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INTRODUCTION

Ketamine is a rapidly acting dissociative anesthetic
agent commonly used for short surgical procedures
which has the properties of rapid induction, good
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ABSTRACT

Objective: Ketamine administration is known to induce hemodynamic pressor response
and psychomimetic effects which could be attenuated by appropriate premedication. The
present study was designed to evaluate the effect of midazolam on hemodynamic stability
and postoperative emergence phenomenon following ketamine anesthesia.

Methods: This was a prospective observational study including 30 adult patients with
American Society of Anesthesiologists physical grades | and Il scheduled for elective
short surgeries under ketamine anesthesia. Patients were premedicated with midazolam
(0.02 mg/kg intravenously) before the ketamine induction (I mg/kg intravenously).
Demographic data and hemodynamic variables were observed during the perioperative
period. Pain score by visual analog scale score and psychomimetic effects were recorded
postoperatively.

Findings: The mean % standard deviation of heart rate, systolic blood pressure, diastolic
blood pressure,and respiratory rate were decreased postoperatively (85.3 = 11.4,120.7 + 8.2,
79.2 £ 5.5, 13.5 = 1.8, respectively) compared to intraoperative period (88.53 + 4.1,
123.83 £ 13.8,83 £ 9.1, 14.13 + 2.0, respectively). There was statistically significant decrease
in systolic (P = 0.03) and diastolic (P = 0.002) blood pressure, but not with heart rate and
respiratory rate. Eighty percent of patients had no pain at /2 hour and | hour, while this
increased to 90% at 2 hours postoperatively. Mild emergence delirium was noted in 13.3% and
16.7% at /2 hour and | hour, respectively, which decreased to 13.3% at 2 hours. Dreams were
noticed in 20%,27% and 10% of patients at /2 hour, | and 2 hours after surgery, respectively.
Conclusion: Midazolam premedication in ketamine anesthesia effectively attenuated
the hemodynamic pressor response and postoperative emergence phenomenon. Hence,
the combination of midazolam with ketamine can be safely used for short surgical painful
procedures in adults.
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analgesia, and amnesia with a short recovery
period. But it has the limitations of intraoperative
cardiovascular stimulation, muscular hypertonia
and recovery is often associated with postoperative
psychomimetic  effects  (emergence  delirium,
unpleasant dreams, and hallucinations).! The
incidence ranges from 5% to 30% which is mostly
dose related.” Hence, there is an ever-increasing
quest to overcome these adverse effects with
appropriate medication. Drugs including opiates,
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neuroleptics, benzodiazepines, physostigmine, and
alpha-2 adrenoceptor agonists have been used with
varying success to prevent these emergence reactions
associated with ketamine administration.
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Among the above premedication drugs, concomitant
use of benzodiazepines has been proven to be
satisfactory in alleviating the undesirable effects
during the perioperative period. But every
benzodiazepine has its own disadvantage: More
prolonged impairment of mental activity and
amnesia with flunitrazepam; slower onset of action
and delayed recovery with lorazepam; higher
incidence of unpleasant dreams with diazepam.
Midazolam has potent anxiolytic effect with amnesia,
sedation, skeletal muscle relaxant activity, and good
hemodynamic stability with lack of significant side
effects in doses <0.5 mg/kg.¥ Midazolam when
combined with intravenous ketamine found to be
safe and effective for relief of anxiety and sedation
for diagnostic and therapeutic procedures. Literature
suggests that compared with a combination of
ketamine with other benzodiazepines (diazepam,
lorazepam), midazolam premedication results in fewer
emergence reactions.”! Though studies are available
with other premedication drugs used for ketamine
anesthesia, limited data are available regarding the
usefulness of the low dose midazolam combined with
low-dose ketamine in preventing ketamine-induced
hemodynamic  instability @ and  postanesthetic
emergence phenomenon. In view of these attributes,
the present study was designed to evaluate the effect
of low dose intravenous midazolam as premedication
in attenuating ketamine-induced hemodynamic
instability and postanesthetic emergence delirium.

METHODS

This study was an open-label, prospective,
observational study conducted at Sri Manakula
Vinayagar Medical College and Hospital, Puducherry,
India, by the Department of Pharmacology in
collaboration with Department of Anesthesia between
March and August 2014. Thirty patients posted
for elective short surgeries from Departments of
Obstetrics and Gynaecology, general surgery and
Orthopaedics receiving ketamine with midazolam
as an anesthetic agent were enrolled in our study.
Institutional Ethical Committee approval (IEC No:
SMVMCH/IEC/DAQ/239/2014) and informed written
consent from all the patients were obtained before the
commencement of the study.

Patients aged between 18 and 45 years of either
sex with the American society of Anesthesiologists
physical grades I and II were included in the study.
The duration of surgery was equal to or <30 min
in all the cases. Patients with a previous history
of systemic illness, organ dysfunction, raised
intraocular and intracranial pressure, known drug
hypersensitivity and difficult airway were excluded
from the study. Complete preanesthetic assessment

with history, general and systemic examination,
and review of biochemical investigations by the
anesthetist were done prior to enrollment in the
study. Demographic and clinical data such as
age, gender, weight, and the surgical procedure
(type and duration) were collected preoperatively.

Patients were premedicated with intravenous
metoclopramide (10 mg), glycopyrrolate (0.2 mg)
followed by intravenous midazolam at a dose
of 0.02 mg/kg® which was given slowly over a
period of 10 min. After preoxygenation with 100%
oxygen, anesthesia was induced with intravenous
ketamine (1% solution) at a dose of 1 mg/kg slowly
over 30 s.! Anesthetic and surgical techniques were
standardized for all the patients. No additional dose
of ketamine or midazolam was required for any of
the patients throughout the study. Baseline heart rate,
blood pressure, and respiratory rate were recorded
pre-, intra-, and post-operatively. All patients were
on continuous monitoring of electrocardiography and
oxygen saturation throughout the study period. They
were also observed closely and assessed for presence
or absence of psychomimetic effects during %2 h, 1 h,
and 2 h in the postoperative period. The various
postoperative events assessed were as following:
Modified visual analog scale (VAS) for pain,®
emergence delirium (mild or severe), dreams, nausea,
vomiting, and salivation.

Modified VAS is a nonverbal pain assessment
method for adults which include five observations
with a subjective scoring from 0 to 10. Patients with
purposeless and hallucinatory movements were
termed as mild emergence delirium. Those with
screaming, violent involuntary movements were
classed as severe emergence delirium.™ A special case
record form was used to collect the above data from
the patients.

Sample size was calculated wusing mean and
standard deviation (SD) for diastolic blood pressure
(value 78 + 13)! by the formula 4x (5)%/(d)?>, which
was determined to be 27 patients. Considering the
nonresponse rate of 10%, the derived sample size was
set at 30. Data were analyzed using Statistical Package
for the Social Sciences (SPSS) software (version 11.5,
SPSS Inc., Chicago, IL). Hemodynamic parameters
were analyzed using one-way analysis of variances
and expressed as mean and SD. Postoperative
events were analyzed using descriptive statistics
and Chi-square test to test the level of significance.
P < 0.05 was considered statistically significant.

RESULTS

A total of 30 patients were enrolled in our study among
which female patients were predominant (66.7%).
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Demographic data, mean dose of the drugs used, and
surgery duration are shown in Table 1.

The hemodynamic parameters namely heart rate,
systolic and diastolic blood pressure, and respiratory
rate  were monitored during the perioperative
period (pre-, intra-, and post-operative). The mean
heart rate observed during the intraoperative
period was 8853 + 14.12 which decreased to
853 + 1141 postoperatively which was not
statistically significant (P = 0.12). Moreover, there
was no significant change in respiratory rate
during this period. However, significant change
in the systolic (P = 0.03) and diastolic (P = 0.002)
blood pressure was observed postoperatively when
compared to intraoperative period as given in Table 2.
Postoperative recovery time was not recorded, but
all the patients were monitored for respiratory
depression, hypoxia, apnea, and nystagmus in
the postoperative period. None of the patients had
the above clinical findings except for nystagmus in
one patient.

The preoperative administration of midazolam with
ketamine virtually abolished pain in majority of the
cases at 2 h (80%), 1 h (80%), and 2 h (90%) after
surgery as assessed by modified VAS.®I Mild pain was
experienced in 16.7% of patients at %2 h and 1 h which
was reduced to 10% at 2 h period as depicted in
Table 3. Satisfactory control over emergence delirium
was noticed at ¥2 h (83.3%), 1 h (80%) and 2 h (86.7%)
postoperatively. Mild delirium was observed in
13.3% of patients at %2 h and 2 h, 16.7% at 1 h period
whereas severe delirium was observed with only one
patient (3.3%) at Y2 and 1 h after surgery [Table 3].
Though the percentage of delirium seems to be higher
in the orthopedic surgeries (40%) than compared to

Table 1: Demographic characteristics of the study
patients (n=30)

Parameter Value

Age (years) 38.97+11.11
Weight (kg) 56.77+13.15
Gender (male/female) 10 (33.3)/20 (66.7)
Dosage of midazolam (mg) 1.29+0.58
Dosage of ketamine (mg) 60+14.85
Duration of surgery (min) 21.5+5.75

Data expressed as mean+SD, or number (%). SD=Standard deviation

other departments (data not shown), hence, in order
to address the effect of confounders, the stratified
analysis done showed nonsignificant (P = 0.4895).

Postoperative adverse effects like dreams were not
seen with 90% of the patients at 2 h, 80% at %2 h and
73.3% at 1 h period in patients who received ketamine
with midazolam. All the patients were completely
devoid of subjective symptoms such as nausea,
vomiting, and salivation at 2 h postoperatively as
shown in Table 3. No statistical significant difference
was observed within the time period (Chi-square test).
All the patients universally accepted the midazolam
premedication with ketamine anesthesia.

DISCUSSION

Ketamine-induced sedation and analgesia differ from
that of other agents as it causes dissociative anesthesia
being preferred for the majority of short surgeries. This
potent analgesic, anesthetic effect has been suggested
to be mediated by different mechanism. It has a high
margin of safety, no irritation of the injected veins
with main disadvantage of increasing blood pressure
and precipitation of psychomimetic emergence
phenomenon.!"*'l This limitation was reported to be
due to its noncompetitive binding and modification
of phencyclidine site of N-methyl-D-aspartate
receptors in the thalamus and limbic areas.? Various
other neurochemicals such as opiates, dopamine,
and acetylcholine have also been implicated in its
action. In addition, it also inhibits the reuptake of
catecholamines leading to mild to moderate increase
in hemodynamic parameters.'® Hence, several
adjuncts have been used as preanesthetic medication
to attenuate this pressor response and undesirable
emergence phenomenon.

An ideal premedication should be easily administered,
acceptable, act rapidly, do not prolong emergence
from anesthesia and have fewer side effects. In our
study midazolam, a benzodiazepine which is a rapid
onset, short-acting, and water soluble drug having
anxiolytic and amnestic effect thus making it as a
good preanesthetic agent."¥ Hence in our study,
single dose (0.02 mg/kg) of midazolam with ketamine
had shown desirable effect on hemodynamic stability
and in mitigating postoperative emergence reactions.

Table 2: Effect of midazolam premedication on various hemodynamic parameters during the perioperative period

Parameters Preoperative Intraoperative Postoperative J2<5

Heart rate 81.83+11.79 88.53+14.12 85.3+11.41 0.12
Systolic BP 116.4+9.63 123.83+13.88 120.7+8.22 0.03
Diastolic BP 75.97+7.54 83+9.19 79.2+5.59 0.002
Respiratory rate 13.27+1.62 14.13+2.09 13.5+1.87 0.19

*Calculated by one-way ANOVA. Data expressed as mean+SD. SD=Standard deviation, ANOVA=Analysis of variances, BP=Blood pressure
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Table 3: Assessment of postoperative pain
(evaluated by modified VAS), emergence delirium,
and other undesirable effects among the study
subjects (n=30)

Parameters Postoperative time P*
% h 1h 2h
Pain 0.762
No pain 24 (80) 24 (80) 27 (90)
Mild 5(16.7) 5(16.7) 3(10)
Moderate 1(8.3) 1(3.3) 0
Severe 0 0 0
Delirium 0.872
No delirium 25(83.3) 24 (80) 26 (86.7)
Mild 4(13.3) 5(16.7) 4(13.3)
Severe 1(3.3) 1(3.3) 0
Nausea 6.7 10 0 0.227
Vomiting 6.7 6.7 0 0.351
Salivation 6.7 3.3 0 0.355
Dreams 20 26.7 10 0.252

*Calculated by Chi-square test. VAS=Visual analog scale

Present study showed that concurrent medication of
midazolam with ketamine had abolished the rise in
respiratory rate and heart rate. In addition, statistical
significant reduction of systolic (P = 0.03) as well as
diastolic (P = 0.002) blood pressure was observed
postoperatively which can be related to its ability
to abolish the pressor response of ketamine. Similar
effects were observed with study done by Gupta K
et al.® who compared the effect of dexmedetomidine
with midazolam in ketamine anesthesia. Our study
results on hemodynamic parameters were similar to
yet another study done by Kolhe ef al.l'®@ However,
in his study, midazolam was compared with
diazepam premedication in orthopedic surgeries.
Ketamine-induced cardiostimulatory effects may be
blunted with concurrent administration of midazolam
due to its known action on decreasing the peripheral
vascular resistance thereby reducing the raised blood
pressure.l'®!

In our study, we found midazolam premedication
also had considerably abolished the pain in the
majority of cases (80-90%) as assessed by modified
VAS. 16.7% of patients experienced only mild pain
at %2 h and 1 h which was later reduced to 10% at 2
h period; Only one patient (3.3%) reported to have
moderate pain at 2 h and 1 h postoperatively. Our
study goes in accordance with that of another study
conducted by Gupta R et all"l who compared the
pain scores among two groups of patients with and
without midazolam in ketamine anesthesia. One study
done by Giindiiz et al. reported that there was no
statistically significant difference between two groups
of adult burns patients (intravenous ketamine alone
and ketamine with midazolam coadministration)
when pain was assessed by VAS self-rating method.!""!

The present study appeared encouraging as
midazolam premedication virtually reduced the
incidence of emergence delirium which is especially
appreciable 2 h after surgery. Occurrence of delirium
in our study was comparable with other studies.’'
But complete abolition of delirium was also observed
by Lohit et al. who used the midazolam with ketamine
in all periods of observation postoperatively.l'] Only
two patients had nausea, vomiting, and salivation
at %2 h after procedure, and neither of them had
any aspiration or other complications. This may be
explained by the preservation of protective airway
reflexes by ketamine administration. Moreover, we did
not observe respiratory depression, hypoxia or apnea
in any of the patients in our study which may be due
to single, low dose (0.02 mg/kg) usage of midazolam
along with ketamine.™ Study done by Giindiiz et al.
demonstrated that the occurrence of postoperative
events (nausea, vomiting) were similar to our study at
Y h and 1 h period (<10% of the patients). Moreover,
our study also recorded that there were no untoward
effects observed at 2 h postoperative period. However,
Lohit et al. study showed that there were no adverse
events noticed during the entire postoperative period
in midazolam premedicated patients than compared
to ketamine only treated group.!'”!

In the present study, only six patients (20%) at %2 h,
eight patients (26.7%) at 1 h, and three patients (10%)
at 2 h experienced dreams postoperatively which
were also not distressing. The frequency of dreams
was similar to another study done by Chudnofsky
et al. in his procedural sedation and analgesia in adult
emergency department patients.”! Patient tolerance
for the combination treatment was satisfactory except
in one patient who experienced a mild nystagmus
which completely recovered after 2 h.

The limitation of our present study was the lack of
a control group with a small population. However,
the effectiveness of midazolam as a premedicant
in reducing the emergence reactions has been
well-documented as per our study. However, the study
should be done using a larger number of population.
From the above observation, administration of
intravenous ketamine at a dose of 1 mg/kg had
significant effect on cardiovascular stability and
alleviated the occurrence of postoperative events
when combined with intravenous midazolam at a
dose of 0.02 mg/kg which can be recommended for
short surgical procedures.

It was concluded that midazolam premedication with
ketamine had effectively attenuated the hemodynamic
pressor response and postanesthetic emergence
phenomenon. Hence, we suggest that the combination
of midazolam and ketamine at low doses can be safely
used for short surgical painful procedures in adults.
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