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Abstract
Background It has been known that anesthetic adjuvants such as dexamethasone or ketamine might change mood. This study
aimed to investigate the effects of a single dose of each drug individually along with their combined usage on postoperative mood
changes in patients undergoing gynecologic surgery.
Methods Two hundred ninety-seven patients randomly allocated were divided into three groups. Group K (n = 99) received a
single dose of ketamine (0.5 mg/kg iv); group D (n = 99) received a single dose of dexamethasone (0.1 mg/kg iv), and group KD
(n = 99) received both ketamine (0.5 mg/kg iv) and dexamethasone (0.1 mg/kg iv) at 5 min after the induction of anesthesia. A
change in the patient health questionnaire (PHQ)-9 scores on the first and third day after surgery, the duration of anesthesia, the
postoperative visual analog scale (VAS) for pain, and the patient controlled analgesia (PCA) consumption were evaluated.
Results Groups K and KD showed a significant reduction in PHQ-9 score on both the first and third day after surgery compared
with those recorded preoperatively and in group D (P < 0.01). There were no differences in the group D PHQ-9 scores pre- and
post-operatively. The VAS for pain 24 h after surgery and the PCA consumption in group KD decreased significantly compared
to the other two groups (P < 0.05).
Conclusions A single dose of ketamine (0.5 mg/kg) with or without combination with dexamethasone (0.1 mg/kg) give iv 5 min
after induction of general anesthetic produced significant improvement in the postoperative mood scores. A single intravenous
dose of dexamethasone (0.1 mg/kg) alone did not change postoperative mood scores. The VAS for pain 24 h after surgery and the
PCA consumption was significantly lower in patients who received combination of both drugs.
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Introduction

Many studies have reported that ketamine or dexamethasone
used as anesthetic adjuvants might not only be effective anal-
gesics, but may also treat mood disorders such as depression
(Safavi et al. 2012; Dinan et al. 1997; Arana et al. 1995; Garay

et al. 2017; Jiang et al. 2016). In case of dexamethasone, it is
well known as a potent antiemetic.

Most of the drugs used to treat depression act on the mono-
amine systems of the brain. These drugs tend to be slow to
elicit anti-depressant effects (Ponto et al. 1977). However, a
single intravenous sub-anesthetic dose of ketamine, an N-
methyl-D-aspartate (NMDA) antagonist, exerts rapid anti-
depressant effects in patients with treatment-resistant mood
disorders (Garay et al. 2017; Salvadore and Singh 2013). A
high dose of dexamethasone, the synthetic glucocorticoid, for
a short duration was effective in treating refractory major de-
pression (Arana et al. 1995; Dinan et al. 1997).

As many as 20% of hospitalized surgical patients are found
to have a mood somewhat more negative after surgery com-
pared to the average healthy population who have never had
surgery (Urban-Baeza et al. 2015). Previous studies have re-
ported that depressive symptoms during the perioperative
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period are associated with poor outcomes following surgery
(Pakarinen et al. 2016; Tharin et al. 2012).

The PHQ-9 is a multipurpose instrument given to patients
in a primary care setting to screen for the presence and to
monitor the severity of depression and response to treatment.
It can, however, be used to make a tentative diagnosis of
depression in at-risk populations (Cameron et al. 2008;
Haddad et al. 2013).

We hypothesized that ketamine or dexamethasone
might change postoperative mood, and the combination
of two drugs enhanced more than the individual drug on
post-operative mood scores with PHQ-9 in patients under-
going laparoscopically assisted-gynecologic surgery.

Materials and methods

Ethical approval for this study (Registration No. 3031) was
provided by the Institutional Review Board (IRB) in April
2016. Written informed consent was obtained from all partic-
ipants. The study was performed at University Hospital from
August 2017 to January 2018. Patients who were scheduled
for laparoscopic gynecologic surgery were enrolled in this
study. The trial was registered at clinicaltrials.gov
(NCT03194594).

Patients with hepatic and renal diseases, history of allergy
to the drugs being studied, previous gastric ulcer, diabetes
mellitus, exposure to analgesics, antiemetics, antihistamines,
steroids, or psychiatric drugs within 24 h before surgery were
excluded from the study.

Two hundred ninety-seven patients between the ages of 18
and 70 years, classified into classes I and II according to the
American Society of Anesthesiologists (ASA) were enrolled.
Following this, the patients were randomly (sealed envelopes)
categorized into the three treatment groups: group K (n = 99)
received a single dose of ketamine (0.5 mg/kg iv) plus 2 ml
normal saline; group D (n = 99) received dexamethasone
(0.1mg/kg iv, with a maximum dose of 8 mg) plus 2 ml saline,
and group KD (n = 99) received ketamine (0.5 mg/kg iv) and
dexamethasone (0.1mg/kg iv, with a maximum dose of 8 mg),
5 min after the induction of anesthesia in a double-blinded
method.

On the day before surgery, patients were taught how to use
the visual analog scale (VAS) and the patient-controlled anal-
gesia (PCA) device. They were instructed to deliver analgesia
on their own whenever they experienced pain.

All patients were not pre-medicated before arriving in the
operating room. The patients were placed on pulse oximeter,
automated blood pressure (BP) cuff, electrocardiogram
(EKG), and end-tidal CO2 (ETCO2) devices. In addition, uri-
nary catheters were attached as part of the patient’s manage-
ment. Tympanic temperature was measured immediately be-
fore induction of anesthesia and again just before extubation.

The induction of anesthesia began with a slow (30–60 s) iv
bolus dose of propofol (2 mg/kg). Tracheal intubation was
facilitated with rocuronium (0.9 mg/kg) in all groups.
Anesthesia was maintained with desflurane and a mixture of
air and 50% oxygen. When desflurane was required, the ad-
ministration was started at the end-tidal concentration of 1
minimum alveolar concentration (MAC), and the concentra-
tion was adjusted by a 1% stepwise titration according to
acceptable hemodynamic limits (mean arterial blood pressure
between − 30 and + 15% and heart rate between − 40 and +
15%) and to a target bispectral index (BIS) between 40 and 60.

Upon completion of the surgery, neuromuscular blockade
was reversed with pyridostigmine (0.2 mg/kg) and
glycopyrrolate (0.008 mg/kg) when the train-of-four (TOF)
ratio had returned to 25%. When BIS values reached 80 and
spontaneous breathing was achieved, extubation was
performed.

An anesthesiologist performed the assessment of perioper-
ative depressed mood change using the Patient Health
Questionnaire-9 (PHQ-9). The PHQ-9 is the depression mod-
ule, which scores each of the nine DSM-IV criteria as B0^ (not
at all) to B3^ (nearly every day) with a total score ranging from
0 to 27, 0–4 none, 5–9 mild, 10–14 moderate, 15–19 moder-
ately severe, and 20–27 severe depressed mood (Table 1).

Each patient was administered analgesics using a PCA
pump containing morphine (60 mg), ketorolac (150 mg),
and ramosetron (0.6 mg) in a total volume of 100 ml of saline.
This device was set to deliver a basal infusion of 2 ml/h and
bolus doses of 0.5 ml with a 15-min lockout period.
Postoperative pain intensity was documented using a 100-
mm linear visual analog scale (VAS). The VAS consisted of
a straight line with the left end of the line representing no pain
and the right end of the line representing the worst pain.
Patients were asked to mark the position on the line corre-
sponding to their perception of pain. The VAS score for pain
was measured at intervals of 1, 6, 24, and 48 h after surgery.

The change in the PHQ-9 scores on the first day after sur-
gery was the primary outcome in this study. The secondary
outcomes included the PHQ-9 score on the third day after
surgery, duration of anesthesia, postoperative visual analog
scale (VAS) for pain, and patient-controlled analgesia (PCA)
consumption in the 24-h-period following surgery, side effects
of the study drugs. Nausea or vomiting were treated with IV
ondansetron (4 mg).

The sample size in the present study was calculated by
using PASS 2008 (NCSS, LLC. Kaysville, Utah, USA) soft-
ware. A preliminary investigation showed that hypothesized
means of the three treatment groups for postoperative mood
change after surgery as a primary outcome were 3.10, 3.50,
and 2.95 respectively, with 0.67 standard deviation (SD) be-
tween subjects and effect size 0.19. Thus, a sample size of 90
patients per group was required to demonstrate a significant
difference with a power of 80% and an α-coefficient of 0.05.
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Assuming a 10% dropout rate, the final sample size was de-
termined to be 99 patients per group. The statistical analysis
was performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL,
USA). The results are presented as mean ± standard deviation
(SD) or percentage of patients. Comparisons of age, body
weight, anesthetic time, VAS for pain intensity, PHQ-9, and
the PCA consumption for 24 h after surgery among the groups
were conducted using one-way analysis of variance. Post hoc
comparisons were performed with Bonferroni correction of
the significance level. Analysis of the pre- and post-
operative PHQ-9 change was conducted using paired t test.
Chi-square test was used to analyze postoperative PONVand

the side effects of the drugs. P < 0.05 was considered statisti-
cally significant.

Results

A total of 297 patients were assessed for eligibility and re-
ceived study medication after randomization. Sixteen patients
were initially enrolled but withdrawn due to a conversion to
open surgery, lost to follow-up, re-exploration for postopera-
tive bleeding, or refusal to postoperative assessment (Fig. 1).

There were no significant differences between the three
treatment groups with respect to age, weight, duration of an-
esthesia, and side effects (hallucination or genital pruritus;
Table 2).

The PHQ-9 score was significantly reduced in groups K
and KD on the first and third day after surgery compared with
pre-operation and group D scores (P < 0.01). There was no
significant differences in the PHQ-9 score between groups K
and KD. There were no differences in the pre- and post-
operative PHQ-9 scores of group D (Fig. 2).

The VAS for pain for the 24 h following surgery and the
PCA consumption in group KD decreased significantly com-
pared to the other two groups (P < 0.05). There were no sig-
nificant differences in PONV incidence among the three treat-
ment groups (Table 2).

Discussion

This present study showed that the PHQ-9 score in groups K
and KD who received ketamine was significantly reduced on
the first and third day after surgery compared with pre-
operation and group D who received dexamethasone. There
were no differences in the pre- and post-operative PHQ-9
scores of group D. The PHQ-9 score between groups K and
KD were not significantly different. Therefore, there was no
synergic effect of combining the two drugs on mood change.

Several studies show ketamine’s ability to produce rapid
and robust antidepressant effects in patients with mood and
anxiety disorders that were previously resistant to treatment
(Abdallah et al. 2015; Hu et al. 2016; Wan et al. 2015)
Preclinical studies have provided compelling insights into
the mechanisms underlying the rapid-acting antidepressant
effects of ketamine, which are mediated by a glutamate surge
that leads to a cascade of events resulting in synaptogenesis
and the reversal of the negative effects of chronic stress and
depression, particularly within the prefrontal cortex (PFC)
(Mjellem et al. 1993; Paul et al. 1994).

The mechanism by which the corticosteroid induces
antidepressant effect is not clear. Some available evi-
dences suggest the direct action of steroids on central
monoaminergic neurons such as noradrenergic (NA) and 5-

Table 1 Patient Health Questionnaire (PHQ-9)

Over the last 2 weeks, how often have you been bothered by any of the
following questions?

Little interest or pleasure in doing things? Not at all
Several days
More than half the days
Nearly every day

Feeling down, depressed, or hopeless? Not at all
Several days
More than half the days
Nearly every day

Trouble falling or staying asleep,
or sleeping too much?

Not at all
Several days
More than half the days
Nearly every day

Feeling tired or having little energy? Not at all
Several days
More than half the days
Nearly every day

Poor appetite or overeating? Not at all
Several days
More than half the days
Nearly every day

Feeling bad about yourself - or that
you are a failure or have let yourself
or your family down?

Not at all
Several days
More than half the days
Nearly every day

Trouble concentrating on things,
such as reading the newspaper
or watching television?

Not at all
Several days
More than half the days
Nearly every day

Moving or speaking so slowly that
other people could have noticed?

Or the opposite - being so fidgety or
restless that you have been moving
around a lot more than usual?

Not at all
Several days
More than half the days
Nearly every day

Thoughts that you would be better
off dead, or of hurting yourself in
some way?

Not at all
Several days
More than half the days
Nearly every day

Total = /27

Depression Severity: 0–4 none, 5–9 mild, 10–14 moderate, 15–19
moderately severe, 20–27 severe
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hydroxytryptaminergic (5-HT) neurons. The administration of
corticosteroid is associated with decreased levels of cortico-
trophin, norepinephrine, and beta-endorphin in the cerebrospi-
nal fluid (Brown 2009; Bhatt et al. 2016; Ciriaco et al. 2013).

The present study showed that the combination of two
drugs tended to reduce the antidepressant effect of ketamine
than synergic effect as shown Fig. 2, although not statistically
significant. Corticosteroids induce an increased release of

glutamate that induces neuronal toxicity due to accumulation
effect (Benyamin et al. 2008). It may explain for the reduction
of dexamethasone on ketamine-induced antidepressant effect
in the present study.

However, the effect of corticosteroids on psychiatric symp-
toms including mood change depends on dosage, and often
occur early in treatment. Wolkowitz et al. (Mohtadi et al.
2014) reported that healthy 12 volunteers 80mg of prednisone

Fig. 1 Consor flow diagram

Table 2 Demographic data
Group K

(n = 92)

Group D

(n = 95)

Group KD

(n = 94)

Age 53.9 ± 9.7 54.1 ± 8.0 53.8 ± 7.3

Weight 58.9 ± 6.1 58.1 ± 6.9 59.2 ± 7.1

Duration of anesthesia 178.4 ± 13.5 176.9 ± 12.3 179.9 ± 12.1

Pain intensity with effort

VAS 1 h 53.0 ± 8.3 51.2 ± 8.7 46.8 ± 8.1*

VAS 6 h 50.2 ± 9.5 47.2 ± 7.9 41.9 ± 7.5*

VAS 24 h 37.3 ± 7.6 34.9 ± 7.7 30.9 ± 6.7*

VAS 48 h 24.4 ± 5.4 23.8 ± 6.3 22.8 ± 5.9

PCA consumption for 24 after surgery 65.0 ± 5.3 65.3 ± 5.2 61.1 ± 7.2**

Postoperative nausea or vomiting

At 1 h after surgery 20 (21.7) 15 (15.8) 18 (19.1)

At 6 h after surgery 16 (17.4) 10 (10.5) 15 (16.0)

At 24 h after surgery 10 (10.9) 8 (8.4) 11 (11.7)

At 48 h after surgery 3 (3) 2 (2) 2 (3.2)

Genital pruritus 0 (0) 4 (4.2) 3 (3.2)

Hallucination 2 (2.2) 0 (0) 3 (3.2)

Values are expressed as mean ± SD or number (%) of patients. VAS visual analog scale, PCA patient-controlled
analgesia. *P < 0.01 vs group K, **P < 0.05 other two groups
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daily for 5 days showed some symptoms including depressed
or elevated mood. Mohtadi et al. (Mohtadi et al. 2014) report-
ed perioperative single dose systemic dexamethasone (0.1mg/
kg) improved mood as secondary outcomes. The potential
beneficial effects of short-term dexamethasone therapy remain
to be seen. Therefore, we investigated the effect of dexameth-
asone on mood change as primary outcome. A single dose
schedule of dexamethasone showed unstable therapeutic ef-
fect in our results.

In the present study, the combination of ketamine and
dexamethasone reduced postoperative pain and analgesic
consumption more effectively than each drug individual-
ly. The anti-inflammatory effect of dexamethasone,
which decreases local edema and pain (Benyamin et al.
2008; Mohtadi et al. 2014), and the analgesic effect of
ketamine may contribute to the results obtained in this
study.

A previous study reported that the combination of dexa-
methasone and ketamine did not seem to offer any advantages,
including pain relief, during the postoperative interval (Brown
2009). These inconsistent findings might result from the var-
iability in the type of surgery, the dose and timing of dexa-
methasone, the anesthetic regimen, and the type of postoper-
ative rescue analgesic used.

Our study had some limitations. We only recorded total
PCA consumption for the first 24 h following surgery.
Therefore, our results cannot document whether the opioid-
sparing effect of the combined use of dexamethasone with
ketamine was prolonged beyond the expected duration of ac-
tion or whether it was limited merely to the early postoperative
period.

Another limitation of the current study was that we did not
repeat the dexamethasone-ketamine combination in the post-
operative period. Therefore, the effects of continuing the med-
ication could not be evaluated.

In conclusion, there is great interest in developing novel
and rapid antidepressants with greater target specificity and/or
decreased adverse effects. Ketamine alone and in combination
with dexamethasone showed satisfactory effects on mood
change after surgery. Future research into the pharmacothera-
py of mood change in response to single dose of dexametha-
sone in patients undergoing surgery is needed.
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