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ABSTRACT
Objectives: In order to analyze which thoracic epidural concentration would provide satisfactory pain relief while minimizing the
incidence of hypotension, the eﬃcacy of Low Concentration Bupivacaine 0.0625% (LCB) was compared with High Concentration
Bupivacaine 0.125% (HCB).
Methods: Data was collected from the electronic medical record. Primary outcomes are pain control and the incidence of hypotension
compared between the 2 diﬀerent concentration groups. Secondary outcomes are incidence of complications (nausea/vomiting, positional
headache, and sedation), time to ambulate, time to oral intake, and patient satisfaction scores.
Results: Out of 109 patients, 68 patients received LCB and 41 patients received HCB. No diﬀerence was observed in NRS pain
score or functional pain scores. However, the incidence of inadequate pain control in the LCB group is signiﬁcantly higher than the HCB
group (p < 0.05). The incidence of hypotension was not signiﬁcantly diﬀerent. There was no signiﬁcant diﬀerence in overall complication,
nausea and vomiting, positional headache, and sedation. Subgroup analysis of 38 hepatobiliary surgical patients showed no diﬀerence
in NRS pain score, functional pain scores, or incidence of hypotension. Though not statistically signiﬁcant, there was a trend towards
inadequate pain control in LCB group.
Discussion: There is superior pain control in the HCB group, and the diﬀerence in hypotension between the 2 groups is not as
drastic as previously believed. Therefore, HCB may be used as the starting concentration, making changes as needed. Additionally, if the
primary surgical team is on board, vasopressors may be used to temporarily manage postoperative hypotension.
Keywords: Thoracic; Epidural; Bupivacaine; Concentration; Hypotension

INTRODUCTION
Hypotension is a commonly seen phenomenon in the perioperative
period due to effects of general anesthesia and intravascular fluid
shifts associated with major abdominal surgery. Perioperative
systemic hypotension can lead to end organ hypoperfusion, with
effects that directly correlate with the severity of hypotension [1]. A
systematic review demonstrated that optimization of blood pressure
in perioperative period could reduce the incidence of postoperative
acute kidney injury [2]. Similarly, there is strong association detected
between severity of intraoperative hypotension and increased 30-day
mortality after non-cardiac surgery [3].
Thoracic epidural analgesia is considered gold standard for
perioperative pain control after major abdominal or thoracic
surgery due to its favorable effects on pulmonary outcomes, gastric
motility, early mobilization and reduced opioid consumption [4,5].
The postoperative beneficial effects of epidural analgesia were
further reinforced in a systematic review by Rodgers, et al. [6] which
demonstrated neuraxial analgesia resulted in reduced postoperative
mortality and morbidity [7]. Thoracic epidural analgesia is commonly
used as adjunct to general anesthesia during open hepatobiliary
procedures. Safety of thoracic epidural analgesia has been debated
in hepatobiliary surgery especially during hepatic resection due to
unpredictable coagulation profile and periods of hemodynamic
instability in the postoperative period, but no studies have
demonstrated a higher incidence of epidural hematoma in patients
undergoing these procedures. With the advent of field blocks and
fast track surgeries, it is unfortunate that the gold-standard thoracic
epidural analgesia is falling out of favor for managing postoperative
pain after hepatobiliary procedures. Part of this problem can also
be attributed to the lack of trained personnel to manage epidural
infusions after hours and high failure rate of epidural analgesia.
One of the challenges associated with thoracic epidural local
anesthetic infusion is accentuation of systemic hypotension due to
blockade of spinal sympathetic nerve fibers in the thoracic region.
In an effort to avoid the disastrous end organ effects of hypotension,
interruptions in epidural infusion during surgery and immediately
after are common, leading to unsatisfactory pain control at the cost of
optimizing the hemodynamics.
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At our institution, thoracic epidural analgesia is the most
practiced method of pain management after open hepatobiliary
surgery. Optimizing pain control in these patients while maintaining
stable hemodynamics during the first 24-48 hours in the postoperative
period requires a careful titration of epidural infusion by the acute
pain service and can be a challenging task. In an endeavor to analyze
which epidural concentration would provide satisfactory pain
relief while minimizing the incidence of hypotension during open
hepatobiliary cases, we performed this quality project comparing the
efficacy of thoracic epidural infusion containing Low Concentration
Bupivacaine (0.0625%) (LCB) with High Concentration Bupivacaine
(0.125%) (HCB).

MATERIALS AND METHODS
This study was initiated as an institutional quality improvement
project designed as a retrospective review and was therefore exempt
from IRB approval. IRB identification number of this study is
1517345-3. The study included all patients between ages 18 and 65
years who underwent major abdominal surgeries (Appendix 1)
between 12/16/2019 and 5/9/21, primarily utilizing lower thoracic
epidural catheter infusion (T8-T11) for postoperative analgesia.
We excluded patients with pregnancy, extremes of age, preexisting uncontrolled hypertension or severe hemodynamic
instability peri-operatively. We also excluded patients with upper
thoracic (any level above T5) or lumbar epidurals and those patients
with inadequate data due to insufficient documentation on Electronic
Medical Record (EMR) (Figure 1).
Data was collected from the EMR (Epic software from Epic
Systems Corporation) by the research team, after the patients were
transported to the wards or the ICU postoperatively.
At our institution, 2 different concentrations of bupivacaine
are utilized for epidural analgesia infusion- Low Concentration
Bupivacaine (LCB) of 0.0625% or High Concentration Bupivacaine
(HCB) of 0.125%. Bupivacaine is usually combined with an opioid,
either fentanyl (2 mcg/ml) or hydromorphone (10 mcg/ml). We
wanted to know if one concentration of epidural infusion results in
better pain control and higher patient satisfaction score, compared to
the other concentration without leading to significant hemodynamic
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Figure 1: Patient inclusion. Flow diagram illustrating patient inclusion and reason for exclusion.

instability. We hypothesized that the pain control would be similar
between the LCB and HCB groups but that HCB would result in
higher incidence of hemodynamic instability.

headache, and sedation), mean time to ambulate and the mean time
to clears were compared between the two different bupivacaine
concentration groups utilizing 2 sample t-test.

The primary outcomes of this study were pain control and the
incidence of hypotension compared between the two different
concentration groups. Secondary outcomes included the incidence
of complications associated with the thoracic epidural (nausea/
vomiting, positional headache, and sedation), time to ambulate,
time to oral intake, and patient satisfaction scores. In analyzing the
outcomes, the patients were matched with respect to their age, gender
and ASA status.

RESULTS

Out of 109 cases analyzed, 50 cases involved hepatobiliary
surgeries including partial and total hepatectomies, liver resection,
pancreatic biopsy, and Whipple procedure. Subgroup analysis was
done on these cases, comparing the incidences of inadequate pain
control and hypotension between the LCB and HCB groups.
Statistical analysis was performed by utilizing SAS version 9.4
and Pearson’s chi squared test or 2 sample t-test was utilized, except
when there were less than 5 individuals in a category being analyzed,
Fisher’s exact test was utilized. A p-value of <0.05 was considered to
be statistically significant for each statistical test performed.
The effectiveness of pain control of LCB and HCB groups were
assessed by comparing the NRS pain scores, functional pain scores,
and satisfaction scores, using Pearson’s chi squared tests (Appendix
2). The incidence of inadequate pain control and failed epidural (as
defined in Appendix 3) were compared between the two groups
utilizing two sample t-test.
The incidence of hypotension compared between the LCB and
HCB groups was done by utilizing 2 sample t-test. Additionally,
the incidence of other complications (nausea/vomiting, positional
SCIRES Literature - Volume 5 Issue 1 - www.scireslit.com
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Out of 109 patients, 68 patients received LCB (low concentration
bupivacaine 0.0625%) and 41 patients received HCB (high concentration
bupivacaine 0.125%) who fulfilled inclusion and exclusion criteria. The
baseline demographics of the two treatment groups are reported in
table 1. The patients were similar in terms of age, gender and ASA level.
We compared NRS pain score, functional pain score and satisfaction
score between the two groups. No difference was observed in NRS
pain score or functional pain score on POD1 and POD2 between the
two groups. However, the incidence of inadequate pain control in the

Table 1: Demographics of patients who received LCB (Low Concentration
Bupivacaine 0.0625%) and HCB (High Concentration Bupivacaine 0.125%)
who underwent major abdominal surgeries.
LCB (n = 68)

HCB (n = 41)

Age

p value
0.258

< = 65

50 (73.53)

34(82.93)

> 65

18(26.47)

7(17.07)

Female

27(39.71)

23(56.10)

Male

41(60.29)

18(43.90)

2

8(11.76)

8(20.00)

3

53(77.94)

30(75.00)

4

7(10.29)

2(5.00)

Gender

0.096

ASA

0.363
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Table 2: Comparison in pain score on Postoperative Day (POD) 1 and 2,
functional pain score on POD 1 and 2, inadequate pain control, sensory level,
patient satisfaction score, overall complication, hypotension, nausea/vomiting,
positional headache, sedation, failed epidural, time to ambulate and time to
clear liquid between the LCB group and the HCB group who underwent major
abdominal surgeries.
LCB (n = 68)

HCB (n = 41)

p value

Pain score POD 1
0

0.341
8(11.76)

7(17.07)

1-4

42(61.76)

18(43.90)

5-7

13(19.12)

11(26.83)

8-10

5(7.35)

5(12.20)
0.350*

12(17.91)

9(21.95)

1-4

41(61.19)

24(58.54)

5-7

13(19.40)

5(12.20)

8-10

1(1.49)

3(7.32)

LCB (n = 38)

HCB (n = 12)

Gender

0.411

Female

17(44.74)

7(58.33)

Male

21(55.26)

5(41.67)
0.106*

0

3(7.89)

2(16.67)

1-4

26(68.42)

4(33.33)

5-7

6(15.79)

5(41.67)

8-10

3(7.89)

1(8.33)

Pain score POD2

0.300*

0

4(10.81)

2(16.67)

1-4

26(70.27)

8(66.67)

5-7

7(18.92)

1(8.33)

4(9.76)

8-10

0(0.00)

1(8.33)

56(82.35)

34(82.93)

Functional pain
score POD1

3

5(7.35)

2(4.88)

4-5

2(2.94)

1(2.44)

Functional pain
score POD 1
0
1-2

0.930*
5(7.35)

Functional pain
score POD 2

1.000*

0

8(11.94)

4(9.76)

1-2

56(83.58)

35(85.37)

3

3(4.48)

2(4.88)

4-5

0(0.00)

0(0.00)

Inadequate pain
control

21(30.88)

2(4.88)

0.001^

0.302*

0

2(5.26)

1(8.33)

1-2

32(84.21)

9(75.00)

3

4(10.53)

2(16.67)
0.522*

0

3(8.11)

0(0.00)

1-2

33(89.19)

11(91.67)

3

1(2.70)

1(8.33)

4

0(0.00)

0(0.00)

Inadequate pain
control

13(34.21)

2(16.67)

Hypotension

11(28.95)

3(25.00)

0.304*
1.000*
*

0

2(3.57)

0(0.00)

1

8(14.29)

2(5.56)

2

46(82.14)

34(94.44)

Overall
complication

21(30.88)

15(36.59)

0.540

Hypotension

17(25.00)

12(29.27)

0.625

Nausea/Vomiting

5(7.35)

5(12.20)

0.498*

Positional
headache

0(0.00)

1(2.44)

0.376*

Sedation

2(2.94)

0(0.00)

0.526*

Failed epidural

4(5.88)

5(12.50)

0.287*

Time to ambulate

0.766
1.4(0.84)

1.5(1.08)

Time to clears
Mean (SD)

0.539*

Functional pain
score POD2

Patient
satisfaction
score

Mean (SD)

p value

Pain score POD1

Pain score POD 2
0

Table 3: Subgroup analysis.
Comparison in pain score on Postoperative Day (POD) 1 and 2, functional pain
score on POD 1 and 2, inadequate pain control, sensory level, hypotension
between the LCB group and the HCB group who underwent hepatobiliary
surgeries.

0.481
1.2(0.82)

1.3(0.80)
^
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= Fisher’s exact
test

LCB group is significantly higher than the HCB group. (p < 0.05) No
significant difference was observed in satisfaction score between the
two groups (Table 2).
We also compared the incidence of hypotension between the two
groups and there was no significant difference observed. There was
no significant difference in terms of overall complication, nausea and
vomiting, positional headache, and sedation between the two groups.
The difference in terms of time to ambulate and time to clears was not
observed between the two groups (Table 2).
We defined failed epidural as mentioned in Appendix 3 and
reported 4.5% of failed epidural rate in our institution which is
comparable to 12%-23% from other institutions. There was no
significant between-group difference according to incidence of failed
epidural (Table 2).
We performed subgroup analysis to compare the outcomes of any
hepatobiliary surgeries only and to minimize bias from the variation
of procedures. We also identified a total of 38 patients undergoing
hepatobiliary procedures managed with LCB with opiates and
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12 patients managed with HCB with opiates, who underwent
hepatobiliary surgery.
The comparison in terms of NRS pain score and functional pain
score is displayed in table 3. There was no difference in NRS pain
score or functional pain scores on POD1 and POD2 between the two
groups. No difference was observed in functional pain score on POD1
and POD2 between the two groups. Even though we did not detect a
statistically significant difference in terms of inadequate pain control,
there was a trend toward inadequate pain control in the LCB group
(34% of patients in LCB group was found to have inadequate pain
control, compared to 17% of patient in HCB group). There was no
significant difference in terms of incidence of hypotension the two
groups which is similar to our result from the main study (Table 3).
Overall we found that there was no difference in terms of
hemodynamic changes between the two groups (LCB vs. HCB) but
there was a higher incidence of inadequate pain control among
patients receiving LCB.

DISCUSSION
Thoracic Epidural Anesthesia (TEA) is often considered the gold
standard for pain control after major abdominal or thoracic surgeries;
however, overall utilization of TEA has decreased over the years with
the advent of field blocks and fast track surgeries. The benefits of
thoracic epidurals include reduced opioid consumption, early gastric
motility, early mobilization, and decreased postoperative pulmonary
complications [4,8]. However, they can be difficult to manage because
they require balancing pain control with systemic hypotension, often
encountered the first 24-48 hours after surgery due to intraoperative
blood loss and fluid shifts. Other barriers to delivery of effective
epidural analgesia include epidural failure, inadequate sensory
blockade, and availability of staff required to manage catheters while
in place.
The goal of this study was to determine which epidural
infusion concentration is associated with best pain control while
minimizing the hemodynamic changes. At our institution two
different concentrations of local anesthetic are used for our epidural
infusions, Low Concentration (LCB) defined as 0.0625% bupivacaine
with opioid, and High Concentration (HCB) defined as 0.125%
bupivacaine with opioid. We hypothesized that LCB would reduce
the incidence of hypotension as a result of less sympathectomy while
providing similar analgesic efficacy as HCB thus receiving all the
benefits of analgesia while encountering fewer side effects.
Various local anesthetics and concentrations may be administered
via epidural and the optimal concentration of bupivacaine to achieve
effective analgesia while minimizing adverse effects has been a topic
of heated discussion. Bupivacaine is a commonly used local anesthetic
in epidural infusions. High Concentration Bupivacaine (HCB) is
thought to produce faster onset and longer duration of block than
Low Concentration Bupivacaine (LCB) thereby providing more
effective analgesia [9,10]. However, hypotension is an unwanted
side effect often seen in patients with thoracic epidural infusion
caused by sympathetic nerve blockade by the local anesthetic leading
to vasodilation and hypotension. These hemodynamic effects are
exacerbated by hypovolemia [11]. In a study by Ginosar, et al. [12]
the authors found HCB may lead to higher degree of sympathectomymediated vasodilation. For this reason, many anesthesiologists prefer
to start with LCB particularly in patients that are considered high
risk for hypotension, for example elderly patients, patients with preSCIRES Literature - Volume 5 Issue 1 - www.scireslit.com
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existing cardiac disease, or those undergoing procedures associated
with large intravascular volume shifts or large blood volume
loss. Contrary to our hypothesis we found there was no difference
in the incidence of hypotension between the two groups whereas
the LCB group showed higher incidence of inadequate pain control.
The incidence of inadequate pain control that necessitated a change
in epidural infusion rate or concentration was significantly higher in
the LCB group (p = 0.001). Our overall percentage of failed epidurals
was 8.3%. Based on available data the overall failure rate of thoracic
epidurals has been reported as high as 30% at some institutions with
the low end reported around 5% [13].
Thoracic epidurals can provide excellent analgesia, spanning
many abdominal dermatomes for a large variety of procedures. It
is particularly useful for large laparotomies, chevron incisions, or
midline incisions with flank extensions (L-shaped). Appropriate
placement of a mid-thoracic epidural will provide analgesia for
several thoracic segments above and below the level placed but also
has several physiologic implications, both positive and negative.
One of the most commonly encountered side effects is hypotension
caused by differentiation of cardiac and thoracic sympathetic outflow.
Systemic vasomotor tone is primarily controlled by sympathetic
fibers arising from T5-L1 nerve roots. Dampening of these signals
leads to arterial and venous dilatation along with decreased
endogenous catecholamine release also controlled by the sympathetic
nervous system. Cardiac accelerator fibers found from T1-T4 may
be affected with high blockade, preventing an appropriate increase
in heart rate with decreased contractility ultimately leading to
worsening hypotension [14]. The effects of deafferentation of cardiac
sympathetic outflow is still currently being studied but has been
clearly implicated in decreased heart rate, central venous pressure,
and cardiac output [15] as well as increased coronary blood flow due
to dampened coronary vasoconstriction controlled by sympathetic
signals [16]. These effects may be protective in ways but also have
unwanted consequences as perfusion is decreased with instances of
hypotension at surgical sites. Other organ systems are also affected by
thoracic epidural infusions including pulmonary, genitourinary and
gastrointestinal. Abdominal and intercostal muscle contribution to
inspiration is somewhat reduced given the distribution of blockade
from the epidural, though the diaphragm is spared due to its
innervation arising from the cervical spine. As a result, FEV1 and
VC are mildly reduced in patients with thoracic epidural. However,
patients without thoracic epidural, in significant post operative pain
and unable to take adequately deep breaths, have been shown to have
significantly more reduction in FEV and VC, and typically have more
incidence of atelectasis [17] than those with thoracic epidural in place.
This study included procedures from all surgical disciplines. A
large subset of the data collected included hepatobiliary cases. A
subgroup analysis was performed for the hepatobiliary surgeries
for all parameters listed previously in order to create a homogenous
data set for further evaluation. There was not a significant difference
in inadequate pain control, functional pain score, or hypotension
between LCB and HCB in the hepatobiliary group. Although there
was no statistically significant difference between the groups, there
was a much greater incidence of reporting inadequate pain control
in the LCB group.
This was a retrospective observational study which had some
limitations. The regional anesthesiologist on service chose the

International Journal of Pain & Relief

ISSN: 2640-5539

composition of the epidural infusion for the epidurals placed and
supervised that day. As a consequence of this, the sicker patients,
particularly those undergoing extensive hepatobiliary surgery would
be started on LCB first and then switched to higher concentration
if pain was uncontrolled and hemodynamic stability was present.
This resulted in significantly more patients with LCB solution (n
= 68) compared to those with HCB solution (n = 41). The study
had large variability in types of surgery from all disciplines, and
for this reason a subgroup was analyzed for more uniformity. The
method to establish baseline blood pressure was not standardized.
For patients who were seen at the Preadmission Testing clinic
(PAT), the baseline blood pressure was established at that time.
However, for patients who were not seen at PAT clinic, baseline
blood pressure was determined on the day of surgery which may
have been an overestimation due to preoperative anxiety. Although
patients with significant hemodynamic instability were not included
in the study, our study did not factor the Estimated Blood Loss
(EBL) during surgery. Significant EBL is an independent risk factor
for postoperative hypotension. Without consideration of EBL, it is
difficult to determine whether postoperative hypotension was solely
due to bupivacaine concentration or confounded by blood loss. This
may have affected the analysis of data points, such as time to ambulate
or time to clears that were collected later in the post-operative period.
There are no concrete guidelines in place for management of
epidural infusion concentration or rates. It is up to the discretion
of the physician on service to determine what concentration is most
appropriate for each patient. A decision should be made that considers
patient frailty and how extensive the procedure will be in order to
maximize analgesia while minimizing chances of hypotension. From
our study, we have noted that there is superior pain control in the
HCB group, and that the difference in hypotension between the
two groups is not as drastic as previously believed. With this data in
mind, we could attempt using HCB as the starting concentration and
making changes as needed on a case-by-case basis. Additionally, use
of vasopressors to temporarily manage post-surgical hypotension
can be utilized if the primary surgical team is on board. Randomized
controlled trials are necessary to further investigate the relationship
between the bupivacaine concentration and the hemodynamic
response.
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