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Abstract
OBJECTIVES—To determine the relationship between opioid consumption and cognitive
impairment following hip fracture repair.

DESIGN—Prospective study of consecutive patients.

SETTING—Johns Hopkins Bayview Medical Center; Baltimore, Maryland.

PARTICIPANTS—Two hundred thirty-six patients ≥65 years old undergoing hip fracture repair.

MEASUREMENTS—Elderly patients without preoperative delirium who underwent hip fracture
repair between April 2005 and July 2009 were followed for pain, opioid consumption, and
postoperative delirium. Patients were tested for delirium with the confusion assessment method
preoperatively and mid-morning on postoperative day 2. Pain was assessed by the nursing staff
with a numeric 0–10 verbal scale. Opioid analgesia was provided in response to pain at rest to
achieve scores of ≤3. Opioid consumption was analyzed with respect to the occurrence of incident
postoperative delirium, presence of dementia, and other demographic variables.

RESULTS—Of the 236 patients, 66 (28%) had dementia with 213 (90%) receiving opioids
postoperatively; including 55 (83%) demented patients and 158 (93%) non-demented patients.
There was no association between the use of any postoperative opioid and incident delirium
(P=0.615) in both demented (p=0.333) and non-demented patients (P=0.398). Dementia, but not
postoperative delirium, was associated with less opioid use (P<0.001 for dementia; P=0.120 for
delirium; P=0.038, for their interaction; Wald χ2 =142.8 with 7 d.o.f.). Furthermore, opioid dose
(P≥0.591) on postoperative days 1 and 2 was not predictive of incident delirium. Dementia
(P<0.001) and intensive care unit admission (P=0.006), not opioid consumption, were the most
important predictors of incident postoperative delirium.

CONCLUSION—Concern for postoperative delirium should not prevent the use of opioid
analgesic therapy sufficient to achieve a generally accepted level of comfort in patients with or
without preexisting cognitive impairment.
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INTRODUCTION
The relationship between opioid analgesic use and postoperative delirium when managing
pain in elderly patients following hip fracture repair is poorly defined. For one, there is
controversy as to whether opioid administration may itself be a risk factor for postoperative
delirium. Although one study showed opioid administration to have an inverse relationship
with respect to postoperative delirium,1 others have shown the opposite.2, 3 On the other
hand, perioperative pain may be a risk factor for postoperative delirium. In mixed
populations of surgical patients, an association has been reported between elevated levels of
pain at rest and the development of postoperative delirium.4, 5 Similarly, in elderly patients
that have sustained hip fractures, undertreated pain has been associated with an increased
incidence of postoperative delirium.1, 6 Given these data, it is unclear whether opioid
administration or pain precipitates delirium.

Cognitive impairment is common among hip fracture patients. Up to 21% of patients who
require hip fracture repair present with dementia.7 Although the overall prevalence of
postoperative delirium in elderly patients after major elective surgery has been estimated to
be 10%,8 for procedures such as hip fracture repair the rate of incident postoperative
delirium has been reported to be as high as 40%.9 Cognitive impairment may make pain
assessment more difficult, and many practitioners express concern regarding evidence that
opioid administration may precipitate postoperative delirium.2, 3

Because both opioid administration and elevated pain have been associated with an
increased risk of postoperative delirium, and the difficulty with managing pain in patients
with dementia, we sought to further define the relationship between opioid consumption and
cognitive impairment. Therefore, we measured opioid consumption and pain in patients with
and without cognitive impairment on our hip fracture service (HFS), where postoperative
pain management is based on an established clinical pathway.

METHODS
The HFS at Bayview Medical Center in Baltimore, Maryland, serves as an interdisciplinary
model of care whose function has been described previously.10 According to the HFS
clinical pathway, an orthopedic surgeon evaluates patients with suspected hip fractures in
the emergency room, confirms the diagnosis, and refers them to a member of the geriatrics
team. Orthopedic and geriatrics team members order all necessary laboratory work while the
geriatricians oversee the medical evaluation. Then, team members from the departments of
Geriatrics, Anesthesiology and Critical Care Medicine, and Orthopedic Surgery jointly
render a decision regarding a patient’s fitness for surgery. When a patient is deemed ready
for surgery, he/she undergoes surgical hip fracture repair. The goal of the service is repair
within 24 hours.

Data are collected prospectively on patients who enter the HFS. A database is maintained on
all patients ≥65 years of age who have experienced traumatic hip fracture, are undergoing
hip fracture repair, and have given written preoperative consent to the collection and use of
their medical information. To determine the postoperative relationship between opioid
consumption and incident delirium, 102 patients with preoperative delirium diagnosed via
the confusion assessment method (CAM)11 were excluded. After receiving approval from
the Institutional Review Board, we studied all patients in the HFS database who had
undergone hip fracture repair during the period of April 1, 2005 through July 10, 2009.

During the study period, 317 patients who met age and cognitive criteria presented to the
HFS for hip fracture repair. Nine of those were considered ineligible for our study because
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of inability to speak English. Seventy-two of the remaining 308 patients refused to
participate, leaving a study population of 236.

Both general and spinal anesthetic techniques were used for patients in this study, and the
choice was a function of patient preference. For those who chose general anesthesia, an
inhalational technique was used with drug doses individualized for established
comorbidities. For those who chose spinal anesthesia, supplemental intravenous sedation
during the surgical procedure was provided with some combination of midazolam, propofol,
and fentanyl. At the completion of surgery, patients were transferred to either the
postanesthesia care unit (PACU) or the intensive care unit (ICU) and, eventually, to the
hospital ward. Postoperatively, an interdisciplinary team of physicians from the departments
of Orthopedic Surgery, Geriatrics, and Anesthesiology and Critical Care Medicine managed
each patient’s recovery until the day of discharge.

Postoperative pain management in the PACU is based on the algorithm of Aubrun et al.12

and was adapted for use with intravenous hydromorphone. Adequate pain relief is defined as
a score of ≤3 on a verbal numerical rating scale of 0–10. Briefly, immediately after patients
become responsive, they are asked to verbally rate the intensity of their pain at rest (see
below for a description of pain measurement). When pain is rated greater than 3 by the
patient, intravenous hydromorphone is administered every 5 minutes by 0.1–0.2 mg
increments; pain is reassessed every 5 minutes until the pain score is ≤3. A similar algorithm
that uses morphine instead of hydromorphone is used in the ICU. After transfer to the
hospital ward, a standardized order set for multimodal analgesic therapy is used in which the
nursing staff is responsible for assessment and management of pain. After the patient is
discharged from the PACU or ICU, pain at rest is assessed every 4 hours and treated with 1–
2 mg of morphine intravenously every 5 minutes until adequate pain relief is achieved.13

Approximately 25% of patients initially receive intravenous morphine sulfate via patient-
controlled analgesia (PCA) on transfer to the hospital ward. The PCA morphine dose is
standardized with boluses of 0.5 to 1 mg, a lockout interval of 6 minutes, and no basal
infusion. PCA is discontinued once the patient resumes a regular diet, pain is judged to be
under adequate control, and there has been no PCA request for one 8-hour nursing shift.

Transition to oral multimodal pain therapy takes place as soon as it is feasible. Once the
patient resumes a regular diet and pain is judged to be under good control with intravenous
analgesics, patients are given acetaminophen (500–1000 mg q8h) and/or oxycodone (2.5–10
mg q4h) orally for breakthrough pain.

Measures
Nurses in the PACU, in the ICU, and on the ward were trained to measure resting pain levels
using a numeric rating scale. The measurement is made every 15 minutes in the PACU if the
patient is awake, and every 4 hours on the hospital ward. The primary means of pain
assessment is a determination of pain at rest via a 0–10 verbal numerical rating, where 0
corresponds to no pain and 10 corresponds to the worst pain imaginable. Pain scores are not
obtained from intubated patients in the ICU, patients who are nonverbal secondary to
cognitive dysfunction, or patients who are otherwise unable to interact meaningfully with
the provider. The PACU pain score reported here represents the patient's current pain
obtained on discharge from the PACU. Pain scores on the operative day represent average
pain since discharge from the PACU. Thereafter, pain scores represent average pain for the
prior 24 hours.

The cumulative doses of opioid administered in the operating room, PACU, and ICU, after
PACU discharge on the day of surgery, and on postoperative days 1–3 were converted to
their equivalent of intravenous morphine sulfate (100 µg of intravenous fentanyl, 2 mg of
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intravenous hydromorphone, and 30 mg of oral oxycodone were considered equivalent to 10
mg of intravenous morphine sulfate)14, 15 and recorded as milligrams per kilogram.

In addition to the preoperative delirium assessment described above, delirium was assessed
midmorning on postoperative day 2 via the CAM by either the attending geriatrician or a
trained research nurse.11 The CAM was not routinely performed on postoperative day 1, as
measurement could be influenced by residual anesthetic effects.16 If a patient was unable to
respond to questions because of external constraints such as intubation with sedation, the
CAM was administered after extubation.

The criteria for “probable dementia” was based on a preoperative mini-mental status
examination score17 of less than 24 in the absence of delirium, documented history of
dementia based on the primary care provider record, or determination of preoperative
dementia status by the attending geriatrician during the preoperative evaluation. Regardless
of the means of assessing dementia, patients with a positive result were classified as having
“probable dementia.”

Statistical Analysis
Unless otherwise indicated, data are reported as the number of events and their percentage
for frequency data, as median with upper and lower quartiles for ordinal data, and as mean
and standard deviation for continuous data. Group comparisons were analyzed by Fisher’s
exact test or the chi-squared test for frequency data, the Mann-Whitney U test for ordinal
data, and analysis of variance for continuous data. Logistic regression was used to examine
the likelihood of delirium as a function of pain, opioid use, dementia, and other demographic
variables. The area under the receiver operating characteristic curve for the predictions of
the resulting model (range 0.5–1.0, equivalent to the C-statistic) is also reported.
Longitudinally collected continuous data were analyzed by using a generalized estimating
equations approach with an identity link function with robust estimation of standard errors.
The Wald χ2 test statistic and associated degrees of freedom (d.o.f.) is reported for the
longitudinal analysis. All significance values reported are from two-tailed tests. Differences
were considered significant at P < 0.05. Statistical analysis was facilitated by Statistica 6.0
(Statsoft, Tulsa, OK) and Stata 10.1 (StataCorp, College Station, TX).

RESULTS
The demographic characteristics and postoperative course of patients in the study cohort are
summarized in Tables 1, 2, and 3, which compare patients who did and did not experience
postoperative delirium and those who did and did not present with probable dementia. Table
1 demonstrates that patients with probable dementia were older and sicker than those
without, as evidenced by higher ASA and Charlson comorbidity scores. The differences in
ASA status were due to the presence of more patients with mild systemic disease (ASA
status 2) in the non demented group. Patients who developed postoperative delirium had a
higher Charlson comorbidity score, and were more likely to have probable dementia than
those who did not develop postoperative delirium. No differences were observed in probable
dementia or incidence of postoperative delirium with respect to whether spinal or general
anesthesia was used (Table 2). As shown in Table 3, patients with probable dementia and
those experiencing postoperative delirium were less likely than cognitively intact patients to
receive PCA on arrival to the hospital ward. The use of PCA had no effect on either opioid
consumption (P = 0.333) or pain scores (P = 0.621). No differences were observed in the
number of patients who reported severe pain (pain score>6) on one or more postoperative
days with respect to delirium or dementia (Table 3). Patients who were cognitively intact
and did not develop delirium reported severe pain (pain score >6) on at least one
postoperative day 12.5% of the time compared with 13.9% for those who were cognitively
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intact and did become delirious (P not significant). Probable dementia was not associated
with infectious or cardiovascular complications. However, patients who developed delirium
were more likely to sustain cardiovascular complications (Table 3).

Of the 236 patients, 213 (90%) received opioids postoperatively; including 55 (83%)
demented patients and 158 (93%) non-demented patients (p=0.047, Table 3). There was no
association between the use of any postoperative opioid and incident delirium (p=0.615) in
both demented (p=0.333) and cognitively intact patients (p=0.398). Figure 1 shows
postoperative opioid consumption in hip fracture patients receiving any postoperative
opioid. In Figure 1A, postoperative opioid consumption is shown in patients with and
without probable dementia. In Figure 1B, postoperative opioid consumption is shown as a
function of probable dementia, postoperative delirium, neither, or both (mean ± SEM). In
the total patient population (n=236), postoperative delirium was not associated with
alterations in opioid consumption. As revealed by longitudinal analysis, probable dementia,
but not postoperative delirium, was associated with significantly less opioid use (P<0.001
for dementia; P=0.120 for delirium; P=0.038, for their interaction; Wald χ2 =142.8 with 7
d.o.f.). Furthermore, opioid dose (P≥0.591) on postoperative days 1 and 2 was not
predictive of incident delirium. Postoperative delirium did not affect pain scores (P = 0.236),
while patients with probable dementia exhibited lower pain scores (P < 0.001). Thus,
dementia, with or without delirium, was associated with lower opioid consumption and pain
scores.

When dementia and ICU admission were entered in all of the logistic models, logistic
regression revealed that probable preoperative dementia and postoperative ICU admission
were the most important risk factors for development of incident delirium (Table 4). The
observation of delirium on postoperative day 2 was not related to opioid consumption or
pain scores on postoperative days 1 and 2 (Table 4). Demographic variables such as age,
gender, and illness severity; and intraoperative variables such as type of anesthesia and dose
of midazolam, propofol, or fentanyl did not further identify any subgroup at risk of
developing postoperative delirium.

Some data regarding opioid consumption and pain scores was missing because of a failure to
obtain or record it, or because the patient was discharged before the end of the study period.
The number of patients who had missing opioid consumption or pain score data because of
discharge did not differ between those who were cognitively intact and those with delirium,
dementia, or both (P ≥ 0.272). The number of missing data points per patient (mean ± SD)
after accounting for discharge was 0.06 ± 0.24 for opioid consumption and 0.64 ± 1.07 for
pain scores. Opioid consumption and pain scores during hospitalization did not differ
between patients with intact data sets and those with one or more missing data points. They
also did not differ with respect to the number of missing data points when we took into
consideration those missing data for any reason and those missing data after accounting for
discharge before the end of the study period (P ≥ 0.558).

DISCUSSION
This study found no association between the use of any postoperative opioid and incident
delirium in both demented and cognitively intact patients after hip fracture repair.
Postoperative delirium was not associated with the amount of opioid consumed.
Furthermore, opioid dose on postoperative days 1 and 2 was not predictive of incident
delirium. In our target population of HFS patients, dementia and ICU admission, not opioid
consumption, were most predictive of incident postoperative delirium. Therefore, concern
about precipitating postoperative delirium should not prevent the use of opioid analgesic
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therapy sufficient to achieve a generally accepted level of comfort in elderly patients with or
without preexisting cognitive impairment.

Our study revealed no relationship between opioid consumption and postoperative delirium,
supporting the findings of Lynch et al.,4 who reported no relationship between opioid dose
and postoperative delirium. In contrast, Leung et al.5 reported elevated opioid consumption
in elderly surgical patients who received postoperative PCA and became delirious. Their
finding suggests a contribution of opioid drugs to delirium production and would be
consistent with some of the established psychopharmacologic effects of opioids.18 An
association between opioid administration and postoperative delirium has been reported, but
the doses that mediate this effect have been difficult to define.2 In hospitalized cancer
patients, exposure to the equivalent of >90 mg of morphine per day increased the risk of
delirium by 40%.19 In patients electively undergoing total hip arthroplasty, higher doses of
PCA-administered opioids (11.9 mg hydromorphone in the first 48 postoperative hours)
were associated with a higher incidence of postoperative delirium.3 In contrast to these prior
studies, patients in the current study received cumulative opioid doses well below those
reported to be associated with postoperative delirium. Based on reported data concerning the
opioid doses necessary to elicit delirium and the generally effective pain control experienced
by the cohort that we studied, it is not surprising that opioid dose was not associated with
postoperative delirium in the current study.

In our target population of HFS patients, dementia and ICU admission, but not opioid
consumption, were associated with incident postoperative delirium. Dementia has clearly
been established as an important risk factor for delirium in hip fracture patients.20–22 ICU-
acquired delirium is a well defined phenomenon.23 ICU admission has been identified as a
precipitating risk factor for delirium24 and is consistent with our group’s experience with
elderly patients undergoing hip fracture repair.9 In cognitively intact hip fracture patients,
Morrison et al.1 found a relationship between higher pain scores, inadequate opioid
administration, and postoperative delirium. However, the pain scores of patients in our study
were markedly different from those reported by Morrison et al.1 They reported that 21% of
cognitively intact patients experienced severe pain whereas we found that patients without
dementia reported severe pain (pain score >6) at least once during the first three
postoperative days only 12.5% of the time if they experienced postoperative delirium and
13.9% of the time if they did not. Morrison et al.1 found that inadequate analgesia, defined
as a cumulative morphine dose of less than 10 mg during the first three postoperative days,
increased the risk of developing delirium. In our study, the average cumulative opioid dose
in patients who were cognitively intact was the equivalent of 14 mg of morphine. Using
Morrison’s definition,1 analgesia was adequate in our cohort as evidenced by both opioid
dose and pain scores, and this would preclude demonstrating a relationship between
decreased opioid consumption, increased pain scores, and delirium.

Even with the postoperative analgesic regimen used in our HFS clinical pathway, opioid
consumption differed substantially between patients with and without probable dementia.
Similarly, Adunsky et al.6 reported that in hip fracture patients, each 5-point decrease in
mini-mental status examination was associated with a 2.1-fold greater likelihood of
receiving smaller opioid doses postoperatively. Our observation that patients with probable
dementia reported less postoperative pain is also consistent with studies showing that
Alzheimer’s disease is associated with a decrease in reported pain.25 Certainly, the
decreased opioid use by patients with probable dementia in the current study is consistent
with the decrease in reported pain levels when compared to those who were cognitively
intact preoperatively.
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The current study revealed no association between rest pain and delirium. We found no
evidence to indicate that delirious patients were reporting or experiencing higher levels of
pain. Several investigators have reported elevations in pain with delirium.4, 5 However, the
pain levels reported in those prior studies were higher than those of the current study. It is
unclear whether the difference in pain scores can be attributed to a younger population (66
years4 and 74 years5 versus 82 years in the current study) or a difference in surgical
populations. Elevations in pain threshold with aging have been reported by many
investigators.26 In addition, surgical procedures vary with respect to the intensity of the
associated postoperative pain.27 Our study included only hip fracture patients whereas
previous investigations were performed with mixed surgical populations.4, 5 Recently,
investigators have demonstrated that hip fracture patients almost uniformly report no
postoperative pain at rest.28 Similarly, in our study the mean pain score over the first three
postoperative days was 2.4 ± 1.9.

Our study had several limitations. Postoperative delirium was defined in this study by
criteria for delirium presented in the Diagnostic and Statistical Manual for Mental Disorders,
4th Edition29 as assessed by the CAM. We assessed delirium at the preoperative evaluation
and on postoperative day 2. Because we evaluated postoperative delirium only on the second
postoperative day, we were unable to determine the relationship between opioid
consumption and postoperative delirium on a longitudinal basis. Previous studies have
shown an association between postoperative delirium and pain at rest on postoperative day
2, but not at later time points.4 This association is consistent with the observation that
postoperative delirium usually presents at around 24 hours postoperatively and resolves in
most patients within 48 hours.30 In addition, our data indicate that pain scores peaked on
postoperative day 1 and then started to decline. This progression suggests that we are
unlikely to have observed pain-associated effects on postoperative delirium at a later
postoperative time. Recent studies examining the relationship between postoperative
delirium and pain have used the CAM on both postoperative days 1 and 2.5 The data
indicate that we may have missed transient episodes of mild delirium on postoperative day
1, but given our postoperative delirium criteria, we were able to diagnose the clinically
important episodes.31 Our patients with probable dementia may not have reported pain
reliably secondary to cognitive impairment and, therefore, received less opioid analgesia.
Missing pain scores may have affected our results and could be informative. Despite the
number of missing pain scores, values for opioid consumption were consistently reported,
and opioid consumption indirectly reflects underlying pain. Furthermore, our analysis
demonstrated that pain and opioid consumption did not differ between patients whose data
sets were intact and those with one or more missing data points or with respect to the
number of missing data points.

In conclusion, dementia and ICU admission, not opioid consumption, were the most
important predictors of delirium on postoperative day 2. Our results indicate that in our hip
fracture population, opioid dosage is not related to incident delirium. Therefore, opioid
administration within the confines of our HFS pain management algorithm should not be
limited by concern for precipitating delirium.
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Figure 1.
Postoperative opioid consumption in hip fracture patients receiving any postoperative
opioid.
Panel A: Postoperative opioid consumption in hip fracture patients with and without
probable dementia (mean ± SEM).
Panel B: Postoperative opioid consumption as a function of probable dementia,
postoperative delirium, neither, or both (mean ± SEM).
In the total patient population, postoperative delirium was not associated with alterations in
opioid consumption. As revealed by longitudinal analysis, probable dementia, but not
postoperative delirium, was associated with significantly less opioid use (P<0.001 for
dementia; P=0.120 for delirium; P=0.038, for their interaction; Wald χ2 =142.8 with 7
d.o.f.). Furthermore, opioid dose (P≥0.591) on postoperative days 1 and 2 was not
predictive of incident delirium. All opioids were converted to their analgesic equivalent of
intravenous (i.v.) morphine sulfate as described in the text.
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