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ABSTRACT

Background: Postoperative delirium (POD) is a common complication in cardiac surgery especially in elderly population which can lead to
a delay of weaning from ventilator and extubation. Cardiopulmonary bypass (CPB)-induced inflammation is related to POD. Anti-inflammatory
effect of anesthetic agent might attenuate POD.

Aims: The present study was primarily aimed to compare within-24-h POD between ketamine-based anesthesia and propofol-based anesthesia
during CPB. The secondary objective was to identify risk factors associated with within-24-h POD.

Setting and Design: Our study was a randomized controlled trial in patients undergoing cardiac surgery with CPB. Enrolling patients were
aged >65 years, and able to comprehensive communication. Exclusion criteria were aortic surgery, cognitive disorders, cerebrovascular and
carotid disease, and positive result of preoperative CAM-ICU.

Materials and Methods: Patients were randomly assigned to group Ketamine infusion of 1 mg/kg/h and group Propofol infusion of
1.5-6 mg/kg/h during CPB. POD was evaluated by validated Thai version CAM-ICU at 8-24 hour after ICU arrival.

Statistics: Chi-square, Fisher exact and t-test tests, univariate analysis and multivariate logistic regression were utilized. Results: Total
82 patients entered this study and 64 patients remained after exclusion (Group Ketamine = 32 and Group Propofol = 32). Within-24-h POD
were 31.25% and 56.25% (P = 0.04) and mean arterial pressure (MAP) were 71.45 and 65.53 mmHg (P = 0.01) respectively in Ketamine and
Propofol group. Postoperative leukocytosis was a significant risk to POD (adjusted OR 124.5).

Conclusion: With limitations of the study, prevention of 24-h POD in general by ketamine was inconclusive. In comparison with propofol,
ketamine leaded to less events of 24-h POD and kept higher MAP. Severity of postoperative inflammation was a significant prediction of 24-h POD.
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INTRODUCTION

Postoperative delirium (POD) is a common complication
in elderly patient and cardiac surgery.'? Incidence of
POD after cardiac surgery can reach as high as 60%."
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Consequences of POD vary from minor disturbances to
severe physical harms, such as displacement of catheters,
self-extubation, long-term postoperative cognitive
dysfunction, and high 1-year mortality rate.”) Delitium can
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lead to a delay of weaning from ventilator or extubationt’!
and contribute 14% in fast track failure cause.” Therefore,
proper management to reduce POD especially in the first
postoperative day is mandatory.

Despite the fact that cause of POD is multifactorial,
inflammation is one of predominant factors.>*! High
surgical stress from cardiac surgery, cardiopulmonary
bypass (CPB), organ ischemia, and high dose adrenergic
drugs can trigger systemic inflammation response (SIR).”
Anesthetic agents have anti-inflammatory effect which can

attenuate SIR, and as the result, may decrease incidence
of POD.

Ketamine has shown strong anti-inflammatory effect in
human and animal studies and potential effect to reduce
POD. In cardiac surgery, only one study demonstrated
that ketamine added to routine anesthetics could reduce
POD to 3%, in comparison with 31% of placebo group.'”
Morteover, ketamine was associated with reduction of
POD in cardiac intensive care unit.'! On the contrary, a
large-scale study in both cardiac and non-cardiac surgery
using only single dose of ketamine during induction did
not affect the outcome.l' Therefore, ketamine should be
reinvestigated for its prevention effect of POD in specific
situation of cardiac surgery in elderly patients. The main
objective of study was aimed to compare within-24-h POD
after cardiac surgery between ketamine-based anesthesia
and propofol-based anesthesia during CPB. The secondary
objective was to identify factors associated with within-24-h

POD.

MATERIALS AND METHODS

We conducted a randomized control trial followed
CONSORT guideline. The study was approved by our
institutional ethics committee (IRB No. 788/61, at
Nov, 6, 2018) and registered clinical trials (TCTR No.
20200324003). We enrolled patients at the cardiac center
of King Chulalongkorn Memorial Hospital and gave all
patients written informed consent.

Inclusion and exclusion

The inclusion criteria were patients undergoing cardiac
surgery with CPB, aged >65 years, be able to comprehensive
communication (no language barrier), and Euroscore <4.

Before-randomization, exclusion criteria were patients
having (1) aortic surgery, (2) previous cognitive
disorders (dementia, cognitive impairment, psychiatric or
mental disorder) (3) cerebrovascular disease, (4) carotid
disease, and (5) positive result of Thai version of the
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confusion assessment method (Thai-CAM) on the day
before surgery.

After-randomization, exclusion criteria were (1) death,
(2) reoperation, and (3) stroke in 24 houts, postoperatively.

Randomization and intervention protocol

The investigator (SS) performed preoperative CAM
evaluation in the evening day before surgery and excluded
patients who had positive result of Thai-CAM test. After
induction of anesthesia, anesthesiologist used a four-block,
sealed envelope method to randomly allocated patients into
2 groups with ratio 1:1.

Group Ketamine received infusion of ketamine at
1 mg/kg/h,l”! fentanyl at 0.5-1 mcg/kg/h and cisatracurium
at 1.5 mcg/kg/min during CPB. Group Propofol received
infusion of propofol at 1.5-6 mg/kg/h " fentanyl at 0.5-1
mcg/kg/h and cisatracurium at 1.5 mcg/kg/min.

Anesthesia and monitoring

We induced all patients with etomidate 0.2-0.3 mg/kg,
fentanyl 1-2 mcg/kg, and cisatracurium 0.15 mg/kg
and then infused cistatracurium 1.5 mcg/kg/min after
intubation. Before and after CPB, sevoflurane 1-2%
was allowed to maintain depth of anesthesia guided by
keeping Bispectral index (BIS) between 40-60. 1If BIS
was >60, 0.02-0.05 mg/kg of midazolam could be added
intermittently and total dose should not be higher than
0.1 mg/kg.

We applied standard monitoring and maintained
cardiovascular parameters within baseline range. Cerebral
oximetry was monitored and maintained not lower than
20% from baseline. Blood glucose was controlled in range
of 140-180 mg/dl by institutional protocol.

During CPB, MAP 65-80 mmHg, PaO2 150-250 mmHg,
PaCO2 35-40 mmHg, pump flow >2.4 L/min/m?
and hematocrit 25-30% were maintained. If mean
arterial pressure (MAP) during CPB was >80 mmHg,
1-3 mcg/kg/min of nitroglycetine was started, and additional
nicardipine 0.2-04 mg was given intravenously as needed.

For wean-off CPB, anesthesiologists made decision
to use any inotropic and vasoactive agents (dopamine,
dobutamine, epinephrine, amrinone, and norepinephrine)
in order to maintain cardiovascular stability and adequate
circulation.

In ICU, cardiovascular management, ventilatory support,
and extubation were provided based on institutional
protocols. Fentanyl infusion was administered for
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postoperative sedation and pain control at 0.5-1.5 mcg/kg/h
adjusted to keep VAS pain score <5.

Primary outcome and measurement

We evaluated POD within 24 h as the primary outcome
by using Thai version of CAM-ICU. Thai version of
CAM-ICU was developed and validated with good interrater
reliability (Cohen’k = 0.81) and good validity (94.7%) of
specificity testing with clinical experts’ diagnosis.'>'*!
Richmond Agitation-Sedation Scale was applied together
with CAM-ICU to assess sedation level by observation.!')

The investigator (SS) who did not know patients’
interventions conducted post-CAM-ICU at 8-24 hours
after ICU arrival. The results of evaluation were recorded
and determined as positive or negative for delirium.

Secondary outcomes

We recorded demographic data (age, body mass index,
gender), underlying diseases, cardiovascular parameters
(BP, HR), intraoperative events (aortic cross clamp
time, CPB time, operation time and inotropic drug
infusion), laboratory data (WBC, PaO2, and PaCO2)
and postoperative event. Postoperative blood sampling
was done at 30 mins after ICU arrival. All of the above
mentions were analyzed to identify risk factors of POD.

Sample size and statistical analysis

Based on the study result of Hudetz JA, ez al,'" the
incidence of postoperative delirium in cardiac surgery
was 3% in patients receiving ketamine compared with
31% in placebo. Calculated sample size was 28.22 (95% of
confidence interval and 80% of power). As a result, the
calculated sample size was at least 29 samples per group.

Descriptive statistics (frequencies and percentages) were
displayed for categorical variables. Chi-square test was
performed to compare percentage of POD and categorical
variables between groups. Fisher exact test was applied
where observed/expected number was <5. Univariate
analysis then multivariate logistic regression analysis were
performed to identify risks of POD using adjusted odds
ratio (ORs) with 95% confidence interval (CI). Statistically
significance was considered as P < 0.05 (two-sided). We used
SPSS Statistics for Windows to analyze all statistical tests.

RESULTS

During June 2019 to February 2020, we enrolled total
eighty-two patients. There was no positive result of
pre-CAM-ICU. Seven patients got cancellation because of
unavailable ICU bed. Seventy-five patients were assigned
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into study groups on the day of surgery. We lost data of
5 patients in Group Ketamine and 6 patients in Group
Propofol. Finally, data of 32 patients in each group
remained for analysis. A flow of allocation was showed
in Figure 1.

Demographic data and preoperative conditions were
comparable as demonstrated in Table 1. Types of
operations were CABG (7 = 40, 62.5%) and valvular
surgery (7 = 24,37.5%). There was no statistical different
of operation type between the two groups (P = 0.30).

Intraoperative variables were not significantly different
except for mean arterial pressure (MAP) (Group ketamine
71.45, 95% CI = 69.66-73.10 mmHg VS Group Propofol
05.53,95%CI = 63.27-67.67, P= 0.01), [Table 2]. PaO2 <200
mmHg was found in 8 patients (Group Ketamine = 4,
Group Propofol = 4). Cerebral oxygen saturation was
well maintained within 20% in all patients. BIS score
could be maintained between 40 and 60 in all cases.
Total midazolam used were 5.97 (95% CI: 5.09-6.83) and
0.78 (95% CI: 5.91-7.62) mg respectively with no statistical
difference (P = 0.21).

Postoperative conditions were shown in Table 3.
SIR-related conditions, oxygenation, and ventilation were
not significantly different between two groups. There
were less patients with VAS pain score >5 in Group
Ketamine (# = 7, 21.9%) than Group Propofol (#z = 15,
46.9%) with statistical significance (P = 0.03).

Post-CAM-ICU assessment showed positive for delirium in
total 28 (43.75%) patients, in group Ketamine 10 (31.25%)
patients, and in group Propofol 18 (56.25%) patients with
statistical difference (P = 0.04).

We performed univariate analysis for positive
CAM-ICU patients. Risk of POD was higher in Group
Propofol (OR = 2.67); however, it was not statistical
significance (P = 0.061). All of demographic data
and preoperative variables revealed as non-significant
risk factors. CABG was in higher risk than valvular
surgery (OR = 1.90, P = 0.23). For intraoperative events,
MAP 60-75 mmHg (OR = 3.70, P = 0.02) and CPB
time >=120 mins (OR = 3.30, P = 0.03) were identified
as significant risk factors. For postoperative events,
WBC >10,000 cell/mm’ (OR = 47.34, P = 0.001),
and VAS pain score >5 (OR = 18.17, P = 0.001) were
identified as significant independent risk factors. After
multivariate logistic regression analysis, only significant
risk factor was postoperative WBC >10,000 cell/mm?’
(adjusted OR = 124.5, P = 0.001) [Table 4].
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Figure 1: Flow of enrollment, recruitment and randomization

During postoperative 24 h, we detected no event of
nightmare or hallucination in both groups.

DISCUSSION

Delirium is defined as an acutely fluctuating mental status
change with features of inattention and altered level of
consciousness.l' Assessment tool is immensely important to
confirm POD diagnosis. The standard of POD assessment
has been the Confusion Assessment Method-Intensive Care
Unit (CAM-ICU) which was established reliability and validity
for assessing delirium.P'® To assess the level of sedation, the
CAM-ICU utilizes the Richmond Agitation and Sedation
Score which is a 10 point scale that provides discrete criteria
for levels of sedation and agitation.!"? The CAM-ICU can be
performed with good inter-rater reliability by both physician
and nurse!"® and can be assessed in intubated patients. Thai
version CAM-ICU was developed based on the CAM-1ICU
and well verified with good validity" and supposed to be the
most appropriate tool for POD assessment in Thai context.
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v

Group 2: Propofol
(n=38)

Loss follow up
(n=6)
Reoperation =5
Postop. stroke=1

Group 2: Propofol
(n=32)

POD is more common in elderly patient and can cause
declining in functional level, which might change ability
from self-care to dependence in the year of surgery.!"
The beneficial effects of ketamine on postoperative
delirium is enhanced by evidence of its anti-inflammatory
effects,”'*"l neuroprotective actions,” and rapid and
lasting anti-depressant actions.'>* Despite of a negative
result from previous large-scale study of subanesthetic
dose of ketamine,!'” we still believed in anti-inflammatory
effect of ketamine especially in specific condition. Unlike
non-cardiac surgery, cardiac surgery is well known for
causing a high degree of inflammation by CPB, organ
ischemia, high sympathetic state, etc.l” Ketamine acts
differently from other anti-inflammatory drugs by
attacking at local inflammation in addition to systemic
regulator of inflammation process which involves both
inflammation and anti-inflammation.”! Furthermore,
higher dose of ketamine has been reported of its
effectiveness to prevent delirium. Perbet S, e a/. studied
ketamine infusion at rate 2 mg/kg/h in ICU patients and
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Age (Y) 65-75 20 (62.5%) 24 (75%) 0.28
75-85 12 (37.5%) 8 (25%)
Gender (n,%) Male 14 (43.7%) 21 (65.6%) 0.79
BMI (n,%) 25 24 (75%) 24 (75%) 0.99
(kg.m?) >=25 8 (25%) 8 (25%)
Euroscore (n, %) <2 24 (75%0 20 (62.5%) 0.28
2-4 8 (25%) 12 (37.5%)
Smoking (n, %) Yes 11 (34.4%) 10 (31.2%) 0.79
Hypertension (n, %) Yes 30 (93.8%) 31(96.8%) 0.55
DM (n, %) Yes 14 (43.7%) 13 (40.6%) 0.80
CKD (n, %) Yes 14 (43.7%) 9 (28.1%) 0.19
Atrial fibrillation (n, %) Yes 9 (28.1%) 7 (21.8%) 0.56
Preop O, saturation <90% 0 (0%) 2 (6.3%) 0.15
(n, %) >=90% 32 (100%) 30 (93.7%)
Preop WBC (n,%) <10,000 32 (100%) 32 (100%) 1.00
Preop BG (n,%) >200 24 (75%) 27 (84.4%) 0.35
(mg%) <=200 8 (25%) 5 (15.6%)
Type of operation (n, %) Valve surgery 14 (43.8%) 10 (31.3%) 0.30
CABG 18 (56.2%) 22 (68.8%)
Remark: CKD=Glomerular filtration rate <60 ml.kg.1.73/m?, Preop="Preoperative, BG=Blood glucose, WBC=White blood cell count (cell/mm?)
Pre CPB SBP (mmHg) <80 5 (15.6%) 5 (15.6%) 0.66
(n,%) 80-120 9 (28.1%) 6 (18.8%)
>120 18 (56.3%) 21(65.6%)
DBP (mmHg) 40-60 13 (40.6%) 9 (28.1%) 0.12
(n, %) 61-80 18 (56.2%) 17 (53.1%)
>80 1(3.2%) 6 (18.8%)
Mean (mmHg) <60 0 (0%) 1(3.2%) 0.23
(n, %) 60-75 22 (68.8%) 16 (50.0%)
>75 10 (31.2%) 15 (46.8%)
CPB MAP (mmHg) 71.45 65.53 0.01
(95% ClI) (69.66-73.10) (63.27-67.67)
Sympathetic Number of 1 3(9.4%) 2 (6.2%) 0.83
stimulation sympathomimetic 2 14 (43.7%) 16 (50.0%)
drug (n,%) >2 15 (46.9%) 14 (43.8%)
Operation Op time (h) <6 26 (81.2%) 22 (68.8%) 0.28
(n,%) >=6 6 (18.8%) 10 (31.2%)
CPB time (min) <120 12 (37.5%) 10 (31.2%) 0.59
(n,%) >=120 20 (62.5%) 22 (68.8%)
Clamp time (min) <60 26 (81.2%) 22 (68.8%) 0.25
(n,%) >=60 6 (18.8%) 10 (31.2%)

Remark: SBP=Systolic blood pressure, DBP=Diastolic blood pressure, MAP=Mean arterial pressure, Op time=0peration time, Clamp time=Aortic
cross clamp time, sympathomimetic drug=Dopamine, dobutamine, epinephrine, norepinephrine, or milrinone

revealed significant reduction of delirium.”! McLean
RE, ¢f al. studied ketamine of 1-2 mg/kg IV bolus and
then 50 mcg/kg/min infusion during CPB and found
that it was appropriate dosage to reach neuroprotective
effect.”! As a result, reinvestigation of anesthetic dose
of ketamine for prevention POD only in cardiac surgery
was motivated.

We decided to give ketamine of 1 mg/kg/h infusion
during CPB so that it can reach anti-inflammatory and
neuroprotective effects!! and avoid side effects from
higher dose.l'" In addition, we compare with one of
common anesthetic techniques during CPB, propofol
infusion rather than placebo, since either ketamine or
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propofol can be used as a sole anesthetic agent. We
designed to control other reported risks of POD such
as BIS <40,* cerebral oxygen saturation <50%,*! poor
oxygenation,*! and some anesthetics.*”!

The result of our study demonstrated that there is a
significant lower of POD incidence in ketamine group
than propofol group, but without significant relative risk.
Based on POSCAST,!"™ history of depression that is
common occur in elderly is a significant risk to POD. It
was possible that anti-depression effect of ketamine might
be an explanation for this favorable result. Due to 25%
difference of delirium events in our results, type 11 error
might involve in the result. Therefore, increased sample
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Post SIR Post WBC <10,000
>=10,000
Temperature <=375 C
>375 C
Post HR <100
>=100
Post SBP <80
80-120
>120
Oxygenation Post PaO, 100-200
Ventilation Post PaCO, 30-40
>=40
Others Post BG <200
>=200
VAS Pain 1-5
>5
Time to <8h
extubation 8-24 h
>24 h

23 (71.9%) 19 (59.4%) 0.29
9 (28.1%) 13 (40.6%)
27 (84.4%) 27 (84.4%) 0.99
5 (15.6%) 5 (15.6%)
20 (62.5%) 18 (56.3%) 0.61
12 (37.5%) 14 (43.8%)

7 (21.9%) 12 (37.5%) 0.39
21 (65.6%) 17 (3.1%)

4 (12.5%) 3 (9.4%)

6 (18.6%) 9 (28.1%) 0.37
30 (93.8%) 25 (78.1%) 0.07
2 (6.2%) 7 (21.9%)
27 (84.4%) 27 (84.4%) 0.99
5 (15.6%) 5 (15.6%)
25 (78.1%) 17 (53.1%) 0.03
7 (21.9%) 15 (46.9%)

2 (6.2%) 4 (12.5%) 0.68
24 (75%) 23 (71.9%)

6 (18.8%) 5 (15.6%)

Remark: Post=Postoperative, WBC=White blood cell count (cell/mm?), HR=Heart rate (beat per minute), SBP=Systolic blood pressure (mmHg),
Intra=Intraoperative, Pa0,=Blood oxygen tension (mmHg), Cerebral 0,=Intraoperative cerebral oximetry variation (%), PaC0,=Blood carbon dioxide

tension (mmHg), BG=Blood glucose (mg/dl), VAS=Visual analog scale

Intervention Propofol 18 (64%)
Ketamine 10 (36%)
CPB time >=120 min 22 (79%)
<120 min 6 (21%)
MAP in CPB 60-75 26 (93%)
>75 7 (7%)
Post WBC >10,000 8 (29%)
<=10,000 20 (71%)
VAS Pain >5 18 (64%)
1-5 10 (36%)

Remark: 95%CI=95% confidence interval, *significant level at P<0.05

size is needed for confirming advantage of ketamine over
propofol for POD reduction in cardiac surgery.

Based on PODCAST " ketamine does not increase
nor prevent POD comparing with placebo, and it
will need a very large-scale sample size for future
investigation. Our study revealed a rather high incidence
of POD from ketamine (31.25%) and higher than that of
PODCAST (major surgery, 19% of ketamine)," the study
of Hudetz JA, ¢t al. (cardiac surgery, 3% of ketamine)!""!
and a study of Burkhart CS, ez a/. (cardiac surgery, 30% of
overall).”l Despite the fact that we intended to study in
high risk group, elderly patients in cardiac surgery, it might
imply that ketamine in spite of administering in anesthetic
dose could not reduce POD.

For the secondary outcome, we found MAP >75 mmHg,
and VAS pain score 1-5 were associated with receiving
ketamine and significant risk-reduction by univariate
analysis. Nevertheless surgical pain was associated with
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14 (39%) 2.1 0.29-26.42 0.47
22 (61%)

18 (50%) 1.92 0.08-46.97 0.88
18 (50%)

31 (86%) 146 0.14-15.32 0.45
5 (14%)

34 (94%) 124.5 8.36-1,857 0.001*
21 (6%)

4 (11%) 12.53 1.43-97.28 0.06
32 (89%)

POD,**" we found that VAS pain score >5 was not a
significant risk by regression analysis. Maintaining higher
MAP during CPB can lead to higher cerebral blood
flow then higher cerebral oxygenation. However, we
found that MAP 60-75 mmHg was neither a significant
risk by regression analysis. Moreover, based on a recent
study,”
significantly associated with POD.

relative cerebral hyper perfusion during CPB was

In addition, CPB time >=120 mins, and postoperative
WBC >10,000 cell/mm® were revealed as significant
risks by univariate analysis. Long CPB time has been
reported as a risk factor to POD.”’! Recently, POD
has been proved associated with inflammation.P"
Leukocytosis (WBC >10,000 cell/mm?) is highly
related to process of inflammation or infection.?!
Interestingly, postoperative WBC >10,000 cell/mm® was
the only significant risk factor by multiple regression.
We postulates that (1) long CPB time leads to POD
via inducing postoperative inflammation and (2)
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neither anti-inflammation of ketamine nor propofol is
sufficient for reduction of inflammation from cardiac
surgery.

The advantage of the present study was the first
investigation conducting in elderly patient undergoing
cardiac surgery with anesthetic maintenance dose of
ketamine. Second, we controlled other major risks of
POD (cerebral oxygenation, depth of anesthesia and
anesthetics). Lastly, POD assessment in the present study
was a single assessment within 24 hours in order to exclude
confounding factor of long-term ICU-related delirium.

The first limitation of our study was a small sample size.
The second limitation was no long-term observation of
ketamine side effects. We recorded postoperative 24 h
hallucination and nightmare events, but they can occur
increasingly for 3 postoperative days.!'” Thirdly, we did not
actually compare total consumption of fentanyl. As opioids
are associated with POD.”%**? Since administration of
fentanyl was strictly commenced in the study protocol,
we assumed fentanyl consumption of both groups were
comparable. Moreover, past studies regarding opioids
induced POD were less qualitive,” therefore it remained
inconclusive.*!

CONCLUSION

With limitations of the study, prevention of 24-h
POD by ketamine in elderly patient underwent cardiac
surgery with CPB was inconclusive. In comparison with
propofol, ketamine leaded to less incident of 24-h POD
and maintained higher MAP during CPB. Severity of
postoperative inflammation was a significant prediction
of 24-h POD.
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