
1Long Y, et al. BMJ Open 2024;14:e084469. doi:10.1136/bmjopen-2024-084469

Open access 

Efficacy and safety of esketamine 
hydrochloride adjunct to sufentanil in 
non- surgical patients under mechanical 
ventilation in the ICU (SENSATION 
trial): protocol for a multicentre, single- 
blind, randomised controlled trial

Yi Long    ,1 Donghuang Hong,2 Haibin Ni,3 Dandan Zhou,3 Tingfa Zhou,4 
Songwu Liu,4 Xiang Luo,5 Qian Liu,1 Rui Li,1 Zhengying Jiang,1 Lu Ke    6

To cite: Long Y, Hong D, Ni H, 
et al.  Efficacy and safety of 
esketamine hydrochloride 
adjunct to sufentanil in 
non- surgical patients under 
mechanical ventilation in 
the ICU (SENSATION trial): 
protocol for a multicentre, 
single- blind, randomised 
controlled trial. BMJ Open 
2024;14:e084469. doi:10.1136/
bmjopen-2024-084469

 ► Prepublication history 
and additional supplemental 
material for this paper are 
available online. To view these 
files, please visit the journal 
online (https://doi.org/10.1136/ 
bmjopen-2024-084469).

Received 19 January 2024
Accepted 22 August 2024

For numbered affiliations see 
end of article.

Correspondence to
Dr Lu Ke;  
 ctgkelu@ nju. edu. cn and  
Professor Zhengying Jiang;  
 zhengyingjiang@ cqu. edu. cn

Protocol

© Author(s) (or their 
employer(s)) 2024. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction Pain is common in patients receiving 
mechanical ventilation in the intensive care unit (ICU). 
Intravenous opioids are recommended as first- line therapy 
for pain management; however, opioids have adverse 
side effects. Based on low- quality evidence, low- dose 
ketamine is therefore recommended as an opioid adjunct 
to reduce opioid consumption. Esketamine is an alternative 
to ketamine with greater efficacy and fewer side effects. 
However, evidence on the use of esketamine in patients 
receiving mechanical ventilation is lacking. This study 
investigates the efficacy and safety of esketamine as an 
adjunct to sufentanil for analgesic therapy in non- surgical 
ICU patients under mechanical ventilation.
Methods and analysis This ongoing multicentre, single- 
blind, randomised controlled trial is being conducted at six 
ICUs in China. 132 non- surgical patients under mechanical 
ventilation will be randomly assigned to the standard 
care and S- ketamine groups at a 1:1 ratio. Patients in the 
standard care group received a minimal dose of sufentanil 
as the sole analgesic agent. Patients in the S- ketamine 
group received a minimal dose of sufentanil in addition 
to an esketamine infusion at a fixed rate of 0.2 mg/kg/
hour for analgesia. The primary outcome is mean hourly 
sufentanil consumption during the treatment period.
Ethics and dissemination This study was approved by 
the Ethics Committee of Chongqing University Cancer 
Hospital (CZLS2022067- A). Participants are required to 
provide informed consent. The results of this trial will 
be reported in peer- reviewed journals and presented at 
conferences.
Trial registration number ChiCTR2200058933.

INTRODUCTION
Pain is inevitable in mechanically ventilated 
patients in the intensive care unit (ICU) and 
is associated with poor outcomes.1–3 Intrave-
nous opioids are recommended as first- line 
therapy for pain management.4 However, 
opioids have troublesome side effects, such 

as unexpected sedation, delirium, respiratory 
depression and ileus.5 A prior prospective 
cohort study demonstrated that adverse drug 
reactions in the surgical ICUs were mainly 
caused by opioids, which increased the length 
of ICU stay by 53.2%.6 Furthermore, the use 
of opioids in non- surgical ICU patients is 
associated with persistent opioid use.7 8 There 
is a growing concern that new persistent 
opioid use may be contributing to the ‘opioid 
crisis’.9–11

Current guidelines suggest that non- 
opioids should be used as adjuncts in ICU 
analgesia to reduce opioid consumption.5 
However, commonly used non- opioids, such 
as acetaminophen and non- steroidal anti- 
inflammatory drugs (NSAIDs), may aggravate 
pre- existing organ dysfunction in critically ill 
patients.12–15 Acetaminophen- induced hypo-
tension is common in critically ill patients, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is a multicentre, randomised controlled trial to 
evaluate the efficacy and safety of esketamine as 
an adjunct to sufentanil for analgesic therapy in 
non- surgical intensive care unit (ICU) patients under 
mechanical ventilation.

 ⇒ The study population is limited to non- surgical pa-
tients, which helps reduce bias caused by postop-
erative pain.

 ⇒ The study is single- blind only.
 ⇒ The study population is limited to non- surgical ICU 
patients under mechanical ventilation who do not 
require deep sedation or neuromuscular blockers, 
which may limit the generalisability of the results to 
other ICU patients.

 ⇒ The effect of esketamine on chronic pain and 
postintensive care syndrome will not be assessed.
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and acetaminophen hepatotoxicity is the leading cause 
of acute liver failure.13 16 NSAIDs have a weak opioid- 
sparing effect but may increase the risk of acute kidney 
injury (AKI) and gastrointestinal bleeding.17–19 Nefopam 
has significant opioid- sparing effects; however, there is a 
risk of increased heart rate and mild decrease in mean 
arterial pressure in critically ill patients.18 20 Moreover, 
nefopam is not available in many places outside Europe.

Ketamine is an N- methyl- D- aspartate receptor inhibitor 
with a short half- life and minimal adverse effects on the 
respiratory and circulatory systems and is used for anaes-
thesia and analgesia. Anaesthetic doses of ketamine can 
cause side effects such as hallucinations and cognitive 
impairment, while low- dose ketamine has good analgesic 
effects with fewer side effects than anaesthetic doses of 
ketamine.21 Based on the limited evidence obtained in 
surgical patients, the guidelines recommend the adju-
vant use of low- dose ketamine to reduce opioid consump-
tion.5 However, the analgesic effect of ketamine in ICU 
patients under mechanical ventilation remains contro-
versial, especially in non- surgical patients.22 23 Esketamine 
(S- ketamine) is a right- handed enantiomer of ketamine 
with three times the potency of R- ketamine and twice that 

of racemic ketamine.24 Esketamine may reduce opioid 
consumption in patients outside the ICU and has fewer 
side effects than ketamine.25–28 To our knowledge, there 
are no studies demonstrating the efficacy and safety of 
esketamine for analgesia in non- surgical ICU patients 
under mechanical ventilation. This study was designed to 
assess whether esketamine can reduce opioid consump-
tion and the associated clinical outcomes in non- surgical 
ICU patients under mechanical ventilation.

METHODS AND ANALYSIS
Design
This is a multicentre, single- blind, randomised controlled 
trial. The study design followed the Standard Protocol 
Items: Recommendations for Interventional Trials guide-
lines (online supplemental table S1). A flow chart of 
the study is shown in figure 1. This is version 1.2 of the 
protocol from 18 May 2022.

Setting
This ongoing study is being conducted at the ICUs of 
tertiary hospitals, including Chongqing University Cancer 

Figure 1 Study flow chart. ICU, intensive care unit.
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Hospital, Jinling Hospital, Fujian Provincial Hospital, 
Longyan First Hospital Affiliated to Fujian Medical 
University, Linyi City People Hospital, and Jiangsu 
Province Hospital of Integrated Chinese and Western 
Medicine.

Eligibility criteria, recruitment and informed consent
Inclusion criteria

 ► Age between 18 and 70 years.
 ► Non- surgical patients, defined as not undergoing 

surgery classified as grade 2 or above within 1 week, 
according to the ‘Management Measures for Surgical 
Grading in Medical Institutions’ established by the 
Chinese Ministry of Health.

 ► Patients were intubated and mechanically ventilated 
within 12 hours and expected to require ventilation 
for longer than 48 hours.

Exclusion criteria
 ► Pregnant or breastfeeding.
 ► Medical condition preventing the assessment of Rich-

mond Agitation- Sedation Scale (RASS) and Critical- 
Care Pain Observation Tool (CPOT).

 ► Contraindications to esketamine hydrochloride.
 ► Contraindications to sufentanil, propofol, midazolam 

or their excipients.
 ► Requires deep sedation (RASS ≤−4) or continuous 

infusion of neuromuscular blocker or both.
 ► Suspected or proven acute primary brain injury (trau-

matic brain injury, cerebral infarction, intracranial 
haemorrhage, spinal cord injury, hypoxic ischaemic 
encephalopathy, hydrocephalus or cerebral oedema).

 ► Ejection fraction <30%, cardiogenic shock and acute 
myocardial infarction.

 ► Endogenous creatinine clearance rate <30 mL/min.
 ► End- stage liver disease (Child- Pugh grade C).
 ► Requires surgery or tracheotomy within 48 hours.
 ► Ketamine or esketamine hydrochloride required for 

status epilepticus or other diseases.
 ► History of drug or alcohol abuse or both.
 ► Palliative care or expected to die within 48 hours.
 ► History of dementia or mental illness, or requires 

psychotropic medication.
 ► Refusal to sign the informed consent form.
 ► Participating in clinical trials of other drugs, or having 

participated in other clinical trials within 30 days.
 ► Does not require opioids for analgesia, as determined 

by the clinician.

Recruitment and informed consent
The objectives, potential risks and benefits of this trial will 
be presented to the patients or their surrogate decision- 
makers. Randomisation and study intervention will begin 
after obtaining written informed consent. If written 
informed consent cannot be obtained within 12 hours of 
intubation, randomisation and timely intervention may 
start when verbal consent is obtained from the patients or 
their surrogate decision- makers, and written consent will 

be obtained later. The translated patient consent form is 
attached as online supplemental file 1.

Randomisation, allocation and concealment
Permuted block randomisation stratified by study site 
was used in this trial. Block lengths ranging from four 
to eight were used. Random allocation was performed 
using Interactive Web Response Systems (IWRS). Eligible 
patients were randomly allocated at a ratio of 1:1 to the 
standard care group and the S- ketamine group. Before 
being randomised, the choice of analgesic and sedative 
drugs and dose titration were determined by the patient’s 
treatment physician. Since the randomisation is done 
through the IWRS, the investigators, the treatment teams 
and the patients will not know the allocation until rando-
misation is completed. In this way, the allocation conceal-
ment is ensured.

Blinding
The grouping of interventions will be kept strictly confi-
dential to patients until the results of the study are 
revealed. Several specialised personnel (blind assessors) 
will be established at each study site for CPOT and RASS 
assessments, and the study groupings will remain confi-
dential to them. The treatment team will titrate the anal-
gesics and sedatives according to the blind assessors’ 
assessments, in accordance with the study protocol and 
their experience. In addition, the study grouping will 
maintain the confidentiality of the outcome assessors and 
the trial statisticians who analysed the data.

Interventions
Administration and dosage adjustment of analgesics
Standard care group
In the standard care group, a minimal dose of sufentanil 
is used as the sole analgesic for pain management. The 
recommended sufentanil loading dose is 0.1–0.5 µg/kg, 
with an initial dose of 0.3 µg/kg/hour and a range of 
0.15–0.7 µg/kg/hour, which can be adjusted at the discre-
tion of the patient’s treating physician. Sufentanil was 
titrated to the minimum dose required to maintain the 
analgesic goal. The analgesic goal is to maintain CPOT 
≤2. An intravenous bolus of sufentanil is allowed when 
there is a procedure or treatment ordered by a physician. 
CPOT will be reassessed every 2–4 hours, and the dose 
of sufentanil will be adjusted based on the CPOT assess-
ment. Other analgesic measures (such as massage, music 
and relaxation techniques) for the standard care group 
will follow international guidelines and determined by 
the treating physician.5

S-ketamine group
In the S- ketamine group, esketamine hydrochloride 
(Hengrui Pharmaceutical) was infused at a rate of 
0.2 mg/kg/hour in addition to the minimal dose of 
sufentanil for pain management. Sufentanil would be 
administered in the same manner as that in the standard 
treatment group, and esketamine hydrochloride will be 
administered within 1 hour of randomisation. CPOT will 
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be reassessed every 15–30 min after the administration 
of esketamine hydrochloride. If CPOT is ≤2, the dose of 
sufentanil will be reduced by 10%; if CPOT is >2, the dose 
of sufentanil will be increased by 10%; this process will 
be repeated and the dose of sufentanil will be titrated to 
the minimum dose that can maintain a CPOT of ≤2. The 
esketamine hydrochloride dose will remain unchanged 
throughout the study period. Unless the patient remains 
oversedated when the administration of sufentanil and 
sedatives has stopped, esketamine hydrochloride will be 
reduced in a gradient of 0.05 mg/kg/hour until the seda-
tion goal is achieved. The analgesic goals and other anal-
gesic measures in the S- ketamine group will be the same 
as those in the standard care group. The analgesic dosing 
algorithm for the S- ketamine group is shown in figure 2.

Duration of the intervention
For the standard care group, the intervention will stop 
when the following events occur (whichever occurs first): 
(1) 72 hours after randomisation; (2) analgesics not 
required due to extubation or other medical reasons, 
as determined by the treatment team; (3) the patient 
dies; (4) the patient requires surgery or tracheotomy; 
(5) the patient requires deep sedation or neuromuscular 
blockers; (6) treatment goals shift to palliative care; (7) 
severe adverse event occurred (see definition of severe 
adverse event in the Adverse events section); (8) the 
patient or family members withdraw informed consent; 
and (9) unable to accurately assess CPOT and RASS 
scores due to changes in disease status. For the S- ket-
amine group, in addition to the criteria for the standard 

care group, the intervention will also be discontinued if 
the criteria for discontinuation of esketamine hydrochlo-
ride are met. The criteria for discontinuation of esket-
amine hydrochloride are shown in online supplemental 
table S2.

Management of sedation, delirium, sleep disturbance and 
immobility
Management of sedation will follow the guideline 
recommendations and will be the same in both groups. 
The target RASS for both groups ranges from −2 to 
1. Propofol is the sedative of choice, with midazolam 
as an alternative. Based on the guideline recommen-
dations and the widely accepted early Comfort using 
Analgesia, minimal Sedatives and maximal Humanne 
care (eCASH) principle, a relevant sedation algorithm 
was established (figure 3). Management of delirium, 
immobilisation and sleep disturbance will follow the 
recommended guidelines.

Mechanical ventilation and weaning
Mechanical ventilation will be implemented according 
to practical guidelines.29 Mechanical ventilation in 
patients with Acute Respiratory Distress Syndrome 
(ARDS) should follow the lung- protective ventila-
tion strategy, including the use of lower tidal volumes 
(4–8 mL/kg predicted body weight) and lower inspi-
ratory pressures (plateau pressure <30 cm H2O).30

Weaning from mechanical ventilation will follow 
the practical guidelines for mechanical ventilation.29 

Figure 2 Analgesics dosing algorithm of the S- ketamine group. CPOT, critical- care pain observation tool.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 S

ep
tem

b
er 2024. 

10.1136/b
m

jo
p

en
-2024-084469 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://dx.doi.org/10.1136/bmjopen-2024-084469
https://dx.doi.org/10.1136/bmjopen-2024-084469
http://bmjopen.bmj.com/


5Long Y, et al. BMJ Open 2024;14:e084469. doi:10.1136/bmjopen-2024-084469

Open access

The specific processes include weaning screening, 
spontaneous breathing test (SBT), airway patency 
assessment and airway protection ability assessment. 
Patients who pass the SBT with good airway patency 
and protection will be weaned off and extubated.

Other therapies
It is not recommended to use analgesics other than sufen-
tanil and esketamine hydrochloride in either group. 
Acetaminophen and NSAIDs can be used as antipyretics; 
however, their use should be recorded in detail. Nutri-
tional therapy in both groups needs to follow the recom-
mendations of relevant guidelines and the ‘Nutrition 
Support Process for Critically Ill Patients’.31 32 Treatment 
of the primary disease and comorbidities in both groups 
follows the corresponding guidelines and is determined 
by the medical team. Other symptomatic and supportive 
treatments determined by the patient’s medical team may 
also be provided.

Follow-up
All subjects will be followed for 28 days after randomisa-
tion or until the patient’s death, whichever occurs first. 
The indicators involved in the study are evaluated and 
recorded according to the study schedule (online supple-
mental table S3).

Data collection and management
A web- based database has been established for data 
collection, and the principal investigator and coin-
vestigator at each research site have access to the 
database. Data entered and modified by the investi-
gators at each research site are based on the original 
data. The accuracy and compliance of the data will 
be audited by the principal investigator and coordi-
nating centre. Once errors or omissions are found, 
specific personnel are asked to clarify the data 
and make corrections. The principal investigator 
will hold a training session for all coinvestigators 
involved in data collection before the commence-
ment of the study to avoid inconsistencies in data 
collection. Range editing and value checking have 
been incorporated into the database to reduce data 
entry errors.

Outcomes measures
Primary outcome

 ► Mean hourly sufentanil consumption during the 
treatment period, which is defined as the time from 
randomisation to the end of the intervention. The 
study intervention will be stopped according to the 
prespecified criteria outlined in the the duration of 
the intervention section.

Figure 3 Sedation algorithm. aIn this study, propofol (loading dose 5 μg/kg/min, maintenance dose 5–50 μg/kg/min) was used 
as the preferred sedative, and midazolam (loading dose 0.01–0.05 mg/kg, maintenance dose 0.02–0.1 mg/kg/hour) was used as 
the alternative sedative. Other sedatives include cycloprofen (loading dose 0.1 mg/kg, maintenance dose 0.3- 0.8 mg/kg/hour) 
and lorazepam (loading dose 0.02–0.04 mg/kg, maintenance dose 0.01–0.1 mg/kg/hour). Dexmedetomidine (no loading dose, 
0.2–0.7 μg/kg/hour) was not recommended as the main sedative.RASS, Richmond Agitation- Sedation Scale (RASS) is a tool for 
assessing the depth of sedation in patients, which contains 10 levels, each corresponding to a different state of consciousness.
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Secondary outcomes
 ► Mean hourly consumption of sedatives during the 

treatment period.
 ► CPOT and RASS assessments every 4 hours during the 

treatment period.
 ► Mean hourly consumption of sufentanil on the fifth 

day after randomisation.
 ► Proportion of requiring frequent suctioning during 

the treatment period.
 ► Proportion of uncontrolled agitation during the treat-

ment period.
 ► Sequential Organ Failure Assessment (SOFA) score 

on the first 7 days after randomisation (in ICU).
 ► Acute Physiology and Chronic Health Evaluation II 

(APACHE- II) score on the seventh day after randomi-
sation (in ICU).

 ► Liver function, renal function and myocardial enzyme 
on the first 3 days and the seventh day after randomi-
sation (in ICU).

 ► Acute Gastrointestinal Injury (AGI) score, enteral 
nutrition tolerance score, gastric residual volume 
and intra- abdominal pressure on the first 7 days after 
randomisation (in the ICU).

 ► Nutrition compliance rate on the fourth and seventh 
day after randomisation (in ICU).

 ► Incidence of ICU delirium, number of delirium 
days and proportion of psychotropic drugs used for 
delirium (a positive Confusion Assessment Method of 
the Intensive Care Unit is considered as delirium).

 ► Ventilation- free day in 28 days.
 ► Vasopressor- free day in 28 days.
 ► Adverse events, severe adverse events and adverse 

events that may be related to the study drug.
 ► Length of ICU stay in 28 days.
 ► Length of hospital stay in 28 days.
 ► 28- day mortality after randomisation.

Adverse events
Investigators and treatment teams will closely 
monitor possible and unexpected adverse events as 
well as severe adverse events during the trial. Adverse 
events are defined as any untoward medical occur-
rence in a patient who received an investigational 
intervention. A serious adverse event is defined as 
any serious medical event that causes death, life- 
threatening conditions, prolonged hospital stay, 
persistent disability or dysfunction, or other unpre-
dictable serious medical events. The causal rela-
tionship between the adverse events and the study 
drug will be classified as certain, probable, possible, 
unlikely or uncertain. Any adverse events will be 
treated appropriately and recorded, and severe 
adverse events will be reported by the principal 
investigators. We have not set up a study- specific date 
monitoring committee for this trial. Alternatively, we 
are required to submit adverse events without assign-
ment information to the institutional review board 
once a year.

Sample size calculation
Previous studies have shown that consumption of 
morphine in surgical ICU patients after major abdom-
inal surgery was reduced by 25% in 48 hours (80±37 mg 
vs 58±35 mg) when ketamine was administered with an 
initial dose of 0.5 mg/kg followed by a perfusion of 2 µg/
kg/min during the first 24 hours and 1 µg/kg/min in 
the following 24 hours.33 According to the single- center 
data from Chongqing University Cancer Hospital, the 
mean hourly consumption of sufentanil in mechani-
cally ventilated patients may be reduced by about 26% 
(0.23±0.10 µg/kg/hour vs 0.17±0.09 µg/kg/hour) when 
a dose of 0.2 mg/kg/hour of esketamine hydrochloride 
adjunct to sufentanil is applied. We conservatively antic-
ipate that the mean hourly consumption of sufentanil 
will decrease by 20% when a dose of 0.2 mg/kg/hour of 
esketamine hydrochloride adjunct to sufentanil is applied 
(µ1=0.94, µ2=0.75, σ=0.35). With a power of 90% and an 
α error of 0.05 (two- sided), a sample size of 120 subjects 
is needed, calculated using the PASS V.11.0 software: 60 
in the standard group and 60 in the S- ketamine group. 
Considering the possibility of dropouts, a sample size 
of 132 study participants was planned (10% inflation), 
including 66 in the standard care group and 66 in the 
S- ketamine group.

Statistical analysis
The primary comparative analysis will be based on the 
intention- to- treat population, and secondary supportive 
analyses will be done on the Per- protocol population. The 
safety analysis will be performed on the safety population. 
Missing data will be handled by multiple imputations to 
evaluate the robustness of the primary endpoint analyses. 
The normality distribution of the variables was tested using 
the Shapiro- Wilk test. All numerical continuous variables 
will be presented by mean±SD or median±IQR according 
to whether they obey the normal distribution. Counting 
and categorical variables will be presented as proportions, 
frequencies or percentages. Normally distributed contin-
uous variables will be statistically analysed using Student’s 
t- test, and non- normally distributed continuous variables 
will be statistically analysed using the Wilcoxon rank- sum 
test. Counts and categorical variables will be statistically 
analysed using the χ2 test or Fisher’s precision probability 
test. For the primary outcome, a generalised linear mixed 
model (GLMM) will be used to compare group differ-
ences. In the GLMM model, the mean hourly sufentanil 
consumption during the treatment period will be treated 
as the response variable following a Gaussian distribution 
and the esketamine intervention as the fixed effect and 
site as the random effect, and the identity link function 
will be used. Additionally, some prespecified variables 
were preplanned as covariates, including age, gender, 
body mass index and baseline APACHE II scores. From 
this model, the difference of the mean hourly sufentanil 
consumption during the treatment period and its two- 
sided 95% CI for the group comparison will be estimated. 
For the secondary outcomes, the GLMM models were 
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also used, and the identity- Gaussian models will be used 
for continuous endpoints and log- binomial models for 
categorical endpoints. If the above log- binomial regres-
sion model does not converge, the Mantel- Haenszel 
method will be used to calculate the relative risk (RR) 
and its 95% CI stratifying by site. If the above continuous 
endpoints do not fulfil the normal distribution assump-
tion of the models, data conversions (including log, recip-
rocal and square root transformations) will be performed. 
P values will be reported with two decimal points and all 
tests will be two- sided. P values with a level of significance 
of <0.05 will be considered statistically significant. No 
interim analysis was planned in our study.

Patient and public involvement
None.

Study status
The trial was registered on 20 April 2022, and the first 
patient was randomised on 23 June 2022. The planned 
end date for the study was originally 30 November 2023. 
However, due to various factors, the recruitment process 
was slower than expected. At the time of writing, 55 
patients have been randomised and enrolment is ongoing.

ETHICS AND DISSEMINATION
This study was approved by the Ethics Committee of 
Chongqing University Cancer Hospital. The ethical 
approval document ID is CZLS2022067- A. The research 
sites obtained ethical approval from local ethics commit-
tees. Participants are required to provide informed 
consent. The results of this trial will be reported in peer- 
reviewed journals and presented at conferences.

DISCUSSION
Although the guidelines recommend the use of multi-
modal analgesia to reduce the adverse effects of opioids, 
only approximately one- third of mechanically venti-
lated ICU patients are administered non- opioids for 
pain management.5 20 This partly relates to the adverse 
effects of currently used non- opioids and the lack of solid 
evidence; therefore, it is necessary to expand the anal-
gesic arsenal and to provide stronger evidence. Esket-
amine has the potential to reduce opioid consumption. 
Several randomised trials that evaluated the analgesic 
effects of esketamine are ongoing outside the ICU.34–36 
Song et al37 conducted a single- arm clinical study on esket-
amine in combination with remimazolam tosilate for anal-
gesic sedation in mechanically ventilated ICU patients. 
To our knowledge, this is the first parallel randomised 
trial to evaluate the efficacy and safety of esketamine as 
an opioid adjuvant for analgesia in critically ill patients 
under mechanical ventilation.

Previous studies have revealed that high- dose ketamine 
causes anaesthesia and is associated with side effects 
such as hallucinations and delirium, whereas low- dose 

ketamine delivers promising analgesic effects and is 
less likely to cause side effects.38 Ketamine was consid-
ered as low dose at an infusion rate of 0.1–0.5 mg/kg/
hour.23 33 39 40 Esketamine is theoretically twice as potent as 
racemic ketamine.25 Based on the abovementioned data, 
the fixed infusion rate of 0.2 mg/kg/hour of esketamine 
hydrochloride was adopted in this study, which is similar 
to the dose selected by Song et al.37

Per the guidelines, carefully titrated analgesic dosing is 
important to balance the benefits and potential risks of 
opioid exposure.5 In this study, the sufentanil dose was 
minimised to achieve the analgesic goal. Therefore, as in 
other studies, the mean hourly consumption of sufentanil 
was chosen as the primary outcome because it illustrates 
the analgesic effects of esketamine and reflects the poten-
tial benefits of reducing opioid consumption.23 33 41 Since 
different analgesic drugs and analgesic measures may 
affect analgesic and sedative effects in addition to patient 
outcomes, analgesic effects, organ function and other 
outcomes were included as secondary outcomes.42 43 
Opioid agonists (particularly µ-opioid receptor agonists) 
are associated with gastrointestinal motility dysfunction.44 
It has been demonstrated that ketamine- based anaes-
thesia reduces gastrointestinal inhibition compared with 
fentanyl- based anaesthesia, and food intake improves 
when analgesic sedation was switched to ketamine.45 46 
Thus, our study assessed whether esketamine had a similar 
effect. Finally, the adverse effects of ketamine in mechan-
ically ventilated patients in the ICU are of great concern 
and are controversial, and the common adverse effects 
of ketamine (such as delirium and increased secretions) 
were also included as secondary outcomes.23 47

The time window for randomisation and initiation of 
the intervention in this study was narrow enough to be in 
line with clinical practice and guidelines.23 27 48 49 Given 
the short intervention period of the study, delayed admin-
istration of the study drug may lead to false- negative 
results; therefore, esketamine was required to be adminis-
tered within 1 hour after randomisation.

The following measures were taken to control for bias 
in this study:

 ► Randomisation and allocation concealment were 
done.

 ► The study population was limited to non- surgical 
patients to avoid the impact of postoperative pain.

 ► Patients with factors that may affect drug response 
and analgesic evaluation were excluded.

 ► The treatment team and the scoring assessors were 
independent. The assessors were unaware of the study 
groupings and the treatment team adjusted the dosage 
based on the assessors’ results. All patients followed 
the same analgesic approach (using the minimum 
dose of sufentanil to achieve the analgesic goal).

 ► A dose adjustment algorithm was developed for the 
S- ketamine group to avoid bias caused by differences 
in analgesic modulation at different study sites.

 ► The study protocol was discussed and training 
was conducted to ensure that the protocol was 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 S

ep
tem

b
er 2024. 

10.1136/b
m

jo
p

en
-2024-084469 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


8 Long Y, et al. BMJ Open 2024;14:e084469. doi:10.1136/bmjopen-2024-084469

Open access 

fully understood and strictly implemented by the 
researchers at each participating site.

This study had some limitations. First, this is not a 
double- blind study. Although efforts have been made to 
control bias, the single- blind design of the study could 
not completely avoid bias. Second, the study population 
was limited to non- surgical ICU patients under mechan-
ical ventilation who did not require deep sedation or 
neuromuscular blockers, which may limit the general-
isability of the results to other ICU patients. Third, the 
effect of esketamine on chronic pain and postintensive 
care syndrome was not observed in this study. Neverthe-
less, recent investigations have indicated that ketamine 
might be associated with chronic pain.50

In conclusion, the results of this trial may reveal 
whether low- dose esketamine can reduce opioid usage in 
non- surgical patients under mechanical ventilation and 
whether it is associated with clinical improvements.
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