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Abstract

Purpose: Delirium is a common complication in postoperative critically ill patients. Although

abnormal melatonin metabolism is thought to be one of the mechanisms of delirium, there have

been few studies in which the association between alteration of perioperative plasma melatonin

concentration and postoperative delirium was assessed.

Materials: We conducted a prospective observational study to assess the association of

perioperative alteration of plasma melatonin concentration with delirium in 40 postoperative

patients who required intensive care for more than 48 hours. We diagnosed postoperative

delirium using CAM-ICU and measured melatonin concentration 4 times (before the operation as

the preoperative value, 1 hour after the operation, POD 1 and POD 2).

Results: Postoperative delirium occurred in 13 (33%) of the patients. Although there was no

significant difference in preoperative melatonin concentration, delta melatonin concentration at 1

hour after the operation was significantly lower in patients with delirium than in those without

delirium (-1.1 vs. 0 pg/ml, p=0.036). After adjustment of relevant confounders, delta melatonin

concentration was independently associated with risk of delirium (odds ratio; 0.50, p=0.047).

Conclusions: Delta melatonin concentration at 1 hour after the operation has a significant

independent association with risk of postoperative delirium.



Introduction

Delirium is a common complication in postoperative critically ill patients1’ 2. Delirium
appears to be correlated with increased rates of morbidity, mortality and long-term cognitive
impairment®. Despite its importance, the etiology and pathophysiology of postoperative delirium

are still not fully understood*.

Melatonin is a hormone produced and secreted by the pineal gland. In postoperative
patients, melatonin concentration may decrease®” and lose its circadian variation® . Such an
abnormal melatonin metabolism or production is thought to be one of the mechanisms of

9.10, However, there have been few studies in which the association of

postoperative delirium
decrease in plasma melatonin concentration with delirium was assessed.

We therefore conducted a prospective observational study to assess the association of
perioperative alteration of plasma melatonin concentration with delirium in postoperative patients.
Our null hypothesis is that there is no significant association between delta plasma melatonin

concentration from the preoperative value and delirium that develops within 48 hours after the

operation.



Materials and Methods

Study design

This study was a prospective observational investigation conducted in a tertiary teaching

hospital with 22 beds in the ICU. The study was approved by the Human Research Ethics

Committee of Okayama University Hospital. Written informed consent was obtained from all

patients.

Patients

Patients over 20 years of age who had undergone elective surgery with general

anesthesia and were expected to require postoperative intensive care for more than 48 hours

were included. This study was conducted from April 1, 2010 to January 31, 2011. Exclusion

criteria were emergency surgery, cardiopulmonary bypass surgery and brain surgery, history of

psychosis and dementia, history of or current substance drug/alcohol abuse and vision or

hearing impairment.

The decision for discharge from the ICU was made by attending physicians, who were

blinded to the results of CAM-ICUs and plasma melatonin concentrations, when a patient's

physiologic status had stabilized and the patient was free from 1) requirement of mechanical

ventilation or risk of re-intubation, 2) requirement of inotropic support or hemodynamic instability

and 3) requirement of renal replacement therapy. Patients discharged from the ICU within 48



hours were excluded from this study.

Diagnosis of postoperative delirium

One trained physician (S.Y.) performed five assessments of delirium using CAM-ICU at

1 hour after the operation and at 8 AM and 5 PM on postoperative day (POD) 1 and POD 2

(Appendix 1). We defined patients with delirium as those with positive CAM-ICU in at least one of

the 5 assessments.

Measurements of plasma melatonin concentration

We collected blood samples for measurements of plasma melatonin concentrations at

1) 8 AM before the operation as the preoperative value, 2) 1 hour after the operation, 3) 8 AM on

POD 1 and 4) 8 AM on POD 2 (Appendix 1). Plasma was separated by centrifugation and stored

at -30 °C in a polypropylene tube until the time of assay. Plasma melatonin concentrations were

measured with a melatonin radioimmunoassay kit (Buhlmann Laboratories AG, Allschwil,

Switzerland) (referential standard value in the morning: 2.8-5.6 pg/ml).

Then delta plasma melatonin concentration from the preoperative value in each

measurement was calculated (A melatonin 1 hour, A melatonin POD 1, and A melatonin POD 2).

Light exposure in the ICU



Between 6 AM and 9 PM, all patients remained in standard artificial light from 300 Ix to

750 Ix. Between 9 PM and 6 AM, the patients remained quiet in bed with the television off and

lights off unless it was necessary for assessment of vital signs and treatment (Appendix 1).

Sedation during mechanical ventilation

Patients who required postoperative mechanical ventilation were sedated using

continuous propofol infusion of 1 to 3 mg/kg/h as long as necessary by the treating physician.

None of the patients were given any benzodiazepines during mechanical ventilation.

Standard anesthesia

No premedication was given to any of the patients. Anesthesia was induced with

propofol at 1-2 mg/kg, rocuronium at 0.6 mg/kg and fentanyl at 1-2 ug/kg or remifentanil at

0.3-0.5 yg/kg/minutes to facilitate tracheal intubation. Anesthesia was maintained by sevoflurane

inhalation or propofol infusion with fentanyl and/or remifentanil. When epidural anesthesia was

used, the epidural catheter was inserted preoperatively and a preemptive dose of local

anesthetic was given before the surgical incision. Patients without epidural anesthesia received

intravenous patient-controlled morphine infusion programmed to deliver morphine boluses of 1

mg with a lockout time of 10 min.

Patients’ demographics



We obtained data for patients’ demographics including age, sex, acute physiology and

chronic health evaluation (APACHE) Il score'', Charlson comorbidity index'?, use of

postoperative epidural analgesia, requirement of postoperative mechanical ventilation, operation

categories, intraoperative blood loss and length of ICU stay.

Statistical analysis

The primary outcome was postoperative delirium. We separated patients with and

without delirium. Demographic variables and delta melatonin concentrations were summarized

using proportions or medians (interquartile ranges) as appropriate and compared using the chi

square test and Wilcoxon rank-sum test.

Since a 100% increase of melatonin concentrations from the morning values is seen in

the natural circadian rhythm in preoperative patients ® and since the average preoperative

melatonin concentration was 2.0 pg/ml in our pilot observations, we considered a difference of

2.0 pg/ml in delta melatonin concentration to be meaningful. To calculate the sample size for the

current study, assuming a standard deviation of 2.0 pg/ml, an incidence of delirium of 30%, a

power of 0.80, and an a level of 0.05, 40 participants were required.

To determine independent contribution of delta melatonin concentration to the

prediction of postoperative delirium, we constructed multivariate models using potential

predictors of delirium (criteria for inclusion at p=0.1). Results from the multivariate models were



shown using odds ratios with 95% confidence intervals. We determined model calibration using

the Hosmer-Lemeshow test for goodness of fit. We tested for multicollinearity using the variance

inflation factor. All variance inflation factors were less than 5, indicating absence of severe

multicollinearity.

P values of less than 0.05 were considered statistically significant. All statistical

analyses were performed using commercially available statistical software (SPSS 19.0, SPSS

Inc., Chicago, IL). Data were reported in accordance with the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) guidelines'®.



Results

We screened 66 candidates for enrollment. Among those 66 patients, there were 4

patients who declined to participate. We obtained written informed consent for participation from

the remaining 62 patients. We excluded 22 patients, including one patient who canceled

operation and 21 patients who did not require postoperative intensive care for more than 48

hours. Finally, 40 patients were included in this study, and all of them completed the study to

follow-up (Fig. 1).

Postoperative delirium occurred in 13 (33%) of the patients. In those 13 patients, CAM-ICU was

positive 2.6 per 5 assessments on average. Table 1 shows demographics of the patients with

and without delirium. APACHE Il score was significantly higher in patients with delirium

(p<0.001). Patients with delirium tended to be older (p=0.083), have less frequent use of epidural

analgesia (p=0.059) and more frequently require postoperative mechanical ventilation (p=0.059),

and have a longer operation (p=0.07) than patients without delirium. The times of the start and

end of the operation were not significantly different between the two groups (p=0.21 and 0.22,

respectively).

The duration of mechanical ventilation was not significantly different between patients

with and those without delirium (p=0.35). In patients with delirium, 5 of 9 patients (55.6%) were

extubated from ventilation during a period of 48 hours after the operation, and this percentage



was not significantly different from that (70%, 7 of 10 patients) in patients without delirium

(p=0.81). There was no patient who required re-intubation during the study period. Among

patients who required mechanical ventilation, 17.8% of assessments could not be performed in

patients with delirium because of deep sedation. This was not significantly different from the

percentage (12.0%) in patients without delirium (p=0.56).

In patients with delirium, 30.8% (n=4) were administered anti-delirium drugs

postoperatively (2: intravenous haloperidol in the ICU, 1: enteral quetiapine in the ICU and 1: oral

lorazepam in the ward) and this percentage was significantly higher than that (0%) in patients

without delirium. These drugs were administered after the study period.

The median preoperative plasma melatonin concentration in patients with delirium was

1.7 pg/ml, which was not significantly different from the median concentration of 1.2 pg/ml in

patients without delirium (p=0.46). Table 2 shows a comparison of delta melatonin

concentrations in patients with delirium and patients without delirium. The A melatonin 1 hour

was significantly lower in patients with delirium than in patients without delirium (-1.1 vs. 0 pg/ml,

p=0.037). There was no significant difference in A melatonin POD 1 or A melatonin POD 2 (A

melatonin POD 1: -0.3 vs. 0.9 pg/ml, p=0.08; A melatonin POD 2: 0.6vs. 0 pg/ml, p=0.21). There

was no significant difference in blood sampling time at 1 hour after the operation between the

two groups (p=0.23).



Since age, APACHE Il score, postoperative epidural analgesia, postoperative

mechanical ventilation and operative duration may confound the association of A melatonin 1

hour with delirium, we performed multivariate analysis to assess their independent associations

with risk of delirium. Even after adjustment for these relevant variables, A melatonin 1 hour was

independently associated with postoperative delirium (Table 3). This model was a good fit for

data (Hosmer- Lemeshow: p=0.90). There was no independent association of A melatonin POD

1 or A melatonin POD 2 with delirium (A melatonin POD 1: adjusted odds ratio=0.79 (95%CI:

0.55-1.14), p=0.21; A melatonin POD 2: adjusted odds ratio=1.05 (95%CI: 0.96-1.15), p=0.29).



Discussion

Main findings

This study was a prospective observational study to assess the association of

perioperative alteration of plasma melatonin concentration with delirium in postoperative patients

who required intensive care for more than 48 hours. Postoperative delirium diagnosed using

CAM-ICU occurred in thirty-three percent of the patients. Although preoperative melatonin

concentration was not significantly different, delta melatonin concentration at 1 hour after the

operation was significantly lower in patients with delirium than in patients without delirium. Even

after adjustment for relevant confounders, delta melatonin concentration at 1 hour after the

operation was independently associated with risk of postoperative delirium.

Limitations of the study

This study has several limitations. First, this was an observational study in nature, and

thus our findings showed an association but not a causality link. Our study, however, might have

a potential to generate a hypothesis for establishing methods to prevent and/or treat

postoperative delirium.

Second, this was a small single-center study with a chance of a type | error and weak

generalizability. Although the study was conducted according to power analysis, our findings



should be confirmed or refuted by future studies.

Third, our study was conducted for only 48 hours, which might be too short to
observe the development of postoperative delirium' '°. Thus, observation for a longer period
should be conducted in a future study. However, it should be noted that a significant association
of alteration of melatonin concentration was found at 1 hour after the operation but not on POD 1
or POD 2. In this regard, a postoperative period of 48 hours may have been sufficient for the
current study.

Fourth, we included a heterogeneous population of subjects who underwent a variety
of surgical procedures, which may have resulted in different modifications of melatonin
concentrations by stress response7. However, we found no significant difference in the type of
operation between patients with delirium and those without delirium. Thus, the variety of
operation may not have biased our findings.

Fifth, we used delta plasma melatonin concentrations from the preoperative value, not
raw plasma melatonin concentrations. We decided to use delta since we assumed that
preoperative melatonin values (8 AM before the operation) might vary among patients. We
performed sensitive analysis to confirm whether our results using delta could be seen in raw
values as well (appendix 2). Even using raw values, melatonin concentration at 1 hour after the

operation was significantly lower in patients with delirium than in patients without delirium



(p=0.011).

Sixth, we included both patients with postoperative mechanical ventilation and those
without postoperative mechanical ventilation, which might have affected the accuracy of
diagnosis of delirium and confounded our findings. However, we used CAM-ICU for diagnosis of
delirium in all study patients because it has been recommended for use in not only verbal
patients16 but also nonverbal mechanically ventilated patients”. Among patients who required
mechanical ventilation, there was no significant difference in duration of mechanical ventilation
or rate of extubation during the study period between patients with and those without delirium.
Then, we reported an independent association of A melatonin 1 hour with delirium even after
adjusting its effect. Nonetheless, our findings should be confirmed in a larger study in which
subgroup analysis between patients with mechanical ventilation and those without mechanical

ventilation can be performed.

Seventh, we excluded 22 patients who stayed in the ICU for less than 48 hours. Although
this pre-planned exclusion criterion was for excluding patients who were admitted to the ICU but
were not critically ill, this might have let to selection bias and skewed our results. However, our
policy of ICU discharge is based on the patients’ condition, and physicians who decided
discharge from the ICU were blinded to the results of CAM-ICUs and plasma melatonin

concentrations. In this regard, our exclusion criterion is unlikely to lead selection bias.



Finally, the timing of melatonin measurements might have affected our findings, since

melatonin concentration has a circadian rhythm and nocturnal peak'® '®. However, there were no

significant differences in blood sampling time at 1 hour after the operation, start and end time of

operation between patients with delirium and those without delirium. Thus, the timing of

measurements was unlikely to have biased our findings.

Prior findings related on the association of plasma melatonin concentration with

postoperative delirium

So far, there have been two studies in which the relationship between plasma melatonin

concentration and postoperative delirium was investigated. Miyazaki et al. studied 41

post-thoracic esophagectomy patientszo. They defined delirium using their original criteria. The

plasma melatonin concentration in patients with ICU-psychosis tended to be low on POD 1 but

did not reach significance (p=0.27). Shigeta et al. studied 29 patients after major abdominal

surgery21. They diagnosed delirium using CAM-ICU. They found no significant association

between plasma melatonin concentration on POD 2 and incidence of postoperative delirium.

In our study, a significant association of delta melatonin concentration with delirium was

observed at 1 hour after the operation. This association was weakened on POD 1(p=0.08) and

disappeared on POD 2. Thus, our findings and the results of the two previous studies suggest



that the predictability of plasma melatonin concentration for postoperative delirium depends on

the timing of monitoring and is stronger in the period immediately after the operation.

Interpretation of our findings

Melatonin is a hormone produced and secreted by the pineal gland. In the
postoperative period, melatonin concentration has been reported to decrease *7 and lose its
circadian variation® ®. There are several possible explanations for the association of decrease in
melatonin concentration with risk of later delirium.

First, decrease in melatonin concentration might be a sign of the severity of iliness.
Severity of illness score has been reported to correlate negatively with nocturnal melatonin
concentration in patients with severe sepsis22 and it has also been reported to be a significant
precipitating risk factor for postoperative delirium?.

Second, decrease in melatonin concentration might be a sign of the aging process. In
the course of aging, the nocturnal peak usually decreases with considerable interindividual
variability24, and it is notable that age is one of the most frequently cited predisposing factors for
postoperative delirium?.

Third, administration of propofol for patients receiving postoperative mechanical

ventilation might lower melatonin concentration and contribute to an increase in the risk of



delirium. Propofol has been shown to positively modulate gamma-aminobutyric acid (GABA)

type A receptor function, which had interplay with the melatonergic systemzs.

Fourth, decreased melatonin secretion in the postoperative period might trigger sleep

disturbances and subsequent postoperative disruption of the sleep-wake cycle, which in turn

may contribute to the development of delirium?. It should be noted that decrease in melatonin

concentration was independently related to the risk of delirium even after adjustment for severity

of illness, age and requirement of mechanical ventilation. Nonetheless, it should be noted that

our results did not suggest any causality link between melatonin concentration and delirium.

Finally, there might be another unknown mechanism or any combination of the above

mechanisms.

Conclusions

In the current study conducted in postoperative patients who required intensive care for

48 hours, the reduction of plasma melatonin concentration at 1 hour after the operation from the

preoperative value was significantly larger in patients with delirium than in those without delirium.

Further study is needed to confirm or refute our findings.

Acknowledgement: The current trial was registered at ClinicalTrials.gov (NCT01570881).
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Table 1. Comparison of demographics of patients with and without delirium.

Patients Patients Total
Characteristic with delirium without delirium p-value
(n=13) (n=27) (n=40)
Age (y) 73 (63, 77) 64 (57, 73) 0.083 65 (60, 74)
Sex (Male) 11 (85%) 22 (81%) 0.81 33 (83%)
APACHE Il score 18 (16, 21) 13 (12, 16) <0.001 15 (13, 17)
Charlson comorbidity index 2(1,2) 2(1,3) 0.58 2(1,2)
Postoperative epidural
4 (31%) 17 (63%) 0.059 21 (53%)
analgesia
Operation categories
Gastrostomy 1(7.7%) 2 (7.4%) 0.54 3 (7.5%)
Esophageal reconstruction 2 (15.4%) 4 (14.8%) 0.67 6 (15%)
Esophagectomy 4 (30.8%) 4 (14.8%) 0.45 8 (20%)
Pancreaticoduodenectomy 0 (0%) 5 (18.5%) 0.25 5(12.5%)
Liver resection 1(7.7%) 1(3.1%) 0.82 2 (5%)
Lung resection 0 (0%) 4 (14.8%) 0.39 4 (10%)
Laryngectomy 5 (38.5%) 6 (22.2%) 0.48 11 (27.5%)
Spinal surgery 0 (0%) 1(3.1%) 0.71 1(2.5%)
Operation time (min) 530 (412, 643) 401 (303, 537) 0.07 416 (331, 611)
Intraoperative blood loss (ml) 430 (300, 575) 420 (230, 825) 1.00 425 (276, 814)
Postoperative
mechanical ventilation 9 (69%) 10(37%) 0059 19 (48%)
S}‘;ﬁ:’r:cj ventilation (hours)  88(177.624) 163(137,1185) 037 351 (149,62.7)
Length of ICU stay (days) 3(3,7) 3(2, 6) 0.38 3 (2, 6)

Results are shown as median, 25% and 75% quartiles, or number and proportion. Statistical

analysis was performed for comparison of patients with delirium and patients without delirium.

ASA: American Society of Anesthesiologists, APACHE: acute physiology and chronic health

evaluation, ICU: intensive care unit



Table 2. Comparison of delta melatonin concentrations in patients with and without delirium.

Patients Patients

delta melatonin
with delirium without delirium p-value

concentration (pg/ml)

(n=13) (n=27)
A melatonin 1 hour -1.1(-1.7,0.2) 0(-0.8, 3.1) 0.036
A melatonin POD 1 -0.3 (-1.7,0.5) 0.9 (-0.1, 3.1) 0.08
A melatonin POD 2 0.6 (0, 2.6) 0 (-0.9, 1.5) 0.21

Results are shown as median, 25% and 75% quartiles. Statistical analysis was performed for
comparison of patients with delirium and patients without delirium.

POD: postoperative day



Table 3. Multivariate logistic regression analysis for postoperative delirium.

Variables odds ratio (95% Cl) p-value
Age 1.18 (1.02, 1.36) 0.03
APACHE Il score 1.76 (1.09, 2.85) 0.022
Postoperative epidural analgesia 0.27 (0.02, 3.55) 0.32
Postoperative mechanical ventilation 14.1 (0.38, 519.2) 0.15
Operative duration 1.00 (0.99, 1.01) 0.83
A melatonin 1 hour 0.50 (0.26, 0.99) 0.047

95%CI: 95% confidence interval



Figure 1.

66 patients screened
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4 declined to participate
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62 gave informed consent
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40 patients enrolled
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13 developed delirium
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27 did not develop delirium




Figure legends

Figure 1. Study flow chart.
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