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Abstract 

Purpose: To review and summarize the most frequent medications and dosages used during withholding and with‑
drawal of life‑prolonging measures in critically ill patients in the intensive care unit.

Methods: We searched PubMed, EMBASE, the Cochrane Database of Systematic Reviews, and the Virtual Health 
Library from inception through March 2019. We considered any study evaluating pharmaceutical interventions for 
pain management during the withholding or withdrawing of life support in adult critically ill patients at the end‑of‑
life. Two independent investigators performed the screening and data extraction. We pooled data on utilization rate 
of analgesic and sedative drugs and summarized the dosing between the moment prior to withholding or with‑
drawal of life support and the moment before death.

Results: Thirteen studies met inclusion criteria. Studies were conducted in the United States (38%), Canada (31%), 
and the Netherlands (31%). Eleven studies were single‑cohort and twelve had a Newcastle–Ottawa Scale score of 
less than 7. The mean age of the patients ranged from 59 to 71 years, 59–100% were mechanically ventilated, and 
47–100% of the patients underwent life support withdrawal. The most commonly used opioid and sedative were 
morphine [utilization rate 60% (95% CI 48–71%)] and midazolam [utilization rate 28% (95% CI 23–32%)], respec‑
tively. Doses increased during the end‑of‑life process (pooled mean increase in the dose of morphine: 2.6 mg/h, 95% 
CI 1.2–4).

Conclusions: Pain control is centered on opioids and adjunctive benzodiazepines, with dosages exceeding those 
recommended by guidelines. Despite consistency among guidelines, there is significant heterogeneity among prac‑
tices in end‑of‑life care.
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Introduction

In the USA, 20% of deaths occur in intensive care units 
(ICUs), and more than 50% of these deaths involve the 
withholding or withdrawing of life-sustaining interventions 
[1, 2]. Investigations of the characteristics of this population 
and the identification of shifts over time in clinical practice 
are allowing intensivists to better understand and manage 
patients at the end-of-life [2]. Several guidelines aiming to 
improve care for these patients have been developed; how-
ever, there is significant variation in the care critically ill 
patients receive at the end-of-life [2, 3].

In 2003, the Robert Wood Johnson Foundation Criti-
cal Care End-of-Life peer workgroup and 15 associated 
physician and nurse teams in North America established 
seven key elements for quality improvement at the end-
of-life, and one of them was symptom management [4]. 
Pain is one of the most frequently reported symptoms in 
critically ill patients at the end-of-life, and perception of 
adequate pain control at the end-of-life reported by next 
of kin has been observed to range from 47 to 87% [5–8]. 
This suggests that at least half of these patients die with 
pain and indicates that pain management is still an area 
for significant improvement in ICUs and that prioritiza-
tion of pain management is a marker of medical quality 
and compassionate care [9].

Pharmacotherapy is considered the cornerstone of 
palliation, and opioids are the most commonly used 
medications owing to their capacity to decrease pain, 
anxiety, and shortness of breath [10]. Concerns, how-
ever, arise about the possibility of hastening death due 
to overmedication. In these cases, the principle of dou-
ble effect is taken into account, and the foreseen but 
unintended consequence of shortening the end-of-life 
process may be accepted as part of the physician’s pro-
vision of medication intended to relieve suffering [11]. 
Although ethically validated, the possibility of hastening 
death deters many clinicians from appropriately increas-
ing doses of analgesics and sedatives at the end-of-life 
[12]. This concern may be counteracted by implement-
ing multimodal analgesia (the combination of different 
medications with distinct mechanisms of action), which 
can minimize the required dosages and associated side 
effects of opioids [13]. Although using multimodal anal-
gesia at the end-of-life may be beneficial, there is a lack 
of clarity in how to apply it in patients at the end-of-life, 
and the literature summarizing pharmacologic inter-
ventions for these patients in a systematic way is scarce 
to nonexistent.

To review and summarize the most frequent medica-
tions and dosages used during withholding and with-
drawing of life-prolonging measures critically ill patients 

in the ICU, we conducted a comprehensive systematic 
review of the literature.

Methods
Protocol and registration
We followed the Cochrane methodology [14]. The 
protocol was published in the International Prospec-
tive Register of Systematic Reviews (PROSPERO), 
#CRD42018089487. Our report is based on the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) statement [15].

Eligibility criteria
We included any original study evaluating pain man-
agement during the withholding and withdrawal of 
life support in adult patients at the end-of-life who 
were admitted to the ICU. We considered conference 
abstracts, if they provided sufficient information. We 
excluded narrative reviews, guidelines, and case reports.

Information sources
We searched electronic databases, including PubMed, 
EMBASE, Cochrane Database of Systematic Reviews, 
and the World Health Organization’s Biblioteca Virtual 
en Salud, from database inception through March 2019. 
No restrictions on language or date were used. Addition-
ally, two reviewers manually searched the bibliography of 
every relevant citation to identify additional eligible arti-
cles otherwise not found.

Search
A professional librarian built a sensitive and specific 
search strategy based on the terms defined by an anes-
thesiologist specializing in pain management and two 
specialists in critical care medicine. The terms used 
were “pain management” and its synonyms plus specific 
pharmacologic interventions, combined with the term 
“end-of-life” and its synonyms, plus “intensive care” and 
“critical care unit” and their synonyms, with all terms 
exploded (see Appendix).

Study selection
Two independent investigators (KO and DPD) screened 
the studies. When disagreements arose on including a 

Take home message 

During the withholding and withdrawing of life support in critically 
ill patients at the end‑of‑life, morphine and midazolam were the 
most common drugs used for pain management.
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specific article, a third investigator (AL or AD) helped to 
make the final decision.

Data collection process
Two investigators (AL and AD) independently abstracted 
information from the included studies using a standard 
table. Then, the results were compared and a third inves-
tigator (JC) resolved disagreements.

Data items
Our primary outcomes were the utilization rates of opi-
oids and analgesics used in critically ill patients in the 
ICU after withholding or withdrawing life support. Sec-
ondary outcomes included doses used in patients at the 
end-of-life (prior to withholding or withdrawal of life 
support at 24, 12, and 4 h prior to death and just before 
death). We extracted information regarding the title, 
author, country, number of centers involved, objectives, 
tools implemented, outcomes, and conclusions.

Risk of bias in individual studies
Two independent reviewers assessed the risk of bias in 
the included studies using the Newcastle–Ottawa Scale 
for observational studies. The scale evaluates three 
domains of bias: selection of participants (i.e., repre-
sentativeness of the cohorts, ascertainment of exposure, 
and outcome of interest not being present at the start of 
study), comparability (to accounting for one or more fac-
tors (confounders) that predict the outcome of interest), 
and measurement of outcomes (i.e., methods for out-
come assessment, appropriateness of the length of time 
to assess the outcome, and losses of follow-up do not 
compromise the validity). This scale consists of a grading 
system with a maximum score of 9. A score of ≥ 7 points 
indicates that a study is of high quality [16].

Summary measures
For our primary outcomes, we calculated the utilization 
rates for each type of medication (either opioids or anal-
gesics). Our denominator was considered as the number 
of critically ill patients undergoing a specific type of pain 
management during the withholding and withdrawal of 
life support at the end-of-life.

Synthesis of results
Data were pooled if sufficient data existed for the pri-
mary outcomes (at least two studies reporting utiliza-
tion rates for the same drug). We used a random-effects 
model to calculate a combined utilization rate and a 95% 
confidence interval. We used the Freeman–Tukey arcsine 

transformation to stabilize variances and conducted a 
meta-analysis using inverse variance weights [17, 18]. 
This methodology has been reported in multiple meta-
analysis of binomial data [19–22]. We used a Chi-square 
test to assess statistical heterogeneity, and we also calcu-
lated the percent of the variability in effect estimates that 
is due to heterogeneity rather than sampling error (I2 sta-
tistic). A Chi-square test with p < 0.10 or I-squared statis-
tic > 50% indicated statistically significant heterogeneity 
[14]. All analyses were performed using STATA 15 (Stata-
Corp LP, College Station, TX, USA). The strength of the 
evidence resulting from our meta-analysis was assessed 
using the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) approach [23]. 
Findings were classified into high-, moderate-, low-, and 
very-low-quality evidence according to our confidence 
in the estimate of effect. Our confidence in the evidence 
decreased for several reasons, including study limita-
tions, inconsistency of results, indirectness of evidence, 
imprecision, and reporting bias.

For the secondary outcomes, we reviewed and summa-
rized the evidence using only a narrative synthesis with 
tabular analysis.

Additional analyses
We planned performing a meta-regression to explore the 
influence of study characteristics (i.e., eligibility criteria 
used study design and type of funding) on the utilization 
rates of opioid and analgesics. Similarly, we planned to 
perform a funnel plot and a regression asymmetry test to 
assess small-study bias for the meta-analysis. However, 
due to the small amount of studies providing utilization 
rates per drug (< 10 studies) this was not possible.

Results
Study selection
We found 6981 unique citations; of these, 112 were 
retrieved as full text and 13 studies were ultimately 
included in our analysis [8, 24–35] (Fig. 1; Table 1). For 
one of the included studies, results regarding pain man-
agement or pain control were reported in a post hoc 
analysis [27, 36].

Study characteristics
Five studies were conducted in the USA [24, 27, 28, 31, 
33], four in Canada [8, 29, 30, 32], and four in The Neth-
erlands [25, 26, 34, 35]. All were observational studies 
(Table 1). Eight studies did not report a funding source, 
although two received financial support from founda-
tions, one from the National Institutes of Health and 
one from a critical care trauma center; one did not have 
financial support. The percentage of male patients in the 
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studies ranged from 43 to 60%. The mean age ranged 
from 59 to 71  years. A range of 59–100% of included 
patients had mechanical ventilation, and life support was 
actively withdrawn in 47–100% of patients within the 
included studies.

Risk of bias within studies
Of the 13 studies, 12 had a total Newcastle–Ottawa 
Scale score < 7 (Supplementary Table  1). Eleven studies 

evaluated a single cohort of patients without analyzing or 
comparing with unexposed groups. In eight studies, the 
population was representative or somewhat representa-
tive of the average population. In all studies, the assess-
ment of outcome was confirmed with medical records 
or linked through a database and the follow-up of the 
patients was considered adequate.

Fig. 1 PRISMA flowchart
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Table 1 Characteristics of the reviewed articles (13 studies)a

Lead author, year, 
country

ICUs (no. 
of patients)

Design Inclusion criteria Outcomes used 
in this review

Funding

Wilson, 1992, USA 
[24]

2 (44) Case series and sur‑
vey to providers

Critically ill non‑brain‑dead patients who 
were expected to die after life support 
was withheld or withdrawn; 39% had 
medical; 61% had surgical diagnosis; 84% 
were not hemodynamically stable; 97% 
underwent mechanical ventilation at the 
time of withholding or withdrawal of life 
support

Use of sedatives/
analgesics, time 
until death

Not reported

Daly, 1996, USA [28] 1 (42) Retrospective 
cohort study and 
survey to nurses

Adult patients who underwent terminal 
weaning

Use of sedatives/
analgesics

Not reported

Keenan, 1997, 
Canada [29]

3 (419) Retrospective 
cohort study

Patients dying in the ICU; mean (± stand‑
ard deviation) age 62.7 ± 16.3 years 
(60% male); average APACHE II score 
25.3 ± 7.8 at admission; major source of 
patient admissions was general wards; 
cardiac arrest and sepsis were the most 
common diagnoses for the subgroup 
that underwent withdrawal of life sup‑
port; 50.8% had life support withdrawn, 
19.6% had life support withheld, 8.4% 
were brain dead, and 21.2% died despite 
treatment

Use of sedatives/
analgesics

Richard Ivey Critical 
Care Trauma Center, 
Southwestern Ontario 
Critical Care Research 
Group

Hall, 2000, Canada 
[30]

2 (174) Retrospective 
cohort study

Patients who died in the ICU; life support 
withdrawn in 10.3%, sex F/M 69/69, age 
range 65 ± 16 years, APACHE II score 
range 25 ± 9, medical patients 49%; no 
life support withdrawn in 2.7%, sex F/M 
12/24, age range 55 ± 18 years, APACHE II 
score range 29 ± 9, medical patients 42%

Use of sedatives/
analgesics

Not reported

Hall, 2004, USA [31] 2 (306)a Prospective obser‑
vational (before 
and after)

Patients dying in the ICU in whom life sup‑
port was withheld or withdrawn, includ‑
ing inotropes, mechanical ventilation, 
dialysis, and others; before withholding 
or withdrawal: sex F/M 69/69, age range 
65 ± 16 years, admission APACHE II score 
range 25 ± 9, medical patients 49%, 
mechanical ventilation at death 59%, 
time from ICU admission to withhold‑
ing or withdrawal range 191 ± 260 h, 
time until death after withholding or 
withdrawal range 4.3 ± 11.3 h; after with‑
holding or withdrawal: sex F/M 70/98, 
age range 60 ± 18 years, admission 
APACHE II score range 23 ± 7, medical 
patients 51%, mechanical ventilation 
at death 60%, time from ICU admission 
to withholding or withdrawal range 
135 ± 205 h, time until death after with‑
holding or withdrawal range 6.1 ± 9.3 h

Use of sedatives/
analgesics

Not reported

Rocker, 2004, 
Canada [8]

6 (206) Prospective cohort 
study

ICU patients (length of stay > 48 h) who 
received mechanical ventilation before 
life support withdrawal; 75.2% under‑
went withdrawal of life support; 15.5% 
had reduced ventilator support; 9.2% 
died while receiving full mechanical ven‑
tilation; mean age (standard deviation) 
67.8 years (14.6 years); mean APACHE II 
score 25.8; sex F/M 89/117; white 93.2%

Use of sedatives/
analgesics, pain 
control percep‑
tion

Canadian Intensive 
Care Foundation 
and Queen Elizabeth 
II Health Sciences 
Center Research 
Foundation
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Table 1 (continued)

Lead author, year, 
country

ICUs (no. 
of patients)

Design Inclusion criteria Outcomes used 
in this review

Funding

Chan, 2004, Canada 
[32]

1 (75) Retrospective 
cohort study

Patients who had received mechanical 
ventilation within 1 week before death 
and had mechanical ventilation discon‑
tinued prior to death; mean age 59 years; 
intracranial hemorrhage 37%; trauma 
27%; acute respiratory failure 27%; acute 
renal failure 20%; sex F/M 53/22

Use of sedatives/
analgesics, time 
until death

Greenwall Foundation 
and the National 
Institute of Nursing 
Research

Mazer, 2011, USA 
[33]

1 (74) Prospective cohort 
study

ICU patients expected to die soon after 
extubation (terminal withdrawal of 
mechanical extubation)

Use of sedatives/
analgesics, time 
until death

No financial support

Epker, 2011, The 
Netherlands [35]

1 (60) Retrospective 
cohort study

Patients for whom life‑sustaining treat‑
ment was withdrawn (mechanical ven‑
tilation and vasoactive agents); sex 60% 
male; mean age 64 years; mean APACHE 
II score 50; only mechanical withdrawn 
61%; mechanical ventilation and vasoac‑
tive agents withdrawn 39%

Use of sedatives/
analgesics, time 
until death

Not reported

Epker, 2011, The 
Netherlands [34]

2 (75) Prospective cohort 
study (abstract)

Patients in whom ventilation or vasoactive 
medication was withdrawn for reason 
of futility; mean age 69 years; 59% male; 
common reasons for withdrawal were 
failure to recover after out‑of‑hospital 
cardiac arrest and sepsis with multiple 
organ failure; mean SOFA score 9.9 on 
day 1 and 12.4 on the day of withdrawal; 
mean APACHE II score 31; all patients 
except one were ventilated; in 81% the 
ventilation was ceased; 29 patients were 
extubated

Use of sedatives/
analgesics

Not reported

Epker, 2012, THE 
Netherlands [25]

2 (139) Prospective cohort 
study of ICUs at 
non‑academic 
hospitals (abstract)

Patients who died in the ICU; mean SOFA 
score 10 at admission and 12 on the day 
of withdrawal (p < 0.05); all but three 
patients were ventilated; in 93% the 
ventilation was ceased; 93% received 
vasoactive medication

Use of sedatives/
analgesics, time 
until death

Not reported

Epker, 2015, THE 
Netherlands [26]

2 (241) Prospective cohort 
study

Adult patients in whom mechanical venti‑
lation and/or vasoactive medication was 
withdrawn; exclusion criteria included all 
other causes of death

Use of sedatives/
analgesics, time 
until death

Not reported

Brown, 2016, USA 
[27]

15 (829) Unblinded cluster 
randomized 
trial (secondary 
analysis)

Patients with COPD, ILD, or metastatic 
cancer who died in the ICU; mean age: 
ILD 72.3 years, COPD 73.6 years, cancer 
64 years; female: ILD 39.2%, COPD 40.7%, 
cancer 47.5%

Pain assessment The National Institute of 
Nursing Research of 
the National Institutes 
of Health

a ICU indicates intensive care unit; SOFA, Sequential Organ Failure Assessment; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease
b Before withdrawal of life support: 138; after withdrawal: 168

Results of the individual studies
Pain management medications used
Eleven studies provided data for our primary outcomes. 
The utilization rates for each analgesic or adjunctive sed-
ative drug in critically ill patients in the ICU after with-
holding or withdrawing life support are presented in 
Figs. 2 and 3, respectively. Eight studies reported the use 
of opioids without specifying the drug used. The pooled 
utilization rate of an opioid (unspecified) in critically ill 
patients in the ICU after withholding or withdrawing life 

support was 82% (75–88%). For studies reporting the uti-
lization of specific opioids, morphine was used in 60% 
of the patients receiving pain management medications 
(95% CI 48–71%). Other opioids used were sufentanil 
(58%; 95% CI 52–65%), fentanyl (19%; 95% CI 2–48%), 
and hydromorphone and meperidine (≤ 2% of the 
patients received it).

Similarly, six studies reported the use of an adjunctive 
sedative without specifying the drug used. The pooled 
utilization rate of a sedative (unspecified) in critically ill 
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patients in the ICU after withholding or withdrawing life 
support was 62% (48–75%). For studies reporting the uti-
lization of specific sedatives, midazolam was used in 28% 
of the patients receiving pain management medications 
(95% CI 23–32%). Other adjunctive medications included 
propofol (24%; 95% CI 12–39%), diazepam (16%; 95% CI 
3–36%), and lorazepam (14%, 95% CI 8–21%).

Drug doses for pain management
Five studies compared morphine dosing before the 
withdrawal of life support with dosing at the moment 
before death [24, 26, 32, 33, 35]. All five showed a con-
sistent dose increase during the end-of-life process 
(Table  2). One of these studies reported that in opioid-
naïve patients, there was also an increase in mean dose of 
morphine provided before and after terminal extubation 
(from 5.2 to 10.6 mg/h, p = 0.001) [33]. The pooled mean 
increase in dose was 2.6  mg/h (95% confidence interval 
1.2–4) [26, 33]. Three studies also compared midazolam 
doses [26, 32, 35], two compared doses of fentanyl and 
lorazepam [32, 35], and two compared doses of propo-
fol [26, 35]; one study compared benzodiazepine dose 
changes in diazepam equivalents [24].

One study showed a significant increase in the aver-
age hourly doses of opioids and benzodiazepines used 
from the 24 h preceding death to the hour before venti-
lator withdrawal [32]. Furthermore, the average doses 
used in the 2 h before death were higher than the aver-
age doses used during the previous 22  h (p < 0.001 for 
both opioids and benzodiazepines). In another study in 
patients with withdrawal of life support, morphine doses 
increased over the 12-h period, particularly in the final 
4 h of life [30]. That study also showed a statistically sig-
nificant difference in the dosages of morphine and loraz-
epam between patients who died undergoing withdrawal 
of life support and those who died without limitations of 
life support (p < 0.007 and p < 0.006, respectively). Doses 
of other medications did not statistically differ between 
these two groups [30]. Rocker et  al. found that dosages 
used did not differ among three time periods before 
death (4 h, 4–8 h, and 12 h), and the cumulative dose in 
the last 4 h did not differ between modes of withdrawal 
of life support (e.g., extubation, T-piece or trach hood, 
weaning mechanical ventilation, full ventilator support) 
[8].

Discussion
With this systematic review of the literature, we were 
able to identify published pharmacologic practices of 
pain management during the withholding or withdrawal 
of life support in the ICU. We found that opioids were the 
most common analgesic used (up to 88%), with morphine 
the most common, followed by fentanyl. Adjunctive 

benzodiazepines were used in 45–82% of patients; mida-
zolam was the most common sedative used in most of the 
studies. Regarding medication dosages, we found that the 
mean dosing of analgesics and sedatives both before and 
after withholding or withdrawal of life support was con-
sistent with the ranges used for withdrawal of life support 
in previous studies [24, 29].

Doses reported in many of the reviewed documents 
were higher than recommended dosages in guidelines 
for critically ill patients at the end-of-life [3]. This could 
be explained by the development of opioid tolerance in 
a considerable proportion of critically ill patients who 
are at the end-of-life, as evidenced by one study in which 
more than half of patients were already receiving opioids 
prior to withholding or withdrawing of life support [33]. 
We identified a progressive increase in drug dosing pre-
ceding the withdrawal of life support, which may reflect 
adjustments needed to alleviate discomfort during the 
end-of-life, despite unease about shortening the process 
[11]. This concern has been questioned by some recent 
studies showing prolongation of or no effect on time until 
death with the use of these medications [24, 26, 32, 33, 
37], and a Cochrane systematic review found no statisti-
cally significant difference in the duration of the end-of-
life process between sedated and non-sedated patients in 
the hospice palliative care setting [38].

Although there is homogeneity among end-of-life criti-
cal care guidelines, our systematic review showed a wide 
variation in practice and medication use, which could be 
attributed to the individualization of care recommended 
by guidelines, underuse of standardized protocols, or 
lack of guideline specificity in the recommendations [3, 
39–41]. Of note, among the more recent studies included 
in this review, we observed that the frequency of use was 
lower for morphine and higher for fentanyl compared 
to the earlier studies included. This observation may 
be attributable to fentanyl’s easier titration, faster onset 
of action, and more favorable side effects profile [42]. 
Sedatives were employed during end-of-life care in the 
majority of included studies, suggesting the appropriate 
association of sedation to analgesia, a key pillar of pallia-
tive care medicine [43, 44].

Early cooperation with palliative care services could 
improve the final care these patients receive; addition-
ally, the implementation of multimodal analgesia may 
also be beneficial at the end-of-life [2, 3, 45–47]. While 
the latter is favorable for patients in other circumstances, 
such as perioperative and trauma cases, we found a lack 
of evidence investigating this therapeutic approach dur-
ing the withholding and withdrawal of life support [48, 
49]. The use of non-opioid medications can reduce opi-
oid requirements and their side effects, such as pruritus, 
nausea, and constipation, which are undesirable during 
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Fig. 2 Frequency of analgesic drugs used during end‑of‑life care in the intensive care unit (horizontal bars indicate 95% confidence intervals; black 
squares [ES; proportion used], effect estimate referred as utilization rate; size of the squares, weight of the effect; red diamonds, pooled percentage 
used for each type of drug)
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Fig. 3 Frequency of sedative drugs used during end‑of‑life care in the intensive care unit (horizontal bars indicate 95% confidence intervals; black 
squares [ES; proportion used], effect estimate referred as utilization rate; size of the squares, weight of the effect; red diamonds, pooled percentage 
used for each type of drug)
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the end-of-life process. Several case reports have shown 
positive effects of medications such as ketamine, dexme-
detomidine, and regional anesthesia at the end-of-life in 
the ICU [50–52], but the lack of clinical studies and prac-
tice parameters limits the applicability of this approach in 

patients at the end-of-life, and thus, further investigation 
should be prioritized.

Our review has some limitations. First, citations may 
have been disregarded by our search strategy, mainly 
due to the variability of terms used in the literature to 

Table 2 Differences in opioid and sedative dosing between the moment prior to withholding or withdrawal of life sup-
port (WWLS) and the moment before death

a Data are for maximum doses during WWLS in this study, rather than those immediately before death
b Median mg/hour (interquartile range)
c Fentanyl doses are reported in mcg/hour
d Reported doses are for all benzodiazepines expressed in diazepam equivalents.

Study Time periods compared No Mean ± SD (mg/h) Range (mg/h) Mean change 
of dose 
(mg/h)

Morphine
 Wilson  1992a [24] Before WWLS 34 3.3 ± 1.2 – 7.9 (p < 0.001)

During WWLS 34 11.2 ± 2.0 –

 Chan 2004 [32] 1 h before WWLS 63 15.6 1–106 2.0

2 h before death 63 17.6 1–143

 Epker 2011 [35] 4 h before death 15 5.5 (4–10)b 1–30 0.5

1 h before death 15 6 (5–10)b 1–10

 Mazer 2011 [33] Before WWLS 24 10.2 ± 5.6 2.5–20 5.3 (p < 0.022)

Before death 24 15 ± 12.3 2.0–53.3

 Epker 2015 [26] Before WWLS 185 11.7 ± 8.38 – 2.3 (p < 0.002)

Before death 213 14.04 ± 8.34 –

Midazolam
 Chan 2004 [32] 1 h before WWLS 30 8.2 1.6–18.6 − 0.8

2 h before death 30 7.4 1–15

 Epker 2011 [35] 4 h before death 19 8 (5–14.5)b 2–25 0.5

1 h before death 19 8.5 (5–15.5)b 2–25

 Epker 2015 [26] Before WWLS 111 12.2 ± 7.5 – 1.6 (p < 0.002)

Before death 129 13.8 ± 9.8 –

Propofol
 Epker 2011 [35] 4 h before death 15 134 (41–236)b 4–415 − 0.019

1 h before death 15 160 (41–270)b 4–758

 Epker 2015 [26] Before WWLS 78 186 ± 96.9 – 27.7 (p < 0.002)

Before death 83 213.7 ± 113.2 –

Fentanylc

 Chan 2004 [32] 1 h before WWLS 63 322 25–1222 − 0.019

2 h before death 63 303 13–1277

 Epker 2011 [35] 4 h before death 35 100 (60–169)b 20–500 0

1 h before death 35 100 (86–223)b 20–500

Lorazepam
 Chan 2004 [32] 1 h before WWLS 30 8.6 0.1–35 1.7

2 h before death 30 10.3 0.5–36

 Epker 2011 [35] 4 h before death 6 1.3 (0.7–5.5)b 0.3–14 0.4

1 h before death 6 1.7 (0.7–5.9)b 0.3–14

Diazepamd

 Wilson  1992a [24] Before WWLS 27 2.2 ± 0.7 – 7.6 (p < 0.03)

Before death 27 9.8 ± 3.2 –
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describe the end-of-life processes in the ICU. However, 
to overcome this limitation, all terms were reviewed and 
complemented by two anesthesiologists and a research 
librarian who performed reference and hand searches 
before the final database search was started. A second 
limitation was the heterogeneity of the reviewed studies 
and their relatively small sample sizes; all of them were 
non-controlled, observational studies. The lack of ran-
domized controlled trials may be explained by the dif-
ficulty in measuring outcomes of pain management in 
this population. In addition, due to the small number of 
studies reporting data on the utilization rates of opioids 
or analgesics, we were not able to explore the influence 
of potential confounders (e.g., eligibility criteria used, 
study design, type of funding, etc.) on the pooled percent 
of patients using each drug. Therefore, our results should 
be interpreted with caution. Further research studies are 
needed and likely may have an important impact on our 
confidence in the reported pooled utilization rates of the 
drugs.

In summary, the current systematic review outlines the 
frequency and dosing of medications used for pain man-
agement during the withholding and withdrawal of life 
support in the ICU. We found that pain control centered 
on opioid and adjunctive benzodiazepine use with dos-
ages exceeding those recommended by guidelines and 
that while current guidelines are homogenous, there is 
significant heterogeneity among practices in this setting.
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