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Reports of Original Investigations

Chronobiological characteristics of postoperative
pain: diurnal variation of both static and dynamic
pain and effects of analgesic therapy

[Caractérvistiques chronobiologiques de ln doulenr postopératoive : variation

dinrne des doulenrs statique et dynamique, et effets de la thérapie antalgique]

Rya Boscariol mMsc,* Tan Gilron MD MSc FRCPC,*T Elizabeth Orr RN*

Background: Previous postoperative investigations report
morning peaks in analgesic administration. However, few stud-
ies have examined diurnal variation of both pain and analgesic
consumption and little is known about dynamic pain in this
context.

Methods: The diurnal pattern of postoperative pain is described
using pain intensity and analgesic consumption data from a
recently published hysterectomy trial.

Results: In the presence of patient-controlled analgesia with
morphine, pain at 8 a.m. was significantly higher (P < 0.05) than
at noon, 4 p.m. or 8 p.m. on postoperative day one (for rest
pain and pain evoked by sitting, forced expiration and cough)
and on postoperative day two (for pain evoked by forced expi-
ration and cough only). This temporal pattern was observed
both with and without the co-administration of non-opioid
analgesics (gabapentin and/or rofecoxib). Morphine use during
the four hours preceding 8 a.m. on either postoperative day
was not significantly lower than any of the other corresponding
time intervals.

Conclusions: Based on data from our post-hysterectomy
analgesic clinical trial, static and dynamic pain in the morning
appears to be more intense than pain later in the day. This
pattern was observed in the presence of substantial nocturnal
morphine use. Based on these and other previous observations,
specifically designed investigations are needed to better charac-
terize the clinical, neurohormonal and neurophysiological fea-
tures of postoperative circadian pain variation — including pain

during sleeping hours. If the above observations are replicated,
future study of nocturnal sustained-release opioids as well as
time-shifting the administration of non-opioid co-analgesic
drugs to the very early morning may be warranted.
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Contexte : Des recherches postopératoires précédentes ont
rapporté des pics matinaux dans I’administration d’antalgiques.
Toutefois, peu d’études ont examiné les variations diurnes de la
douleur et de la consommation d’antalgiques, et nous ne disposons
que de trés peu d’éléments concernant la douleur dynamique dans
ce contexte.

Méthode : Lévolution diurne de la douleur postopératoire est
décrite en se basant sur des données concernant l'intensité de la
douleur et la consommation d’antalgiques tirées d’'une étude sur
I'hystérectomie publiée récemment.

Résultats : Lors d’'une analgésie contrélée par le patient avec de
la morphine, la douleur a 8 h était significativement plus élevée
(P < 0,05) qu’a midi, 16 h et 20 h le premier jour postopératoire
(pour la douleur au repos et la douleur provoquée par la position
assise, I'expiration forcée et la toux) et le deuxiéme jour post-
opératoire (pour la douleur provoquée par I'expiration forcée et la
toux uniquement). Cette évolution temporelle a été observée avec
et sans co-administration d’antalgiques non opioides (gabapentine
et/ou rofecoxib). Lutilisation de morphine durant les quatre heures
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précédant 8h le premier et le second jour postopératoire n'a pas
été significativement plus basse qu'a aucun autre intervalle de
temps correspondant.

Conclusion : Sur la base de données tirées de notre étude clinique
antalgique post-hystérectomie, les douleurs statique et dynamique
semblent étre plus intenses le matin que plus tard dans la journée.
Cette évolution a été observée malgré une utilisation nocturne
importante de morphine. En se basant sur ces observations ainsi
que sur d’autres qui les ont précédées, des recherches spécifique-
ment congues sont nécessaires pour mieux caractériser les aspects
cliniques, neuro-hormonaux et neurophysiologiques de la variation
circadienne des douleurs postopératoires, y compris la douleur pen-
dant le sommeil. Si les observations ci-dessus sont réitérées, une
future étude d’opioides a libération nocturne soutenue ainsi que le
décalage de I'administration d’agents co-antalgiques non opioides
au petit matin pourraient étre recommandés.

OR several clinical pain states, variations in
pain intensity have been shown to follow
circadian patterns. Describing these temporal
variations may advance our understanding
of the biological mechanisms of these conditions and
guide more effective treatment strategies. For exam-
ple, pain due to rheumatoid arthritis is most intense
in the morning and least intense in mid-afternoon,!
labour pain appears to be least severe in the morning,?
pain due to biliary colic appears to peak in the late
evening,®* peak migraine frequency occurs between
08:00 and 10:00 hours® and neuropathic pain is low-
est in the morning and progressively increases towards
its highest in the evening.®
Several reports suggest that postoperative pain, an
inflammatory condition sharing some similarities with
rheumatoid arthritis, also fluctuates according to a cir-
cadian rhythm. However, most investigations reported
to date have relied upon analgesic use as a surrogate
of pain intensity. For example, analgesic consumption
has been seen to peak between 04:00 and 12:00 hours
following gynecological cancer surgery,”8 abdominal
surgery”!? and oral surgery.!' However, circadian
variations in analgesic consumption may occur not
only because of pain variation but also due to circa-
dian pharmacokinetics.!>!* Furthermore, variations
in analgesic use may not accurately reflect circadian
variations in underlying pain intensity per se since
analgesic drugs obviously affect pain intensity. For
example, a post-gastric bypass surgery study reporting
peak opioid administration at 09:00 hours but con-
stant pain ratings throughout the day,'® might lead to
the possibly incorrect conclusion that no diurnal pain
variation exists and ultimately leaves the circadian pat-
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tern of postoperative pain undescribed. Therefore, we
sought to further investigate this question by concur-
rently evaluating the temporal pattern of pain intensity
and analgesic consumption using data from a recently
published hysterectomy trial.1®

Materials and methods

This study was conducted using pain and other sec-
ondary outcome measures from a recently published
postoperative randomized-controlled analgesic trial.!

Postoperative pain clinical trial design
The clinical trial from which the data were gathered
was approved by the Queen’s University Research
Ethics Board and involved ASA I-II women undergo-
ing abdominal hysterectomy. This was a single centre,
parallel randomized trial with four treatment groups (7
= 25 to 30 per group): a) gabapentin 1800 mg-day™
(dosed tid, at 8 a.m.—2 p.m.—8 p.m.); b) rofecoxib 50
mg-day ! (dosed once daily at 8 a.m.); ¢) a combina-
tion of gabapentin 1800 mg-day™! and rofecoxib 50
mg-day™! (combination); or d) placebo.
Intraoperatively, patients received a balanced anes-
thetic at the discretion of the attending anesthesi-
ologist who was blinded to treatment. Fentanyl 3-5
pg-kg™ v, was administered within the first 30 min
of surgery. Morphine 0.1-0.2 mg-kg™! 7» was adminis-
tered over 30 min, starting 30 min before anticipated
completion of surgery. No local or regional anesthesia
or any other analgesic drugs were used perioperatively.
All patients received ondansetron 4 mg 7», 30 min
before anticipated completion of surgery. Following
surgery, all patients received patient-controlled anal-
gesia (PCA) with intravenous morphine as the only
non-study drug analgesic and were followed on a daily
basis by a study nurse and the staff of the acute pain
service (APS). In the postanesthetic care unit, nurse-
delivered morphine boluses were administered until
patients were sufficiently alert to use a PCA pump.
Patient-controlled analgesia was set to deliver a 1 mg
dose with a lockout of six minutes, and no continuous
infusion. If necessary at any time during the study, the
dose could be increased up to 2 mg and the lockout
time reduced to five minutes. Patient-controlled anal-
gesia was discontinued at the discretion of the APS
upon diminishing frequency of use and patients could
subsequently receive oral morphine 5-10 mg every
three hours as needed as the only non-study analgesic.
Ondansetron 4 mg v was continued every eight hours
for the first 36 hr postoperatively and dimenhydrinate
25-50 mg #v every four hours was allowed, as needed.
Headache unresponsive to study medications or PCA
morphine could be treated with acetaminophen (for
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FIGURE 1 Rest pain - Temporal profile of mean pain scores at 8 a.m. noon, 4 p.m. and 8 p.m. across all treatments on

postoperative days one (panel A) and two

(panel B). Temporal pain profile corresponding to each treatment group on post-

operative days one (panel C) and two (panel D). *Pain at 8 a.m. significantly greater (P < 0.05) than at noon, 4 p.m. and 8
p.m. Numbers of patients included for analysis are: placebo — 24, gabapentin — 23, rofecoxib — 29, combination — 27.

headache only) 650 mg every four hours as needed.

The primary outcome was pain intensity, at rest
and with movement (i.e., sitting, forced expiration
and cough), during the first and second postoperative
days. Secondary outcomes included morphine con-
sumption and several other measures. Pain and mor-
phine consumption were recorded starting at 8§ a.m.
and then every four hours until 8 p.m. for the first two
postoperative days.

Statistical analysis

Mean pain scores (for pain at rest and pain evoked
by sitting, forced expiration and coughing) for each
treatment group (i.c., placebo, gabapentin, rofecoxib
and gabapentin-rofecoxib combination) at 8 a.m.,
noon, 4 p.m. and 8 p.m. as well as respective mean
morphine consumption for the preceding four-hour
periods corresponding to each of these time points
were compared using two-way treatment by time
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repeated measures analyses of variance (ANOVA). Any
significant main effect of time was further explored
using Fisher’s protected least significant ditference
post hoc comparisons. A P value < 0.05 was considered
statistically significant.

Results

Pain

Treatment by time repeated measures ANOVA
revealed a significant main effect of time (P < 0.05)
on postoperative day one for all pain measures (i.e.,
rest pain and pain evoked by sitting, forced expira-
tion and cough). A significant main effect of time (P
< 0.05) on postoperative day two was observed only
for pain evoked by forced expiration and cough. On
postoperative day one, pain at 8 a.m. was significantly
higher (P < 0.05) than at noon, 4 p.m. and 8 p.m. for
pain at rest (Figure 1A) and pain evoked by forced
expiration (Figure 3A) and significantly higher (P <
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FIGURE 2 Pain evoked by sitting - Temporal profile of mean pain scores at 8§ a.m., noon, 4 p.m. and 8 p.m. across all
treatments on postoperative days one (panel A) and two (panel B). Temporal pain profile corresponding to each treatment
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p.m. and 8 p.m.. Numbers of patients included for analysis are: placebo — 24, gabapentin — 23, rofecoxib — 29, combination

-27.

0.05) than at 4 p.m. and 8 p.m. only for pain evoked
by sitting (Figure 2A) and cough (Figure 4A). On
postoperative day two, pain at 8 a.m. was significantly
higher (P < 0.05) than at noon, 4 p.m. and 8 p.m. for
pain evoked by forced expiration (Figure 3B) and pain
evoked by cough (Figure 4B). These temporal pat-
terns were observed in all treatment groups (Figures
1C and1D, 2C and 2D, 3D and 4D) except for the
gabapentin group on postoperative day one (for pain
evoked by forced expiration — Figure 3C and by cough
— Figure 4C)

Morphine consumption

Treatment by time repeated measures ANOVA
revealed a significant main effect of time (P < 0.05)
on postoperative day two (but not for postoperative
day one) for morphine consumption during the four
hours preceding 8 a.m., noon, 4 p.m. and 8 p.m.
On either postoperative day one or two, morphine
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consumption during the four hours preceding 8 a.m.
was not significantly lower than any other time point.
On postoperative day two, morphine consumption at
8 a.m. or at noon was significantly higher (P < 0.05)
than at 4 p.m. or 8 p.m. (Figure 5B).

Discussion

This study is one of a few which examine temporal
variations in postoperative dynamic pain and which
examine temporal pain variation concurrently with
analgesic consumption. Our results suggest that pain
following abdominal hysterectomy shows temporal
variations such that patients experience worse pain in
the morning than later in the day. This pattern was
observed despite substantial nocturnal morphine use.
Our observation of higher morning pain is of clinical
significance since morning pain is approximately 20 to
30% higher. This pattern holds true for pain at rest as
well as pain evoked by sitting, coughing and forced
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expiration on postoperative day one. Furthermore,
this pattern is generally preserved with or without
other non-opioid treatments including rofecoxib, gab-
apentin or their combination. Of course, it should be
noted that these results come from women following
hysterectomy and further studies would be needed to
determine whether this pattern is seen in other surgi-
cal procedures or patients.

The gradual improvement of postoperative pain over
time (e.g., days to weeks) could be one reason for this
temporal pattern. However, certain observations sug-
gest that this alone does not satisfactorily explain our
results. Firstly, pain scores were observed to plateau,
or at least appear more stable across the time points of
noon, 4 p.m. and 8 p.m. such that pain did not steadily
diminish throughout the day. Furthermore, the dif-
ferences in pain intensity between 8 a.m. to 8 p.m.
on postoperative day one were far greater than those
from 8 p.m. on postoperative day one and 8 a.m. on
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postoperative day two. Thus, while pain does generally
decrease over time, it does not do so at a steady rate
and morning pain indeed appears most intense.

Opioid administration via PCA has the potential
to complicate the interpretation of any temporal
pain variations. For example, if patients’ PCA mor-
phine consumption were to decrease during sleeping
hours, this could contribute to higher morning pain.
However, we observed that morphine consumption
during the four hours preceding 8 a.m. was not sig-
nificantly lower than subsequent time points on either
postoperative day. In fact, on postoperative day two,
PCA morphine consumption during the four hours
preceding 8 a.m. was significantly Aigher than that
corresponding to noon and 4 p.m. Therefore, it is rea-
sonable to infer from these observations that higher
morning pain intensity is in fact zot due to decreased
morphine administration.

Another potential explanation for this diurnal
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FIGURE 4 Cough-evoked pain - Temporal profile of mean pain scores at 8 a.m., noon, 4 p.m. and 8 p.m. across all treat-

ments on postoperative days one (panel A) and two (panel B). Temporal pain profile corresponding to each treatment group
on postoperative days one (panel C) and two (panel D). *Pain at 8 a.m. significantly greater (P < 0.05) than at 4 p.m. and 8
p.m. Numbers of patients included for analysis are: placebo — 24, gabapentin — 23, rofecoxib — 29, combination — 27.

variation might relate to the timing of non-opioid co-
analgesic drugs (i.e., rofecoxib and/or gabapentin).
Since neither of these medications was administered
between 8 p.m. and 8 a.m., lower morning plasma
levels might explain higher morning pain. However,
higher morning pain was also observed in patients
receiving PCA morphine only (i.e., placebo group)
which argues against this possibility.

In contrast to some neuropathic pain syndromes
which are associated with increasing pain intensity
throughout the day® it is interesting to observe an
inverse pattern with inflammatory conditions such as
rheumatoid arthritis! and, in the case of this study,
postoperative pain. Given the role of corticosteroids in
postoperative pain processing,!”>!8 our observation that
postoperative pain is higher in the morning is particu-
larly puzzling since endogenous secretion of the anti-
inflammatory glucocorticoid, cortisol, tends to peak
at around 08:00 hours.!” However, surgery has been
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shown to cause a phase shift in the circadian cortisol
cycle such that peak cortisol levels are observed later in
the day instead of early in the morning?® which might
partially explain our results. Since all study patients were
receiving intravenous PCA morphine, another possible
contributor to these temporal differences could be
diurnal variability in morphine pharmacokinetics. For
example, Gourlay ez #l.'* reported that the peak concen-
tration (Cmax) of morphine was higher when the drug
was administered at 18:00 than at 10:00. However, this
study involved oral morphine administration and it is
unknown whether similar differences would have been
seen with intravenous morphine administration.

These preliminary observations from secondary anal-
yses of an analgesic trial are consistent with previous
reports of increased morning analgesic use but never-
theless require further confirmation. Clearly, ongoing
research efforts are needed in order to better character-
ize the underlying biology of circadian pain variation fol-
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lowing surgery. However, current recognition of diurnal
postoperative pain patterns may allow us to develop more
effective pain treatment strategies. For example, timing
of analgesic administration could be adjusted such that
peak analgesic effect overlaps with peak morning pain
levels (e.g., administering parenteral non-steroidal anti-
inflammatory drugs in the very early morning hours
while patients are still asleep). Also, given that patients
need to stay awake to use their PCA device for nocturnal
pain treatment, administration of appropriate evening
doses?! of oral sustained-release opioids might be a safer,
more effective strategy for minimizing sleep disturbance
than continuous intravenous opioid infusions.???3 For
example, Reuben er a/.2* reported less sleep interference
with sustained-release oxycodone compared to short-
acting oxycodone in an outpatient knee surgery trial and
it would be important to learn if similar benefits could
be realized in the setting of PCA.

Further measuring pain intensity at time points
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between 8 p.m. and 8 a.m. may be important since
Closs et al.? observed a second peak of postoperative
analgesic administration between 20:00 and 24:00
hours. The time points for our static and dynamic pain
intensity measurements were deliberately chosen so as
to minimally interfere with patients’ ability to sleep.
Clearly, measurement of nocturnal pain after surgery
is required in order to better describe and under-
stand the circadian variation of postoperative pain.
Innovative methods to study this would be useful. For
example, to avoid waking patients for pain intensity
measurement during sleeping hours, one approach
might involve patients self-rating their pain whenever
awake at night. This would obviously scatter pain
measurement time points across patients, however,
calculating hourly population means could provide
some temporal information.

In conclusion, these data suggest that, following
hysterectomy, static and dynamic pain intensity in
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the morning is significantly higher (approximately
20-30%) than later in the day. This temporal pattern
appears to be unaffected by non-opioid treatment
with gabapentin and/or rofecoxib. Based on these
and other previous observations, specifically designed
investigations are nceded to better understand the
clinical, neurohormonal and neurophysiological fea-
tures of postoperative circadian pain variation —
including pain during sleeping hours. If the above
observations are replicated, future study of nocturnal
sustained-release opioids as well as time-shifting the
administration of non-opioid co-analgesic drugs to
the very early morning may be warranted.
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