
with intravenous alteplase or endovascular thrombec-
tomy, anesthesia and IMV are less frequently required 
than for ICH and SAH. Large hemisphere infarctions and 
malignant edema often become apparent on the second 
day or later, allowing more time for shared decision mak-
ing to avoid IMV during subsequent hospitalization.

Our study found that intravenous alteplase was associ-
ated with a significantly lower odds of DNR/DNI orders 
in AIS patients. Another study also indicated that intra-
venous alteplase was not significantly associated with 
an early transition to palliative care [47]. One intui-
tive explanation may be that as intravenous alteplase is 
commonly considered as an effective treatment for AIS, 
it indeed effectively improves patients’ prognosis and 
reduces the willingness or needs of AIS patients to sign 
DNR. However, another plausible explanation is that 
patients who receive intravenous alteplase may be treated 
more aggressively, which could lead to a lower likelihood 
of them signing DNR orders.

Previous studies have found that females with AIS have 
more palliative care encounters [28], a higher incidence 
of withdrawal of care [31], and greater hospice utilization 
[30]. Consistent with previous research, our study found 
that women with AIS were more likely to have DNR/DNI 
orders than men, even after accounting for age, disease 
severity, consciousness, and comorbidities. In contrast, 
although sex differences in the use of DNR orders have 
been reported in patients with ICH, studies including the 
present one have shown mixed results [18, 48–50].

Uremia, congestive heart failure, and cancer are among 
the eight types of non-cancer diseases for which the Tai-
wan National Health Insurance program has reimbursed 
for palliative care since 2009. Patients with stroke who 
also have one of these diseases may be considered termi-
nal patients, as evidenced by the increased use of DNR/
DNI orders in this study.

In terms of hospital characteristics, we found a lower 
likelihood of DNR/DNI orders among patients cared for 
by hospitals with religious affiliations, both in the total 
population and the subgroup of AIS. A study of a smaller 
sample size in the United States, which included a mixed 
population of AIS and ICH, also showed lower unad-
justed DNR rates in hospitals with religious affiliations. 

However, after adjusting for patient characteristics, the 
differences disappeared. It is unknown whether the dif-
ference would persist if a larger sample size were avail-
able [27]. In another study, patients admitted to smaller 
and for-profit hospitals had lower rates of palliative care 
use [28]. Additionally, our study found that patients 
with SAH treated at academic medical centers tend to 
be less likely to have DNR/DNI orders. Hospital policies 
and missions can influence the priority setting between 
beneficence and patient autonomy, which in turn affects 
physicians’ approaches to discussing end-of-life decisions 
with patients and their families [32]. All these findings 
suggest significant influences of hospitals on end-of-life 
or palliative care decisions among stroke patients.

Some limitations should be noted. First, this study 
is retrospective and observational, so we could only 
report associations, not causations. However, we care-
fully considered the characteristics that preceded DNR/
DNI orders in our modeling strategies to reduce possible 
confounding bias. Second, there is no separate DNI con-
sent form in Taiwan, and the timing of DNR orders is not 
available in the TSR. Therefore, we could not precisely 
identify patients with pure DNI orders, nor could we 
identify “early DNR” in the first 24 h, as in previous stud-
ies [11, 12, 15]. Instead, we identified patients with early 
DNR orders by using DNR without IMV as our primary 
outcome. Third, the proportion of missing data varied 
from 0.09% for sex to 11.8% for uremia. We applied the 
multiple imputation method to eight variables to avoid 
inefficiency. Still, 1% of patients were excluded because 
of missing data (Fig.  1). Fourth, laws or guidelines for 
end-of-life care differ between countries, and the gener-
alizability of the study findings may depend on cultures 
and behavior patterns in countries. Our study findings 
may be more generalizable to other countries in Asia 
than to North America or Europe. Fifth, participation 
in the TSR is voluntary, so consent bias may be possible. 
Sixth, although cancer comorbidity is recorded in the 
Taiwan Stroke Registry, no specific information on type 
and staging of cancer is available. Seventh, the data in the 
Taiwan Stroke Registry is reported by professional study 
nurses after patients are discharged. The reporting of any 
DNR order is based on the final DNR status recorded in 
patient’s medical record. Unfortunately, no information 
is available whether any DNR orders were revoked in 
these patients and therefore not included in the statistical 
analysis.

Conclusions
From 2006 to 2020, the use of DNR/DNI orders 
increased in all three types of stroke. This trend may 
indicate a gradual general acceptance of end-of-life care 
among stroke patients. Furthermore, the study found that 



Page 9 of 10Yeh et al. BMC Palliative Care          (2023) 22:138 

hospital characteristics significantly influenced the use of 
DNR/DNI orders.

Abbreviations
AIS	� Acute ischemic stroke
aOR	� Adjusted odds ratio
CI	� Confidence interval
CPR	� Cardiopulmonary resuscitation
DNI	� Do-not-intubate
DNR	� Do-not-resuscitate
GCS (E + M)	� the combined score of eye and motor tests on the Glasgow 

Coma Scale
ICH	� Intracerebral hemorrhage
IMV	� Intubation and mechanical ventilation
LST	� Life-sustaining treatment
NIHSS	� National Institute of Health Stroke Scale
SAH	� Subarachnoid hemorrhage
TSR	� Taiwan Stroke Registry

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12904-023-01257-7.

Supplementary Material 1

Acknowledgements
This paper is dedicated to the memory of Professor Chung Y. Hsu.

Authors’ contributions
HLY, WHK, and NH researched literature and conceived the study. FIH and HTY 
performed the formal analysis. CLL was involved in gaining ethical approval 
and data analysis. HLY wrote the first draft of the manuscript. LML, JSJ, YS, CYW, 
KCH, and PYY were involved in patient recruitment and acquisition of data. All 
authors reviewed and revised the manuscript critically and approved the final 
version of the manuscript.

Funding
This study is supported in part by the National Science and Technology 
Council (NSTC 112-2321-B-039-006). The funders had no role in the study 
design, data collection and analysis, the decision to publish, or preparation of 
the manuscript. No additional external funding was received for this study.

Data Availability
The data that support the findings of this study are available from the 
Taiwan Stroke Registry, but restrictions apply to the availability of these 
data, which were used under license for the current study, and so are 
not publicly available. Data are however available from the authors upon 
reasonable request and with permission of the Taiwan Stroke Registry 
(taiwanstrokeregistry@gmail.com).

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
This study has been performed in accordance with the Declaration of Helsinki. 
The institutional review board of the China Medical University [CMUH102-
REC1-086(CR-9)] and each hospital approved the TSR. Written informed 
consent was obtained from all TSR participants in the study. This study 
involved a secondary data- analysis of the database of the TSR, which is hosted 
by the China Medical University, located in Taichung, Taiwan.

Consent for publication
Not applicable.

Author details
1Institute of Public Health, National Yang Ming Chiao Tung University, 
Taipei, Taiwan
2Department of Neurology, Shin Kong Wu Ho-Su Memorial Hospital, 
Taipei, Taiwan
3School of Public Health, College of Public Health, Taipei Medical 
University, Taipei, Taiwan
4Institute of Science, Technology, and Society, National Yang Ming Chiao 
Tung University, Taipei, Taiwan
5Stroke Center, Department of Neurology, National Taiwan University 
Hospital, Taipei, Taiwan
6Department of Neurology, En Chu Kong Hospital, New Taipei City, Taiwan
7Department of Exercise and Health Promotion, College of Kinesiology 
and Health, Chinese Culture University, Taipei, Taiwan
8Department of Neurology, St. Martin de Porres Hospital, Chiayi City, 
Taiwan
9Management office for Health Data, China Medical University Hospital, 
Taichung, Taiwan
10Department of Public Health, China Medical University, Taichung, 
Taiwan
11Institute of Hospital and Health Care Administration, National Yang 
Ming Chiao Tung University, No. 155, Section 2, Li-Nong Street, Taipei 112, 
Taipei, Taiwan
12Department of Neurology, China Medical University Hospital, Taichung, 
Taiwan

Received: 1 April 2023 / Accepted: 5 September 2023

References
1.	 Venketasubramanian N, Yoon BW, Pandian J, Navarro JC. Stroke epidemiology 

in South, East, and South-East Asia: a review. J Stroke. 2017;19:286–94.
2.	 Tanaka M, Kodama S, Lee I, Huxtable R, Chung Y. Forgoing life-sustaining 

treatment - a comparative analysis of regulations in Japan, Korea, Taiwan, and 
England. BMC Med Ethics. 2020;21:99.

3.	 Bradford MA. The meaning of do-not-resuscitate and its relationship to 
morality and outcomes research. Ann Palliat Med. 2016;5:308–10.

4.	 Breu AC, Herzig SJ. Differentiating DNI from DNR: combating code status 
conflation. J Hosp Med. 2014;9:669–70.

5.	 Reinink H, Konya B, Geurts M, Kappelle LJ, van der Worp HB. Treatment restric-
tions and the risk of death in patients with ischemic stroke or Intracerebral 
Hemorrhage. Stroke. 2020;51:2683–9.

6.	 Cauley CE, El-Jawahri AR, Jacobsen JC, Udelsman BV, Jackson VA, Temel JS, 
Qadan M. DNR, DNI, and DNO? J Palliat Med. 2020;23:829–31.

7.	 Holloway RG, Arnold RM, Creutzfeldt CJ, Lewis EF, Lutz BJ, McCann RM, Rabin-
stein AA, Saposnik G, Sheth KN, Zahuranec DB, et al. Palliative and end-of-life 
care in stroke: a statement for healthcare professionals from the American 
Heart Association/American Stroke Association. Stroke. 2014;45:1887–916.

8.	 Huang CH, Hu WY, Chiu TY, Chen CY. The practicalities of terminally ill 
patients signing their own DNR orders–a study in Taiwan. J Med Ethics. 
2008;34:336–40.

9.	 Kim DJ, Choi MS. Life-sustaining treatment and palliative care in patients 
with liver cirrhosis - legal, ethical, and practical issues. Clin Mol Hepatol. 
2017;23:115–22.

10.	 Kim JS, Yoo SH, Choi W, Kim Y, Hong J, Kim MS, Park HY, Keam B, Heo DS. 
Implication of the life-sustaining treatment decisions act on end-of-Life Care 
for Korean Terminal Patients. Cancer Res Treat. 2020;52:917–24.

11.	 Bailoor K, Shafie-Khorassani F, Lank RJ, Case E, Garcia NM, Lisabeth LD, San-
chez BN, Kim S, Morgenstern LB, Zahuranec DB. Time Trends in race-ethnic 
differences in Do-Not-resuscitate orders after stroke. Stroke. 2019;50:1641–7.

12.	 Madhok DY, Vitt JR, MacIsaac D, Hsia RY, Kim AS, Hemphill JC. Early Do-Not-
resuscitate orders and Outcome after Intracerebral Hemorrhage. Neurocrit 
Care. 2021;34:492–9.

13.	 Hemphill JC 3rd, Newman J, Zhao S, Johnston SC. Hospital usage of early do-
not-resuscitate orders and outcome after intracerebral hemorrhage. Stroke. 
2004;35:1130–4.

https://doi.org/10.1186/s12904-023-01257-7
https://doi.org/10.1186/s12904-023-01257-7


Page 10 of 10Yeh et al. BMC Palliative Care          (2023) 22:138 

14.	 Weimer JM, Nowacki AS, Frontera JA. Withdrawal of life-sustaining therapy 
in patients with intracranial hemorrhage: self-fulfilling prophecy or Accurate 
Prediction of Outcome? Crit Care Med. 2016;44:1161–72.

15.	 Kelly AG, Zahuranec DB, Holloway RG, Morgenstern LB, Burke JF. Variation in 
do-not-resuscitate orders for patients with ischemic stroke: implications for 
national hospital comparisons. Stroke. 2014;45:822–7.

16.	 Reeves MJ, Myers LJ, Williams LS, Phipps MS, Bravata DM. Do-not-resuscitate 
orders, quality of care, and outcomes in veterans with acute ischemic stroke. 
Neurology. 2012;79:1990–6.

17.	 Zahuranec DB, Brown DL, Lisabeth LD, Gonzales NR, Longwell PJ, Smith MA, 
Garcia NM, Morgenstern LB. Ethnic differences in do-not-resuscitate orders 
after intracerebral hemorrhage. Crit Care Med. 2009;37:2807–11.

18.	 Zahuranec DB, Brown DL, Lisabeth LD, Gonzales NR, Longwell PJ, Smith MA, 
Garcia NM, Morgenstern LB. Early care limitations independently predict mor-
tality after intracerebral hemorrhage. Neurology. 2007;68:1651–7.

19.	 Minhas JS, Sammut-Powell C, Birleson E, Patel HC, Parry-Jones AR. Are do-not-
resuscitate orders associated with limitations of care beyond their intended 
purpose in patients with acute intracerebral haemorrhage? Analysis of the 
ABC-ICH study. BMJ Open Qual 2021, 10.

20.	 Geurts M, de Kort FA, de Kort PL, van Tuijl JH, van Thiel GJ, Kappelle LJ, van 
der Worp HB. Treatment restrictions in patients with severe stroke are associ-
ated with an increased risk of death. Eur Stroke J. 2017;2:244–9.

21.	 Silvennoinen K, Meretoja A, Strbian D, Putaala J, Kaste M, Tatlisumak T. Do-
not-resuscitate (DNR) orders in patients with intracerebral hemorrhage. Int J 
Stroke. 2014;9:53–8.

22.	 Lin KH, Lin HJ, Yeh PS. Determinants of prolonged length of Hospital stay in 
patients with severe Acute Ischemic Stroke. J Clin Med 2022, 11.

23.	 Wang VC, Hsieh CC, Huang YL, Chen CP, Hsieh YT, Chao TH. Different utiliza-
tion of intensive care services (ICSs) for patients dying of hemorrhagic and 
ischemic stroke, a hospital-based survey. Medicine. 2018;97:e0017.

24.	 Fan JS, Huang HH, Chen YC, How CK, Yen DH. Emergency department DNR 
order in patients with spontaneous intracerebral hemorrhage. Am J Emerg 
Med. 2017;35:1850–4.

25.	 Phua J, Joynt GM, Nishimura M, Deng Y, Myatra SN, Chan YH, Binh NG, Tan 
CC, Faruq MO, Arabi YM, et al. Withholding and withdrawal of life-sustaining 
treatments in intensive care units in Asia. JAMA Intern Med. 2015;175:363–71.

26.	 Hsu NC, Lin YF, Shu CC, Yang MC, Ko WJ. Noncancer palliative care: the 
lost pieces in an acute care setting in Taiwan. Am J Hosp Palliat Care. 
2013;30:334–8.

27.	 Shepardson LB, Youngner SJ, Speroff T, O’Brien RG, Smyth KA, Rosenthal GE. 
Variation in the use of do-not-resuscitate orders in patients with stroke. Arch 
Intern Med. 1997;157:1841–7.

28.	 Singh T, Peters SR, Tirschwell DL, Creutzfeldt CJ. Palliative Care for hospitalized 
patients with stroke results from the 2010 to 2012 National Inpatient Sample. 
Stroke. 2017;48:2534–40.

29.	 Chauhan N, Ali SF, Hannawi Y, Hinduja A. Utilization of Hospice Care in 
patients with Acute ischemic stroke. Am J Hosp Palliat Care. 2019;36:28–32.

30.	 duPreez AE, Smith MA, Liou JI, Frytak JR, Finch MD, Cleary JF, Kind AJ. Predic-
tors of hospice utilization among acute stroke patients who died within thirty 
days. J Palliat Med. 2008;11:1249–57.

31.	 Qureshi AI, Adil MM, Suri MF. Rate of utilization and determinants of with-
drawal of care in acute ischemic stroke treated with thrombolytics in USA. 
Med Care. 2013;51:1094–100.

32.	 Dzeng E, Colaianni A, Roland M, Chander G, Smith TJ, Kelly MP, Barclay S, 
Levine D. Influence of institutional culture and policies on do-not-resuscitate 
decision making at the end of life. JAMA Intern Med. 2015;175:812–9.

33.	 Cowey E, Schichtel M, Cheyne JD, Tweedie L, Lehman R, Melifonwu R, Mead 
GE. Palliative care after stroke: a review. Int J Stroke. 2021;16:632–9.

34.	 Hsieh FI, Lien LM, Chen ST, Bai CH, Sun MC, Tseng HP, Chen YW, Chen CH, 
Jeng JS, Tsai SY, et al. Get with the Guidelines-Stroke performance indicators: 

surveillance of stroke care in the Taiwan Stroke Registry: get with the 
Guidelines-Stroke in Taiwan. Circulation. 2010;122:1116–23.

35.	 Wang HK, Huang CY, Sun YT, Li JY, Chen CH, Sun Y, Liu CH, Lin CH, Chang WL, 
Lee JT, et al. Smoking Paradox in Stroke Survivors?: uncovering the truth by 
interpreting 2 sets of data. Stroke. 2020;51:1248–56.

36.	 Shepardson LB, Youngner SJ, Speroff T, Rosenthal GE. Increased risk of death 
in patients with do-not-resuscitate orders. Med Care. 1999;37:727–37.

37.	 Brott T, Adams HP Jr, Olinger CP, Marler JR, Barsan WG, Biller J, Spilker J, Holle-
ran R, Eberle R, Hertzberg V, et al. Measurements of acute cerebral infarction: 
a clinical examination scale. Stroke. 1989;20:864–70.

38.	 Smith EE, Saver JL, Alexander DN, Furie KL, Hopkins LN, Katzan IL, Mackey JS, 
Miller EL, Schwamm LH, Williams LS, Committee AASPO. Clinical performance 
measures for adults hospitalized with acute ischemic stroke: performance 
measures for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2014;45:3472–98.

39.	 Teasdale G, Jennett B. Assessment of coma and impaired consciousness. A 
practical scale. Lancet. 1974;2:81–4.

40.	 Teasdale G, Maas A, Lecky F, Manley G, Stocchetti N, Murray G. The 
Glasgow Coma Scale at 40 years: standing the test of time. Lancet Neurol. 
2014;13:844–54.

41.	 Williamson EJ, Aitken Z, Lawrie J, Dharmage SC, Burgess JA, Forbes AB. 
Introduction to causal diagrams for confounder selection. Respirology. 
2014;19:303–11.

42.	 Vandenbroucke JP, von Elm E, Altman DG, Gotzsche PC, Mulrow CD, Pocock 
SJ, Poole C, Schlesselman JJ, Egger M, Initiative S. Strengthening the report-
ing of Observational Studies in Epidemiology (STROBE): explanation and 
elaboration. Int J Surg. 2014;12:1500–24.

43.	 Li G, Taljaard M, Van den Heuvel ER, Levine MA, Cook DJ, Wells GA, Devereaux 
PJ, Thabane L. An introduction to multiplicity issues in clinical trials: the what, 
why, when and how. Int J Epidemiol. 2017;46:746–55.

44.	 Rothman KJ. No adjustments are needed for multiple comparisons. Epidemi-
ology. 1990;1:43–6.

45.	 Chen RY, Li YC, Hsueh KC, Wang FW, Chen HJ, Huang TY. Factors influencing 
terminal cancer patients’ autonomous DNR decision: a longitudinal statutory 
document and clinical database study. BMC Palliat Care. 2022;21:149.

46.	 Lin LS, Huang LH, Chang YC, Wang CL, Lee LC, Hu CC, Hsu PS, Chu WM. 
Trend analysis of palliative care consultation service for terminally ill non-
cancer patients in Taiwan: a 9-year observational study. BMC Palliat Care. 
2021;20:181.

47.	 San Luis CO, Staff I, Fortunato GJ, McCullough LD. Dysphagia as a predictor 
of outcome and transition to palliative care among middle cerebral artery 
ischemic stroke patients. BMC Palliat Care. 2013;12:21.

48.	 Roquer J, Rodriguez-Campello A, Jimenez-Conde J, Cuadrado-Godia E, Giralt-
Steinhauer E, Vivanco Hidalgo RM, Soriano C, Ois A. Sex-related differences in 
primary intracerebral hemorrhage. Neurology. 2016;87:257–62.

49.	 Nakagawa K, Vento MA, Seto TB, Koenig MA, Asai SM, Chang CW, Hemphill 
JC. 3rd: sex differences in the use of early do-not-resuscitate orders after 
intracerebral hemorrhage. Stroke. 2013;44:3229–31.

50.	 Patel AA, Mahajan A, Benjo A, Jani VB, Annapureddy N, Agarwal SK, Simoes 
PK, Pakanati KC, Sinha V, Konstantinidis I, et al. A National Perspective of 
Do-Not-Resuscitate Order utilization predictors in Intracerebral Hemorrhage. 
Neurohospitalist. 2016;6:7–10.

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


	﻿Patient and hospital characteristics associated with do-not-resuscitate/do-not-intubate orders: a cross-sectional study based on the Taiwan stroke registry
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and data source
	﻿Study population
	﻿Outcomes
	﻿Characteristics
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


