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Preventive Analgesia: Quo Vadimus?
Joel Katz, PhD,*§¶ Hance Clarke, MSc, MD,§¶ and Ze’ev Seltzer, BMS, DMD§#

The classic definition of preemptive analgesia requires 2 groups of patients to receive identical
treatment before or after incision or surgery. The only difference between the 2 groups is the
timing of administration of the drug relative to incision. The constraint to include a
postincision or postsurgical treatment group is methodologically appealing, because in the
presence of a positive result, it provides a window of time within which the observed effect
occurred, and thus points to possible mechanisms underlying the effect: the classic view
assumes that the intraoperative nociceptive barrage contributes to a greater extent to
postoperative pain than does the postoperative nociceptive barrage. However, this view is too
restrictive and narrow, in part because we know that sensitization is induced by factors other
than the peripheral nociceptive barrage associated with incision and subsequent noxious
intraoperative events. A broader approach to the prevention of postoperative pain has evolved
that aims to minimize the deleterious immediate and long-term effects of noxious perioper-
ative afferent input. The focus of preventive analgesia is not on the relative timing of analgesic
or anesthetic interventions, but on attenuating the impact of the peripheral nociceptive barrage
associated with noxious preoperative, intraoperative, and/or postoperative stimuli. These
stimuli induce peripheral and central sensitization, which increase postoperative pain
intensity and analgesic requirements. Preventing sensitization will reduce pain and analgesic
requirements. Preventive analgesia is demonstrated when postoperative pain and/or analge-
sic use are reduced beyond the duration of action of the target drug, which we have defined
as 5.5 half-lives of the target drug. This requirement ensures that the observed effects are not
direct analgesic effects. In this article, we briefly review the history of preemptive analgesia
and relate it to the broader concept of preventive analgesia. We highlight clinical trial designs
and examples from the literature that distinguish preventive analgesia from preemptive
analgesia and conclude with suggestions for future research. (Anesth Analg 2011;113:1242–53)

The past 20 years have seen a concerted effort from
basic science and clinical researchers in pain and
anesthesia to minimize acute postoperative pain,

reduce analgesic consumption, and decrease the risk of the
transition to pain chronicity. The practice of treating pain
only after it has become well entrenched is slowly being
supplanted by a preventive approach that aims to block
transmission of the primary afferent injury barrage before,
during, and after surgery,1–4 as well as to stop the neuro-
chemical cascade that leads to chronic pain by postsynaptic
receptor blockade, e.g., via N-methyl-d-aspartate receptor
(NMDA-R) antagonists, by neuroprotection of antinocice-
ptive dorsal horn interneurons, arresting glial reaction, and
preventing the phenotypic switch that causes some in-
terneurons to become pronociceptive.5–11

The idea behind this approach is not simply that it
reduces nociception and stress during surgery, although
these are obviously worthwhile goals. The hypothesis,
based on the basic science studies,12–17 is that the transmis-
sion of noxious and nonnoxious afferent input from the

periphery to the spinal cord induces a prolonged state of
central neural sensitization or hyperexcitability that ampli-
fies subsequent input from the wound and surrounding
tissue and leads to heightened postoperative pain and a
greater requirement for postoperative analgesics. The
sources of central sensitization are varied and include
afferent input arising from preoperative pain, injury dis-
charge from cut primary afferents, other noxious intraop-
erative events (e.g., retraction), as well as postoperative
inflammation that develops over hours, days, and weeks
later and leads to hyperexcitability and ectopic activity in
injured and nearby uninjured primary afferents, and in
their somata in dorsal root ganglia. By interrupting the
transmission of the peripheral nociceptive barrage to the
spinal cord throughout the perioperative period, a preventive
approach aims to block the induction of central sensitization,
resulting in less intense postoperative pain intensity and
lower analgesic requirements.1

In this article, we briefly review the history of preemp-
tive analgesia and relate it to the broader concept of
preventive analgesia. We highlight clinical trial designs and
examples from the literature that distinguish preventive
analgesia from preemptive analgesia and conclude with
suggestions for future research.

A BRIEF HISTORY OF PREEMPTIVE ANALGESIA
George Washington Crile18,19 was the first to propose that
acute and long-term postoperative pain would be intensi-
fied by intraoperative tissue damage that induced a long-
lasting state of central neural hyperexcitability. He also
reasoned that a combined multimodal regimen, including,
among other drugs, chloroform, ether, and local anesthesia,
would prevent the development of painful scars through
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what he termed “anoci-association.”18,20 Later, Hutchins
and Reynolds21 showed that referred tooth pain, 2 months
after dental treatment performed under nitrous oxide or
without anesthesia, could be elicited by stimulation of the
ipsilateral maxillary sinus ostium, providing evidence for a
“prolonged central excitatory state.” Reynolds and
Hutchins22 demonstrated that a procaine block during
dental procedures prevented the appearance of referred
tooth pain for up to 2 weeks, whereas referred pain
developed in teeth without the block.

Interest in the mechanisms underlying these effects was
rekindled by basic science studies conducted by Wall et
al.23 who showed that injury to a peripheral nerve triggers
an afferent barrage consisting of a high-frequency burst of
neural activity that differs from the response to natural
stimuli in peak frequency, duration, and the number of
firing units. They termed this neural signal the “injury
discharge.” Subsequent experiments demonstrated that at-
tenuation of the injury discharge in rodents, by administra-
tion of opioids,13,14 local anesthetics,12,15,16,24,25 NMDA-R
blockers,17 ralfinamide,26 and other substances, before
nerve injury, prevented the development of postinjury
spinal hyperexcitability and chronic pain-related behaviors.
In contrast, augmentation of the naturally occurring injury
discharge by electrical tetanization of the injured
nerve,15,16,27 or by blocking the constitutive-tonic spinal
glycinergic inhibition by glycine-1 receptor blockade, in-
creased these behaviors.17 These treatments were signifi-
cantly less effective when administered only minutes after
the injury once the cascade of pathophysiological changes
involved in prolonged peripheral and central excitability
had been triggered.

In 1988, Patrick Wall32 coined the term “preemptive
preoperative analgesia” and in so doing set in motion the
present-day movement to prevent acute and chronic post-
surgical pain. Wall proposed that preoperative local anes-
thesia and morphine would block the induction of central
neural sensitization brought about by surgical incision and
thus reduce acute postoperative pain intensity. Since that
time, the concept has been refined, based on evidence from
clinical trials, advances in the basic science of pain, and
critical thought. The idea that surgical incision is the trigger
of central sensitization32 has been broadened to include the
sensitizing effects of preoperative noxious inputs and pain,
other noxious intraoperative stimuli, as well as postopera-
tive peripheral and central inflammatory mediators and
ectopic neural activity.33

It is believed that injury discharge initiates a cascade of
processes leading to the transition from acute to chronic pain
that include excitotoxic destruction of normally antinocicep-
tive inhibitory neurons in the dorsal horn, glial reaction,
afferent-maintained central sensitization, and a switch of
GABAergic interneurons in the dorsal horn from being nor-
mally antinociceptive to pronociceptive interneurons.11,28–31

It is now well documented that although general anes-
thesia may attenuate synaptic transmission of afferent
injury discharge from the periphery to the spinal cord and
brain, it does not completely block it.34 Moreover, systemic
opioids may not provide a sufficiently effective blockade of
the neurotransmission of spinal nociceptive neurons to
prevent central sensitization.35 The clinical significance of

these findings for patients who receive general anesthesia
during surgery is that although they are unconscious, the
processes leading to sensitization of spinal and medullary
dorsal horn neurons are largely unaffected by general
anesthesia36 or routine doses of opioids.35 This sets the
stage for heightened postoperative pain and an increased
requirement for analgesics.

TARGETS OF A PREVENTIVE APPROACH TO
ACUTE AND CHRONIC PAIN MANAGEMENT
The perioperative period comprises 3 fairly distinct tempo-
ral phases: preoperative, intraoperative, and postoperative
(Fig. 1). Factors within these 3 phases contribute to the
development of acute postoperative pain. These factors
include (1) genetic predisposition, psychological vulner-
ability,33 nongenetic environmental variables (e.g., expec-
tations, cultural, dietary, and more), preoperative noxious
inputs, and pain; (2) intraoperative nociceptive unmyeli-
nated (C fibers and type IV) and myelinated (A-�, type III,
and contributing A-� and type II) afferents carrying injury
discharges brought about by cutting skin, fascia and muscle,
tendons, nerves, viscera, and bone; wound retraction; ma-
nipulation of organs; chemical irritation by sterilizing sub-
stances and by natural substances released from injured
tissues, e.g., nerve growth factor; inflamed tissues; etc.; and (3)
postoperative afferent inputs from regenerating wounded
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Figure 1. Schematic representation showing the administration (�)
or nonadministration (�) of drugs across the preoperative, intraop-
erative, and postoperative phases of surgery, yielding 8 different
treatment combinations and 28 possible 2-group designs to evalu-
ate the efficacy of preemptive and preventive analgesia. The classic
preemptive analgesia design requires 2 groups of patients to receive
identical treatment before or after incision or surgery (treatment
combinations 2 vs 3 and 2 vs 4). This represents only one of many
possible hypotheses concerning the effects of blocking noxious
perioperative inputs on postoperative pain and analgesic consump-
tion. (Adapted with permission from Katz.98)
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tissues including the inflammatory response and neuropathic
ectopic neural activity from regenerating afferents nerves.

Each of the above factors contributes to peripheral and
central sensitization and each is a potential target for a
preventive approach to reducing postoperative pain inten-
sity and the transition to pain chronicity. We do not know
all of the variables, nor the relative extent to which the
known factors within these 3 phases trigger postoperative
pain and maintain it in chronicity. Nevertheless, based on
basic science and clinical research, we suggest that the
intensity and incidence of postoperative pain will depend
on past experience with pain, psychological, emotional, and
social factors involved in pain perception, the surgical
procedure, including the extent and nature of tissue dam-
age, duration of surgery; timing and nature of drugs given
relative to tissue damage; pharmacokinetics of the drug(s)
used; presence or absence of supplementary adjuvant an-
algesia administered intraoperatively; the nature of the
postoperative analgesia; and many other variables, includ-
ing the genetic makeup that confers a greater or lesser
likelihood to be affected by any of the variables listed
above. Minimizing the negative impact and maximizing the
beneficial effects of as many of these variables across the 3
phases will increase the likelihood of preventing the
induction and maintenance of peripheral and central
sensitization. Preventing sensitization will reduce pain
and analgesic requirements.

Figure 1 shows the 8 possible treatment combinations of
giving or not giving analgesics across the 3 perioperative
phases. The preoperative phase encompasses interventions
that begin days before surgery, up to those administered
just minutes before skin incision. The intraoperative phase
includes interventions started immediately after incision to
those initiated just before the end of surgery (e.g., skin
closure). The postoperative phase includes interventions
started immediately after the end of surgery and may extend
days or weeks after hospital discharge. There is potential for
considerable variation in the timing and duration of admin-
istration of analgesics, especially within the preoperative and
postoperative phases, which have been only partially investi-
gated in rodent models and in the clinical setting. However,
even within the intraoperative phase, evidence shows that
there are extensive differences among studies on when (and
for how long) analgesics are given.37

CONTROVERSY AND CONFUSION ABOUT
PREEMPTIVE ANALGESIA
The issue of how best to define, evaluate, and administer
preemptive analgesia has led to much controversy and
confusion, and even to scientific fraud.38 Debate over the
appropriate definition of preemptive analgesia2,3,36,39–44

has produced a variety of different terms including preemp-
tive analgesia,45 preventive analgesia,1,3 balanced periemptive
analgesia,46 broad versus narrow preemptive analgesia,4 pro-
tective analgesia,47 and preemptive antihyperalgesia.48

Others seem to have ignored the debate and, instead,
simply define preemptive analgesia as the administration
of analgesics before surgery.49–51

Two empirical approaches have dominated the clinical
literature.52 The classic view of preemptive analgesia45

involves 2 groups of patients who receive identical treat-
ment before or after skin incision or the end of surgery
(treatment combination 2 vs 3 and 2 vs 4 in Fig. 1). The only
difference between the 2 groups is the timing of adminis-
tration of the target drug relative to incision, that is, one
group receives the target drug before surgery, and the other
group, after the incision (e.g., Katz et al.53,54) or at the end
of surgery (e.g., Dierking et al.55 and Fagan et al.56) (Fig. 2).
The inclusion of a postincisional or postsurgical treatment
control group is methodologically appealing, because in the
event of a significant between-group difference in pain
and/or analgesic consumption in favor of the presurgery
group, it provides a window of time within which the
observed outcome(s) was triggered and thus points to
possible mechanisms underlying the effect. Despite this
advantage, the classic view of preemptive analgesia is too
restrictive and narrow,2,3,20 in part because we do not know
the relative extent to which pre-, intra-, and postoperative
peripheral nociceptive inputs contribute to central sensiti-
zation and postoperative pain.

The classic pre- versus postsurgery design (Fig. 2)
assumes that the intraoperative nociceptive barrage con-
tributes to a greater extent to postoperative pain than does
the postoperative nociceptive barrage. However, this as-
sumption and the corresponding design do not allow for
other plausible alternatives. For some surgical procedures,
it is conceivable that central sensitization is induced to an
equal extent by incision and intraoperative trauma, on the
one hand (i.e., in the postsurgical treatment group), and
postoperative inflammatory inputs and/or ectopic neural
activity, on the other (i.e., in the preoperative treatment
group), which would lead to nonsignificant intergroup
differences in pain and analgesic consumption.57–59

Two-group studies that fail to find significant differ-
ences in postoperative pain (or analgesic consumption)
between groups treated before versus after incision, or
surgery, are confounded because of the absence of an
appropriate control group (e.g., treatment combination 1, 8,
or both; Fig. 1). The absence of significant differences in
postoperative pain or analgesic consumption between
groups may point to the relative efficacy in reducing central
sensitization of postincisional or postsurgical blockade, and
not to the inefficacy of preoperative blockade (e.g., see Figs.
3 and 4 depicting studies of Katz et al.57,58 and Gordon et
al.,60 respectively). The results of several studies57–59 have
highlighted the critical importance of including a standard
treatment control group. In doing so, they have made it
possible to demonstrate reductions in acute postoperative
pain,58,59 morphine consumption,58 and pain disability 3
weeks after surgery57 (Fig. 3) that otherwise would have
gone undetected using the classic 2-group design (Fig. 3).
Inclusion of relevant control conditions also permits the
conclusion that although preincisional local anesthetic in-
filtration is better than postincisional infiltration, the latter
condition, nevertheless, results in significantly lower pain
intensity scores and analgesic consumption up to 24 hours
after surgery than does postincisional saline infiltration.61

These results raise the important question of how to
interpret the many negative studies of preemptive analge-
sia. Although it is true that negative trials point to the
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equivalence of pre- and postsurgical treatments, they cannot
address the issue of whether these 2 equivalent treatments
differ from not administering treatment or its administration
both pre- and postsurgically.

The clinical literature has almost exclusively focused on
the narrow view of preemptive analgesia using the 2-group
design depicted in Figure 2. This has had the unintended
effect of diverting attention away from other clinically
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Figure 2. Experimental design showing expected postoperative outcome under the classic view of preemptive analgesia in which a
preincisional intervention is compared with the very same intervention initiated after incision (treatment combination 2 vs 3; Fig. 1) or surgery
(treatment combination 2 vs 4; Fig. 1). This design was used in the study by Katz et al.,54 in which 2 groups (G1, G2) of patients undergoing
lower abdominal surgery received epidural bupivacaine or saline approximately 40 minutes before and 30 minutes after the incision,
respectively. McGill Pain Questionnaire pain ratings in the group that received the preincisional epidural bupivacaine were significantly lower
at 24 and 72 hours after surgery and morphine consumption by IV patient-controlled analgesia was significantly lower between 12 and 24 hours
after surgery. According to the classic view of preemptive analgesia, the expected outcome shown in the figure is based on the hypothesis that
the intraoperative nociceptive barrage contributes to a greater extent to postoperative pain and analgesic use than do postoperative noxious
inputs. Fagan et al.56 compared intraarticular bupivacaine and epinephrine or saline administered 15 minutes before knee arthroscopy with
the same treatments administered immediately after surgery. Significant differences in pain or analgesic use were not observed between the
2 groups. The absence of a control group (e.g., treatment combination 1, treatment combination 8, or both in Fig. 1) and lack of pain
assessment at later time points raise the possibility that a preventive effect went undetected. PACU � postanesthesia care unit. (Adapted from
Katz and Clarke.37)
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Figure 3. Experimental design (treatment combinations 1 vs 2 vs 3; Fig. 1) used by Katz et al.57,58 to address the methodological flaw inherent
in the classic 2-group studies of preemptive analgesia (e.g., Fig. 2) that have failed to find significant differences in pain/analgesic use.
Preincisional (G1) but not postincisional (G2) administration of epidural lidocaine and fentanyl was associated with significantly lower
cumulative patient-controlled analgesia morphine consumption at 48 hours after surgery, less-intense movement-evoked pain scores, and
reduced hyperalgesia 24 hours after surgery compared with a sham epidural condition (G3).58 Follow-up at 3 weeks after surgery, but not at
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care unit (Adapted from Katz and Clarke.37).
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significant findings because they do not conform to what
has become the accepted definition of preemptive analge-
sia.1 For example, some studies62,63 have examined differ-
ences in timing of administration of analgesics as described
above for the classic 2-group design, except that the aim is
not to compare pre- versus postincisional or postsurgical
treatments. Instead, both groups may receive the target
intervention before surgery, differing only in how long
before surgery the treatment is administered.63 As shown
in Figure 5, Klasen et al.63 evaluated the effect on postop-
erative pain and analgesic consumption of blocking (for
approximately 12 hours before surgery) versus not block-
ing preoperative pain in the context of intraoperative and
postoperative epidural blockade and demonstrated that
relief of preoperative pain is associated with reduced
analgesic use 48 hours after surgery. Others60 have shown
that blocking the peripheral nociceptive barrage in the hours
after surgery decreases pain at later time periods, whereas
blocking the intraoperative nociceptive barrage does not (Fig.
4), suggesting that in these cases, postoperative factors con-
tribute to a greater extent to the outcomes than intraoperative
factors. Such studies highlight the shortcoming of the classic

view of preemptive analgesia. They have provided the ratio-
nale and impetus for a broader conceptualization of blocking
afferent injury–related inputs across the 3 perioperative
phases, to move the field of preemptive analgesia beyond the
state of confusion that has arisen. It is interesting to note that
when Wall first introduced the term “preemptive preopera-
tive analgesia,” he did so with specific reference to 3 clinical
studies,64–66 none of which used the classic 2-group design
that has since dominated the field.

PREVENTIVE ANALGESIA
A more encompassing approach, termed “preventive anal-
gesia,”1,3 has evolved with the aim of minimizing sensiti-
zation induced by noxious perioperative stimuli including
those arising preoperatively, intraoperatively, and postop-
eratively. A preventive analgesic effect is demonstrated
when postoperative pain and/or analgesic consumption
are reduced relative to another treatment, a placebo treat-
ment, or to no treatment, as long as the effect is observed at
a point in time that exceeds the clinical duration of action of
the target drug (e.g., treatment combinations 1 vs 2, or 1 vs
5, or 1 vs 8; Fig. 1). The requirement that the reduced pain
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groups of patients whose postoperative pain was
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saline control group (G3). The results suggest that
for third molar extraction surgery, the peripheral
nociceptive barrage in the hours after surgery con-
tributes to a greater extent to central sensitization
and late postoperative pain than does the intraop-
erative nociceptive barrage because the local anes-
thetic blockade after surgery was more effective
than the preoperative blockade. NS � not signifi-
cant; PACU � postanesthesia care unit. (Adapted
from Katz and Clarke.37)
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and/or analgesic consumption be observed after the dura-
tion of action of the target drug ensures that the preventive
effect is not simply an analgesic effect. As we have previ-
ously indicated,1,2,20 such a design does not provide infor-
mation about the factors underlying the effect or the
timeframe within which the effect occurred because of
the absence of a posttreatment condition (Fig. 6 illustrates
the study by Fassoulaki et al.,67 who used treatment
combination 1 vs 8). Moreover, a major drawback to not
having a postincisional or postsurgical control group is the
requirement to know that the observed effect (i.e., less pain
and/or less analgesic use) has occurred after the duration of
action of the target drug. Otherwise, the observed effect may
be an analgesic effect (i.e., attributable to the drug’s action)
and not a preventive effect (e.g., resulting in a prolonged
reduction in central sensitization or its complete prevention).
We have adopted the accepted criterion of �5.5 half lives of
the target drug as a cutoff for determining when the drug is
no longer pharmacologically active.37,68 However, this is not a
concern for studies that evaluate the effects of preventive
analgesia on persistent postsurgical pain measured weeks and
months after the target drug was last administered.

Demonstration of a preventive effect does not require
that an intervention be initiated before surgery; the onset of
treatment may be during the procedure (e.g., treatment
combination 1 vs 3; Fig. 1) or even after surgery (e.g.,
treatment combination 1 vs 4; Fig. 1). For example, a

preventive effect is present if, when compared with the
effect of a placebo treatment, a target analgesic drug
administered postoperatively reduces postoperative pain
or analgesic consumption for a period of time that outlasts
the direct pharmacological effects of the target drug (Fig. 7
illustrates the study by Blumenthal et al.69). The Blumen-
thal et al.69 study and others70,71 similar to it indicate that
preventive analgesia can be achieved even when the anal-
gesic intervention is started after incision and bone graft
harvest (i.e., even when the intraoperative peripheral noci-
ceptive injury barrage is not blocked).

In fact, any 2 or more treatment combinations in Figure
1 can produce preventive effects, and the classic 2-group
design used to evaluate preemptive analgesia is one of
many possible ways to minimize postoperative pain. The
focus of preventive analgesia is not necessarily on the
relative timing of analgesic or anesthetic interventions, but
on attenuating the impact of noxious perioperative stimuli
that induce peripheral and central sensitization and that
increase postoperative pain intensity and analgesic require-
ments. A preventive analgesic effect involves demonstrat-
ing reduced pain and/or analgesic use beyond the clinical
duration of action of the target drug relative to an accept-
able control condition.

Whereas earlier studies of preemptive analgesia were
for the most part focused on evaluating the short-term
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pain scores and/or less analgesic consumption than the placebo control group beyond the duration of action of the target analgesics
administered. Fassoulaki et al.67 examined the preventive effect of oral (PO) gabapentin, local anesthetic infiltration, and a local anesthetic
cream (EMLA) versus placebo in women undergoing breast cancer surgery. The treatment group showed a significantly lower incidence of pain
as well as lower analgesic consumption 3 months but not 6 months after surgery. PACU � postanesthesia care unit. (Adapted with permission
from Katz and Seltzer.33)
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effects of pre- versus postsurgical treatment in the tradi-
tional acute pain period, the aim of more recent studies of
preventive analgesia is on demonstrating longer-term ef-
fects. Two recent studies72,73 show that perioperative ad-
ministration of pregabalin reduces pain in the months after
surgery. Pregabalin modulates neurotransmitter release in
nociceptive pathways by changing the intrinsic activation/
inactivation properties of voltage-dependent CaV2.1 calcium
channels via binding to their �2� subunit.74 Burke and
Shorten72 found that perioperative pregabalin administration
was associated with less pain intensity and improved func-
tional outcomes 3 months after lumbar discectomy. Similarly,
Buvanendran et al.73 demonstrated that patients given a
regimen of pregabalin started preoperatively, maintained
throughout the perioperative hospital stay, and continued for
2 weeks after total knee arthroplasty had a reduced incidence
of chronic neuropathic pain at the 3- and 6-month postsurgical
follow-ups. Both studies are examples of trials that reported
outcomes well beyond the 5.5 half lives of the target medica-
tions ensuring that the demonstrated long-term effects were
not direct analgesic effects.

Although other studies75–82 also suggest that preventive
analgesia may be effective in reducing the incidence and
intensity of chronic postsurgical pain, for the most part, this
literature is equivocal. A careful examination of these
studies raises several related issues that we must address:

1. The results show significant reduction in the inci-
dence and/or mean intensity of long-term pain prob-
lems in some cases. However, a preventive analgesic
approach does not work for everyone and, at present,
we do not know for whom such an approach is
effective. One might assume that the mechanisms
underlying such interindividual differences in efficacy
of preventive analgesia are controlled genetically, and

epigenetically through individual experiences that may
begin in utero and accumulate over time (e.g., early
postnatal painful experiences, diet, lifestyle, and cul-
ture).83,84 When these determinants are identified, it
might be possible to extend the efficacy of preventive
analgesia for certain individuals.

2. We do not understand the mechanism(s) by which
chronic postsurgical pain is reduced when preventive
analgesia is effective. The typical explanation for the
prolonged effect is that the drug(s) prevented (ob-
tunded) peripheral and/or central sensitization and
thereby reduced long-term pain. However, there
really is very little good clinical evidence that this is
in fact the case because we do not have accurate
measures of sensitization in humans, and even if we
did, this still would not indicate that reduction in
sensitization is responsible for the long-term reduc-
tions in pain incidence and/or intensity. The longer
the time from the administration of the analgesic
drug(s), the greater is the probability that other
factors contribute to the long-term effects. For ex-
ample, in discussing the effectiveness of periopera-
tive epidural analgesia versus a sham epidural in
reducing pain disability scores, but not pain intensity
scores, 3 weeks after surgery,58 Katz and Cohen57

suggested that the reduced hyperalgesia and rate of
morphine consumption within the first 2 days after
surgery afforded the epidural groups a “head start”
in terms of comfort level and recovery compared
with the sham epidural group, possibly increasing
their self-efficacy in dealing with pain or in mobili-
zation. A similar finding has been reported with
respect to activity levels 3.5 weeks after radical
retropubic prostatectomy.85 In that study, activity
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Time

↓ Pain 

↓ Analgesic Use
Ropivacaine
30 ml 0.5%

↑ Pain 

↑ Analgesic Use
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30 ml

Ward (0-48 hours)

Post-Surgical
Condition

G1
(N = 18)

G2
(N = 18)

ICBG 
surgery

Home

3 months
after surgery

↓ Pain 
on movement 

↑ Pain 
on movement 

G1: Rop 5 ml/h 0.5% for 48h

G2: Saline 5ml/h for 48h

Figure 7. Experimental design comparing a postincisional analgesic intervention group (G1) with a placebo control group (G2) (treatment
combination 1 vs 4 in Fig. 1). Preventive analgesia is demonstrated if the postincisional group shows less pain and/or analgesic consumption
than the control group beyond the pharmacological duration of action of the target analgesic. This design was used by Blumenthal et al.,69 who
showed that a bolus of ropivacaine versus saline followed by a 48-hour infusion of ropivacaine versus saline administered into the iliac crest
bone graft (ICBG) harvest site reduced acute pain and morphine consumption for the duration of the blockade. A preventive analgesic effect
was demonstrated 3 months after surgery when the ropivacaine-treated group reported significantly lower pain scores on movement (but not
at rest). This study illustrates that preventive analgesia can be achieved even when the analgesic intervention is started after the incision and
bone graft harvest (i.e., when the afferent injury barrage during surgery was not blocked). PACU � postanesthesia care unit.
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levels but not pain intensity were significantly higher
in patients who had received preemptive epidural
bupivacaine or fentanyl. Thus, the mechanisms un-
derlying preventive analgesia are probably more
varied than currently acknowledged.

3. We do not know why preventive analgesia fails to
work in some patients. One explanation that has not
been investigated is that for some patients, the drug
dose or the concentration of local anesthetic used
simply may not be high enough, or changes in
kinetics or dynamics of the drug under investigation
may have an impact on the results. This is further
complicated by the fact that there is considerable
variability across surgical procedures in the nature of
intraoperative tissue damage and nerve injury. Thus,
various surgical procedures differentially affect vari-
ables within the 3 perioperative phases with respect
to duration, intensity, and quality of the noxious input.
As a result, the same analgesic regimen administered
for 2 different procedures could lead to different out-
comes and conclusions regarding the viability of pre-
ventive analgesia.

4. Another possibility is that preoperative pain inter-
feres with the effectiveness of preventive analgesia,
perhaps because central sensitization has already
been established.63,64,86,87 In general, the data indi-
cate that for patients with presurgical pain, preopera-
tive administration of analgesics is not followed by
the expected reduction in postoperative pain inten-
sity or analgesic consumption. We know that presur-
gical pain is a risk factor for the development of acute
and chronic postoperative pain33 but we do not know
what aspect of presurgical pain is predictive or
whether it is a causal risk factor.

5. Chronic pain is a complex experience that manifests
in several major domains, which include sensory-
discriminative, affective-aversive, and cognitive-
evaluative. Each domain comprises several subdomains;
for example, the sensory-discriminative domain con-
sists of pain intensity (ranging from the lowest to the
maximal; typical intensity), pain location (felt in the
surgical field and/or can spread “extraterritorially” to
areas not innervated by injured nerves, or can be felt as
“mirror image” pain in the contralateral intact
side/limb as well), pain type (“burning,” “crushing,”
“electrical shock-like,” etc.), and temporal (episodic or
constant; if episodic, the frequency and duration of
episodes is essential to document). Similar breakdown
into subdomains can be demonstrated for the affective-
emotive and cognitive-evaluative dimensions. More-
over, each aspect largely engages unique biochemistry,
likely unique genes expressed postinjury/surgery, pre-
senting targets for drugs presumably including those
relevant for preventive treatments. However, the
main outcome measures in the vast majority of
randomized controlled trials are simply pain inten-
sity and/or presence/absence of pain and analgesic
use. Although there is some correlation between pain
intensity and the aversive-affective aspects of the
pain, this correlation is not very strong; pain intensity

cannot be taken as the sole variable for the complex
experience of postsurgical pain, especially when it
has become chronic. It is rare to find a study of
preventive analgesia that is more comprehensive in
the outcome measures assessed. Of particular rel-
evance to chronic postsurgical pain is the tendency
for the anesthesia literature to focus on outcome
measures of pain and analgesic use, and the psy-
chological literature to focus on measures of pain
disability or pain interference making cross-study
comparisons difficult. Recommendations for as-
sessment of core measures and domains in clinical
trials88 include relevant psychological, emotional,
and physical variables in addition to those rou-
tinely assessed (i.e., pain and analgesic use). As-
sessment of additional domains of function may
help to shed light on the predictors of severe acute
postoperative pain, the processes involved in re-
covery from surgery, and the risk factors for devel-
oping chronic postsurgical pain.57

FUTURE DIRECTIONS
Effective prevention of postoperative pain and its transition
to chronicity involves identifying the precise mechanisms
that underlie the relationship between pain at time one (e.g.,
preoperative pain or acute postoperative pain) and pain at
time two (e.g., pain 1 year after surgery). As discussed above,
and as depicted in Figure 8, the idea that pain is in some way
imprinted into the central nervous system or is maintained by
a state of central sensitization has provided the impetus for
efforts to halt the transition to chronicity by blocking noxious
perioperative impulses from reaching the central nervous
system using a preemptive or preventive pharmacological
approach. This approach assumes that preexisting pain, the
intraoperative nociceptive barrage, and acute postoperative
pain are causal risk factors in the transition to chronicity.
However, if the relationship between perioperative pain and
the development of chronic postsurgical pain is merely asso-
ciative (i.e., noncausal), and both perioperative pain and
chronic pain are caused by other factors, then no type,
amount, or duration of pharmacological blockade will pre-
vent the development of chronic postsurgical pain. One of the
aims of future research is to identify the causal, modifiable,
and nonmodifiable risk factors that contribute to the develop-
ment of chronic postsurgical pain.

Under certain circumstances, perioperative administra-
tion of opioid analgesics may contribute to the establish-
ment of acute opioid tolerance89 and opioid-induced
hyperalgesia.90,91 The mechanisms underlying the reduced
pain and opioid consumption arising from perioperative
administration of opioids, and the increased pain and
opioid consumption underlying acute opioid tolerance and
opioid-induced hyperalgesia, involve competing processes
associated with the NMDA-R ion channel complex. These
findings have important implications for evaluating pre-
ventive analgesia when opioid analgesics are administered
because the main outcome measures (pain and opioid
consumption) will be directly affected by the mechanisms
underlying these competing neural processes. The net effect of
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this competition is to attenuate (or even reverse) the preven-
tive analgesic effects. Coadministration of opioids and low-
dose NMDA antagonists or low-dose opioid antagonists in
rodents has been found to interfere with the development of
acute opioid tolerance92,93 and opioid-induced hyperalgesia.94

Combined administration of these drugs would be expected
to improve pain relief and reduce opioid consumption in
patients undergoing major surgery.95,96

Given the importance of psychosocial factors in chronic
pain97 and recommendations for assessment of core out-
come measures in clinical trials,88 appropriate psychologi-
cal, emotional, and physical variables should be measured
before and after surgery when conducting studies of pre-
ventive analgesia. Inclusion of relevant domains of func-
tioning may help in the search for causal risk and protective
factors of severe acute postoperative pain, the processes

involved in recovery from surgery, and for the develop-
ment of chronic postsurgical pain.33,98

Finally, pain genetics is a promising new research field
that has lagged behind the study of other human diseases.
We now have powerful genetic assays to identify genes
controlling the interindividual variability in developing
acute and chronic postsurgical pain as well as the variance
in the efficacy of preventive analgesia. However, identifi-
cation of relevant genes cannot advance without the avail-
ability of cohorts for study, comprising DNA samples of
individuals with a comprehensive characterization of their
acute and chronic postsurgical pain phenotypes, response
to preventive analgesia, previous life experiences with
pain, and a detailed medical case history. There are cur-
rently no such cohorts available for study, although the
genetic methodologies are at hand. As we move forward, it
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Figure 8. Schematic illustrating causal
(top) and correlated (bottom) risk factor
models predicting the prevention and non-
prevention of chronic postsurgical pain by
pharmacological blockade at various times
across the perioperative period. Top, Tran-
sition to chronicity (A) may be prevented by
pharmacological blockade of preoperative
pain, intraoperative nociceptive barrage,
and/or acute postoperative pain (B) as-
suming the former causes the latter. Bot-
tom (C), Transition to chronicity will not be
prevented if the relationship between
these perioperative factors and the devel-
opment of chronic pain is associative (i.e.,
noncausal) and, instead, the development
of chronic pain is caused by one or more
other factors that are not affected by peri-
operative pharmacological blockade. Solid
lines between variables indicate a causal
relationship. Dashed lines between vari-
ables indicate correlation, but not causal-
ity. Not shown is a dual risk factor model in
which some variables linking perioperative
pain/noxious stimuli and chronic postsur-
gical pain are causal risk factors and oth-
ers are correlated risk factors. (Adapted
with permission from Katz and Seltzer.33)
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will be essential to create multicenter research teams to
collect such cohorts, have them genotyped in a genome-
wide screen that uses a dense panel of genetic markers, and
validate the findings in an independent replication cohort
that uses identical phenotypes. Successfully identified tar-
gets could then be offered to the pharmacogenetic industry
as a basis for research and development of the next
generation of chronic pain-preventing drugs.

DISCLOSURES
Name: Joel Katz, PhD.
Contribution: This author helped write the manuscript.
Attestation: Joel Katz approved the final manuscript.
Name: Hance Clarke, MSc, MD.
Contribution: This author helped write the manuscript.
Attestation: Hance Clarke approved the final manuscript.
Name: Ze’ev Seltzer, BMS, DMD.
Contribution: This author helped write the manuscript.
Attestation: Ze’ev Seltzer approved the final manuscript.
This manuscript was handled by: Spencer S. Liu, MD.

ACKNOWLEDGMENTS
Joel Katz is supported by a Canadian Institutes of Health
Research, Canada Research Chair in Health Psychology at
York University. The ideas expressed in this report derive, in
part, from Katz and Clarke37 and Katz and Seltzer.33

REFERENCES
1. Katz J, McCartney CJL. Current status of preemptive analgesia.

Curr Opin Anaesthesiol 2002;15:435–41
2. Katz J. Pre-emptive analgesia: evidence, current status and

future directions. Eur J Anaesthesiol Suppl 1995;10:8–13
3. Kissin I. Preemptive analgesia: terminology and clinical rel-

evance. Anesth Analg 1994;79:809
4. Kissin I. Preemptive analgesia. Anesthesiology 2000;93:1138–43
5. Wu LJ, Zhuo M. Targeting the NMDA receptor subunit NR2B

for the treatment of neuropathic pain. Neurotherapeutics
2009;6:693–702

6. Mizoguchi H, Watanabe C, Yonezawa A, Sakurada S. New
therapy for neuropathic pain. Int Rev Neurobiol 2009;85:249–60

7. Gao YJ, Ji RR. Targeting astrocyte signaling for chronic pain.
Neurotherapeutics 2010;7:482–93

8. Sweitzer S, De Leo J. Propentofylline: glial modulation, neuro-
protection, and alleviation of chronic pain. Handb Exp Phar-
macol 2011;200:235–50

9. Bordet T, Pruss RM. Targeting neuroprotection as an alterna-
tive approach to preventing and treating neuropathic pain.
Neurotherapeutics 2009;6:648–62

10. Ueda H. Molecular mechanisms of neuropathic pain-
phenotypic switch and initiation mechanisms. Pharmacol Ther
2006;109:57–77

11. Coull JA, Beggs S, Boudreau D, Boivin D, Tsuda M, Inoue K,
Gravel C, Salter MW, De Koninck Y. BDNF from microglia
causes the shift in neuronal anion gradient underlying neuro-
pathic pain. Nature 2005;438:1017–21

12. Coderre TJ, Vaccarino AL, Melzack R. Central nervous system
plasticity in the tonic pain response to subcutaneous formalin
injection. Brain Res 1990;535:155–8

13. Dickenson AH, Sullivan AF. Subcutaneous formalin-induced
activity of dorsal horn neurones in the rat: differential response
to an intrathecal opiate administered pre or post formalin. Pain
1987;30:349–60

14. Woolf CJ, Wall PD. Morphine-sensitive and morphine-
insensitive actions of C-fibre input on the rat spinal cord.
Neurosci Lett 1986;64:221–5

15. Cohn S, Seltzer Z. Inherited propensity for neuropathic pain is
mediated by sensitivity to injury discharge. Neuroreport
1991;2:647–50

16. Seltzer Z, Beilin BZ, Ginzburg R, Paran Y, Shimko T. The role
of injury discharge in the induction of neuropathic pain
behavior in rats. Pain 1991;46:327–36

17. Seltzer Z, Cohn S, Ginzburg R, Beilin B. Modulation of
neuropathic pain behavior in rats by spinal disinhibition and
NMDA receptor blockade of injury discharge. Pain 1991;45:
69–75

18. Crile GW. The kinetic theory of shock and its prevention
through anoci-association (shockless operation). Lancet 1913;
185:7–16

19. Katz J. George Washington Crile, anoci-association, and pre-
emptive analgesia. Pain 1993;53:243–5

20. Coderre TJ, Katz J, Vaccarino AL, Melzack R. Contribution of
central neuroplasticity to pathological pain: review of clinical
and experimental evidence. Pain 1993;52:259–85

21. Hutchins HC, Reynolds OE. Experimental investigation of the
referred pain of aerodontalgia. J Dent Res 1947;26:3–8

22. Reynolds OE, Hutchins HC. Reduction of central hyper-
irritability following block anesthesia of peripheral nerve. Am J
Physiol 1948;152:658–62

23. Wall PD, Waxman S, Basbaum AI. Ongoing activity in periph-
eral nerve: injury discharge. Exp Neurol 1974;45:576–89

24. Gonzalez-Darder JM, Barbera J, Abellan MJ. Effects of prior
anaesthesia on autotomy following sciatic transection in rats.
Pain 1986;24:87–91

25. Boroujerdi A, Kim HK, Lyu YS, Kim DS, Figueroa KW, Chung
JM, Luo ZD. Injury discharges regulate calcium channel alpha-
2-delta-1 subunit upregulation in the dorsal horn that contrib-
utes to initiation of neuropathic pain. Pain 2008;139:358–66

26. Zhang SH, Blech-Hermoni Y, Faravelli L, Seltzer Z. Ralfin-
amide administered orally before hindpaw neurectomy or
postoperatively provided long-lasting suppression of sponta-
neous neuropathic pain-related behavior in the rat. Pain
2008;139:293–305

27. Katz J, Vaccarino AL, Coderre TJ, Melzack R. Injury prior to
neurectomy alters the pattern of autotomy in rats: behavioral
evidence of central neural plasticity. Anesthesiology 1991;75:
876–83

28. Azkue JJ, Zimmermann M, Hsieh TF, Herdegen T. Peripheral
nerve insult induces NMDA receptor-mediated, delayed de-
generation in spinal neurons. Eur J Neurosci 1998;10:2204–6

29. Coggeshall RE, Lekan HA, White FA, Woolf CJ. A-fiber
sensory input induces neuronal cell death in the dorsal horn of
the adult rat spinal cord. J Comp Neurol 2001;435:276–82

30. Coull JA, Boudreau D, Bachand K, Prescott SA, Nault F, Sik A,
De Koninck P, De Koninck Y. Trans-synaptic shift in anion
gradient in spinal lamina I neurons as a mechanism of neuro-
pathic pain. Nature 2003;424:938–42

31. Milligan ED, Watkins LR. Pathological and protective roles of
glia in chronic pain. Nat Rev Neurosci 2009;10:23–36

32. Wall PD. The prevention of post-operative pain. Pain 1988;33:
289–90

33. Katz J, Seltzer Z. Transition from acute to chronic postsurgical
pain: risk factors and protective factors. Expert Rev Neurother
2009;9:723–44

34. Rundshagen I, Kochs E, Schulte am Esch J. Surgical stimulation
increases median nerve somatosensory evoked responses during
isoflurane-nitrous oxide anaesthesia. Br J Anaesth 1995;75:
598–602

35. Katz J, Clairoux M, Redahan C, Kavanagh BP, Carroll S,
Nierenberg H, Jackson M, Beattie J, Taddio A, Sandler AN.
High dose alfentanil pre-empts pain after abdominal hysterec-
tomy. Pain 1996;68:109–18

36. Abram SE, Yaksh TL. Morphine, but not inhalation anesthesia,
blocks post-injury facilitation: the role of preemptive suppres-
sion of afferent transmission. Anesthesiology 1993;78:713–21

37. Katz J, Clarke H. Preventive analgesia and beyond: current
status, evidence, and future directions. In: Macintyre PE,
Walker SM, Rowbotham DJ, eds. Clinical Pain Management:
Acute Pain. 2nd ed. London: Hodder Arnold, 2008:154–98

38. Marret E, Elia N, Dahl JB, McQuay HJ, Moiniche S, Moore RA,
Straube S, Tramer MR. Susceptibility to fraud in systematic reviews:
lessons from the Reuben case. Anesthesiology 2009;111:1279–89

Preventive Analgesia

November 2011 • Volume 113 • Number 5 www.anesthesia-analgesia.org 1251



39. Taylor BK, Brennan TJ. Preemptive analgesia: moving beyond
conventional strategies and confusing terminology. J Pain
2000;1:77–84

40. Futter M. Preventive not pre-emptive analgesia with piroxi-
cam. Can J Anaesth 1997;44:101–2

41. Kissin I. Preemptive analgesia: why its effect is not always
obvious. Anesthesiology 1996;84:1015–9

42. Penning JP. Pre-emptive analgesia: what does it mean to the
clinical anaesthetist? Can J Anaesth 1996;43:97–101

43. Dionne R. Preemptive vs preventive analgesia: which ap-
proach improves clinical outcomes? Compend Contin Educ
Dent 2000;21:48, 51–4, 56

44. Pogatzki-Zahn EM, Zahn PK. From preemptive to preventive
analgesia. Curr Opin Anaesthesiol 2006;19:551–5

45. McQuay HJ. Pre-emptive analgesia. Br J Anaesth 1992;69:1–3
46. Amantea B, Gemelli A, Migliorini F, Tocci R. Preemptive

analgesia or balanced periemptive analgesia? [in Italian] Min-
erva Anestesiol 1999;65:19–37

47. Moiniche S, Kehlet H, Dahl JB. A qualitative and quantitative
systematic review of preemptive analgesia for postoperative pain
relief: the role of timing of analgesia. Anesthesiology 2002;96:725–41

48. Simonnet G. Preemptive antihyperalgesia to improve preemp-
tive analgesia. Anesthesiology 2008;108:352–4

49. Neuss H, Koplin G, Haase O, Reetz C, Mall JW. Preemptive
analgesia reduces pain after radical axillary lymph node dis-
section. J Surg Res 2010;162:88–94

50. Sandhu T, Paiboonworachat S, Ko-Iam W. Effects of preemp-
tive analgesia in laparoscopic cholecystectomy: a double-blind
randomized controlled trial. Surg Endosc 2011;25:23–7

51. Reza FM, Zahra F, Esmaeel F, Hossein A. Preemptive analgesic
effect of ketamine in patients undergoing elective cesarean
section. Clin J Pain 2010;26:223–6

52. Kissin I. Preemptive analgesia at the crossroad. Anesth Analg
2005;100:754–6

53. Katz J, Kavanagh BP, Sandler AN, Nierenberg H, Boylan JF,
Friedlander M, Shaw BF. Preemptive analgesia: clinical evi-
dence of neuroplasticity contributing to postoperative pain.
Anesthesiology 1992;77:439–46

54. Katz J, Clairoux M, Kavanagh BP, Roger S, Nierenberg H,
Redahan C, Sandler AN. Pre-emptive lumbar epidural anaes-
thesia reduces postoperative pain and patient-controlled mor-
phine consumption after lower abdominal surgery. Pain
1994;59:395–403

55. Dierking GW, Dahl JB, Kanstrup J, Dahl A, Kehlet H. Effect of
pre- vs postoperative inguinal field block on postoperative
pain after herniorrhaphy. Br J Anaesth 1992;68:344–8

56. Fagan DJ, Martin W, Smith A. A randomized, double-blind
trial of pre-emptive local anesthesia in day-case knee arthros-
copy. Arthroscopy 2003;19:50–3

57. Katz J, Cohen L. Preventive analgesia is associated with reduced
pain disability 3 weeks but not 6 months after major gynecologic
surgery by laparotomy. Anesthesiology 2004;101:169–74

58. Katz J, Cohen L, Schmid R, Chan VW, Wowk A. Postoperative
morphine use and hyperalgesia are reduced by preoperative
but not intraoperative epidural analgesia: implications for
preemptive analgesia and the prevention of central sensitiza-
tion. Anesthesiology 2003;98:1449–60

59. Palmes D, Rottgermann S, Classen C, Haier J, Horstmann R.
Randomized clinical trial of the influence of intraperitoneal
local anaesthesia on pain after laparoscopic surgery. Br J Surg
2007;94:824–32

60. Gordon SM, Brahim JS, Dubner R, McCullagh LM, Sang C,
Dionne RA. Attenuation of pain in a randomized trial by
suppression of peripheral nociceptive activity in the immediate
postoperative period. Anesth Analg 2002;95:1351–7

61. Barczynski M, Konturek A, Herman RM. Superiority of preemp-
tive analgesia with intraperitoneal instillation of bupivacaine
before rather than after the creation of pneumoperitoneum for
laparoscopic cholecystectomy: a randomized, double-blind,
placebo-controlled study. Surg Endosc 2006;20:1088–93

62. O’Hanlon DM, Thambipillai T, Colbert ST, Keane PW, Given
HF. Timing of pre-emptive tenoxicam is important for postop-
erative analgesia. Can J Anaesth 2001;48:162–6

63. Klasen J, Haas M, Graf S, Harbach H, Quinzio L, Jurgensen I,
Hempelmann G. Impact on postoperative pain of long-lasting
pre-emptive epidural analgesia before total hip replacement: a
prospective, randomised, double-blind study. Anaesthesia
2005;60:118–23

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

65. McQuay HJ, Carroll D, Moore RA. Postoperative orthopaedic
pain: the effect of opiate premedication and local anaesthetic
blocks. Pain 1988;33:291–5

66. Smith CM, Guralnick MS, Gelfand MM, Jeans ME. The effects
of transcutaneous electrical nerve stimulation on post-cesarean
pain. Pain 1986;27:181–93

67. Fassoulaki A, Sarantopoulos C, Melemeni A, Hogan Q. EMLA
reduces acute and chronic pain after breast surgery for cancer.
Reg Anesth Pain Med 2000;25:350–5

68. McCartney CJ, Sinha A, Katz J. A qualitative systematic review
of the role of N-methyl-D-aspartate receptor antagonists in
preventive analgesia. Anesth Analg 2004;98:1385–400

69. Blumenthal S, Dullenkopf A, Rentsch K, Borgeat A. Con-
tinuous infusion of ropivacaine for pain relief after iliac crest
bone grafting for shoulder surgery. Anesthesiology 2005;
102:392–7

70. Gundes H, Kilickan L, Gurkan Y, Sarlak A, Toker K. Short- and
long-term effects of regional application of morphine and
bupivacaine on the iliac crest donor site. Acta Orthop Belg
2000;66:341–4

71. Singh K, Phillips FM, Kuo E, Campbell M. A prospective,
randomized, double-blind study of the efficacy of postopera-
tive continuous local anesthetic infusion at the iliac crest bone
graft site after posterior spinal arthrodesis: a minimum of
4-year follow-up. Spine 2007;32:2790–6

72. Burke SM, Shorten GD. Perioperative pregabalin improves
pain and functional outcomes 3 months after lumbar discec-
tomy. Anesth Analg 2010;110:1180–5

73. Buvanendran A, Kroin JS, Della Valle CJ, Kari M, Moric M,
Tuman KJ. Perioperative oral pregabalin reduces chronic pain
after total knee arthroplasty: a prospective, randomized, con-
trolled trial. Anesth Analg 2010;110:199–207

74. Chiechio S, Zammataro M, Caraci F, Rampello L, Copani A,
Sabato AF, Nicoletti F. Pregabalin in the treatment of chronic
pain: an overview. Clin Drug Investig 2009;29:203–13

75. Karanikolas M, Aretha D, Tsolakis I, Monantera G, Kiekkas P,
Papadoulas S, Swarm RA, Filos KS. Optimized perioperative
analgesia reduces chronic phantom limb pain intensity, preva-
lence, and frequency: a prospective, randomized, clinical trial.
Anesthesiology 2011;114:1144–54

76. Amr YM, Yousef AA. Evaluation of efficacy of the periopera-
tive administration of venlafaxine or gabapentin on acute and
chronic postmastectomy pain. Clin J Pain 2010;26:381–5

77. Schley M, Topfner S, Wiech K, Schaller HE, Konrad CJ,
Schmelz M, Birbaumer N. Continuous brachial plexus block-
ade in combination with the NMDA receptor antagonist me-
mantine prevents phantom pain in acute traumatic upper limb
amputees. Eur J Pain 2007;11:299–308

78. Iohom G, Abdalla H, O’Brien J, Szarvas S, Larney V, Buckley E,
Butler M, Shorten GD. The associations between severity of
early postoperative pain, chronic postsurgical pain and plasma
concentration of stable nitric oxide products after breast sur-
gery. Anesth Analg 2006;103:995–1000

79. Fassoulaki A, Triga A, Melemeni A, Sarantopoulos C. Multi-
modal analgesia with gabapentin and local anesthetics pre-
vents acute and chronic pain after breast surgery for cancer.
Anesth Analg 2005;101:1427–32

80. Lavand’homme P, De Kock M, Waterloos H. Intraoperative
epidural analgesia combined with ketamine provides effec-
tive preventive analgesia in patients undergoing major digestive
surgery. Anesthesiology 2005;103:813–20

81. Senturk M, Ozcan PE, Talu GK, Kiyan E, Camci E, Ozyalcin S,
Dilege S, Pembeci K. The effects of three different analgesia
techniques on long-term postthoracotomy pain. Anesth Analg
2002;94:11–5

REVIEW ARTICLE

1252 www.anesthesia-analgesia.org ANESTHESIA & ANALGESIA



82. 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

83. Rokyta R, Yamamotova A, Slamberova R, Franek M, Vaculin S,
Hruba L, Schutova B, Pometlova M. Prenatal and perinatal
factors influencing nociception, addiction and behavior during
ontogenetic development. Physiol Res 2008;57:S79–88

84. France CR, Taddio A, Shah VS, Page MG, Katz J. Maternal
family history of hypertension attenuates neonatal pain re-
sponse. Pain 2009;142:189–93

85. Gottschalk A, Smith DS, Jobes DR, Kennedy SK, Lally SE,
Noble VE, Grugan KF, Seifert HA, Cheung A, Malkowicz SB,
Gutsche BB, Wein AJ. Preemptive epidural analgesia and
recovery from radical prostatectomy: a randomized controlled
trial. JAMA 1998;279:1076–82

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

87. Aida S, Fujihara H, Taga K, Fukuda S, Shimoji K. Involvement
of presurgical pain in preemptive analgesia for orthopedic sur-
gery: a randomized double blind study. Pain 2000;84:169–73

88. Dworkin RH, Turk DC, Farrar JT, Haythornthwaite JA, Jensen
MP, Katz NP, Kerns RD, Stucki G, Allen RR, Bellamy N, Carr
DB, Chandler J, Cowan P, Dionne R, Galer BS, Hertz S, Jadad
AR, Kramer LD, Manning DC, Martin S, McCormick CG,
McDermott MP, McGrath P, Quessy S, Rappaport BA, Robbins
W, Robinson JP, Rothman M, Royal MA, Simon L, Stauffer JW,
Stein W, Tollett J, Wernicke J, Witter J. Core outcome measures
for chronic pain clinical trials: IMMPACT recommendations.
Pain 2005;113:9–19

89. Mao J, Price DD, Mayer DJ. Mechanisms of hyperalgesia and
morphine tolerance: a current view of their possible interac-
tions. Pain 1995;62:259–74

90. Celerier E, Rivat C, Jun Y, Laulin JP, Larcher A, Reynier P,
Simonnet G. Long-lasting hyperalgesia induced by fentanyl
in rats: preventive effect of ketamine. Anesthesiology
2000;92:465–72

91. Eisenach JC. Preemptive hyperalgesia, not analgesia? Anesthe-
siology 2000;92:308–9

92. Crain SM, Shen KF. Antagonists of excitatory opioid receptor
functions enhance morphine’s analgesic potency and attenuate
opioid tolerance/dependence liability. Pain 2000;84:121–31

93. Kissin I, Bright CA, Bradley EL Jr. The effect of ketamine on
opioid-induced acute tolerance: can it explain reduction of
opioid consumption with ketamine-opioid analgesic combina-
tions? Anesth Analg 2000;91:1483–8

94. Li X, Angst MS, Clark JD. Opioid-induced hyperalgesia and
incisional pain. Anesth Analg 2001;93:204–9

95. Nesher N, Ekstein MP, Paz Y, Marouani N, Chazan S, Wein-
broum AA. Morphine with adjuvant ketamine vs higher dose
of morphine alone for immediate postthoracotomy analgesia.
Chest 2009;136:245–52

96. Nesher N, Serovian I, Marouani N, Chazan S, Weinbroum AA.
Ketamine spares morphine consumption after transthoracic
lung and heart surgery without adverse hemodynamic effects.
Pharmacol Res 2008;58:38–44

97. Turk DC, Wilson HD. Fear of pain as a prognostic factor in
chronic pain: conceptual models, assessment, and treatment
implications. Curr Pain Headache Rep 2010;14:88–95

98. Katz J. Phantom limb pain. Lancet 1997;350:1338

Preventive Analgesia

November 2011 • Volume 113 • Number 5 www.anesthesia-analgesia.org 1253


