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Abstract

Background: Epidural analgesia has been the reference standard for the provision of post-operative pain
relief in patients recovering from major upper abdominal operations, including liver resections. However,
a failure rate of 20-32% has been reported.

Aim: The aim of the study was to analyse the success rates of epidural analgesia and the outcome in
patients who underwent liver surgery.

Methods: We collected data from a prospectively maintained database of 70 patients who underwent
open liver surgery by a bilateral subcostal incision during a period of 20 months (February 2009 to Sep-
tember 2010). Anaesthetic consultants with expertise in anaesthesia for liver surgery performed the
epidural catheter placement. A dedicated pain team assessed the post-operative pain scores on moving
or coughing using the Verbal Descriptor Scale. The outcome was measured in terms of epidural success
rates, pain scores, post-operative chest infection and length of hospital stay.

Results: The study group included 43 males and 27 females. The indication for resection was liver sec-
ondaries (70%), primary tumours (19%) and benign disease (11%). While major (>3 segments) and minor
resections (< 2 segments) were performed in 44% and 47% respectively, 9% of patients were inoperable.
Epidural analgesia was successful in 64 patients (91%]). Bacterial colonisation of epidural tip was noticed
in two patients. However, no neurological complications were encountered. Five patients (7%) had radio-
logically confirmed chest infection. Four patients (6%) developed wound infection. One patient died due
to liver failure following extended right hepatectomy and cholecystectomy for gall bladder cancer. The
median length of stay was 6 days (3-27 days). The extent of liver resection (p = 0.026] and post-operative
chest infection (p = 0.012) had a significant influence on the length of stay.

Conclusion: Our experience shows that epidural analgesia is safe and effective in providing adequate
pain relief following open liver surgery.
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the occurrence of prolonged post-operative mechani-
cal ventilation, myocardial infarction, gastric complica-
tions and renal complications have all been demonstrated
to be considerably reduced by the use of epidural anal-
gesia.? There are several physiological effects that pro-
vide a rationale for expecting improved outcome with
this technique.? It is considered to provide adequate
analgesia to support mobilisation and significant reduc-
tion in pulmonary and cardiovascular morbidity in the
early post-operative period.* Epidural analgesia is
therefore widely considered as the reference standard
for pain management in major abdominal surgery. It
has gained importance particularly after the implemen-
tation of enhanced recovery programmes. However,
several studies have demonstrated that a considerable
proportion (20-32%) of epidural catheters either fail or
perform suboptimally in the immediate post-operative
period resulting in inadequate pain management.>:6

Liver resection is being increasingly performed for
a wide variety of benign and malignant liver lesions. It
has become the treatment of choice for colorectal
liver metastases and is associated with an overall
5-year survival rate of 35-58%.7-21 While laparoscopic
liver resections are being increasingly performed,
open resection still remains the optimal method for
large tumours and those located in the posterior seg-
ments within the liver. Pain can impair pulmonary
function, especially with large incisions close to the
diaphragm. The reduction in functional residual
capacity results in atelectasis and subsequent chest
infections. Studies have demonstrated improved func-
tional residual capacity, vital capacity and forced
expiratory volume or peak expiratory flow in patients
after the effective administration of epidural infusion
analgesia.?223

Hepatectomy is often performed with low central
venous pressure (CVP) to reduce the blood loss from
hepatic venous injury during parenchymal transec-
tion.?* Intraoperative neuraxial blockade during liver
surgery can be useful for the maintenance of low CVP
during hepatic transaction and has been shown to
reduce the blood loss and transfusion requirements.25
However, the epidural analgesia associated post-
operative hypotension may lead to administration of
excessive intravenous fluid.?®

The bilateral subcostal approach, extended to the
right as far as the midaxillary line, to the left as far as
the lateral border of the rectus muscle and in the mid-
line superiorly to the xiphoid process, is the classical
approach for major hepatectomies and for liver trans-
plants.?” The central area of the incision represents the
weakest point of the abdominal wall and predisposes to
post-operative wound dehiscence and incisional her-
nia.?%2% The post-operative analgesia is considered to
become progressively less effective with incisions

reaching a higher level on the abdominal wall.
Modifications of this incision include the ] incision
(without left subcostal component) and bilateral sub-
costal incision (without the midline component) with
the main advantage of reduced pain?8:30-32 and subse-
quent respiratory complications.

While potential complications of epidural analgesia
such as epidural haematoma or abscess formation and
their associated neurological sequelae can be debilitat-
ing, they are fortunately extremely rare.>> As post-
operative coagulopathy can be commonly seen
following liver resection, the advantages have to be
carefully balanced against the risks of epidural cathe-
ter placement and removal.?4%35 The aim of our study
was to analyse the success rates and complications of
epidural analgesia in liver resections performed with a
standardised bilateral subcostal incision without a
midline component. We also aimed at identifying any
correlation between epidural failure, duration of
stay and complications (chest infection and wound
infection).

Methods

Data were collected from a prospectively maintained
database for 70 consecutive patients who underwent
open liver surgery during the period between February
2009 and September 2010. All the patients in our
study had successful insertion of epidural catheter.
Data included patient characteristics, indication,
extent of liver resection, epidural data, post-operative
pain scores, complications and overall length of hospi-
tal stay. All patients in the study underwent a bilateral
subcostal incision, extended to the right as far as the
midaxillary line, to the left as far as the lateral end of
the rectus muscle. None of the patients had a midline
extension. Resection was defined as major or minor,
with minor resections comprising one or two segments,
and major resections comprising three or more seg-
ments. All patients who had a major resection were
managed in a high dependency unit for the first 24
hours following the operation. Patients were classified
into three categories based on the indication for liver
resection — benign disease, primary malignancy and
secondary malignancy.

Epidural catheter insertion and
management

Anaesthetic consultants with expertise in anaesthesia
for liver surgery performed the epidural catheter place-
ment. A mid-thoracic epidural was inserted aimed at
placement into the T7-8 interspace in awake patients.
Bupivacaine (0.1%) with fentanyl (2 pg/mL) infusions
was utilised. All patients had a patient-controlled
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Table 1. Patient characteristics and complications in the various categories of liver resection.

Variable Major resection Minor resection Inoperable
(>3 segments) (<3 segments)
Number (%) 31 (44%) 33 (47%) 6 (9%)
Age (years) Median 67 69 59
Minimum-Maximum 51-81 32-84 46-77
Gender Male 19 22 2
Female 12 " 4
Indication Benign 3 4 1
Malignant 28 29 5
Epidural Success 29 29 6
Failure 2 4 0
Chest infection 3 2 0
Wound infection 3 1 0
Length of stay Median 7 6 5.5
Minimum-Maximum 5-27 4-20 3-9

epidural analgesia (PCEA) infusion and were able to
administer themselves an extra 3-mL bolus (maximum
2 per hour). Additionally, they were prescribed a con-
tinuous infusion rate of 3—12 mI/hour. Determination
of rate was dependent upon the clinical decision of the
acute pain service. Pain scores were assessed and docu-
mented by a clinical nurse specialist at specified time
intervals. If patient reported severe pain, the rescue
protocol dictated that initially a 5-mL clinician bolus
would be administered via the epidural pump (bupiv-
acaine 0.1% + fentanyl 2 mcg/mL). This would be per-
formed by the clinical nurse specialist after a full
clinical assessment.

All patients received paracetamol (1 g 6 hourly) as
the standard adjuvant analgesia. However, dose reduc-
tion or omission was performed based on the extent of
liver resection and hepatic impairment.3® A dedicated
pain team assessed the post-operative pain scores on
moving and/or coughing using the verbal descriptor
scale (0 — no pain, 1 — mild pain, 2 — moderate pain, 3
— severe pain). Epidural failure was defined as the
abandonment of the epidural analgesia and use of
an alternative analgesic regimen in the form of
intravenous PCA with opioids. Epidural catheter was
usually removed on the third or fourth post-operative
day following a day of discontinuation of epidural
administration and checking of the clotting parameters
on the day of removal. Despite a normal preoperative
profile, coagulation disorders may occur after liver
resection because of transient hepatic insufficiency
which can predispose to epidural haematoma on
removal.3%37 An activated partial thromboplastin time
(aPTT) ratio less than 1.4 and a platelet count greater
than 100 were considered as safe prior to the removal
of epidural catheter. If the epidural site displayed any
signs of infection, the epidural catheter was removed,

and the tip of the catheter was sent to the microbiology
department to check for any bacterial growth.

The complications of liver failure, chest infection and
wound infection were recorded. Chest infection was
defined as the presence of clinical symptoms along with
consolidation on chest X-ray. Wound infection was
defined as the presence of clinical signs along with confir-
mation on a microbiology swab. The outcome was meas-
ured in terms of epidural success rates, rates of chest and
wound infection and length of hospital stay. All data were
collected on an Excel spreadsheet and transferred to
SPSS for analysis. SPSS version 20 was used for
analysis. Independent samples Mann—Whitney U-test
and Kruskal-Wallis test were used as appropriate.

Results

The study group included 43 males and 27 females.
The mean age was 66 years (32-84 years, median = 67
years, standard deviation (SD) = 9.2 years). The indica-
tion for resection was liver metastases (69%, n = 48),
primary tumours (20%, n = 14) and benign disease
(11%, n = 8). Among the metastatic tumours of liver
that were resected, 90% (n = 44) were colorectal in ori-
gin and the remaining were metastases from carcinoid
(n = 2), breast cancer (n = 1), anal squamous cell car-
cinoma (n = 1) and gall bladder cancer (n = 1). The
primary tumours of the liver included hepatocellular
carcinoma (HCC; n = 7), cholangiocarcinoma (n = 3)
and gall bladder cancer (n = 4). While major and minor
resections were performed in 44% (n = 31) and 47%
(n = 33), respectively, 9% (n = 6) of patients were inop-
erable. Patient characteristics and complications in the
patients belonging to above three categories are com-
piled inTable 1.The various types of liver resection pro-
cedures carried out either alone or in combination are
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Table 2. Types of liver resection performed in our series of
patients either alone or in combination. 45 - » BNo Pain
40 4 @ Mild Pain
Type of resection Number 35 BModerate Pain
351 3131 mSevere Pain
Cyst excision 1 30 1
Cyst enucleation 1 25 1
Metastasectomy 11 20 1
Monosegmentectomy 10 15 1
Caudate lobectomy 5 10 1
Bisegmentectomy 8 5
Left lateral sectionectomy 6 0 oD 1stPOD 2nd POD ard POD
Polysegmentectomy 1
Central hepatectomy 3
Left hepatectomy 9 Figure 1. Clustered bar chart illustrating the frequency
Right hepatectomy 16 (number of patients) of pain scores in each of the post-
Extended right hepatectomy 4 operative days.

enumerated in Table 2. Three patients underwent sec-
ond liver resection.

Epidural analgesia was successful in 64 patients
(91%). Failure of epidural analgesia (n = 6) was noted
only in male patients, and the association was statisti-
cally significant (p = 0.042, chi-square) in comparison
to females. One patient did not have adequate analge-
sia upon waking in recovery despite clinician boluses
and so was deemed a failure. A morphine PCA was
subsequently prescribed as an alternative. Failure of
analgesia was due to unilateral block in two patients.
There were three other patients who also had a unilat-
eral block initially; however, their pain scores reduced
to mild pain (pain score = 1) with adjustments of the
epidural catheter (aseptic withdrawal by 1 cm) and cli-
nician boluses performed by the pain management
clinical nurse specialists. These were therefore not
deemed as failures. One patient developed an inade-
quate epidural block on second post-operative day, and
despite clinician boluses performed by the pain man-
agement clinical nurse specialists, an effective block
could not be re-established. The remaining two patients
had epidural catheters which became disconnected
from the bacterial filter. Due to the risk of infection,
these catheters were subsequently removed. All patients
with failed epidural were set up on a PCA with mor-
phine. Post-operative pain scores were assessed for
each patient for each day while on epidural. In all, 22
patients did not experience any pain (worst pain score
= 0) while on epidural infusion. The worst pain score
was 1 (mild pain) in 33 patients, 2 (moderate pain) in
7 patients and 3 (severe pain) in 7 patients. The pain
scores could not be assessed for one patient due to stay
in the intensive treatment unit (ITU), but the epidural
catheter was considered to function optimally. Among
the seven patients with worst pain score of 3, six did
not respond to simple analgesia and needed alternative
analgesia in the form of PCA with morphine, and

OD: operative day; POD: post-operative day.

hence considered as failure of epidural analgesia. The
frequency of the pain scores up to the third post-operative
day in patients who had a successful epidural analgesia
is illustrated in Figure 1. None of the patients devel-
oped epidural haematoma or abscess. Bacterial coloni-
sation of epidural tip was noticed in one patient.
However, no neurological complications were encoun-
tered. The median post-operative time to epidural
catheter removal was 3 days (minimum = 2, maximum
=5, mean = 3.4, SD = 0.98).

Five patients (7%) had radiologically confirmed
chest infection. Four patients (6%) developed wound
infection. One patient died due to liver failure follow-
ing extended right hepatectomy for gall bladder cancer
(1.4%).The median length of stay was 6 days (range =
3-27 days, SD = 4.6 days). There was no significant
difference in the length of stay based on age, gender,
indication for liver resection and the success of epi-
dural analgesia. The extent of liver resection had a sig-
nificant influence on the length of stay (p = 0.026,
Kruskal-Wallis test; Figure 2), with patients undergo-
ing major resections staying longer. Patients who devel-
oped post-operative chest infection also had
significantly increased length of stay (p = 0.012,
Mann—-Whitney U-test; Figure 3).

Discussion

The majority of hepatic resections are still performed
by open surgery with the help of large upper abdomi-
nal incisions. In this study, all the operations were per-
formed or supervised by a single consultant with a
standardised bilateral subcostal incision, as described
in the methods section. Even though a mid-thoracic
epidural is considered to provide a sensory block bilat-
erally across the upper abdomen, pain control and res-
piratory complications are considered to get worse as
the level of incision is higher in the midline.32 The 50%
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Figure 2. The length of stay was significantly higher in patients who had major liver resection (p = 0.026).
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Figure 3. The length of stay was significantly higher in patients who had a post-operative chest infection (p = 0.012).

diminished diaphragmatic function after major abdom- activity of the abdominal wall, which mainly affects the
inal surgery triggers more post-operative muscular flat, transverse muscle.3839 The deep fascial fibres cross
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the anterior abdominal wall in a transverse direction,
like the Langer lines of cleavage, which run superfi-
cially. In the process of making a midline incision, both
are divided, and the resulting higher distractive forces
lead to greater impairment of the abdominal wall,
which is responsible for a delayed post-operative pul-
monary recovery. The same mechanism triggers an
increase in perceived pain.3?2 Hence, this study ana-
lysed the effectiveness of epidural analgesia using a
standardised incision.

In our study, epidural analgesia for post-operative
pain relief was effective in 91% of the patients who had
a successful insertion of epidural catheter. Suboptimal
functioning of successfully inserted epidural catheters
in a significant proportion of patients has been reported
in the literature.>4° In a recent study, Revie et al.#! had
shown a 20% failure rate for epidural analgesia in liver
surgery. Our study shows that if the epidural catheter
placement is done by anaesthetists who perform the
procedure on a regular basis and managed by a dedi-
cated pain team, higher success rates can be achieved.
While other forms of post-operative analgesia such as
local wound infiltration along with PCA#! and intrath-
ecal morphine*? have been suggested as alternative
forms of analgesia with some advantages, epidural
analgesia is still considered to be the reference stand-
ard for post-operative analgesia following upper
abdominal surgery. This is mainly due to the fact that
an optimally functioning epidural is considered to pro-
vide the best form of analgesia in the immediate post-
operative period. While epidural analgesia is widely
recommended as part of the enhanced recovery pro-
grammes, other forms of analgesia using opioids could
be counterproductive. Even though, in our study,
males were more likely to have a failure of epidural
analgesia than females, this will need to be tested in
studies of larger sample size. A similar finding has not
been reported in the past.

While epidural-associated hypotension is com-
monly seen, this can be of advantage intra-operatively
to maintain a low CVP and thereby reducing the
blood loss from hepatic venous injury during paren-
chymal transection.?* However, anaesthetists did not
routinely use the epidural to keep the CVP low in this
series. Administration of excessive volumes of intra-
venous fluid due to the epidural-associated hypoten-
sion is well known.43 As the liver surgery is performed
in specialised centres and with patients undergoing
major liver resections being observed in a high
dependency environment in the immediate post-
operative period with specialised nursing staff, this
problem should largely be overcome. Even though the
rate of chest infection was low in our study (7%), it
was still a significant factor in influencing the length
of stay. As epidural analgesia reduces the systemic

opioid requirements, it is associated with better post-
operative bowel function, pulmonary function and
earlier ambulation. 4%

While complications such as epidural haematoma
and abscess formation along with their neurological
sequelae need to be considered in the context of liver
surgery, these remain extremely rare. Even though we
had two patients with bacterial colonisation of the epi-
dural tip, there was no evidence of epidural infection,
and no neurological complications were encountered.
The reduction in these serious complications is likely to
be the improved expertise in the management of epi-
dural catheters by dedicated pain team. The median
length of stay in our study was 6 days, which was very
similar to a recent study.*! However, the time required
in fulfilling criteria for discharge rather than actual dis-
charge was calculated in that study. While they had
reported a shorter discharge time for wound infiltration
along with PCA group, the quality of analgesia was
reported to be superior with epidural catheter. Our
observation that the length of stay was higher in patients
undergoing major liver resection was on expected lines.

The strengths of this study are the standardisation
of the incision and technique of liver surgery, and pro-
spective data collection. The limitations are the small
sample size and single-centre experience.

Conclusion

Our experience shows that epidural analgesia is suc-
cessful in providing adequate pain relief following
open liver surgery. We have shown a success rate of
91% with epidural analgesia in patients operated with
a standardised bilateral subcostal incision without a
midline component. This is much lower than has pre-
viously been reported within the literature and may be
the result of having a small team of consultant anaes-
thetists who specialise in liver anaesthesia and from
having an acute pain service who manage the epidural
catheters more effectively. While the issue of neuro-
logical complications merits consideration, they are
extremely rare and not reported in the recent studies.
When the epidural catheter insertion is performed
routinely by competent anaesthetists and managed on
the ward by a dedicated pain team, it does seem to be
effective.
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