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Summary
Background Delirium is a common and serious postoperative complication. Subanaesthetic ketamine is often 
administered intraoperatively for postoperative analgesia, and some evidence suggests that ketamine prevents 
delirium. The primary purpose of this trial was to assess the effectiveness of ketamine for prevention of postoperative 
delirium in older adults.

Methods The Prevention of Delirium and Complications Associated with Surgical Treatments [PODCAST] study is a 
multicentre, international randomised trial that enrolled adults older than 60 years undergoing major cardiac and 
non-cardiac surgery under general anaesthesia. Using a computer-generated randomisation sequence we randomly 
assigned patients to one of three groups in blocks of 15 to receive placebo (normal saline), low-dose ketamine 
(0·5 mg/kg), or high dose ketamine (1·0 mg/kg) after induction of anaesthesia, before surgical incision. Participants, 
clinicians, and investigators were blinded to group assignment. Delirium was assessed twice daily in the first 
3 postoperative days using the Confusion Assessment Method. We did analyses by intention-to-treat and assessed 
adverse events. This trial is registered with clinicaltrials.gov, number NCT01690988.

Findings Between Feb 6, 2014, and June 26, 2016, 1360 patients were assessed, and 672 were randomly assigned, with 
222 in the placebo group, 227 in the 0·5 mg/kg ketamine group, and 223 in the 1·0 mg/kg ketamine group. There 
was no difference in delirium incidence between patients in the combined ketamine groups and the placebo group 
(19·45% vs 19·82%, respectively; absolute difference 0·36%, 95% CI –6·07 to 7·38, p=0·92). There were more 
postoperative hallucinations (p=0·01) and nightmares (p=0·03) with increasing ketamine doses compared with 
placebo. Adverse events (cardiovascular, renal, infectious, gastrointestinal, and bleeding), whether viewed individually 
(p value for each >0·40) or collectively (36·9% in placebo, 39·6% in 0·5 mg/kg ketamine, and 40·8% in 1·0 mg/kg 
ketamine groups, p=0·69), did not differ significantly across groups.

Interpretation A single subanaesthetic dose of ketamine did not decrease delirium in older adults after major surgery, 
and might cause harm by inducing negative experiences.
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Introduction
Delirium is the most common postoperative neurological 
complication in adults older than 60 years and is 
associated with increased morbidity and mortality.1 Acute 
and fluctuating alterations of consciousness, attention, 
and cognition are characteristic features of delirium.1 
The multifactorial cause and obscure pathophysiology of 
delirium have made it challenging to prevent and treat.1 
Pain, its treatment with opioids, and the inflammatory 
response to injury are all likely risk factors for delirium 
in surgical patients.1 A drug that both provides analgesia 
and prevents delirium would be an important advance 
for perioperative care. A postoperative infusion of 
dexmedetomidine (0·1 µg/kg per h) has shown promise 
for both delirium prevention and pain alleviation.2 

However, these findings are preliminary and warrant 
replication in further study; dexmedetomidine is costly, 
requires continuous intravenous infusion, and at 
present, postoperative dexmedetomidine can only be 
administered on intensive care units. So far, although 
some intraoperative approaches have shown early 
promise in efficacy trials,3,4 no anaesthetic technique or 
intraoperative drugs have been definitively shown to 
prevent or decrease postoperative delirium.

Ketamine is an intravenous anaesthetic with diverse 
therapeutic effects, and it has been reported in systematic 
reviews that intraoperative subanaesthetic ketamine 
administration reduces postoperative markers of inflam
mation5 as well as postoperative pain and opioid 
consumption.6–9 Furthermore, delirium and depression 
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in elderly people seem to be overlapping syndromes 
caused by similar pathophysiological mechanisms,10 and 
ketamine is a rapidacting antidepressant drug.11 Despite 
these suggested advantageous properties, ketamine is a 
psychoactive drug with known hallucinogenic properties12 
that could also theoretically contribute to the development 
of postoperative delirium. However, a small, single
centre trial in patients who had cardiac surgery found 
that an intraoperative subanaesthetic bolus of ketamine 
was associated with a reduction in the incidence of post
operative delirium from 31% to 3%, without apparent 
negative effect.4 Ketamine has also been shown in a 
systematic review to decrease emergence delirium in 
children13 and to speed recovery from general anaesthesia 
in rodents,14 and a growing body of both preclinical and 
clinical evidence suggests that ketamine has neuro
protective properties.15 Lowdose intraoperative ketamine 
was also associated with improved cognition 1 week after 
cardiac surgery.16 Because a single administration of 

subanaesthetic ketamine has antidepressant effects 
lasting several days,11 it is biologically plausible that it 
might also provide a sustained positive effect on 
cognition and pain that outlasts its more immediate 
pharmacological actions. In addition to these theoretical 
benefits, ketamine is inexpensive, and has been used 
extensively by anaesthetists around the world for over 
50 years; it can be given as a bolus intraoperatively with 
minimal cardiorespiratory side effects.

Before recommending widespread administration of an 
intraoperative bolus of subanaesthetic ketamine, 
demonstrating that ketamine decreases either delirium or 
pain, or both, without incurring adverse effects in a large, 
pragmatic trial was warranted. Based on a synthesis of 
existing evidence, we hypothesised that a subanaesthetic 
dose of ketamine, administered after induction of general 
anaesthesia to older patients, would reduce postoperative 
delirium (primary outcome) and postoperative pain or opi
oid consumption, or both (related secondary outcomes).17

Research in context

Evidence before this study
Delirium and pain are both common and serious complications 
of surgery. These complications cause distress to patients and 
family members, and are associated with worse postoperative 
outcomes. Opioids are the mainstay drugs to treat postoperative 
pain, but also cause delirium and are associated with life-
threatening complications and addiction. At present, there is no 
pharmacological treatment for delirium. In order to assess the 
effect of perioperative ketamine on postoperative delirium and 
pain, we did a systematic search of randomised trials and 
systematic reviews published in any language. We searched the 
following databases for studies published up to Feb 5, 2014, (the 
start of enrolment into the PODCAST trial): MEDLINE, PubMed, 
Cochrane Central Register of Controlled trials, Web of Science, 
metaRegister of controlled trials, LILACS, African Health-line, 
POPLINE, MedCarib, CINAHL, and Clinicaltrials.gov using the 
following search terms: “ketamine and postoperative delirium” 
and “ketamine and postoperative pain.” The systematic search 
for “ketamine” and “postoperative delirium” included all 
randomised controlled trials with surgical patients aged 60 years 
or older published between 1964 (when ketamine was 
introduced in clinical practice) and 2014. We identified 
six studies with a total of 357 patients. Of the six trials, 
two showed a decrease in delirium with ketamine, one showed 
an increase in delirium, one had equivocal results, and in 
two trials there were no patients with delirium. In contrast to the 
dearth of studies examining the effect of ketamine on 
postoperative delirium, there have been many studies 
examining the effect of perioperative ketamine on 
postoperative pain, with ketamine administered at various 
doses, at different times, and for variable durations. The vast 
majority of these studies enrolled fewer than 100 patients, and a 
few enrolled up to 150 patients. A systematic review of 70 of 
these trials involving 4701 patients published in 2011 showed 

that a subanaesthetic dose of ketamine decreased pain for up to 
48 h and decreased requirement for opioids after surgery. 
The systematic search for “ketamine” and “postoperative pain” 
included randomised controlled trials with older surgical 
patients published between 2011 and 2014, to complement the 
2011 systematic review. 28 additional studies with a total of 
2159 patients were identified. 15 trials showed no decrease in 
pain with ketamine, 11 found a decrease in pain with ketamine, 
and two trials had ambiguous findings. Taking into 
consideration the totality of the evidence, 2016 guidelines 
recommended that perioperative ketamine as an analgesic 
adjunct is likely to be effective at decreasing postoperative pain 
and opioid requirements.

Added value of this study
This international pragmatic study does not support the 
evidence that a single intraoperative bolus administration of 
subanaesthetic ketamine decreases the incidence of 
postoperative delirium, the severity of pain, or the requirement 
for postoperative opioids in older adults. On the other hand, this 
study suggests that intraoperative ketamine might increase the 
incidence of postoperative nightmares and hallucinations.

Implications of all available evidence
Taking all the evidence into account, the increasingly common 
clinical practice of administering a single subanaesthetic 
intraoperative bolus of ketamine should be reconsidered. The 
likelihood that ketamine prevents postoperative delirium is low. 
Considering the importance of finding safe analgesic 
alternatives to opioids, promising previous evidence regarding 
the analgesic efficacy of subanaesthetic ketamine, and that pain 
was a secondary outcome of the PODCAST trial, subsequent 
research should be done to confirm or refute the observed 
absence of meaningful postoperative analgesia with 
intraoperative ketamine.
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