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Background: Various factors influencing the distribution of sensory blockade in epidural
anesthesia have been identified; however, reports on the effects of gravity and different postures in
thoracic epidural anesthesia have been rare. Medications may be injected with the lateral decubitus
or the neutral position; however, it is unclear whether the distribution range of medication is
similar or significantly different between these 2 postures.

Objective: We focused on identifying the effect of different postures on the distribution of local
anesthetics using epidurography at the thoracic level.

Study Design: Prospective randomized trial.
Setting: An interventional pain management practice in South Korea.

Methods: A total of 68 patients were randomized to either the L group (n = 34, lateral decubitus
with neck and hip flexion) or the P group (n = 34, prone position). After completing the insertion
of the epidural catheter, the location of the catheter tip was adjusted between T7 and T8 and
the patients were asked to change their posture according to their allocated group. Three mL of
contrast medium was injected and the total number of segments, including the most cranial and
caudal ends of the vertebra, was identified.

Results: The total number of vertebral segments confirmed by contrast medium spread was
7.4 +2.2ingroup P and 9.2 + 1.8 in group L. The total number and the number of vertebral
segments covered in the caudad direction were higher in group L compared to

group P and this was statistically significant (P < 0.001).

Limitations: We made every effort to make the posture of group L like crouchback, we
think that slight differences would present in the flexion angles of the neck and hip among the
patients of group L.

Conclusion: Group L demonstrated a more extensive distribution of contrast medium for both
the cranial and caudad directions compared to group P.

Key words: Epidural, thoracic, contrast medium, injections
Trial registry number: Clinical trial registry information service (NCT02865512).

Pain Physician 2017; 20:501-508

horacic

epidural

analgesia (TEA) is the and improves pulmonary function (1). A better quality

preferred method to maintain intraoperative
and postoperative analgesia, and proper pain
control with TEA prevents postoperative complications

of postoperative pain relief has been reported with
epidural injection of local anesthetics (LA) compared to
intravenousorintraarticularinjectionofthemedications
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(2,3). Among various surgeries, thoracotomy is known
as one of the most painful surgeries which leads to
markedly decreased postoperative pulmonary functions
and chronic postoperative pain in many patients (4,5).
Poor management of postoperative pain prohibits the
patient from taking a deep breath which results in
retention of secretions with atelectasis; therefore, it is
one of the causative factors for decreased pulmonary
function (6). In addition, during the postoperative
period, the uncontrolled stress response and delay in
mobilizing the patient due to poor pain control result
in a hypercoagulable state which may cause deep vein
thrombosis (7). Moreover, the incidence of chronic
postoperative pain is very high after thoracotomy
and it has been reported that the severity of acute
postoperative pain is one of the causative factors of
chronic postoperative pain (8,9).

Visser et al (10) suggested various factors influenc-
ing the distribution of sensory blockade by LA in epi-
dural anesthesia; they also concluded that reports on
the effects of gravity and patient position in TEA were
lacking. Nevertheless, another study demonstrated that
significant cephalad spread of contrast medium was ob-
served when high thoracic epidural injection with the
neck flexion was performed, whereas limited cephalad
spread was observed with the neck extension or neutral
position (11).

The performance of TEA is possible either under
fluoroscopic guidance or by the blind technique. If TEA
is to be performed by the blind technique, the posi-
tion of lateral decubitus with neck and hip flexion like
crouchback is favored as this position helps the palpa-
tion of the spinous process and confirmation of inter-
spinous area. LA or other medication may be injected
by lateral decubitus or the neutral position; however,
it is unclear whether the distribution range of LA or
medication is similar or significantly different between
the 2 positions. LA or other medication is not injected
solely in the neutral position; therefore, we think that
analyzing the distribution range and pattern of epidu-
rography among diverse patient positions and gravity
is important.

In this study, we used the middle to lower level of
thoracic epidural injection with 3 mL of contrast medi-
um to predict the distribution range of LA. Yokoyama et
al (12) concluded that epidural distribution of contrast
medium corresponded well with the distribution of LA;
therefore, epidurography could be used as a reliable
method for predicting the dermatomal distribution of
the sensory anesthesia.

We hypothesized that the lateral decubitus posi-
tion would result in a more extensive distribution of
contrast medium compared to the neutral position.
This study was focused on analyzing the distribution of
contrast medium spread under C-arm guidance and we
attempted to compare the cranial and caudal end of
the vertebral segment between lateral decubitus and
the neutral position.

MEeTHODS

Patients

We performed a prospective, randomized, and
comparative study. This study was approved by the
Institutional Review Board (IRB) of our institution
(2016-05-036) and was registered in the Clinical Re-
search Information Service (NCT02865512). We gave a
full explanation of the benefits, risks, and purposes of
this study to the participants and acquired every writ-
ten consent form from all participants. From May 2016
to November 2016, 73 participants who received C-arm
guided epidural catheter insertion at the thoracic level
were analyzed in this study. The inclusion criteria were
patients who were scheduled to receive a Whipple
operation, esophagectomy, laparoscopic gastrectomy,
liver lobectomy, and lung lobectomy (Table 1). We
performed a thoracic epidural catheterization by C-arm
guidance one day before the elective surgery at the
outpatient pain management clinic.

Exclusion criteria were patient refusal, pregnancy,
acute infection, laboratory findings suggestive of co-
agulopathy, infection, inflammation, allergy to contrast
medium or LA, ankylosing spondylitis, and a previous
history of spine surgery.

Before thoracic epidural catheterization, the pa-
tients were randomized into 2 groups by computer
randomization. Group L (lateral decubitus with neck
and hip flexion, Fig. 1) received thoracic epidural cath-
eterization under the prone position and the patient
was asked to switch to lateral decubitus with neck and
hip flexion. Before injecting the contrast medium to
analyze the thoracic epidurography, we corrected the
patient position once again in accordance with Fig.
1. Group P (prone position) received thoracic epidural
catheterization under the prone position and 3 mL of
contrast medium was injected under the prone position.
All patients in groups P and L maintained their respec-
tive position for 3 minutes after injection of contrast
medium and epidurography was assessed subsequently.
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Procedures

All thoracic epidural catheterization (Arrow Inter-
national CR, Czech Republic) was performed by an inter-
ventional pain physician (J.H.) with more than 12 years
experience in fluoroscopically guided interventions.

Groups P and L patients were asked to lie in the
prone position on a table and were draped in a sterile
fashion. Anteroposterior view (AP) was obtained to
verify the interlaminar area of their ninth or tenth tho-
racic vertebra. After anesthetizing the skin with 3 mL of
1% lidocaine, an 18 gauge Tuohy needle was advanced
slowly toward the spinolaminar line of the ninth or
tenth thoracic vertebra using the paramedian approach.
When the needle was firmly inserted, its depth was mea-
sured using a lateral view. Loss of resistance technique
with air was used to confirm the epidural space when
the needle approached the targeted spinolaminar line.
Once the loss of resistance was felt, 1 mL of contrast me-
dium was injected using a fluoroscopic image to verify
the thoracic epidural space in the AP and lateral views.
After successful epidural injection was confirmed using
1 mL of contrast medium, an epidural catheter was care-
fully inserted through the Tuohy needle, and advanced
in the cranial direction. A small amount of contrast
medium was injected to pass through the catheter
before inserting through the Tuohy needle to improve
confirmation of the catheter tip. When the catheter
was curled within the epidural space, it was pulled out
slightly to straighten the curling.

Before injecting 3 mL of contrast medium, we evalu-
ated the final location of the catheter tip. We tried to
modulate the final location of the catheter tip between
the T7 and T8 vertebral body. The epidural catheter was
sutured with nylon 5-0 around the skin and fixed firmly
with an adhesive plaster. All procedures were performed
in a pain management clinic and patients who completed
the procedure were sent to their hospital room.

Analysis of Thoracic Epidurography

Epidurography was assessed by another pain physi-
cian who was not involved in performing the previous
procedure and was blinded to the patient groups.

After injection of the 3 mL contrast medium, the
C-arm was moved in the cranial and caudal direction
to confirm the most upper and lower level of vertebra.
Every image of the AP and lateral views was saved to
the hard disc of the C-arm and they were transmitted to
the picture archiving and communication system (PACS).
The pain physician who was blinded to the patient
groups assessed the epidurography using PACS.

Table 1. Demographic data and type of surgery in this study
population.

Group P Group L

(n=34) (n=34)
Gender (male/female) 23/11 25/9
Age (yr) 63.6 + 13.1 658 +11.5
Height (cm) 163.6 +10.8 161.5 + 8.4
Weight (kg) 63.4+11.1 60.4 +10.4
BMI 233+3.1 22.7+3.8
Type of surgery
Laparoscopic gastrectomy 8 8
Esophagectomy 0 2
Whipple operation 4 3
Lung lobectomy 15 11
Liver lobectomy 7 9

Values are mean * SD or number of patients. There were no significant
differences between groups P and L.

Fig. 1. Illustration showing the posture of lateral decubitus
and neck and hip flexion (group L).

First, we tried to identify the number of spinal seg-
ments and level of the vertebra covered by the contrast
medium. The cranial and caudal ends of the spinal seg-
ment on the AP and lateral views of groups P and L
were investigated to evaluate the total spinal segment
covered by the contrast medium (Fig. 2A - C and Fig.
3A - Q). However, upper thoracic vertebra ranging from
the first to third level were very difficult to investigate
for the contrast spread pattern on the lateral view due
to the obstruction by the shoulder joint or the upper
humerus. As such, only an AP fluoroscopic image was
used in such cases.

We tried to identify the unilateral or bilateral
epidural spread by evaluating the AP fluoroscopic im-
age (Fig. 2A and Fig. 3A). We made our own definite
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Fig. 2. The cranial (A) and caudal end (B) of the spinal segment on the anteroposterior and lateral view were investigated to
evaluate total spinal segment covered by contrast medium in group P.

Fig. 3. The cranial (A) and caudal end (C) of the spinal segment on the anteroposterior and lateral view were investigated to
evaluate total spinal segment covered by contrast medium in group L.

rules to more correctly determine which vertebral level
should be included in counting to assess the total spinal
segment covered by the contrast. We included in the
counting spinal segments covered by contrast medium
on the lateral view for more than half of the vertebral
body height, and excluded those segments with the
contrast medium spread covering less than half of the
vertebral body height.

Statistical Analysis

According to our previous data, 65% of patients who
were given 3 mL of contrast medium in the prone position
demonstrated the contrast medium spread of more than
7 vertebral segments (13). Therefore, we thought that

at least 65% of patients of group P would demonstrate
contrast medium spread of more than 7 segments in this
study. Assuming the difference in incidence rate of con-
trast medium spread showing more than 7 segments as
0.30 and an o error level of 0.05, a B error level of 0.02, 26
patients of TEA were required for each group for a power
of 80%. The final sample size was 34 patients per group to
allow for a 15% dropout rate.

Gender, age, height, weight, body mass index
(BMI), and type of surgery between the P and L groups
were compared using a t-test and a chi square test. The
mean number and mean level of spinal segments cov-
ered by contrast medium between the P and L groups
were compared using a t-test.
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REesuLTs

Seventy-three patients were enrolled in this study
and 5 patients were excluded in this study due to refusal
to participate. Ultimately, 68 patients were randomized
to the P and L groups (34 patients per group) (Fig. 4).

Patient characteristics and type of surgery for
which a TEA was performed are shown in Table 1. The
number of men was more than double compared to
women in both groups. Sixty-four patients in groups
P and L were diagnosed with cancer of the stomach,
esophagus, liver, gallbladder, pancreas, and lung and
the remaining 4 patients were diagnosed with intra-
hepatic duct stone, clonorchiasis, and donating for
a liver transplantation. There was no significant dif-
ference in patient characteristics and type of surgery
(Table 1).

The mean value of the final catheter tip level was
T7.6 for the group P and T7.9 for the group L. In case of
group L, we confirmed the migration of the catheter tip
level after the positional change and no patients had
any migration of the catheter tip level.

The total number of vertebral segments confirmed

by contrast medium spread were 7.4 + 2.2 for the group
P and 9.2 + 1.8 for the group L, and this spread was in
both cranial and caudad directions. The total number
and number of vertebral segments covered in the cau-
dad direction was higher in patients in group L com-
pared to group P and this was statistically significant
(P < 0.001) (Table 2 and Fig. 5). For both groups P and
L, the spread of contrast medium in the cranial direc-
tion was more extensive than the caudad direction and
this was statistically significant (P < 0.001). The cranial
direction was compared between the P and L groups,
and there was no significant difference (P = 0.059,
Table 2 and Fig. 5). All patients in both groups demon-
strated bilateral contrast medium distribution evenly.
The mean value of the uppermost and lowermost level
of the thoracic vertebra were identified. Third thoracic
vertebra was the uppermost level of both groups and
the tenth and eleventh thoracic vertebra were the
lowermost level of the P and L groups, respectively. The
distribution of contrast medium spread into the cervical
level was found in 2 patients in group P and 4 patients
in group L.

Enrollment
(n=73)

Exclusion(n=5)

Y

[ Random allocation (n=68) ]

Allocated to the L group (n=34)

Received intervention (n=34)

T

Allocated to the P group (n=34)

Received intervention (n=34)

Fig. 4. Consolidated Standards of Reporting Trials (CONSORT) diagram. L group: patients assessed with epidurography by the
posture of lateral decubitus and neck and hip flexion; P group: patients assessed with epidurography by the prone postion.
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Fig. 5. Histogram showing the number of vertebral segments covered with cranial, caudal, and total spread of contrast medium

Table 2. The mean vertebral segment of contrast medium spread.

Group P | Group L
Number of vertebral segments covered with | 49 +1.7 | 5.7 +1.9
cranial spread
Number of vertebral segments covered with | 2.3 +£1.2 | 3.4 +£1.0*
caudad spread
Total number of vertebral segments covered | 7.4 £2.2 | 9.2+ 1.8*
with spread

Values are mean + SD. The spread of contrast medium to the cranial
direction was more extensive than the caudad direction in both groups
P and L. Total number and number of vertebral segments covered in
the caudad direction was higher in patients with group L compared to
group P and this was statistically significant. * P < 0.001

Discussion

We designed this study under the estimation that
the distribution of contrast medium during epidurog-
raphy would coincide with the sensory blockade after
injection of LA. Yokoyama et al (12) demonstrated that
the distribution of contrast medium had an obvious
correlation with the extent of sensory analgesia after
injection of LA. In addition, Kim et al (14) reported that
the viscosity of the contrast medium had minimal effect
on its epidural spread.

We hypothesized that a different patient position
would result in a different level of distribution of con-
trast medium during thoracic epidurography. Our study
demonstrated that patients in group L received a more
extensive distribution of contrast medium compared to
group P. We think that the reduced epidural pressure
due to the posture of neck and hip flexion in patients of
group L may contribute to a more extensive distribution
of contrast medium compared to group P. According to
the study by Takahashi et al (15) epidural pressure dem-
onstrated posture dependency in patients with lumbar
spinal stenosis. They measured epidural pressure using
a catheter transducer inserted into the lumbar epidural
space and extension resulted in increased epidural
pressure while flexion resulted in decreased epidural
pressure. In addition, previous studies suggested that
the dural sac cross-sectional area within the spinal canal
demonstrates a dynamic effect, which varies according
to the posture (16,17).

For both the P and L groups, the spread of contrast
medium in the cranial direction was more extensive
than in the caudad direction. The pressure gradient
between the mid-thoracic and low-thoracic epidural
space might explain a more extensive cranial spread
(18). We found similar results in epidurography studies
performed at the cervical and thoracic levels (13,19,20).
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Our study also demonstrated that group L resulted in
a more extensive distribution in the cranial direction
compared to group P, although this did not show any
statistical significance. Also, the number of patients
who showed the spread of contrast medium up to the
cervical level was 4 in group L and 2 in group P. Given
the possibility of unwanted effects, extensive spread of
contrast medium in the cranial direction or even in the
cervical level is essential to consider. Cervical epidural
anesthesia with 2% lidocaine could result in respiratory
complications by weakening of the muscles of respira-
tion (21). In addition, a greater cephalad spread of sen-
sory analgesia above the T6 dermatome after injection
of LA was inversely correlated with postoperative an-
algesic consumption in the first 24 hours after uterine
fibroid artery embolization (22).

Similar to the study by Lee et al (11) who reported
extensive cranial spread to the cervical level with neck
flexion, patients of group L were place in a posture of
neck flexion in this study. We suppose that the neck
flexion might be the main cause of extensive cranial
spread. The distance between the spinal cord and the
posterior arch of the cervical canal was widened by up to
89% during flexion, and narrowed by up to 17% during
extension (23). Because the epidural space is included in
this distance where the medication is injected during a
TEA, this suggests that the spread of contrast medium in
the cranial direction can be influenced by neck flexion.
Therefore, the dynamic variability of distances between
the spinal cord and the posterior arch of the cervical
spine can explain this cranial spread. Considering that
previous studies demonstrated posture dependency and
a dynamic nature for the lumbar or cervical spinal canal
(15-17,23), we can expect that dynamic variability may
also occur in the thoracic spinal canal. Although we did
not measure the actual epidural pressure according to
different postures, we suppose that subtle differences in
the epidural pressure exist between the prone and the
lateral decubitus positions. Gil et al (24) demonstrated
that thoracic epidural pressures were lower in the sit-
ting position than in the lateral decubitus position. In
addition, enhanced thoracic curvature by the posture in
group L might result in changes in the distance between
the spinal cord and the posterior arch of the thoracic
canal, similar to the results in the cervical spine demon-
strated by Muhle et al (23).

We think that the posture of hip flexion of group
L would be the main factor for increasing the caudal
level. We suppose that subtle differences in epidural
pressure in the posture of hip flexion compared to a
neutral position and the dynamic variability which was
observed in the cervical spine might also occur in the
lower thoracic spine.

During the practice of lumbar epidural anesthesia,
we might experience unilateral sensory anesthesia
of one leg while having another leg with insufficient
sensory anesthesia, although this is not frequent. We
can suspect unilateral distribution of LA in such cases.
In this study, both groups showed bilateral and even
distribution of contrast medium regardless of the dif-
ferent postures.

This study includes several limitations. First, the
study was performed under the supposition of dis-
tribution of contrast medium correlating with the
distribution of LA. It should be mentioned that out-
comes grounded in the use of contrast medium may
not always correspond to epidural distribution of LA.
However, to overcome this limitation, we proceeded
with an additional study to verify the discrepancy be-
tween contrast medium and LA. We could conclude
that this difference between contrast medium and LA
was within one dermatome. Second, we used a small
volume of contrast medium to assure that the contrast
was in the epidural space, not in the intravascular or
intrathecal space, before injection of 3 mL of contrast
medium. However, this study included only the main
volume (3 mL) of contrast medium. Third, although we
made every effort to make the posture of group L ac-
cording to Fig. 1, we think that slight differences would
be present in the flexion angles of the neck and hip
among the patients of group L. Finally, more research is
required to verify the actual differences in thoracic epi-
dural pressure between different postures and gravity.

ConcLusION

In conclusion, group L demonstrated a more exten-
sive distribution of contrast medium both in the cranial
and caudad directions compared to group P. Therefore,
we suggest that LA or other medication needs to be
delivered in the neutral position to minimize an un-
wanted effect.
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