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Editor—Recent evidence suggests that intraoperative opioids
have inconsistent effects on nociception and pain in the im-
mediate postoperative period.! ® Potent shorter acting
opioids, most consistently remifentanil but also sufentanil
and fentanyl,”> have been shown to produce dose-related
increases in pain scores and opioid consumption in the
immediate postoperative recovery period. This may
represent either acute opioid tolerance, opioid-induced
hyperalgesia, or both.®> Conversely intraoperative doses of
longer acting opiates such as morphine*® and methadone®
have been shown to reduce pain scores and opioid
requirements in the immediate postoperative period.
Hydromorphone is being used increasingly in perioperative
settings.” It has a greater potency and shorter onset time than
morphine but a similar duration of effect, and may decrease
pain in the immediate postoperative period when given
intraoperatively. The goal of this retrospective cohort study
was to test the hypothesis that intraoperative hydromorphone
reduces pain scores and opioid consumption in the immediate
postoperative period in a dose-dependent manner. Our pri-
mary outcome was immediate postoperative pain scores and
our secondary outcome was opioid consumption in the PACU.

All patients who underwent a first total hip (THA) or knee
arthroplasty (TKA) under general anaesthesia at our institu-
tion between December 3, 2012 and May 1, 2017 and who
received both intraoperative fentanyl and hydromorphone
were eligible for inclusion. We excluded patients with preop-
erative opioid use, those with missing key demographic or
outcome data, and data from any subsequent arthroplasties
within the study’s time period. Pain scores were assessed in
the PACU using a 0—10 numeric rating score (NRS); PACU
opioid doses were converted to morphine equivalents. Pa-
tients were grouped by quartiles of intraoperative hydro-
morphone dose (mg kg™?!). We examined the relationships of
maximum PACU NRS and PACU opioid consumption with
intraoperative hydromorphone quartile, using ordinal regres-
sion (with a logit linking function) and analysis of covariance,
respectively. In both cases, we adjusted for covariates that
were associated with the independent variable (P<0.1) in
bivariate analyses. For maximum pain scores, odds ratios
represent the odds of having NRS=10 vs the odds of NRS=0—-9.
Morphine equivalent data were log transformed before anal-
ysis and adjusted geometric mean values were calculated as
the base 10 exponent of the estimated marginal mean. All
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Fig 1. Adjusted relationships of maximum pain score* and total morphine equivalents' in PACU with intraoperative hydromorphone dose.
NRS, numerical rating scale. *Odds ratios, calculated by ordinal logistic regression, were adjusted for age, sex, length of surgery, joint
replaced (hip, knee), intraoperative fentanyl dose, and last NRS score before anaesthesia. N=2132 subjects had complete data for all
covariates and were included the analysis; n—=494, 514, 539, and 587 in quartiles 1, 2, 3, and 4, respectively. fMorphine equivalent data were
adjusted for sex, BMI, length of surgery, joint replaced (hip, knee), intraoperative fentanyl dose, and last NRS score before anaesthesia
using analysis of covariance. N=1861 subjects had complete data for all covariates and were included in the analysis; n=406, 442, 478, and

535 in quartiles 1, 2, 3, and 4, respectively.

analyses were performed using SPSS statistical software,
version 25 (IBM SPSS Inc., Armonk, NY, USA).

Of 6200 cases identified, 3519 (56.8%) were eligible for in-
clusion, with 880, 880, 903, and 856 patients in intraoperative
hydromorphone dose quartiles 1—4, respectively. Overall, 1590
(45.2%) of patients were male; mean (range) age was 65.1
(25—93) yr; mean (standard deviation) BMI was 30.0 (6.2) kg
m~% 2496 (70.9%) underwent THA (vs TKA); and median
(range) length of surgery was 69.0 (36—208) min. Intraoperative
hydromorphone dose, median (range), was 4.0 (0.0-5.5), 6.9
(5.6—8.3),9.7 (8.3—11.0), and 13.0 (11.1—34.4) ug kgl in quartiles
1—4, and median (inter-quartile range) intraoperative fentanyl
dose was 1.1 (0.8—1.5), 1.2 (0.9-1.6), 1.3 (1.0-1.4), and 1.6
(1.2—2.3) ug kg1, in quartiles 1—4, respectively.

Figure 1 displays maximum PACU pain score (adjusted
odds ratio) and total PACU opioid dose (adjusted geometric
mean) for each quartile of intraoperative hydromorphone.
Maximum pain scores increased monotonically with intra-
operative hydromorphone quartile. Unadjusted odds ratios
(mean [95% confidence interval]) were 1.0 (reference); 1.42
(1.20-1.67), P<0.001; 1.61 (1.36—1.89), P<0.001; and 2.48
(2.10—2.93), P<0.001) at quartiles 1—4 of intraoperative hydro-
morphone dose, respectively. The equivalent adjusted odds
ratios were 1.0 (reference); 1.15 (0.93-1.43), P=0.20; 1.32
(1.08—1.64), P=0.013; and 1.71 (1.37—2.13), P<0.001, respec-
tively. Adjusted PACU opioid consumption also showed a
monotonic increase by quartile of intraoperative hydro-
morphone dose, and this was significant (P=0.005) at the
fourth quartile. Unadjusted geometric means (95% confidence
interval) were 0.11 (0.10—0.1.2) (reference); 0.12 (0.12—0.13),
P<0.001;0.12 (0.12—0.13), P<0.001; and 0.15 (0.15—0.16), P<0.001)
morphine equivalents (mg kg™!) at quartiles 1-4 of

intraoperative hydromorphone dose, respectively. The equiv-
alent adjusted geometric means were 0.12 (0.12—0.14) (refer-
ence); 0.13 (0.12—0.14), P=0.24; 0.13 (0.12—0.14), P=0.063; and
0.14 (0.13—0.15) P=0.005, respectively.

Increasing intraoperative hydromorphone dose was inde-
pendently associated with increased pain score and opioid
dosing in the PACU. This effect may be related to intraoperative
dosing of hydromorphone based on other known variables
associated with higher PACU pain scores and opioid re-
quirements such as age, sex, BMI, duration of surgery, type of
surgery, and preoperative pain scores. To examine the inde-
pendent effect of hydromorphone, these were included as
covariates in the multivariate analysis. Although the magnitude
of the relationship between intraoperative hydromorphone
dose and pain score and opioid dosing in the PACU was small, it
was the opposite of the postoperative analgesic effect seen
previously with intraoperative morphine®® and methadone.®

This paradoxical effect could represent acute tolerance or
opioid-induced hyperalgesia. Each phenomenon is associated
with higher than expected pain levels and opioid requirements
after acute opioid administration. They can only be distin-
guished by the additional finding of hyperalgesia on experi-
mental nociceptive testing which was not performed in our
patients.® Prior studies have described hyperalgesia in the
setting of high-dose hydromorphone in cancer patients,® but no
such studies have described this after intraoperative use. The
doses of hydromorphone observed in this study were relatively
low, and most reports suggest that opioid-induced hyperalgesia
or acute tolerance occur only after larger opioid doses.’ A study
in healthy volunteers did find evidence of opioid-induced
hyperalgesia using cold-pressor pain thresholds and tolerance
with hydromorphone iv. at doses of 2 mg per 70 kg body
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weight.'? This dose is only slightly higher than the doses
administered in our study. While the absolute effect and the
immediate clinical impact observed in these patients was small,
if related to opioid-induced hyperalgesia, this may contribute to
development of chronic postsurgical pain syndromes.°

The study is limited by its retrospective, observational na-
ture and single-centre setting, but strengthened by the
consistent findings in both pain scores and opioid consump-
tion in a large number of patients undergoing similar ortho-
paedic surgical trauma.

In summary, we found increasing intraoperative doses of
hydromorphone were associated with increasing pain scores
and opioid requirements in the immediate postoperative
period. Our data suggest a lack of intended benefit and
possibly development of acute tolerance or opioid-induced
hyperalgesia.
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Editor—The study recently published by Bojan and colleagues®
in the British Journal of Anaesthesia may have two additional
limitations. Firstly, the authors describe the optimisation of

cellular respiration by improving oxygen delivery (DO,) but

did not consider the primary parameter for transmembrane
delivery: perfusion pressure. Secondly, in the absence of an
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