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Abstract

Background Haloperidol is frequently used in critically ill patients with delirium, but evidence for its e ects has been
sparse and inconclusive. By including recent trials, we updated a systematic review assessing e ects of haloperidol
on mortality and serious adverse events in critically ill patients with delirium.

Methods This is an updated systematic review with meta-analysis and trial sequential analysis of randomised clinical
trials investigating haloperidol versus placebo or any comparator in critically ill patients with delirium. We adhered

to the Cochrane handbook, the PRISMA guidelines and the grading of recommendations assessment, development
and evaluation statements. The primary outcomes were all-cause mortality and proportion of patients with one

or more serious adverse events or reactions (SAES/SARS). Secondary outcomes were days alive without delirium

or coma, delirium severity, cognitive function and health-related quality of life.

Results We included 11 RCTs with 15 comparisons (n =2200); five were placebo-controlled. The relative risk

for mortality with haloperidol versus placebo was 0.89: 96.7% CI 0.77 to 1.03; 1>=0% (moderate-certainty evidence)
and for proportion of patients experiencing SAES/SARs 0.94; 96.7% Cl 0.81 to 1.10; I>= 18% (low-certainty evidence).
We found no di erence in days alive without delirium or coma (moderate-certainty evidence). We found sparse data
for other secondary outcomes and other comparators than placebo.

Conclusions Haloperidol may reduce mortality and likely result in little to no change in the occurrence of SAES/SARS
compared with placebo in critically ill patients with delirium. However, the results were not statistically significant
and more trial data are needed to provide higher certainty for the e ects of haloperidol in these patients.

Trial registration: CRD42017081133, date of registration 28 November 2017.
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Background

Delirium is a common, acute and fluctuating distur-
bance of consciousness, attention and cognition [1].
Critically ill patients are particularly vulnerable, with
estimates suggesting that 30-50% of patients in the
intensive care unit (ICU) may experience delirium [2,
3]. Delirium is a serious condition with deleterious
effects on patient-important outcomes. Studies have
associated delirium with increased duration of mechan-
ical ventilation, hospital and ICU stay, increased cog-
nitive impairment and disability 1-year after hospital
discharge [3—-5]. Delirium has also been associated with
increased mortality with longer episodes of delirium
translating into higher mortality risk [6].

Currently, no evidence-based pharmacological treat-
ment exists for delirium, and guidelines do not sup-
port the routine use of any pharmacological agent for
its prevention or treatment [7]. However, in clinical
settings, patients with delirium are often treated with
various agents, including antipsychotics, alpha-2 ago-
nists, benzodiazepines, opioids, sedatives and others
[8]. Among these agents, haloperidol, a typical antip-
sychotic compound, is the most frequently used agent
to treat delirium in the ICU [9]. A recent systematic
review and meta-analysis highlighted that the evidence
for the use of haloperidol in critically ill patients with
delirium was sparse and inconclusive [10]. Since then,
new randomised clinical trials (RCTs) have been pub-
lished, necessitating an updated systematic review,
summarising the available evidence on the effects of
haloperidol in critically ill patients with delirium.

The aim of this study was to assess patient-important
benefits and harms of haloperidol versus placebo or any
comparator in critically ill patients with delirium. The
primary comparison was haloperidol versus placebo.

Methods

This updated systematic review was conducted in
accordance with a pre-specified and published protocol
[11]. The protocol was registered in the international
prospective register of systematic reviews (PROS-
PERO) (CRD42017081133) and the conduct of the
review followed the recommendations of the Cochrane
Handbook for Systematic Reviews [12], the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [13] and the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) [14].

Types of trials
We included RCTs, irrespective of publication status,
date, language and reported outcomes. We excluded
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quasi-randomised trials, crossover trials and observa-
tional studies.

Types of participants

We included RCTs randomising critically ill adults with
delirium. Delirium, as defined by the trialists, had to be
present at the time of randomisation in all participants
for a trial to be considered for this review. Critical illness
was defined as patients who were at high risk of dying or
who had actual or potential life-threatening health prob-
lems and who were admitted to a high-dependency facil-
ity in the hospital.

Types of interventions
We included any trial comparing haloperidol with pla-
cebo, any other pharmacological agents or combinations
of pharmacological and non-pharmacological interven-
tions. The intervention group was defined as those who
received haloperidol.

Outcomes
We assessed two primary outcomes: (1) all-cause mortal-
ity and (2) the proportion of patients with one or more
serious adverse events or reactions (SAEs/SARs). We
defined SAEs and SARs according to the International
Conference on Harmonisation Good Clinical Practice
(ICH-GCP) and as reported in each trial. Consequently,
an SAE was defined as any reported adverse event that
resulted in death, was life-threatening, required hos-
pitalisation or prolongation of existing hospitalisation,
resulted in persistent or significant disability or incapac-
ity. A SAR was defined as any reported serious adverse
event related to haloperidol (according to the Summary
of Product Characteristics of haloperidol [15]) that
resulted in death, was life-threatening, required hos-
pitalisation or prolongation of existing hospitalisation,
resulted in persistent or significant disability or incapac-
ity. Two methods were used to analyse SAEs/SARs: (1)
highest proportion of reported SAEs/SARs which was the
most frequently reported SAE/SAR in each group and (2)
calculating the cumulative number of SAEs/SARs which
is the sum of all reported SAEs/SARs in each group. We
expected the actual number of patients experiencing one
or more SAEs/SARs to fall between these two measures.
The secondary outcomes were (1) days alive with-
out delirium or coma, (2) delirium severity, (3) cogni-
tive function and (4) health-related quality of life. We
also assessed QTc prolongation as an exploratory out-
come. We assessed all outcomes at maximum follow-up,
except for days alive without delirium or coma which was
assessed at 14 days after randomisation.
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Search methods

We systematically searched the Cochrane Central
Register of Controlled Trials (CENTRAL), MED-
LINE, Embase, Science Citation Index, Biosis Pre-
views, Cumulative Index to Nursing & Allied Health
Literature (CINAHL) and Latin American Caribbean
Health Science Literature (LILACS) from inception to
18 April 2023. Additionally, we screened for ongoing
and unpublished trials in trial registries and manually
searched reference lists of previous systematic reviews.
The full search strategy is available in Additional file 1.

Trial selection and data extraction

Two authors (NCAR and MM) independently screened
titles and abstracts, assessed full-text reports for inclu-
sion and extracted data using pre-defined data extrac-
tion forms. We extracted all available data on trial
characteristics, characteristics of trial participants,
interventions and outcomes.

Risk of bias assessment

Two authors (NCAR and MM) independently assessed
the risk of bias of each reported outcome in the
included trials. The risk of bias of outcomes from one
trial was assessed by MM and Mvd] as NCAR was
the first author of this trial [16]. Risk of bias for each
reported outcome was assessed with the Cochrane
Risk of Bias 2 Tool (RoB 2) [17]. The overall risk of bias
for an outcome was judged as low if all domains were
judged to be at low risk of bias and judged as high if
one or more domains were either at some concern or at
high risk of bias.

We planned to assess publication bias by inspection of
funnel plots [12] for signs of asymmetry when 10 or more
trials were included in an analysis and planned to test for
asymmetry with the Harbord or Thompson test depend-
ent for dichotomous outcomes and Egger test for contin-
uous outcomes [12, 18].

Measures of treatment effect

For dichotomous outcomes, we reported risk ratios
(RRs), and continuous outcomes were reported as mean
difference (MD) or standardised mean difference (SMD)
if different scales were used. We used a family-wise
error rate of 5% and as we have two primary outcomes
a P value of 0.05/((2+1)/2)=0.033 or less was consid-
ered statistically significant (corresponding to 96.7% CI)
and correspondingly for the four secondary outcomes a
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P value<0.02 (corresponding to a 98% CI) was consid-
ered statistically significant [19]. We also calculated trial
sequential analysis (TSA)-adjusted Cls accounting for the
uncertainty due to sparse data and multiple outcomes.

Dealing with missing data

Corresponding authors were contacted at least twice if
data were missing or unclear (Additional file 1; details of
included trials). Medians and interquartile ranges were
converted to means and standard deviation by meth-
ods described by Lou et al. [20] and Wang et al. [21]. To
assess the impact of patients lost to follow-up, we con-
ducted pre-planned sensitivity analyses with best-/worst-
case and worst-/best-case scenarios (Additional file 1).

Meta-analysis
We calculated pooled effect estimates using the statisti-
cal software R, version 4.2.0 (R, Core Team, R Founda-
tion for Statistical Computing, Vienna, Austria) using
the Meta and Tidyverse packages. We assessed the inter-
vention effect with both a random-effects model and a
fixed-effects model and reported the most conservative
estimate (closest to no effect) with the widest CI [11, 19].
All meta-analyses were subgrouped according to con-
trol intervention (e.g. placebo, other antipsychotics, ben-
zodiazepines, etc.).

Assessment of heterogeneity

We assessed heterogeneity primarily by visual inspec-
tion of forest plots. We also calculated inconsistency (%)
and diversity (D?) statistics. Clinical heterogeneity was
explored by conducting pre-specified subgroup analyses.

Sensitivity and subgroup analyses

We planned to conduct the following pre-defined sub-
group analyses: trials at overall high risk of bias compared
with trials at overall low risk of bias, grouping according
to patient population and delirium motor subtype.

Assessment of risk of random errors

We assessed the risk of random errors of each outcome
with TSA. We used a power of 90% (beta 10%) and a
diversity (D?) as suggested by the trials in the meta-anal-
ysis or a diversity of 20% if the actual measured diversity
was zero as diversity will most likely increase when fur-
ther trials are added until the required information size
is reached [22]. As anticipated intervention effects, we
used a priori relative risk reduction (RRR) or relative risk
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Fig. 1 PRISMA flow diagram

increase (RRI) of 20%. For continuous outcomes, this was
calculated as a 20% RRR/RRI of the weighted mean in the
control groups. A post hoc TSA sensitivity analysis was
conducted where we used the pooled effect estimate and
diversity from the meta-analysis of each outcome (alpha
level 3.3% or 2%, power 90%).

Assessment of the overall certainty of evidence

We evaluated the certainty of evidence for each outcome
using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach [23].
The overall certainty of evidence was rated as either high,
moderate, low or very low based on our evaluation of the
identified risk of bias, inconsistency, indirectness, impre-
cision and publication bias.

Our conclusions followed the GRADE guideline 26
[24], which provides recommendations on how to com-
municate results of systematic reviews with informative
statements rather than merely describe results as statisti-
cally or not statistically significant and avoid the common
misinterpretation that large P values mean ‘no differ-
ence’ or no effect! Instead, review authors are encour-
aged to focus on the point estimate and the certainty of

that estimate which considers multiple factors (GRADE
assessment) [24].

Protocol deviations

We used RoB 2 tool to assess risk of bias of each reported
outcome. In accordance with the original review, we used
a power of 90% in the TSA and not 80% as pre-defined
in the review protocol [11], as meta-analysis should use
higher (or same) power as its included trials, to be able to
communicate the best available evidence. In addition, we
used a diversity of 20% if the measured diversity was zero.

Results

We screened 6541 records, assessed 104 trials in full text
and included 11 trials with 15 reported comparisons and
a total of 2200 randomised patients in our review (Fig. 1).
Two trials [25, 26] from the original review were excluded
as they were identified as quasi-randomised (e.g. even/
odd day allocation). The main reason for excluding tri-
als was that included patients were not critically ill. We
listed reasons for the exclusion of trials at full-text level.
We identified 6 ongoing trials and 5 terminated trials
with no results (Additional file 1).



Page 5 of 14

(2023) 27:329

Andersen-Ranberg et al. Critical Care

uoneBuojoid 910
uonouny aAubo)

Bwgy

3s0p doueUSURW
abelany ‘B g sem yyz
18114 81 9sop uraw
(INlI/Telo) wedazeloq
Bugg sem

850p @oueRUSIUERW

BT :9s0p
aourUBIURW abeiany

Buug'z sem Uz 1511y s

asop |opuadofey ueajy

Renas wnuileg abelony Bw oG sem  swoldwAs wnuisp oy uun sqy
SYVS/SAVS y 72 151} 8SOp UBS|A Buipiodoe asoq Kouspuadap-ybiy 01
Aurerion skep 9 winwixe  (NI/[eso) suizewoidioly) (Wi/res0) jopuadoreH  paniwipe syuaired saly 12 vsn [1€] 1e 10 1eqUBIg
Bwizo'T sem shep BwT/ T sem shep
J Bunnp asop ueay / Buunp asop ues|y
'swoldwAs wnuiigp 01 'swoldwiAs winuigp 01 spiem
Buipioaae Buiseasoul Buipiodoe Buiseasoul  ABojOoUO g pue sprem
Asnss wnuipa ‘Airep zx Bwi g0 Arep zxBwi 10 [e21paW 7 'SNO) Z O3
SYVS/SAVS skep , (re10) suopuadsiy (res0) jopusdojeH  pamwpe syuaned ynpy T:82 ©al0Yy [z€] Te 18 ueH
uoinenfeAs uonen|eAd
[eaiul)d 03 Buipiode [eaiuld 01 Buipioaoe NOl 1o Jusw
paisnipe Ajlep zxBwgz  pasnlpe Ajlep zxBwg  -1edap Aousbliswe 01
Ayanes winuiag shep ¢ (reso) uidenang (IN1) jopuadofeH  paniwpe syuaned }npy 1002 uel| (zz02) T’ 19 1g99RL
sonoyaAsdiue Jay1o :UoRUBAIBIUI [03U0D
uonebuojoid 910 NQI Ue 0} paniwpe
SHVS/SAVS uonuaniaiul Buiyarew Ajrep g x Bug sjuaied paje|nuan
Auperion skep yT wnwixep (A1) 0g9eld (A1) jopuadoreH Ajreaiureyoaw Ynpy T:0€ vsn [8z] I-oO
uoneBuojoid 910 Buwoy/0z asop
BWOo9d IO wni xewl ‘Ajrep z x Bug—gz
-11j9p Inoyum anife skeq (A1) uopiseudiz Ajrep Bwipz/0T asop
SYVS/sIvS uonuanaiul Bulyorew  xew Ajrep g x§2-S2'T SNOI Paxiw 01
Aurenon skep ¢T wnwixe (A1) 0gaoeld (N) jopriadoreH  paniwpe syuaiyed 3ynpy 9T '995 VSN [62] 1e18 preao
BWO9 Jo Wwni Buwpog asop xew
-l1|ap INOYUM BAIje SAep (reso) uidenand
SYVS/SAVS (resjoun) sfep #T  uonuaAiaul Bulyorew Ajrep/BwiQg asop xew Nl ue 01
Kurenon winwixep (re10) ogaoeld (res10) jopusdofeH  pamwpe syuaied ynpy TSy elpu| [og]1e 1o Bueg
Ajrep/Bwigt 8sop
SYVS/SIVS sfep T uonuandul Buiyorew  xew ‘Ajrep € x Bwg-Gz sno| 01
Auperio winWIXeN (A1) 0ga2eld (A1) jopuadoreH  pamwpe syusied npy 8evT SpuelayIaN ayL 301a14n3
uonebuojoid 91O
BWOJ IO Wni Ajrep/Bwigz xew 01
-1I|9P INOYLM BAIfe skeq Buisop papasu se Yum
SHVS/S3VS uonuanIu Buiyorew Ajrep € x Bwigz SNOI PaxIW 0} Arey [o1]
Ayerion sAep 06 WNWIXep (AI) ogade|d (Al) ]opuadofeH  pamiwpe syuaned ynpy 8T'000T  MN ‘puejuid “yewuaq [els Biaquey-uasiapuy
003Je|d :UOIIUAIBIUI [013U0D
Sa1ls jJo
UOIIUAAIDIUI ‘ou ‘syuaned
sawodInQ Jo uoneing 10jesedwod uonUAAIRIU| Bumas jesruid J0 'ON Anuno> leup

S[eu1 papnjoul 10 SonsLaldeIey) T d|gel



Page 6 of 14

(2023) 27:329

Andersen-Ranberg et al. Critical Care

uonauny anubo) Ajrep Bwipg N2l ue 01
SYVS/s3vS xew 0} dn pajeni| psniwpe sjuaied
AyerioN AN uonuaAIalul ON (Al) ]opuiadoreH paregniul ‘ynpy 10T vsn [9€] 12 18 wreyerlg
Arep Bwipz xew (T+031  Ajrep Buigg xew (T + 01 NOI JeIpJed 0}
T-) SSvy 81enbape |nun  T-) SSyY 81enbape jnun paniwpe wnuigp
SYVS/SAVS Inoy Aiane Bug Inoy AJans Bwi g annoeladAy yum
Aujenion sAep QT WNWIXeN (IA1) aulydiopy (IA1) jopuiadoreH swuaned ynpy T'eS Kayin] [ge] ‘e 10 ueery
Ajrep z x By
(uoisnyur) uonasuepuQ
uonebuojoid 210 Ajrep z x By/6r 1
Aianas wnuiaQ (uoisnyur) Ajrep a2imy Buug NI ewnes} 0}
SUVS/S3VS skep ¢ auIpILIOIBPALIXa( (uoisnyur) jopusdoreH  paniwpe sjuaired Ynpy 196 elqely Ipnes [v€] e 18 1xeg
UOIUSAIBUI OU JO J[}8WSNUE ‘BUIPILI0ISPBUXaP :UOUSAISIU [0J3U0D
saylis jo
uonuaAIuI ‘ou ‘syuaned
sawodInQ Jo uoneing 10jesedwod uoUAAIRIU| Bumas jesruid Jo 'oN Anuno) leup

(penunuod) T 8jqeL



Andersen-Ranberg et al. Critical Care (2023) 27:329

Characteristics of included trials

The included trials were published between 1996 and
2022, except for one trial that had unpublished data
[27] (Table 1). This trial provided data for mortality and
SAEs/SARs, but data on days alive without delirium or
coma and QTc prolongation were not included as data
were privileged until publication of the trial. The 11 tri-
als included 15 comparisons. Of these, five trials used
placebo as comparator [16, 27-30], five trials used other
antipsychotics (chlorpromazine [31], ziprasidone [29],
risperidone [32] and quetiapine [30, 33]), one trial used
dexmedetomidine [34], one trial used benzodiazepines
(lorazepam) [31], one trial used morphine [35], one trial
used antiemetics (ondansetron) [34], and one trial used
no intervention [36]. Two trials used haloperidol as res-
cue medication [34, 36], and five trials reported exposure
to open-label antipsychotics during the trial intervention
period [16, 27, 29, 34, 36].

Eight trials included patients admitted to an ICU, two
trials included patients admitted to an ICU and emer-
gency department or general ward, and one trial included
patients from a high-dependency unit. The number of
included patients ranged from 10 to 1000 patients. The
mean age ranged from 31 to 71 years, and the proportion
of females ranged from 9 to 47%.

Haloperidol versus placebo

Primary outcomes

All-cause mortality Five placebo-controlled trials (1553
patients, follow-up 28 to 90 days) reported on all-cause
mortality. Three trials (1518 patients) were at overall
low risk of bias (Aditional file 1; Fig. 1). The proportion
of patients who died during follow-up was 272 of 789
(34.5%) in the haloperidol group and 295 of 764 (38.5%)
in the placebo group. Meta-analysis (Fig. 2) showed no
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statistically significant difference in mortality between
haloperidol and placebo (RR 0.89; 96.7% CI 0.77 to 1.03;
P=0%; TSA-adjusted CI 0.75 to 1.07). TSA showed that
we had insufficient information to confirm or reject a 20%
relative change (Fig. 3 and Additional file 1: Figure S5).

Subgroup analysis of trials at overall high risk of bias
versus trials at overall low risk of bias was consistent
with the primary analysis (test of interaction: P=0.70,
Additional file 1: Figure S2). No subgroup analysis was
performed for patient population or delirium motor sub-
type as the included trials did not differ in these domains.
Sensitivity analyses on missing data were consistent with
the primary analysis (Additional file 1: Figure S3—S4). The
certainty of evidence was judged to be moderate due to
imprecision (Table 2).

Serious adverse events and reactions (SAEs/SARs)

Five placebo-controlled trials (1553 patients, follow-up
three to 90 days) reported on SAEs or SARs. Two trials
were at overall low risk of bias. Details on reported SAEs/
SARs are presented in Additional file 1: Table S2. All tri-
als reported on mortality, but few specified this outcome
as an SAE; we included mortality in the reported SAEs
as we defined SAE according to ICH-GCP definition [37].
We found no statistically significant difference between
haloperidol and placebo for the two estimates of SAEs/
SARs measured as the SAE/SAR with the highest pro-
portion (RR 0.94; 96.7% CI 0.81 to 1.10; >=18%; TSA-
adjusted 95% CI 0.78 to 1.14) and measured as cumulated
SAEs/SARs (RR 0.97; 96.7% CI 0.85 to 1.11; I*=83%;
TSA-adjusted CI 0.60 to 1.58) (Additional file 1: Figure
S7 and S14). For SAE highest proportion, TSA reached
the futility area meaning that haloperidol does not cause
a 20% relative change. TSA for cumulated SAEs showed
insufficient information to confirm or reject a relative
change of 20% (Additional file 1: Figure S11+4S12+ S18).

Haloperidol Placebo Weight  Weight Risk Ratio
Study Year Risk of Bias Events Total Events Total RR  96.7% ClI (fixed) (random) MH, Fixed + Random, 96.7% CI
Andersen—Ranberg et al. (placebo) 2022 Low 182 501 210 485 0.84 [0.71;0.99] 71.2% 70.9%
EuRIDICE (placebo) unpubl. Low 10 65 183 67 0.79 [0.35;1.79] 4.3% 3.0%
Garg et al. (placebo) 2022 High 6 15 7 15 0.86 [0.35;2.10] 2.3% 2.5%
Girard et al. (placebo) 2018 Low 73 192 63 184 1.11 [0.83;1.49] 21.5% 23.2% 1‘l
ORIC-1 (placebo) 2017 High 1 16 2 13 0.41 [0.03;4.88] 0.7% 0.3% %7
Total (fixed effect, 96.7% CI) 272 789 295 764 0.89 [0.77;1.03] 100.0% -
Total (random effect, 96.7% Cl) 0.89 [0.77;1.03] - 100.0%
Heterogeneity: Tau? = 0; Chi? = 3.70, df = 4 (P = 0.45); I = 0%
Test for overall effect (common effect): Z = -1.71 (P = 0.09) 0.1 051 2 10

Test for overall effect (random effects): Z = -1.72 (P = 0.09)

All-cause mortality of placebo-controlled trials

Favours haloperidol Favours placebo

Fig. 2 Forest plot of all-cause mortality in placebo-controlled trials. Forest plot of all-cause mortality in placebo-controlled trials. Three trials were
at overall low risk of bias, and two trials were at overall high risk of bias. Size of the squares reflects the size of the trial (sample size). The horizontal

bars represent 96.7% confidence intervals
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The subgroup analysis of risk of bias and sensitiv-
ity analysis on missing data for both highest propor-
tion and cumulated SAEs indicated that risk of bias and
incomplete outcome data could influence the results
(Additional file 1: Figure S8—S10+ Figure S15-S17). The
certainty of evidence for SAE/SAR highest proportion
was judged to be low due to inconsistency and impre-
cision. The certainty of evidence for cumulated SAEs/
SARs was judged to be very low due to inconsistency and
imprecision (Table 2).

Secondary outcomes

Days alive without delirium or coma (14 days) Three tri-
als (1349 patients) reported on days alive without delirium
or coma. Two trials were at low risk of bias. Meta-analy-
sis showed no statistically significant difference between

haloperidol and placebo (MD 0.33 days; 98% CI — 0.31 to
0.97 days; I?=0%; TSA-adjusted CI — 0.41 to 1.08 days)
(Additional file 1: Figure S20). TSA found that with 81%
of the required information size, the cumulated z-curve
crossed into the futility area; hence, haloperidol does not
cause a 20% relative change in days alive without delir-
ium or coma compared with placebo (Additional file 1:
Figure S24+ S25). Subgroup analyses of risk of bias were
consistent with the primary findings (test of interaction:
P=0.65, Additional file 1: Figure S21). Sensitivity analyses
on missing data indicated that incomplete data alone had
the potential to influence the results (Additional file 1:
Figure S22-S23). The certainty of evidence was judged to
be moderate due to the potential influence of missing data
(Table 2).
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Delirium severity, cognitive function and health-related
quality of life

No placebo-controlled trials reported on delirium sever-
ity, cognitive function or health-related quality of life.

Explorative outcome

QTc prolongation Three trials (1392 patients, follow-up
three to 90 days) reported on QTc prolongation. Two tri-
als were at overall low risk of bias. Twenty-eight patients
(4%) assigned to haloperidol experienced QTc prolonga-
tion, while 18 patients (3%) assigned to placebo experi-
enced QTc prolongation. Meta-analysis did not show a
statistically significant difference between haloperidol
and placebo (RR 1.47; 95% CI 0.83 to 2.64; I’=0) (Fig-
ure S31). TSA revealed that less than 5% of the required
information size was accrued. Subgroup analyses on risk
of bias were consistent with the primary findings (test of
interaction: P=0.63, Additional file 1: Figure S32). Sensi-
tivity analyses on missing data were consistent with the
primary analysis (Additional file 1: Figure S33-S34). The
certainty of evidence was judged to be low due to impreci-
sion (Table 2).

Haloperidol versus other comparators

A total of 5 trials with 664 patients compared haloperi-
dol to other antipsychotics (chlorpromazine, ziprasidone,
risperidone, quetiapine), and one trial was at overall low
risk of bias for all reported outcomes. Meta-analysis on
mortality (3 trials), SAEs/SARs (highest proportion and
cumulated events; 4 trials), days alive without delirium
or coma (2 trials) and delirium severity (3 trials) showed
no statistically significant differences in these outcomes
between haloperidol and other antipsychotics (Addi-
tional file 1: Figure S1, S7, S14, S20, S27, S28, S29). TSA
on mortality, SAEs/SARs and days alive without delir-
ium or coma found that less than 50% of the required
information size was accrued to accept or reject a 20%
change in these outcomes (Additional file 1: Figure S6,
S13, S19, S26). Only one trial reported on cognitive func-
tion (Additional file 1: Figure S30) and QTc prolongation
(Additional file 1: Figure S31). The certainty of evidence
for all outcomes was judged either low or very low due to
indirectness and imprecision.

For the comparators dexmedetomidine, benzodiaz-
epines, morphine, antiemetics and no control, data could
not be pooled as there was only one trial with each com-
parator (Additional file 1: Figure S1, S7, S14, S20, S27 and
S31). Further details on haloperidol versus other compar-
ators are available in Additional file 1.
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Discussion

In this systematic review of haloperidol versus placebo or
any comparator for critically ill adult patients with delir-
ium, we found that haloperidol may reduce mortality and
likely results in little to no difference in the occurrence
of SAEs/SARs compared with placebo. For the second-
ary outcomes, we found that haloperidol probably does
not reduce or increase the number of days alive without
delirium or coma and may result in little to no change
in the occurrence of QTc prolongation. No placebo-
controlled trials reported on delirium severity, cognitive
function or health-related quality of life. Sparse data were
available for haloperidol versus other comparators, and
the effect of haloperidol on reported outcomes is either
very uncertain or may result in little to no difference
when compared with other comparators [24].

Mortality

We chose mortality as one of our primary outcomes as
it serves as a useful indicator for assessing the overall
benefits and harms of an intervention in a population
with high mortality. Delirium has been associated with
increased mortality [6]; thus, interventions targeted at
managing delirium may therefore potentially impact
mortality.

The quantity and quality of data have increased sig-
nificantly since the original review [10] as two RCTs with
overall low risk of bias have provided data for the effect
of haloperidol versus placebo on mortality. The effect
estimate is in favour of haloperidol, but the pre-specified
threshold for significance was not passed and TSA found
that the required information size was not reached to
firmly detect or reject a 20% relative change in mortality,
and even more data are needed to establish firm evidence
of smaller effect sizes as estimated in the meta-analysis
(11% RRR). An anticipated 20% relative change in mor-
tality may seem large as most interventional trials in crit-
ically ill patients find either small, clinically unimportant
or statistically insignificant differences [38, 39]. More
RCTs are therefore needed to establish firm evidence of
the effect of haloperidol on mortality.

When we examine the meta-analysis for mortality of
trials comparing haloperidol versus placebo, it is notice-
able that the largest RCT (AID-ICU [16]) included in
the review found benefit of haloperidol while the second
largest RCT (MIND-USA [29]) indicated harm. Both tri-
als are at overall low risk of bias. The opposing effect of
haloperidol on mortality in the two trials may indicate
that the effect of haloperidol differs dependent on patient
population. Marked differences between the AID-ICU
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and MIND-USA trial populations were that patients in
the AID-ICU trial were older and had more hyperac-
tive delirium and fewer patients received mechanical
ventilation.

Serious adverse events and serious adverse reactions

The reporting of SAEs and SARs was heterogeneous, and
few trials reported SAEs in accordance with ICH-GCP
definitions. Some trials reported zero SAEs/SARs in both
groups, yet did report mortality. Accordingly, SAEs/SARs
are likely to be underreported. The pooled effect esti-
mates of both measures of SAEs/SARs were rather simi-
lar and no significant differences were found. While we
had sufficient information to reject a 20% relative change
when SAEs/SARs were analysed as highest proportion,
we had insufficient data when analysed as cumulated
number of SAEs/SARs. This conflicting result is due to
differences in proportions that affect the TSA analysis
and as the true effect is expected to be between the two
estimates, we cannot firmly detect or reject a 20% relative
change in the proportion of patients experiencing SAEs/
SARs when comparing haloperidol with placebo.

Other systematic reviews

A comprehensive Cochrane review on pharmacological
interventions for the treatment of delirium in critically ill
adults was published in 2019 [40]. Data from two RCTs
with overall low risk of bias have emerged since then,
warranting an update. The Cochrane review included
RCTs randomising patients with high risk of delirium;
these trials were excluded in this review as patients were
required to have diagnosed delirium at randomisation to
be eligible for inclusion. Of note, we excluded the HOPE-
ICU trial [41] and the feasibility MIND trial [42] as
these trials randomised mechanically ventilated patients
irrespective of delirium status. The Cochrane review
found high-certainty evidence for no significant differ-
ence between typical antipsychotics (haloperidol) versus
placebo on delirium duration, which is in line with our
findings on days alive without delirium or coma for halo-
peridol versus placebo. The outcomes are not identical,
but do measure similar events. Four trials were included
in the meta-analysis for mortality in the Cochrane review,
but only one was an actual treatment trial [29].

Other systematic reviews have been conducted in
recent years [43—45], but like the Cochrane review, they
included trials that randomised patients at risk of delir-
ium or assessed the effects of haloperidol on preventing
delirium. These systematic reviews are therefore evalu-
ating the effects of haloperidol in populations that differ
from this review that only included treatment trials.
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Implication for clinical practice and perspectives

A high number of critically ill patients develop delirium
and haloperidol is still the most used pharmacological
intervention [9]. The summarised evidence in this review
indicates possible benefit on mortality and SAE/SAR,
although uncertainty remains. A recent Bayesian analysis
of the largest RCT included in this review, the AID-ICU
trial, found high probability of benefit and low probabil-
ity of harm on reported outcomes, most importantly 94%
probability of a clinically important benefit (2% risk dif-
ference or more) on mortality [46]. Taken together, the
available evidence does not indicate harm of haloperidol
treatment, and it may be beneficial in critically ill adult
patients with delirium. Moreover, it is currently the best
studied antipsychotic in this population. Consequently, if
strategies of prevention and non-pharmacological inter-
ventions fails, haloperidol is possibly a beneficial agent to
use if pharmacological interventions are needed for the
treatment of delirium. This statement is given as halo-
peridol is already frequently used in clinical practice, is
well known to health-care personnel, and is easy to use
and titrate.

Strengths and limitations

We adhered to the Cochrane handbook, the PRISMA and
the GRADE approach [12-14]. We published the proto-
col and updated the protocol registration in PROSPERO
before conducting the literature search for this updated
systematic review. We used the RoB 2 tool to assess risk
of bias at outcome level. We used TSA to minimise the
risk of random errors due to sparse data and multiple
outcomes.

This systematic review also has limitations. First, five
placebo-controlled trials provided data for our primary
outcomes, but we still do not have sufficient data to
firmly detect or reject a 20% relative change for our pri-
mary outcomes. Data were increasingly sparse for other
comparators than placebo.

Second, a considerable number of trials reported expo-
sure to open-label antipsychotics which may have con-
taminated the placebo group with antipsychotics and
driven a potential intervention effect towards null. Third,
we included trials randomising patients with diagnosed
delirium and excluded trials randomising patients at high
risk of delirium [40, 45]. We believe this is reasonable as
we aim to examine the effect of treatment of delirium and
not prevention, but with this approach, we may have lost
information and power from these trials. Fourth none
of the included trials reported on health-related quality
of life or cognitive function. Both outcomes are highly
patient-important and should be included in future tri-
als as described in the core outcome set for delirium
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in critically ill patients [47]. Fifth, we planned to exam-
ine clinical heterogeneity by performing pre-defined
subgroups, but data were not available to conduct such
analyses.

Conclusions

In this review, we found that haloperidol may reduce
mortality and likely result in little to no change in the
occurrence of SAEs/SARs in critically ill patients with
delirium based on moderate- and low-certainty evidence,
respectively. For other outcomes, the certainty of evi-
dence ranged from very low to moderate. However, the
results were not statistically significant and more trials
are therefore needed to establish more certain evidence
of the effect of haloperidol. Only sparse data were avail-
able for other comparators than placebo.
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