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A B S T R A C T

Background: Procedural discomfort is experienced by patients during the establishment 
of subarachnoid block even after good preoperative counseling and adequate 
premedication. To enhance comfort, procedural sedation that would provide good 
analgesia, faster recovery, and amnesia is necessary. Materials and Methods: Patients 
with American Society of Anesthesiologists Status I and II posted for elective surgeries 
under subarachnoid block were premedicated with injection midazolam 0.05 mg/kg 
and preloaded with 10 ml/kg ringer lactate solution. They were randomized into three 
groups of 30 each. Group K0.3 received ketamine 0.3 mg/kg, Group K0.4 received 
ketamine 0.4 mg/kg and Group K0.5 received ketamine 0.5 mg/kg intravenously. 
University of Michigan sedation score, ease of positioning, prick response, verbal 
response, hallucinations, recall of procedure, and patient satisfaction were evaluated. 
Results: There was statistically significant difference in sedation among the three 
groups. Increased dose necessitated help of two persons to position the patient, 
which showed statistically significant difference. Verbal response was seen early in 
Group K0.3 (4.67 ± 2.84 min). There was no recall of experience of subarachnoid 
block procedure in any of the groups in spite of back muscle contraction or patient 
movement. Hence, all patients in all three groups were satisfied and were willing to 
undergo subarachnoid block, if the situation arises. Conclusion: Ketamine in the dose 
of 0.3 mg/kg provided sufficient sedation for allaying procedural discomfort due to less 
sedation, less positional difficulty, early verbal response, no hallucinations, no recall of 
performance of procedure, and good patient satisfaction.

Key words: Ketamine, subanesthetic dose, subarachnoid block

Address for correspondence:  
Dr. V. R. Hemanth Kumar, 
Department of Anaesthesiology 
and Critical Care, Mahatma Gandhi 
Medical College and Research 
Institute, Puducherry - 607 402, India. 
E-mail: drvrhk@gmail.com

new people, positioning, and obviously the procedure itself.[2] 
Furthermore, patients would experience pain during the 
needle insertion in spite of  administration of  local anesthetic. 
To overcome these problems and to enhance the patient’s 
comfort, procedural sedation that would provide good 
analgesia, faster recovery, and amnesia is necessary.[3] We 
chose ketamine in our study as it is short acting, a potent 
analgesic in the subanesthetic doses and does not depress 
respiration.[4,5] Midazolam added to ketamine also provides 
ante grade amnesia.[6] We compared the efficacy of  three 
subanesthetic doses of  ketamine to evaluate its required dose 
to prevent procedural discomfort with least complications.

MATERIALS AND METHODS

After getting approval from hospital Ethics Committee, a 
randomized double-blind prospective study was conducted 

INTRODUCTION

Regional anesthesia has become more popular than 
general anesthesia because of  its simplicity and less 
complications.[1] Procedural discomfort is experienced during 
the establishment of  subarachnoid block even after good 
preoperative counseling and premedication. This could be 
due to multiple reasons such as cold operating environment, 
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in 90 patients aged between 18 and 60 years of  American 
Society of  Anesthesiologists Status I and II posted for 
elective surgeries under subarachnoid block. Patients 
with compromised cardiovascular or respiratory function, 
bleeding diathesis, and pregnancy were excluded from the 
study. Procedures involving epidural placement were also 
excluded. After obtaining informed consent, premedication 
was done with oral diazepam 10 mg in the night and 10 mg 
on the morning of  the surgery. After ensuring 8 h nil per 
oral status, all patients were premedicated with injection 
midazolam 0.05 mg/kg and preloaded with 10 ml/kg 
ringer lactate solution in the preoperative holding area. 
The patients were shifted to the operation room table, and 
the baseline hemodynamic parameters were recorded. The 
patients were randomized to one of  the three groups by 
closed envelope technique. Group K0.3 received ketamine 
0.3 mg/kg, Group K0.4 received ketamine 0.4 mg/kg and 
Group K0.5 received ketamine 0.5 mg/kg intravenously. 
After opening the envelope, the study drug was prepared, 
made up to 10 ml and administered by an assistant. The 
patient identification was written on a slip and put back into 
an envelope and sealed. The person doing the procedure 
and monitoring along with the patient is blinded to the dose. 
The equal volume test solution was given intravenously by 
an assistant who was not involved in the administration 
of  anesthesia and monitoring. The study parameters were 
carefully evaluated. University of  Michigan sedation score 
[Table 1] was noted 3 min after giving the drug and the 
patient was put into the lateral position. Ease of  positioning 
for subarachnoid block (while turning the patient to the 
lateral position) was assessed by a three-point scale: 
1. Patient turned on his own, 
2. Patient turned with the help of  one person, 
3. Patient turned with the help of  more than one person. 

The parameters monitored (heart rate, mean arterial blood 
pressure, oxygen saturation, respiratory rate, and sedation 
score) were recorded every 3 min for 15 min. With aseptic 
precautions, subarachnoid block was performed using 25 
gauge Quinke’s spinal needle without local infiltration. The 
desired volume of  injection bupivacaine 0.5% heavy was 
injected intrathecally. Response to spinal needle insertion 
was noted and graded by the 4-point score [Table 2]. Then 
the patient was placed in the supine position for surgery. 
Apnea, airway obstruction and involuntary movements 
if  present were noted. Time interval between ketamine 
injection and response to verbal commands (defined as 
precisely answering questions about name, date of  birth 
and home address) was noted in minutes. Hallucinations, 
if  occurred were graded (nil, mild, moderate, and severe) 
and treated with injection midazolam. In the recovery 
area, when patient was fully awake, patient recall of  the 
subarachnoid block procedure was noted as yes or no. 
The patient satisfaction was assessed by asking whether 

he or she would undergo spinal procedure again, if  the 
situation arises.

Demographic profile was expressed as mean ± standard 
deviation hemodynamic parameters; SpO2, respiratory rate, 
and verbal response were assessed by one-way ANOVA. 
Sedation score, ease of  positioning, and prick response 
were compared by nonparametric Mann–Whitney U-test. 
Hallucinations, recall of  procedure and patient satisfaction 
were assessed by Chi-squire test. P < 0.05 was considered 
as statistically significant.

RESULTS

The demographic profile was comparable with no 
statistically significant difference among three groups. 
Demographic profile is summarized in Table 3.

Mean heart rate and mean blood pressure from 
baseline to 15 min are depicted in Figure 1. There was 
no statistically significant difference among the three 
groups.

No statistically significant difference was found in SpO2 and 
respiratory rate among the three groups. The lowest SpO2 

Table 1: University of Michigan sedation score
Score Patient state

0 Awake/alert
1 Minimally sedated: Tired/sleepy, appropriate response to 

verbal conversation and/or sounds
2 Moderately sedated: Somnolent/sleeping, easily aroused 

with light tactile stimulation
3 Deeply sedated: Deep sleep, arousable only with significant 

physical stimulation
4 Unarousable

Table 3: Demographic data
variable Group K0.3  

n = 30
Group K0.4  

n = 30
Group K0.5  

n = 30
P value

Age in years 
(mean±SD)

38±10.31 37.2±9.27 36.3±8.52 0.783

Weight in kg 
(mean±SD)

53.87±10.96 49.97±6.81 53.33±6.65 0.154

Male/female 15/15 14/16 14/16 0.96
SD: Standard deviation

Table 2: Response to spinal needle insertion
Score Clinical description

1 Gross patient movement
2 Back muscle contraction
3 Minimal patient movement
4 No patient movement
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observed in Groups K0.3, 0.4, and 0.5 were 98%, 97%, 
and 96%, respectively. Respiratory rate ranged from 14 to 
16 breaths/min in all three groups. None of  the patients 
in any of  the groups had airway obstruction, apnea, or 
involuntary movements.

Minimal sedation was observed in 22 patients in Group 
K0.3, whereas only seven of  them in Group K0.4 and 
three of  them in the Group K0.5 had minimal sedation 
[Figure 2]. There was statistically significant difference in 
the degree of  sedation when intergroup comparison was 
made. With regard to the ease of  positioning, 5 patients 
in Group K0.3 and 2 patients in Group K0.4 turned on 
their own, while none turned on their own in Group K0.5. 
22 patients in Group K0.5 had to be positioned with the 
help of  two persons [Figure 2]. Ease of  positioning was 
significantly different between the three groups. When the 
response to prick was assessed, Groups K0.4 and K0.5 did 
not show any gross patient movement, but in 3 patients of  
Group K0.3, this observation was made. Prick response 
scores were significantly high in Group K0.3 when 
compared with Group K0.4 [Figure 2].

E a r l y  ve r b a l  r e s p o n s e  wa s  s e en  i n  G r o u p 
K0.3 (4.67 ± 2.84 min) when compared with Group 
K0.4 (6.53 ± 2.47) and Group K0.5 (6.93 ± 2.24), which 
was statistically significant. Only 1 patient showed mild 
hallucination in Group K0.5. None of  the patients in all 

three groups could recall spinal needle prick. All patients 
in all three groups were satisfied with the spinal procedure 
and were willing to undergo it, if  the situation arises.

DISCUSSION

Since the discovery of  ketamine by Domino et al.,[7] 
research had been done to determine its various clinical 
uses. Some used ketamine to provide preemptive analgesia 
as it prevented or reversed the already established 
central sensitization.[8,9] Ketamine also produced local 
anesthesia and had been compared with lignocaine and 
prilocaine.[10] Subanesthetic doses had been extensively 
used in postoperative pain relief.[11] Apart from its use for 
extradural analgesia,[12] it also provided neuroprotective 
action. It had been used for septic,[13] hemorrhagic shock, 
and status asthmaticus.[14]

Ketamine had been popularized for procedural sedation 
since many years. Green and Johnson published a 
comprehensive review of  ketamine sedation[15] and a 
case series of  108 episodes of  pediatric sedation in an 
emergency department.[16] It had an excellent safety 

Figure 1: Hemodynamic changes observed with three different doses 
of ketamine

Figure 2: Ease of positioning, prick response, University of Michigan 
sedation score observed among three groups
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profile with low incidence of  side-effects. Sedation 
can be described as a continuous process ranging from 
minimal sedation extending to general anesthesia.[17] The 
specialty of  ketamine sedation was that it does not follow 
the continuous process of  gradually increasing sedation 
with cardiorespiratory depression, toward a state of  
general anesthesia.[18] Sedation increased patient comfort 
during regional anesthesia and increased the patient’s 
acceptance.[19] Ketamine produced dose-dependent 
sedation with statistically significant difference among three 
groups. Our findings were similar to the review done by 
Green and Johnson.[15]

Subarachnoid block procedure, though well-explained to 
the well-premedicated patients preoperatively, exposure 
to the new operation room environment and its people, 
positioning for spinal procedure and the fear of  pain during 
spinal needle insertion result in procedural discomfort. 
Procedural sedation can overcome these problems. Various 
drugs had been used to produce sedation for neuraxial block 
such as midazolam, propofol, remifentanil, sevoflurane, and 
ketamine either alone or in combination.[20-24]

Ketamine, in subanesthetic doses produced less 
hemodynamic disturbances.[25] Concurrent midazolam 
successfully suppressed these minimal responses and 
provided cardiovascular stability.[26] Our study had similar 
observations with all the three doses due to low dose 
ketamine used in conjunct with midazolam. Mean blood 
pressure increased by 6 min with all the three doses and 
came to near baseline value by 15 min. This rise in blood 
pressure helped in avoiding hypotension due to sympathetic 
blockade, which was an interesting and useful finding. This 
observation was similar to when propofol and ketamine 
were used for induction of  general anesthesia where the 
cardio stimulant effects of  ketamine, even in subanesthetic 
doses, balanced the cardio depressant effects of  propofol.[27] 
Heart rate increased minimally, which returned to baseline 
by 15 min. The maximum heart rate in all the three groups 
was 73.43 ± 9.47.

We looked at the positional difficulty due to sedation. Few 
patients in Group K0.3 (n = 5) and Group K0.4 (n = 2) 
turned on their own, while none turned on their own in 
Group K0.5. More patients in Group K0.5 (n = 22) required 
the help of  two persons due to increased sedation. Our study 
confirmed that increased dose necessitated help of  two 
persons to position the patient. Otherwise, with doses of  
0.3 or 0.4 mg/kg, positioning can be satisfactorily achieved 
with the help of  one person to make the patient comfortable.

We looked at the required ketamine dose to prevent 
response to spinal needle prick. Though gross patient 
movement was not observed in Groups K0.4 and K0.5, 3 

patients in Group K0.3 had this presentation. Our study 
showed that there was no patient movement in most of  
the patients in all the three groups. This could be due to 
the intense analgesia provided by ketamine.[28]

Respiratory rate and SpO2 changes were minimal and 
were not statistically significant. This could be attributed 
to the subanesthetic dose used.[28] Ketamine preserved the 
integrity of  laryngeal and pharyngeal reflexes with minimal 
effect on central respiratory drive.[29] The incidence of  
upper airway obstruction and snoring was not recorded. 
None of  the patients in any of  the groups had airway 
obstruction, apnea or involuntary movements.

Verbal response was seen early in Group K0.3 
(4.67 ± 2.84 min). This could be due to the low dose used.
[28] This quick recovery allowed the patients to cooperate 
during the procedure, while remaining sedated.

Mild hallucinations were seen only in one person who 
received 0.5 mg/kg ketamine and was not observed in the 
other groups at all. This low incidence could be due to 
concurrent use of  midazolam[26] and subanesthetic dose 
of  ketamine used.[30]

We also looked further, whether patients who moved due 
to spinal needle prick remembered the event after surgery. 
There was no recall of  spinal procedure in any of  the 
groups in spite of  back muscle contraction or movement. 
This could be the reason for good patient satisfaction in 
all the three groups as they were willing to undergo spinal 
procedure, if  the situation arises. Recall of  noxious spinal 
needle insertion[31] was not present due to intense analgesia 
provided by ketamine and ante grade amnesia[32] provided 
by midazolam.

To conclude, ketamine in the dose of  0.3 mg/kg 
provided sufficient sedation for allaying procedural 
discomfort since it caused less sedation, less positional 
difficulty, early verbal response, no hallucinations, no 
recall of  spinal procedure and good patient satisfaction. 
The only disadvantage observed was the response to 
spinal needle prick seen in few cases though they were 
not appreciated. Ketamine in subanesthetic dose may 
increase apprehensive patients to undergo surgery under 
subarachnoid block.
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