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abstract

Background: Hypotension is a side effect often associated with spinal anesthesia which can 
be detrimental in certain clinical situations.lesser doses of bupivacaine have been associated with 
lower incidence of hypotension and associated complications. fentanyl when used intra-thecally 
enhances the sensory block of local anesthetics. we have evaluated the effect of three different 
doses of 0.5% heavy bupivacaine along with intrathecal fentanyl on intraoperative hypotension 
and recovery profiles.

Methods: 45 patients were randomly divided in three groups. group A received 7.5 mg (1.5 
ml) 0.5% heavy bupivacaine, 25 µg fentanyl and 0.5 ml of normal saline; group B received 9 
mg (1.8 ml) 0.5% heavy bupivacaine, 25 µg fentanyl and 0.2 ml of normal saline; and group c 
received 10 mg (2 ml) 0.5% heavy bupivacaine and 25 µg fentanyl. All the groups were assessed 
for non-invasive blood pressure, two segment sensory regression, motor regression and the level 
of sensory block.

results: Group C had a significant fall of blood pressure compared to Group A and B. The 
time to two segment sensory regression and time to motor regression was significantly longer in 
group c compared to the other two groups. Highest level of sensory block was up to T10 in group 
A, T7 in group B and T4 in group c.

Conclusion: lower bupivacaine doses (9 mg and 7.5 mg)along with fentanyl 25 µg provide 
reliable spinal anesthesia with better hemodynamic stability and early recovery in lower limb 
orthopedic surgeries of duration two hours or less.
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introduction

Spinal Anesthesia (SA) is a commonly used 
technique to anesthetize patients for lower extremity 
surgeries; however, it is associated with some 
unwanted side effects like hypotension, bradycardia 
intra-operatively, urinary retention, and prolonged 
immobility in the postoperative period.1 in elderly and 
in patients with cardiovascular and respiratory diseases, 
hypotension can be particularly hazardous. white 
et al.2 have demonstrated a significant correlation 
between hypotension, mortality and dose of intrathecal 
local anesthetic.

Hypotension during SA can be treated or 
prevented with the use of vasopressors and intravenous 
fluids which are associated with their own set of ill 
effects.3,4 lower doses of bupivacaine have been found 
to be associated with reduced incidence of hypotension 
and other complications during SA.5

The synergism of intrathecal fentanyl and local 
anesthetics is well established. intrathecal fentanyl 
provides a rapid onset of sensory block and decreases 
the rebound pain without increasing the intensity of 
motor block contributing to early recovery.6-8

The present study was designed to compare 
three doses of heavy bupivacaine 0.5% with fentanyl 
25 µg in SA with respect to incidence and degree of 
hypotension (systolic and mean) and time to recession 
of sensory and motor block. comparison of level of 
sensory block and Bromage score was also done as a 
secondary outcome.

Methods

This was a prospective randomized controlled 
study conducted in a tertiary care health center. The 
study was approved by institutional ethics committee 
(KpcMcH/iEc/870) and was prospectively registered 
with clinical trial registry, india (registration No- 
cTri/2018/01/011593).

Forty-five patients of age more than 18 years 
and ASA physical status i and ii scheduled for lower 
limb orthopedic surgery were included in the study. 
A written informed consent was obtained from all 
the study subjects prior to enrollment. patients with 

a history of spine surgery, spine deformities, skin 
infection and abnormal coagulation profile were 
excluded from the study. patients were randomized 
into three groups using a sealed envelope technique to 
receive one of the three subarachnoid doses of 0.5% 
hyperbaric bupivacaine. group A received 7.5 mg (1.5 
ml) 0.5% heavy bupivacaine, 25 µg fentanyl and 0.5 ml 
normal saline; group B received 9 mg (1.8 ml) 0.5% 
heavy bupivacaine, 25 µg fentanyl and 0.2 ml normal 
saline; and group c received 10 mg (2 ml) 0.5% heavy 
bupivacaine and 25 µg fentanyl.

After a thorough preoperative assessment and 
appropriate aspiration prophylaxis, patients were 
taken to the operation room. An intravenous infusion 
was started and monitoring of non-invasive blood 
pressure, oxygen saturation and electrocardiogram 
were established. Before the block, all patients were 
given a rapid infusion of 5- 8 ml/kg of ringer lactate 
as most patients posted for elective surgeries are on 
7-8 hours of fasting. Subarachnoid block was given in 
sitting or lateral position as appropriate with the use of 
25 or 26 g spinal needle at l3-l4 or l2-l3 interspace, 
and the patients received the drug as per randomization 
and were immediately placed in a supine position. 
The patients and physicians were blinded regarding 
the dosage of 0.5% heavy bupivacaine administered. 
The drug was prepared by one anesthesiologist who 
was not part of the study, and the commencement of 
anesthesia, assessment of patient and recording of 
study data were done by another anesthesiologist. 
patients received intravenous midazolam 2 mg for 
sedation and amnesia. patient’s complaint of pain was 
treated with a bolus of intravenous fentanyl 1 µg/kg.

The following parameters were measured in all 
patients: Non-invasive blood pressure – pre-procedure 
baseline blood pressure (mean of three readings taken 
at five minutes interval on the operation table) and then 
at five minutes interval for 30 minutes and throughout 
surgery. and throughout surgery. Hypotension was 
considered as a drop of more than 20% of the 
preoperative systolic blood pressure or a systolic 
pressure less than 90 mm Hg.

Sensory assessment–Height of sensory block 
achieved after the block and time to two dermatomal 
sensory regression was recorded.

Motor assessment– final Bromage scale score 
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achieved after the block and time to motor recovery 
(one grade improvement in Bromage scale) was 
recorded.

statistical analysis

Based on previous studies, the probability of 
occurrence of hypotension with the use of normal 
dose bupivacaine in spinal anesthesia is 90%. Taking 
the confidence level of 95% and a power of 80% and 
assuming a clinical significance of 4%, the minimum 
number of sample required is 13.we recruited 15 
patients in each group.

Data obtained was tabulated and analyzed by 
using Statistical package for Social Sciences (SpSS) 
version 17 (New york). Statistics applied for the 
interpretation of results was mean and standard 
deviation, two way ANovA with post hoc Bonferroni 
test for continuous variables and chi square test for 
non-parametric and grouped variables. p value <0.05 
was considered statistically significant.

results

A total of 57 patients were enrolled for the study 
and final analysis was done for 45 patients with 15 
patients in each group (figure 1). The three groups 
were comparable with respect to the demographic 
variables of the patients, and type and duration of 
surgeries (Table-1). one case of spinal failure in group 
B (9 mg of bupivacaine with fentanyl) and two cases of 
group A (7.5 mg of bupivacaine with fentanyl) which 
required conversion to general anesthesia in the later 
part of surgery were excluded from the study.

The baseline systolic and mean blood pressures 
of the three groups were comparable. After giving SA 
there were drops of systolic and mean blood pressures 
in group B and group c. The mean and systolic blood 
pressure in group C was significantly lower compared 
to group A at all time points (p<0.05; figures 2, 3). 
In group B the mean blood pressure was significantly 
lower compared to group A at 20, 25 and 30 minutes 
(figure 2). However, the consumption of vasopressors 
was lesser in group B compared to group c. patients in 
group A did not have a significant fall of blood pressure 

Fig. 1 
Consort diagram of the study
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at any time points throughout the study period.

The two segment sensory regression time in group 
C was significantly longer than group A and group B 
(p<0.05), whereas it was comparable for group A and 
group B (p> 0.05). Similarly the time for one grade 
improvement in Bromage scale (motor recovery) was 
significantly longer in group C as compared to group 
A and group B ( p< 0.05; Table-2), whereas it was 
comparable in group A and group B (p>0.05).

The highest level of sensory blocks achieved 
in group A, group B and group c were T9-T11, T7-

T9 and T4-T6 respectively (Table-2). Bromage scale 
scoring achieved in group A was only 1 and 2; none of 
the patients had a score of 3. in group B and group c 
the scores were mainly 2 and 3 (Table-2).

regarding side effects, postoperative vomiting 
was observed in only two patients in group c and one 
patient in group B and none in group A. Hypotension 
was observed in six patients in group c and two 
patients in group B. Two patients in group A required 
general anesthesia at a later phase of the surgery and 
one patient in group B had a failed spinal. pruritis was 

Table 1 
Demographics of the patients recruited for the study.

Parameters group a
(n=15)

group B
(n=15)

group C
(n=15)

p Value

Age (yrs) 56.6±15 52.5±13 47.1±16 0.233

weight (Kg) 68±10 65±11 69±9 0.82

Height (cm) 163.2±8.9 163.4 ± 8.7 164.2 ± 7.8 0.244

Sex(male/female) 6/9 7/8 7/8 0.914

Duration of surgery (mins) 90±25 93±20 85±30 0.69

Data are mean ± SD or number of patients.

Fig. 2 
Comparison of mean blood pressure of the three groups.

* Significant - Group C to Group A, # Significant - Group B to Group A, $ - Significant Group C to Group B.
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Fig. 3 
Comparison of systolic blood pressure of the three groups.

* Significant - Group C to Group A, # Significant - Group B to Group A, $ Significant - Group C to Group B.

Table 2 
Sensory and motor blockade characteristics.

parameters group a
(n=15)

group B
(n=15)

group C
(n=15)

p Value

highest level of sensory block T9-T11 T7-T9 T4-T6 NA

Bromage score (0/1/2/3) 0/8/7/0 0/0/10/5 0/2/8/5 0.003

Time to two dermatomal sensory regression (minutes) 122.6±10.79 119.7±10.27 132.3±7.32 0.002

Time to motor recovery (minutes) 93.2±12.53 99.2±9.80 119.0±3.60 0.0001

Data is expressed as numbers or mean±standard deviation. NA: Not applicable.

Table 3 
Side effects and complications among the three groups.

side effect group a
(n=15)

group B
‑(n=15)

group C
(n=15)

Vomiting 0 1 2

hypotension 0 2 6

Failure 2 1 0

Pruritis 7 6 7

Data is expressed as numbers.
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observed in 47% of patients in group A, 40% of patients 
in group, and 47% of patients in group c (Table-3).

Discussion

This dose finding study was designed to find the 
lowest effective dose of bupivacaine which can be 
given along with 25 µg fentanyl to provide satisfactory 
anesthesia without the cardiovascular side effects 
in lower limb orthopedic surgeries. The optimum 
dose of intrathecal fentanyl as an adjuvant of local 
anesthetic is not clearly defined and have been used in 
the range of 10 µg to 25 µg.8-12 Though, some authors 
have claimed the lesser doses to be effective with no 
incidence of respiratory depression and pruritis, the 
most commonly used dose of intrathecal fentanyl with 
minimal side effects is 25 µg.

in the present study, the groups A and B showed 
better hemodynamic stability compared to group c. 
This is evident by the findings of marked reduction 
in blood pressure values in group c, despite the 
calculated use of vasopressors. The blood pressure 
was recorded every 5 minutes for 30 minutes after 
administering the spinal block. The drug gets fixed to 
the spinal cord in 20-30 minutes after administration, 
so maximum sensory level and sympathetic block will 
be achieved during that time. There was a significant 
fall in the mean blood pressure and systolic blood 
pressure in group c compared to group A at all time 
points. Similarly in group B significantly lower blood 
pressures (mean and systolic) were observed at 15 

and 20 minutes compared to group A. However the 
requirement of rescue vasopressors was much lesser 
in group B compared to group c. patients in group A 
didn’t have a significant fall in blood pressure at any 
time point.

Ben-David compared 4 mg of bupivacaine along 
with 20 µg fentanyl with 10 mg of bupivacaine and 
found a significant difference in the incidence and 
severity of hypotension with no failures in patients 
undergoing hip fracture repair.10 Similar findings were 
experienced by Hoda et al.11 in patients undergoing 
surgical repair of hip fracture with 6 mg of bupivacaine 
and 20 µg fentanyl. in both the studies, the study 
population included elderly patients and there was no 
failure or conversion to general anesthesia. in elderly 
patients there is a delayed pharmacokinetics of drug 
which may be the reason for zero failure rates with the 
mini-doses of bupivacaine.

in the current study, the study population 
included both young adults and elderly patients so 
the dose lesser than 7.5 mg was not used. intrathecal 
bupivacaine in a dose of 7.5 mg along with 10 µg 
fentanyl have been demonstrated to provide a reliable 
neuraxial block for patients subjected to percutaneous 
nephrolithotomy, with stable hemodynamics, good 
post-operative analgesia and acceptable patient and 
endoscopist satisfaction by Atallah et al .12

Hypotension due to pharmacological 
sympathectomy is the most common and serious side 
effect of SA with the use of conventional doses of local 
anesthetics. large surveillance studies have observed 

Fig. 5 
Comparison of the motor recovery of the three Groups. * 

Significant compared to Group A and B.

Fig. 4 
Comparison of the two dermatomal sensory regression of the 

three Groups.

* Significant compared to Group A and B.
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incidences of hypotension around 33% in non-obstetric 
populations.1

Elderly, pregnant patients and patients with 
cardiovascular disease are susceptible to the negative 
impact of the hypotension. Besides, the usual dose 
of bupivacaine might delay the recovery of motor 
functions and can cause urinary retention, leading to 
delayed ambulation and discharge of the patient.1,2

Several techniques are adopted to prevent or treat 
the spinal anesthesia induced hypotension with varying 
results. The most common is preloading or co-loading 
with the crystalloid or colloid. This technique is much 
debated with not much convincing literary evidence.3 
fluid loading, whether with crystalloids or colloids, 
alone is not effective to prevent sympathectomy 
induced hypotension and needs to be coupled with 
vasopressors. Excessive fluid loading can lead to other 
complications like pulmonary edema and full bladder 
requiring urinary catheterization. Nonetheless, 8 ml/kg 
of ringer’s lactate was used to preload all the study 
patients as they remained nil per oral for more than six 
hours before surgery.

vasopressors which are commonly used in our 
institution to prevent and manage spinal anesthesia 
induced hypotension are the directly acting selective 
α1 receptor agonist phenylephrine and both direct 
and indirectly acting mephentermine. The best 
vasopressor for the treatment of spinal anesthesia 
induced hypotension is still unclear. Each vasopressor 
is associated with its own set of side effects and 
mandates a judicious use.4

Though, the use of low doses of local anesthetics 
may reduce the incidence and severity of hypotension, 
but may not provide adequate and reliable anesthesia. 
opioids and local anesthetics administered together 
intrathecally have a potent synergistic analgesic effect. 
intrathecal opioids, lipophilic as well as hydrophilic 
enhance analgesia from sub therapeutic doses of 
local anesthetic without prolonging motor block 
and recovery while making it possible to achieve 
successful SA using otherwise inadequate doses of 
local anesthetic. As intrathecal fentanyl does not cause 
depression of efferent sympathetic activity either alone 
or in combination with local anesthetic, it is possible 
to enhance the sensory blockade without altering the 
degree of sympathetic blockade.6,7

chambers et al.13 have demonstrated that an 
increase in the volume of 0.5% bupivacaine not only 
increases the cephalad spread of the drug but also 
the duration of action significantly. Many authors 
have demonstrated that addition of fentanyl to spinal 
anesthesia with diluted small-dose bupivacaine 
intensifies and increases the duration of sensory 
blockade without increasing the intensity of motor 
blockade or prolonging recovery to micturition or street 
fitness.6,9,11,12 in the present study the dose of fentanyl 
was the same in all the groups. The maximium upper 
level of block was much higher in the group where 10 
mg of bupivacaine was used compared to the other two 
groups and the time for sensory and motor recovery 
was also significantly more in the same group.

Many factors have been shown to be involved 
in the cephalic spread of the intrathecal drug. The 
concentration, dose and volume of the local anesthetic, 
and their interplay with the lumbosacral volume of 
cerebrospinal fluid are some of the aspects which 
determine the level of spread and the duration of the 
block. in a well-controlled study designed to understand 
the effects of volume, dosage and concentration on the 
intrathecal distribution of plain bupivacaine, Sheskey 
et al.14 observed that dosage rather than volume or 
concentration was the important determinant. patient 
posture and baricity of the drug are among the other 
factors which can affect the spread of the drug. it has 
been demonstrated that glucose concentration in excess 
of 0.8% in local anesthetic behaves as hyperbaric 
solution for all practical purposes. Though normal 
saline was added to the drugs used in group A and B 
to make the volumes identical in all the three groups, 
the bupivacaine had remained hyperbaric.15 with 
lower concentration of glucose, the time of spread 
of the local anesthetic increases, which can be due to 
drug gliding off the slope of the lordotic lumbar curve 
towards the thoracic spine more ‘lazily’ compared to 
its more hyperbaric counterparts. As the lower limb is 
innervated by lumbar and sacral plexuses, levels up to 
T4 may not be required for the surgery.

There was a significant delay in two dermatomal 
sensory regression in group c compared to the other 
two groups. Similarly time of motor regression 
(recovery of one grade on Bromage scale) was 
significantly delayed in group C. Since the amount of 
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fentanyl used was constant, so the dose of bupivacaine 
is responsible for the delayed regression.

Nausea and vomiting associated with hypotension 
can be an unpleasant sensation for the patient. venkata 
et al.16 reported a significantly reduced incidence 
of nausea and vomiting with the use of lower dose 
of bupivacaine and 25 µg fentanyl compared to the 
conventional dose of bupivacaine due to the lesser 
hypotension associated with the lower dose of 
bupivacaine which concurs with the present study.

None of our patients in any group had 
cardiovascular instability requiring resuscitation. 
intrathecal opioids are associated with late respiratory 
depression. fentanyl is said to have lesser incidence of 
such events compared to morphine due to its shorter 
half life. There was no incidence of late respiratory 
depression in the present study which is consistent 
with the findings of other studies.8,9

All our patients were admitted at least one 
day before surgery and were not to be discharged 
on the same day so the assessment for street fitness 
was not taken into consideration. urinary retention 
in the postoperative period is a common occurrence 
following SA. But time to urination though an 
important aspect of recovery from SA was not taken 
into consideration as many patients especially elderly 
males were catheterized preoperatively. This can be a 
limitation of our study.

failed spinal was observed in one patient of the 
group where medium dose (9 mg) of bupivacaine was 
used. The etiology of a failed spinal is multi-factorial 
and is dependent on technical, drug and patient-related 
factors.17

Two patients in the group where low dose 
bupivacaine was used needed conversion to general 

anesthesia in the later parts of the surgery as the surgery 
got prolonged than the anticipated time. The speed and 
experience of the surgeon plays an important role in 
the outcome when lower doses are used. Niar et al. in 
a systematic review have established that the low dose 
spinal anesthesia has a high efficacy in ambulatory 
surgery. They found the lowest effective doses of 
bupivacaine for knee arthroscopy surgery was 4 mg 
and a reasonable discharge times were achieved using 
bupivacaine in doses 7.5 mg. They stressed that the 
type of surgery and the duration of surgery are very 
important factors influencing the efficacy of low dose 
SA.18

pruritis is the most common side effect of 
intrathecal fentanyl but seldom requires treatment.1 in 
the present study also mild pruritis was observed in 
44% of patients but none needed treatment.

Conclusion

lower limb orthopedic surgeries of duration 
of 2 hours or less can be done with lower doses of 
bupivacaine (7.5 mg and 9 mg) with fentanyl as 
adjuvant. The incidence of hypotension is nearly absent 
with 1.5 ml (7.5 mg) and minimal with 1.8 ml (9mg) 
of 0.5% bupivacaine with 25 µg of fentanyl and can 
be beneficial in circumstances where intraoperative 
hypotension can be detrimental for the patient outcome. 
However, a dose of 7.5 mg may be associated with 
lower Bromage scale scores, higher rates of conversion 
to general anesthesia and lesser patient satisfaction, 
and therefore needs an extra consideration for the type 
and duration of surgery.
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