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Purpose: To examine the relationship between postoperative pain and opioid use and the development of postoperative delirium
(POD), with attention to the preoperative opioid use status of patients.

Methods: This was a secondary analysis of data from a prospective observational study of patients (N = 219; >70 years old)
scheduled to undergo elective spine surgery. Maximal daily pain scores (0—10) and postoperative morphine milligram equivalents
per hour (MME/hr) were determined for postoperative days 1-3 (D1-3). POD was assessed by daily in-person interviews using the
Confusion Assessment Method and chart review.

Results: Patients who reported regular preoperative opioid use (n = 58, 27%) reported significantly greater maximal daily pain scores,
despite also requiring greater daily opioids (MME/hr) in the first 3 days after surgery. These patients were also more likely to develop
POD. Interestingly, while postoperative pain scores were significantly higher in patients who developed POD, postoperative opioid
consumption was not significantly higher in this group.

Conclusion: POD was associated with greater postoperative pain, but not with postoperative opioid consumption. While post-
operative opioid consumption is often blamed for delirium, these findings suggest that uncontrolled pain may actually be a more
important factor, particularly among patients who are opioid tolerant. These findings underscore the importance of employing
multimodal perioperative analgesic management, especially among older patients who have a predilection to developing POD and
baseline tolerance to opioids.
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Introduction

Postoperative delirium (POD) is linked with cognitive and noncognitive morbidity and mortality, with reported incidence ranging
from 5% to 52% depending on the definition and sample studied.' In the acute setting, POD increases total hospital length of stay”
and is associated with more persistent complications including postoperative neurocognitive decline, loss of independence, and
increased mortality.” ® The most notable patient-related risk factor for POD is increasing age,' with POD occurring most
commonly in patients over 65, a group which undergoes more than 33% of all surgical procedures.” Therefore, it is particularly
important to study older adult patients to inform efforts to prevent the development of POD among this at-risk group.

Given the importance of POD, previous work has investigated risk factors, including older age, higher BMI,
preexisting co-morbidities or dementia, impaired preoperative cognitive status, depression, and higher American
Society of Anesthesiologists physical status classification.*'%!2 Additionally, some studies have shown an association
between postoperative pain and the development of POD, even among patients classified as low risk for the development
of delirium based on their preoperative characteristics.'>'® This association may be of importance, as postoperative pain
is potentially modifiable, in contrast to other risk factors, such as age.*'®'® Acute postoperative pain is also accompanied
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by negative patient-related consequences, including lower quality of life, impaired functional status, increased recovery

time, and higher healthcare costs,lg*21

making better postoperative pain control an important goal.

Spine surgery is associated with significant postoperative pain.”*** In addition, even before surgery, many patients
suffer from back pain and management of this pain with opioids remains a relatively common practice. While some
studies have shown a significant association between opioid use and delirium postoperatively,>* multiple other studies
have not observed this association.'***° Importantly, patients taking opioids preoperatively typically receive higher
opioid doses in the postoperative period, but despite this, still experience severe postoperative pain. The reasons for this
may be multifaceted and can include opioid tolerance or potentially opioid-induced hyperalgesia, which is defined as
a paradoxical nociceptive response to certain stimuli from opioid analgesics resulting in ineffective pain control.?”*
Thus, an important question that arises is whether it is the uncontrolled postoperative pain or the increased postoperative
opioid use that contributes more importantly to POD, especially in patient who are taking opioids preoperatively.

An association between preoperative opioid use and POD had previously been observed in this cohort,'' but at that
time no information about postoperative pain and postoperative opioid consumption in these individuals had been
collected. For the current study, we therefore extracted data regarding postoperative pain scores and opioid utilization
in these patients. Using these data, we investigated the associations between preoperative opioid use with postoperative
pain and postoperative opioid consumption, as well as the associations of POD with postoperative pain and postoperative
opioid consumption. We hypothesized that patients using preoperative opioids would experience greater postoperative
pain and require higher doses of postoperative opioids. Furthermore, we hypothesized that patients who developed POD

would also experience greater postoperative pain and report higher doses of postoperative opioids.

Materials and Methods

This is a secondary analysis of data from a prospective observational study approved by the Partners Human Research
Committee/Institutional Review Board. The investigation of the relationship between preoperative frailty and post-
operative delirium in this cohort has been previously reported by Susano et al.'' Additional data separate from that report
was subsequently collected, including postoperative pain scores and postoperative opioid consumption for each patient,
and the analysis of these data in this cohort form the substance of the current report.

Participants and Procedure

Patients scheduled to undergo elective spine surgery between April 17, 2017 and October 9, 2018 at Brigham and
Women’s Hospital (Boston, Massachusetts) were recruited. Inclusion criteria included >70 years old and expected
admission postoperatively. Exclusion criteria included prior history of stroke or brain tumor, scheduled outpatient
surgery, vision or hearing impairment resulting in inability to see or hear instructions, inability to draw and/or inability
to speak, read, or understand English. All participants provided informed consent prior to participating.

Measures

Pain

Postoperative pain scores were recorded in the electronic medical record by the primary nursing staff. During each nursing
assessment throughout the day, nursing staff asked each patient to rate their current pain score, using a numerical rating scale
0-10, typically before and after the administration of pain medication, but also during times of sleeping in which case a pain
score of 0 was recorded. These pain scores were extracted for each 24-hour epoch according to calendar day (midnight-
midnight), and recorded for that postoperative day (D1, D2, D3). A maximum pain score for each day was determined to
assess the peak degree of uncontrolled pain for that time period, which was used for the primary analysis.

Opioid Consumption

Preoperative opioid use was assessed at the preoperative evaluation visit. All opioid analgesics administered intraoperatively
and postoperatively via intravenous or oral routes (hydromorphone, hydrocodone, oxycodone, morphine, fentanyl, and
tramadol) were extracted from the medication administration report in the electronic medical record for postoperative days
1-3. All postoperative opioid consumption was then converted to morphine milligram equivalents (MME) to allow for
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comparison. This was then normalized as MME per hour (MME/hr) to account for differing day lengths for the day of patient
discharge.

Development of Delirium

Postoperative delirium (POD) was assessed as previously reported by Susano et al,'" including both in-person assessment and
chart review. For the in-person assessment, a blinded investigator administered the Confusion Assessment Method to each patient
on postoperative days 1-3, or until the patient was discharged if before day 3.2 ' Notably, POD is characterized by fluctuating
or waxing and waning of consciousness or cognition, and thus, it can be missed if the assessment is administered during a waning
period. Chart review assessment of physician and nursing notes was used in a complementary fashion because it captures all
events during a day, although it may miss hypoactive POD. By utilizing both forms of assessment, a patient was considered to be

delirious if they were positive for at least 1 postoperative day by either assessment.

Analytic Approach

We used Chi-Square, independent samples #-test, or Mann—Whitney U-test as appropriate to investigate differences in
postoperative pain and opioid consumption between patient groups (patients with and without preoperative opioid use,
patients who did and did not develop POD).

Results
Sample Characteristics

Patients >70 years scheduled for elective spine surgery were initially screened for eligibility at the preoperative
evaluation clinic, with 229 enrolled, and 219 ultimately included in the study and analysis (Figure 1). Overall sample
mean age was 76, with 57% males (n = 124) and 43% females (n = 95). Approximately 27% of patients reported taking
opioids preoperatively (n = 58). One quarter (25%) of patients developed delirium during the first 3 postoperative days
(n = 55). Full demographic and baseline characteristics are reported previously in Susano et al.''

Associations of Preoperative Opioid Use with Postoperative Pain and Opioid

Consumption

Given that preoperative opioid use is often associated with difficulty in managing postoperative pain, we
examined differences in postoperative pain and postoperative opioid consumption between patients taking opioids
preoperatively vs opioid naive patients. Postoperative pain scores (range: 0—10) and opioid consumption (range:
0-15.5 MME/hr) varied widely among study participants (Figure 2). Patients taking opioids preoperatively had
significantly higher daily maximum pain scores postoperatively across D1-3 (D1: 7.2 vs 6.1, p < 0.01; D2: 7.2 vs
5.8, p < 0.01; D3: 6.8 vs 5.6, p < 0.01; Figure 2A), despite the fact that these patients received about twice as
much postoperative opioid analgesic (MME/hr on D1: 3.0 vs 1.5, p < 0.001; D2: 2.5 vs 1.3, p < 0.001; D3: 2.6 vs
1.3, p < 0.001; Figure 2B).

Associations of Postoperative Delirium with Postoperative Pain and Opioid

Consumption

Maximal postoperative pain scores and postoperative opioid consumption were compared between those who developed
POD and those who did not develop POD. Significantly higher maximum postoperative pain scores across D1-3 were
observed in patients who developed POD compared to those who did not develop POD (D1: 7.1 vs 6.1, p < 0.01; D2: 6.8
vs 5.9, p = 0.02; D3: 6.6 vs 5.7, p = 0.01; Figure 3A). However, there was not a clinically significant difference in
postoperative opioid consumption on any of the three days between patients who developed POD and those that did not
develop POD (MME/hr on D1: 2.1 vs 2.2, p > 0.05; D2: 1.7 vs 1.7, p > 0.05; D3: 1.4 vs 1.8, p > 0.05; Figure 3B).
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Figure | Study flow diagram.

Discussion

Understanding the relationships between preoperative opioid use, postoperative pain and opioid consumption, and the develop-
ment of postoperative delirium is a crucial insight that may inform efforts to prevent the development of POD. As previously
reported in Susano et al,'" preoperative opioid use was associated with a greater likelihood of developing POD. We expanded
upon these findings by showing that, interestingly, the development of POD was not associated with greater postoperative opioid
consumption during the first 3 postoperative days. However, POD was consistently associated with higher daily maximal pain
scores, suggesting that a lack of adequate pain control, rather than a superfluous of opioids, was more prominently related to POD
in these patients.

Preoperative Opioid Use and Tolerance

Prior research has shown that patients chronically taking opioids have postoperative pain that is more difficult to manage,
typically requiring higher opioid doses post-surgically.”” Our findings are in concurrence with this, in that we observed higher
postoperative opioid consumption among patients who were taking opioids preoperatively. Other previous research suggests that
patients who consume opioids preoperatively are at an increased risk to have uncontrolled postoperative pain,?” which is also in
agreement with our findings that showed significantly higher postoperative pain scores among patients taking opioids preopera-
tively, despite these patients receiving greater opioids postoperatively. Taking opioids on a consistent basis may lead to opioid
tolerance, or even have an element of opioid-induced hyperalgesia.”® In addition, being prescribed opioids to manage pain
implies a greater level of pain sensitivity.
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Figure 2 Differences in Postoperative Pain and Opioid Consumption based on Preoperative Opioid Use. Postoperative pain (A) and opioid consumption (B) in patients
taking opioids preoperatively (red) versus those that were not (blue). Patients taking preoperative opioids reported significantly higher daily pain scores (A) (DI: 7.2 vs 6.1,
p<0.01; D2: 7.2 vs 5.8, p<0.01; D3: 6.8 vs 5.6, p<0.01) and received significantly more postoperative opioids (B) (MME/hr on D1: 3.0 vs |.5, p<0.001; D2: 2.5 vs 1.3, p<0.001;
D3: 2.6 vs 1.3, p<0.001). Statistical analysis included independent samples t-test for (A) and Mann—Whitney U for (B). *A significant difference between those taking
preoperative opioids versus those not taking preoperative opioids.
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Figure 3 Differences in Postoperative Pain and Opioid Consumption among patients who did and did not develop Postoperative Delirium (POD). Postoperative pain (A)
and postoperative opioid consumption (B) in patients that developed postoperative delirium (red) versus patients that did not (blue). Patients who developed POD had
significantly higher daily pain scores compared with those who did not develop POD (A) (D1: 7.1 vs 6.1, p<0.0l; D2: 6.8 vs 5.9, p=0.02; D3: 6.6 vs 5.7, p=0.01). However,
there was not a significant difference in postoperative opioid consumption between the two groups (B) (MME/hr on D1: 2.1 vs 2.2, p>0.05; D2: 1.7 vs 1.7, p>0.05; D3: 1.4 vs
1.8, p>0.05). Statistical analysis included independent samples t-test for (A) and Mann-Whitney U for (B). *A significant difference between those who developed
postoperative delirium versus those who did not.

Opioid Use, Pain and Delirium

It seems plausible that greater opioid consumption would increase the risk of POD because of the sedative impact of
opioids in the central nervous system, potentially inhibiting cognition and increasing disorientation. The association
between opioid consumption and POD is variable among studies, however.'>'> As reported previously within this
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cohort, taking opioids preoperatively was itself associated with a significantly increased incidence of POD.'
Interestingly, however, postoperative opioid consumption was not in fact higher among those that developed POD.
Alternatively, some previous studies have noted that postoperative pain itself may increase risk of POD,'>"'> which is
consistent with our findings. Patients who developed POD in the present study reported significantly higher maximal
daily pain scores. Taken together, the association of pain with POD, and the lack of association of postoperative opioid
consumption with POD, suggests that it is the uncontrolled postoperative pain itself, rather than the amount of opioids
consumed, which might be an important factor in the development of POD. Uncontrolled pain is an extremely salient
stimulus which takes valuable attention, potentially causing a patient to be less aware of other external cues and
surroundings, thus losing this set of orienting cues which can be helpful to patients in the disrupted postoperative
environment.

Prevention of Postoperative Delirium

POD is linked with both cognitive and noncognitive morbidity and mortality.*® Although several risk factors for POD
have been identified, many of these preoperative risk factors such as age, cognitive status, and frailty'' are not necessarily
modifiable. Pain management, on the other hand, is potentially something that anesthesiologists and acute pain
physicians may optimize through thoughtfully selected multimodal analgesic strategies. The relationship between
sleep, pain and delirium is complex, but it is clear that the diagnosis and adequate treatment of pain remains a key
component of a preventive strategy to reduce postoperative delirium, as it also supports sleep.>* Although multimodal
analgesic strategies, including scheduled nonopioid analgesics and regional analgesia, have demonstrated success in
reducing pain, their association with reduced POD is often attributed to opioid reduction. Our findings suggest that
reduction of pain itself may be more closely related to decreased delirium risk, and that use of all available analgesic
strategies may be particularly important when considering the perioperative analgesic management of patients who may
have baseline tolerance to opioids, as their pain is typically difficult to control in the postoperative period.

Limitations

The current study needs to be interpreted in light of several limitations. First, the amount of opioids preoperatively was
not quantified, nor was the duration of preoperative opioid therapy, making it difficult to verify the presence or to assess
the degree of opioid tolerance. Future studies should carefully quantify daily preoperative opioid consumption in order to
define what degree of preoperative opioid use may be explicitly associated with higher risk of POD. Second, pain scores
were gathered from the electronic medical record. While pain was frequently and regularly recorded with and between
vital sign assessments, there was likely both subjectivity and variability in the reported scores, a limitation inherent to
collection of assessments by different hands-on providers over the course of an inpatient stay, making this a potential
source of error. Third, this study was performed at a single academic medical center and may not generalize to other
clinical settings and samples. Fourth, the observational nature of this study precludes any speculation about whether
uncontrolled pain (or opioid use) are important causative influences for POD. Fifth, this study only included older
patients (>70 years) having spinal surgery, and thus, findings may not generalize to a younger sample. In future studies,
including a larger and more age-diverse patient population, as well as randomization of patients to an intervention, are
needed to confirm whether optimizing postoperative pain control through intensive multimodal analgesia in opioid-
tolerant patients may decrease the risk of POD.

Conclusion

This study showed that POD was not significantly associated with postoperative opioid consumption, but instead was
associated with greater postoperative pain, especially in patients who were taking opioids preoperatively. This identifies
an important, potentially modifiable risk factor in this older patient population, and should be an important consideration
when determining the perioperative analgesic management of patients who may have baseline tolerance to opioids, as
their pain is typically difficult to control in the postoperative period.
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