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Background: One of the key elements of managed recovery is thought to be suppression of the neuro-
endocrine response using regional analgesics. This may be superfluous in laparoscopic colorectal surgery
with small wounds. This trial assessed the effects of spinal analgesia versus intravenous patient-controlled
analgesia (PCA) on neuroendocrine responses in that setting.
Methods: A randomized clinical trial was conducted with participation of patients undergoing laparo-
scopic colorectal surgery within a managed recovery programme. Consenting patients were allocated
randomly to spinal analgesia or morphine PCA as primary postoperative analgesia. The primary out-
come was interleukin (IL) 6 levels; secondary outcomes were levels of cortisol, glucose, insulin and other
cytokines, pain scores, morphine use and length of hospital stay. Stress response analysis was conducted
before operation, and 3, 6, 12, 24 and 48 h after surgery.
Results: Of 143 eligible patients, 133 were randomized and 120 completed the study. Baseline patient
characteristics were similar in the two groups. There were no significant differences in median levels of
insulin, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, interferon 𝛄, tumour necrosis factor 𝛂 or vascular endothelial
growth factor between the spinal analgesia and PCA groups at any time point. Three hours after surgery
(but at no other time point) median (i.q.r.) levels of cortisol (468 (329–678) versus 701 (429–820) nmol/l;
P = 0⋅004) and glucose (6⋅1 (5⋅4–7⋅5) versus 7⋅0 (6⋅0–7⋅7) mmol/l; P =0⋅012) were lower in the spinal
analgesia group than in the PCA group. Median (i.q.r.) levels of total intravenous morphine were lower
in the spinal analgesia group (10⋅0 (3⋅3–15⋅8) versus 45⋅5 (34⋅0–60⋅5) mg; P <0⋅001).
Conclusion: Spinal analgesia reduced early neuroendocrine responses and overall parenteral morphine
use. Registration number: NCT01128088 (http://www.clinicaltrials.gov).
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Introduction

The stress response to surgery has been characterized
extensively, as have techniques to modify it. Broadly, there
are two major components to this response. The first is a
systemic neuroendocrine response with the concomitant
metabolic sequelae. This is characterized by sympathetic
nervous system and pituitary activation, resulting in many
predictable metabolic consequences characterized by
catabolism, insulin resistance and hyperglycaemia1,2. The
second component comprises inflammatory and immuno-
logical changes3,4. Modification of the neuroendocrine

(and metabolic) responses from afferent neural blockade
by thoracic epidural anaesthesia (TEA) has been studied
extensively4,5. Although TEA is useful in open colorectal
operations, it may be unnecessary in laparoscopic surgery6.

When given in addition to general anaesthesia, spinal
analgesia also provides afferent neural blockade, but of
much more limited duration as it is a ‘one shot’ approach.
It may be associated with improved analgesia and shorter
hospital stay than TEA6–8. The short duration of the block
avoids prolonged immobilization and hypotension. How-
ever, it might be anticipated that the limited duration of
neural blockade may result in relatively brief modification
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of the neuroendocrine stress response. To date, the dura-
tion and magnitude of the stress response to laparoscopic
surgery using spinal analgesia has not been character-
ized. This study investigated the stress response to laparo-
scopic colorectal surgery in patients randomized to receive
spinal analgesia or intravenous patient-controlled analgesia
(PCA) as the principal pain management modality.

Methods

This single-site study randomized patients scheduled for
laparoscopic colorectal resection for benign or malignant
disease. Patients were ineligible or excluded if there was
a planned or unforeseen stoma, conversion to an open
procedure (defined by an incision larger than that required
for specimen extraction), a contraindication to spinal anal-
gesia, a contraindication to use of an oesophageal Doppler
probe, diabetes requiring insulin therapy, exogenous
steroid use in the preceding 3 months, or if oral bowel
preparation was to be used.

The trial was registered with www.clinicaltrials.gov
(NCT01128088). Ethical approval for the trial was
obtained from the Kent and Brighton West Research
Ethics Committees, and the hospital research and develop-
ment department. The trial was conducted in compliance
with the Declaration of Helsinki and the principles of
the International Conference on Harmonization of Good
Clinical Practice.

The chief investigator was responsible for enrolment
and assignment of individuals to the treatment groups as
determined by randomization. Randomization codes were
prepared by a University of Surrey statistician and sealed
in sequentially numbered opaque envelopes; these were
kept in an off-site building. Once patients had consented
to the trial they were randomized equally in a factorial
design into one of four groups depending on the type of
primary postoperative analgesia (spinal analgesia or PCA)
and intravenous fluid (Hartmann’s solution or 6 per cent
Volulyte® (Fresnius Kabi, Manor Park, UK) to be used.
Data on type of intravenous fluid are not reported here.

Spinal analgesia was administered before induction by
inserting a spinal needle through the L2–3 or L3–4 inter-
space with the patient sitting, and injecting 2⋅5 ml of 0⋅5 per
cent hyperbaric bupivacaine with 0⋅25 mg diamorphine.
PCA involved administering 10 mg morphine towards
the end of the procedure and then connecting a pump
to deliver morphine on demand at a dose of 1 mg, with a
5-min lockout and a maximum dose of 20 mg every 4 h.

Neither the participants nor the clinicians involved in
the trial were blinded to the treatment administered. The
primary outcome of this study was plasma interleukin (IL)

6 levels. The null hypothesis was that there was no sta-
tistical difference between the four groups in plasma IL-6
levels at 6 h after the start of surgery. Secondary outcomes
were: levels of cortisol, glucose, insulin and other cytokines,
morphine use, physiological variables and length of hos-
pital stay. The aim of the trial was twofold: to ascertain
the effect that choice of analgesia may have on the stress
response, and the effect the type of fluid used may have
on secondary outcomes when administered with guidance
from the oesophageal Doppler monitor; the second aim is
not addressed in this article.

Preoperative protocol

The majority of patients were admitted on the morning
of surgery. In keeping with the principles of enhanced
recovery, all patients were allowed to eat and drink the
night before surgery and to have clear fluids up to 2 h
before induction of anaesthesia. An oral carbohydrate drink
(Preload™; Vitaflo, Liverpool, UK) was administered as
100 g in 800 ml water at 21.00 hours the night before
surgery, and a further 50 g in 400 ml water at 06.00 hours on
the day of surgery. Patients undergoing right-sided colonic
resection received no bowel preparation and those having
a left-sided resection received one phosphate enema at
07.00 hours on the day of surgery. Baseline measurements
were taken before induction of anaesthesia.

Bodyweight, height, abdominal circumference at the
level of the anterior superior iliac spines, and variables to
calculate the Portsmouth modification of the Physiolog-
ical and Operative Severity Score for the EnUmeration
of Mortality and morbidity (P-POSSUM) score were
recorded. Between 07.00 and 08.00 hours venous blood
was drawn by venepuncture into glucose, serum and hep-
arin containers for the stress response analysis. For patients
not admitted until later on the day of surgery, blood was
drawn when practically possible. Glucose levels were
analysed immediately; the serum sample was centrifuged,
separated and stored at −20∘C in the hospital laboratory
for later analysis of insulin and cortisol levels. The heparin
tube was transferred to the university oncology laboratory
and placed on a rocker for analysis later that day.

Perioperative protocol

Anaesthesia was induced using propofol (2–3 mg/kg),
alfentanil (10 μg/kg) and rocuronium (0⋅6 mg/kg). No
premedications were administered. The patient was
intubated and ventilated mechanically; anaesthesia was
maintained with sevoflurane at a mean alveolar concen-
tration of 1⋅0–1⋅4, oxygen-enriched air and a remifentanil
infusion (40 μg/ml) titrated to the depth of anaesthesia.
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A nasogastric tube was not inserted, unless the stomach
required decompression; if used, it was removed at the
end of the procedure. All patients had a 16-Fr peripheral
line, 20-Fr arterial line and a four-lumen right internal
jugular central venous line inserted. A Bair-HuggerTM

(3M, Bracknell, UK) and urinary catheter were used
in all patients. Antibiotic prophylaxis comprising 1⋅5 g
cefuroxime and 500 mg metronidazole was administered
intravenously before skin incision, with two subsequent
doses of 750 mg cefuroxime and 500 mg metronidazole.

Patients received intravenous fluid during the peri-
operative phase as determined by the randomization code.
Fluid was administered in order to optimize stroke volume
as guided by an oesophageal Doppler monitor (Deltex,
Chichester, UK) following the modified Wakeling pro-
tocol as described previously6. The oesophageal probe
was placed immediately after induction, and readings
were recorded throughout the procedure; the probe was
removed before extubation.

At the end of surgery any residual neuromuscular block-
ade was reversed with 2⋅5 mg neostigmine and 0⋅5 mg
glycopyrrolate. All patients received 1 g paracetamol and
4 mg ondansetron; those who had PCA also received local
wound infiltration with 20 ml levobupivacaine (5 mg/ml).

Postoperative protocol

In addition to the randomly assigned primary post-
operative analgesia, patients received oral paracetamol
1 g four times daily, oral diclofenac 50 mg three times
daily and oral omeprazole 20 mg once daily. Rescue anal-
gesia was prescribed as tramadol 50 mg and morphine
5–10 mg, both orally as required. Antiemetics available
were intravenous or oral cyclizine 50 mg three times daily
and ondansetron 4 mg four times daily as required. All
patients received lactulose 10 ml twice daily, 200 ml For-
tisip (NutriDrinks, Perivale, UK) three times daily, and
subcutaneous enoxaparin 40 mg once daily. Hartmann’s
solution was infused after surgery, 1 litre over 8 h followed
by another litre over 12 h; intravenous fluid was then
discontinued. Patients were allowed to eat and drink freely
as tolerated, and encouraged to mobilize. The urinary
catheter was removed the day after surgery unless there
was a clinical indication not to (for example when surgery
was for a colovesical fistula).

Further blood was drawn from the central venous
catheter for stress response analysis at 3, 6, 12 and 24 h after
the start of surgery. At 48 h blood was drawn by venepunc-
ture as the central venous catheter was removed the day
after surgery. The blood was prepared as described earlier.
At 6 and 24 h after surgery, central venous blood was anal-
ysed for oxygen saturation. If a value of less 60 per cent was

obtained, a bolus of 500 ml Hartmann’s solution or 6 per
cent Volulyte® (according to randomization) was adminis-
tered and the venous blood saturations were rechecked, as
required by the ethics committee for patient safety6.

At 24-h intervals from the start of surgery, until dis-
charge, bodyweight, abdominal circumference and pain
score (determined using a visual analogue scale from 0 to
10) were noted. The times to first bowel sounds, passage
of flatus, passage of stool and discharge from hospital were
recorded, calculated from the end of surgery.

Patients were considered fit for discharge once they were
comfortable with simple oral analgesia, had passed urine
following removal of the urinary catheter, could tolerate a
normal diet and had fully mobilized. The total amount of
analgesia, intravenous fluid and antiemetic required during
the hospital stay was recorded. All patients were reviewed in
the outpatient clinic between 2 and 6 weeks after discharge.

Laboratory cytokine analysis of plasma

The heparin blood tubes were centrifuged at 660g for
10 min. The plasma was then drawn off and centrifuged
for a further 10 min, before being aliquoted and stored at
−80∘C.

Cytokine analysis was carried out using a Bio-Plex®

Human Cytokine assay reagent kit (Bio-Rad Laboratories,
Hemel Hempstead, UK). Use of a 96-well plate allowed
duplicate analysis of 39 samples, with eight standards.
All samples for an individual patient were analysed on
the same plate. The samples were thawed and prepared
in accordance with the manufacturer’s instructions. The
plates were analysed on a calibrated Bio-Plex® plate reader
system.

Statistical analysis

To determine whether there was a difference of 200 pg/ml
in IL-6 concentration between the four study groups over a
6-h interval (from 0 to 6 h), the number of patients required
in each group was calculated as 30, with a power of 80 per
cent and a significance of 5 per cent, using a two-sided test.
This was based on the level of variation (s.d. 269⋅4) deter-
mined previously in a pilot study undertaken in this unit.
However, to allow for patient drop-out owing to conver-
sion to open surgery (rate 5⋅6 per cent, obtained from a
prospectively maintained database for the colorectal unit),
32 patients were required in each treatment group. These
group sizes would also detect a difference of 100 pg/ml for
insulin and 300 pg/ml for cortisol between 0 and 6 h.

Continuous data were assessed for normality using the
Kolmogorov–Smirnov test. The majority of data were
distributed asymmetrically and these data are presented
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as median (i.q.r.). Asymmetrical data from more than
two groups were compared by means of independent-
samples Kruskal–Wallis test. If a difference was detected,
Mann–Whitney U test was used in pairwise fashion to
identify the groups that were statistically different. Asym-
metrical data from two groups were analysed with an
independent-samples Mann–Whitney U test. A related
Wilcoxon signed-rank test was used to analyse medians
within a group. Categorical variables were compared
using Pearson’s χ2 test. Where significance was identified
between the two analgesia groups, analysis of co-variance
(ANCOVA) was performed to identify any influence
of fluid type; data for these analyses are presented as
mean(s.d.). No change to the study design was made fol-
lowing commencement of the trial. Statistical analysis was
performed using SPSS® version 19 (IBM, Armonk, New
York, USA).

Results

Of the 143 patients approached to participate in this trial,
133 were randomized and 120 patients completed the trial
(Fig. 1). There were no significant differences in patient
characteristics between the two analgesia groups (Table 1).

Cytokines

There were no statistically significant differences in median
IL-6 levels between the two analgesia groups at any time
point (Fig. 2). Postoperative IL-6 levels were significantly
higher than preoperative levels at all time points in both
groups. In the spinal analgesia group, levels peaked at 6 h
before returning towards preoperative values. In the PCA
group, IL-6 levels reached a plateau between 6 and 24 h,
then decreased towards preoperative levels.

There were no significant differences at 6 h between
the spinal analgesia and PCA groups in median levels of
IL-2 (1⋅8 (0⋅9–2⋅7) versus 1⋅8 (0⋅3–13⋅3) pg/ml), IL-4
(0⋅3 (0⋅1–0⋅7) versus 0⋅3 (0⋅2–0⋅6) pg/ml), IL-8 (29⋅5
(17⋅0–102⋅4) versus 31⋅7 (17⋅6–81⋅0) pg/ml), IL-10 (14⋅7
(6⋅9–26⋅9) versus 16⋅2 (9⋅3–29⋅8) pg/ml), IL-12 (14⋅2
(6⋅1–25⋅3) versus 16⋅8 (8⋅4–35⋅5) pg/ml), interferon γ
(16⋅5 (7⋅1–27⋅1) versus 15⋅4 (7⋅6–29⋅0) pg/ml), tumour
necrosis factor α (3⋅1 (1⋅5–7⋅5) versus 3⋅3 (1⋅3–5⋅8) pg/ml)
or vascular endothelial growth factor (94 (58–169) versus
113 (72–206) pg/ml).

Cortisol, insulin and glucose levels

The spinal analgesia group had significantly lower median
cortisol levels at 3 h compared with the PCA group (468
(329–678) versus 701 (429–820) nmol/l; P = 0⋅004) (Fig. 3).
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Fig. 1 CONSORT diagram for the trial. PCA, patient-controlled
analgesia

Table 1 Demographic, clinical and operative data

PCA
(n=60)

Spinal analgesia
(n=60)

Age (years)* 66 (48–77) 65 (51–73)
Sex ratio (M : F) 27 : 33 32 : 28
Weight (kg)* 75 (62–85) 74 (64–86)
Body mass index (kg/m2)* 26 (24–28) 26 (23–29)
P-POSSUM score* 26 (23–30) 24 (23–29)
ASA fitness grade

I 21 (35) 25 (42)
II 39 (65) 34 (57)
III 0 (0) 1 (2)

Disease
Cancer 30 (50) 35 (58)
Non-cancer 30 (50) 25 (42)

Procedure
Right hemicolectomy 25 (42) 19 (32)
Left hemicolectomy 5 (8) 4 (7)
Sigmoid colectomy 4 (7) 5 (8)
Anterior resection (not full TME) 21 (35) 29 (48)
Anterior resection (full TME) 3 (5) 2 (3)
Other 2 (3) 1 (2)

Side of resection
Right 25 (42) 20 (33)
Left 35 (58) 40 (67)

Duration of surgery (min)* 95 (71–134) 102 (70–122)
Incision length (cm)* 6 (5–7) 6 (5–7)

Values in parentheses are percentages unless indicated otherwise; *values
are median (i.q.r.). PCA, patient-controlled analgesia; ASA, American
Society of Anesthesiologists; P-POSSUM, Portsmouth modification of
the Physiological and Operative Severity Score for the EnUmeration of
Mortality and morbidity; TME, total mesorectal excision.
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after surgery in spinal analgesia and patient-controlled analgesia
(PCA) groups

This effect was not influenced by the fluid type used,
as assessed by ANCOVA (mean(s.d.) 491⋅4(256⋅7) ver-
sus 629⋅8(278⋅2) nmol/l for spinal analgesia versus PCA;
P = 0⋅005). No significant difference was detected between
the groups at the other time points measured.

Median insulin levels decreased in the postoperative
period in the two groups, returning to slightly above
preoperative levels by 48 h (Fig. 4). There were no signifi-
cant differences between the two analgesia groups.

Median glucose levels increased during the postoperative
period in the two analgesia groups. At 3 h the median
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Fig. 5 Median levels of glucose before, and 3, 6, 12, 24 and 48 h
after surgery in spinal analgesia and patient-controlled analgesia
(PCA) groups

glucose level was significantly higher in the PCA group
than in the spinal analgesia group (7⋅0 (6⋅0–7⋅7) versus 6⋅1
(5⋅4–7⋅5) mmol/l; P = 0⋅012) (Fig. 5). This effect was not
influenced by the fluid type used (mean(s.d.) 7⋅1(1⋅4) versus
6⋅5(1⋅3) mmol/l for spinal analgesia versus PCA; P = 0⋅013).
There were no other significant differences.

Pain scores and analgesia

Median pain scores measured at rest were significantly
lower in patients who received spinal analgesia compared
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with those using PCA at 3 h (4 (2–5) versus 8 (5–8);
P < 0⋅001), 6 h (3 (1–5) versus 5 (3–6⋅5); P = 0⋅001), 12 h
(2 (1–3) versus 3⋅5 (2–5); P = 0⋅008), 24 h (2 (0⋅6–4) versus
3 (2–5); P = 0⋅027) and 48 h (1 (0–2) versus 1⋅5 (0–3);
P = 0⋅045). This effect was not influenced by the fluid type
used, as shown by ANCOVA at 3 h (mean(s.d.) 3⋅8(2⋅7)
versus 6⋅6(2⋅4) for spinal analgesia versus PCA; P < 0⋅001),
6 h (3⋅1(2⋅4) versus 4⋅8(2⋅4); P = 0⋅001), 12 h (2⋅1(1⋅7)
versus 3⋅7(2⋅5); P = 0⋅005), 24 h (2⋅6(2⋅3) versus 3⋅4(2⋅0);
P = 0⋅050) and 48 h (1⋅2(1⋅5) versus 1⋅9(1⋅9); P = 0⋅035).

There was no significant difference between spinal anal-
gesia and PCA groups in the median amount of paraceta-
mol (8 (7–12) versus 9⋅5 (7–14) g respectively; P = 0⋅473),
diclofenac (250 (200–350) versus 250 (150–400) mg;
P = 0⋅893) or tramadol (250 (75–450) versus 300 (200–450)
mg; P = 0⋅805) used. Patients receiving PCA used signifi-
cantly greater volumes of morphine compared with those
who had spinal analgesia (45⋅5 (34⋅0–60⋅5) versus 10⋅0
(3⋅3–15⋅8) mg; P < 0⋅001). This effect was not influ-
enced by the fluid type used (mean(s.d.) 60⋅9(77⋅6) versus
12⋅5(15⋅1) mg for spinal analgesia versus PCA; P < 0⋅001).

Other secondary outcomes

Patients who received spinal analgesia required a signif-
icantly greater amount of phenylephrine to maintain the
mean arterial BP within the assigned study parameters
compared with those who received PCA (median
900 (300–1600) versus 300 (200–500) mg respectively;
P = 0⋅001).

There was a trend towards a reduced length of hospital
stay in patients who received spinal analgesia, but this did
not reach statistical significance (median time to discharge
54 (45–75) h versus 70 (50–94) h in PCA group; P = 0⋅059).

There were no significant differences between spinal
analgesia and PCA groups in median time to passage of
first flatus (28 (17–44) versus 30 (21–41) h respectively;
P = 0⋅349), passage of first stool (50 (37–69) versus 51
(42–86) h; P = 0⋅345) and ability to tolerate normal diet (21
(16–39) versus 26 (19–49) h; P = 0⋅081).

Bodyweight increased in all patients after operation, but
there was no significant difference in maximum weight gain
before discharge between the spinal analgesia and PCA
group (2⋅0 (1⋅1–3⋅2) versus 1⋅8 (0⋅9–3⋅4) kg respectively;
P = 0⋅640).

Complications

Thirty-two patients experienced a complication during
recovery. There was one death in the study (total mortality
rate 0⋅8 per cent). The 30-day readmission rate was 8⋅3
per cent (10 of 120). Patients who received PCA had

Table 2 Complications categorized according to the
Dindo–Demartines–Clavien classification

PCA Spinal analgesia
Grade (n=60) (n=60)

1 13 6
2 4 1
3 4 2
4 1 0
5 0 1

PCA, patient-controlled analgesia.

significantly more complications than those who received
spinal analgesia (22 of 60 versus 10 of 60; P = 0⋅013)
(Table 2). The difference was explained largely by a higher
incidence of postoperative ileus in the PCA group (11 of
60 versus 2 of 60; P = 0⋅008).

Discussion

Patients receiving spinal analgesia exhibited a transient
blockade of the spinal afferents, as reflected by suppression
of the hypophyseal–pituitary–adrenal axis. At 3 h there
was a statistically significant reduction in cortisol levels and
glucose levels in the spinal analgesia group. The difference
ceased to exist by 6 h, which is a reflection of the expected
duration of the effect of spinal analgesia. There was no
difference in insulin levels between the groups, with levels
being reduced in both groups during the first 12 h after
surgery. In common with the inflammatory response, the
metabolic/endocrine markers had returned to preoperative
levels by 48 h.

Other studies9–12 have characterized the effects of
longer-term neuroaxial blockade with an epidural infusion
for major surgery, but no previous study has investigated
such a block following a spinal anaesthetic for laparoscopic
surgery. The authors were unsure whether any significant
effects of spinal anaesthesia on the stress response would be
evident given that the surgical stimulus (up to the cervical
dermatomes) would have been considerably higher than
the height of the spinal anaesthesia (up to the mid-thoracic
dermatomes). In addition, it has been confirmed that the
offset of neuroaxial blockade leads to any stress response
modification being lost. These findings complement those
of Fawcett and colleagues13, namely that both the onset
and offset of the neuroaxial block is mirrored rapidly in
the onset and offset of the neuroendocrine modification.

Patients receiving spinal analgesia experienced a reduced
rate of postoperative complications. This was explained
largely by the number of patients experiencing post-
operative ileus in the morphine group. There was a
non-significant trend towards a reduced length of stay in
the spinal analgesia group.
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The postoperative inflammatory response was not atten-
uated in the spinal analgesia group compared with that in
the PCA group in this study. This is not unexpected as the
magnitude of the response is governed largely by tissue
damage and was unchanged by the use of regional anaes-
thesia. The global inflammatory response was reduced in
magnitude and time in comparison with data available from
patients undergoing open colorectal resection4,14.

The use of spinal analgesia with concomitant simple
analgesia has been shown previously to be sufficient to
control postoperative pain adequately in the majority of
patients6,8. The significant reduction in pain scores in the
spinal analgesia group lasted well beyond the expected
duration of action of the bupivacaine–diamorphine mix-
ture, albeit with a decreasing level of significance. Although
use of opioids has been linked to immunosuppression dur-
ing the postoperative phase15, there was no evidence of this,
as reflected by the cytokine measurements in this study.

This study may be criticized for not including an epidural
group; however, based on previous work6,8 the authors feel
this would have been to the detriment of the patient. The
dose of diamorphine used here was lower than in other
published work8 (0⋅25 mg versus 1–1⋅5 mg); the dose in this
study was selected as higher doses have been associated
with postoperative nausea and vomiting, with no additional
analgesic benefit16. In addition, the i.q.r. values are wide
in the study groups, which reflects the wide variation from
patient to patient when measuring the study variables; there
could be the potential to ameliorate these differences with
greater numbers in each group. This study was powered to
80 per cent based on identifying a significant difference in
IL-6 levels between the four study groups, but the data have
been presented in combined analgesia groups for clarity.
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