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trolled trial. In many lields, randomized controlled
trials have been conducted and the results dissemi-
nated, but thcy have not had the appropriate impact
on clinical practice.r It is now apparent that not only
should the original studies be conducted and reported
systcmatically and scientifically, but so too should
medical review articlcs.r'2 For clinical research to find
its way into clinical practicc, thc results of trials must
be incorporated into timely and accessible review ar-
ticles.r-r

Analgesia after thoracic surgery is of particular sig-
nificance for several reasons, First, thoracotomy has

been rcported to be among the most intensc clinical
postoperative pain experiences known,a-7 and suc-
cessftrl therapy is onc of the hallmarks of optimal post-
operative surgical and anesthetic management. Second,
the sourccs of the perceived pain are multiple and in-
cludc the site of the surgical incision, disruption of
ribs and intercostal nerves, inflammation of chest wall
structures adjacent to the incision, incision or crushing
of pulmonary parenchyma or pleura, and the almost
universal placcment of single or multiple thoracostomy
drainage tubcs. In addition, the nociceptive pathways



subscrving postthoracotomy pain are poody undcr-
stood.s Third, systemic opioids have traditionally
formed the basis for the trcatment of postthoracotomy
pain, but the condition is amcnablc to a variety of al-
tcrnativc systemic and regional techniques. Some of
these techniques are potentifllly hazardous or of con-
troversial utility, and despite a lack of clcar-ctrt data,
the benefits are hotly dcbated among ancsthcsiologists
and thoracic surgcons. Fourth, it is likely that the scverc
postopcrative pain cxpcrienced by thesc pfltients con-
tributes to postoperative pulmonary clysfunction.e,tu
Finally, spccific associated pain syndromcs may clevclop
in these patients during thc acnterr'r2 and long-termr2.rl
postopcrativc courses as a rcsult of the surgicall2,r.r or
thc analgesicr'l techniques,

Fcw ccnters appear to practice a wide varicty of dif-
fcrent modalities,r5 and thcrefore although lnany op-
tions exist for thc postthoracotomy patient, few indi-
vidual practitioners or centers can offer thc full rangc
of availablc techniqucs. A clcar idea as to which mo.
dalities arc-or are not-associiltcd with demonstmble
bcnefit has hampcred the refinement and expansion of
clinical practicc, and results in a lack of progressive
clinical rcsearch in the field.

Over thc past 30 yr, more than 100 original arricles,
involving more than 4,000 paticnts, focusing on pain
control after thoracic surgcry have appeared in a va-
ricty of journals. Thc result is a large body of litcra-
turc that is difficult for clinicians to intcgratc into
firnctionally useful information. Moreover, because
tlrc litcrature consists of studies that differ widcly in
design, mcthods, and techniqne, it is difficult for
clinical rescarchers to extend ancl cleve lop thc field
in a rational and scientific manner. Although thc ran-
clomizcd controlled trial may not be representativc
of "real.life" postopcrativc paticnt management, it
offers thc only rational basis avirilablc for aclequatc
as.scsslnent and evaluirtion of colnparativc nrethods
of postopcrative analgesia.

The purposes of this rcview are (1) to prcsent a l 5-
item rating systcm developcd specifically for assessing
thc quality of rescarch concerncd with postthoraco-
tomy pain and analgesitt; (Z) to describe briefly and
rate the availablc English-language publications on this
topic; (3) to dcscribe briefly thc techniques and to
exarnine in detail the results of studies that were ran-
domized, prospective, double-blind, and controlled
and that assessed pain with patient-rated instruments;
and (4) to make recommendations for clinical practice
and future research.

Methods

Dctta ldent{ication
The titlcs of thc original scicntific papers rcfercncccl in

this review were obtainccl from a MEDLINE colnputer
search up to and includingJune 1993. The kcy words
used werei Pain; postopentivc, postthoracotomy. Anal-
gesia; postopcrativc. Surgical procedure; thocrcotomy.
Anesthesia; gcneral, regional. The reference scctions of
eligible studies were exrmined for relevant publicntions
that may have bcen missecl by the computer search as
werc the reference scctions of thcsc secondary studies.

Dcttct Selectlott
AII non-English-language articlcs, abstracts, letters

and non-peer-reviewcd publications were cxcluded
from considerttion. Studies that inclucled patients un-
dergoing sternotomy or thoracoabdominal incisions
also were cxclndcd. Only stuclies that mentionecl or
reported asscssmcnts of postoperative pain or analgesic
consumption or that purportcd to measure or report
pain or analgesic consumption were assesscd. All papcrs
were initially assessed by two of the authors (B.p.K.
and J.K.) independendy, and subsequcntly in confer-
cnce. This process was repeated to ensure accuracy.

Data Syntbesis cnd Integration
Rationale. The requiremcnt that clinical trials be

designed in a prospective, randomized, dotrble-blincl,
and controllcd fashion is now well established.tr'-r8 It
is difficult to nbsrracr clinically useful information from
a large series of heterogeneous studies. Convcntional
means of revicwing the results of a largc number of
studics of various designs and methods rnake it difficult
for the readcr to synthesize the information. Metaanal-
ysis has been uscd to consolidate analysis ofthe results
of a large numbcr of studies into a unified body of clin-
ically applicable data.'e Although this technique ap_
pears to be an attractive option for searching through
an apparently narrowly focused topic such as analgesia
after thoracic srlrgcry, metaanalysis requires the abitity
to standardizc study dcsign, ability to combine or ho-
mogencity, control of bias, statistical analyfis, sensitiv-
ity analysis and application of rlstrlts,2o The literature
on postthoracotomy pain encompasses a wide range of
study designs and therapeutic regimens, rendering di.
rect comparisons between studies or meaningful
grouping of the data impossible .

There may be limitations to the .,external validirv',
(applicability) of controllecl clinical studies, particu-



lady when the studies arc conductcd undcr closely
controllcd conditions, which scldom reflect real-lifc
clinical situirtions. For some thcrapics, the bcnefits and
shortcomings arc obvious, and in othcr cases, the trials
are not possible, Nevertheless, therc is ample opinion
to suggcst that the prospective randomizcd controllcd
trial, involving sufficient numbcrs of participants, is a
basic requirelnent for thc correct interprctation of cx-
perimental data, and that data obtained under other
conditions is not appropriatc for objcctivc assesslnent
of medical interyentions. r'21

To cvaluate thc orrtcomc of a clinical trial accurately,
t clear description of the study methods is nccessary.22
Idcally, therc should be detniled information on arcas
such as cligibility critcria, sarnple size calculntion, sta-
tistical analysis and mcthods, randomiz:ltion, method
of allocation to study group, assessment of outcomc,
complications of therapy, and power analysis for ncg-
ative effects.22

Rating Cdterla. In an e ffort to address somc of thesc
difficulties guidclincs have been proposed for the uni-
form planning, statistical appraisal tnd rcporting of
clinical studies.2s-2(' Somc of these guidclincs have
been set out in the form of check lists for reviewers of
scicntific manuscripts, and in general, are concerncd
with the semiquantitative dcscription of areas such as

study design, conduct of trials, statistical analysis, and
prescntation. In addition, to facilitate interpretation of
results from a large number of studies, novel ap-
proaches have been used to describe the collective data
in quantitative and qualitative fashions.22'27

Based on these models and guidelines, we dcveloped
a set of 15 rating criteria (table 1) to systematicfllly
appraise the published literature on techniques used
to treat postthoracotomy pain, The critcria were de-
vcloped specifically to enable objective and pcrtinent
analysis of clinical studies of postoperative pain. Each
study was evaluated according to thcse critcria, and
thc results of the evaluation arc presented in tables 2
and 3. Table 2 lists studies (n = 32) that fulfilled thc
following criteria: randomized, prospective, concur-
rent controls; double-blinding; and patient-ratcd pain
scores. These studies were identificd as those that could
be reliably interpreted and were chosen for clinical
comment. Table 3 lists the remainder of the studies (n
= 76), which did not fulfill all of the abovc criteria
and therefore are presented in tabular form and without
additional comment. A full description of the 15 cri.
teria and the procedures used to rate each study is con-
tained in the appendix.

Table 1. Ratlng Ctlterla Used to Evaluate Studles of paln and
Analgeslc Consumptlon after Thoraclc Surgery

Ratings

Description of aim

Entry criteria

Study design

Controls

Treatment reglmens

Randomization

Blinding of study

Evaluation of paln

Analgesic use

Power analysis

Prestudy comparabllity ol groups

Report of adverse effects

Patient withdrawals

Data presentation

Statlstical procedures

Clear
Not clear
Clear
Not clear
Prospectlve
Retrospecllve
Not clear
Concurrent
Historic
Absent
Clear
Not clear
Yes
No
Double-blind
Slngle-bllnd
Not blinded
Not clear
Patlent-rated
Observer-rated
None
Not clear
Patient-controlled
Not patient-controlled
No data
Present
Not requlred
Absent
Comparable
Not comparable
No analysls
Not clear
Yes
No
No wlthdrawals
Reasons glven
No reasons givon
No comment
Complote
Incomplete
None
Clear
None
Not clear

Techniques Used To Treat Paln after
Thoracotomy

In this section, we briefly describe the techniques
used for the treatmcnt of postthoracotomy pain. We
then focus on the rcsults of studies that fulfill the fol.
lowing criteria: use of randomized, prospective, con-
current controls; double-blinding; and use of patient-
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rated pain scores. Despitc fullilling these criteria, some
studies havc inherent problems that must be taken into
account when considering the findings, The ratings for
thesc studies on the l5 criteria outlined in tablc I arc
listed in tablc 2.

Medications for postthoracotomy analgesia can be ci-
thcr systemically or rcgionally administcrcd.

Systemlc Analgesla
Systemic analgesia may be considered under three

headings: systemic opioids, systemic nonsteroidnl an-
tiinflammatory drugs (NSAIDs), and systemic ketamine.

Systemlc Opiotds. Traditional therapy for postthor-
acotomy analgesia consists of intramuscular or intra-
venous administration of opioid anrlgesics.2s The
mechanism of action of the opioid agents arc well de-
scribcd.2e The major clinical problem is the narrow
therapeutic window. Moderate dose ranges result in
adverse cffects including nausea and vomiting, som-
nolence and rcspiratory deprcssion.3o The latter prob-
lem is cspecially pertinent after general anesthesia, in
view ofthe residual effects ofvolatilc ancsthetic agcnts
on respiratory drive,st and the high incictencc of pul-
monary dysfunction.32 Recently reportcd respiratory
depression associated with thc use of opioids by pa-
tient-controlled analgcsia (PCA) systems is cause for
considerablc concern.3'1"r4 Full descriptions of thc role
of postoperative systcmic opioid analgesics are avail-
o51".4'24'35 Studies havc been reportcd on the use of
intramuscular opioids alone,36 snbcntaneous opioicls,3T
nurse-controlled intravenous opioidsss and on the as-

sessment of intravenous PCA.'1e'40 Systemic opioids arc
gcnerally considered to be the usual control against
which all other treatmenr modalities are compared, and
many well-conducted studies reflect this.r()'a r-5(t Com-
parisons of systemic opioids alone with alternative
modes of therapy are summarized in table 4. Because
most studies have evaluated systemic opioids in the
context of comparisons with other modes of treat-
ment,ro"l6"17'41-72 1"* studies have documented the
usefulness of systemic opioids alone . Likewisc, cxam-
ination of comparativc modalities for delivery of sys-

temic opioids, such as PCA opioids of various classes
and non-PCA analgesics through the intravenous, in.
tramuscular, or subcutaneous routes, has been inadc-
quate.

Systemlc Nonsteroldal Antiinflammatory Drugs.
NSAIDs including indomcthacin,4!r'50'z't piroxicam,Ta
tenoxicam,('6 lysinc aceryl salicylatc,d8 and cliclofenacTs
havc been assessed for their ability to reduce pain after

thoracic surgery. Thc mcchanisms of action of thcse
agents have becn extcnsively rcviewed,T6 and from a
clinical perspcctive, potential problems include gas-
trointestinal bleeding, ilcute reversible renal dysfunc-
tion, and systemic blecding associated with platclet
dysfunction. Thcsc cffects arc unlikely to cause signif.
icant clinical problcms with short-term use.76,77 Several
studies lrave included NSAIDs in various regimens,
without spccifically cxamining the contribution of
these agents to the analgesic outcome.Tll-rl3

Postoperative rcctal indomethacin (200 mg postop-
eratively and 1O0 mg twice daily for 4S h; n = 24)
resultcd in a reduction in pain scores on a visual ana-
logue scalc $eS) by as much as 60% and a reduction
in opioid consumption by approximately 30%, com-
pared with placebo (n = 28).to Two potential diffi-
culties with interpretation of this study are: the sup-
plemental analgesia was not administered by PCA, and
the group comparisons of demographic data lack sta-
tistical analysis.

In a study examining the effects of rectal indometh-
acin (100 mg rectally rhree rlmcs daily for 72 h) and
cryoanalgesia, indomethacin resulted in a reduction in
opioid analgesic requirements, and lower VAS pain
scores both at rest and on movement.4e Although the
indomethacin was given for 3 days, the pain ratings
and analgesic consumption data are reported only for
the first 48 h after surgery. This study is discussed be-
low.

Intravenous lysinc-acetyl salicylic acid (1,8-g bolus,
7 .2 g,24 h-t; n = l0) was compared with intravenous
morplrine (10 mg bolus, 40 mg.24 h-t; n = 10).48
The VAS pain scores and PCA paparveretum use were
similar in the two groups, indicating that the NSAID
was as effectivc as the morphinc infusion.

A single intravenous dose of long acting NSAID (ten-
oxicarn 20 mg; n = 10) was compared with a placebo
(n = 9).t"'Between 0 and 12 h, the amount of PCA
opioids were reduced in the tenoxicam group, but the
differences were not maintained aftet 12 h. There was
no difference in thc VAS pain ratings between the
groups.

Bigler et al,1a reported that perioperativc rectal ad-
nrinistration of piroxicam (40 mg at 12 an<l I h prc-
operativelyand 20 mg 

^t24 
h postoperatively) did not

enhance an already highly effective regimen consisting
of thoracic epidurtl bupivacaine and morphinc.

Pefttunen and co"workers demonstrated that a con-
tinuous iutravcnous infusion of diclofenac (2
mg. kg-t .24 h-\ for 2 days after thoracic surgery re-
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Epidural opioids
Benzonar
Salomakis2
Sandlefa
Grantao

Sandlers3
Shulmanlo

Intrapleural
analgesia

Symren966
Mann6l
Schneiderss

Epldural clonidine
GordhaT

Systemic ketamlne
Dich-Nielsenao

Intercostal analgesia
Chana2

Dryden{a
Galwa/s

NSAIDS
JonesdB

Keonanae

Pavyso

Merrys

Table 4. Technlques That Were Compared Agalnst Systemlc
Oplolds Alone

Feference Technlque

clecreascd artcritl carbon dioxidc tcnsion, in the pa-
tients treated with intravenous diclofcnac.T5

NSAIDs are potcnr and safc adjuncts to systemic opioid
analgesia after thoracic surgcry, resulting in clear ben-
cfits in terms of pain and anrlgcsic consumption. They
havc not becn shown to improve thc excellent analgcsia
afforded by a combined regimcn of thoracic epiclural
bupivacaine and morphinc,

Systemlc Ketamine. Low-dose intramuscular ket-
amine has been uscd for short-term trcarlnent of pain
after thoracic surgery with no rcported aclverse cf-
fects.a'J Dictr-Niclsen ancl colleagues compared the an-
algcsic efficncy of intramuscnlar kctamine (1.0
mg. kg-'; n = l5) with intramuscular mepcricline (l .0
mg . kg-' ; n = I 5) shortly after thoracic surgery.ar Thc
two regimens wcrc equally efficacious, with less re-
spiratory dcprcssion obscrved in the ketaminc group.
Although not spccifically addressed in this study, thc
data suggest that ketamine may bc a useful adjunct to
systcmic opioids for postthoracoromy analgesia.

Thesc observfltions, togcther with recent laboratory
data concerning the role of N-methyl-o"aspartatc
(NMDA) rcceptor activation in postiniury central sen-
sitization and lryperalgcsia,s'r'85 suggests that systemic
kctamine, a noncompctitive NMDA antagonist, rnay
havc an important role to play in the treatmcnt of post-
thoracotomy pain.

Reglonal Analgesla
Scvcral regional approaches arc available for the ad-

ministration of analgcsic mcdication aftcr thoracic sur.
gsry. I'2s"15'srr Thcse tcchniques incluclc intcrcostal, in-
trapleural, intraspinal and paravcrtebral blockade;
cryoanalgesia; and transcutaneous electrical nervc
stimulation (TENS).

Intercostal Analgesla. Intercost:rl nctrronal block-
ade has been usecl extensively for analgesia aftcr tho-
f aCiC SUfgery .42 "1't "t 

9'57'5tt'(t4'ti l'll 2'lt7- I 04 AgentS may be ad-
ministered as a singlc treatrncnt under direct vision,
bcfOre clfest CIOSUf g,45'64'rJt'ert'<s2'e5'96'9tl' lol'lo2' l05 aS a
singlc prcopcrative pcrcutancous treatment,s2 as mul-
tiple percutaneous serial injcctionssT,ns ot ula an i:n-
dwclling intercostitl cttheter.d 2"t4'5tr'80'lr I'te-e l'e7'ee' roo' r04

The main coucern with thc tcchnique is a high levet
of systcmic absorption although clinical studics of pa-
tients after thoracic surgery have documented safe
plasma lcvels of local anesth"1i"r.'12,45'lotr

Chan et al,az reporte<l a study in which paticnts re-
ceivcd bolus doses of cithcr O.5% br.rpivacaine (n =
10) or norm:rl salinc (n = t0) ula inclwellilrg inter-

Thoracic Epi fentanyl
Thoracic Epi fentanyl
Lumbar Epi fentanyl
Lumbar Epi fentanyl(Po)
Lumbar Epi morphlno
Lumbar Epi morphine

Intrapleural + SO
lntrapleural + SO
Intrapleural + SO

Thoracic Epi clonidine +
so(Pc)

Systemic kotamlne

lntercostal catheter + SO
lntercostal catheter + SO
lntercostal block + SO

NSA| + SO(PC)
SO t NSAI + cryoanalgssla
NSAI + SO
NSAI + SO (PC)

Yes
Posslble
No
Yes
Posslble
Yes

The studles Included ln thls table aro prospactlve, randomlzed, double-bllnd,
controllod trlals lhat usBd a patient-ratod pain €valuatlon.

SO = systemlc opiolds: PC = patlent-controlled; EFI = epidurall NSAIDs =
nonst€roldal antl.intlamatory drugs.

duccd intravenous PCA rnorphinc consumption by over
60%, with significant rednctions in VAS pain mtings as
well.75 Both thc PCA morphine ancl thc intravcnons
diclofcnac (or intravenous placcbo) infusions were
cornmcnccd npon arrival in thc postanesthesia carc
unit, and both groups were given dircct intrathoracic
local anesthetic intercostal ncrve blocks before wound
closure. Diclofenac had no effccts on intraoperative
blood loss, platclct adhesion, bleeding time, or total
platelet count, Although thcre was no significant dif.
ferencc between thc groups in senrm creatinine levels,
the diclofenac group cxhibited a significantly lower
urinary output on the lst postoperarive day. In addition
to the benelicial effects on analgesia and morphine
consumption, this study also documented improved
oxygcnation, as indicatcd by an increase in the ratio of
arterial oxygen tension to inspired oxygen fraction and
a reduction in respiratory depression, as indicated by

Yes
Yes
No

No

Yes

Yes
Yes
No

Yes
Yes
Yes



costal citthetcrs evcry 6 h, for 24 b fiter surgcry. Thc
bupivacrinc group hacl significantly, l>ut transiently
lower VAS paiu scores after each inicction, rnd con-
sumcd fcwcr opioid analgesics than thc control group
ovcr thc 24-h study pcriocl.

Sabanathan et al,8t also cxtrnincd the effectivcncss
of indwelling intercostal catheters, in which thc pa-
ticnts rcccivcd a continuous inftsion of cither 0.5%
bupivacainc (n = 29) or nonnirl saline (n = 27). Tbe
authors rcport lowcr VAS pain scorcs and lcss opioid
consumption in thc bupivacainc group.

A largc study of two diffcrcnt rcgimcns (2% lidocainc
plus cpincphrinc [n = 46] ,ancl 0.57" bupivacainc plus
epincplrrinc [n = 461) administcrcd as inrcrcostnl injcc-
tions befbrc chcst closurc, compmed with no thempy (n
: 46), rcported that thcrc was uo diffcrcncc bctween
thc thrcc groups in timc to first analgesic rcclnest.as How-
cvcr, initial isscssmcnt suggcsted that patients in thc
trcatmcnt groups had lcss pain tlran thosc in the untrcatcd
control group, Problcnrs with intcrpretation of this study
includc il vcry prolongcd mcan timc to first analgcsic
rcqtrest 2A3 + 39 min (mcan + SEM) for tfte cotrtrol
group, suggesting an atypical clinical coursc after thonrcic
surgery. Ilris finding is cvelt lnore surprising sincc paticnts
did not rcccivc opioids dtrring thc surgical procedurc.
Thc authors suggcst that tl'rc untrcatcd paticlrts wcre morc
casily nursed, and do not rccolnmend thc usc of intcr-
costal injcctions as uscd in thc study.

A rccent stndy using a cross.ovcr dcsign4{ (n = 20)
reportcd a significant rcduction in VAS pain scores and
in PCA morphine consumprion during infusion of
O.25% bupivacaine through paircd indwclling inter-
costal cathetcrs, Thcse authors confinncd the corrcct
anatomic placemcnt of thc cathctcrs, in thc intcrspaces
abovc and bclow thc intcrcostal incision, by injcction
of radio-opaque contrasr. Although conlirming thc cf-
licircy in terms of analgesia :rnd rcduction in PCA mor-
phinc consumption, this stndy may l.ravc significantly
nnclercstimittcd thc tme beucfit of thc technique bc-
canse of insullicicnt wasl.rout timc in thc group that
rcccivcd thc saline inftrsion aftcr thc bupivacninc in-
fusion and because of thc pooling of all of the VAS puin
mtings into two sections.

Thc lrypothcsis that alkalinization of :r bupivacainc-epi-
nephrine mixture would cxtcnd the duration of action
of postoperative intercostal nerve blocks was rccently
addressed in a study of 20 paticnts.s2 The results showed
that there was no evidcnce to support the hypothesis.

Based on the results of these studies, we conclude
that intercostal nerve blockndc bv intermittenr or con-

tinrfons infnsion of O.5% bnpivacainc with epincphrinc
is an cffcctivc nrcthod, as is continuous infusion of
0.25% bupivtcaine through indwclling intercostal
catheters, for supplerncnting systcmic opioid analgcsin
for postthorrcotorny pain. Thc valuc of singlc prcclo-
surc inicctions is dotrbtftrl, rnd thcrc does not appcar
to bc any bcnelit irssociated with alkalinizntion of thc
injcctzrte .

Intrapleural Analgesia. Intrflpleural administra-
tion of locnl anesthetics has found increasing use aftcr
thoracic stt rgcry5 l't t'56'tr't' I o(r- I | (l 

si nce publ ication thc
work of Roscnbcrg et al.t tt Thc mechanisms of action
of intrzrplcnral tnalgcsia arc incompletely under-
stoorl.rtz't t'r 1o"u1 xncsthctic agents may be admin-
istcrcd ula an indwclling intraplcural cathcter by in-
tcrmittcrrt-5 l'55'5(t,ll.r, I o(r. I 07. t o,' I l tt or continuotts-infu-
sion rcgimcns.r(t8'lII Couccrns about systemic
absorption and toxicity from local anesthctics havc
not bccn substanti:rtcd in clinical studics that assavcd
plasnra lcvcls.56'l(l(r-lo9'I I I

Intraplcural bupivacitinc (O.25%) administered in 20-
ml bolus closes cvcry 4 b for 48-72 h after surgery
resulted in rccluced postopcrativc pain nt 4, ?4 nnrJ 72
h, cornparcd $/ith intcrpleural normal saline (n =
40).tt Therc wcre no differenccs in opioicl consump-
tion bctwcen thc groups and thc difference in pain
scores was not significant at 48 h,

Intrapleural bupivacaine O.5% (1.5 mg. kg-t; n = 7)
at 8 and l6 h aftcr surgery was compilred with saline
1n = 8).56 The paticnts rccciving bupivacaine reported
a significant, but transient, redtrction in pain scorcs
and opioid nsc lasting 2-5 h after injection. There wcrc
no significant intergroup diffcrenccs in total opioicl
consumption,

Sclrneidcr et al, contparcd intrapleural bupivacainc
(O,5%; n = 9) with intrirplcural salinc (n = 9) aclmin-
iste rcd in 30-rnl bolus doses every 4 h for a totat of 12
doscs aftcr surgcry.'s Thcy reportccl no differences in
VAS pain scorcs or anrlgcsic reqnircments bctween the
two groups. I-Iowevcr, VAS pain scorcs werc rcported
on only two occasions in thc 48-h postoperative periocl.
Furthcnnorc, analgcsia was supplied on a non-pCA ba-
sis, and thcrc are inadequate details conccrning thc
intraopcrative use of analgesics. In addition, VAS pain
scorcs wer€ not reported immediatcly after intrapleural
administration of bupivacfline, raising the possibility
that transient benelits may have been missed,

Thcse data suggesr that intrapleural bupivacaine
(O.25-0.5%) may improvc analgesia in patients after
thoracic surgery, Thc benefits are of short duration ancl



there docs not appear to bc a significant ove rall opioicl-
sparing effect. Thc optimum conccntration and closing
regimcn remain to be defincd.

Intraspinal Analgesia. Intraspinal tcchniques that
havc bccn described for postthoracotomy analgcsia in-
clucle thoracic local ancsthetics, cpidural opioicls (in-
cluding opioid agonist-antilgonists), thoracic cpiclural
opioicls combined with local xnesthctics, thoracic epi-
dural adrenergic agonists, nncl intrathecnl opioids.

The techniqnes, mcchanisms of action and advcrse
effccts of thesc modalitics havc bccn extcnsivcly rc-
viewed.lla-llc 1h" scriotrs but infrcquent aclversc cf-
fccts includc: high spinal blockade or significimt sys-
temic toxicity aftcr intraspinal local ancsthctics; rc-
spiratory depression after intraspinal opioidsrrT; ancl
rarc cascs of spinal cord or nervc trauma, hcnratoma,
infection or inflammatory reaction associated with in-
troduction ofthe cathetcr or ncedlc.Il8'lre Less serious,
but troublcsomc problcms include niluscir, pruritns,
and urinary retention after intraspinal opioiclsrr'r'rr8.
hypotcnsion, temporary paralysis, urinary rctcntiolt,
and paresthesia after intraspinal local anesthctics; and
a low incidence of post-dural puncturc hcadachc after
instrumcntation for either modc of trcatmcnt.r r'r'l ln'l re

Tboraclc Epldurcil Local Anestbafi'cs. Thoracic cpi-
dural local ancsthetics have becn used in sevcral sturd-
ies,57'65'tzo-t26 and ire acln:inisterecl with the airn of
creating a circumscribed band of dense analgesia in
the dermatomal region of the thoracotomy incision.

EI-Baz and colleagues cvaluated intermittcnt admin-
istration of btrpivacaine (0.5%, 5-ml bolus doscs; n =
30) through a thoracic epidural cathetcr, and found
tlrat analgesia was comparable to continuous infusions
(n : 30) or intcrmittent bolus doses (n = 30) of tho-
racic epidural morphine .rtr Thcre was however, a pro-
hibitive incidence of urinary rctcntion, hypotcnsion,
and upper lirnb weakncss and parcsthcsia rclated to
the bupivacaine administrltion. The rcsults section
documcnting the statistical cornparisons betwecn thc
groups is difficult to decipher.

Stndics of epidural local anesthetics alonc hirve bcen
limited to intermittelll-nnd 6s6asionally toxic-bolus
administration, or have cxamincd contilruous infusions
with either concomitant administration of systemic
opioids, epidural opioids, or systemic NSAID analge-
sics. However, thc ffuc efficacy of epidural local anes-
thesia for postthoracotomy analgcsia has not been dc-
termined in appropriately conductcd clinical smdics.
Combinations of cpidural local ancstl-rctic and opiate
are discussecl latcr in the text.

Tboracic or Lumbar liltlchral Optotds. Epi-
durerl opioids havc bccn aclministcrect bv
the tltofaCiC.aT,,l t,52,57,(r(t-(rJ.(r5, I 2t ,t25,t27-t i7 or lum-
b,lflo,.l(',5J,5.1,(,{),8o.r27,l2ti,l.l.l,l.15,lttt-r5r fOUteS. In ndClitiOn
to cpiclural opioid agonists, cpiclural agonist-
antagonists r'l')' l'i I anal concomitant intravenous opioicl
antagonistsl't'1 lravc bccn tclnrinistcrecl to rcducc posr-
operative rcspirntory clcpression selectively whilc
maintaining adcquatc postopcrativc analgesia. Thc
choices of mcthod and routc hrrvc dcpendccl on indi-
vidual prefcrcncc, famiIiaritywith tcchniques, ancl thc
pcrceived stfety of thc procedurc.I27.|52'I5J

Lumbar epidural morphinc administcrcd as a 5.0 mg
bolus dosc (n = 15) was compared with non-pCA in-
travcnous morphinc bolus aclministration (n = l5) by
our rcscarch group.ro Epidural morphine wils asso-
ciated with rcduccd patin scorcs imd improved post.
opcrative pulmonary function. Although thc mcan rc-
spiratory r:rtc was lowcr in tlrc epidural group, signif,
icant rcspiratory deprcssion did not occur in eithcr
group.

Thesc results wcrc not rcproduced in a smaller sturty
(n = 13) by our rcscarch group,5.r in which wc com-
pared epidural and intravcnons administrution of nror-
phine and produccd cquivalcnt postoperttive analgc.
sia. Although this study wrs dcsigned primarily to clcfine
the occurrence and time coursc of rcspiratory clcpres-
sion aftcr epiduml morphine, the small sample sizc
may in part cxplain thc absence of a significanr intcr-
group diffcrcncc in postopcrative pain and ,annlgcsic

effect.
A ftrrther study conducted by our research groupt'll

compare d the cfticacy of repcutcd bolus do.ses of lumbar
epidural morphinc (5.0 mg) with fwo groups receiving
diffcrent bolus closes of lumbar epiclural nalbuphinc
(n : 15 total) (sec bclow). dthough thc epidural
morphinc was associated with bctter analgesia, respi-
ratory dcprcssion was unprcdictablc. A differcnt study
dcsignr'1' comparing singlc postopcrative ctoscs of
lumblr cpidural urorphinc with a rangc of nalbuphinc
doses (scc below), confirmcd that lumbar epidural
moqrhinc (0.1 mg.kg-'; n = 12) proviclecl superior
analgcsia comparccl with cpidural nalbuphinc, and was
associatecl with rcducccl supplcmcntal PCA intravcnous
fentanyl consut'nption. l'1t

El Baz et al,tzt rcportecl that a continnous infnsion
of thoracic epidural morphinc (t.O rng.h-t) with in-
travenous supplcmcntiltion resulted in comparablc an-
algesia to that proviclccl by intcrmittent thoracic epi-
dtrral boluscs of cither bupivacainc or rnorphinc (5.0



mg boluses) (see above). In addition, thc continuous
inftlsion was associated with fcwer adverse effects than
the other two regimens. As mentioned above, the pre-
sentation of the results is confusing.

Lumbar epidural sufentanil bolus doscs of (30 pg; n
= 9), (50 pgi n = 6), and (75 pgi n = 7) have been
studied on a dose-response basis by our rescarch
group.r5t The resuls showed that sufentanil provided
rapid and effective analgesia, but with a brief duration
of action. Furthermorc, increasing the dose resulted in
an increased incidence of respiratory dcpression with.
out any additional analgesic bcnefits.

Studies of epidural fentanyl hnvc focused on the op-
timum route of administration.a6'52'5'{'t27 This is of im.
poftance from the clinical therapeutics point of view,
in addition to providing clinical evidencc of the mech-
anisms and sites of action of epidurally administcred
lipid soluble opioids. A comparison of thoracic and
lumbar epidural fentanyl administration suggested that
pain and fentanyl requircmcnts werc rcduced when
the thoracic route was nsed.rz7 These trends did not
reach statistical significancc. Since a power analysis was
not reported, the negativc findings are difficult to in-
tefpret.

TWo studies compared administration of lumbar epi-
dural fentanyl with intravenous fentanyl,'16,54 Grant et
ala(' compared lumbar epidural PCA fentanyl (n = 14)
with intravenous PCA fentanyl (n = 15) and used con-
tinuous (variable) background infusions for both reg-
imens. VAS pain scores were similar in the two groups,
but the epidural PCA group consumed significantly less
fentanyl than the intravcnous PCA group. However
pharmacokinetic data are not presented, Our research
groupsa reported that lumbar epidural fentanyl results
in similar analgesic and respiratory cffccts compared
with intravcnous administrarion. Fentanyl was admin-
istered as obserycr-controlled bolus doscs, with a con-
tinnous (variable) background infusion. Detailed
pharmacokinctic data showed that the epidural admin-
istration is associated with higher infusion rares than
intravcnous administration, but with similar clearance
values.5'r It is possible that the clifferent mode of deliv-
ery-PCL uerszs observer-controlled analgesia-could
account for thc differences observed.

A comparison by Salomiiki et al. of thoracic epidural
fentanyl with intravcnous fentanyl found that when
fentanyl infusions were titrated to patient VAS pain rat.
ings, the epidural administration produccd similar an-
algesia to the intravenolts route but with fewer adverse
cffects and lower infusion rates.52 This stucly supports

the suggestion that the administration of a highly lipid
soluble opioid should bc in the dcrmaromal region of
the surgical incision. The pharmacokinetic data con-
firmed that the thoracic epidur.rl fcntanyl administra-
tion results in significantly lower plasma fentanyl levels
than intravenous administration.5z Thc results of this
study have been corroborated by a comparison of tho-
racic epidural fentanyl nnd intr:wenous PCA mor-
phine,ar in which thoracic epidural fentanyl resulted
in lower pain, less sedation, but more pruritus than
the intravenous PCAmorphine. Dcspite impressive dif-
ferences in pain ratings, thcre were no differences in
postoperativc pulmonary mechanics or arterial carbon
dioxide.

Two studics have examined the role of lumbar epi-
dural nalbuphine.tre't'tt Baxter et al. compared four
groups of ten patients each that received a single dif.
ferent dose of nalbuphine (range 0.075-0.30
mg. kg-') with a group (n = 12) that received a single
dose of lumbar epidural morphine (0.01 mg. kg-r; af-
ter surgery.r'le In all cases, the pain scores and use of
supplementary intravenous fentanyl by pCA were
greater in the nalbuphine groups. Our research
groupr4r found that dcspite repcated doses of lumbar
epidural nalbuphine l0 mg (n :4) or 20 mg (n: 5),
most patients werc withdrawn from the study because
of inadequatc analgesia, in contrast to those who re.
ceived lumbar epidural morphine. Paticnts in the mor-
phine group, however, demonstrated unpredictable
respiratory depression.

Gowan and colleagues attempted to define the effects
of intravenous naloxone infusions in combination with
lumbar epidural morphine.ra-r They studicd four groups
of paticnts who received inuavenous bolus doses of
naloxone (0.O-4.0 pg. kg-') followed by intrRvenous
naloxonc infusions (0.0-4.0 pg. kg-t . h-t; to rcduce
the adverse effects associated with epidLlral morphine
while retaining the rnalgesic cffects. The authors dis-
continued testing in thc high-dose naloxone group be-
cause of the suggestion of intense antianalgesic effccts.
The results werc equivocal becanse sample sizc was
small (n : 24) and because the patients receivcd sys-
temic morphine after the epidural morphine. The au-
thors concluded that the concomitant use of intrave.
nous naloxonc with epidural morphine is not useful
in this setting.

Therefore, the optimal methods for ndministering
epidural morphine include lumbar epidurat bolus
doses and low-dose continuous thoracic infusion with
intravenous supplemcntation as rcquired. Both modes



appear safe and effective. The addition of piroxicam
does not improve the efficacy of thoracic epidural mor-
phine when the morphine is co-administered with tho-
racic epidural bupivacaine. The role, lcvel of ndmin-
istration and optimnl dosc of epidural sufentanil rcmain
to be defincd. Therc is little iustification for the lumbar
epidural administration of fentanyl, but thoracic cpi-
dural administration may have advantagcs. Inravenous
fentanyl is probably as cffective as lumbar epidural fcn-
tanyl, and may havc less associatcd risk, Furthcr com-
parison of thoracic uasaslumbarepidural fcntanyl may
bc warranted. 'Ihcre do not appear to be bcncficial cf-
fects associated with the concornitant administratiol'r
of cpidural or intravenous opioid agonist-antagonists
with epidural opioids in thc treatment of postthorir-
cotomy pain.

Comblned Tboracic Epidu.ral local Anestbetlcs ancl
Opto{ds, Epidural opioids have been combincd with
cpidural local anesthctics with the aim of syncrgisti-
cally blocking spinal nociccptive pathwys while rc-
ducing thc dosc-related advcrse effccts of either
class of agent alonc. Sevcral studies have examincd
the effecdvencss of this tcchnique after thoracot-
Omy,65'7 r'74'r25' 1 29, l.t |' | 5't' t 55

Gcorgc et al.t2e asscssed thc cffect of adding bupi-
vacaine (O.2%; n : 10) or normal saline (n = l0) to
a continuous thoracic cpidural infusion of fentanyl (50
pg.h-t). The addition of bupivacaine resulted in re-
duced pain scores on the lst day. Howevcr, the rcgi-
mens werc not titrated or controlled by PCA, so therc
was no opportunity to detect differences in analgesic
use. Furthcrmore, the pain scorcs were so low in botlr
groups, that differences after the lst day would havc
bcen difficult to detect. Finally, the comparability of
the groups in terms of dcmographics is nnclear,

Harbers et al, compared intravenous with thoracic
cpidural sufentanil administration in patients with in-
dwelling thoracic epidural catheters who wcre receiv-
ing continuous infiisions of 0J25% bupivacainc.r'rr
Patients rcceived infusions of sufentanil by either the
thoracic epidural (n = 13) or intravenous route (n =
l4). The two groups showed comparable analgesia,
which was excellent at all times, and the infusion ratcs
of sufcntanil were sirnilar. Although no pharmacoki-
netic data were presented, the results suggcst that when
used as an adjunct to a continuous thoracic epidural
infusion of bupivacainc, intravcnous sufentanil is
equ ivalent to thoracic cpidural sufentanil. r'1 I

Bigler et al.1't comparecl thc effccts of thoracic cpi-
dural bupivacaine plus morphine in combination with

rectal tdministration of eithcr piroxicam (n = 14) or
placebo (n : 14). Both groups rcportcd excellent an.
algesia with similar need for supplemental intravcnous
opioid analgesics. This study was designcd to assess thc
additional bcncfits of NSAID to the comprchensive epi-
dural rcgimen. It is thereforc not possiblc to assess the
spccific contributions of the epidural local ancsthetic
or opioid components. Howevcr, the adclition of a sys-
temic NSAID did not enhance the analgesic effect of a

combination rcgimen consisting of thoracic epidural
morphinc and bupivacaine.

The coadrninistration of local ancsthetics and opioids
by the thoracic epidural route has becn partially ex-
plored. Clearly, excellent analgesi,a can bc achicved
with combinations of thcse agcnts. NSAIDs do not ap-
pear to cnhancc analgesia whcn already effcctive in
this context. Howcvcr, the optimum flgents, combi-
nations, dose rcgimcns and comparative bcnefits remain
to be dcterrnincd.

Tboraclc Eplclural Aclrenerglc Agonlsts. Epidural
adrcnergic agonists have thc pot€ntial for effcctive an-
tinociceptive activity after systemic or intraspinal ad-
minisration.l l(t'15(r The mcchanisrn of action appqlrs
to be modulation of thc cndogenous postsynaptic ad-
renergic reccptors in thc dorsal horn cells.r57

The efficacy of a single dose of thoracic epidural clo-
nidine (3 pg. kg-'; n = 10) was compared with a saline
placcbo (n = 1O).47 No analgcsic bcnefits were ob-
served. Dose-response data arc required to define the
efficacy and complications associated with intraspinal
clonidine and othcr a, agonists in postthoracotomy an-
algesia.

Lumbar Intrathecal Oplolds, Lumbar intrathecal
opioids have been used as an adjunct to postrhoraco-
tomy analgesia in published studies.T2,tetr The advan-
tages of the tcchnique include simplicity, reliability,
and because of the small doses used, potentially fewer
adverse effccts from systemic opioid absorption.T2,rse
Unfortunatcly, it is not possible to comment on the
clinical utility of this techniquc for postthoracotomy
analgcsia on the basis of the availablc literature,

Paravertebral Blockade. Unilateral paravertebral
netrronal blockade has been uscd for postthoracotomy
analgcsia because the pain after lateral thomcotomy is
almost always unilateral,r2'r The anatomical basis for
paravcrtebral blockadc has been revicwcd.r60-rrt2 16"
benefits of unilaterrl paravertebral blockade are two-
fold. First, because the concomitant sympathctic
blockade is unilateral, the incidence ofadvcrse cffects
such as hypotcnsion and urinary retention is lower.s'r2a



Second, a smaller quantiry of local anesthetic agcnt is
rcquired, and so the risk of systemic local anesthetic
toxicity may be less.

It is not possible to determinc, from the availablc
literature, whether the technique of paravertebral
blockade is useful in the postoperarive analgesic man-
agement of patients after thoracotomy.

Cryoanalgesla. Cryoanalgesia, introduced by Lloyd
et AL,t61 consists of freezing the intercostal nerves by
the intraoperative application of a cryoprobe to its pos-
terior aspect, and then allowing thc nerve to
thAW,49,59,67,7tt,79,rr7,91,95,9(t,l03,l30,l.ltt,l('4-166 The CyCle may
then be repeated and may be performed on several
nerves subserving the dermatomal region of the inci-
sion.167 Because the neurolytic lcsion produced is par-
tial, and the endoneurium is preserved, axonal regen-
eration is possible and normal sensation should return
after surgery.('7 Concerns have been raised about pos-
sible long.term neuralgia. r{'ra8

Keenan et al.a'compared cryoanalgesia alone (n =
15), cryoanalgesia and indomethacin (n = 15), indo-
methacin alone (n = l5), and a control (n = l5).
Cryoanalgesia reduced VAS pain scores at rcst but had
no effect on VAS pain scores after movement. The
amount of opioids used was reduced only when
cryoanalgesia was used in conjunction with rectal in-
domethacin. The pcrioperative anesthetic manngement
of thcse patients is not clear from the paper, thc sup-
plcmentary analgcsia was not administered by pCA, and
a measure of dispersion for the pain scorcs is not pro-
vided, Finally, there is no comment on the developmcnt
of late intercostal neuralgia.

A simplcr rwo-group study that compared cryoanal-
gesia (n : 30) with a control group (n = 33) that did
not rcccive cryoanalgcsia suggestcd that there were no
advantages associated with the treatment.Te The poten-
tial problems with inrerpretation of this study include
lack of clear inclusion and exclusion critcria, insuffi-
cicnt detail concerning the treaunent rcgirncns, ancl
abscnce of power analysis in the face of a negative re-
sult. Approximately 2O% of the trcared pntients devel-
opcd intcrcostal ncuralgias by 6 weeks after surgery.

Tlrere appears to little bcncficial role for the routine
use of cryoanalgesia in thc prevention of pain after tho-
racic surgery, and its use may be accompanicd with a
significant incidence of adverse effects.

Transcutaneous Electrical Nerve Stimulatlon.
TENS was introduced into clinical practicc byValt ancl
Sweet.r68 TENS may rcsult in spinal gating of srnall di-
ameter unmyelinated C-fiber input by larger myelinated

Ap.fibers,r6t nnd it may also activatc clescencling inhib-
itory pathways.rTtl Endogenous opioicl and nonopioid
(e,g,, yaminobutyric acid) mechanisms may be in.
volved in mediating TENS-induced analgesia.rT, TENS
has been used to rclieve pain after thoracic sur-
gery.6tl-ztt''o't6rt 16" only significant adverse effects are
local skin hypersensitivity','and the possibiliry tlrar
the clectrical current could interfere with thc function
of cardiac pacemakers, On the basis of the available
published data, it is not possible to determine the role
of TENS in the treatment of postthoracotomy analgesia.

Preemptlae Analgeslc Reglmens
The suggestion that central neryous system sensiti-

zation may increase postoperative pain has recently
been reviewed in detail.rTs'r7a 16. basic science find-
ings and clinical evidence for this phenomenon has
prompted investigation into the role of preemptive an-
algesic regimens in the management of postthoraco.
tomy analgcsid.T3' l4'l

Our research group have produced cvidence that the
timing of lumbar epidural fentanyl administration may
be imponant in the prevention of postoperative pain.raa
Pain scores and PCA morphine use in patients who re-
ceived ltrmbar epidural fentanyl l5 min before incision
(n = 15) were lower than in those who received the
identical dose of epidural fentanyl l5 min after incision
(n = l5); the difference was small but significant. The
results suggest that pain after thoracic surgcry may be
lessened by preincisional, rather than postincisional,
administration of cpidural fentanyl, and supported the
hypothesis that noxious afferent signals during incision
and surgery contribute to central sensitization and to
incrcased postoperative pain. However, a significant
age differencc berween thc groups may complicat€ in-
terpretation,

Further research is required to evaluate the potential
benefits of prccmptive analgesia for postthoracotomy
pain. Isstrcs that rcquire clarification includc cleter-
mining the most useful classes of agents (or cornbi-
nfltion of agents), doscs, timing and routes of admin-
istration. rilfhethcr preemptive analgesia will prove
useful in reducing thc problem of long-term postthor-
acotomy chest wall pain remains to be determined.

Concluslons and Recommendatlons

Thcre lras bcen a remarkable improvcmcnt in the
standard of clinical studies of postthoracotomy anal-



gcsia in recent years. Nevertheless, the majority of
studies arc difficult, if not impossiblc to intcrpret be-
cause of fundamental problems with dcsign, methods,
or statistical treatment of data. A minority of studies
are clearly interpretable because they are randomizcd,
prospective, double-blind, have concurrent controls,
and include a measure of patient-rated pain. Thc fol-
lowing recommendntions are based on these well-de"
signed and controlled studies.

Systemic opioids form the cornerstone of postthora-
cotomy analgesia therapy, and have constituted the
control group in the majority of clinical studies. Pain
or analgesic consumption are reduccd significantlywith
the following techniques: indwelling intercostal cath-
cters with bupivacainc, interpleural catheters with bu-
pivacaine, epidural morphine (with an infusion in the
thoracic route or bolus administration in the lumbar
route), combined infusions of thoracic epidural bu-
pivacalne with either thoracic epidural or intravenous
sufentanil, thoracic epidural fentanyl, and systemic
NSAIDS as adiuncts to systemic opioids. The short-term
use of low-dose intramuscular ketamine is a promising
altemative, and potential adjunct to systemic opioids.

The combination of thoracic epidural local anes.
thctics and opioids can essentially abolish postopera-
tive pain, but considerable experience is required for
safe insertion and monitoring. NSAID on the orher hand
would not be expected to be sufficient when used as
solc agents, but are an economical and extremely ef.
fective adjunct to systemic opioid analgesics.

Therc is little evidence that the following techniques
providc cffective pain rclief for patients after thoracic
surgery: cryoanalgesia; lumbar epidural nalbuphine;
lumbar epidural, as opposed to intravenous or thoracic
epidural fentanyl administration.

Vhen choosing a method of postthoracotomy pain
control, thc physician must consider the following fac-
tors: (l) the physician's expcricnce, familiariry, and
complication ratc with specific techniques; (2) thc
specific clinical circumstances, including the presencc
ofcontraindications to various analgesic techniques and
medications; (3) availability of an appropriilte armo-
sphere for the safe and effective commencemcnt and
maintenance of the technique; (4) availability of ap-
propriate facilities for patient assessmcnt and moni.
toring; and (5) the acceptancc by all parties rhar trear-
ment may be undertaken, that the technique falls within
rcasonable rlsk-benefit and cost-benefit constraints,
and that it contributes to patient satisfactlon ln addition
to providing analgesia. Thesc factors are a function of

the physician's traiuing, maintcnance of competcnce,
and ongoing education of hospital anesthedc and peri-
operative surgical supporr staff. The issues of compli-
cations and contraindications associated with specific
techniques were briefly discussed in the appropriate
sections (see abovc), and these lssues and monitoring
recommendations arc discussed extensively else-
Whefe.8, | 4,21t,76,78,tt6, I I 2, I | 4, I I 7- | I 9, I 92, I (r t,tZZ,tZ 5- t 8i

Cost-bencfit issucs are assuming progressively greater
importance in the perioperative management of pa-
,i"n1r.r86'r87 Altlrough methods for the accurate assess-
ment of analgesic cost have been reported,rss compre-
hensive datr havc not been published regarding cost-
benefit analysis for analgesia after thoracic surgery. A
description of detailed financial cost comparisons of
two methods of thoracic surgery has been reported.rse
This rcport details how considerations such as the cost
of equipmcnt, diffcrences in operating room time, du.
ration of hospital stay or care in a speclal care setting,
and the cost involved in treating adverse complications
cotrld be includcd in a comparativc assessment of an-
algesic interventions. Thought must also be given to
the additionnl burdens inherent in learning new tech-
niques and in in-servicing support staffinvolved in pa-
tient cnre. Novel developments in surgical technique
may lessen the burden of postthoracotomy pflin,rtp.t'ro
and thus further improve paticnts' prospects for im-
proved postopcrative analgesia.

Further work is required in the following areas: (l)
the optimal conccntration, volume and dosing regimen,
sitc of administration and concomitant opioid use with
thoracic epidural local anesrhetics; (2) efficacy and
optimal site (lumbar /s. thoracic) of administration of
epidural lipid-solublc opioids; (3) delineation of the
rolcs epidural and systemic c2-adrenergic agonists,
ketamine,'[ENS, and preemptivc analgesia; and (4) de-
velopment of postthoracotomy analgesic teclrniques to
rcduce the incidcnce of long-term pain syndromes.

Future studics should be designcd after careful con-
sideration ofthe issues detailed in the 15 rating criteria
prcscnted in table I and dlscnssed in the appcndix.
Whenever possiblc, studies shotrld carried out in a pro-
spective, randomized, double-blind, placcbo-con-
trollcd rnanner. Pain should be measured wirh a valid
and reliable patient-rated measurement instrument.
Postoperative systemic opioid use shonld be adminis-
tered in a standardized rnanner, preferably by pCA.

Outcomes othcr than pain and analgesic use, including
cost-benefit analyscs, should be included in reports of
postthoracotomy analgesia. Attempts should be made



to conduct clinical investigations that would maximize
the yield of clinically useful data, make real advanccs
in the field, and possibly reduce the number of redun-
dant studies and patients enrollcd therein.

Appendix

Aim of Stud.y
It ls fundamcntal that thc prlmary qucstlon bc sclcctcd, dcfincd

and statcd in advancc to optlmizc proper dcslgn and to cnsurc thc
valldlty of subscqucnt statisttcrl analysls.rer Thls crltcrion wns scorcd
'ts cleo'ff thc aim was clcarly descrlbcd and as rrot clear lf tbcrc
was no stttcmcnt of alm or if thc issuc was cqulvocal.

Entry Crlterla
It is csscntlal to dcfinc and rcport thc population undcr study.rel

Insufficicnt inforrnatlon about cntry critcrh mrkcs intcrprctatlon of
lntcrgroup outcomc comparlsons potcntlnlly ambiguous. rVhcn cntry
crltcria are not speclficd lt ls ditlicuh for rcndcrs to comprrc thc
work wlth othcr publishcd data In a mcanlngful wny. Thls critcrion
was rntcd clear lf both incluslon and cxclusion crltcrla wcrc ctcnrly
provfdcd and nol clcat lf only incluslon or cxcluslon crltcrla wcrc
dcscrlbcd or if no commcnt was madc rcgardlng cntry critcrla,

Study Deslgn
Thc quallry, accuracy and vllidlty of rcsulu can cllffcr npprcciably

dcpcndlng on whcthcr thc srudy wns carrlcd out prospcctlvcly or
rctrospcctlvcly. In fnct, thc cllnlcnl trlal has bccn dcfincd as a pro-
spcctlvc study.ter Each study dcslgn was ratcd as prospectlae, ret.
rospcctlae, ot uncleor,

Controls
Thls is an arca ofpossiblc confirslon for two rcasons, First, bccausc

thcrc ls no "gold standard" or ldcll thcrapy for postthoracotomy
p:lln, thcrc is no standard control trerrtmcnt agalnst whlch othcr forms
of thcrapy havc bccn complrcd in publlshcd studlcs. Sccond, thc
valldlty of control data dcpcnds in part on whcthcr thc study was
conductcd In a prospectlvc or rctrospcctlvc fashlon. In a prospcctivc
study, thc control group may conslst of contcmpornneously stuclicd
prticnts (concurrcnt controls), Altcrnatlvcly, control group dilta mty
bc drawn from thc mcdical rccords of paticnts trcatccl bcforc thc
currcnt trcatmcnt group (hlstoric controls), Although hlstorically
controllcd trlnls arc assoclntcd wlth greatcr dcgrccs of scnsltlvlry,
thclr blascs arc inhcrcnt and not corrcctable,re2 A prospcctlvc dcslgn
vr'ith x concurcnt control group is rccommcndcd for cvaluntlng thc
cfl icacy of ncw modcs of thcrnpy.2 I'r12 Studlcs including two or morc
trcfltmcnt condltlons wcrc consldercd controllcd studlcs. In rctro.
spcctlvc sttrdlcs, thc controls arc historic by dcfinitlon, whcthcr thelr
dnta wcrc obtaincd concurrcnt with or bcforc thc data from thc trcat.
mcnt group. Thus, the stttus of thc control group was urtcrJ con.
cuftont, hlstorlc, or absent, or as ,ro, clen, wbcn lt was dlftictrlt to
<lcclplrcr,

Treattnent Reglmens
It is lmpcratlvc that thc trciltrncnt rcglnrcns for cllnical studics bc

dcscrlbcd In dcr4il.2t.rfi Thc cornplctc ancsthctlc itnd arnnlgcsic rcg.

lmcn should bc dcscrlbcd ln dctail to cnsurc that any cffcct-or lack
of cffcct-on postopcrarlvc pain, cln bc corrcctly attributcd to rhc
spcclfic Intcwcntlon undcr invcstlgltlon, rathcr than slmply occurring
as a rcsult of dlffcrcnccs in potentlally disslmilar nonstlndardlzcd
anesthctlc-analgcsic tcchnlqucs, Thls critcrion was codcd as clear
lf thc analgcslc rcgimcns and closcs during preoperatlvc, Intraopcr-
atlvc and postopcrativc ctrc wcre outllncd in sufficlcnt detall to cn-
nblc rcplication. tt wrs cottcd ns not clear lf the dcscriptlon of thc
rcglmcns wcrc lncomplctc or not clenr.

Randomlzatlon
Thc lmportancc of randomizatlon llcs in thrce maln arcas.rer First,

thc potcntlfll for blus In $ubiect allocation ls ellminntcd,rea Sccond,
basellnc cluracteristlcs nnd dcmogrnphlc dnta are likcly to be com.
parablc bctwccn thc groups wlth rcspcct to known and unknown
variablcs (espccially with largcr samplc sizcs). Thir<1, thc valldtty of
subse<;ucnt stntisticnl analysls may be cnhanccd.ter Thls critcrion
was co<lcd Jrcs lf thc titlc, nbstract, or tcxt contalncd I statcmcnt that
allocatlon of patlcnts to trcatmcnt was pcrformcd accorcllng to a
randomizntlon pltnl no was entcred lf paticnts werc not allocatcct
randomly to trcatmcnt or lf thc mcthod of allocation was nor mcn.
tioncd.

Bltndlng of Study
Dllndlng cllmlnntcs a potcntlal sourcc ofblas In a clinical trial. At

a minlmum, bllndingshould Includcadminisratlon of thc thcrapcutic
lntc.vcntion and cvaluation of thc rcsponse outcomc mcasttrcs,t6
Thls crltcrfon wns codcd as follows; ttouble.bllncl if clcarly ncithcr
thc patlcnt, thc carcgivcrs, nor study pcrsonncl invotvcd in patlcnt
lsscssmcnt and dilta collcctlon wcrc nware of thc group to whlch
thc paticnts wcrc nllocated; slngle.bllnd lf elther thc patients or thc
rcscarch pcrsonncl assesslng tttc patlents wcrc nwarc of the group
allocation; not hlhtd lf thc study was cithcr obviously not bllnd or
lf thc issuc of bllnding wls not nctdrcsscd; lrlr<J not c/car lf the lssuc
of blindlng wi$ not clcar from thc rcxt.

Eualuatlon of Paln
To clnim that an lntcrvcntion has reducecl postopcrntlvc paln, somc

mcasurcmcnt ofthc palnful cxpcrlencc must be obtalnecl. This state.
mcnt mny sccm obvlous, but scvcral stucllcs ofpostthocrcotomy pain
hitvc rcfcrrcd to thc bcncfits ofspccific Intcrvcntions in tcrms of thclr
paln rclicvlng cffccts cvcn though paln wns not mcasurcd at any
polnt aftcr surgcry (scc tnblc 3). Studlcs purportlng to rcport on the
cfficacy of analgcslc rcglmcns shoutd providc cvldcncc of an asscss-
mcnt of pain or paio rclicf. Thc quantlficatlon of postoperatlve an.
nlgcsics should not bc substlttrtc<l as a mclsurc of painte, ns ptticnts
mry dlffcr with rcspcct to cxpcrlencc of varlous nonnnalgcslc effccts
of admlnlstcrcd nnalgcslcs, or mty hnvc dlffcrcnt paln thrcsholds
rcqulrlng admlnlstrntion of addlttonnl analgesia, Thc usc of post-
opcratlve splromctrlc Indiccs or physlothcrapy pcrformancc scorcs
also should not bc substitutcd for a mcasurc of paln cven though
thcy may corrclatc wlth postopcrativc paln or annlgcsla, Thc pain
mc,rsuremcnt tools uscd should havc dcmonstratcd rcltabilltv and
valldity.

Paln mcnsurcmcnt may bc ctasslficd t$ patlent-taterl, whcn thc
pflticnt rccords or rcports his or her pain, or its obseruer.ftfied, Be.
causc pilin ls a subJcctivc cxpcrlenccr16 patlcnt-ratcd rcports of pnln
arc prcfcrrcd to obscrvcr rcports. tn somc sltuatlons, such as In prc.



vcrbal chlldrcn or ndults wlth impaircd communlcatlon skills, ob-
scrvcr-ratcd mcthods (e,9., behavlonrl assessmcnts) may bc appro.
prlate,reT Obscrvcr-ratcd mcthods mnyylcld data that correlatc closcly
with patlcnt-ratcd paln scorcs, but thcse methods should not rcplace
patlent.ratlngs lf thc patlcnt is capablc of ratlng hls or hcr ptln,reT
Dcspltc good corrclatlon betwccn physlcians'rating and patlents'
ratlng of patlcn6' paln cxpcrlencc, actual agrccmcnt may bc low:
physiclans conslstcnrly undcrcsrlmtrcd thc patlcnts' reponcd paln,tes
Other studles havc dcmonstratcd a lack of concordancc In paln ns
rnted by pntlcnts comparcd wlth that nrtcd by nurslng pcrsonncl.let.2m

Thc crltcrlon for cvaluatlon of pain was scorcd as follovt* patlent.
rated, when patlcnts rated thclr paln, or lf thc dcscrlptlon was nor
cxpliclt, ln whlch a rcfcrcnccd paticnt-fltcd paln scalc was used;
obscruetfttted, ln which personncl and not thc patlcnts cvaluatcd
the palni ,rcne, when paln asscssmcnt was not rcportcd; 

'lnrJ 
not

clear, whcn thc mcthod of evaluating paln was not clclr.

Analgeslc Use
In addltion to rcpoftlng a mcasurc of pain cxpcrlcncc, many studlcs

rcpon tlrc quantity and naturc of analgeslc mcdlcnrlon admlnlstcred
to thc study groups. Thcsc data arc obtnlned to cnnblc comparlsons
of analgcslc cfficacyr rclatlvcly morc cfficaclous rcglmcns should rc.
duce analgcsic rcqulrcments. Thc analgeslc agcnts mny be admln-
lstcrcd by systcmlc or reglonal routcsr may conslst of a varlery of
analgcslc drug classcs, and thc admlnlstratlon may bc controllcd clther
by thc patlcnt or by the health.care pcrsonncl,

Although many of the problcms of mcasurcmcnt and valldatlon tn
thc nrc! of paln asscssment h:rvc bccn rcsearched, llttle ls known
about thc optlmal approach to thc asscssmcnt or standardlzatlon of
postopcrativc analgcslc consumptlon, Indccd Trcnzcr2or rcponcd a
very low correlatlon bctwccn analgcslc consumptlon and postop-
cr:rtivc paln scorcs as assesscd by a varlcty of patlcnt.rated scorlng
systems suggestlng that factors othcr than actual postoperatlve pain
lntenslty dctcrmlnc the consumptlon of postopcratlvc analgc-
slcs.2o2'2ot A rcccnt suggcstloo2o4 for comblnlng PCA usc and paln
score data In nn Integrated fashlon may asslst ln thc Intcrprctation of
rcsults of studles that rcport thcsc rwo varlables.

Thc naturc of the analgcslc agcnt and routc of ndminlsratlon dc.
pcnd on thc study dcslgn and thc cllnlcrl circumstanccs. In addltlon,
somc studlcs rcport total anllgcslc consumptlon, tlmc to first analgeslc
rcqucst, total numbcr ofdoscs recclvcd ortotal consumptlon bctwccn
paln ratlngs, Thcse dlffcrcnccs ln rcportcd data makc comparlsons
bctwcen studlcs dlfficult. Howcvcr, whcrc cllnlcal condltlons and
considerations of study dcslgn pcrmlt, studlcs asscsslng postopentlvc
paln should ldcally havc analgcslc usc controltcd by paticnts, and
should at a minlmum report somc rnciLsurc of analgcslc consumptlon,
ltor the purposcs ofthis revlcw, analgcslc use was classlfied asparleflt
controlled lf. a, PCA systcm was used and the data on analgeslc con.
sumptlon wcrc rcportcd, It was ratcd as ,ton-pqtlent.controlled lf
a non-PCA mcthod was uscd or thc mchod was not spcclficd but
data on analgcslc consumptlon wcre rcportcd. ly'o datawas rccoxlc<l
whcrc data on posropcratlve analgcslc consumption wcrc not rc.
portcd,

Pouer Analysls
Incrcaslng conccrn has arlscn ovcr thc approprlatc repofting of

so.callcd "ncgatlvc trlals" (trlals in whlch dnta analysls of outcome
mcasurcs fall to ylcld tcst statlstlcs that cqunl or excecd thc crltlcnl
valuc rcqulrcd to rcfcct thc null hypothcsls nt a spccificd a). Fallurc

to rcrcct thc null hypothcsls whcn lt ls false yiclds a typc lI crror,
with thc rcsult that a truc cffcct ls not dctcctcd.2ot,2o6 Although the
truc "statc of affalrs" ls ncvcr known, thc probabillty of falltng to
rcJcct thc null hypothcsls whcn lt ls falsc (a rypc It cmor) may bc
asscsscd for a glvcn a, cffcct slzc, mcasure of varlatlon, and samplc
slzc, Cllnlcal studlcs rcportlng "negatlvc rcsults" shoutd thcrcforc
Includc an cstimatlon ofthe powcr ofthc statistlcal tcst, documcntlng
thc typc I crrormtc (d), thc magnltude ofthc cllnlcat cffccr, a mcasure
of varlatlon and the sample sizc. Thcreforc thls crlterlon was corlcd
asy'rcscrr, whcn a powcr analysis was rcportcd, It was codcd as tot
rcqulrecl ln the casc of a posltivc outcomc (thc null hypothcsis rc-
garding paln or analgcslc usc was rclcctcd) and as aDsezt whcn not
rcportcd, ln the case ofa ncgttivc outcomc, or ln thc casc ofa singlc
group casc scrlcs for whlch compamtlvc data or analysls ls obviously
not posslblc.

Prestudy Comparab{llty of Groups
Prctrcatmcnt dlffcrcnccs may make subscqucnt outcomc analyscs

amblguous. Dcspltc prccautionsr lntcrgroup dlffercnccs ln dcmo-
graphlc and cllnlcal data duc to sampllng crror can occur, and whcn
thcy do, thcy arc obvlous sourccs of blas.

Prcscntatlon of demographic datr allows thc reildcr to asscss thc
charactcdstlcs of thc samplc of paticnts studlcd as opposed ro thosc
cllglblc for Incluslon. Thls is clcarly of lmportancc when cxrapo.
latlng thc rcsults ofa study to a broadcr populatlon.rer In thls scctlon,
studlcs wcrc catcgorlzcd as cornpafable whcrc mlnlmum dcmo-
graphlc data (agc and sex) for each study group wcrc presentcd, and
statlstlcal analysls Indlcatcd that thc groups dld not dlffcrslgnllicantly
(on thcsc varlables or on othcrs lf more than two wcrc mcasurcd),
Studlcs wcrc r:rtcd as not comparabla wherc statlstlcat analysls rc-
vcalcd a slgnlficant dlffercnce bctwecn thc groups. No analysts ln-
dlcated that (l) minlmum dcmographlc data werc provlded wlthout
statlstlcal comparlson or rcfercncc to stadstlcal slgnlficancc, or (2)
thc study deslgn uscd a slnglc group of patlents and demographlc
data wcrc presentcd. Data absent was rccorded whcrc no dcmo.
graphf c lnformatlon was prcscntcd, Not cleal w^s recordcd wherc
clther thc naturc of thc statlstlcal comparlsons or the data could not
be asccrtaincd, or lf data dcscriblng fewcr than thc minlmum dc.
mographlc varlablcs wcrc prcscntcd.

Report of Aduerse Effects
Thc lssuc of adversc cffccts ls of partlcular importance bccausc

subjccts cnrollcd ln pharmacologlc studlcs rcprcscnt a populatlon
of patlcnts whosc cllnlcal course ls subjcct to paftlculnr scrutlny In
a dctallcd nnd sttndardized manncr. Thcreforc. documcntation of
ndvcrsc cffects allows practlclng physlclans to bctter asscss thc rlsks
and bcncfits of a glvcn lntcrvcntlon for a partlcular patlcnt undcr
thclr carc, In most cascs, advcrsc cffects wlll bc of Intcrcst to rcadcrs.2{
Bccruse of thc wldc spectrum of possiblc adversc effccts assoclatcd
wlth thc diffcrcnt modalltlcs, wc recordcd whether adversc cffccts
relatcd to analgcslc tcchnlqucs or agents wcre mcntloncd, Thls crl-
tcrlon wns ratcd as yes lf advcrsc effects wcrc mcntloncd and no lf
thcy were not.

Patlent Withdrawals
It ls lmportant for many of the samc rcasons, thtt dctails of patle nt

follow up be provldcd. Patlents may bc cxcludcd from analysls for-
any numbcr of reasons,2a Thls may result in blas rcgnrctlc*s of whcther



patlcnts arc cxcludcd from trcatmcnt or control groups. This cnn

bias thc study outcome, dcpcnding on thc rensons for wltltdrarval
and thc group from whlclt wlthdrnwal occumcd. In addltion, thc
possibillty exlsts thlt patlcnts may bc wlthdrawn from a study bccnusc

ofan advcrsc cvcnt that was not discloscd. Thls crltcrlon was scorcd
as follows: flo ulthdrawalswhcrc thls wrs cxplicltlystntcd I rensons
gluctt whcre thcrc wcrc wlthdrarvals and the rcasons for wlthdrawal
wcrc documcntc<1, no reasons gluenwhctc thctc wcrc withdrawals
but wlthout documcnted rcason, or ,ro cornrrrettt wlrcrc no spccific
mcntlon was made of wlthdrawnls,

Data Presentqtlon
Dlta should bc prcscntcd In a format thnt allows thc rcndcr to

irsscss thc magnitudc and dcgrcc of vnrinbillty of thc obscrvcd effccts.
Tlris requlremcnt can bc achicvcd by prcscntlng a mcasurc of ccntml
tcndcncy (mean, mcdlan, or modc) and dispcrsion (rnngc, $tandilrd
dcvlxtlon, standard crror of thc mcitn, or conlidcncc Intcrvals) for
vnrinblcs with ordlnal, Intcgral or ratlo.scalc propcrtics. For cfltc-
gorical data, modal vnlucs, fractlons, frequcnclcs or pcrccntirges
should bc prcsentcd for cach outcomc varlablc. Thls crltcrion was
ratcd as cornptetc whcn thc abovc spcclficatlons wcrc mct for mca-
surcs of paln and analgesic rcqulrcmcnt (or onc of thcsc lf only that
varfatrlc wa^s rcportcd). lt was rRtcd ltrcorrrplelcwhen thc datn wcrc
pnftlal (?,g,, only a mcmurc of ccntral tcndcncy or varlatlon, whcn
both could havc bccn prcscntcd). rVolc wns uscd whcrc a study did
not prcscnt descrlptlvc stltlstlcs of paln or analgcslc rcqulrcmcnts.

Statlstical Procedures
Thc qucstlon of appropriatcstatistlcal trcatmcnt of cllnlcnl outcomc

data has bccn addrcs.scd In thc gcncrnl mcdlcal22-2't'207 1nd
oncsthcsiology2os-2ro lltcmturc, Although thcrc rrc nurncrous con-
ccrns about stntlstlcal analysls, two qucstlons wcrc crltlcal for thc
currcnt crlterla. (l) Wcrc thc stntlsticrl proccdurcs uscd clclrly dc-
scrlbcd or rcfcrcnccd? (2) rVcrc thc statistical proccdurcs uscd np-
proprlatcly? For thc purposcs of this rcvlcw, asscssmcnt of thc stir.
tistical mcthods was rcstrictcd to analyscs of outcomc vnrhblcs dcal.
ing spccllically with pain and nnalgcslc consumptlon. Thls crltcrlon
was ratcd rs clearwhcrc documcntntlon ofthc statlstical proccdurcs
spccilically rclatlng to paln nnd analgesla (or pnln or analgcsic datn
whcrc only onc of thcsc varlablcs was rcportcd) wns providcd and
thc lnalyscs wcrc npproprlatc to tlrc dcslgn and datil. Thc critcrion
was ratcd as tole whcrc statistlcal annlysls was not dcscribcd, and
not clear in all othcr cascs. Stnndard tcxtbooks of blo$tatlstlcs wcrc
uscd to dctcrmlnc thc approprintcncss of thc statlstlcal proccdurcs
cvitluatcd.2l l-21'l

Thc autlrors arc gratcfnl to Dr. Altn S. Dctsky for hls cxpcrtisc in
thc plrtnning stagcs of tlrls rcvlcw.
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