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INTRODUCTION

Ketamine is a Food and Drug Administration 
(FDA)‑approved non‑barbiturate anesthetic and acts 
as an N‑methyl‑D‑aspartate receptor antagonist. This 
medication is commonly used in the induction of  

anesthesia as well as in the performance of  sedation for 
procedures. While ketamine has been shown to have 
potentially beneficial properties as a postoperative sedative 
agent in the cardiac surgical population,[1] very little data 
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ABSTRACT
Objective: Evaluate the effects of ketamine versus propofol when used for induction of anesthesia in elderly, high‑risk cardiac surgical 
patients on postoperative complications including cognitive dysfunction, delirium, and acute kidney injury.

Methods: Prospective, randomized study performed at a tertiary medical center. A total of 52 patients aged ≥70 and older presenting for 
complex cardiac surgery were randomized to receive either ketamine or propofol for induction of anesthesia. Patients underwent a battery of 
cognitive testing preoperatively and postoperatively and the incidence of delirium and acute kidney injury were measured. Norepinephrine (NEE) 
equivalents following induction were assessed for each group.

Results: A total of 49 patients were included, 25 in the ketamine group and 24 in the propofol group with 3 patients excluded from the analysis. 
No difference was found between groups in either postoperative cognitive dysfunction or delirium incidence. Acute kidney injury occurred 
in 6 (24%) patients in the ketamine group in 12 (50%) patients in the propofol group, but the difference did not meet statistical significance 
(P = 0.08; Relative Risk = 2.1, 95% CI 0.9–4.7). NEE equivalents were lower in the ketamine group, 9.6 ± 22.2 versus 32.7 ± 46.0, P < 0.03.

Conclusions: The use of ketamine versus propofol for induction of anesthesia did not impact the incidence of postoperative cognitive 
dysfunction or delirium. Twice as many patients in the propofol group developed acute kidney injury, although not reaching statistical significance 
and warranting further investigation. In elderly, high‑risk patients, ketamine was associated with a significantly reduced need for vasopressor 
support following induction.
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to the ketamine group received 1–2 mg/kg of  intravenous 
ketamine for induction of  anesthesia and patients 
randomized to the propofol group received 0.5–1  mg/
kg of  intravenous propofol for induction of  anesthesia 
with additional medication administered as needed to 
achieve intubating conditions. The anesthesiologist was not 
blinded to the anesthetic agent. Inhalation anesthetic for 
induction in combination with either propofol or ketamine 
was permitted as well as the administration of  opioid and 
muscle relaxants. The remainder of  the anesthetic was 
as per institutional routine including a maximal fentanyl 
bolus dosing of  10 µg/kg and maintenance with isoflurane. 
Benzodiazepines were not administered. Dexmedetomidine 
was started as an infusion at sternal closure for patient 
transfer to the intensive care unit (ICU) and ICU sedation 
as per our standard practice, dose 0.5–1.5  mcg/kg/
hr. On CPB flow was maintained to provide a cardiac 
index  ≥2.4  L/min/m2. Vasopressor support prebypass 
and on CPB was provided with boluses of  phenylephrine, 
ephedrine, or vasopressin and norepinephrine as an 
infusion. Other aspects of  patient care were as per routine.

Baseline cognitive assessment included evaluation of  
immediate and delayed verbal memory, cognitive speed 
and flexibility, verbal fluency, executive management of  
attention, and overall function. Tests were administered 
by a professional psychometrist before the day of  
surgery and included: Trail Making Test A and B, the 
Mini‑Mental State Examination, Hopkins Verbal Learning 
Test‑Revised  (forms 1 and 2), Digit Span from the 
Wechsler Adult Intelligence Test‑III, Controlled Oral Word 
Association, and the Stroop Color and Word Test.

The Confusion Assessment Method (CAM) score was 
recorded every 12 h postoperatively as per routine. Before 
hospital discharge, the patient underwent the second round 
of  cognitive function studies. After inclusion in the study, 
demographic and medical data was recorded. The primary 
outcomes included incidence of  delirium, POCD, and 
Acute kidney injury (AKI) as defined by Kidney Disease 
Improving Global Outcomes criteria. The secondary 
outcome included hemodynamic change from baseline as 
assessed by the total dose of  vasopressor required in the 
first 10 min following induction and expressed in NEE 
equivalents.[9,10]

Statistical analysis
The incidence of  delirium after cardiac surgery has been 
reported over a broad range of  up to 52%.[5,11,12] Ketamine 
was previously shown to reduce the incidence of  delirium 
in cardiac surgery patients from 31 to 3%.[11] The inclusion 
criteria are designed to include patients at the highest 

exists comparing ketamine to propofol for induction 
of  anesthesia in these patients. One study examined 
the use of  ketamine versus propofol for anesthetic 
induction and demonstrated increased peri‑induction 
hemodynamic stability in patients receiving ketamine 
compared to propofol, but postoperative outcomes 
were not assessed.[2] Additionally, ketamine has been 
demonstrated in several studies to have anti‑inflammatory 
effects including in cardiac surgical patients.[3] Elevations 
in inflammatory mediators associated with cardiac surgery 
and cardiopulmonary bypass (CBP) have been implicated 
in ventricular wall motion abnormalities, delirium, 
postoperative hemodynamic instability, postoperative 
cognitive dysfunction (POCD), and renal dysfunction.[3‑6] 
Aside from anti‑inflammatory effects, ketamine has also 
been shown to have a positive impact on the reduction of  
neurologic injury after an ischemic or traumatic event.[7,8] 
This study was performed to test the hypothesis that the 
anti‑inflammatory or neuroprotective effects of  ketamine 
may result in a reduced incidence of  cognitive dysfunction, 
delirium, and acute kidney injury after cardiac surgery in 
addition to increased hemodynamic stability following 
induction.

METHODS

Institutional review board (IRB) approval was obtained for 
the study design, July 2015, and written informed consent 
was obtained from each patient. This study was registered 
at ClinicalTrials.gov  (NCT02554253). The primary 
outcomes of  interest were the incidence of  postoperative 
cognitive dysfunction, delirium, and acute kidney injury. 
Inclusion criteria were ≥70 years of  age and older with 
the need for complex cardiac surgery at our tertiary care 
center. Complex cardiac surgery was defined as surgery 
involving more than one heart valve, redo sternotomy 
procedures, or combined valvular and Coronary artery 
bypass grafting (CABG) procedures. These criteria select 
patients at higher risk of  developing the outcomes of  
interest. Exclusion criteria included left or right ventricular 
assist device implantation or explantation, procedures not 
requiring CBP, active infection or sepsis, severe hepatic 
disease or ascites, preoperative renal dysfunction including 
a baseline creatinine  ≥1.5  mg/dL or requiring dialysis, 
immunosuppressive medication use (including steroid use), 
immunodeficiency syndrome, known neurologic or 
psychiatric disorder, or use of  drugs for psychosis.

Randomization to the study group (ketamine or propofol) 
occurred on the morning of  surgery via delivery of  a sealed 
envelope by a member of  the study staff  who was not 
directly involved with patient care. Patients randomized 
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incidence  (50%) and assuming a more conservative 
reduction in the incidence of  delirium to approximately 
12%, a sample size of  44  patients would be required. 
Additionally, a study of  POCD demonstrated a reduction 
from 81% in the placebo group to 27% in the ketamine 
group.[6] Again using a more conservative reduction from 
70 to 30% would require 46 patients. Using these estimates, 
a study of  52 patients was planned, 26 in each group.

Data are summarized using mean ± standard deviation (SD) 
for continuous variables and frequency counts and 
percentages for categorical variables with comparisons 
between groups performed using the two‑sample t‑test 
and Chi‑square test, respectively. The incidence of  AKI 
was compared between groups using Fisher’s exact test. 
For the neurocognitive tests, raw scores were converted 
to z‑scores using published references.[13‑18] For each 
neurocognitive test, the within‑group change from baseline 
was compared to zero using the one‑sample t‑test, and the 
mean change from baseline was compared between groups 
using the two‑sample t‑test. The percentage of  patients 
experiencing a decline of  >1 SD was compared between 
groups using Fisher’s exact test. The outcome of  POCD 
was defined a‑priori as a decline of  >1 SD (i.e.  z‑score 
decline of  >1) on at least 2 neurocognitive tests and was 
compared between groups using Fisher’s exact test. In all 
cases, two‑tailed P values are reported. For the comparison 
of  AKI and total NEE equivalents, a P value <0.05 was 
considered statistically significant. Given the number of  
secondary outcomes, a P value of  <0.01 was considered 
statistically significant for all other comparisons.

RESULTS

Fifty‑two subjects were enrolled in the study between 
August 2015 and October 2019 and randomized to 
either the ketamine or propofol groups. Three were 
excluded from the analysis; one due to receipt of  both 
ketamine and propofol intraoperatively, one found to be 
ineligible after enrollment, and one was converted to a 
transcatheter valve procedure after enrollment [Figure 1]. 
The patient and procedural characteristics can be found 
in Table  1 and were similar between the study groups. 
Neurocognitive testing results are summarized in Table 2. 
Success in neurocognitive testing was defined as completing 
postoperative testing without missing more than one 
test and 88% of  patients met this benchmark. For both 
treatment groups, a significant decline from preoperative 
to postoperative testing was observed for many of  the 
cognitive tests. However, the difference between groups, 
in either mean change from baseline, or in the percentage 
of  patients experiencing a decline of   >1 SD, did not 

meet the criteria for statistical significance for any test. 
From an analysis that was restricted to subjects who were 
missing no more than one neurocognitive test  (N = 22 
ketamine, N = 21 Propofol), the percentage of  subjects 
who met the criteria for POCD (i.e. decline >1 SD on 2 or 
more tests) was not found to differ significantly between 
groups  (64  vs. 43% for ketamine vs. propofol, Fisher’s 
exact test P  =  0.23). Only 1  patient  (in the propofol 
group) had a positive postoperative CAM score indicating 
delirium. More subjects in the propofol group (12 out of  
24; 50%) developed AKI compared with the ketamine 
group (6 out of  25; 24%), but this difference failed to meet 
statistical significance (Fisher’s exact test P = 0.08; Relative 
Risk = 2.1, 95% CI 0.9–4.7).

In the ketamine group, seven patients  (28%) required 
vasopressor support versus 14 in the propofol group (58%), 
P = 0.03. NEE equivalents were calculated for all patients, 
and the ketamine group required significantly less total 
vasopressor dose postinduction, 9.6 mcg ± 22.2 compared 
to 32.7 mcg ± 46.0, P < 0.03 [Table 3].

DISCUSSION

POCD is common following cardiac surgery with causes 
that   are  likely multifactorial. Inflammation, cerebral 
ischemia  (whether micro‑embolic or flow related), and 
hypoxemia have all been postulated to contribute to the 
development of  POCD.[19] Pre‑ and postoperative cognitive 
testing in this high‑risk population was successful with 
postoperative testing completed in 88% of  patients. Many 
interventions have been attempted to improve POCD 
including pharmacologic agents  (lidocaine, steroids), 
maintaining high mean arterial pressure, and optimizing 
cerebral oxygen delivery with the use of  cerebral oximetry, 

Table 1: Patient and procedural characteristics*
Ketamine 

(n=25)
Propofol 
(n=24)

P

Age, years 76.4±3.5 76.1±5.3 0.81
Sex 0.68

Male 16 (64) 14 (58)
Female 9 (36) 10 (42)

Body Mass Index, kg/m2 28.3±4.7 30.7±7.1 0.18
ASA status 0.19

III 13 (52) 8 (33)
IV 12 (48) 16 (67)

Anesthesia duration, min 396±102 426±90 0.28
CBP duration, min 111±39 117±48 0.59
Aortic cross‑clamp duration†, min 85±34 87±36 0.84

ASA=American Society of Anesthesiologists; CPB=Cardiopulmonary 
bypass; Min=minute; N=number.*Continuous variables are summarized 
using mean±SD and compared between groups using the two‑sample 
t‑test. Categorical variables are summarized using n (%) and compared 
between groups using the Chi‑square test. †There were two patients (both 
in the ketamine group) who did not have aortic cross‑clamp
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transfusion of  red blood cells, and adjustment of  CBP flows. 
These interventions have demonstrated mixed results with 
pharmacologic interventions being largely ineffective.[19,20] 
Ketamine has shown promise in acute neurologic injury; 
however, there is limited data on POCD. In this study, 
patients at very high risk of  postoperative complications 
were included, specifically those undergoing multi‑valvular 
and complex cardiac procedures with advanced‑stage 
disease. The current study did not find a difference in 
POCD as defined by the decline of  >1 SD on at least 
2 neurocognitive tests in the ketamine versus propofol 
groups. This differs from the study by Hudetz et al.[6] which 
demonstrated a significant reduction in POCD in cardiac 
surgical patients after receiving 0.5 mg/kg of  intravenous 
ketamine on induction of  anesthesia. Despite similar sized 
intervention groups and similar ketamine dose, the present 
study differed from the Hudetz study in the battery of  
cognitive testing performed. Our choice of  testing was 
based on the recommendations taken from the Statement on 
Consensus on Assessment of  Neurobehavioral Outcomes 
After Cardiac Surgery.[21] A systematic review by Rudolph 
et al.[22] looked at testing for POCD after cardiac surgery and 
the adherence with the 1995 Consensus Statement, finding 
that studies differed widely on not only testing used but the 
interpretation of  test results making comparisons across 
studies and larger inferences difficult.

The incidence of  delirium after cardiac surgery has been 
reported to range from 18 to 52%.[5,11,12] Pharmacologic 
treatments for postoperative delirium have been 
disappointing and the current clinical focus is on prevention. 
Concerns for worsening delirium with ketamine have 
been refuted with some studies suggesting ketamine may 
actually reduce delirium after cardiac surgery.[11] However, 
a large randomized study that included both cardiac and 
other major surgical procedures did not find a reduction 
in delirium associated with a single postinduction dose of  
ketamine.[23] Our study also did not find a difference in the 
incidence of  delirium between the two groups; however, 
the overall incidence of  delirium was quite low with only 
one patient reported in the propofol group. It appears 
that ketamine at anesthetic induction does not pose an 
advantage or disadvantage when compared with propofol 
in the development of  delirium or POCD.

AKI remains a significant issue following cardiac surgery 
and is associated with both increased morbidity and 
mortality.[24] Although the incidence of  AKI varies 
depending on the type of  surgery and definition of  
AKI used, it has been reported to occur in 20–38% of  
cases.[24,25] Patients developing AKI are at increased risk 
for chronic kidney disease as well as end‑stage renal 
disease (ESRD) with those who require renal replacement 
therapy being more than three times as likely to progress 

Figure 1: CONSORT flow diagram demonstrating the course of patient enrollment and progression through the study



Wittwer, et al.: Impact of ketamine induction on cardiac surgical outcomes

278 	 Annals of Cardiac Anaesthesia | Volume 26 | Issue 3 | July-September 2023

to ESRD.[26] Postoperative AKI is likely to be multifactorial 
with ischemia, reperfusion, and inflammation all playing 
a role.[24] The overall incidence of  AKI in our study 
population was 37% suggesting that we were able to capture 
patients at the highest risk of  AKI. In the ketamine group, 6 
of  the 25 patients developed AKI (24%) compared with 12 
of  24 patients (50%) in the propofol group. This difference 

did not reach statistical significance, however, suggests an 
intriguing trend that may indicate a protective effect of  
ketamine induction against AKI compared with propofol.

If  true, this protective effect may be secondary to 
anti‑inflammatory effects from ketamine or potentially 
due to improved hemodynamics following induction. In 
this study, only 28% of  patients in the ketamine group 
required vasopressor support of  any kind in the first 10 min 
following induction while 58% of  patients in the propofol 
group required vasopressor support. Additionally, three 
times more total vasopressor was required by the propofol 
group during the peri‑induction period. In non‑cardiac 
surgery patients, a significant amount of  intraoperative 
hypotension is in the peri‑induction period before skin 
incision and this may be associated with kidney injury.[27] 
An abstract presented at the 2021 IARS meeting discussed 
a propensity‑matched cohort study that demonstrated an 
association between the use of  intraoperative phenylephrine 
and increased risk of  acute kidney injury.[28] The increased 
risk was seen with three or more phenylephrine boluses or 
infusions of  higher dose or duration. This data suggests that 
anesthetic‑related hypotension corrected by vasopressor 
administration may not be as benign as might be assumed. 
Selection of  an induction agent associated with increased 
hemodynamic stability and reduction of  vasopressor 
requirement may result in a decreased risk for acute kidney 
injury. A larger study is required to confirm these results.

This study has important strengths and limitations. It 
is a prospective, randomized trial with blinding of  the 
neurocognitive test administrator. Limitations include 
study size for detecting the difference in AKI which 
may result in the group differences being a Type II error. 
Another limitation is the lack of  long‑term follow‑up 
for cognitive outcomes. However, with the lack of  signal 
for any short‑term cognitive difference between groups, 
it is less likely long‑term differences would be found. 
The overall low incidence of  delirium was a surprising 
finding and may reflect unrecognized influences, such as 
nonpharmacologic prevention interventions, as well as the 
high variability in the incidence of  delirium. The use of  

Table 2: Neurocognitive testing results†

Ketamine (n=25) Propofol (n=24) P‡

n Mean±SD n Mean±SD

Trail making test
Test A total time

Baseline 25 −0.1±0.8 24 0.0±1.1
Follow‑up 20 −0.5±1.3 22 −0.8±1.1
Delta 20 −0.5±1.4 22 −0.8±1.4* 0.60
Decline of >1 SD 20 5 (25) 22 7 (32) 0.74

Test B total time
Baseline 25 0.2±1.0 24 −0.1±1.1
Follow‑up 22 −0.8±1.2 21 −0.9±1.0
Delta 22 −1.0±1.0*** 21 −0.7±0.8*** 0.25
Decline of >1 SD 22 7 (32) 21 5 (24) 0.74

HVLT‑R
Learning trials 
total

Baseline 25 −0.7±0.9 24 −0.5±0.8
Follow‑up 23 −1.6±1.0 22 −1.5±1.0
Delta 23 −1.0±0.9*** 22 −0.9±0.8*** 0.83
Decline of >1 SD 23 11 (48) 22 10 (45) 1.00

Delayed Recall
Baseline 25 −0.9±1.3 24 −0.8±1.2
Follow‑up 23 −1.7±1.0 22 −1.6±1.3
Delta 23 −0.9±1.1*** 22 −0.8±1.3* 0.71
Decline of >1 SD 23 13 (57) 22 10 (45) 0.56

Digit Span total
Baseline 25 0.2±0.8 24 0.1±1.0
Follow‑up 23 −0.3±0.9 21 −0.3±1.1
Delta 23 −0.5±0.8* 21 −0.4±0.7* 0.79
Decline of >1 SD 23 4 (17) 21 3 (14) 1.00

COWAT total
Baseline 25 0.1±0.8 24 0.1±0.8
Follow‑up 23 −0.5±1.1 21 −0.6±0.9
Delta 23 −0.6±0.7*** 21 −0.7±0.5*** 0.53
Decline of >1 SD 23 5 (22) 21 3 (14) 0.70

Stroop color/word
Baseline 24 −0.3±1.0 24 −0.6±1.3
Follow‑up 21 −1.0±1.3 21 −1.0±1.1
Delta 21 −0.7±1.0** 21 −0.3±0.6 0.10
Decline of >1 SD 21 7 (33) 21 1 (5) 0.04

MMSE
Baseline 25 0.7±0.9 24 0.4±1.1
Follow‑up 23 −0.5±1.8 22 −0.2±1.3
Delta 23 −1.1±1.5** 22 −0.6±1.1* 0.20
Decline of >1 SD 23 11 (48) 22 7 (32) 0.37

COWAT=Controlled oral word association test; HVLT‑R=Hopkins 
verbal learning test—revised; MMSE=Mini‑mental status examination; 
SD=Standard deviation. †For all neurocognitive tests the raw 
scores were converted to z‑scores using published references.[13‑18]. 
‡The mean change from baseline (delta) was compared between 
groups using the two‑sample t‑test and the percentage of subjects 
who experience a decline from baseline of >1 SD was compared 
between groups using Fisher’s exact test.. *P<0.05 one‑sample t‑test 
comparing the within‑group change from baseline (delta) to zero. 
**P<0.01 one‑sample t‑test comparing the within‑group change from 
baseline (delta) to zero. ***P<0.001 one‑sample t‑test comparing the 
within‑group change from baseline (delta) to zero.

Table 3: Postinduction hemodynamics
Ketamine (n=25) 

Mean±SD
Propofol 
(n=24)

P

n % n %

Any vasopressor use
10 min postinduction 7 28% 14 58% P=0.03*

NEE equivalents
10 min postinduction 9.6±22.2 32.7±46.0 P<0.03**

Min=minutes; N=number of subjects. NEE equivalents: (phenylephri
ne/10)+(ephedrine*8)+(vasopressin*2.5)+epinephrine. *Chi‑squared 
test. **two‑sample t‑test
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dexmedetomidine following surgery as a sedation agent for 
transport and while intubated in the ICU is a confounder 
secondary to the proposed benefits on delirium and acute 
kidney injury. injury. However, a recent study revealed no 
reduction in delirium with intra and postoperative use of  
dexmedetomidine.[29] The effect of  dexmedetomidine for 
reducing acute kidney injury appears to be most effective 
when started before or during surgery, rather than after 
the insult has occurred.[30] Future studies should evaluate 
the impact of  ketamine on acute kidney injury as well as 
delineate the potential mechanism.

CONCLUSION

Consistent with other recent literature, this study did 
not detect a difference in POCD or delirium in elderly 
patients undergoing complex cardiac surgical procedures 
requiring CBP who received ketamine for anesthetic 
induction. A decrease in cognitive function was seen in the 
postoperative period, but this was not different between 
the two groups. However, twice as many patients in the 
propofol group developed AKI, although not reaching 
statistical significance. This interesting trend deserves 
further examination in a larger, adequately powered study. 
Ketamine was associated with an increase in hemodynamic 
stability and significantly reduced vasopressor requirement 
postinduction compared to propofol. Ketamine appears to 
be non‑inferior to propofol for induction of  anesthesia in 
elderly, high‑risk cardiac surgical patients and demonstrates 
improved postinduction hemodynamic stability.
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