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Chronic Pain as an Outcome of Surgery

A Review of Predictive Factors
Frederick M. Perkins, M.D.,* Henrik Kehlet, M.D., Ph.D.†

ONE potential adverse outcome from surgery is chronic
pain. Analysis of predictive and pathologic factors is
important to develop rational strategies to prevent this
problem. Additionally, the natural history of patients
with and without persistent pain after surgery provides
an opportunity to improve the understanding of the
physiology and psychology of chronic pain.

Ideally, studies of chronic postoperative pain should
include (1) sufficient preoperative data (assessment of pain,
physiologic and psychologic risk factors for chronic pain);
(2) detailed descriptions of the operative approaches
used (location and length of incisions, handling of nerves
and muscles); (3) the intensity and character of acute
postoperative pain and its management; and (4) fol-
low-up at intervals to 1 yr or more. In addition, there
would be information about postoperative interventions
that may influence pain, such as radiation therapy or
chemotherapy. At long-term follow-up visits, patient
function, physical signs, and symptoms would be evalu-
ated using a standardized algorithm, including quantita-
tive and descriptive pain assessments. We found no
studies that contain all of these data.

For this review, we specifically sought population data
that reflect the incidence of chronic postoperative pain
or predictors (medical, physiologic, and psychologic) of
chronic pain. We selected five groups of surgeries (limb
amputations, breast surgery, gallbladder surgery, lung
surgery, and inguinal hernia surgery). These surgeries
were selected because the incidence of pain is known to
be high, thus improving the probability of detecting
predictive factors. They also represent a range of major
surgical procedures.

Methods

We performed a computerized search of the medical
literature using the OVID search engine (OVID Technol-

ogies, Wolters Kluwer, Amsterdam, The Netherlands).
The search was performed on the entire database in
January 1999 and covered 1966 through most of 1998.
Additional articles published during the review process
have also been included. Terms were used in their “ex-
ploded” format. The term “pain” was combined with the
other appropriate term (e.g., “cholecystectomy”); also
the text words associated with the pain syndromes were
searched, resulting in more than 1,700 citations. Letters
to the editor were not reviewed. Additionally, articles
known to the authors but not found in the search were
used. If the article contained data about persistent pain
(12 weeks or more after surgery), it was considered for
inclusion in this review. To calculate the incidence of
pain, we used the number of individuals responding at
the time the chronic pain data was gathered, and only
used data from articles in which the methods section
indicated that there was systematic collection of long-
term pain information from patients. Studies of fewer
than 50 patients were excluded in the incidence data
analysis for breast surgery, gallbladder surgery, and lung
surgery. Studies of fewer than 100 patients were ex-
cluded from the data analysis for inguinal hernia surgery.
Amputation studies of 25 subjects or more were in-
cluded because of the higher incidence of chronic pain.

Results

Limb Amputation
Pain Incidence. The reported incidence of phantom

limb pain varies from 30 to 81% (table 1). Finch et al.1

reported pain in 30% of 57 long-term survivors of ampu-
tation for vascular insufficiency. Fisher and Hanspal2

described 93 consecutive amputees referred to a pros-
thetic rehabilitation clinic; therefore, selection bias may
be a factor. The remainder of the studies (table 1) report
an incidence of phantom limb pain of more than 50%.
Sherman et al.3 noted at least a 78% incidence of phan-
tom limb pain, and perhaps as high as 85%; however,
their questionnaire response rate was not high (55%).
Stump pain was noted in 66% of patients with phantom
pain and in half of those without phantom pain; there-
fore, the overall stump pain incidence exceeds 60%. War-
tan et al.4 reported a 62% incidence of phantom limb pain
and 63% for stump pain. Similar to Sherman et al., 66% of
patients with phantom limb pain also have stump pain.
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Preoperative Factors: Smith and Thompson5 re-
ported that pain was more common after amputation for
cancer than for trauma, but this study was a chart review
(phantom pain noted in medical record), and there were
only eight amputations for trauma. No large studies sys-
tematically evaluate the incidence of phantom limb pain
after trauma, vascular disease, and cancer-related surger-
ies. The presence of intense preoperative pain in the
extremity increases the probability of phantom limb
pain (from 33 to 72% at 3 months).6,7 Some early re-
ports8,9 indicated that the incidence of phantom limb
pain decreased with prolonged (72 h) preoperative epi-
dural pain control, followed by postoperative epidural
pain control. Both studies were small (23 and 24 pa-
tients, respectively at 6 months follow-up), and neither
was properly randomized. In a subsequent randomized
controlled study,10 this observation was not confirmed,
but preoperative pain control was limited to 18 h, and
the extent and intensity of perioperative blockade was
not sufficient to control pain without supplemental sys-
temic opioids.

Intraoperative Factors. The effect of anesthesia (epi-
dural, spinal, or general) alone has not been studied.
Surgical handling of the major nerves is rarely men-
tioned, so we cannot assess the effect of nerve ligation or
clipping versus section alone.

Postoperative Factors. Administration of chemother-
apy increases the incidence of phantom limb pain.5

Stump pain at 1 week is significantly associated with
phantom pain at 1 week,6 and long-term stump pain
predicts long-term phantom limb pain.3 There is also a
correlation between nonpainful phantom sensations and
phantom pain.4 Control of acute postoperative pain with
nerve sheath infusion of local anesthetic decreased the

incidence of phantom limb pain in one series of 11
patients,11 but a subsequent randomized controlled trial
(n 5 14 at long term follow-up)12 failed to confirm this
finding. Both of these studies are small, and the negative
study12 does not have the statistical power to conclude
that there is no significant effect. There has also been a
negative retrospective report of this technique (n 5
21).13 As mentioned previously, data regarding epidural
analgesia8–10 as a method to decrease the incidence of
phantom limb pain conflict.

Apparent Etiology. Most authorities believe that
phantom limb sensation and phantom limb pain are
central phenomena and explain them using the neu-
romatrix theory expounded by Melzack.14,15 That is,
there is a matrix in the central nervous system for the
perception of a body part, and this matrix exists even
when the body part does not. Sherman et al.3 emphasized
that multiple etiologies may lead to phantom limb pain,
based on the inconsistency of therapeutic responses.

Progression. The incidence of phantom limb pain
decreases during the first year after amputation, as does
the frequency of painful episodes7,16; however, about
half the individuals with long-term phantom pain report
no decrease in the intensity of this pain.3

Section Summary. Phantom limb pain is common
after extremity amputation, and documented predictors
of this pain include preamputation pain and persistent
stump pain (acute and chronic). No conclusive studies
have evaluated the effect of acute or subacute stump
pain control on long-term stump pain or on long-term
phantom limb pain. Also no psychologic studies have
evaluated patients before amputation for predictors of
chronic pain.

Table 1. Amputation

Reference Size
Stump Pain
Incidence

Phantom Pain
Incidence (%)

Preoperative Pain
Incidence

Preoperative
Physiologic Data

Acute Pain
Data

Finch, 19801 57 18%§ 30§ — — —
Sherman, 19843 2,694 — 78†† — — —
Jensen, 198516 51 — 65* 98% — —

(34) — 59‡ 98% — —
Pohjolainen, 199198 124 5%† 53† — — —
Krane, 19957 24 83\ 1 — —
Nikolajsen, 199710 16‡‡ — 81* 22% — 1

20§§ — 55* 97% — 1
Wartan, 19974 526 57%** 55** — — —
Fisher, 19982 93 — 31# — — —
Nikolajsen, 199899 14‡‡ — 79* 1 1 1

17§§ — 59* 1 1 1

* Pain at 6 months. † Pain at 1 yr. ‡ Pain at 2 yr. § Mean follow-up at 2.5 yr. \ Mean follow-up at 16 months. # Mean follow-up at 10 yr. ** Median follow-up at
50 yr. †† Mean follow-up at 26 yr after amputation for those with pain. ‡‡ Preoperative and postoperative epidural analgesia. §§ Preoperative systemic opioid
analgesia. \\ Number of patients who survived 2 yr of initial 59.

Acute pain data 5 extent of acute pain measured and reported; preoperative physiologic data 5 pain sensitivity data reported; preoperative psychologic data 5
psychologic testing data reported (no data reported for studies on this table); — 5 no data presented; 1 5 data presented.
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Thoracotomy
Pain Incidence. Long-term pain after thoracotomy,

the postthoracotomy pain syndrome (PTPS), may have
an incidence of more than 50%.17,18 Six studies met our
inclusion–exclusion criteria (table 2), assessing 878 pa-
tients, of whom 417 (47%) had PTPS.

Preoperative Factors. Katz et al.2 could not predict
PTPS from preoperative psychologic testing (state or
trait anxiety, depression inventory) or preoperative pain
sensitivity as determined by pressure algometry. This
study (n 5 23) was the extension of a previous acute
pain study; it therefore lacks statistical power and may
be subject to selection bias. Perttunen et al.19 noted the
presence of preoperative pain in 17% of their patients
but did not analyze it as an independent risk factor.

Intraoperative Factors. Several recent case series
report that video-assisted thoracoscopic lung surgery
(VATS) is associated with a low incidence of PTPS.
Walker et al.20 reported only 1 case of 83 (1.2%), and
Mouroux et al.21 noted a 3% incidence of PTPS, but
neither group reports systematically looking for PTPS. In
a large retrospective survey, Landreneau et al.22 (table 2)
noted a lower incidence of pain in patients who had
VATS compared with those who underwent lateral tho-
racotomy (30 vs. 44%); however, pain medication re-
quirements did not differ. The difference in pain inci-
dence was statistically significant only during the first
year after surgery. In a small (n 5 30), nonrandomized
prospective study, Furrer et al.23 found a 36% incidence
of PTPS in patients undergoing VATS wedge resection,
and a 33% incidence of PTPS in a matched group of
patients undergoing lobectomy by a classic posterolat-
eral thoracotomy. However, the results are confounded
because the thoracotomy group received thoracic epi-

dural analgesia with local anesthetic and opioid, whereas
the thoracoscopic group received intravenous patient-
controlled opioids. Nomori et al.24 retrospectively and
Benedetti et al.25 prospectively (case series) reported a
decreased severity of chronic pain after anterolateral
thoracotomy when compared with classic posterolateral
thoracotomy (mean visual analog scale [VAS] score, 6 of
100 vs. 21 of 100). Both studies were small (24 and 42
patients), and chronic postoperative pain was not a
primary outcome parameter. In descriptions of the sur-
gical technique for posterolateral thoracotomy, details
about whether a rib was resected or about how the
intercostal nerves were handled were missing from most
reports.

A recent report by Obata et al.26 (table 2) found a
significant effect of intraoperative plus postoperative
epidural analgesia when compared with just postopera-
tive epidural analgesia (decreasing the incidence of pain
at 6 months from 67% to 33%). This is a prospective,
randomized, single-blind study.

Postoperative Factors. The intensity of acute post-
operative pain is a statistically significant predictor18,27

of PTPS (36 vs. 56% PTPS for minor vs. moderate to
severe acute pain). As mentioned previously herein, the
combination of intraoperative plus postoperative epi-
dural analgesia with local anesthetic was associated with
a decreased incidence of pain at 6 months. An attempt at
preemptive analgesia28 had not improved analgesia on
long-term follow-up.18 Another small study found that
the type of postoperative analgesia affected the inci-
dence of pain at 12 weeks (less pain with epidural
analgesia or intercostal nerve cryoablation), but data of
only 33 subjects divided among four treatment regimens
were reported.29 Benedetti et al.25,30 showed that inter-

Table 2. Thoracotomy

Reference Size
Surgical

Approach
Chronic Pain

Incidence
Preoperative Pain

Incidence
Acute Pain

Data

Dajczman, 1992100 56 PL-thor 54%‡ — —
Kalso, 199227 134 — 44%§ — 1
Landreneau, 199422 142 VATS 30%* — —

36 VATS 22%† — —
97 PL-thor 44%* — —
68 PL-thor 29%† — —

Bertrand, 199617 146 VATS 63%\ — —
87 PL-thor 61%# — —

Perttunen, 199919 62 — 61%** 1 1
Obata, 199926 28 PL-thor 33%†† — 1

30 PL-thor 67%‡‡ — 1

See table 1 legend for further information (no information reported for studies in this table regarding preoperative physiologic data or psychologic data).

* Follow-up at 3–12 months. † Follow-up at 13–31 months. ‡ Median follow-up at 20 months. § Median follow-up at 30 months. \ Mean follow-up at 25 months.
# Mean follow-up at 33 months. ** Follow-up at 12 months. †† Follow-up at 6 months, intra- and postoperative epidural analgesia. ‡‡ Follow-up at 6 months,
postoperative epidural analgesia.

PL-thor 5 posterolateral thoracotomy; VATS 5 video-assisted thoracic surgery (thoracoscopic).
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costal nerve dysfunction (loss of the superficial abdom-
inal reflex) is associated with more acute, subacute, and
chronic (3 months) pain. Of 23 patients with intact
reflexes on postoperative day 1, none had pain at 2 to 3
months, whereas 50% of individuals with persistent loss
of the reflex still had pain at this time.

Apparent Etiology. The etiology of PTPS may depend
on nerve damage because it is more severe after chest
wall resection,31–33 and the loss of superficial abdominal
reflexes is associated with an increased probability of
PTPS.25,30 Another contributing factor is recurrence of
tumor.31

Progression. For thoracoscopic surgeries and pos-
terolateral thoracotomy, Landreneau et al.22 noted a 30%
decrease in the incidence in pain reported by patients
more than 12 months after surgery compared with those
3–12 months after surgery. The prospective study by
Perttunen et al.19 noted the incidence of pain at 3, 6, and
12 months to be decreasing (80, 75, and 61%, respec-
tively). Of patients with long-term pain after thoracotomy,
up to half describe their pain as moderate or severe,18 and
66% are prescribed analgesics for the pain.27

Section Summary. Postthoracotomy pain syndrome
is common. The predictors of this syndrome (when

tumor recurrence is excluded) include the extent of
acute postoperative pain and intercostal nerve dysfunc-
tion (which may link more acute pain and persistent
pain). One prospective, randomized controlled study28

found that the combination of intraoperative plus post-
operative thoracic epidural analgesia decreases the inci-
dence of PTPS at 6 months.

Breast Surgery
Incidence. Table 3 summarizes various studies of pain

after breast surgery. Women who undergo breast sur-
gery experience chest wall, breast, or scar pain (range,
11–57%), phantom breast pain (13–24%), and arm and
shoulder pain (12–51%). The incidence of pain in one or
more of these sites is close to 50% 1 yr after breast
surgery for cancer. The postmastectomy pain syndrome
(PMPS) has recently been reviewed,34 with some dis-
agreement about which pains to include in this syn-
drome. Husted et al.35 documented that, of 163 women
who had undergone mastectomy with axillary node dis-
section, 45% reported cicatrix pain, 45% reported arm,
neck, or shoulder pain, and only 21% were symptom free
(symptoms included pain, paresthesia, lymphedema, and

Table 3. Breast Surgery

Reference Size
Surgical

Approach
Chronic

Symptoms

Breast or
Chest
Pain

Phantom
Breast
Pain

Arm or
Shoulder

Pain

Preoperative
Pain

Incidence

Preoperative
Physiologic

Data

Preoperative
Psychologic

Data

Acute
Pain
Data

Staps, 198545 89 Mastect — — 24%* — — — — —
Chiverton, 1987101 32 Lumpect 66% 25%‡‡ — 19%‡‡ — — — —

65 Mastect 68% 11%‡‡ — 26%‡‡ — — — —
Krøner, 198936 110 Mastect — 23%\ 13%\ — 16% — — —
Bratschi, 199049 101 Mastect — — — 12%* — — — —
Skov, 199050 110 Mastect — 23%\ — — 1 — — —
Krøner, 199251 69 Mastect — 31%** 17%** — 1 — — —
Keramopoulos, 199343 72 Partmastect — — — 14%‡ — — — —

32 Mastect — — — 22%‡ — — — —
Maunsell, 199342 201 1 79% — — 25%§ — — — —
Krøner, 199452 68 Mastect — 31%** 17%** — 1 — — —
Stevens, 1995102 95 1 — 35%† — — — — — —
Husted, 199535 163 Mastect 79% 45%†† — 45%†† — — — —

35 Lumpect 82% 57%†† — 51%†† — — — —
Tasmuth, 199539 283 Mastect — 36%# — 34%# — — — 1

184 Lumpect — 47%# — 42%# — — — 1
Wallace, 199640 103 Mastect — 31%†† — — — — — —

78 M 1 R — 49%†† — — — — — —
52 Augmentation — 36%†† — — — — — —
49 Reduction — 22%†† — — — — — —

Tasmuth, 199637 93 1 — — — 17%\ 1 — 1 1
Tasmuth, 199638 53 Mastect 83% 17%\ 23% 13%\ 1 1 1 1

40 Lumpect 82% 33%\ 23%\ 1 1 1 1
Tasmuth, 199744 509 1 — 37%§§ — 33%§§ — — — 1

See table 1 legend for further information.

* Intercostal-brachial neuralgia. † Cancer related pain, follow-up time not stated. ‡ Follow-up at greater than 3 months after surgery. § Follow-up at 18 months.
\ Follow-up at 12 months. # Median follow-up at 30 months. ** Follow-up at 6 yr. †† Follow-up at 2–6 yr. ‡‡ Follow-up at 3–5 yr. §§ Follow-up at 10–58 months.
\\ Mean follow-up at 5.25 yr.

Lumpect 5 lumpectomy/partial resection of breast; M 1 R 5 mastectomy with reconstruction; mastect 5 mastectomy.
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impaired shoulder function) 1–5 yr after surgery. Mod-
erate to severe pain was reported by 16 patients (10%).

Preoperative Factors. Krøner et al.36 reported a sig-
nificant relation between preoperative breast pain and
postoperative phantom breast pain in a prospective
study of 120 patients. In contrast, Tasmuth et al.,37,38 in
a prospective study of 93 patients, did not find the
presence of preoperative pain to be a predictive factor,
but only 9 patients had pain before surgery. Preoperative
depression and anxiety were more common in patients
in whom chronic pain developed when compared with
those in whom chronic pain did not develop, although
statistical significance was not achieved.37

Intraoperative Factors. The type of surgery may af-
fect the incidence of pain. Tasmuth et al.39 found that
chronic pain was more common after breast conserving
surgery than after radical surgery in their large retrospec-
tive study, but did not confirm this in smaller prospec-
tive studies.37,38 Wallace et al.,40 in their questionnaire
survey of women who had undergone breast surgery,
found that mastectomy combined with implantation of a
breast prosthesis yielded a higher incidence of pain
(53%) than did mastectomy alone (31%). Abdullah et
al.41 reported sensory deficits in the distribution of the
intercostobrachial nerve at 3 months after axillary node
dissection in 61% of women in whom the nerve was
preserved and in 80% of women in whom it was divided.
Maunsell et al.42 found that axillary dissection increased
the likelihood of arm problems and greater levels of
psychologic distress. Kerampoulos et al.43 also found the
extent of axillary dissection correlated with the inci-
dence of arm pain and symptoms.

Postoperative Factors. Tasmuth et al.44 performed a
multivariate analysis of factors that predisposed the pa-
tient to chronic pain after breast cancer surgery. The
extent of acute postoperative pain and the number of
doses of postoperative analgesics were the best predic-
tors of persistent pain in both the breast area and the
ipsilateral arm. Additionally, adjuvant postoperative radi-
ation therapy was a risk factor for chronic pain in both
the breast area and the arm.44 Kerampoulos et al.43

found that immediate axillary radiation therapy in-
creased the incidence of arm pain and symptoms. Nei-
ther Staps et al.45 nor Krøner et al.36 found a relation
between phantom breast sensations and radiation ther-
apy, but their studies were smaller and only sought a
particular subgroup of symptoms.

Apparent Etiology. Much of the pain after breast
surgery has been attributed to nerve damage, whether
from surgery or radiation.39,46,47 Courtiss and Goldwyn48

demonstrated that nipple and areola sensation decreased
(intercostal nerve dysfunction) in the long-term in 15%
of 249 women undergoing augmentation mammoplasty
and 65% of 138 women undergoing reduction mammo-
plasty, but pain data were not reported. Sensation was

altered in the distribution of the intercostobrachial nerve
in 48–84% of women undergoing axillary dissection. In
turn, in 25–50% of women with these sensory alterations
intercostobrachial neuralgia developed.41,49 Psychologic
distress was associated with a higher incidence of arm
pain and arm symptoms42; and both were more common
after breast surgery with axillary node dissection. The
relations among distress, pain, and preoperative psycho-
logic characteristics have not been elucidated among
women undergoing breast surgery.

Progression. The natural history of pain during the
first year after surgery has not been well-characterized.
In one study, the incidence of pain in the breast area
decreased from 35 to 23% from 3 weeks to 1 yr after
surgery, whereas the incidence of hyperesthesia de-
creased from 38 to 13%.50 In another study, the inci-
dence of arm pain decreased insignificantly from 3 to 15
months after surgery (55 to 51%, respectively).42 The
incidence of phantom breast pain is constant from 3
weeks to 6 yr.51,52

Section Summary. Chronic pain is common after
breast surgery, and the major predictive factors are the
extent of acute postoperative pain, the presence of pain
before surgery, the type of surgery, intercostobrachial
nerve damage, adjuvant radiation therapy, and possibly
preoperative anxiety or depression.

Gallbladder Surgery
Incidence. Chronic abdominal pain after cholecystec-

tomy is common (range, 3–56%; table 4), but less fre-
quent than the preoperative incidence of pain
(83–100%). The postcholecystectomy syndrome (PCS)
has a number of components in addition to abdominal
pain, and may not have a single underlying etiology.53

“Pathogenic” factors include postoperative somatic inci-
sional pain; pain causes by postoperative sphincter of Oddi
dysfunction; pain caused by a preoperatively undiagnosed
disease other than gallbladder stone; pain caused by a bile
duct stone; and other preoperative factors that predispose
the patient to an unfavorable outcome.54

Preoperative Factors. Psychologic vulnerability is a
predictor of long-term pain and symptoms after chole-
cystectomy,54–56 whereas other risk factors include fe-
male gender57 and long-standing symptoms before sur-
gery.58 A history of classic gallbladder attack symptoms
is associated with reduced risk of chronic pain and
symptoms.59–61

Intraoperative Factors. The surgical approach ap-
pears to make no significant difference in overall com-
plaints. Nicholl et al.,62 in a randomized controlled trial
(n 5 163), noted that patients randomized to lithotripsy
had more complications related to biliary “colic,”
whereas patients randomized to open cholecystectomy
had more complaints of scar pain and diarrhea; they did
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not report pain incidence data. There appears to be no
difference in chronic abdominal pain when laparoscopic
cholecystectomy is compared with open cholecystecto-
my.63 Gui et al.61 reported a 30% incidence of nonspe-
cific abdominal pain more than 1 yr after cholecystec-
tomy, but this incidence did not include 16 patients
(17.4%) with wound pain. Stiff et al.64 noted significantly
more right upper quadrant pain after open cholecystec-
tomy than after laparoscopic surgery and hypothesized
that there was more intercostal nerve damage from the
open procedures.

Postoperative Factors. Borly et al.,56 in a prospective
study of 100 patients who underwent cholecystectomy,
noted that pain at 6 weeks was a strong predictor of
persistent pain and other symptoms at 1 yr (written
communication, L. Borly and H. Kehley, 1999). We
found no studies that evaluated acute postoperative pain
as a predictor of chronic pain.

Apparent Etiology. There are multiple etiologies of
the PCS, including sphincter of Oddi dysfunction, bile
duct stones, ulcer, colonic dysfunction, and scar pain.
The relative importance of each factor has not been
evaluated.

Progression. Despite the frequency of persistent
symptoms after cholecystectomy, patient satisfaction af-
ter the procedure is high, with authors documenting
satisfaction rates that exceed 90%.65–67 This may relate
to patient expectations68 because most patients with
abdominal pain and gallstones believe that they will
worsen without surgery and that their lives will improve
after surgery.

Section Summary. Chronic symptoms are common
after cholecystectomy, as is chronic abdominal pain.
Predictive factors include psychologic vulnerability,
long-standing preoperative symptoms (including pain),
and pain at 6 weeks after surgery. Prospective studies of
the postcholecystectomy syndrome have not separated
scar pain and neuropathic pain from other causes of
chronic visceral pain and symptoms.

Inguinal Hernia Surgery
Incidence. A number of studies have evaluated

chronic pain after groin surgery, with the reported inci-
dence of chronic pain varying from 0 to 37% (table 5).
The overall incidence from these studies is 11.5% (616 of
5,357). Chronic pain was a primary outcome parameter

Table 4. Gallbladder Surgery

Reference Size
Surgical

Approach
Chronic

Symptoms

Chronic
Abdominal

Pain

Preoperative
Pain

Incidence

Preoperative
Physiologic

Data

Preoperative
Psychologic

Data
Acute

Pain Data

Bates, 199158 278 Open 1 34%\ 100% — — —
Jørgensen, 199154 115 Open — 22%# 100% — 1 —
Peters, 1991103 52 Lap — 17%** — — — —
Qureshi, 1993104 100 Lap 39%\ 12%\ 95% — — —
Velpen, 199363 56 Open 1 48%§ 1 — — —

68 Lap 1 54%§ 1 — — —
Wilson, 199367 100 Lap 1 6.0%\\ 1 — — —

167 Open 1 6.6%## 1 — — —
Stiff, 199464 205 Lap 30%‡,*** 3%*,*** 95% — — —

155 Open 37%‡,††† 10%*,††† 92% — — —
Ure, 199586 468 Lap 56%§§ 26%†,§§ 83% — — —
McMahon, 199565 115 Mini 60%\ 47%\ 1 — — 1

118 Lap 57%\ 54%\ 1 — — 1
Fenster, 199559 154 Lap 1 18%‡‡ 100% — — —

44 Lap-acal 1 39%†† 100% — — —
Luman, 1996105 97 Lap 1 13%‡ 1 — 1 —
de Pourvourville,

1997106
72 Lap — 56%‡‡ — — — 1

24 Open — 23%‡‡ — — — 1
Gui, 199861 92 1 1 30%*** 100% 1 — —
Jess, 199855 94 Lap — 18%\ 1 1 1 —
Middelfart, 199857 519 Open 1 37%‡‡‡ — — — —
Borly, 199956 80 — 38%\ 26%\ — 1 1 —

See table 1 legend for further information.

* Right upper quadrant pain. † Noncolicky pain. ‡ Indigestion. § Follow-up at 6–30 months. \ Abdominal pain at 12 months. # Abdominal pain at 6–12 months.
** Follow-up at more than 3 months. †† Follow-up at 15–79 months. ‡‡ Follow-up at 3 months. §§ Median follow-up at 19 months. \\ Median follow-up at 14
months. ## Median follow-up at 28 months. *** Mean follow-up at 32 months. ††† Mean follow-up at 15 months. ‡‡‡ 5–10 yr follow-up.

Lap 5 laparoscopic cholecystectomy; lap-acal 5 laparoscopic cholecystectomy for acalculous gallbladder; mini 5 small incision open cholecystectomy; open 5
open cholecystectomy.
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in only four studies,69–72 and these studies report a
variable incidence.

Preoperative Factors. In a prospective study of 500
surgeries, surgery for a recurrent hernia had a higher
incidence of moderate to severe pain at 12 months than
did surgery for a primary repair.70 Patients receiving care
under workers’ compensation for work-related injury
have a higher pain incidence at 6 months than those
who are being cared for by commercial insurance (5 of
22 vs. 1 of 22)73; additionally, they have had pain for a
longer period of time before surgery.

Intraoperative Factors. The data are inconclusive
about whether the surgical approach alters the inci-
dence of chronic pain. Liem et al.,74 in a prospective
randomized controlled study that evaluated recurrence
rates, found a lower incidence of chronic pain (2%) after
a laparoscopic repair when compared with an open
nonmesh repair (14%). The Medical Research Council
study72 also found a significantly lower incidence of pain
at 12 months after a laparoscopic repair (28%) compared
with an open repair (37%). Dirksen et al.75 found no
difference in the incidence of chronic pain in their
prospective randomized controlled study that compared
an open repair (14%) to a laparoscopic repair (20%).
Likewise, Gillion and Fagniez71 found no difference in
the incidence of pain in their case series, with both open
and laparoscopic repairs having approximately a 14% inci-
dence of chronic pain. Two of the studies71,75 noted that

complications, including pain, were more common early in
their experience with laparoscopic hernia repair.

In a prospective multicenter study, Hay et al.76 did not
find statistically significant differences in chronic pain
after open repairs (Bassini, Cooper ligament, or Shoul-
dice). Likewise, in a prospective analysis of 500 surger-
ies, Callesen et al.,70 found no significant differences in
chronic pain between mesh and nonmesh open repairs
in primary hernia surgery. Whether the experience of
the surgeon or the degree of specialization is a factor in
chronic pain or recurrence has been debated.77 The
incidence of chronic pain in case series data from hernia
centers is low,78,79 whereas reports with higher inci-
dences of chronic pain typically come from teaching
institutions.72,74,75,80 There are no controlled, prospec-
tive studies of this factor.

Postoperative Factors. The extent of pain at 1 and 4
weeks after surgery is a predictive factor70 for pain at 1
yr. Neither length of convalescence nor type of employ-
ment affects the incidence of chronic pain.70

Apparent Etiology. The demonstrated relation be-
tween postoperative sensory dysfunction and chronic
pain71 supports the interpretation that nerve damage is a
pathologic factor. Most authors assume the pain is usu-
ally of neuropathic origin,81–83 although Wantz84 also
mentions the possibility of the repair being too tight.

Progression. Callesen et al.70 noted the incidence of
moderate to severe pain decreased from 11% at 4 weeks

Table 5. Hernia Surgery

Study Reference Size
Surgical

Approach
Chronic Pain

Incidence
Preoperative Pain

Incidence
Preoperative

Physiologic Data
Preoperative

Psychologic Data
Acute Pain

Data

Hay, 199576 418 Bassini 6.0%* — — — —
407 Cooper 3.7%* — — — —
818 Should 4.6%* — — — —

Cunningham, 199669 276 Open 12%§ — — — 1
Zieren, 1996107 80 Lichten 2.5%† — — — 1

80 Should 5.0%† — — — 1
80 Lap 3.8%† — — — 1

Liem, 199774 507 Open 14%\ 83% 1 — 1
487 Lap 2%\ 85% 1 — 1

Dirksen, 199875 87 Bassini 14%§ — — — 1
86 Lap 20%§ — — — 1

Rutkow, 199878 383 Plugz 0%§ — — — —
Wellwood, 199880 176 Lichten 23%‡ — 1 1 —

182 Lap 15%‡ — 1 1 —
Callesen, 199970 419 Open 6.0%§ — — — 1
Gillion, 199971 351 Open 15%# — — — —

139 Lap 14%# — — — —
MRC, 199972 394 Open 37%§ — — — 1

362 Lap 29% — — — 1

See table 1 legend for further information.

* Exertional pain at 6 months. † Groin, leg, or testicular pain lasting more than 2 months. ‡ Pain at 3 months. § Pain at 1 yr. \ Median follow-up at 607 days.
# Median follow-up at 38 months. ** Recurrent hernia repairs.

Bassini 5 Bassini repair; Cooper 5 Cooper ligament repair; Lap-PP 5 laparoscopic transabdominal preperitoneal repair; Lichten 5 Lichtenstein repair; Plug 5
plug and patch technique described by authors; Should 5 Shouldice repair.
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to 6% at 1 yr. Moderate to severe pain at 1 and 4 weeks
was the strongest predictor of pain at 1 yr.

Section Summary. Chronic pain after groin hernia
surgery is not rare, but it appears to be less common
than chronic pain after the surgeries previously cited.
Because hernia surgery is common, a large number of
individuals are affected by chronic pain. Nerve dysfunc-
tion has been shown to be a factor, as has the intensity
of early postoperative pain. The role of acute pain ther-
apy on the incidence of chronic pain is unknown.

Discussion

Although patient satisfaction with surgical results is
reported to be high,65–67 the studies reported herein
show that chronic pain is common after these surgeries,
and this has been confirmed in a recent review.85

Chronic pain is costly to society in terms of suffering and
disability. For humanitarian and economic reasons, the
problem of chronic pain after surgery should be ad-
dressed. It is also clear there is significant variability in
the incidence of chronic pain among these surgical pro-
cedures (11.5–47% for inguinal hernia and thoracic sur-
gery). We believe that our review has been thorough,
but despite the use of broad search criteria, our elec-
tronic search did not detect all articles known to the
authors that relate to the development or incidence of
chronic pain after the selected surgeries. Reasons for this
include publication in journals not included in the Index
Medicus at the time of publication (e.g., Kanner et al.31

and Gillion and Fagniez71) or “pain” not being identified
as a key word or used in the title or abstract (e.g., Hay et
al.76). As a result, we are not certain that we identified all
articles that contain data relevant to this review.

We identified a number of risk factors for prolonged
pain after surgery and divide these factors into three
categories: (1) preoperative factors, (2) intraoperative
factors, and (3) postoperative factors (table 6). Preoper-
ative pain is a predictor of chronic pain for postampu-
tation pain,16 phantom breast pain,36 and noncolicky
abdominal pain and symptoms after cholecystecto-
my.56,58,86 For each of these surgeries, the characteristic

of the preoperative pain that predicted chronic pain
tended to be continuous pain of 1 month or more in
duration. Psychologic vulnerability is a risk factor for
persistent pain after cholecystectomy54–56 but has not
been evaluated in the other surgeries reviewed herein. It
has also been found to predict outcome after lumbar
spine surgery.87

Nerve damage is an intraoperative factor that contrib-
utes to chronic postoperative pain. Patients undergoing
anterior thoracotomy are less likely to have intercostal
nerve dysfunction and less likely to have PTPS.24,25 After
breast surgery, intercostobrachial neuralgia is associated
with damage of that nerve, and attempts to preserve the
nerve are associated with a lower incidence of pain.41

However, nerve damage per se does not necessarily
cause pain because the incidence of decreased sensation
was 2–4 times higher than the incidence of pain in the
distribution of the intercostobrachial nerve after axillary
node dissection.41,49 Likewise, Benedetti et al.25,30 found
chronic pain in only 50% of individuals with intercostal
nerve dysfunction after thoracotomy. Nevertheless, nerve
dysfunction appears to be associated with chronic pain.30

The most striking predictive postoperative factor is the
severity of acute postoperative pain after breast sur-
gery,44 thoracic surgery,18,27 and hernia repair.70 Post-
operative adjuvant radiation therapy increases the risk of
chronic pain after breast surgery,44 and neurotoxic che-
motherapy increases the risk of phantom limb pain.5

Whether acute pain causes chronic pain has been
debated.88–92 Dworkin88 proposed a model that incor-
porates psychosocial and pathophysiologic factors and
the severity of acute pain as factors in the development
of chronic pain. Using his model, we believe that ongo-
ing nociceptive input from peripheral nerve injury in-
creases acute pain and maintains early (3–12 months)
chronic pain. Basbaum93 recently reviewed changes in
the nervous system associated with acute pain, with the
conclusion that “persistent pain should be considered a
disease state of the nervous system, not merely a symptom
of some other disease conditions.” If persistent pain after
surgery results from sensitization, prevention may be pos-
sible if sensitization can be blocked. Obata et al.26 achieved

Table 6. Predictive Factors for Chronic Pain

Preoperative Factors Intraoperative Factors Postoperative Factors

Pain, moderate to severe, lasting more than 1 month Surgical approach with risk of nerve damage Pain (acute, moderate to severe)
Repeat surgery Radiation therapy to area
Psychologic vulnerability Neurotoxic chemotherapy
Workers’ compensation Depression

Psychologic vulnerability
Neuroticism
Anxiety
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this in thoracotomy patients with intraoperative plus post-
operative epidural analgesia, but other clinical studies of
preemptive analgesia are far from consistent.94–96

Psychosocial factors are also predictors of chronic
pain. Of the surgical procedures we reviewed, the only
reproducible psychologic predictor has been “psycho-
logic vulnerability.” The questionnaire for psychologic
vulnerability measures a personality disorder that corre-
lates with neuroticism.55 Neither depression nor anxiety
are preoperative predictors of chronic pain after sur-
gery.18,37 Gatchel et al.97 noted similar findings when
trying to predict chronic back pain in acute back pain
patients. They concluded that psychopathology (e.g.,
depression) is not associated with an increased risk of
development of chronic low back pain, but personality
disorders may reflect psychosocial vulnerabilities or def-
icits in coping skills that are antecedents to chronic pain.
The hypothesis of Gatchel et al.97 is consistent with the
psychologic vulnerability observations in PCS.

In conclusion, chronic pain is common after amputa-
tion, inguinal hernia surgery, breast surgery, gallbladder
surgery, and lung surgery, and this is also confirmed in
another recent review.85 For each of these surgeries,
data may be interpreted as showing chronic neuropathic
pain as one etiology. Intensity of acute postoperative
pain is a predictor of chronic pain. Future studies should
characterize the factors of importance in the transition
from acute to chronic pain. Such knowledge may result
in designing more effective and more rational early in-
terventions. We hypothesize that, in some patients, the
type of nerve injury may explain both the increase in acute
pain and the chronic pain, but the extent of pain will be
modified by other factors, particularly psychologic and
physiologic factors that heighten pain sensitivity.

References

1. Finch DR, Macdougal M, Tibbs DJ, Morris PJ: Amputation for vascular
disease: The experience of a peripheral vascular unit. Br J Surg 1980; 67:233–7

2. Fisher K, Hanspal RS: Phantom pain, anxiety, depression, and their relation
in consectutive patients with amputated limbs: Case reports. BMJ 1998; 316:
903–4

3. Sherman RA, Sherman CJ, Parker L: Chronic phantom and stump pain
among American veterans: Results of a survey. Pain 1984; 18:83–95

4. Wartan SW, Hamann W, Wedley JR, McColl I: Phantom pain and sensation
among British veteran amputees. Br J Anaesth 1997; 78:652–9

5. Smith J, Thompson JM: Phantom limb pain and chemotherapy in pediatric
amputees. Mayo Clinic Proc 1995; 70:357–64

6. Nikolajsen L, Ilkjaer S, Krøner K, Christensen JH, Jensen TS: The influence
of preamputation pain on postamputation stump and phantom pain. Pain 1997;
72:393–405

7. Krane EJ, Heller LB: The prevalence of phantom limb sensation and pain in
pediatric amputees. J Pain Symptom Manage 1995; 10:21–9

8. Bach S, Noreng MF, Tjellden NU: Phantom limb pain in amputees during the
first 12 months following limb amputation, after preoperative lumbar epidural
blockade. Pain 1988; 33:297–301

9. Jahangiri M, Bradley JWP, Jayatunga AP, Dark CH: Prevention of phantom
pain after major lower limb amputation by epidural infusion of diamorphine,
clonidine and bupivacaine. Ann R Coll Surg Engl 1994; 76:324–6

10. Nikolajsen L, Ilkjaer S, Christensen JH, Krøner K, Jensen TS: Randomised
trial of epidural bupivacaine and morphine in prevention of stump and phantom
pain in lower-limb amputation. Lancet 1997; 350:1353–7

11. Fisher A, Meller Y: Continuous postoperative regional analgesia by nerve
sheath block for amputation surgery—A pilot study. Anesth Analg 1991; 72:
300–3

12. Pinzur MS, Gupta P, Pluth T, Vrbos L: Continuous postoperative infusion
of a regional anesthetic after an amputation of the lower extremity. J Bone Joint
Surg 1996; 78A:1501–5

13. Elizaga AM, Smith DG, Sharar SR, Edwards T, Hansen ST: Continuous
regional analgesia by intraneuronal block: Effect on postoperative opioid require-
ments and phantom limb pain following amputation. J Rehabil Res Dev 1994;
31:179–87

14. Melzack R: Phantom limbs and the concept of a neuromatrix. Trends
Neurosci 1990; 13:88–92

15. Davis RW: Phantom sensation, phantom pain, and stump pain. Arch Phys
Med Rehabil 1993; 74:79–91

16. Jensen TS, Krebs B, Nielsen J, Rasmussen P: Immediate and long-term
phantom limb pain in amputees: Incidence, clinical characteristics and relation-
ship to pre-amputation limb pain. Pain 1985; 21:267–78

17. Bertrand PC, Regnard JF, Spaggiari L, Levi JF, Magdeleinat P, Guibert L,
Levasseur P: Immediate and long-term results after surgical treatment of primary
spontaneous pneumothorax by VATS. Ann Thorac Surg 1996; 61:1641–5

18. Katz J, Jackson M, Kavanagh BP, Sandler AN: Acute pain after thoracic
surgery predicts long-term post-thoracotomy pain. Clin J Pain 1996; 12:50–5

19. Perttunen K, Tasmuth T, Kalso E: Chronic pain after thoracic surgery: A
follow-up study. Acta Anaesthesiol Scand 1999; 43:563–7

20. Walker WS, Pugh GC, Craig SR, Carnochan FM: Continued experience
with thoracoscopic major pulmonary resection. Int Surg 1996; 81:255–8

21. Mouroux J, Elkaim D, Padovani B, Myx A, Perrin C, Rotomondo C, Chavail-
lon JM, Blaive B, Richelme H: Video-assisted thoracoscopic treatment of sponta-
neous pneumothorax: Technique and results of one hundred cases. J Thorac
Cardiovasc Surg 1996; 112:385–91

22. Landreneau RJ, Mack MJ, Hazelrigg SR, Naunheim K, Dowling RD, Ritter P,
Magee MJ, Nunchuck S, Keenan RJ, Ferson PF: Prevalence of chronic pain after
pulmonary resection by thoracotomy or video-assisted thoracic surgery. J Thorac
Cardiovasc Surg 1994; 107:1079–85

23. Furrer M, Rechsteiner R, Eigenmann V, Signer C, Althaus U, Ris HB:
Thoracotomy and thoracoscopy: Postoperative pulmonary function, pain and
chest wall complaints. Eur J Cardiothorac Surg 1997; 12:82–7

24. Nomori H, Horio H, Fuyuno G, Kobayashi R: Non–serratus-sparing antero-
axillary thoracotomy with disconnection of anterior rib cartilage. Improvement
in postoperative pulmonary function and pain in comparison to posterolateral
thoracotomy. Chest 1997; 111:572–6

25. Benedetti F, Vighetti S, Ricco C, Amanzio M, Bergamasco L, Casadio C,
Cianci R, Giobbe R, Oliaro A, Bergamasco B, Maggi G: Neurophysiologic assess-
ment of nerve impairment in posterolateral and muscle-sparing thoracotomy.
J Thorac Cardiovasc Surg 1998; 115:841–7

26. Obata H, Saito S, Fujita N, Fuse Y, Ishizaki K, Goto F: Epidural block with
mepivacaine before surgery reduces long-term post-thoracotomy pain. Can J
Anaesth 1999; 46:1127–32

27. Kalso E, Perttunen K, Kaasinen S: Pain after thoracic surgery. Acta Anaes-
thesiol Scand 1992; 36:96–100

28. Kavanagh BP, Katz J, Sandler AN, Nierenberg H, Roger S, Boylan JF, Laws
AK: Multimodal analgesia before thoracic surgery does not reduce postoperative
pain. Br J Anaesth 1994; 73:184–9

29. Miguel R, Hubbell D: Pain management and spirometry following thora-
cotomy: A prospective, randomized study of four techniques. J Cardiothorac
Vasc Anesth 1993; 7:529–34

30. Benedetti F, Amanzio M, Casadio C, Filosso PL, Molinatti M, Oliaro A,
Pischedda F, Maggi G: Postoperative pain and superficial abdominal reflexes after
posterolateral thoracotomy. Ann Thorac Surg 1997, 64:207–10

31. Kanner R, Martini N, Foley KM: Nature and incidence of post-thoracotomy
pain. Proc Am Soc Clin Oncol 1982; 1:152–9

32. Keller SM, Carp NZ, Levy MN, Rosen SM: Chronic post thoracotomy pain.
J Cardiovasc Surg 1994; 35:161–4

33. Burgess FW, Anderson DM, Colonna D, Cavanaugh DG: Thoracic epidural
analgesia with bupivacaine and fentanyl for postoperative thoracotomy pain.
J Cardiothorac Vasc Anesth 1994; 8:420–4

34. Kwekkeboom K: Postmastectomy pain syndromes. Cancer Nurs 1996;
19:37–43

35. Husted H, Lauridsen MC, Tørsleff K, Erichsen C: Late symptoms among
patients surgically treated for breast cancer. A questionnaire in the county of
Southern Jutland. Ugeskrift for Laeger 1995; 157:6868–72

36. Krøner K, Krebs B, Skov J, Jørgensen HS: Immediate and long-term phan-
tom breast syndrome after mastectomy: Incidence, clinical characteristics and
relationship to pre-mastectomy breast pain. Pain 1989; 36:327–34

37. Tasmuth T, Estlanderb AM, Kalso E: Effect of present pain and mood on
the memory of past postoperative pain in women treated surgically for breast
cancer. Pain 1996; 68:343–7

38. Tasmuth T, von Smitten K, Kalso E: Pain and other symptoms during the
first year after radical and conservative surgery for breast cancer. Br J Cancer
1996; 74:2024–31

1131CHRONIC PAIN AFTER SURGERY

Anesthesiology, V 93, No 4, Oct 2000

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/93/4/1123/400849/0000542-200010000-00038.pdf by guest on 20 M
arch 2024



39. Tasmuth T, von Smitten K, Hietanen P, Kataja M, Kalso E: Pain and other
symptoms after different treatment modalities of breast cancer. Ann Oncol 1995;
6:453–9

40. Wallace MS, Wallace AM, Lee J, Dobke MK: Pain after breast surgery: A
survey of 282 women. Pain 1996; 66:195–205

41. Abdullah TI, Iddon J, Barr L, Baildam AD, Bundred NJ: Prospective ran-
domized controlled trial of preservation of the intercostalbrachial nerve during
axillary node clearance for breast cancer. Br J Surg 1998; 85:1443–5

42. Maunsell E, Brisson J, Deschenes L: Arm problems and psychological
distress after surgery for breast cancer. Can J Surg 1993; 36:315–20

43. Keramopoulos A, Tsionou C, Minaretzis D, Michalas S, Aravantinos D: Arm
morbidity following treatment of breast cancer with total axillary dissection: A
multivariated approach. Oncology 1993; 50:445–9

44. Tasmuth T, Kataja M, Blomqvist C, von Smitten K, Kalso E: Treatment-
related factors predisposing to chronic pain in patients with breast cancer—a
multivariate approach. Acta Oncol 1997; 36:625–30

45. Staps T, Hoogenhout J, Wobbes T: Phantom breast sensations following
mastectomy. Cancer 1985; 56:2898–901

46. Watson CP, Evans RJ, Watt VR: The post-mastectomy pain syndrome and
the effect of topical capsaicin. Pain 1989; 38:177–86

47. Killer HE, Hess K: Natural history of radiation-induced brachial plexopathy
compared with surgically treated patients. J Neurol 1990; 237:247–50

48. Courtiss EH, Goldwyn RM: Breast sensation before and after plastic sur-
gery. Plast Reconstr Surg 1976; 58:1–13

49. Bratschi HU, Haller U: Significance of the intercostobrachial nerve in
axillary lymph node excision. Geburtshilfe und Frauenheilkunde 1990;
50:689–93

50. Skov J, Krøner K, Krebs B, Hvid HM, Jørgensen HS: Pain and dysesthesias
in the mastectomy scar. Ugeskrift for Laeger 1990; 152:3081–4

51. Krøner K, Knudsen UB, Lundby L, Hvid H: Long-term phantom breast
syndrome after mastectomy. Clin J Pain 1992; 8:346–50

52. Krøner K, Knudsen UB, Lundby L, Hvid HM: Phantom breast syndrome.
Ugeskrift for Laeger 1994; 156:977–80

53. Carlson GL, Rhodes M, Stock S, Lendrum R, Lavelle MI, Venables CW: Role
of endoscopic retrograde cholangiopancreatography in the investigation of pain
after cholecystectomy. Br J Surg 1992; 79:1342–5

54. Jørgensen T, Teglbjerg JS, Wille-Jørgensen P, Bille T, Thorvaldsen P:
Persisting pain after cholecystectomy: A prospective investigation. Scand J Gas-
troenterol 1991; 26:124–8

55. Jess P, Jess T, Beck H, Bech P: Neuroticism in relation to recovery and
persisting pain after laparoscopic cholecystectomy. Scand J Gastroenterol 1998;
33:550–3

56. Borly L, Andersen IB, Christensen E, Sehested A, Kehlet H, Matzen P,
Rehfeld JF, Stage P, Toftdahl DB, Gernow A, Højgaard L: Preoperative prediction
model of outcome after cholecystectomy for symptomatic gallstones. Scand J
Gastroenterol 1999; 34:1144–52

57. Middelfart HV, Kristensen JU, Laursen CN, Qvist N, Højgaard L, Funch-
Jensen P, Kehlet H: Pain and dyspepsia after elective and acute cholecystectomy.
Scand J Gastroenterol 1998; 33:10–4

58. Bates T, Ebbs SR, Harrison M, A’Hern RP: Influence of cholecystectomy on
symptoms. Br J Surg 1991; 78:964–7

59. Fenster LF, Lonborg R, Thirlby RC, Traverso LW: What symptoms does
cholecystectomy cure? Insights from an outcomes measurement project and
review of the literature. Am J Surg 1995; 169:533–8

60. Gilliland TM, Traverso LW: Modern standards for comparison of cholecys-
tectomy with alternative treatments for symptomatic cholelithiasis with empha-
sis on long term relief of symptoms. Surg Gynecol Obstet 1990; 170:39–44

61. Gui GP, Cheruvu CV, West N, Sivaniah K, Fiennes AG: Is cholecystectomy
effective treatment for symptomatic gallstones? Clinical outcome after long-term
follow-up. Ann R Coll Surg Engl 1998; 80:25–32

62. Nicholl JP, Brazier JE, Milner PC, Westlake L, Kohler B, Williams BT, Ross
B, Frost E, Johnson AG: Randomised controlled trial of cost-effectiveness of
lithotripsy and open cholecystectomy as treatments for gallbladder stones. Lan-
cet 1992; 340:801–7

63. van der Velpen GC, Shimi SM, Cuschieri A: Outcome after cholecystec-
tomy for symptomatic gall stone disease and effect of surgical access: Laparo-
scopic v open approach. Gut 1993; 34:1448–51

64. Stiff G, Rhodes M, Kelly A, Telford K, Armstrong CP, Rees BI: Long-term
pain: Less common after laparoscopic than open cholecystectomy. Br J Surg
1994; 81:1368–70

65. McMahon AJ, Ross S, Baxter JN, Russell IT, Andersson JR, Morron CG,
Sunderland GT, Galloway DJ, O’dwyer PJ: Symptomatic putcome one year after
laproscopic and mini-laparotomy cholecystectomy: A randomised trial. Br J Surg
1995; 82:1378–92

66. Schultz LS, Kamel M, Graber JN, Hickok DF: Four-year outcome data for
400 laparoscopic cholecystectomy patients: Recognition of persistent symptoms.
Int Surg 1994; 79:205–8

67. Wilson RG, Macintyre IMC: Symptomatic outcome after laparoscopic cho-
lecystectomy. Br J Surg 1993; 80:439–41

68. Black NA, Thompson E, Sanderson CFB: Symptoms and health status
before and six weeks after open cholecystectomy: A European cohort study. Gut
1994; 35:1301–5

69. Cunningham J, Temple WJ, Mitchell P, Nixon JA, Preshaw RM, Hagen NA:
Cooperative Hernia Study. Pain in the postrepair patient. Ann Surg 1996; 224:
598–602

70. Callesen T, Bech K, Kehlet H: Chronic pain after inguinal hernia repair—a
prospective study after 500 operations. Br J Surg 1999; 86:1528–31

71. Gillion JF, Fagniez PL: Chronic pain and cutaneous sensory changes after
inguinal hernia repair: Comparison between open and laparoscopic techniques.
Hernia 1999; 3:75–80

72. The MRC Laparoscopic Groin Hernia Trial Group: Laparoscopic versus
open repair of groin hernia: A randomised comparison. Lancet 1999; 354:185–90

73. Salcedo-Wasicek MC, Thirlby RC: Postoperative course after inguinal her-
niorrhaphy. A case-controlled comparison of patients receiving workers’ com-
pensation vs patients with commercial insurance. Arch Surg 1995; 130:29–32

74. Liem MS, van d, van S, Boelhouwer RU, Clevers GJ, Meijer WS, Stassen LP,
Vente JP, Weidema WF, Schrijvers AJ, van V: Comparison of conventional ante-
rior surgery and laparoscopic surgery for inguinal-hernia repair. N Engl J Med
1997; 336:1541–7

75. Dirksen CD, Beets GL, Go PM, Geisler FE, Baeten CG, Kootstra G: Bassini
repair compared with laparoscopic repair for primary inguinal hernia: A random-
ised controlled trial. Eur J Surg 1998; 164:439–47

76. Hay JM, Boudet MJ, Fingerhut A, Poucher J, Hennet H, Habib E, Veyrieres
M, Flamant Y: Shouldice inguinal hernia repair in the male adult: The gold
standard? A multicenter controlled trial in 1578 patients. Ann Surg 1995; 222:
719–27

77. Deysine M, Grimson RC, Soroff HS: Inguinal herniorrhaphy. Reduced
morbidity by service standardization. Arch Surg 1991; 126:628–30

78. Rutkow IM, Robbins AW: The mesh plugtechnique for recurrent groin
herniorrhaphy: A nine-year experience of 407 repairs. Surgery 1998; 124:844–7

79. Amid PK, Lichtenstein IL: Long-term result and current status of the
Lichtenstein open tension-free hernioplasty. Hernia 1998; 2:89–94

80. Wellwood J, Sculpher MJ, Stoker D, Nicholls GJ, Geddes C, Whitehead A,
Singh R, Spiegelhalter D: Randomised controlled trial of laparoscopic versus open
mesh repair for inguinal hernia: Outcome and cost. BMJ 1998; 317:103–10

81. Seid AS, Amos E: Entrapment neuropathy in laparoscopic herniorrhaphy.
Surg Endosc 1994; 8:1050–3

82. Starling JR, Harms BA: Diagnosis and treatment of genitofemoral and
ilioinguinal neuralgia. World J Surg 1989; 13:586–91

83. Heise CP, Starling JR: Mesh inguinodynia: A new clinical syndrome after
inguinal herniorrhaphy. J Am Coll Surg 1998; 187:514–8

84. Wantz GE: Testicular atrophy and chronic residual neuralgia as risks of
inguinal hernioplasty. Surg Clin North Am 1993; 73:571–81

85. Macrae WA, Davies HTO: Chronic postsurgical pain, Epidemiology of Pain.
Edited by Crombie IK, Croft PR, Linton SJ, LeResche L, Korff MV. Seattle,
International Association for the Study of Pain, 1999, pp 125–42

86. Ure BM, Troidl H, Spangenberger W, Lefering R, Dietrich A, Eypasch EP,
Neugebauer E: Long-term results after laparoscopic cholecystectomy. Br J Surg
1995; 82:267–70

87. Thorvaldsen P, Sørensen EB: Psychological vulnerability as a predictor for
short-term outcome in lumbar spine surgery. Acta Neurochir 1990; 102:58–61

88. Dworkin RH: Which individuals with acute pain are most likely to develop
a chronic pain syndrome? Pain Forum 1997; 6:127–36

89. Atkinson JH, Slater MA, Epping-Jordan JE: Identifying individuals at risk for
chronicity. An opportunity to reexamine our treatment, timing, and targets. Pain
Forum 1997; 6:137–9

90. Katz J: Pain begets pain Predictors of long-term phantom limb pain and
post-thoracotomy pain. Pain Forum 1997; 6:140–4

91. Linton SJ: Overlooked and underrated? The role of acute pain intensity in
the development of chronic back pain problems. Pain Forum 1997; 6:145–7

92. Dworkin RH: Toward a clearer specification of acute pain risk factors and
chronic pain outcomes. Pain Forum 1997; 6:148–50

93. Basbaum AI: Spinal mechanisms of acute and persistent pain. Reg Anesth
1999; 24:59–67

94. Kehlet H, Dahl JB: Preemptive analgesia: Is it effective in clinical pain
states? Visceral Pain. Edited by Gebhart GF. Seattle, International Association for
the Study of Pain, 1995, pp 489–504

95. McQuay HJ: Pre-emptive analgesia: A systematic review of clinical studies.
Ann Med 1995; 27:249–56

96. Kissin I: Preemptive analgesia. Why its effect is not always obvious.
ANESTHESIOLOGY 1996; 84:1015–9

97. Gatchel RJ, Polatin PB, Mayer TG: The dominant role of psychosocial risk
factors in the development of chronic low back pain. Spine 1995; 20:2702–9

98. Pohjolainen T: A clinical evaluation of stumps in lower limb amputees.
Prosthet Orthot Int 1991; 15:178–84

99. Nikolajsen L, Ilkjaer S, Jensen TS: Effect of preoperative extradural bupiv-
acaine and morphine on stump sensation in lower limb amputees. Br J Anaesth
1998; 81:348–54

100. Dajczman E, Gordon A, Kreisman H, Wolkove N: Long-term postthora-
cotomy pain. Chest 1991; 99:270–4

101. Chiverton SG, Perry PM: Morbidity after surgery for breast cancer (short
notes). Br J Surg 1987; 74:1166

102. Stevens PE, Dibble SL, Miaskowski C: Prevalence, characteristics, and

1132 F. M. PERKINS AND H. KEHLET

Anesthesiology, V 93, No 4, Oct 2000

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/93/4/1123/400849/0000542-200010000-00038.pdf by guest on 20 M
arch 2024



impact of postmastectomy pain syndrome: An investigation of women’s experi-
ences. Pain 1995; 61:61–88

103. Peters JH, Ellison EC, Innes JT, Liss JL, Nichols KE, Lomano JM, Roby SR,
Front ME, Carey LC: Safety and efficacy of laparoscopic cholecystectomy. Ann
Surg 1991; 213:3–12

104. Qureshi MA, Burke PE, Brindley NM, Leahy AL, Osborne DH, Broe PJ,
Bouchier-Hayes DJ, Grace PA: Post-cholecystectomy symptoms after laparo-
scopic cholecystectomy. Ann R Coll Surg Engl 1993; 75:349–53

105. Luman W, Adams WH, Nixon SN, Mcintyre IM, Hamer-Hodges D, Wilson

G, Palmer KR: Incidence of persistent symptoms after laparoscopic cholecystec-
tomy: A prospective study. Gut 1996; 39:863–6

106. de Pouvourville G, Ribet-Reinhart N, Fendrick M, Houry S, Testas P,
Huguier M: A prospective comparison of costs and morbidity of laparoscopic
versus open cholecystectomy. Hepatogastroenterology 1997; 44:35–9

107. Zieren J, Zieren HU, Said S, Muller JM: Laparoscopic or conventional
inguinal hernia repair with or without implant. A prospective randomized
study. Langenbecks Archiv fur Chirurgie— Kongressband 1996; 113(suppl):
609–10

1133CHRONIC PAIN AFTER SURGERY

Anesthesiology, V 93, No 4, Oct 2000

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/93/4/1123/400849/0000542-200010000-00038.pdf by guest on 20 M
arch 2024


