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Abstract

Context: The optimal analgesic method for patients undergoing major open hepato-pancreatic-biliary surgery remains controver-
sial. Continuous epidural infusion at the thoracic level remains the standard choice, however concerns have been raised due to
associated complications. Single shot intrathecal morphine has emerged as a promising alternative offering similar analgesia with
an enhanced safety profile.
Evidence Acquisition: This review aimed to evaluate the literature comparing intrathecal morphine analgesia to other analgesic
modalities following major open hepato-pancreatic-biliary surgery. The primary outcome was pain scores at rest and on movement
24 h after surgery. Secondary outcomes were postoperative opioid consumption within 72 postoperative hours, length of stay (LOS),
intra-operative fluid administration and post-operative fluid administration within 72 postoperative hours, and overall systemic
complication rate within 30 postoperative days.
Results: Eleven trials matching the inclusion criteria were analysed. Intrathecal morphine resulted in equivalent or lower pain
scores when contrasted to alternative techniques, but required higher amounts of postoperative opioid. Intrathecal morphine also
offered reduced LOS and reduced fluid administration requirements to epidural analgesia, and there was no difference observed in
major complication rate between analgesic modalities.
Conclusions: In summary the evidence suggests that intrathecal morphine may be a better first-line analgesic modality than epidu-
ral analgesia in the context of major open hepato-pancreatic-biliary surgery, but high-quality evidence supporting this is limited.
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1. Context

Major open hepato-pancreatic-biliary (HPB) surgeries
have become performed with increasing frequency due to
a rising incidence of major HPB diseases, notably hepa-
tocellular carcinoma and pancreatic cancer (1, 2). Over-
all mortality of major HPB surgeries stands at less than
six percent, however complication rates (and thus morbid-
ity) has remained high at over 25% (3). Accordingly, en-
hanced recovery after surgery (ERAS) programs have be-
come widespread in the last decade due to their demon-
strated success in reducing mortality, morbidity and hos-
pital length of stay (LOS) (4). A critical element of ERAS
programs is perioperative and postoperative analgesia.
Not only does effectively administered analgesia enable
greater patient satisfaction by minimising acute postop-
erative pain, but through alleviating the acute physiolog-
ical stress response to surgery it facilitates enhanced re-
covery outcomes including early mobilisation and return
to normal activity, reduced length of hospital stay, and re-

duced cardiac, respiratory and gastrointestinal postopera-
tive complications leading to improved long-term patient
survival rates (5).

The optimal analgesic regime for surgical procedures
is a critical clinical question that remains under ceaseless
debate as the field of anaesthesia evolves. A multimodal ap-
proach combining regional anaesthesia, centrally-acting
analgesics such as paracetamol, and drugs with a pe-
ripheral nonsteroidal anti-inflammatory effect is recom-
mended to minimise the opioid-related side effects while
maintaining an effective level of pain control (6). Epidural
analgesia has been considered the cornerstone analgesic
modality for major surgeries due to its ability to provide
superior postoperative pain control (as measured by visual
analogue pain scores at rest and on movement) compared
to intravenous opioid administration (7). This is regardless
of the type of surgery, type and time of pain assessment,
analgesic agent, and epidural regimen (8, 9). It has been
recognised that excellent postoperative pain control alle-
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viates the strain on intensive care unit resources, and an in-
creasing trend in regional anaesthesia use has contributed
to the ascent in the use of epidural analgesia in major surg-
eries (10).

In addition to improved analgesia, epidural analgesia
is perceived to confer a whole host of additional benefits
culminating in reduced postoperative morbidity. These
include reduced incidence of cardiovascular, thromboem-
bolic, and pulmonary complications, reduced incidence
of postoperative ileus, and reduced requirement for ad-
ditional opioid analgesia (11). The proposed mechanism
by which epidural analgesia achieves these therapeutic
outcomes is by mitigating the surgical stress and au-
tonomic reflex responses following major surgeries (12).
More specifically, it is postulated that epidural analgesia
alleviates the catecholamine surge leading to increased
cardiovascular workload and myocardial oxygen require-
ments, in addition to the hypercoaguable state following
major surgery (13, 14). Furthermore physiological distur-
bances impairing pulmonary function are minimised, and
gastrointestinal motility is preserved by infusion of local
anaesthetics into the thoracic epidural space as sympa-
thetic stimulation is blocked at the same time as parasym-
pathetic innervation is maintained (15, 16).

Accordingly a meta-analysis of randomised studies
conducted by Rodgers and colleagues in 2000 involved 141
trials and a total of 9559 patients, and found that neurax-
ial blockade reduced the likelihood of respiratory depres-
sion by 59%, pulmonary embolism by 55%, deep vein throm-
bosis by 44%, pneumonia by 39%, and myocardial infarc-
tion by 33% (all P < 0.001) (8). However this study exam-
ined primarily single-dose epidural protocols in major or-
thopaedic surgeries. In contrast, the standard protocol for
epidural analgesia in major HPB surgery is continuous in-
fusion of local anaesthetic at the thoracic level. The stress
response mitigation associated with epidural analgesia is
more marked in lower body procedures than in major ab-
dominal and thoracic procedures (17).

A large international and multicenter landmark ran-
domised controlled trial (RCT) found that combined in-
traoperative epidural and general anaesthesia in addition
to postoperative epidural analgesia did not significantly
reduce the incidence of most complications in high-risk
patients undergoing major abdominal surgery (7). The
RCT found no significant statistical difference in the in-
cidence of major cardiovascular complications or post-
operative mortality, but determined that respiratory fail-
ure was significantly reduced by epidural analgesia (P =
0.02). Correspondingly, a 2004 review of epidural analge-
sia in gastrointestinal surgery by Fotiadis et al. concurred
that epidural analgesia does not reduce the incidence of
thromboembolism or cardiac morbidity in gastrointesti-

nal surgery, but is associated with fewer respiratory com-
plications, reduced duration of postoperative ileus and de-
creased hospital costs (16). Given the variability between
studies in epidural regimens used, surgical operations ex-
amined, and conditions under which research was con-
ducted, it is difficult to draw a definite conclusion on what
post-operative morbidity benefits epidural analgesia con-
fers.

Despite its popularity, epidural analgesia is not with-
out its critics. In addition to doubts regarding its ben-
efit on post-surgical morbidity and mortality, there exist
concerns on complication risk especially since epidural is
an invasive, high-cost, labour-intensive technique. Inci-
dence of hypotension and bradycardia has been demon-
strated to be increased following epidural anaesthesia (18).
It has been suggested that continuous infusion of epidu-
ral analgesia may compromise pancreatic-enteric anas-
tomotic healing and raise the risk of anastomotic leak
(19). Furthermore epidural anaesthesia presents with an
increased risk of epidural hematoma formation - a rare
but fatal complication - secondary to coagulation changes
after HPB surgery (20). This risk is present even in pa-
tients with normal preoperative coagulation undergoing
uncomplicated hepatectomy (21). It is critical to remove
the epidural catheter in a timely manner to minimize post-
operative coagulation disturbances (22). Hence despite its
proven analgesic efficacy, epidural analgesia may not have
the optimal safety profile for patients undergoing major
HPB surgery.

Multiple studies have highlighted high rates of epidu-
ral failure and epidural-related complications in pancre-
aticoduodenectomy patients - an important subclass of
patients undergoing major HPB surgery. A retrospective
observational study conducted at a high-volume surgical
centre in Melbourne, Australia examined epidural failure
rates and complications in 150 patients undergoing pan-
creaticoduodenectomy between 2004 - 2012, and deter-
mined a high epidural failure rate (conversion to opioid
analgesia, or epidural related complication) of 63% (23).
Given the technically challenging nature of major open
HPB surgeries such as pancreaticoduodenectomy and the
poor health profile of patients undergoing this type of
surgery - generally being of elderly age and afflicted with
multiple comorbidities - such a prominent adverse effect
profile for epidural analgesia is unacceptable.

Given the concerns raised with epidural analgesia in
the context of major open HPB surgery, intrathecal or
spinal anaesthesia has emerged as a promising best prac-
tice yielding better patient outcomes. Intrathecal anaes-
thesia is a simpler and quicker alternative neuraxial anaes-
thesia technique, with a lower rate of technical failure (6).
A meta-analysis by Meylan et al. assessing 645 patients over
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twenty-seven studies found that intrathecal morphine re-
duces pain at rest and on movement on the first postoper-
ative day after major abdominal surgery with low compli-
cation risk (24).

Additionally, intra-operative and post-operative opioid
requirements were found to be significantly reduced up to
48 hours after surgery. The primary concern with intrathe-
cal morphine is the increased risk of postoperative respira-
tory depression (25). Consequently patients who have been
managed with intrathecal opioid analgesia require close
monitoring in an post-anaesthetic care unit (PACU) or in-
tensive care unit (ICU) post-operation, and naloxone is ad-
ministered to reverse opioid-induced respiratory depres-
sion. Accordingly a growing number of hospitals world-
wide have adopted intrathecal morphine as a first choice
perioperative analgesia for major open hepato-pancreatic-
biliary surgery (26). Nonetheless the debate continues
as to the optimal analgesic modality for major hepato-
pancreatic-biliary surgery.

This review aims to systematically evaluate the lit-
erature comparing intrathecal morphine analgesia to
other analgesic modalities following major open hepato-
pancreatic-biliary surgery and assess the effects on analge-
sia and postoperative complications. These are chief out-
comes in evaluating the success of an analgesic modality.

2. Evidence Acquisition

This review was structured with reference to the
PRISMA guidelines (27). Relevant articles published over a
18-year period between January 2000 and March 2018 were
found via searching the electronic databases EmBase, Med-
line and Cochrane Database of Systematic Reviews. Stud-
ies published before this period were not included as we
deemed these studies to be out-of-date with contemporary
practices. The following search terms were used: “liver re-
section” or “hepatic resection” or “hepatectomy” or “pan-
creas surgery” or “biliary tract surgery” and “analgesia” or
“analgesic” or “intrathecal” or “spinal” or “epidural” or “o-
pioid” or “opiate” and “postoperative pain”. Additional rel-
evant studies were discovered through bibliographies of
retrieved articles. The specific search strategy is outlined
in Supplementary File Appendix 1.

The two authors independently conducted the litera-
ture search and included all relevant articles. EndNote X7
was used to aid in the selection process. The authors inde-
pendently reviewed the title and abstracts to determine el-
igibility of the paper for further assessment through full-
text reading with reference to the predetermined inclu-
sion criteria. The following data were extracted directly
from the papers: publication year, country, time period
in which subjects underwent the intervention, number

of subjects, procedure, analgesic protocol, patient demo-
graphic details, complication rates, inpatient mortality
rates, length of stay (LOS), and pain scores on movement
and at rest at 24-hour postoperation.

2.1. Protocol Registration

This review was registered on the PROSPERO in-
ternational prospective register of systematic reviews
on 28 February 2018 under the registration number
CRD42018089726.

2.2. Quality Assessment

The Downs and Black method was used to assess the
methodological quality of each included paper (28). This
quality assessment tool is designed for assessing both ran-
domised and non-randomised studies. Question 27 was al-
tered to “Was a power analysis done?” with a score of 1 as-
signed to “yes” and a score of 0 assigned to “no”. One re-
viewer assessed study quality using a data-extraction form.
Studies were given a modified Downs and Black score out
of maximum attainable value of 27.

2.3. Inclusion and Exclusion Criteria

Clinical trials assessing spinal analgesia in open major
open hepato-biliary-pancreatic surgery were included. Pa-
pers examining analgesia in laparoscopic surgery were ex-
cluded. Papers not written in English and previously re-
ported systematic reviews were excluded. Papers compar-
ing alternative arrangements of a single analgesic tech-
nique were excluded. Conference abstracts were excluded.

2.4. Outcome

The primary outcome was pain scores at 24 hours at
rest and on movement. Secondary outcomes were post-
operative opioid consumption within 72 postoperative
hours, length of stay (LOS), intra-operative fluid adminis-
tration and post-operative fluid administration within 72
postoperative hours, and complication rate within 30 post-
operative days. All medical and surgical complications
were included.

2.5. Analysis

A qualitative descriptive analysis was performed to
compare outcomes among the selected trials and discover
statistically significant differences. A statistically signifi-
cant difference was defined as having a P value of ≤ 0.05.
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3. Results

The search returned 815 studies after the removal of du-
plicates. Titles and abstracts were screened for relevance,
and 28 full-text articles that met the inclusion criteria were
retrieved. Eighteen of these studies were excluded after
full manuscript review: sixteen studies were excluded be-
cause they discussed laparoscopic surgery, one study was
excluded because both study arms involved intrathecal
opioid administration, one study was excluded because it
was a conference abstract. The study selection process is
outlined in Figure 1.

3.1. Study Characteristics

Ten studies were included in the review (26, 29-37) as
shown in the PRISMA diagram (Figure 1). Six of the stud-
ies were RCTs (29-31, 33, 35, 37), two studies were retrospec-
tive observational studies (26, 34), and two studies were
prospective observational studies (32, 36). The selected ar-
ticles reached a median modified Down’s and Black score
of 22.5 out of 27 (range 16 - 26).

All studies included adult patients only. The studies
were published between 2002 and 2016. The studies were
performed in eight countries: New Zealand (two trials),
South Korea (two trials), UK (one trial), Iran (one trial),
France (one trial), Australia (one trial), Canada (one trial)
and Italy (one trial). Study sizes ranged from 40 to 161 pa-
tients. A total of 663 patients were included in trials.

Five different analgesic methods were assessed in
comparison to intrathecal analgesia: epidural analgesia,
placebo, patient-controlled analgesia, intravenous opioid,
and continuous wound infiltration. No more than one
RCT for each analgesic regimen assessed against intrathe-
cal morphine was available, thus meta-analysis was unfea-
sible. Study characteristics are outlined in Table 1. Anal-
gesic protocols in each study are represented in Table 2.
Outcomes are shown in Tables 3 - 5.

3.2. Intrathecal (ITM) Versus Epidural

Five studies compared ITM to epidural analgesia. Of
these, four were observational studies and one was a ran-
domised, controlled trial.

Four studies reported on pain scores in the post-
operative period (30, 32, 34, 36). Three found that intrathe-
cal morphine provided superior analgesia at certain pe-
riods within 72-hours after surgery. Koea et al.’s study
(34) measured pain scores for five days post-operation,
and found that pain scores were similar between ITM and
epidural groups except on postoperative day 3 (ITM 0 vs.
epidural 4, P = 0.05), when the epidural group described
significantly higher pain scores on postoperative day 3 fol-
lowing weaning of epidural analgesia. Kasivisvanathan

et al.’s study (36) demonstrated that patients treated with
ITM + fPCA had reduced pain scores for the first 24-hour af-
ter surgery (P < 0.010) compared to the epidural group,
after which there was no significant difference. Duncan’s
study found that pain scores were consistently lower in
the intrathecal group on postoperative days one, two and
three. Duncan et al.’s study (32) did not indicate whether
the difference between the ITM and epidural group pain
scores were statistically significant. In contrast De Pietri
et al.’s study (30) determined that ITM did not provide in-
ferior analgesia to continuous epidural analgesia up to 48
hours post operation.

Four studies reported on post-operative rescue anal-
gesic requirements (26, 30, 34, 36). Three (26, 30, 36)
found that patients treated with ITM required rescue anal-
gesia more often, and in higher doses. Sakowska et al.’s
study (26) determined that a higher proportion of patients
in the intrathecal group required additional analgesia in
ICU (ITM 68% vs. TEA 16%, P < 0.001). Kasivisvanathan et
al.’s study (36) determined that patients treated with in-
trathecal morphine had a higher cumulative IV fentanyl
use in the first 4 post-operative days (ITM + fPCA 532 µg
vs. epidural 119 µg, values are medians, P < 0.001). De
Pietri et al.’s (30) study determined that patients treated
with ITM used more PCA morphine in the first 48-hours af-
ter surgery (mean cumulative PCA morphine use - ITM 12.1
µg vs. epidural 3.1 µg, P < 0.01). In contrast Koea et al.’s
study (34) found that patients treated with epidural anal-
gesia required higher doses of oral opioid than patients
treated with intrathecal morphine on postoperative days
three (median daily dose oral opioid ITM 0 mg vs. epidural
100 mg, P < 0.05) and four (median daily dose oral opioid
ITM 0 mg vs. epidural 85 mg, P < 0.05).

Four studies (26, 32, 34, 36) assessed length of stay (LOS)
and each independently found that LOS was significantly
longer in patients treated with epidural analgesia.

Three studies (26, 34, 36) evaluated intraoperative fluid
administration and each independently found that pa-
tients treated with ITM required less intraoperative fluid
than patients treated with epidural analgesia.

Four studies (26, 32, 34, 36) evaluated major compli-
cation rates. Sakowska et al., Kasivisvanathan et al., and
Koea et al. determined no significant difference between
patients treated with intrathecal morphine and patients
treated with epidural analgesia (See Table 5).

Three studies (26, 32, 36) reported failed epidurals:
Sakowska’s trial found 3 failed epidurals, Kasivisvanathan
et al.’s study found 7 failed epidurals, and Duncan’s study
found 1 failed intrathecal and 5 failed epidurals.

Koea et al.’s and Kasivisvanathan et al.’s studies (34,
36) determined no significant difference in incidence of
major complications between patients managed with in-
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Figure 1. PRISMA flow chart depicting study selection

trathecal morphine and patients managed with epidural
anaglesia. Sakowska et al.’s study (26) determined that pa-
tients managed with epidural analgesia had a significantly
higher incidence of respiratory complications and postop-
erative hypotension.

In terms of minor complications, De Pietri’s study (30)
found that patients treated with intrathecal had a higher
rate of vomiting (ITM 16% vs. TEA 4%, P < 0.05) and pruritis
(ITM 16% vs. TEA 0%, P < 0.05)

3.3. Intrathecal (ITM) Versus Patient-Controlled Analgesia
(PCA)

Two randomised controlled trials assessed ITM com-
bined with PCA, compared to PCA alone (29, 33). One trial
assessed PCA morphine, and the other trial assessed PCA
fentanyl. Both Ko et al.’s (33) and Devys et al.’s (29) tri-
als found that patients treated with intrathecal morphine
had significantly lower pain scores as measured by the
VAS within the first 24 hours post-operation. Devys et
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Table 1. Study Characteristics

First Author, Year of
Publication

Country Number of Subjects Design Operation Modified Downs and Black
Score

Sakowska, 2009 (26) New Zealand 161 Retrospective cohort study Hepatobiliary surgery 21/27

Roy, 2006 (31) Canada 40 RCT Liver resection 26/27

Kasivisvanathan, 2014 (36) UK 73 Prospective cohort study Liver resection 22/27

Koea, 2009 (34) New Zealand 100 Retrospective cohort study Liver resection 21/27

De Pietri, 2006 (30) Italy 50 RCT Liver resection 24/27

Devys, 2003 (29) France 60 RCT Major abdominal surgery 26/27

Ko, 2009 (33) South Korea 40 RCT Donor right hepatectomy 22/27

Lee, 2013 (35) South Korea 45 RCT Donor right hepatectomy 26/27

Dichtwald, 2017 (37) Iran 49 RCT Liver or pancreas resection 23/27

Duncan, 2007 (32) Australia 45 Prospective cohort study Major abdominal surgery 16/27

Table 2. Study Analgesic Regimens

First author, Year of
Publication

Modality 1 Regimen Modality 2 Regimen

Sakowska, 2009 (26) Intrathecal morphine Doses (morphine ± fentanyl ±
bupivacaine) left to the discretion of
the individual anaesthetist

Epidural 0.2% ropivacaine + fentanyl 2 µg/mL;
rate tailored by acute pain team

Roy, 2006 (31) Intrathecal morphine 500 µg morphine + 15 µg fentanyl Placebo Sham intrathecal

Kasivisvanathan,
2014 (36)

Intrathecal morphine +
patient controlled
analgesia

5 µg/kg of intrathecal morphine
(maximum dose 400 µg) + 2.5 - 3.0 mL
of 0.5% heavy bupivacaine; PCA
fentanyl 25 µg bolus ceased by POD
four

Epidural T7 - T9 0.125% bupivacaine 7 - 10 mL + 2
µg/mL fentanyl; continuous infusion
of 5 - 10 mL/h; weaned after 72 hours

Koea, 2009 (34) Intrathecal morphine 300 µg morphine + oral gabapentin
(1200 mg preop and 400 mg bd postop)

Epidural 0.125% bupivacaine + fentanyl 2 µg/mL;
0.1 mL/kg/h weaned after 72 hours

De Pietri, 2006 (30) Intrathecal morphine L3 - L5 200 µg morphine Epidural T9 - T11 0.2% ropivacaine 6 - 8 mL and
morphine 2 mg bolus preop; 0.2%
ropivacaine 5 - 7 mL/h continuous
infusion

Devys, 2003 (29) Intrathecal morphine +
patient controlled
analgesia

L3-4 300 µg or 400 µg morphine + IV
PCA delivering 1 mg morphine boluses
with five-minute lock-out interval

Patient controlled
analgesia

Up to 20 mg morphine titration on first
pain complaint + IV PCA delivering 1
mg morphine boluses with five-minute
lock-out interval

Ko, 2009 (33) Intrathecal morphine +
patient controlled
analgesia

L3-5 400 µg morphine sulfate +
fentanyl 15 µg bolus, lockout time of 15
min and baseline rate of 15 µg/h

Patient controlled
analgesia

Fentanyl 15 µg bolus, lockout time of 15
min and baseline rate of 15 µg/h

Lee, 2013 (35) Intrathecal morphine L3-5 400 µg morphine + 1500 µg of
fentanyl in 100 mL of normal saline
delivering 1 mL/hour

Continuous wound
infusion

0.75% ropivocaine 10 ml bolus +
ropivocaine wound infusion delivering
300 mL of 0.5% ropivacaine at a
constant rate of 4 mL/hour for 72 hours
from end of operation

Dichtwald, 2017 (37) Intrathecal morphine L3-5 4 µg/kg morphine Intravenous opioid 0.1 - 0.2 µg/kg/min remifentanil
infusion during surgery followed by IV
bolus of morphine, 0.15 mg/kg before
the end of surgery

Duncan, 2007 (32) Intrathecal morphine (Morphine 10 µg/mL + midazolam 100
µg/mL + 0.05% bupivacaine)
commenced at 2 mL/h.

Epidural 0.125% bupivacaine + fentanyl 2 µg/mL
at 6 to 14 ml/h.

al.’ study determined that patients treated with intrathe-
cal morphine required less PCA morphine in the first 24
hours post-operation (ITM + PCA 9 mg vs. PCA 40 mg, P =
0.0001). Similarly, Ko et al.’s study determined the ITM +
PCA group required less intraoperative remifentanil (ITM

+ PCA: 5760.2 ± 1582.3 mg vs. PCA: 9496.6 ± 3092.2, P <
0.05) and less supplementary postoperative PCA fentanyl
(ITM + PCA: 1314 mg vs. PCA: 1500, P < 0.05). In terms of mi-
nor complications, Devys et al.’s study determined a signif-
icantly increased incidence of nausea and vomiting in the
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Table 3. Pain Scores at Rest at 24 h Outcomes

First Author, Year of
Publication

Modality 1 Pain Scores at Rest at 24 h Modality 2 Pain Scores at Rest at 24 h P Value

Sakowska, 2009 (26) Intrathecal morphine - Epidural - -

Roy, 2006 (31) Intrathecal morphine 50 (Range: 50) Placebo 48 (Range: 80) NS

Kasivisvanathan, 2014
(36)

Intrathecal morphine +
patient controlled
analgesia

- Epidural - -

Koea, 2009 (34) Intrathecal morphine 1 Epidural 2 NS

De Pietri, 2006 (30) Intrathecal morphine 19 ± 2 Epidural 23 ± 4 NS

Devys, 2003 (29) Intrathecal morphine +
patient controlled
analgesia

28 Patient controlled
analgesia

18 0.01

Ko, 2009 (33) Intrathecal morphine +
patient controlled
analgesia

16 (IQR: 4 - 36) Patient controlled
analgesia

36 (IQR: 32 - 48) < 0.001

Lee, 2013 (35) Intrathecal morphine 20 (20 - 32.5) Continuous wound
infusion

30 (20 - 37.5) NS

Dichtwald, 2017 (37) Intrathecal morphine 2 Intravenous opioid 4 < 0.05

Duncan, 2007 (32) Intrathecal morphine 0.4 (SD: 0.9) Epidural 2 (SD: 2.9) -

Table 4. Pain Scores on Movement at 24 h Outcomes

First Author, Year of
Publication

Modality 1 Pain Scores on
Movement at 24 h

Modality 2 Pain Scores on
Movement at 24 h

P Value

Sakowska, 2009 (26) Intrathecal morphine - Epidural - -

Roy, 2006 (31) Intrathecal morphine 23 (Range: 55) Placebo 30 (Range: 75) Not significant

Kasivisvanathan, 2014
(36)

Intrathecal morphine +
patient controlled
analgesia

50 Epidural 37 0.010

Koea, 2009 (34) Intrathecal morphine - Epidural - -

De Pietri, 2006 (30) Intrathecal morphine 20.5 ± 3.5 Epidural 24 ± 2 Not significant

Devys, 2003 (29) Intrathecal morphine +
patient controlled
analgesia

51 Patient controlled
analgesia

60 0.005

Ko, 2009 (33) Intrathecal morphine +
patient controlled
analgesia

40 (IQR: 21 - 50) Patient controlled
analgesia

56 (IQR: 40 - 70) < 0.001

Lee, 2013 (35) Intrathecal morphine 40 (30 - 50) Continuous wound
infusion

50 (40 - 57.5) Not significant

Dichtwald, 2017 (37) Intrathecal morphine 5 Intravenous opioid 7

Duncan, 2007 (32) Intrathecal morphine 2.4 (SD: 2.8) Epidural 3.8 (SD: 3.6) -

ITM group 24-hours after surgery (ITM + PCA: 53% vs. PCA:
23%, P = 0.016), and Ko et al.’s study determined a significant
increased incidence of pruritis in the ITM group 24-hours
after surgery (55%, P < 0.001). There were no other reported
difference in complications rates in either study.

3.4. Intrathecal (ITM) Versus Placebo

One randomised controlled trial assessed ITM com-
pared with a placebo (sham intrathecal) (31). This study
conducted by Ko et al. found significantly improved

pain scores at rest and on movement up to 18-hours post-
operation in the ITM group, as well as significantly re-
duced cumulative morphine consumption at 48-hours
post-operation (47 ± 21 mg vs. 124 ± 30 mg, P < 0.0001).
The study in fact was stopped midway after 20 patients
were enrolled due to the large difference in morphine con-
sumed between the treatment and control group. This was
the only trial reviewed which was stopped before comple-
tion. Ko et al. also found no significant difference in com-
plication rates between the study arms, however only seda-
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Table 5. Complications Findings

First Author, Year of
Publication

Complications

Sakowska, 2009 (26) There was a significantly higher incidence of respiratory complications (epidural anaesthesia 10% vs. intrathecal morphine 1%, P =
0.02) and postoperative hypotension (epidural anaesthesia 41% vs. intrathecal morphine 9%, P < 0.001) in the epidural group. There
were three cases of respiratory depression, all from the intrathecal morphine group. There were 19 failed epidurals.

Roy, 2006 (31) No significant difference found in the incidence of sedation, nausea or pruritis.

Kasivisvanathan, 2014 (36) No significant difference was found in complication rates. There were 7 failed epidurals, from which two cases of respiratory
depression emerged requiring medical intervention.

Koea, 2009 (34) No significant difference was found in complication rates.

De Pietri, 2006 (30) Patients treated with intrathecal had a higher rate of vomiting (intrathecal morphine 16% vs. epidural 4%, P < 0.05) and pruritis
(intrathecal morphine 16% vs. epidural 0%, P < 0.05).

Devys, 2003 (29) Patients treated with intrathecal morphine had a higher incidence of nausea and vomiting within 24 hours post-operation
(intrathecal morphine + patient controlled analgesia 53% vs. patient controlled analgesia 23%, P = 0.016).

Ko, 2009 (33) No significant difference was found in complication rates.

Lee, 2013 (35) No significant difference was found in complication rates.

Dichtwald, 2017 (37) No significant difference found in the incidence of sedation, nausea or pruritis.

Duncan, 2007 (32) 5 cases of unintentional epidural termination. 1 case of unintentional intrathecal morphine termination.

tion, nausea and pruritus were assessed.

3.5. Intrathecal (ITM) Versus ContinuousWound Infusion (CWI)

One randomised controlled trial assessed ITM com-
pared with CWI (35). This study by Lee et al. found that pain
scores were significantly improved in the ITM group for the
first 12-hours post-operation, following which they became
statistically similar. CWI was found to have a faster time to
first flatus (CWI 4308.4± 646.4 mg vs. ITM 4874.6± 940.4,
P = 0.03), but despite this LOS was not reduced (CWI 17.9 ±
11.6 mg vs. ITM 15.0 ± 7.2, P = 0.44). ITM was also associated
with higher postoperative IV fentanyl consumption (CWI
915 vs. ITM 1500, P = 0.004). There was no significant differ-
ence in complication rates between the two study arms.

3.6. Intrathecal (ITM) Versus Intravenous Opioid (IVO)

One randomised controlled trial assessed ITM com-
pared with IVO (37). This study by Dichtwald et al. found
higher (but not reaching statistical significance) intraop-
erative fluid requirements in the IVO group. Additionally
ITM patients experienced lower pain scores and required
less additional morphine (ITM 4.8±3.7 mg vs. IVO 14.7±5.3
mg, P = 0.03). There was no significant difference in com-
plication rates between the two study arms.

3.7. Complications

No study reported any incidences of neurologi-
cal sequelae (postdural puncture headache or spinal
hematoma). Only one study (26) reported deaths: (ITM 2
(3%) vs. Epidural 2 (4%), P = 0.65). Three trials (26, 32, 36)
found a total of twenty-seven cases of failed epidurals and

one case of failed intrathecal morphine. Two trials (26,
36) commented specifically on respiratory depression:
There were three cases in the ITM group in Sakowska et
al.’s study and two cases stemming from failed epidurals
in Kasivisvanathan et al.’s study. Neither of these reached
statistical significance.

4. Discussion

This review identified a wide range of international
studies assessing intrathecal morphine against alternative
analgesia modalities over a period of almost 15 years.

4.1. Post-Operative Analgesia

Eight studies (29-33, 35-37) assessed postoperative anal-
gesia as measured by pain scores. Measured against
placebo, CWI and PCA, patients treated with intrathe-
cal morphine demonstrated significantly improved pain
scores for up to the first 24 hours post-operation. Measured
against IVO, patients treated with intrathecal morphine
demonstrated significantly improved pain scores for the
entire 72h follow-up period. These results were all deter-
mined by randomised controlled trials. Hence our selected
studies indicate that intrathecal morphine provides supe-
rior analgesia to alternative analgesia modalities (exclud-
ing epidural) for up to 24-hours after surgery.

The findings of intrathecal morphine compared to
epidural were not as clear. One prospective cohort study
(36) and one retrospective cohort study (26) with simi-
lar epidural analgesia and intrathecal analgesia regimens
determined that intrathecal morphine provided superior
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analgesia for certain periods in the 72-hours after surgery.
The one randomised controlled trial conducted by De
Pietri et al. (30) determined that intrathecal morphine did
not provide inferior analgesia to epidural. While each trial
differed in their outcomes, the tentative suggestion is that
single-shot intrathecal morphine provides at least similar
analgesia to continuous epidural analgesia.

Overall our studies suggest that single-dose intrathe-
cal morphine provides the best available analgesia for
acute postoperative pain.

4.2. Need for Rescue Analgesia

Nine studies (26, 29-31, 33-37) assessed requirements for
rescue analgesia post-operation. Patients treated with in-
trathecal morphine required were shown to require less
rescue analgesia than patients treated with intravenous
opioid or PCA only (29, 37). On the other hand patients
treated with intrathecal morphine were shown to require
more rescue analgesia than patients treated with CWI, as
three of the four studies (26, 30, 36) assessing intrathecal
analgesia against epidural analgesia mirrored this finding.

Our studies suggest that single-dose intrathecal mor-
phine requires higher amounts of rescue analgesia than
epidural or CWI. Therefore despite intrathecal morphine
providing the lowest pain scores in our studies, with its
heightened requirement for postoperative pain relief it
cannot be concluded that intrathecal morphine has the
greatest analgesic potency of all regimens examined.

4.3. IV Fluid Administration and Postoperative Hypotension

Six studies (26, 33-37) assessed fluid administration. No
significant difference was found in fluid administration
between patients administered intrathecal morphine, and
those administrated PCA, CWI or IVO. However all three
studies (26, 34, 36) assessing fluid administration be-
tween intrathecal and epidural groups found that patients
treated with epidural analgesia had significantly increased
fluid administration than patients treated with intrathe-
cal morphine. Increased fluid administration in patients
treated with epidural analgesia has been thought to be
associated with the increased incidence of postoperative
hypotension secondary to epidural-induced sympathetic
blockade (38). Accordingly Sakowska’s study (26) found
a significantly increased incidence of postoperative inci-
dence in patients treated with epidural analgesia, and
three patients in De Pietri et al.’s study (30) required in-
creased fluid support to treat hypotension.

Intraoperatively, epidural-induced hypotension can be
useful in maintaining low central venous pressure (CVP)
during hepatic resection, which reduces blood loss and
transfusion requirements (39). However postoperatively

increased volumes of IV fluid and doses of vasopressor
doses are required to circumvent hypotension. Hence
epidural analgesia predisposes patients to the well-known
perils of excessive IV fluid administration (40).

However a randomised controlled trial by Aloia et al.
found that hypotension can be minimised in the context
of epidural anaesthesia use in major open hepatobiliary
surgery via administration of lower-than-standard concen-
tration of local anaesthetic (0.075% bupivacaine), and im-
plementation of a regimented rescue bolus schedule (41).
In summary, epidural analgesia is associated with a risk of
postoperative hypotension and hence fluid overload that
is not present with intrathecal analgesia, but this risk can
be mitigated with adherence to the correct protocol.

4.4. Length of Stay

Seven studies (26, 32-37) assessed length of stay. The in-
cluded studies demonstrated no difference in LOS between
patients treated with intrathecal morphine, and patients
treated with PCA, CWI or IVO. However all four studies mea-
suring LOS in epidural groups against intrathecal groups
found that patients treated with intrathecal morphine had
a shorter length of stay than patients treated with contin-
uous epidural infusion.

This can be accounted for by patients treated with in-
trathecal morphine requiring a lower amount of intra-
venous fluid therapy, thereby enabling an earlier urinary
catheter removal and hence earlier time to mobilization
(34).

4.5. Complications

Intrathecal morphine was not correlated with an in-
creased risk of major complications in the intra-operative
or postoperative period compared to other analgesic
modalities. With respect to minor complications, both De
Pietri et al.’s (30) and Devys et al.’ trials (29) determined
an increased incidence of pruritis and nausea in patients
treated with intrathecal morphine. These more common
side effects are not life threatening and managed with ease
(42).

Across the selected studies, a total of twenty-seven
failed epidurals and one failed intrathecal was reported.
The evidence is substantial that the failure rate of epidu-
ral analgesia is significantly higher than intrathecal anal-
gesia (43). The epidural failure rate is especially height-
ened in major operations such as pancreaticoduodenec-
tomy, as Pratt et al.’s study demonstrates (44). Pratt et al.
found that these high epidural failure rates were due to in-
sufficient analgesia and/or hemodynamic instability, and
these patients necessitated more aggressive fluid resusci-
tation, thereby incurring increased rate of respiratory and
gastrointestinal complications.
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Pratt also found that patients administered epidu-
ral anaesthetics perioperatively for pancreaticoduodenec-
tomy significantly higher rates of major complications,
than patients who did not receive epidural anaesthetics
(44). Within Pratt et al.’s study, patients undergoing epidu-
ral anaesthesia more frequently encountered postopera-
tive ileus and pancreatic fistulae, consequently requiring
discharge to rehabilitation facilities more frequently. Pratt
proposes that these findings can be accounted for by the
tendency for excessive blood loss and sudden fluid shifts
during pancreaticoduodenectomy. Thus for patients un-
dergoing major hepato-pancreatic-biliary surgery, contin-
uous epidural analgesia is associated with medical risks
that are severe and not necessarily infrequent.

The major safety concern with intrathecal morphine is
respiratory depression. Within the review’s included trials,
only Sakowska et al.’s (26) reported incidences of respira-
tory depression within patients administered intrathecal
morphine. However there was no statistically significant
difference between the ITM and epidural group in the inci-
dence of respiratory depression.

A meta-analysis comparing ITM doses of < 300 µg, >
300 µg and placebo in a range of procedures found that
there was a greater risk of respiratory depression with the
higher dose group (9%) when compared to systemic opi-
oids (2%), but not in the lower dose group (1%) (45). Thus
the risk of opioid-induced respiratory depression can be
minimised by using the lowest effective dose of intrathe-
cal morphine and keeping the patient under close surveil-
lance for at least 18 - 24 hours following a single dose (6, 46).

It is suggested that intrathecal morphine - with its con-
trollable risks of pruritus, nausea and respiratory depres-
sion - provides a much improved safety profile to contin-
uous epidural analgesia - which suffers risks of postoper-
ative hypotension, failed epidural, and lengthened time
to mobilisation and length of stay among other medical
risks.

4.6. Quality andMethodological Limitations

The analgesic regimens, healthcare settings and out-
comes measured varied largely amongst the selected pa-
pers. While all included trials assessed intrathecal mor-
phine administration, each trial prescribed a different
dose of intrathecal morphine and differed in the supple-
mentary analgesic specified ranging from fentanyl, bupi-
vacaine, gabapentin and midazolam. In contrast, trials
assessing epidural analgesia involved similar regimes for
epidural analgesia - a continuous infusion of 0.125% bupi-
vacaine or 0.2% ropivocaine added to fentanyl 2µg/mL into
the thoracic epidural space.

While nine of the trials assessed single-shot intrathecal
morphine, Duncan et al.’s trial (32) was the only trial that

assessed continuous intrathecal morphine infusion in the
context of major abdominal surgery determined that in-
trathecal infusion. Furthermore this study did not use ap-
propriate statistical techniques and included abdominal
surgeries outside of major hepato-pancreatic-biliary surg-
eries. Therefore the findings of Duncan’s trial have limited
generalisability compared to our other selected studies.

Heterogeneity existed in outcomes recorded in each
trial. Some studies did not capture data on pain scores
and other studies did not capture data on major systemic
complications, focusing only on minor outcomes such as
pruritis, sedation and nausea. Furthermore certain out-
comes could be measured in multiple ways - rescue anal-
gesia consumption was either measured in percentage re-
quiring rescue analgesia, or total PCA morphine or fen-
tanyl administered in a certain postoperative period. The
only outcome parameter which remained constant across
different trials was length of stay (LOS). Each selected study
was small, single-centre trial - the largest trial involved 161
patients. The hospital protocols varied from trial to trial,
as did the patients. There were three subclasses of sur-
gical operations conducted within the selected studies -
major hepato-biliary-pancreatic surgery (primarily hepa-
tectomy), major abdominal surgery, and right liver donor
hepatectomy. For these reasons we acknowledge that the
comparing the primary and secondary outcomes between
different trials each with unique and differing research
methodologies is challenging and limits the findings of
our review.

Large heterogeneity between selected studies, coupled
with the fact that only one RCT was selected per analgesic
protocol pair, prevented meta-analysis or definitive recom-
mendations.

More randomised controlled trials are needed to eval-
uate intrathecal morphine against alternative analgesic
modality, especially continuous epidural infusion. We rec-
ommend conducting a large multi-centre trial to further
investigate the relative advantages and disadvantages of
intrathecal morphine as an anaesthetic modality.

4.7. Conclusions

Based on the limited number of trials discovered,
this review suggests that single-shot intrathecal mor-
phine may be more appropriate than epidural analgesia
as a first-line analgesic technique for major open hepato-
pancreatic-biliary surgery. While patients administered in-
trathecal morphine require larger doses of supplementary
post-operative analgesia, they receive a non-inferior level
of analgesia. Furthermore, these patients require less fluid
therapy and hence have a shorter LOS. Medicals risks asso-
ciated with single shot intrathecal morphine are control-
lable while continuous epidural analgesia is particularly

10 Anesth Pain Med. 2019; 9(6):e94441.

http://anesthpain.com


Tang JZJ andWeinberg L

dangerous in the setting of major open hepato-pancreatic-
biliary surgery. However, to make definitive recommenda-
tions, large RCTs are required to substantiate this review’s
findings.
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Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
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