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Abstract
Objectives/Background: Sleep disruption is prevalent 
in older patients. No previous studies have considered 
the impact of surgery duration or surgery end time of 
day on postoperative sleep disruption. Accordingly, we 
examined the duration of surgery and surgery end times for 
associations with postoperative sleep disruption.

Methods: Inclusion criteria were patients ≥ 65 years of age 
undergoing major, non-cardiac surgery. Sleep disruption 
was measured by wrist actigraphy and defined as wake after 
sleep onset (WASO) during the night, or inactivity/sleep 
time during the day. The sleep opportunity window was set 
from 22:00 to 06:00 which coincided with “lights off and on” 
in the hospital. WASO during this 8-hour period on the first 
postoperative day was categorized into one of three groups: 
≤ 15%, 15-25%, and > 25%. Daytime sleep (inactivity) during 
the first postoperative day was categorized as ≤ 20%, 20-
40%, and > 40%. Statistical analyses were conducted to 
test for associations between surgery duration, surgery end 
time and sleep disruption on the first postoperative day and 
following night.

Results: For this sample of 156 patients, surgery 
duration ≥ 6 hours and surgery end time after 19:00 were 
not associated with WASO groups (p = 0.17, p = 0.94, 
respectively). Furthermore, daytime sleep was also not 
affected by surgery duration or surgery end time (p = 0.07, 
p = 0.06 respectively).

Conclusion: Our hypothesis that patients with longer 
duration or later-ending operations have increased 
postoperative sleep disruption was not supported. Our 
results suggest the pathophysiology of postoperative sleep 
disruption needs further investigation.
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ORigiNaL iNveSTigaTiON

Check for
updates

Introduction
Although all the functions of sleep are still unknown, 

sleep is necessary to maintain our overall health [1]. 
Wakefulness in the daytime and sleep at night are 
normally expected, but humans can experience a bi-
modal sleep pattern, with the major peak during the 
night and a smaller peak or nap in the afternoon [2]. 
Normally, adults sleep 7 to 9 hours, awaken 2 to 6 times 
during the night, and spendless than 10% of total sleep 
time awake after initial sleep onset [3]. However, sleep 
patterns also change with aging, resulting in more wake 
time and lower sleep efficiency [1].

Sleep disruption can affect vital regulatory processes 
such as metabolic and immune function [4], resulting 
in slower postoperative recovery, particularly in 
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and more daytime inactivity on the first postoperative 
day compared to patients with shorter or earlier 
completion of surgery.

Materials and Methods

Study design
This is a secondary analysis of a prospective cohort 

study conducted at the University of California, San 
Francisco Medical Center and San Francisco Veteran 
Affairs Medical Center investigating the association 
between sleep and postoperative delirium in older 
adults. The study received IRB approval and all 
participants provided written and informed consent.

Inclusion/exclusion criteria
The study recruited patients aged ≥ 65 years, 

undergoing major elective non-cardiac surgery with 
general anesthesia who were also fluent in English, 
had an anticipated hospital length of stay of two nights 
or longer, and able to understand and consent for the 
study. Exclusion criteria included a history of restless 
leg syndrome, periodic limb movement disorder, or 
obstructive sleep apnea.

Data collection
To assess sleep and wake time, patients received 

the Philips Actiwatch 2 (Philips Respironics, Murrysville, 
Pennsylvania) in person or by mail and were instructed 
to wear the actigraph for at least two days and nights 
before their surgery date. The actigraph was removed 
beforethe patient went into the operating room 
and placed back on the patient after surgery before 
discharge from the post anesthesia care unit. Starting 
from the night immediately after surgery, patients 
wore the actigraph for at least two days and nights 
postoperatively, after which the actigraph was retrieved 
by a trained research assistant. The timeline of when 

vulnerable older surgical patients. Sleep disruption may 
be the result of a variety of factors, including pain and 
hospital environment-related factors such as noise and 
light exposure from procedures or intensive monitoring 
during the night [5].

Furthermore, sleep disruption can affect 
postoperative outcomes. Our prior study demonstrated 
that preoperative sleep disruption measured by wrist 
actigraphy was associated with postoperative delirium 
[6]. Another study of 110 patients undergoing unilateral 
total knee replacement surgery showed that patients 
who had more sleep disruptions and greater pain 
levels during the first month after surgery reported 
more functional limitations three months after surgery, 
affecting recovery [7]. Therefore, exploring factors that 
contribute to postoperative sleep disruption in older 
patients is a crucial first step toward implementing 
effective strategies to promote a more rapid recovery 
and better health outcomes.

Past studies have examined the impact of hospital 
environment [5], type of surgery [8], and mode of 
anesthesia [9] on postoperative sleep disruption. 
Specifically, patients’ pain levels and noise from 
neighboring patients and nursing staff [5] have been 
cited as one of the factors contributing to postoperative 
sleep disturbance. However, no research has yet 
examined the impact of surgery duration orend time on 
postoperative sleep-in older patients. Specifically, long 
and/or late-ending surgeries may alter the patient’s 
circadian rhythms and disrupt postoperative sleep 
or daytime activity. Accordingly, our study aimed to 
examine the effects of surgery durationand end time of 
day on postoperative sleep during the first postoperative 
day and following night. We hypothesized that patients 
with longer or later-ending surgeries would have more 
wake time during the night of the first postoperative day 
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Figure 1: Timeline of events.
*: Days of interest
PRE: Preoperative Day; ICU: Intensive Care Unit; POD: Postoperative Day
Sleep was examined on the day and night closest to the date of surgery, and on the day and night of the first postoperative 
day. 
Note: Surgery start and end times varied for each patient. For patients with late surgery end times, the research assistant 
gave the watch to the nurse in the post anesthesia care unit, who would then place the watch back on the patient. 
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the patient was sleeping. For these cases, analysis 
settings were adjusted in different combinations, such 
as high or automatic wake threshold and one or five 
minutes of immobility for sleep onset and offset, for 
the software to score sleep. Of these seven cases, sleep 
was not captured for three cases despite adjusting the 
analysis settings. There was also one patient who slept 
on all other nights except the night prior to surgery. In 
total, for the four patients who did not sleep the night 
before or after surgery, %WASO was imputed to 100%. 
A sensitivity analysis was done excluding these four 
patients to determine if results would differ.

Demographics, pre-operative sleep, and surgical 
characteristics

The patient’s medical record was used to obtain 
demographic characteristics of age, gender and race, 
as well as surgery characteristics that included type 
(general, major joint and spine), surgery end time (after 
19:00), surgery duration (≥ 6 hours). Admissions to the 
intensive care unit on the first postoperative day were 
also noted. Post-operative pain (≤ 5) was self-reported 
by the patient during an in-person assessment on 
the first postoperative day. Pre-operative WASO was 
calculated from the software as described above forthe 
night closest to the surgery date between 22:00 to 6:00. 
Similarly, pre-operative daytime inactivity/sleep during 
the day closest to the surgery date between 6:00 to 
22:00 was calculated as described above.

Statistical analysis
Frequencies and percentages were used to 

describe the sample’s demographic, surgical, and 
sleep characteristics. Chi-square tests were computed 
to assess the association between demographic, pre-
operative sleep, and surgical characteristics associated 
with the sleep disruption variables. Fisher’s exact test 
was used in cases of expected cell frequencies < 5. All 
analyses were conducted in R version 4.0.4. Statistical 
significance was set at p < 0.05.

Results
Of 229 patients who consented to participate in 

the study, 73 patients were excluded for a variety of 
reasons (Figure 2), including surgery cancellation, early 
discharge, non-adherence with wearing the actigraph, 
or data corruption (Figure 2). Therefore, participants 
for this analysis included 156 elective surgical patients 
recruited as part of the parent study to determine 
postoperative delirium in older adults.

The patients’ demographic and surgical 
characteristics are shown in Table 1. Two-thirds of 
patients were 75 years of age or older, 54% were male, 
and 76% self-identified as Caucasian. General surgery 
was the most common surgery type (49%) followed by 
spine surgery (36%) and joint arthroplasty (15%). One-
third of patients had surgical durations of 6 hours or 

the actigraph was worn and the periods included in the 
analysis is shown in Figure 1.

Data from the wrist actigraph were uploaded 
for analyses onto the Philips Respironics Actiware 
Software (Version 6.0.9, 2020). Actigraphy data were 
dichotomized as night (22:00 to 06:00) and day (06:00 
to 22:00) to reflect the hospital’s routine practice 
with “lights out” at 22:00 and vital sign assessments 
beginning at 06:00 for elective surgical patients. To 
obtain actigraphy values, trained research assistants 
used the auto scoring default algorithm provided by the 
Actiware software (Version 6.0.9, 2020) to minimize any 
researcher sleep scoring bias.

Measures
Nighttime sleep: Rest intervals were set from 22:00 

to 6:00 every night for each patient, from which the 
Actiware software’s (Version 6.0.9, 2020) algorithm 
generated sleep intervals and numerical sleep output 
values. Actigraphy values for night time sleep were 
obtained from the Actiware software’s sleep interval. 
Sleep disruption was estimated with actigraphy values 
for the percentage of wake after sleep onset (WASO) 
between 22:00 and 06:00 during the night of the first 
postoperative day. WASO was categorized into three 
groups based on the Pittsburgh Sleep Quality Index 
scoring algorithm [10]: ≤ 15%, 15-25%, and > 25%. 
WASO ≤ 15% indicates minimally disrupted sleep, and 
> 25% indicates moderately to highly disrupted sleep.

Daytime inactivity/sleep: Daytime inactivity 
recorded by the actigraph was used as a measure to 
estimate daytime sleep on the first postoperative day 
from 6:00 to 22:00. Daytime inactivity in the Actiware 
software, designated in the active interval as sleep time, 
reflects the total number of epochs scored as sleep or 
inactive from 6:00 to 22:00. To evaluate the potential 
impact of surgery duration and end time of day on 
daytime inactivity/sleep, the percentage of sleep time or 
inactivity from 06:00 to 22:00 on the first postoperative 
dayprovided by the Actiware software was examined. 
Percentage of daytime inactivity was divided into tertiles 
based on daytime inactivity measured pre-operatively 
in our patient cohort: ≤ 20%, 20-40%, and > 40%, based 
on their pre-operative daytime inactivity.

Actigraphy analysis settings
The analysis settings were set at medium wake 

threshold and ten minutes of immobility for sleep onset 
and offset, with epoch lengths of either 30 seconds or 
60 seconds. Consecutive epochs of inactivity for two or 
more hours during the daytime were excluded under 
the assumption that the watch was not being worn. 
Trained research assistants also visually examined the 
actograms to ensure the software’s algorithm properly 
captured sleep. Upon visual examination, there were 
seven cases where the software algorithm did not score 
sleep for multiple consecutive nights when it was evident 
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longer; most surgical procedures ended before 19:00 
while 11% ended after. About 70% of patients reported 
having a pain level > 5 after surgery. Only 4% were 
admitted to intensive care postoperatively.

Before surgery, 54% of patients had ≤ 15% WASO and 
only 17% experienced moderately or highly interrupted 
night sleep (> 25% WASO). Postoperative WASO was 
similar, with 60% of patients experiencing ≤ 15% WASO 
and 16% of the patients experiencing > 25% WASO. 
Preoperatively, only 21% of the patients spent > 40% 
of the day inactive or sleeping, compared to the first 
postoperative day when the majority (65%) of patients 
spent > 40% of the day inactive or sleeping.

Table 2 shows patient and surgery characteristics 
stratified by WASO sleep disruption group on the night 
of the first postoperative day. Surgery duration and end 
time were not associated with WASO. Age, gender, race, 
postoperative pain level, intensive care unitadmission, 
surgery type, and preoperative %WASO were not 
significantly associated with postoperative WASO.

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patients recruited, screened, 
consented, and given wrist 

actigraphy (n = 229) 

Patients with complete sleep data 
pre- and post-surgery 

(n = 156) 

 Declined after consenting (n = 6) 
 Surgery canceled (n = 6) 
 Early discharge; no data first post-operative night (n = 15) 
 Non-adherence with wearing actigraphy device (n = 7) 
 Data corruption/retrieval (n = 7) 
 No pre-operative sleep data available (n = 6) 
 No post-operative day 1 (POD1) sleep data available (n = 

26) 

Figure 2: Study participant’s flow chart.
Of 229 patients initially recruited, 73 were excluded due to later declining to participate, surgery cancellation, early discharge, 
nonadherence with wearing the actigraph, data corruption, or no available preoperative or postoperative sleep data. Our study 
has a total sample size of 156 patients.

Table 1: Patient demographics and surgery characteristics.

Patient Characteristics (N  =  156)
Age (% 75+) 67%

Gender (% Male) 54%

Race (% White) 76%

Surgery Characteristics
Surgery type 

   General (%) 49%

   Spine (%) 36%

   Major joint arthroplasty (%) 15%

Surgery duration (% 6 hours or more) 32%

Surgery end time (% 19:00 and later) 11%

Postoperative Events
Postoperative Pain(% ≤ 5) 31%

Admission to Intensive Care Unit (%) 4%

Sleep Characteristics
Preoperative % WASO 
≤ 15% 54%
15-25% 29%

> 25% 17%
Preoperative % day sleep
≤ 20% 22%
20 to 40% 57%
> 40% 21%
Postoperative % day sleep
≤ 20% 7%

WASO: Wake After Sleep Onset.
This table illustrates the demographics, surgery, and sleep 
characteristics of our sample. 

20 to 40% 28%
> 40% 65%
Postoperative % WASO
≤ 15% 60%
15-25% 24%
> 25% 16%
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Discussion
In this study, postoperative sleep disruption was 

common as shown by many awakenings at night, but 
similar to our prior findings [6], preoperative sleep 
disruption was also prevalent in this cohort, confirming 
similar observations from our previous study. Possible 
explanations for disrupted sleep may include pain, 
anxiety, or other more chronic symptoms such as 
depression or insomnia. Our results show that surgery 
duration and surgery end time was not associated with 
postoperative sleep disruptionon the night of the first 
postoperative day.

Our results cannot be directly compared to findings 
from previous studies as none had examined the 
potential impact of surgery duration or surgery end 
time on postoperative sleep disruption. Our hypotheses 
that longer surgery or late surgery end times would 
lead to a shift in the sleep-wake cycle, resulting in more 
wake time during the night, were not supported. The 

Table 3 shows the patient and surgery characteristics by 
daytime inactivity/sleep. Age, gender, race, postoperative 
intensive care unit admission and postoperative pain 
level were not related to inactivity/sleep on the first 
postoperative day. Postoperative daytime inactivity 
was significantly different across types of surgery type. 
Patients with major joint surgery were the most active 
while patients who underwent general surgery spent 
more than 40% of the day inactive or sleeping. Surgery 
end time and surgery duration were not significantly 
associated with levels of daytime sleep, though there 
was a trend indicating that patients with a surgery end 
time after 19:00 had less interrupted sleep at night, 
and patients with surgery duration ≥ 6 hours had more 
interrupted sleep. A sensitivity analysis was performed 
using data that excluded the four patients who did not 
sleep either on the preoperative or postoperative night. 
While the analysis results did not change substantially, 
the association between surgery duration and daytime 
inactivity improved from p = 0.07 to p = 0.03.

Table 2: Univariate associations between level of sleep interruption during the night of POD1 and patient and surgery characteristics.

Least interrupted 

WASO 

≤ 15%

(N  =  94)

Somewhat 
interrupted WASO

15-25%

(N  =  37)

Moderately/highly 
interrupted

WASO

> 25%

(N  =  25) p-value
Patient Characteristics
Age, % 75+ years 66% 62% 80% 0.31
Gender, % male 51% 62% 52% 0.51
Race, % White 73% 81% 76% 0.65
Surgery Characteristics
Surgery type, %
General 54% 41% 40%
Major joint 15% 19% 12% 0.42*

Spine 31% 41% 48%
Surgery End Time, % 19:00 and later 11% 4% 2% 0.94*

Surgery Duration, % 6 hours or more 30% 27% 48% 0.17
Postoperative Events
Postoperative pain, % ≤ 5 33% 28% 25% 0.68
ICU, % admitted 5% 3% 0% 0.72*

Sleep Characteristics
Preoperative WASO 0.65*

≤ 15% 54% 62% 44%
15 to 25% 28% 27% 36%
> 25% 18% 11% 20%
Preoperative daytime sleep 0.64
≤ 20% 24% 22% 16%
20 to 40% 53% 62% 68%
> 40% 24% 16% 16%

*Results from Fisher’s exact test
WASO: Wake After Sleep Onset; ICU: Intensive Care Unit; POD1: Post-Operative Day 1
WASO groupings are based on previously defined categories [10].

https://doi.org/10.23937/2572-4053.1510034
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While an extensive review of literature reveals 
postoperative sleep disruption may be due to factors 
such as pain [11], noise level [5,12], and nursing 
activities [13,14], none of these studies have addressed 
the possible influence of surgery end time. For studies 
that included the effect of surgery times, there was 
an association between later surgery start times and 
postoperative complications [15] or adverse events 
[16,17]. Although we did not find an association between 
surgery end time and postoperative sleep disruption, 
our study is novel in that we examined the effects of 
surgery end timing on postoperative sleep which has 
not been previously reported.

A few studies have alluded to the effects of surgery 
on postoperative sleep. Our findings regarding type of 
surgery and surgery duration differ from a Danish study 
in which open abdominal surgery was compared to the 
typically shorter laparoscopic cholecystectomy using a 
self-reported sleep quality measure [8]. They found no 
significant difference in night sleep by type of surgery, 
but the open abdominal surgery group of 15 patients 
reported more postoperative daytime sleep compared 

lack of association may be in part due to the findings 
that our cohort had substantial sleep disruption even 
before surgery as measured by wake after sleep onset 
and daytime sleep. This trend continues after surgery, 
which likely explains why a significant increase in the 
amount of sleep disruption from before to after surgery 
was not seen.

We also observed that a fifth of the patients had 
substantial daytime inactivity/sleep prior to surgery. 
The etiology of this extensive daytime inactivity is 
unclear, but these were patients awaiting major 
elective surgery and many might have been in pain, with 
reduced ambulation resulting in inactivity measured 
by actigraphy rather than true sleep. After surgery, 
patients overall had an increase in daytime sleep, but 
this was not associated with surgery duration or end 
time. The lack of association may be because patients 
are generally more inactive after surgery due to pain, 
sedation, or frequent need of invasive monitoring. 
Thus, other factors may be responsible for the observed 
increase in daytime sleep postoperatively and should be 
explored in future studies.

Table 3: Univariate associations between level of daytime sleep on POD1 and patient and surgery characteristics.

Daytime inactivity/
sleep ≤ 20%

(N  = 11)

Daytime inactivity/
sleep 20% to 40%

(N  =  43)

Daytime inactivity/
sleep > 40%

(N  =  102) p-value
Patient Characteristics
Age, % 75+ years 64% 58% 72% 0.30*

Gender, % male 64% 56% 52% 0.73
Race, % White 55% 86% 74% 0.07*

Surgery Characteristics
Surgery type, %
General 27% 35% 57%
Major joint 45% 21% 10% 0.01*

Spine 27% 44% 33%
Surgery End Time, % 19:00 and later 18% 2% 14% 0.06*

Surgery Duration, % 6 hours or more 27% 18% 38% 0.07*

Postoperative Events
Postoperative pain, % ≤ 5 27% 35% 29% 0.77*

ICU, % admitted 0% 0% 6% 0.27*

Sleep Characteristics
Preoperative WASO 0.25*

≤ 15% 45% 51% 57%
15 to 25% 27% 40% 25%
> 25% 27% 9% 19%
Preoperative daytime sleep 0.41*

≤ 20% 36% 28% 18%
20 to 40% 55% 56% 58%
> 40% 9% 16% 24%

*Results from Fisher’s exact test
WASO: Wake After Sleep Onset; ICU: Intensive Care Unit; POD1: Postoperative Day 1
Daytime inactivity groupings are based on the frequency distribution of daytime inactivity for our cohort.
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studies should identify other causes of postoperative 
sleep disruption.
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