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Randomized Controlled Trial
f the Anticatabolic Effect of Epidural
nalgesia and Hypocaloric Glucose

alph Lattermann, M.D., Ph.D., Linda Wykes, Ph.D.,
eopold Eberhart, M.D., Ph.D., Franco Carli, M.D., M.Phil.,
arkis Meterissian, M.D., M.Sc., and Thomas Schricker, M.D., Ph.D.

Background and Objectives: The goal of the present study was to investigate whether epidural analgesia
exerts a protein-sparing effect after colorectal surgery in the presence of hypocaloric glucose supply initiated
with surgical skin incision.

Methods: We randomly allocated 10 patients to receive general anesthesia combined with epidural anesthesia
with bupivacaine, followed by epidural analgesia using bupivacaine/fentanyl, and 10 patients to receive general
anesthesia, followed by patient-controlled analgesia with intravenous morphine. All patients received a 48-hour
infusion of glucose 10% from surgical skin incision until the second day after surgery. The glucose infusion rate
provided 50% of the patient’s resting energy expenditure. Kinetics of protein and glucose metabolism were
assessed by a stable-isotope tracer technique (L-[1-13C]leucine and [6,6-2H2]glucose).

Results: The rate of appearance of leucine increased in the intravenous-analgesia group (112 � 29 to 130 �
25 �mol/kg/h) 2 days after surgery, and this increase was more pronounced than in the epidural analgesia group
(preoperative 120 � 24, postoperative 123 � 22 �mol/kg/h, P � .05). Leucine oxidation rate increased in the
intravenous analgesia group from 17 � 8 to 23 � 8 �mol/kg/h and in the epidural group from 17 � 6 to 19 �
7 �mol/kg/h without the difference between the groups reaching statistical significance (P � .067). Nonoxida-
tive leucine disposal remained unaltered in both groups. No differences in glucose metabolism were seen
between the groups.

Conclusions: Epidural analgesia inhibits the increase in whole-body protein breakdown in patients receiving
perioperative hypocaloric glucose infusion initiated with surgical skin incision. However, oxidative protein loss,
protein synthesis, and glucose metabolism are not affected by epidural analgesia. Reg Anesth Pain Med 2007;32:
227-232.

Key Words: Epidural analgesia, Stable isotopes, Protein metabolism, Glucose.
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ain per se in the absence of surgical tissue
trauma stimulates the classic endocrine stress

esponse resulting in hyperglycemia and negative
itrogen balance, typical features of the catabolic
esponse to surgery.1,2 Furthermore, effective seg-
ental pain relief by epidural anesthesia has been

hown to attenuate hyperglycemia and to maintain
rotein homeostasis in patients undergoing major
bdominal surgery.3-5 We recently demonstrated
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hat intraoperative epidural anesthesia followed by
ontinuous epidural analgesia in contrast to general
nesthesia alone combined with postoperative in-
ravenous analgesia by use of morphine prevents
he loss of whole-body protein on the second day
fter colorectal surgery.6 In this study, all patients
eceived glucose infusions from 24 hours before
ntil 2 days after the operation. The avoidance of
rolonged fasting as exercised in that protocol gains
etabolic importance because evidence suggests

hat preoperative administration of glucose im-
roves insulin sensitivity and decreases nitrogen
oss after surgery.7,8 Hence, whether and to what
xtent early provision of glucose contributed to the
rotein-sparing effect of epidural analgesia as ob-
erved in that protocol remained unclear. The goal
f the present study was to investigate whether the
nticatabolic effects of epidural analgesia in the

resence of energy supply can be also obtained with
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later, intraoperative start of intravenous glucose.
ndicators of protein and glucose catabolism (i.e.,
rotein breakdown, amino acid oxidation, protein
ynthesis, and glucose production) were assessed by
table isotope tracer kinetics that used [6,6-
H2]glucose and L-[1-13C]leucine before and after
olorectal cancer surgery.

aterials and Methods

thics and Consent

The study was approved by the Ethics Committee
f the Royal Victoria Hospital, Montreal, Canada.
he study was done in accordance with the Decla-
ation of Helsinki, and written consent was ob-
ained from patients before enrolment.

atients

We performed a prospective, randomized, con-
rolled trial set in a university teaching hospital. We
pproached patients undergoing elective open re-
ection of localized, nonmetastatic colorectal carci-
oma at the Royal Victoria Hospital, Montreal, Can-
da. We excluded patients who had evidence of
etastatic disease, congestive heart failure, hepatic

isease, diabetes; those who had a serum albumin
ess than 35 g/L or had anemia (hemoglobin �100
/L); and those receiving drugs known to have met-
bolic effects, such as corticosteroids or �-blockers.
Procedures and Clinical Management. Two

nvestigators approached, enrolled, and random-
zed consenting patients (TS�RL). Patients were
andomly allocated to a group of patients receiving
eneral anesthesia combined with perioperative
pidural analgesia or to an intravenous-analgesia
roup receiving general anesthesia, followed by pa-
ient-controlled analgesia (PCA) with intravenous
orphine. Both anesthesiologist (TS, RL) and sur-

eon (SM) were aware of the individual patient’s
roup assignment.
Patients in both groups received infusion of glu-

ose 10% through a 16-gauge intravenous cannula
nserted into a forearm vein. The glucose infusion
tarted with skin incision and continued until 12:00
oon on the second day after surgery. The infusion
ate was adjusted to provide 50% of the patients’
esting energy expenditure (REE), as determined by
ndirect calorimetry at 11:00 a.m. on the day before
urgery and on the first and second postoperative
ays. This hypocaloric rate was chosen because glu-
ose administered at a higher dose in surgical pa-
ients is associated with significant hyperglycemia
i.e., blood glucose concentrations �10 mmol/L).5,9

All operations were carried out by the same sur-

eon. General anesthesia included propofol, fenta- t
yl (3 to 5 �g/kg), rocuronium, nitrous oxide, and
soflurane and was performed by 1 of 2 anesthesi-
logists. In the epidural-analgesia group, an epi-
ural catheter was inserted before induction of an-
sthesia between T9 and T11. Bupivacaine 0.5%
15 to 20 mL) was injected to produce a confirmed
ilateral, segmental-sensory block from T4 to L3.
dditional 0.25% bupivacaine (5 to 10 mL) was

njected 1 to 2 hours later. At the end of surgery,
pidural bupivacaine 0.1% supplemented with 2
g/mL fentanyl was administered continuously at a
ate of 10 to 15 mL/h and maintained for at least 48
ours. The segmental-sensory level of analgesia was
ssessed twice a day by use of a blunted needle and
ce, and the infusion was adjusted to maintain a
ilateral sensory block between T7 and L3. In the

ntravenous-analgesia group, pain relief was achieved
y PCA with intravenous morphine. The incremen-
al dose of morphine was 1 to 2 mg, lockout was 8
inutes, and dose duration was 30 seconds. The
orphine consumption in the PCA group was not

ecorded. No supplemental analgesics, such as
SAIDs, were given. The numerical visual analog

cale (VAS) scores at rest and on movement were
ssessed every 12 hours after surgery (0 � no pain;
0 � worst pain imaginable).

easurements

Before the operation, we recorded gender, age,
eight, and height. Whole-body leucine and glu-

ose-metabolism measurements were made from
:00 a.m. to 12:00 noon on the day before surgery
nd from 9:00 a.m. to 12:00 noon on the second
ostoperative day during glucose infusion. Plasma
inetics of glucose and leucine, that is, the glucose
ate of appearance (Ra), the leucine Ra, leucine
xidation, and nonoxidative leucine disposal, were
etermined by a primed constant infusion of tracer
uantities of L-[1-13C]leucine and [6,6-2H2]glucose
s described previously.5,6 Plasma concentrations of
lucose, lactate, insulin, glucagon, and cortisol were
etermined at 180 min of the preoperative and
ostoperative isotope infusion periods.
The patients’ REE was measured by indirect cal-

rimetry (Datex Instrumentarium Deltatrac, Hel-
inki, Finland). The subjects were lying in a semi-
ecumbent position (20°) and breathing room air in
he ventilated hood for 30 minutes on each occa-
ion. Oxygen consumption and carbon dioxide pro-
uction were measured. Energy expenditure and
espiratory quotient were calculated. Average val-
es were taken, with a coefficient of variation less

han 10%.
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nalytical Methods

Plasma enrichments of [1-13C]�-KIC and [6,6-
H2]glucose were analyzed by electron-impact, se-
ected-ion monitoring gas chromatography mass
pectrometry (GC/MS) as described earlier.10 Ex-
ired 13CO2 enrichments were analyzed by isotope
atio-mass spectrometry (IRMS Analytical Precision
P 2003, Manchester, UK). Plasma glucose concen-

rations were determined by a glucose oxidase
ethod that utilized a Glucose Analyzer 2 (Beck-
an Instruments, Fullerton, CA). Plasma lactate

oncentrations were measured by an assay based on
actate oxidase by use of the Synchron CX System
Beckman Instruments, Fullerton, CA). Serum con-
entrations of insulin and plasma concentrations of
lucagon and cortisol were determined by radioim-
unoassays (Amersham International; Amersham,
ucks, UK).

alculation of Whole-Body Leucine
nd Glucose Kinetics

Leucine and glucose kinetics were calculated by
onventional isotope-dilution methodology that
tilized a 2-pool stochastic model during steady-
tate conditions. The principles of this calculation
ave been described in detail previously.5,6,11

lasma enrichments of [1-13C]�-KIC during L-[1-
3C]leucine infusion were used as the basis for the
alculation of both flux and oxidation of leucine,
ecause it represents the intracellular precursor-
ool enrichment more precisely than leucine it-
elf.11 In the calculation of leucine oxidation, fac-
ors of 0.76 for the fasting (preoperative) state
nd 0.81 for the fed (postoperative) state were
pplied to account for the incomplete recovery of
abeled 13C carbon dioxide from the bicarbonate
ool.12,13 Under postabsorptive conditions, the Ra

f glucose represents endogenous production of
lucose. During glucose infusion, endogenous
lucose production was calculated by subtracting
he postoperative glucose infusion rate from the
otal Ra of glucose.

ndpoints, Sample-Size Calculation, and
tatistical Analysis

The primary endpoint was whole-body leucine
xidation on the second postoperative day. On the
asis of our previous studies,5,6 an alleviation of the
ostoperative increase of mean leucine oxidation of
t least 20% was defined as clinically relevant. Ten
atients per group provided more than 95% power
or an F test to detect this difference at a 5% signif-
cance level, assuming an actual standard deviation
mong the appropriate means within the range of

he effect size. .
Results are expressed as mean � SD. Statistical
nalyses of dependent variables were performed by
se of 2-factorial ANOVA for repeated measures.
ignificant effects induced by feeding were assumed
hen P values for time dependency were below

05. Influences by the analgesic regimen were ac-
epted as significant when the interaction term of
he analysis of variance was below .05.

esults

Table 1 shows the preoperative demographic
rofile of the patients studied. No relevant differ-
nces were observed between the 2 groups. No
atient suffered from significant blood loss that
equired transfusion of red blood cells. Both
roups were homogenous with respect to the type
f surgery (epidural group: 8 sigmoid colectomy,
hemicolectomy; intravenous analgesia group: 7

igmoid colectomy, 2 hemicolectomy). The nu-
erical analgesia scores at rest and on movement

n the epidural-analgesia group were lower than
n the intravenous-analgesia group throughout
he study period (Table 2).

Leucine rate of appearance, an estimate of
hole-body protein breakdown, increased from
20 � 24 �mol/kg/h to 123 � 22 �mol/kg/h in the
pidural-analgesia group and from 112 � 29 �mol/
g/h to 130 � 25 �mol/kg/h in the intravenous-
nalgesia group (Table 3). This increase was more
ronounced in the intravenous-analgesia group
han in the epidural group. Leucine oxidation rates
ncreased from 17 � 6 �mol/kg/h to 19 � 7 �mol/
g/h in the epidural-analgesia group and from 17 �
�mol/kg/h to 23 � 8 �mol/kg/h in the intrave-

ous-analgesia group. Although a trend toward a
reater increase in amino acid oxidation was seen in
atients receiving intravenous analgesia, the inter-
ction term of the analysis of variance (probability
hat the effect of glucose is greater in 1 distinct
roup) failed to achieve statistical significance (P �

Table 1. Characteristics of the Patients*

Characteristic

Intravenous
Analgesia

Group

Epidural
Analgesia

Group

Age (y) 66 � 13 69 � 13
Gender (M/F) 5/5 7/3
Weight at admission (kg) 71 � 13 73 � 9
Height (cm) 168 � 11 172 � 9
Type of surgery

Hemicolectomy 3 2
Sigmoid colectomy 7 8

Duration of surgery (min) 194 � 74 216 � 94

*Values are presented as means � SD.
067). The rate of nonoxidative leucine disposal, an
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stimate of whole-body protein synthesis, did not
hange significantly in either group. The rate of
ppearance of glucose increased in both groups and
he suppression of endogenous glucose production
y exogenous glucose infusion was comparable in
he 2 study groups (Table 3). The plasma concen-
rations of glucose, lactate, cortisol, and insulin in-
reased independent of the type of analgesia, and
he plasma concentrations of glucagon decreased in
oth groups (Table 3).
Whole-body oxygen consumption, whole-body

arbon dioxide production, and the respiratory
uotient increased 2 days after surgery in both
roups to a similar degree (Table 4).

iscussion

We demonstrate that epidural analgesia com-
ined with the administration of hypocaloric glu-
ose delivering 50% of the patient’s energy expen-
iture attenuates protein breakdown on the second
ay after colorectal surgery. The protein-sparing
ffects of epidural analgesia are well described in
he literature.14 The majority of studies that dem-

Table 2. Postoperative P

Intravenous Analge

At Rest

12 hours after surgery 2.0 � 1.8
24 hours after surgery 2.2 � 1.6
36 hours after surgery 2.1 � 1.4
48 hours after surgery 2.1 � 1.2

*Values are presented as means � SD.

Table 3. Leucine and Glucose Kinetics and Circu

Intravenous Analgesia
Group

Baseline
2 Days

After Surgery

Leucine rate of appearance
(�mol/kg/h) 112 � 29 130 � 25

Leucine oxidation (�mol/kg/h) 17 � 8 23 � 8
Nonoxidative leucine disposal

(�mol/kg/h) 94 � 14 107 � 18
Glucose rate of appearance

(�mol/kg/min) 11.0 � 2.7 17.9 � 3.6
Endogenous glucose rate of

appearance (�mol/kg/min) 11.0 � 2.7 8.2 � 3.8
Glucose (mmol/L) 5.3 � 0.6 7.4 � 1.0
Lactate (mmol/L) 1.1 � 0.3 1.3 � 0.4
Cortisol (nmol/L) 212 � 72 406 � 140
Insulin (pmol/L) 56 � 30 99 � 50
Glucagon (pmol/L) 17 � 6 14 � 4

*Values are presented as means � SD.
†Probability that values are influenced by intravenous glucose

‡Probability that values are influenced by the type of analgesia.
§Probability that the effect of glucose is greater in 1 distinct group.
nstrate positive effects of neuraxial block on pro-
ein homeostasis were conducted in patients receiv-
ng alimentary support.15-17 Hence, differentiation
etween the impact of the type of analgesia and
hanges resulting from nutritional factors was not
ossible. More recent studies controlled for the pa-
ients’ feeding status indicate that, under fasting
onditions, when energy intake is absent, epidural
nalgesia has no effect on protein catabolism.5,18 In
he presence of energy supply, however, epidural
nalgesia maintains protein balance and suppresses
he postoperative loss of nitrogen.5,6,18 Although in
he present study, epidural analgesia attenuated the
ncrease in protein breakdown after surgery, it
ailed to inhibit amino acid oxidation, most likely a
onsequence of the different timing of glucose ad-
inistration. Whereas hypocaloric glucose in the

revious protocol started 24 hours before surgery,6

lucose infusion in the present study started with
urgical skin incision. One may, therefore, specu-
ate that changing the metabolic setting from an
vernight fasted to a fed state accentuates the pro-
ein-preserving effect of epidural analgesia. This as-

umeric Analogue Score*

oup Epidural Analgesia Group

vement At Rest On Movement

1.6 0.8 � 2.9 2.9 � 1.1
1.5 1.4 � 1.1 2.8 � 1.2
1.6 1.2 � 1.3 3.0 � 1.1
1.6 1.5 � 2.6 2.7 � 0.8

g Concentrations of Metabolites and Hormones*

ral Analgesia Group
P Values

ine
2 Days

After Surgery Glucose† Analgesia‡ Interaction§

24 123 � 22 .003 .929 .028
6 19 � 7 .001 .470 .067

20 104 � 18 .052 .689 .082

1.4 17.5 � 2.1 .0001 .936 .655

1.4 7.0 � 2.3 .0001 .580 .349
0.4 7.5 � 0.8 .0001 .751 .831
0.3 1.1 � 0.3 .026 .341 .961
82 356 � 100 .0001 .775 .219
22 95 � 20 .0001 .818 .974
4 16 � 6 .046 .323 .992
ain N

sia Gr

On Mo

4.8 �
4.7 �
4.4 �
4.5 �
latin

Epidu

Basel

120 �
17 �

103 �

11.2 �

11.2 �
5.4 �
1.0 �
243 �

53 �
19 �
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umption is supported by the results of studies that
how preoperative overnight treatment with glu-
ose improves insulin sensitivity and thereby pro-
otes nitrogen retention after major surgery.7,8

The inhibition of the hyperglycemic response to
bdominal surgery by epidural analgesia has also
ong been recognized.3 In the present protocol in-
ependent of the anesthetic technique, circulating
lucose concentrations increased 2 days after sur-
ery, lending support to the conclusion that the
uppressive effect of epidural analgesia on glucose
etabolism is limited to the intraoperative and im-
ediate postoperative period. We assessed glucose

roduction rates in our study because of a biochem-
cal link between perioperative glucose and protein

etabolism. Muscle protein is said to be broken
own to provide gluconeogenic amino acids as pre-
ursors for de novo glucose synthesis in liver and
idney.5 In our investigation, no relation between
hole-body protein breakdown and endogenous

lucose production was observed, that is, the inhi-
ition of protein breakdown in the epidural group
as not accompanied by a corresponding decrease

n glucose production. This finding has 2 possible
xplanations. First, whole-body glucose production
s, depending on the metabolic state, composed of
lycogenolysis and gluconeogenesis. Because the
se of [6,6-2H2]glucose as applied in the present
rotocol does not allow the differentiation between
he 2 pathways, the contribution of gluconeogene-
is could not be quantified in our patients. Second,
he possibility that more factors than the need for
luconeogenic precursors regulate protein break-
own and gluconeogenesis in the perioperative pe-
iod cannot be ruled out.

Because the present protocol was not designed to
lucidate the underlying mechanisms. we can only
peculate about the potential factors responsible for
he metabolic effects of epidural analgesia. Stimu-
ation of afferent sensory and sympathetic fibers by
issue trauma and activation of efferent hypo-

Table 4. Ga

Intravenous Analgesia
Group

Baseline
2 Days

After Surge

Oxygen consumption (mL/min) 215 � 44 228 � 37
Carbon dioxide production (mL/min) 168 � 26 190 � 26
Respiratory quotient 0.79 � 0.06 0.84 � 0.0

*Values are presented as means � SD.
†Probability that values are influenced by intravenous glucose
‡Probability that values are influenced by the type of analgesi
§Probability that the effect of glucose is greater in one distinct
halamopituitary pathways have been considered to
e one of the main release mechanisms of the cat-
bolic responses to surgery.14 Block of these path-
ays by epidural local anesthetics has been shown

o prevent the counterregulatory endocrine stress
esponse and to increase insulin sensitivity and glu-
ose utilization, with possible impact on protein
conomy.5,14,19 In our study, no modifying effect of
pidural analgesia on circulating cortisol, gluca-
ons, or insulin concentrations was observed. Be-
ause insulin sensitivity was not measured, we,
owever, cannot rule out the possibility that im-
roved insulin sensitivity contributed to the inhib-
tory effect of epidural analgesia on postoperative
rotein breakdown.
In summary, epidural analgesia and hypocaloric

lucose, initiated with surgical skin incision, inhibit
he increase in whole-body protein breakdown
ithout significantly affecting glucose metabolism 2
ays after colorectal surgery. An anabolic response,
owever, cannot be achieved by the infusion of
lucose, whether patients received epidural analge-
ia or not. Whether epidural analgesia can promote
rotein synthesis and induce a positive protein bal-
nce if anabolic substrates (i.e., amino acids) are
dministered together with glucose remains to be
etermined.
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