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The reliability of preemptive analgesia is controversial.
Its effectiveness may vary among anatomical areas or
surgical types. We evaluated preemptive analgesia
by epidural morphine in six surgery types in a ran-
domized, double-blind manner. Pain intensity was
rated using a visual analog scale, a verbal report, and a
measurement of postsurgical morphine consumption.
Preemptive analgesia was effective in limb surgery and
mastectomy, but ineffective for gastrectomy, hysterec-
tomy, herniorrhaphy, and appendectomy. Relief of
postsurgical pain in herniorrhaphy was more rapid
than that in the other surgery types. Preemptive analge-
sia was effective in limb surgery and mastectomy, but
not in surgeries involving laparotomy, regardless of
whether the surgery was major (gastrectomy and hys-
terectomy) or minor (herniorrhaphy and appendec-
tomy). These results suggest that viscero-peritoneal

nociception is involved in postsurgical pain. The ab-
dominal viscera and peritoneum are innervated both
heterosegmentally (in duplicate or triplicate by the va-
gus and/or phrenic nerves) and segmentally (by the
spinal nerves). Therefore, supraspinal and/or cervical
spinal neurons might be sensitized, despite the block-
ade of the segmental nerves with epidural morphine.
The rapid retreat of the pain after herniorrhaphy sug-
gests that central sensitization remits soon after minor
surgery, but that in appendicitis, it may be protracted
by additional noxious stimuli, such as infection. Impli-
cations: Epidural preemptive analgesia was reliably ef-
fective in limb and breast surgeries but ineffective in
abdominal surgery, suggesting involvement of the
brainstem and cervical spinal cord via the vagus and
phlenic nerves.

(Anesth Analg 1999;89:711–6)

A fter nociception, central sensitization is induced
(1–3). Furthermore, c-fos is expressed in spinal
dorsal neurons after nociception (4). These

changes augment nociceptive sensitivity. Wind-up (5)
is considered to be an important mechanism of central
sensitization, and is brought about mainly by activa-
tion of N-methyl-D-aspartate receptors and partially
by stimulation of neurokinin receptors (6,7). There-
fore, we may be able to produce a painless postsurgi-
cal state by preventing central sensitization using
blocking nociceptive impulses of regional anesthesia,
increasing the threshold of nociceptive neurons by
using opioids; blocking wind-up by using NMDA re-
ceptor antagonists, and suppressing any local inflam-
matory reaction by using antiinflammatory drugs (8–
10). Based on these methods, preemptive analgesia,

defined as “analgesic intervention provided before
surgery to prevent or reduce subsequent pain,” (11–
12) has been advocated. Typically, epidural analgesia
or anesthesia is used for clinical studies of preemptive
analgesia. Studies to date have produced varied re-
sults (8–12).

The validity of preemptive analgesia has been dem-
onstrated in animal experiments (13–15). Some clinical
results have supported preemptive analgesia, while
some have failed to show any relevant reduction in
postsurgical pain (8–12). In animal experiments, the
lower limb or tail is usually used for nociceptive stim-
ulation (13–15), while patients in clinical studies may
undergo surgeries that cause nociception from various
regions, including the chest, abdomen, and the four
extremities. Both the spinal and vagus nerves inner-
vate pleural and abdominal organs. Surgical stress
and/or invasion varies among surgery types, and the
distribution and/or density of nociceptive receptors
varies among surgical areas. Therefore, we speculate
that the effectiveness of preemptive analgesia may
vary among surgical areas or surgery types, and that
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this may contribute to the varied results obtained dur-
ing clinical trials. In this study, we compared the
effectiveness of preemptive analgesia among various
surgery types.

Methods
The study was performed after obtaining approval
from our institutional committee for human investiga-
tion. Informed consent was obtained from each pa-
tient, or, in the case of minors, from the patient’s legal
custodian. All patients (ASA physical status I and II)
more than 15 years undergoing surgery under general
anesthesia in our hospital between February 1998 and
August 1998 were prospectively investigated.

A day before surgery, patients were taught how to
complete the visual analog scale (VAS) interview and
to use the patient-controlled analgesia (PCA) pump
(Baxter, PC1071PCA). Patients who could not rate the
VAS score and/or use the PCA pump, including those
with dementia, deafness, poor eyesight, or Parkinson-
ism were excluded. None of the patients were narcotic
addicts, or were given any opioid for pain treatment.

All patients had an epidural catheter placed prior to
general anesthesia induction with the tip directed to
C6-7 (upper limb surgery), T3-4 (breast surgery), T7-8
(upper abdominal surgery), T11-12 (lower abdominal
surgery) or L1-2 (lower limb surgery), after premedi-
cation with atropine, 0.01 mg z kg21, and hydroxyzine,
1 mg z kg21. To confirm the location of the catheter, the
loss-of-resistance method was used. Care was taken to
verify that cerebrospinal fluid was not aspirated. The
epidural catheter was used to administer both epi-
dural morphine for preemptive analgesia and for post-
surgical epidural analgesia.

The surgery types studied were (1) upper or lower
limb surgery for removal of tumor or foreign body
(nail or plate) with a skin incision of 150-mm or more,
(2) radical mastectomy for breast cancer, (3) gastrec-
tomy (total or segmental stomach resection) for stom-
ach cancer, (4) hysterectomy for uterine myoma, (5)
herniorrhaphy for inguinal hernia, and (6) appendec-
tomy for appendicitis. Among the limb surgery pa-
tients, lower limb surgeries (preemptive, 23; control,
25) were more numerous than upper limb surgeries
(preemptive, 5; control, 6). Patients undergoing ap-
pendectomy complained of acute pain presurgically,
whereas those undergoing the other surgeries had no
presurgical pain.

Patients undergoing each surgery were allocated
randomly to the preemptive or the control group ac-
cording to a computer-generated random sequence.
Based on the randomized sequence, the study super-
visor (KS) prepared a syringe filled with morphine-
saline or saline only as a placebo. The syringe was
sealed and then transferred to a blinded anesthesiol-
ogist (Table 1).

Patients received general anesthesia with inhalation
of 1–2% sevoflurane and 30% oxygen-70% nitrous ox-
ide gas mixture. After induction of anesthesia, bolus
morphine, 0.06 mg z kg21(16), or placebo was epi-
durally administered 40 min prior to skin incision, and
then continuous epidural morphine infusion, 0.02 mg z
kg21 z h21, or a placebo was sustained until the ter-
mination of surgery. After skin closure, naloxone,
0.008 mg z kg21, or another saline placebo, prepared in
the same double-blind manner as the morphine, was
injected IV to erase the aftereffects of the morphine.

After total recovery from anesthesia (awareness was
tested as the ability to open their eyes, grip a finger,
and breathe deeply on request.), the PCA pump was
set to inject a 0.2-mg bolus dose of epidural morphine
with a lock-out time of 15 min and no background
infusion or maximal dose. The PCA pump was re-
moved 48 h after surgery. The cumulative dose of
morphine was noted at 6, 12, 24, and 48 h. There were
no other analgesics given during the perisurgical period.

Another blinded physician assessed spontaneous
postsurgical pain intensity at rest using the VAS with
a 100-mm horizontal line at 6, 12, 24, and 48 h after
surgery. Patients also gave a verbal pain score describ-
ing their maximum pain during the 48 h after surgery
(3, severe and using the PCA pump; 2, bearable and
not using the PCA pump; 1, slight; 0, nil).

Data were analyzed using a x2 test, simple correla-
tion, one- or three-way analysis of variance (ANOVA)
in combination with the Tukey test for parametric
data, and the Kruskal-Wallis test in combination with
the Dunn test for nonparametric data. Differences at
P , 0.05 were considered significant. The values were
expressed as means with standard deviations, or me-
dians with quartiles.

Results
There were no significant differences in age, gender,
surgical duration, and blood loss within the respective
surgery types, although significant differences were
seen among the surgery types (Table 1). All patients
recovered awareness within 20 min after skin closure.

In limb surgery and mastectomy, both VAS val-
ues (Fig. 1) and cumulative morphine consumption
(Fig. 2) were significantly lower in the preemptive
groups at every time point observed (6, 12, 24, and
48 h) than those in the corresponding control groups.
In gastrectomy, hysterectomy, herniorrhaphy, and ap-
pendectomy, however, there were no significant dif-
ferences in the VAS values or the morphine consump-
tion between the preemptive and control groups
within the same surgery at any time point observed
(Figs. 1 and 2).
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The verbal pain ratings in the preemptive groups
undergoing limb surgery and mastectomy were sig-
nificantly lower than those in the corresponding con-
trol groups. In gastrectomy, hysterectomy, herniorrha-
phy, and appendectomy, no significant differences
were noted between the preemptive and control
groups within the same surgery type (Table 2).

We compared the VAS values and cumulative mor-
phine consumption at each time point among the pa-
tients who underwent surgeries involving a laparot-
omy. For herniorrhaphy, the VAS values for the
preemptive and control groups were significantly
lower than those in the following respective groups:
gastrectomy (12, 24 and 48 h), hysterectomy (24 and
48 h) and appendectomy (12, 24 and 48 h) (Fig. 1). The
cumulative morphine consumption for the preemp-
tive and control herniorrhaphy groups was signifi-
cantly smaller than that in the respective gastrectomy
groups at 12, 24 and 48 h (Fig. 2).

Discussion
In limb surgery and mastectomy, preemptive analge-
sia by epidural morphine provided definitive pain
relief. In contrast, preemptive analgesia with epidural
morphine alone was ineffective in patients who un-
derwent gastrectomy, hysterectomy, herniorrhaphy,
and appendectomy. Thus, the type of surgery may be
one factor responsible for the differing results ob-
tained by other clinical trials of preemptive analgesia
(11,12,17).

In this study, morphine was administered epi-
durally. Epidural morphine exerts an analgesic effect

in a smaller dose than systemic morphine, because the
effective concentration is limited to within the spinal
cord only (16,18). Naloxone was administered after
skin closure to block the continued effect of the pre-
emptive morphine. Immediately after IV naloxone ad-
ministration, morphine is released from receptor sites.
Then the free morphine diffuses out of the spinal cord
into the whole body. The diffused morphine is then
present at a very low concentration and has little or no
effect (18). Meanwhile, naloxone provides only a tran-
sient effect (19). Therefore, epidural morphine admin-
istered postsurgically can exert its effect again. Thus,
IV naloxone appeared able to terminate the effect of
the preemptive morphine, without obstructing the ef-
fect of the epidural morphine.

Indeed, no significant differences between the pre-
emptive (with naloxone) and control (with placebo)
groups of the respective surgery types were noted. In
the other words, the IV naloxone administered after
skin closure neither increased postsurgical pain nor
interfered with the action of the postsurgically-
administered morphine. In limb surgery and mastec-
tomy, the pain intensity in the preemptive groups was
very much lower than that in the respective control
groups despite the naloxone. These results suggest
that the postsurgical pain relief seen in limb surgery
and mastectomy is produced by the preemptive effect,
not an after effect of the morphine.

Interestingly, all surgery types for which preemp-
tive analgesia was ineffective all involved a visceral
and/or peritoneal incision (laparotomy). Even the pa-
tients who underwent herniorrhaphy, which was as-
sociated with significantly less postsurgical pain, were

Table 1. Summary of Groups Within the Respective Surgery Types

n
Age
(yr)

Gender
(F/M)

Body
weight

(kg) Height (m)

Surgery
duration

(min)
Blood loss

(ml/kg)

Limb surgery
Preemptive 28 53 6 15 10/18 55 6 11 1.56 6 0.11 125 6 61 2.9 6 10.3
Control 31 49 6 22 13/18 59 6 11 1.61 6 0.11 132 6 52 3.6 6 6.0

Mastectomy
Preemptive 14 59 6 13 14/0 52 6 11 1.51 6 0.06 124 6 43 1.4 6 1.5
Control 15 58 6 13 15/0 57 6 10 1.56 6 0.09 110 6 61 3.2 6 3.2

Gastrectomy
Preemptive 28 65 6 10 10/18 54 6 9 1.59 6 0.08 256 6 88 10.9 6 14.1
Control 28 63 6 13 11/17 57 6 10 1.55 6 0.11 201 6 112 4.3 6 3.9

Hysterectomy
Preemptive 16 45 6 12 16/0 54 6 7 1.54 6 0.06 97 6 53 3.7 6 2.8
Control 17 47 6 11 17/0 53 6 8 1.54 6 0.07 107 6 37 5.7 6 4.2

Herniorrhaphy
Preemptive 18 62 6 13 5/13 57 6 4 1.61 6 0.07 49 6 24 0.3 6 0.6
Control 18 60 6 15 6/12 61 6 9 1.59 6 0.11 60 6 35 1.0 6 2.2

Appendectomy
Preemptive 28 34 6 20 15/13 57 6 9 1.61 6 0.09 62 6 35 0.2 6 0.1
Control 27 34 6 22 16/11 55 6 10 1.58 6 0.07 64 6 34 0.3 6 0.3

Values are mean 6 sd.
P , 0.05 among surgery types for gender.
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still refractory to preemptive treatment. These results
suggest that viscero-peritoneal nociception is a critical
factor in the validity of preemptive analgesia.

The abdominal viscera and peritoneum are multiply
innervated by both segmental and heterosegmental
nerves: (1) the segmental (T5-11) spinal nerves (greater
and lesser splanchnic nerves) via the celiac ganglion,
or the segmental (T9-L2) spinal nerves (lumbar
splanchnic nerve) via the superior and inferior mes-
enteric ganglions, (2) heterosegmental spinal (C3-4)
nerves (phrenic nerve), (3) the heterosegmental cranial
nerve (vagus nerve), and/or (4) the segmental sacral
(S2-4) segment (sacral parasympathetic nerve) (20,21).
On the other hand, the limbs and breasts are inner-
vated only segmentally. Therefore, all nociceptive
stimuli arising from these areas can be entirely
blocked by epidural morphine. We believe that this is

why preemptive analgesia was able to alleviate the
pain from limb and breast surgery.

Schuligoi et al. (22) demonstrated that gastric noci-
ception induces c-fos expression in the brainstem neu-
rons, and is mediated by the vagus nerve. Bon et al.
(23) suggested that brainstem neurons express c-fos
after visceral nociception, and that the dorsal vagal
complex in the brainstem is the main visceral pain
center. Also, the phrenic nerve contains nociception-
sensitive afferent fibers, and transmits stress responses
arising from the upper abdomen (24). The morphine
administered epidurally in this study might be able to
exert segmental analgesia, but fails to block nocicep-
tion heterosegmentally via the phrenic and/or vagus
nerves.

The pain intensity 6 h after herniorrhaphy was sim-
ilar to that after major laparotomy (e.g., gastrectomy),
irrespective of the extent of the surgical invasion or
grade of stress. Meanwhile, postsurgical VAS values

Figure 1. Visual analog scale (VAS) values in six surgery types.
VAS values for each surgery type are shown as the mean and SD
within each group. Black columns, PA groups; gray columns, con-
trol groups. **P , 0.01 and ***P , 0.001 compared with the control
group within the same surgery type. †P , 0.05 compared with the
respective preemptive or control group of two laparotomies (gas-
trectomy and appendectomy). ††P , 0.01 compared with the re-
spective preemptive or control group of three laparotomies (gas-
trectomy, hysterectomy and appendectomy). Three-way ANOVA
and Tukey test were used.

Figure 2. Cumulative morphine consumption in six surgery types.
The quantity of morphine used by each surgical group, expressed as
the mean and sd. Filled circles, preemptive groups; open circles,
control group. ***P , 0.001 compared with the control group within
the same surgery. †P , 0.05 and ††P , 0.01 compared with the
corresponding preemptive or control group of gastrectomy. Three-
way ANOVA and Tukey test was used.
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for herniorrhaphy at 12, 24, and 48 h were lower than
those for gastrectomy. Postsurgical morphine con-
sumption at 12, 24, and 48 h was also low compared
with gastrectomy. Therefore, the pain caused by mi-
nor surgery retreats more rapidly than that by major
surgery. However, in the other minor surgery involv-
ing laparotomy, appendectomy, postsurgical pain ap-
peared considerably more intense and continued for
longer as compared with herniorrhaphy. This is prob-
ably because appendicitis is usually accompanied by
presurgical pain as well as infection in the adjacent
peritoneum. The presurgical pain and local peritonitis
might protract the postsurgical pain. These facts cor-
respond well to our everyday experiences with pain.
We feel severe pain at the moment that our finger is
pricked with a needle but forget it soon afterwards.
However, a larger incision with a knife is painful for a
longer time, and an infected wound is painful for even
longer.

This study contributes to our understanding of why
clinical results regarding pain and preemptive analge-
sia have not always agreed with animal studies. In
most animal experiments on central sensitization to
nociception, noxious stimulation was given to the
hind paw or tail (1–5,13–15). These areas are inner-
vated by the segmental spinal nerves only. Therefore,
a complete nociceptive block can be easily accom-
plished in these animal experiments. However,
viscero-peritoneal nociception is frequently involved
in clinical nociception. Among the clinical studies,
other factors may also differ. The time points used to
assess pain might be important because of the rapid
retreat of postsurgical pain in minor surgery. Also,

other causes of pain, such as infection, should be
eliminated from studies of preemptive analgesia. Our
previous research indicated that the existence of pain
prior to surgery decreases the effectiveness of preemp-
tive analgesia (manuscript submitted). The invalidity
of previous clinical results on preemptive analgesia
may be attributable to this as well. In conclusion, the
present study shows that preemptive analgesia can be
highly effective for certain types of surgery.
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