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Abstract
Objectives—To investigate whether preoperative risk for delirium moderates the effect of
postoperative pain and opioids on the development of postoperative delirium.

Design—Prospective cohort study

Setting—University medical center

Participants—Patients ≥ 65 years of age scheduled for major noncardiac surgery

Measurements—A structured interview was conducted pre- and post-operatively to determine
the presence of delirium, defined using the Confusion Assessment Method. We first developed a
prediction model to determine which patients were at high vs. low risk for the development of
delirium based on preoperative patient data. We then computed a logistic regression model to
determine whether preoperative risk for delirium moderates the effect of postoperative pain and
opioids on incident delirium.

Results—Of 581 patients, 40% developed delirium on days 1 or 2 after surgery. Independent
preoperative predictors of postoperative delirium included lower cognitive status, a history of
central nervous system disease, high surgical risk, and major spine and joint arthroplasty surgery.
Compared to the patients at low preoperative risk for developing delirium, the relative risk for
postoperative delirium for those in the high preoperative risk group was 2.38 (95% CI = 1.67–
3.40). A significant three-way interaction indicates that preoperative risk for delirium significantly
moderated the effect of postoperative pain and opioid use on the development of delirium. Among
patients at high preoperative risk for development of delirium who also had high postoperative
pain and received high opioid doses, the incidence of delirium was 72%, compared to 20% among
patients with low preoperative risk, low postoperative pain and received low opioid doses.
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Conclusions—High levels of postoperative pain and using high opioid doses increased risk for
postoperative delirium for all patients. However, the highest incidence of delirium was among
patients who had high preoperative risk for delirium and also had high postoperative pain and used
high opioid doses.

Introduction
Delirium is an acute confusional state with alterations in attention and consciousness. 1

Approximately 5–52% of older patients who were hospitalized for medical or surgical
reasons developed delirium. 2 Delirium may be caused by an underlying medical illness, but
for many, the exact etiology is not identifiable. 3 Delirium is considered a geriatric
syndrome in which there is a complex interrelationship between baseline patient
vulnerability and precipitating factors or insults. 4,5

Preoperative characteristics that predispose older adults to the development of delirium
include preoperative cognitive status, functional impairment, sensory impairment,
preoperative psychotropic drug use, psychopathological symptoms, institutional residence,
greater comorbidity, and the type of surgery. 2,6,7 Typically, predisposing characteristics are
not modifiable in the perioperative setting. However, recognition of patients’ preoperative
risk for delirium may alert clinicians to identify patients who are at greatest need for
postoperative monitoring and therapy. In the postoperative period, pain and medications
have been identified as two potential precipitating factors for the occurrence of
postoperative delirium because of their potential for profound effects on the central nervous
system. 8,9,10 However, it is unclear whether these risk factors affect all patients or only
those who are predisposed to be at high-risk for postoperative delirium.

Our study approach is novel in that we aimed to determine not only how preoperative risk
identifies which patients may be vulnerable to postoperative delirium, but also, how the risk
moderates the association with modifiable postoperative factors. To determine whether
preoperative risk for delirium moderates the effect of postoperative pain and opioid use on
the development of postoperative delirium, it is critical that valid indicator of preoperative
risk is available. Although previous studies have built predictive models for postoperative
delirium, 7,11 they have included both pre- and post-operative risks. Thus, these indices do
not allow early identification of which patients are at risk for postoperative delirium.
Furthermore, these studies were not focused on determining risks for older patients
undergoing elective non-cardiac surgery. Therefore, we first developed a prediction model
to determine which patients were at greatest risk for the development of delirium based on
only preoperative patient data. We then determined whether preoperative risk for delirium
moderates the association between postoperative pain and opioids and incident delirium. We
hypothesized that pain and opioid increased the incidence of postoperative delirium for
patients at high-risk of developing delirium.

Materials & Methods
Patient Recruitment

The study was approved by the Institutional Review Board for human research, at the
University of California, San Francisco, and informed consent was obtained preoperatively
from each study patient. This cohort study was conducted from 2002 to 2009 at the
University of California, San Francisco Medical Centre. The results presented in this
manuscript were the primary analysis from this cohort study. The inclusion criteria were
English-speaking patients ≥ 65 years of age who were scheduled for major elective
noncardiac surgery requiring anesthesia, and who were expected to remain in the hospital
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postoperatively for more than 48 hours. Excluded were patients who did not provide or were
incapable of providing informed consent.

Neurocognitive and Delirium Assessments
Each patient was interviewed by the same trained research assistant preoperatively and
postoperatively on days one and two after surgery. The preoperative interview typically
occurred less than one week prior to surgery in the preoperative clinic. During the
preoperative interview, in addition to the assessment of medical history, the presence of
depressive symptoms, pain, and functional status were also measured. Cognitive status was
measured preoperatively using the Telephone Interview of Cognitive Status instrument
(TICS) 12 which was adapted from the Mini Mental Status Examination. During both the
preoperative and the two postoperative interviews, the presence of delirium was measured
using the Confusion Assessment Method (CAM), a delirium screen instrument. 13 The CAM
assessments were performed daily on the first two days after surgery between the hours of 9
am to 12 pm, using a structured interview. In addition, we also evaluated patients’ cognitive
status using several neuropsychological tests which included the Word List Learning, the
Digit Symbol Test, and the Controlled Verbal Fluency Test. These neuropsychological tests
were repeated on the first two postoperative days. Many neuropsychological tests are
available to be used for patient testing. However, because of the time constraints of the
surgical environment, it is feasible to include only a few tests in contrast to a clinical
neuropsychological assessment that covers most domains. We have selected tests that target
domains that are likely to change from pre- to post-operatively as shown in prior studies and
those of our own. The CAM assessment was developed as a screening instrument based on
operationalization of Diagnostic and Statistical Manual of Mental Disorders (DSM) -III-R
criteria for use by nonpsychiatric clinicians in high-risk settings. Based on a structured
interview, the CAM algorithm consists of four clinical criteria: acute onset and fluctuating
course, inattention, disorganized thinking, and altered level of consciousness. In order for
delirium to be defined, both the first and second criteria have to be present, plus either
criterion three or four. CAM has a sensitivity of 94–100% and a specificity of 90–95% and
has a high inter-observer reliability 13 and has convergent agreement with four other mental
status tests.

During the same interview of cognitive assessment by the research personnel, patients’ pain
at rest was measured both pre- and post-operatively using an 11 point numerical rating scale
in which 0 represents no pain and 10 represents worst imaginable pain.

Definition of Delirium
During the three interviews, trained interviewers determined the presence of delirium using
the CAM. 13 All assessments of postoperative delirium were validated by a second
investigator (LPS). We defined the occurrence of delirium as the patient meeting CAM
criteria for delirium on either the first or second postoperative day assessments.

Assessment of Descriptive Characteristics and Covariates
The potential covariates included those shown in prior research to be associated with
postoperative delirium. 10,14,15 The initial covariates analyzed are shown in table 1. Each of
the covariate was collected either at the preoperative interviews or abstracted from medical
records. Laboratory abnormalities were defined as any abnormalities involving serum
sodium < 130 or > 150 mmol/L; potassium < 3 or > 6 mmol/L; or glucose < 60 or > 300 mg/
dL.7 We also measured the potential association between preoperative hemoglogin level,
serum creatinine level, and oxygen saturation level with the occurrence of postoperative
delirium. Medical record review was conducted to obtain information on the type of surgery,
the American Society of Anesthesiologists (ASA) classification, 16 number and severity of
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preoperative comorbid conditions, and the type of anesthesia (general, regional or
combined). Surgical risk was estimated using the guidelines from the American College of
Cardiology and American Heart Association update for the perioperative cardiovascular
evaluation for noncardiac surgery. 17 In addition, we evaluated the whether patients had a
previous history of central nervous system (CNS) disorders which included a history of
delirium, clinical diagnosis of dementia, a history of or current depression, history of seizure
and other miscellaneous disorders such as Parkinson’s Disease.

Analysis of pain and opioid dose
For analysis, pain level was dichotomized at ≥ 5, to reflect pain that was mild vs. more
severe. 18 For each postoperative day when patients were being evaluated for cognitive
status, opioid received during the 24-hour period was measured. Opioid dose was
dichotomized at >8 mg (75th percentile for opioid use in our cohort) received in a 24 hour
period after surgery, after converting morphine and fentanyl dose to hydromorphone dose
using the formula: 5 mg of morphine sulfate = 1 mg of hydromorphone, 50 mcg of fentanyl
= 1 mg of hydromorphone 19. If oral morphine was administered, the conversion was
performed using 10mg IV morphine = 30mg PO morphine. 20

Statistical Analysis
To develop the prediction model for delirium, covariates that had been demonstrated in prior
research to be associated with the presence of delirium were evaluated using χ2 tests or
Fisher’s exact test for categorical variables, Mantel-Haenszel χ2 tests for ordinal variables,
and Student t -tests for continuous variables. Only those covariates with associations with
delirium of P-value ≤.20 were included in the prediction model. The model fit of the
prediction model was assessed by computing Hosmer-Lemeshow goodness-of-fit test and
the C-statistic. To internally validate the prediction model, we executed the 10-fold cross-
validation technique. 21 In 10-fold cross-validation, the original data set is randomly split
into 10 sets. Each one-tenth of the data is treated as the validation set and the other nine-
tenths are treated as the derivation set. 22 This is accomplished by randomly partitioning into
10 nearly equally sized sets, computing a logistic regression with the covariates in the final
model using the derivation set and kept parameter estimates of the model and predictive
scores from the validation set. This procedure was repeated 10 times. We then computed the
area under the curve (AUC) for the predictive scores to assess the model validation.

To determine whether preoperative risk moderates the effect of postoperative pain and
opioid dose on delirium, we evaluated the three-way interaction between preoperative risk
and pain and opioid dose on postoperative delirium in a logistic regression. The model fit
was assessed by Hosmer-Lemeshow goodness-of-fit test. To improve interpretability of this
interaction, we classified the cohort into dyadic risk groups according to subjects’ risk score
for delirium. Pain and opioid dose are categorized as described above. We then computed
odds ratio to describe the differing incidence of delirium for those at each preoperative risk
of delirium for differing levels of pain and opioid dose. All analyses were conducted in SAS
9.3.

Results
Overall, 594 patients were included in the analysis. A subset of patients in this study
(n=333) was included in a prior study that described the association between postoperative
pain and pain management on the development of delirium. 10 That study did not consider
postoperative opioid dose, or whether preoperative risk for delirium moderates the
association between postoperative pain and opioid dose and incident delirium.
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The mean age of the patients in the present study was 73.6 ± 6.1 years (range, 65–96 years):
31% of patients were 65–69 years old, 51% were 70–79 years old, and 18% were 80 years
old or older. Approximately 50% of the patients were women. Overall, 13 patients had
incomplete delirium data, leaving 581 in the analytic sample. The demographics of the
patients with missing delirium data were similar to those with complete data. No patient had
preoperative delirium. Forty percent of patients developed delirium on either the first or
second postoperative days. Table 1 shows the bivariate association between baseline
variables and delirium. Patients most likely to develop delirium were female, described
more depressive symptoms, had lower TICS scores preoperatively, and reported more often
to have dependency in activities of daily living (ADLs) and instrumental activities of daily
living (IADLs), had a history of central nervous system disorders, and had lower mean
preoperative hemoglobin level.1 Higher surgical risk and high numeric rating scale of
preoperative rest pain were also associated with increased incidence of delirium.

Development of the Predictive Model
For development of the final predictive model, we analyzed the variables with bivariate
association of P-value ≤ .20 in stepwise logistic regression. Table 2 summarizes the result of
the stepwise logistic regression and 10-fold cross-validation. The final model revealed five
risk factors: gender, a history of central nerve system disorder, preoperative TICs score,
surgical risk, and surgery type. We developed a risk stratification system by assigning 1
point to each of the final risk factor present (figure 1) to derive the low risk (≤3 risk points),
and high risk groups (>3 risk points).

Notably, the incidence of postoperative delirium was higher for those with greater
preoperative risk (low risk 31% and high risk 51%). The relative risk of developing
postoperative delirium for patients in high-risk group compared with those in low risk group
was 2.38 {95% CI 1.67–3.40, χ2(df=1)=23.21, P < .0001}.

Incidence of Delirium by Preoperative Risk and Postoperative Pain and Opioid Dose
Next we performed a logistic regression with preoperative risk group, pain, and opioid dose
and their interaction. The interaction between preoperative risk group and pain and opioid
dose on the development of postoperative delirium was significant {χ2(df=1) = 5.49, P = .
019}. The model fit statistic was acceptable (Hosmer and Lemeshow goodness-of-fit test, P
= 1.000). We next investigated the association between postoperative delirium and
postoperative pain level and level of opioid dose separately for those at high vs. low
preoperative risk for delirium (Figure 2). Within the low risk group, those with both high
pain levels and receiving high dose opioid had an increased incidence of delirium vs. those
with low pain and receiving low dose opioid {OR = 3.97, 95% CI = 1.84–8.56, χ2(df=1) =
12.40, P = .0004}. Similarly, comparison of other combinations of pain and opioid dose in
the low risk group also had an increased incidence of delirium (low pain & high dose:
OR=2.60, 95% CI=1.31–5.17, χ2(df=1) = 7.44, P = .006; high pain & low dose: {OR=3.43,
95% CI=1.67–7.03, χ2(df=1) = 11.35, P = .0008}. In the patients with low preoperative risk,
we found that those with high postoperative pain or used high dose opioids had significantly
higher incidence of delirium compared to those with low pain and used low opioid dose
{OR = 3.28, 95% CI = 1.95–5.51, χ2(df=1) = 20.38, P < .0001}. Within the high risk group,
those with both high pain levels and receiving high dose opioid had an increased incidence
of delirium compared with those with low pain and receiving low dose opioid {OR = 2.61,
95% CI = 1.09–6.24, χ2(df=1) = 4.66, P = .031}, and also vs. those with high pain levels and
receiving low dose opioid {OR = 3.33, 95% CI = 1.30–8.56, χ2(df=1) = 6.26, P = .012}. In

1Overall, 46% of patients were found to have a history of any previous CNS disorders which included delirium (20%), dementia (2%),
depression (31%), current depression (14%), seizure (2%) and other CNS disorders (5%).
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addition, we found significantly higher delirium rate in the high pain and high opioid dose
group compared to those with low pain or used low opioid dose {OR = 2.90, 95% CI =
1.24–6.76, χ2(df=1) = 6.03, P = .014} (Figure 2).

Discussion
In contrast to previous studies which focused on identification of predictors for
postoperative delirium, our study assessed whether preoperative risk moderates the effect of
postoperative pain and opioid dose on postoperative delirium. Significantly higher incidence
of postoperative delirium was found among patients with one or more of the following
preoperative risk factors: 1) preoperative cognitive impairment, 2) a history of central
nervous system disorder, 3) a higher surgical risk level, 4) major spine or joint arthroplasty
surgery, and 5) female. This approach allows us to understand how postoperative pain and
opiate dose subsequently moderate the preoperative risk for postoperative delirium.

Comparison with previous studies
Numerous studies in the past have identified risk factors for delirium. Studies by Inouye et
al., and Marcantonio et al. did not separate preoperative and perioperative factors.
Furthermore, prior studies have not considered whether preoperative risk moderates the
association between postoperative pain control and delirium. This novel approach provided
evidence that some patients are more vulnerable to postoperative pain interventions. In older
patients, it has been shown that baseline vulnerability can modify the impact of precipitating
events on outcomes. 25 Our study uses the same conceptual framework that baseline
vulnerability increases the effect of precipitating events such as the presence of high
postoperative pain and opiate use on postoperative delirium.

In addition to the opioid effects on cognition as demonstrated in previous studies in healthy
volunteers who received parenterally administered opioids, 26–29 under-treated pain may
also be an alternative cause for postoperative delirium. 30 Our results expand upon earlier
findings. We found that the effect of postoperative pain and opioid doses on incident
delirium is not the same for all patients and that it differs depending upon preoperative risk
for delirium. Our results show that high pain and/or high opioid dose increased risk for
postoperative delirium in low risk patients. However, among high-risk patients, only the
combination of both high pain and high opioid dose increase the incidence of delirium
(shown in figure 1). It is possible that the vulnerability for developing delirium among
patients with high preoperative risk is sufficiently high that the additive effect of only one
postoperative risk (either high postoperative pain or high postoperative opioid doses) is not
detectable. However, the combination of both high postoperative pain and opioid doses
clearly increases risk for postoperative delirium among patients with high preoperative risk.
In fact, nearly three of four patients who fit this profile experienced postoperative delirium.
Taken together, data to date suggest that the interaction between pain and postoperative
analgesia on delirium occurrence warrants further investigation.

Generalizability of results
The overall rate of delirium of 40% reported in our study is comparable to previous studies
of older surgical patients undergoing major surgery. 2,11,31,32 Of note, even in the low risk
group in our study, the delirium rate was 26%, suggesting that in patients aged ≥ 65 years
and in the setting of major surgery, cognitive changes after surgery are common and should
be a major focus of continued research.

In comparison to the prediction models described by Inouye et al, in general medical
patients, and in the study by Marcantonio et al. in patients undergoing elective noncardiac
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surgery, the fit of both of these models was poor in our patient cohort when using predictors
identified by these two studies. 23,24 The differences in results may be due to patient
population and/or changing perioperative practice. For example, markedly abnormal
preoperative sodium, potassium or glucose levels are rare in our patients awaiting elective
surgery given the comprehensive preoperative patient evaluation and optimization by the
perioperative providers at our institution.

Clinical implications
Our present results provide a novel way to risk-stratify patients based on preoperative risk
and the associated effects of postoperative pain and opioids on postoperative delirium.
Figure 1 shows how the incidence for postoperative delirium is increased based on
preoperative risk predictors and moderating effects of the precipitating factors. Reducing the
incidence of delirium may involve multimodal therapy including the use of adjuvant
nonopioid analgesics 33 or regional techniques such as peripheral nerve blocks or epidural
analgesia as adjuvant approach to optimize pain control by decreasing opioid use to
ultimately minimizing the occurrence of postoperative delirium. Although intravenous
opioids have been the mainstay of managing acute postoperative pain, our study suggests
that for patients identified to be at high risk for postoperative delirium, a more innovative
way of managing postoperative pain may include the complete avoidance of intravenous
opioids if regional analgesia such as postoperative nerve blocks or epidural analgesia is
feasible and indicated. Importantly, special attention should be given to the high-risk
patients because their preoperative risk makes them particularly vulnerable for the
development of postoperative delirium. Therefore, additional risk associated with
postoperative pain and opiates use makes delirium an almost certain outcome in this group.

In fact, a recent study from Scandinavia in patients undergoing elective knee or hip
arthroplasty showed that postoperative delirium was completely avoided when a multi-
modal analgesic regimen was used with “minimal amount” of opioids 34 Clearly, results
from this study will need further confirmation by future studies including the use of a proper
control group. However, the results are suggestive that innovative postoperative pain therapy
with opioid-sparing capability may lead to better cognitive outcomes.

Potential limitations
We focused on measuring delirium in the early postoperative period, as subjects in this
investigation were included in a larger study examining perioperative management and
delirium. As a result, incidents of later onset delirium may have been missed. Furthermore,
these later onset cases may have different etiologies. Additionally, focusing on the early
postoperative period may have accentuated the effects of acute surgical pain and opioids on
postoperative delirium. Although we have described an association between postoperative
opioids use, pain scores, and postoperative delirium, we cannot determine the mechanism as
to how these factors interact to precipitate postoperative delirium. Future investigations are
needed to determine the precise relationship.

We used the Confusion Assessment Method as a screening tool for delirium because of its
documented high sensitivity and specificity when compared with the DSM criteria.
However, without a psychiatrist’s diagnosis or the use of a more thorough standardized scale
such as the Delirium Rating Scale, we can only conclude that the reported incidence of
delirium was only based on a screen and not a from a formal diagnostic test.

The use of a subjective instrument in measuring pain such as the numerical rating scale may
pose substantial limitation in subjects with perceptual disturbance such as postoperative
delirium, as the validity of the assessment is uncertain. Although we previously
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demonstrated that patients who were delirious were equally consistent in their reports of
resting pain evaluation than those who were not delirious, 9 future investigations to evaluate
the validity of numerical rating scale in patients with postoperative delirium are clearly
indicated given the assessment challenges in patients with cognitive impairment. 35

In addition, TICS is not sensitive to measuring mild cognitive impairment, 36 therefore, we
were not able to determine the association between preoperative mild cognitive impairment
and risk for delirium.

Finally, we used the 10 fold cross-validation to assess the accuracy of our final model. The
lack of a separate external cohort for validation of the model is a potential limitation and the
incorporation of which should be considered in future investigations.

Summary
In summary, in an elderly surgical cohort, we found that the highest incidence of delirium
occurred in patients who had high preoperative risk for delirium, and also experienced high
postoperative pain and used high opioid doses postoperatively. The effects of high levels of
postoperative pain and/or using high postoperative opioid doses on the development of
postoperative delirium differed for those at high versus low preoperative risks. Therefore,
optimizing methods of postoperative pain control is an important clinical goal in older
patients at risk for postoperative delirium, particularly in those identified to be at high
preoperative risk.
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Figure 1. The interaction of preoperative risk predictors and postoperative pain and opioids on
postoperative delirium
Low risk is defined when patients have 3 risk points or fewer and high risk with 4 or more
risk points.
The risk points are defined by giving 1 point to each of the independent risk factors
identified in the model where:
Female gender = 1 point
A history of central nerve system disorder = 1 point
Preoperative TICs score (<30 = 2 points, 30–35 = 1 point, and >35 = 0 point)
Surgical risk (high = 1 point, low or intermediate = 0 point)
Surgery type (orthopedic and spine surgery = 1 point, others = 0 point)
TICS = telephone interview of cognitive status, CNS = central nervous system, mod =
moderate
See text for details.
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Figure 2. Delirium Rate by Preoperative Risk Group, Pain, and Opioid
The incidence of postoperative delirium (%) is shown, stratified by whether the patients
were in the low vs. high preoperative risk categories. A logistic regression was performed in
each preoperative risk group. Comparisons were made on the effects of different
combinations of pain status and opioid doses on incident delirium. The reference group for
this comparison was patients with low pain and low opioid dose, within each risk category.
The test statistics and P-values are as follows:
P1: χ2(df=1) = 12.40, P = .0004. P2: χ2(df=1) = 0.87, P = .350. P3: χ2(df=1) = 0.10, P = .752.
P4: χ2(df=1) = 4.66, P = .031. P5: χ2(df=1) = 3.20, P = .074. P6: χ2(df=1) = 6.26, P = .012.
POD = postoperative day, NRS = numerical rating scale of pain assessment
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