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Abstract

Background: Rescue strategies like changes in tilt of table are used to raise the level of an inadequate sensory block following
intrathecal injection. Epidural volume extension (EVE) refers to an injection of normal saline through epidural catheter following
an intrathecal block. It results in a rapid increase in the sensory level of subarachnoid block. Thus, it has been postulated that EVE
may be used as a rescue strategy for an inadequate post-spinal sensory block. However, the minimum effective volume (MEV)
of normal saline for EVE induced increase in level of spinal block has not been researched till date. We proposed to determine
the MEV of normal saline required for EVE induced increase in post-spinal block sensory level.

Materials and Methods: This prospective sequential allocation study was conducted in consenting adult males after
institutional ethical committee approval scheduled for lower limb surgery under combined spinal epidural (CSE) anesthesia,
who had an inadequate level of sensory block. Herein, an inadequate level was defined as lower than T,  at 10 min after the
intrathecal injection, with no ascent for two consecutive readings taken 2 min apart. The EVE was performed with normal
saline injected through epidural catheter, and was considered successful if the level of sensory block increased by two or more
dermatomal segments within 5 min of the injection. The volume of normal saline for EVE was decided by using the up-and-
down method, with the first patient receiving 10 mL and a dosing interval of 1 mL in subsequent patients. The analysis was
done using the formula of Dixon and Massey, which enabled calculation of the MEV with 95% CI. Quantitative parametric data
is represented as mean + SD and nonparametric data as median (range).

Results and Conclusion: The MEV of normal saline to raise the level of sensory block by two or more dermatomal segments
within 5 min of EVE is 7.4 mL (95% CI: 5.5-9.9 mL).

Key words: Central neuraxial blockade, combined spinal epidural block, epidural volume extension, minimum effective
volume, normal saline

Introduction

Rescue strategies such as change in patient position by tilting the
head end of the table are used to raise the level of an inadequate
post-spinal sensory block.!"! Epidural volume extension (EVE)
refers to injection of normal saline into epidural space closely
after a subarachnoid block,??! aiming to rapidly increase the
sensory block level resulting from intrathecal injection. Thus
EVE may be used as a rescue strategy to raise the level of an
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inadequate post-spinal sensory block. However, the minimum
effective volume (MEV) of normal saline required to produce a
rapid increase in the sensory level has not been investigated. In
previously published studies on the subject of EVE, the volume
of normal saline used for EVE ranges from 5 to 20 m,®>7 but
there is very little data comparing the effect of various volumes
of normal saline on the sensory block level per se.B¥

Against this background, the present prospective sequential
allocation design study was designed to determine the MEV of
normal saline when EVE was used as a rescue strategy for raising
the sensory level following an inadequate intrathecal block. Herein,
we defined an inadequate block as a sensory level of lower than T' |
despite waiting for 10 min after intrathecal injection, with no ascent
in the level during two consecutive observations made 2 min apart.

Materials and Methods

This prospective sequential allocation study was conducted
over a 6 months period after approval of Institutional Ethics
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Committee and written informed consent from all patients.
The MEV of normal saline was represented by the effective
dose (ED),. The concept of ED,; representing minimum
volumes or concentrations in anesthetic practice has been used
earlier by various authors.*'"

The study was planned in adult male patients aged between
18 and 60 years, belonging to American Society of
Anesthesiologists (ASA) physical status I/II scheduled for
lower limb surgery under combined spinal epidural (CSE)
anesthesia. Those with an inadequate intrathecal block
were included in the study. Herein, an inadequate block
was defined as sensory level lower than T, at 10 min after
intrathecal injection with no ascent in the level of the last two
consecutive readings taken every 2 min following intrathecal
injection. Patients wherein the intrathecal injection resulted in
an adequate sensory level, that is, greater than T pat 10 min
or with an ascent in level during the last two consecutive
readings was excluded from the study. Also, patients with
any contraindication to CSE blockade, such as history of
spinal disease, coagulation abnormality, or sensitivity to local
anesthetic and skin infection at site of injection were excluded
from the study.

In the operating room; electrocardiography, pulse oximetry,
and noninvasive blood pressure monitoring was instituted.
Intravenous access was established and 10 mL/kg of lactated
Ringer’s solution was infused over 5-10 min. CSE block
by median approach was performed using needle-through-
needle technique with a CSE set (Portex®). With patient
in sitting position, the epidural space was identified at L,
level with a 16-gauge Touhy needle using loss of resistance
to air technique, limiting the total amount of air to <2 mL..
A 26-gauge pencil-point spinal needle was advanced through
the epidural needle into the subarachnoid space and 10 mg
of hyperbaric bupivacaine injected with the bevel facing
cephalic. The spinal needle was withdrawn and epidural
catheter inserted 4 cm inside epidural space through the
Touhy needle, followed by confirmed negative aspiration for
blood and cerebrospinal fluid. The catheter was secured while
no injections were made through it, and patient was put in
supine position.

Sensory and motor blockade were assessed every 2 min
after placing the patient supine until 10 min after intrathecal
injection had passed. Following application of EVE, the
block characteristics were assessed every 5 min till two
identical sensory levels were recorded (S_ ). All block
assessments were done by a dedicated anesthesiologist, who
was blinded to the volume of normal saline injection. Sensory
level was assessed by complete lack to pinprick sensation
with a 23-gauge needle in the midline. Motor blockade was

graded by using the modified Bromage score wherein score
| = complete block, unable to move feet or knees; 2 = almost
complete block, able to move feet only; 3 = partial block, just
able to move knees; 4 = detectable weakness of hip flexion
while supine, full flexion of knees; 5 = no detectable weakness

of hip flexion while supine; and 6 = able to perform partial
knee bend.['”

In patients with inadequate blocks, EVE was performed
with normal saline injected through epidural catheter. The
volume of normal saline was decided by using the up-and-
down sequential allocation method of Dixon and Massey.["!
While the first patient with an inadequate block included
in the study received 10 mL of normal saline, in successive
patients, the volume of epidural saline was determined by
the outcome of EVE in previous patient. In case of the EVE
application being successful the volume of normal saline was
decreased by 1 mL in next patient, and in case of a failure
it was increased by 1 mL. Herein, the success of EVE was
defined as an increase in sensory level by two dermatomal
segments within 5 min of the injection.

Presence of intraoperative adverse effects such as hypotension,
defined as fall in systolic blood pressure >20% from basal
value, nausea or vomiting, and shivering were also noted.

While the primary outcome measure was the volume of
normal saline used for successful EVE, secondary outcome
measures recorded included height of sensory block at the
time of performing EVE (S)) and at 5 min after EVE; as
well as the maximum level achieved following EVE (S _ );
dermatomal ascent caused by EVE (Smax-SE); maximum
motor block at the time of performing EVE and following
application of EVE; and the time taken to make the patient
supine after completion of the intrathecal injection. The time
taken to achieve the S__ was also noted.

If local anesthetic when given for rescue analgesia through
epidural catheter was not effective, the patient was excluded
from the study. The next patient then received the same volume
of normal saline as the excluded patient.

Statistical analysis

The up-and-down sequences of volume of normal saline
were analyzed using the formula of Dixon and Massey,
which enabled calculation of the MEV with 95% CI.
Quantitative parametric data was analyzed as mean = SD,
and nonparametric data as median (range).

Sample size
When using up-and-down method for determination of MEYV,
sample size is considered adequate once six pairs of reversal of
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sequence are achieved.”! Six pairs of reversal were obtained
after 17 patients with inadequate block had been studied.
Total of 23 patients had to be enrolled to obtain 17 patients
with an inadequate block.

Results

The mean age, height, weight, and baseline systolic blood
pressure are shown in Table 1.

The MEV of normal saline volume for successful block
augmentation with EVE was 7.4 mL (confidence interval
(CD 95% = 5.5-9.9 mL.). The sequence of volume of normal
saline used to rapidly increase the sensory level is depicted
in Figure 1.

Block characteristics amongst patients with successful block
augmentation following EVE are depicted in Table 2. The
application of EVE resulted in an ascent in median sensory
block level from L, (T]2 to Ls) to TIO (T9 to le)' The
median increase in dermatomal spread was of 4.5 segments
was achieved within 5 min of the normal saline injection and
no further increase in median level was seen beyond this time
[Table 2]. The modified Bromage score increased with EVE
signifying greater motor blockade [Table 2]. The time taken
from completion of intrathecal injection to positioning the
patients supine ranged from 1.5 to 4.4 min. The maximum
sensory block level following EVE was achieved by a median

time of 6 (2-8) min.

Total of 23 patients were enrolled in the study of which six
had adequate sensory block, that is, showed sensory block
level of T or greater at 10 min after intrathecal injection,
and were thus not included. As per routine clinical protocol,

Table 1: Patient characteristics

Characteristic Value
Age (years) 40.4 = 14.9
Height (cm) 161.6 = 5.5
Weight (kg) 58.3 £ 54
Systolic blood pressure (mmHg) 126 + 2

Values are mean + standard deviation (SD)

Table 2: Block characteristics for patients with successful
epidural volume extension (EVE)

Characteristic Value
Sensory level when EVE planned (S,) L, (T,L)
Sensory level 5 min after EVE (S,) T, (T,-L)
Maximum sensory level after EVE (S_ ) T, (T,T},)
Dermatomal increase* 4.5 (2-7)
Maximum Bromage score before EVE 3(1-4)
Maximum Bromage score after EVE 1(1-3)

their sensory levels were monitored every 5 min thereafter
till block height stabilized. None of these patients showed an
ascent in sensory block height of two or more dermatomes
within a 5 min period. One patient with post-spinal sensory
block level lower than T, at 10 min of intrathecal injection
failed to show two identical dermatomal levels prior to time
for EVE application and was thus also excluded.

None of the patients developed intraoperative hypotension,
nausea, vomiting, or shivering.

Injection of local anesthetic through the epidural catheter
resulted in adequate pain relief in all patients.

Discussion

EVE is known to exert its effects by various mechanisms
including a “volume effect”. The application of EVE causes
thecal compression by the “volume” of normal saline injected,
causing an upward displacement of intrathecal drug in
subarachnoid space; thus raising the sensory block level.?'¥
Imaging studies show the degree of thecal compression
to be directly proportional to the volume injected into

115161 with larger epidural volumes producing

epidural space,
greater compression. lakiguchi ef al., demonstrated “thecal
compression” following EVE in a myelographic study
conducted in healthy volunteers in an upright (45 degree)
posture.!® The upper level of the contrast medium in the
subarachnoid space was observed to rise progressively when
5 mL aliquots of normal saline were injected into epidural
space. The diameter of subarachnoid space decreased to 40%
of initial diameter after the first aliquot and to 25% following
the second aliquot. With the third and fourth aliquots, the
diameter of subarachnoid space decreased further; but the
maximum decrement occurred after the first injection. In
another study by Higuchi et al.,["® epidural injections of 5,
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Figure 1: Sequence of volume used for epidural volume extension (EVE)
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10, and 15 mL normal saline caused a significant reduction
in the lumbosacral cerebrospinal fluid volume visualized using
magnetic resonance imaging. 1 he reduction increased with an
increasing volume of epidural injectate, being 2.0 = 1.0 mLL
after a 5 mL injection (n = 10), 4.4 £ 1.4 mL after 10 mLL
(n=9),and 7.2 = 2.6 mL after a 15 mL injection (n = 9).
These imaging studies suggest that incremental volumes of
normal saline should result in a progressive increase in post-
spinal sensory block level.

There are very few studies that have compared various volumes
of normal saline during EVE.B'% Herein, the comparison of
5, 10, 15, and 20 mL saline produced minimum block height
with a significantly longer duration of sensory block with higher
volumes.® In another study, no significant difference in block
level was noted following 5 or 10 mL of epidural injectate, but
it was not powered to detect differences in this end point.?!

However, the MEV of normal saline required to achieve a
predefined block ascent during EVE has not been researched
and the volumes of saline used for EVE. have been empirically
chosen. In most clinical trials on the subject of EVE conducted
in nonobstetric patients, the volume of epidural injectate used
is 10 mL;781718 while in obstetric patients it ranges from
5019201 to 10 mL."2>%21 Higher volumes of 15 and 20 mL
have also been evaluated in nonobstetric patients in a recent
study in nonobstetric patients.®

This study found the MEV of normal saline volume for
EVE induced increase in post-spinal sensory block level of
two dermatomes within 5 min to be 7.4 mL. (CI 95% =
5.5-9.9 mL). A review of all trials evaluating sensory block
augmentation with EVE reveals that majority of studies using
volumes of 7 mL or lesser normal saline®®'%2% resulted
in failure of block ascent.’>'2% In contrast, all of those
using volumes larger than 7 mL resulted in successful block
augmentation.>>'7'8221 Herein, block augmentation was
defined as a statistically significant increase in level of sensory

block.

We defined an inadequate subarachnoid block requiring
EVE application as a block with sensory level lower than T |
that also showed stabilization for at least 4 min prior to the
performance of EVE, that is, showed identical sensory levels
for two consecutive assessments placed 2 min apart. This was
done to minimize the chances of spontaneous ascent in the
post-spinal sensory block being attributed to effect of EVE.
As per our routine clinical protocol, patients with adequate
blocks were also monitored for their sensory levels every 5 min
till stabilization. Indeed none of these patients showed ascent
in sensory block height of two or more dermatomes within
a 5 min period. In one patient with an inadequate block in

whom sensory level had not stabilized until 10 min after spinal
injection, the block level was monitored beyond 10 min and
it did not show an ascent of two or more dermatomal levels
within any 5 min span. This suggests that our criterion of
stabilization of an inadequate block for approximately 4 min to
rule out spontaneous ascent of sensory block was appropriate
in the given circumstances. We waited up to 10 min after the
intrathecal injection, before designating the sensory block as
adequate or inadequate. The choice of this time limit of 10 min
after intrathecal injection was subjective. Given the constraints
on operating room time, 10 min seemed a reasonable time limit
prior to attempting block augmentation with a rescue strategy
such as EVE. It is also known that EVE is a time dependent
phenomenon”?! and gives best results if applied early after
an intrathecal injection. Mardirosoff and coworkers”! showed
that for EVE to be effective, the patient should be laid supine
within 5 min of completing intrathecal injection. Trautman
et al.,’??! showed it to be ineffective when performed 20 min
after the intrathecal injection. Hence we waited for a time
that was long enough to justify use of rescue strategy for block
augmentation, and yet short enough for a successful EVE.

A two dermatomal segment ascent occurring within 5 min was
taken to indicate a successful EVE application. We did not
wait longer than 5 min after EVE to term it a successful rescue
strategy, since waiting any longer after 10 min had already
elapsed following the intrathecal injection (total of 15 min)
would have defeated the purpose of a rescue strategy. The
two segment ascent to define successful EVE was arbitrarily
chosen since ascent of less than two dermatomes is unlikely
to have a clinical utility.

A limitation of our study is that the MEV of normal saline 1s
likely to be different if the definition of a successful EVE is
varied. A dermatomal increase greater than two segments or a
spread faster than 5 min, may require a higher MEV of normal
saline. To conclude, the MEV of normal saline for EVE

induced rise in the post-spinal sensory block of two dermatomal

segments within 5 min, is 7.4 mL (CI 95% = 5.5-9.9 mL)).
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