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Abstract
Introduction: Ropivacaine is one of the commonest drugs used for spinal anaesthesia. We conducted a study comparing
characteristics of spinal anesthesia using isobaric and hyperbaric ropivacaine (0.75%), in geriatric patients who underwent
plastic surgical procedures in lower limbs.
Study Design: Randomised double blind study.
Methods: Sixty Geriatric patients were randomly assigned into two groups (I & H group). Group I patients were given
spinal anaesthesia using 15mg of isobaric ropivacaine (0.75%), whereas group H patients were given hyperbaric ropivacaine
(0.75%). The characteristics of intrathecal anesthesia, hemodynamic parameters, quality of anesthesia and muscle relaxation
as well as duration of post-operative analgesia were compared.
Results: In group H there was early onset of sensory block at T6 (group H 4.5 ± 2.3 vs. group I 6.4 ± 3.5 minutes; p =
0.015) and also early onset of grade 3 motor blockade (group H 5.10 ± 2.5 vs. group I 7.2 ± 4.4 minutes; p = 0.026); in
addition as compared to group I, group H had shorter total duration of motor blockade (group H 127.3 ± 29.5 vs. group
I 164.3 ± 35.2min; p < 0.0001), sensory blockade (group H 171.5 ± 28.1 vs. group I 207 ± 27.30 min., p < 0.0001) and
duration of post-operative analgesia. Median maximum extent levels achieved, muscle relaxation and Quality of anesthesia
were comparable in both groups.
Conclusion: 15mg of (0.75%) hyperbaric ropivacaine provides similar, reliable and effective quality of spinal anesthesia
with early onset and early recovery from sensory and motor blockade, when compared to 15mg of (0.75%) isobaric ropivacaine.
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Introduction
Anesthesia in geriatric patients is always challenging for anaesthetists, because of diminished cardiac reserve in these patients may
lead to exaggerated drop in blood pressure during induction of
anesthesia, in addition many elderly patients may experience post
operatively varying degrees of confusional state, delirium or cognitive dysfunction. Ease of administration, rapidity of onset and
reliability makes spinal anaesthesia more popular as compared to
epidural anaesthesia. Various anaesthetic drugs like bupivacaine,
lignocaine, levobupivacaine and ropivacaine are used for spinal
anesthesia. The preferred drug in spinal anaesthesia is one which

provides longer duration of analgesia with minimal side effects
and toxicity; ropivacaine seems to have this profile, and hence
ropivacaine is gaining increasing popularity. With ropivacaine
there is less risk of central nervous system and cardiac toxicity,
patient can be ambulated early and in addition it provides good
quality of post-operative analgesia.
Ropivacaine has been used for administering spinal anaesthesia in
both obstetric and non-obstetric patients [1]. Changing baricity of
ropivacaine using glucose, changes its clinical characteristics when
used in subarachnoid block [2]. Fentanyl enhances analgesic effect
of local anaesthetic drug without intensifying motor and sympa-
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thetic block in spinal anesthesia, thus leading to lower incidences
of hypotension, early recovery and mobilization, with additional
benefit of decreasing total dose of local anesthetic drug needed
[3].
The present study was conducted to compare the efficacy intrathecal hyperbaric ropivacaine and isobaric ropivacaine in geriatric
patients undergoing lower limb plastic surgical procedures. The
two groups were compared in onset and duration of sensory and
motor blockade, hemodynamic effects, quality of anesthesia and
muscle relaxation, duration of post-operative analgesia and for
side-effects.

Materials and Methods
This was prospective randomized double blind study, conducted
on 60 elderly patient of ASA class 1&2, between the age group of
60-75 years and having height between 150-175cms undergoing
plastic surgical procedures in lower limbs. Double blinding was
done by not revealing the assessing person the group to which
patient belonged and drug was prepared by anaesthesiologist who
was not involved in subsequent assessment. Written informed
consent was taken from patients after explaining procedure to
them and to their relatives. All Patients with contraindication to
spinal anaesthesia were excluded from the study. All patients were
pre-loaded with ringer lactate intra-venous solution (15mg/kg).
Patients were randomly and equally divided into 2 groups using
computer generated randomisation chart:
1) Group H (Hyperbaric ropivacaine): Ropivacaine (0.75%) 15 mg
(2ml) + 25mcg fentanyl (0.5ml) + 5% (50mg/ml) of dextrose
0.5ml = 3ml (total volume)
2) Group I (isobaric ropivacaine): Ropivacaine (0.75%) 15 mg
(2ml) + 25 mcg fentanyl (0.5ml) + normal saline 0.5ml=3ml (total volume)
On operation table blood pressure, ECG monitor and pulse oximeter were applied to record baseline pulse rate, blood pressure
(BP), Respiratory rate (RR) and SPO2. Under all aseptic precautions intrathecal anesthesia was given in L3-L4 space using 25
gauge spinal needle in sitting position. Immediately after giving
spinal anesthesia patient was turned into supine position. The
sensory blockade was assessed by pin prick and motor blockade
by using modified Bromage Scale (0: No block, 1: Inability to raise
the extended leg, 2: Inability to flex the knee, and 3: Inability to
flex the ankle and foot), every 2 minutes till highest sensory and
motor levels were achieved. Then at the interval of every five
minutes, till patient completely recovered. The variables recorded
were: Time taken to achieve sensory block at T6; Highest level of sensory block achieved; Time taken to achieve maximum
level of block; Time taken for 2 segment regression of sensory
block from maximum block; Time taken for complete sensory
regression; Maximum motor block achieved and Time taken for
the onset of maximum motor block. Duration of motor block
was recorded from the time of highest scale of motor block till
complete recovery; ECG and SPO2 were monitored continuously
while BP and pulse rate was monitored at every 2 minutes interval
for 1st 10 minutes, every 5 minutes in intra-operative period and
then every 10 minutes interval for rest of study period. For judging the quality of anaesthesia, patients were assessed for feeling
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of sensation during the operation and graded as:
A. No sensation throughout the operation.
B. Mild pain during operation but no need of additional analgesia.
C. Pain & need of additional analgesia.
Grade A considered as excellent analgesia, Grade B as good analgesia and Grade C as poor analgesia. Grade C patients were
given Inj. Ketamine 10mg i.v and repeated after 5min on request.
If after giving two doses of ketamine, patient still complained of
pain, general anesthesia (GA) was given and considered as a failed
case. If in any patient sensory blockade of T6 was not achieved,
that case was excluded from study. During recovery phase patients were monitored at the interval of 15 minutes, for regression of motor and sensory effects. Duration of analgesia was assessed from time of intrathecal injection till the first analgesic
request. Side effect like Hypotension (systolic BP < 80 mmHg)
was treated by giving IV ringer lactate (RL) with Inj. ephedrine
6mg IV. Bradycardia (pulse rate <50 / min) was managed with Inj.
Atropine 0.5mg i.v, Nausea, vomiting, pruritus were treated symptomatically. Quality of muscle relaxation was assessed by surgeon
and classified as Excellent, Satisfactory and Unsatisfactory. At the
end of surgery, patients were asked for satisfaction level which
was graded as Poor, Good and Excellent. On post-operative day
1 & 5 patients were followed for side effects like headache and
Back pain.

Statistical Analysis [4-7]
The data was assessed by using statistical product and service solutions (SPSS) software version 22.0. For intergroup comparison
unpaired t-test was used. Probability values (P-value) of <0.05
were considered significant. All data was presented as mean (SD)
except highest sensory blockade level achieved, for which Chisquare test was used. For patients Satisfaction level and for quality
of intra-operative muscle relaxation ‘Z’ test was applied.

Results
Both groups were comparable with respect to age, weight and
height [Table 1].
Motor and Sensory Block Characteristics
Mean time taken for achieving T6 sensory analgesia and mean
time taken for attaining maximum sensory level was shorter in
group H than group I (P < 0.05). The median maximum sensory
level achieved was similar in both groups. Two patients in hyperbaric ropivacaine Group and one patient of isobaric group had
sensory level of T3 but no patient had sensory level above T3.
This variation in degree of spread of sensory block may be attributed to baricity (2). The mean time for regression of sensory
blockade level by 2 segments and mean time to complete sensory blockade regression were shorter in Group H as compared
to Group I. Mean total duration of sensory analgesia was also
shorter in group H. Total duration of motor blockage was significantly shorter in group H than Group I (p < 0.0001) [Table 2].
Hemodynamic Characteristics
The baseline mean pulse rate and blood pressure was comparable
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Table 1. Comparison of Demographic Characteristics between Two Groups.

AGE (Years)
HEIGHT(cms)
WEIGHT(kg)

Group H
66 ± 6
162 ± 5
57.5 ± 8.3

Group I
65 ± 5
164 ± 6
56.3 ± 7.5

p-value
0.166
0.260
0.559

Table 2. Comparison of Sensory and Motor Blockade Characteristics of Two Groups.
Time interval
Time to achieve T6 sensory level ( min)
Time to achieve highest sensory level ( min)
Time to 2 segment regression (min)
Time to complete sensory regression
Onset of grade 3 motor block (min)
Time of return to Bromage 0 (min)
between the two groups. There was no significant difference in
change of mean pulse rate between the two groups. Both groups
had fall in systolic and diastolic blood pressure and the difference
in mean fall of BP was not statistically significant.
Intra Operative Analgesia and Muscle Relaxation
Most patients in either group (96.66% patients in group H and
90.0% patients in group I) had satisfactory analgesia but one patient in Group H and three patients from group I experienced
pain during intraoperative period. Out of this, the patient from
group H and two patients of group I had visual analogue score
(VAS) > 3 and required rescue analgesia in the form of ketamine
10mg IV. In one patient of group I, discomfort was relieved by
just assurance. Most patients in Group H 29(96.66%) and 28
(93.33%) in Group I had satisfactory or excellent muscle relaxation [Table 3].
Side Effects
Hypotension was observed in seven patients (23.33%) of group
H and in six patients (20.0%) of group I. Three (10.0%) patients
in the group H and two (6.66%) patients of group I had nausea or
vomiting, which was managed by inj. Ondansetron 4mg IV. Incidences of pruritus were lesser in Group H compared to Group I
(6.66% vs 13.33%) but the difference was not statistically significant. Shivering was observed in one patient (3.33%) in Group H
and in two patients (6.66%) of Group I. None of the patient had
respiratory depression or block higher than T3 level from either
of groups [Table 4].

Discussion
We found that the rate of onset and maximum level achieved of
sensory and motor blockade was shorter in group H as compared
to group I. The mean time taken for regression of sensory level by
2 segments from highest sensory level attained and the mean time
taken for complete sensory regression was significantly shorter
in group H as compared to group I (p < 0.001). We had chosen
T6 level of sensory blockade as an arbitrary study parameter to

Group H (n = 30)
Mean ± SD
4.5 ± 2.3
6.5 ± 2.5
83 ± 18.5
171.5 ± 28.10
5.10 ± 2.5
127.3 ± 29.5

Group I (n = 30)
Mean ± SD
6.4 ± 3.5
8.20 ± 2.4
105.5 ± 22.2
207 ± 27.30
7.20 ± 4.4
164.3 ± 35.2

P value
0.015
0.009
0.001
<0.000
0.026
<0.000

represent sufficient block level.
Khaw KS et al., [2] compared the cephalic spread and reliability
between hyperbaric and isobaric ropivacaine. Hyperbaric solution
tends to spread by gravity while in isobaric (plain) solution no effect of gravity assisted spread is seen and tends to concentration
at segment near the site of injection. They concluded that during
spinal anaesthesia in lateral position hyperbaric solution tends to
spread more in cephalic direction while isobaric solution tends to
concentrate at lumbar segments.
Many studies like Khaw KS et al., [2], Gupta R et al., [8], Whiteside JB et al., [9] have reported faster rate of onset and offset
of sensory and motor blockade in hyperbaric solution than plain
solution, but in study done by Kallio H et al., [6] they found no
difference between hyperbaric and plain ropivacaine (15 mgs) in
median onset of analgesia to T10, and in time taken to reach the
highest level of sensory block.
Fettes PD et al., [11], compared in their study 15mg of plain and
hyperbaric solution of ropivacaine for elective perennial surgery
and found more rapid onset of sensory block with hyperbaric
ropivacaine than isobaric solution.
Khaw KS et al., [2]; Gupta R et al., [8]; Kallio H et al., [10]; Fettes
PD et al., [11] observed that median time taken for complete regression of sensory and motor blockade were significantly shorter in hyperbaric group than in isobaric group.
The addition of glucose to isobaric ropivacaine increases its density, leads to an equal distribution of drug and increase height of
the block, while as isobaric ropivacaine produces less intense, unpredictable and variable height of block when given intrathecally
for spinal anaesthesia [9], this can be the reason that more patients
in our study from isobaric group felt some discomfort during surgery and required supplementation of analgesia and sedation with
ketamine. Similar findings were observed in several studies like
Khaw KS et al., [2], Gupta R et al., [8], Fettes PD et al., [11] who
compared hyperbaric and isobaric ropivacaine for spinal anaesthesia and found higher incidences of inadequate block, leading
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Table 3. Comparison of Quality of Muscle Relaxation and Patient Satisfaction.
Assessment Parameter
Quality of Intraoperative
Muscle Relaxation
Patient Satisfaction

Excellent
Satisfactory
Unsatisfactory
Excellent
Good
Poor

N
15
14
1
16
13
1

Group H
Percentage
50.0%
46.66%
3.33%
53.33%
43.33%
3.33%

n
13
15
2
15
12
3

Group I
Percentage
43.33%
50.0%
6.66%
50.0%
40%
10%

n= number
Table 4. Comparison of Side Effects between the Two Groups.

Hypotension
Nausea and Vomiting
Shivering
Bradycardia
Respiratory Depression
High Block
Itching
Headache
Back pain

Group H (n = 30)
Group I(n = 30)
Number
%
Number
% P value
7
23.33
6
20
0.753
3
10
2
6.66
0.639
1
3.33
1
3.33
1.00
3
10
2
6.66
0.639
0
0
0
0
0
0
0
0
2
6.66
4
13.33 0.386
4
13.33
3
10
0.687
3
10
4
13.33 0.687

to supplementation with general anaesthesia in isobaric group.
In our study mean total duration of sensory analgesia was shorter
in group H as compared to group I (p < 0.05) but Khaw KS et
al., [2] observed that the time taken from spinal injection to the
time of first analgesic request was similar between hyperbaric and
isobaric groups which is in contrast to findings of our study.

Conclusion
As compared to isobaric ropivacaine (0.75%), hyperbaric ropivacaine (0.75%) provides reliable and effective spinal anaesthesia
with early onset of blockade and early recovery of sensory as well
as motor blockage, in geriatric patients.
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