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M ODERATE or severe acute 
postoperative pain, and 

the transition to chronic pain in 
some patients, cannot currently be 
predicted or prevented. In clinical 
practice, daily exposure to these 
conditions and their ill-defined 
etiology conspire to gradually 
instill an acceptance of these out-
comes as unavoidable. We place 
them in an entirely different cat-
egory than preventable outcomes 
such as postoperative infection, 
forgetting that until the mid-19th 
century postsurgical infection was 
also believed to be inevitable.1

The kind of large-scale, rigor-
ously executed, prospective, lon-
gitudinal study that serves as the 
basis of the reports by Kaunisto et al.2 
and Kambur et al.3 in this issue 
of AnEsThEsIOlOgy constitutes a 
critical component of the research 
needed to also move postoperative 
pain from inevitable to routinely 
preventable. The authors are to 
be congratulated for successfully 
consenting and enrolling study participants during a chal-
lenging time in their lives between breast cancer diagnosis 
and surgery, performing preoperative psychophysical testing, 
and administering a standardized anesthetic regimen and 
detailed postoperative pain assessment and opioid treatment 
protocol. The amount of time, effort, and dedication neces-
sary to complete such a study cannot be overstated.

Using data from this study, Kaunisto et al.2 evaluated 
preoperative phenotypic and psychophysical predictors of 
acute postoperative pain and found that the preoperative 
psychophysical assessments performed were only weakly 
correlated with acute postoperative pain and oxycodone 
consumption. Phenotypic factors assessed, including age, 
type of surgery, and preoperative anxiety, together explained 
only approximately 16% of interindividual variation in 

oxycodone consumption. Kambur 
et al.3 evaluated the association 
between genetic variants in the 
gene catechol-O-methyltransferase 
and preoperative psychophysical 
predictors and acute postoperative 
pain and oxycodone consump-
tion and found no significant 
associations. Although the find-
ings reported in these two studies 
advance the field, the results are 
somewhat limited given the size 
of the cohort and rigor of the data 
collection.

In the design and/or analysis 
of future cohort studies of persis-
tent postoperative pain, several 
points may be worth mentioning. 
These points flow primarily from 
a conceptualization of postinjury 
pain proposed in a delightful and 
insightful essay written more than 
30 yr ago by Patrick Wall.4 In this 
essay, Dr. Wall4 drew upon both 
his personal experiences (including 
those with wounded deer and his 
injured dog) and his professional 

work to propose that postinjury pain must be considered in 
the context of, and as only one manifestation of, a well-cho-
reographed, time-dependent, integrated physiologic response 
designed to optimize the likelihood of surviving a life threat. 
Consistent with Dr. Wall’s hypothesis, subsequent decades of 
research have elucidated mechanisms by which the activation 
of neurobiological stress system such as catecholaminergic 
and endogenous opioid systems and the hypothalamic–pitu-
itary–adrenocortical axis exert time-dependent effects on 
memory (e.g., see study by Diamond et al.5), psychological 
responses (e.g., see studies by Pitman et al.6 and McEwen 
et al.7), pain processing (e.g., see studies by le Roy et al.,8 
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Ballina et al.,9 and Joly et al.10), wound healing (e.g., see study 
by Vileikyte11), and metabolism (e.g., see study by Marcovec-
chio and Chiarelli12) in a time-dependent and sometimes sex-
dependent (e.g., Devall et al.13 and Bortsov et al.14) manner.

One concept which may be deduced from this work is 
that, because of the protean influence of stress system effec-
tors and their powerful affects on pain processing after injury/
life threat, preoperative factors that provide a summary eval-
uation of the phenotypic effects of these systems (e.g., psy-
chological factors, cognitive factors, and previous pain) are 
more likely to effectively summarize biologic vulnerability to 
postoperative pain and predict postoperative pain outcomes 
than psychophysical assessments which evaluate more iso-
lated aspects of physiology. Another ramification of consid-
ering postoperative pain from this conceptual perspective is 
that predictive models assessing stress-related biologic factors 
with protean effects should avoid putting other character-
istics influenced by this factor as covariates in a predictive 
model, least the biologic effect of the factor be adjusted out: 
for example, in the study by Kambur et al.,3 models evaluat-
ing the potential influence of catechol-O-methyltransferase 
genotype on phenotypic outcomes adjusted for anxiety, body 
mass index, and risk of chronic pain, yet catechol-O-methyl-
transferase genotype has been shown to influence each of 
these factors (e.g., see studies by Kring et al.,15 Montag et al.,16  
and Diatchenko et al.17). Excluding such factors in this  
particular analysis may have had no effect, but in general not 
considering the pleiotropic effects of stress-related biological 
factors in prediction models of postoperative pain is likely to 
increase the risk of type II error.

As mentioned above, stress-related biologic factors influ-
encing postoperative pain are likely to be time and/or sex 
dependent. In addition, genes with an important influence 
on stress systems critical to survival may have potentially 
counter-balancing genetic variants across the gene. Because 
of these characteristics, the influence of stress-related genes 
on pain outcomes may frequently only be identified via 
analyses that account for these complex interactions.14 The 
assessment of interactions is particularly power dependent; 
therefore, methods that maximize power and optimally bal-
ance the risk of type I and type II error are important. In 
this regard, it may be most useful in studies evaluating post-
operative pain to focus on pain severity rather than opioid 
consumption because opioid consumption depends not only 
on pain intensity but also on an individual’s willingness to 
use opioids for their pain, their metabolism of opioids, and/
or their vulnerability to and tolerance for opioid side effects. 
Also, in performing genetic analyses, a Bayesian approach in 
which tiered genetic analyses are performed based on pre-
test probability is sometimes used (e.g., see study by smith 
et al.18) and has substantial theoretic appeal to maximize 
power. In this approach, the subset of genetic variants with 
the highest pretest probability of association (based on avail-
able evidence) are tested first, and statistical adjustment for 
multiple comparisons is made based on the number of tests 

in this group only. (Often this group of single-nucleotide 
polymorphisms accounts for only a small proportion of the 
overall single-nucleotide polymorphism pool.) Then the 
remaining larger pool(s) of single-nucleotide polymorphisms 
is/are evaluated, with additional adjustment for multiple 
comparisons among the larger subsequent tier or tiers more 
appropriately aligning pretest probability to significance 
level.

As demonstrated by the example of postoperative infec-
tion, the unavoidable outcome of today can become the 
preventable outcome of tomorrow. The performance of 
large-scale, prospective studies such as those performed by 
Kaunisto et al.2 and Kambur et al.3 is critical to this scien-
tific journey. Along the way, we would do well to remember 
Pat Wall’s stories of his injured dog and his encounters with 
wounded deer in the new England woods.

Samuel A. McLean, M.D., M.P.H., TRYUMPH Research 
Program and Departments of Anesthesiology and Emer-
gency Medicine, University of North Carolina, Chapel Hill, 
North Carolina. smclean@aims.unc.edu 

References
 1. Manring MM, Hawk A, Calhoun JH, Andersen RC: Treatment 

of war wounds: A historical review. Clin Orthop Relat Res 
2009; 467:2168–91

 2. Kaunisto MA, Jokela R, Tallgren M, Kambur O, Tikkanen E, 
Tasmuth T, Sipila R, Palotie A, Estlander A-M, Leidenius M, 
Ripatti S, Kalso EA: Pain in 1,000 women treated for breast 
cancer: A prospective study of pain sensitivity and postop-
erative pain. ANEsTHEsiOlOgy 2013; 119:1410–21

 3. Kambur O, Kaunisto MA, Tikkanen E, leal sM, Ripatti 
S, Kalso EA: Effect of catechol-O-methyltransferase-gene 
(COMT) variants on experimental and acute postoperative 
pain in 1,000 women undergoing surgery for breast cancer. 
ANEsTHEsiOlOgy 2013; 119:1422–33

 4. Wall PD: On the relation of injury to pain. The John J. Bonica 
lecture. Pain 1979; 6:253–64

 5. Diamond DM, Campbell AM, Park CR, Halonen J, Zoladz PR: 
The temporal dynamics model of emotional memory pro-
cessing: A synthesis on the neurobiological basis of stress-
induced amnesia, flashbulb and traumatic memories, and the 
yerkes-Dodson law. Neural Plast 2007; 2007:60803

 6. Pitman RK, Rasmusson AM, Koenen KC, shin lM, Orr sP, 
gilbertson MW, Milad MR, liberzon i: Biological studies of post-
traumatic stress disorder. Nat Rev Neurosci 2012; 13:769–87

 7. McEwen Bs, Eiland l, Hunter Rg, Miller MM: stress and anxi-
ety: Structural plasticity and epigenetic regulation as a conse-
quence of stress. Neuropharmacology 2012; 62:3–12

 8. le Roy C, laboureyras E, gavello-Baudy s, Chateauraynaud 
J, laulin JP, simonnet g: Endogenous opioids released dur-
ing non-nociceptive environmental stress induce latent pain 
sensitization via a NMDA-dependent process. J Pain 2011; 
12:1069–79

 9. Ballina lE, Ulirsch JC, soward AC, Rossi C, Rotolo s, linnstaedt 
sD, Heafner T, Foley KA, Batts J, Collette R, Holbrook D, 
Zelman s, Mclean sA: μ-Opioid receptor gene A118g poly-
morphism predicts pain recovery after sexual assault. J Pain 
2013; 14:165–71

 10. Joly V, Richebe P, guignard B, Fletcher D, Maurette P, 
sessler Di, Chauvin M: Remifentanil-induced postoperative 
hyperalgesia and its prevention with small-dose ketamine. 
ANEsTHEsiOlOgy 2005; 103:147–55

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/119/6/1244/262074/20131200_0-00009.pdf by guest on 19 M
ay 2023

mailto:smclean@aims.unc.edu


Anesthesiology 2013; 119:1244-6 1246 Samuel A. McLean

Editorial Views

 11. Vileikyte l: stress and wound healing. Clin Dermatol 2007; 
25:49–55

 12. Marcovecchio Ml, Chiarelli F: The effects of acute and 
chronic stress on diabetes control. Sci Signal 2012; 5:pt10

 13. Devall AJ, liu ZW, lovick TA: Hyperalgesia in the setting of 
anxiety: sex differences and effects of the oestrous cycle in 
Wistar rats. Psychoneuroendocrinology 2009; 34:587–96

 14. Bortsov AV, Diatchenko l, Mclean sA: COMT haplotype 
interactions predict pain intensity and interference 6 weeks 
after motor vehicle collision. Neuromolecular Med 2013 Aug 
21. [Epub ahead of print]

 15. Kring si, Werge T, Holst C, Toubro s, Astrup A, Hansen T, 
Pedersen O, sørensen Ti: Polymorphisms of serotonin recep-
tor 2A and 2C genes and COMT in relation to obesity and 
type 2 diabetes. Plos One 2009; 4:e6696

 16. Montag C, Jurkiewicz M, Reuter M: The role of the catechol-
O-methyltransferase (COMT) gene in personality and related 
psychopathological disorders. CNs Neurol Disord Drug 
Targets 2012; 11:236–50

 17. Diatchenko l, slade gD, Nackley Ag, Bhalang K, sigurdsson 
A, Belfer i, goldman D, Xu K, shabalina sA, shagin D, Max 
MB, Makarov ss, Maixner W: genetic basis for individual 
variations in pain perception and the development of a 
chronic pain condition. Hum Mol genet 2005; 14:135–43

 18. smith sB, Maixner DW, greenspan JD, Dubner R, Fillingim 
RB, Ohrbach R, Knott C, slade gD, Bair E, gibson Dg, 
Zaykin DV, Weir Bs, Maixner W, Diatchenko l: Potential 
genetic risk factors for chronic TMD: genetic associations from 
the OPPERA case control study. J Pain 2011; 12(11 suppl): 
T92–101

ANESTHESIOLOGY REFLECTIONS FROM THE WOOD LIBRARY-MUSEUM

“i Awaken to glory”

This lovely work of art replaced the second of the two side relief sculptures stolen in the 1980s from the Horace 
Wells Memorial at Hartford’s Cedar Hill Cemetery. This south-facing replacement bronze (left) was cast by sculptor 
Anatoly Mikhailov. Beneath the waking woman (right) he cast the phrase: “I Awaken to Glory.” Opening around 
her with the dawning day are flowering morning glories. Both of Mikhailov’s sculptures—this one and the north-
facing “I Sleep to Awaken”—memorialize nitrous oxide pioneer Horace Wells. (Copyright © the American Society of 
Anesthesiologists, Inc.)
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