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Brief Communication 

A prospective observational study of sleep patterns and work-related 
communications during home call for a pediatric surgery fellow 
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H I G H L I G H T S  

• A pediatric surgery fellow frequently experiences insufficient sleep. 
• Sleep patterns during call nights are significantly different than non-call nights. 
• Overnight work-related communications often disrupt sleep. 
• Need for further research to help protect the health of medical professionals.  

A R T I C L E  I N F O   

Keywords: 
On-call 
Fellowship 
Surgical training 
Surgical education 
Hours of sleep 
Sleep duration 
Night call 
Heart rate 
Sleep deprivation 
Paging 
Coverage 

A B S T R A C T   

Objective: A pediatric surgery fellow is often regarded as a cornerstone of an academic children's hospital due to 
the need for their clinical services with overnight coverage being an important aspect of the care provided. There 
is little known about the objective sleep patterns and work-related communications of a pediatric surgery fellow 
during overnight home call. The aim of this study is to better understand the sleep patterns and interruptions of 
an on-call pediatric surgery fellow. 
Design: A prospective observational study of 60 call nights and 60 non-call nights of a pediatric surgery senior 
fellow was performed from September 2022 to February 2023. 
Setting: An academic Children's Hospital. 
Participant: An ACGME-accredited clinical pediatric surgery fellow. 
Results: On average, the pediatric surgery fellow spent 6.9 and 5.8 total hours in bed and asleep each night, 
respectively. The total sleep time was less for call nights compared to non-call nights (5.4 versus 6.3 h, p <
0.0001). The mean number of work-related communications per 12-hour night shift was four. The majority of 
communications were regarding new consults (63.8 %). The pediatric surgery fellow spent an average of 5.9 min 
per communication and approximately 23.8 min total during each 12-hour night shift. Approximately half of 
these communications occurred during sleep hours. 
Conclusions: This study reveals overall sleep duration was below recommended levels. There were significant 
alterations in sleep patterns during call nights. Work-related communications further compounded sleep dis
turbances. Further research and interventions in this area are warranted.   

Introduction 

The pediatric surgery fellow plays a vital role in an academic chil
dren's hospital, assessing new consultations, evaluating and managing 
perioperative patients, and assisting in operations. Overnight coverage 
is an important aspect of the patient care provided. Despite the frequent 
use of home call, little is known about the objective sleep patterns and 

overnight work-related communications of a pediatric surgery fellow. 
While ideal sleep varies among individuals, most need 7–9 h of sleep 

per night to maintain optimal performance and overall health. Con
cerning trends have emerged in recent years. Between 2008 and 2018, 
the percentage of employed adults in United States reporting 6 h of sleep 
or less per night increased from 28 % to 33 % [1]. This rise has signif
icant health consequences. A meta-analysis of 153 studies with 5.1 
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million participants demonstrated that short sleep, typically defined as 
<5–6 h per night, was associated with increased risk of mortality, dia
betes mellitus, hypertension, cardiovascular disease, coronary heart 
disease, and obesity [2]. 

A historical survey of 3604 first- and second-year resident physicians 
found that 66 % averaged 6 h of sleep or less [3]. More recent studies 
regarding the sleep duration of surgical residents and fellows is lacking. 

Previous studies have shed light on communication challenges faced 
by trainees during in-house call, with reports of trainees receiving 13–55 
pages per night [4–8]. Despite a tenfold rise in home call usage from 
1998 to 2009 [9], there is a paucity of literature on the volume of 
overnight communications received by residents and fellows on home 
call. 

The aim of this study is to better understand the sleep patterns and 
work-related communications of an on-call pediatric surgery fellow at 
an academic Children's Hospital. 

Methods 

Setting 

The study was conducted at a 364-bed university-based Children's 
Hospital with Accreditation Council for Graduate Medical Education 
(ACGME) pediatric surgery fellowship program sponsoring one pediatric 
surgery fellow for a two-year duration. Night coverage consists of an in- 
house junior surgery resident (postgraduate year 2), a senior surgery 
resident (postgraduate year 3) or pediatric surgery fellow (postgraduate 
year 9) on home call, and a board-certified pediatric surgeon also on 
home call. The in-house resident manages the pediatric surgery service 
and consult pagers. The senior resident or pediatric surgery fellow 
provides clinical coverage, responding to communications such as 
pages, texts, and phone calls. They are available to return to the hospital 
as needed to evaluate patients and assist in the operating room. Night 
call coverage is 12 h from 17:30 to 05:30. 

Study design 

For 60 call nights and 60 non-call nights from September 2022 to 
February 2023, a third generation Oura™ Ring was worn by the pedi
atric surgery fellow between bedtime and wake-up. Oura™ Ring is a 
wearable device that senses and monitors body temperature, respira
tion, heart rate (HR), heart rate variability (HRV), and sleep patterns. 
Oura™ Ring is 99.6 % accurate for nighttime resting HR and 98 % ac
curate for HRV, compared to medical-grade electrocardiograms [10]. 
Oura™ Ring achieves a 79 % agreement in observed sleep patterns 
compared to polysomnography laboratory sleep tests. 

During call nights, work-related communications to the pediatric 
surgery fellow were recorded, noting the time received, duration spent 
addressing the communication in minutes, the source of the communi
cation, and the nature of each communication. This information was 
compiled from review of the communication systems the following 
morning. 

Variables 

Sleep data included total time in bed, sleep latency, total sleep time, 
light sleep, deep sleep, rapid eye movement (REM) sleep, awake time, 
and sleep efficiency. Total time in bed is the duration from bedtime to 
wake-up. Sleep latency is the time it takes to fall asleep. Total sleep time 
is the cumulative duration of all sleep stages. Light sleep is characterized 
by low-intensity brain activity and marks the initial stage of sleep. Deep 
sleep features profound relaxation, minimal brain activity, and reduced 
responsiveness to stimuli. REM sleep is characterized by rapid eye 
movements and increased brain activity. Awake time measures night
time wakefulness after initial sleep onset. 

Cardiovascular parameters included resting heart rate and heart rate 

variability. Resting HR is the number of heartbeats per minute at rest. 
HRV is a measure of the changes in time intervals between successive 
heartbeats, reflecting the autonomic nervous system's influence on HR. 
Higher HRV is considered to be associated with better cardiovascular 
health and adaptive stress response. 

Analysis 

Data were collected prospectively using a standardized form and 
analyzed at the completion of the study using Microsoft Excel™ Version 
16.16.27. Continuous variables are presented as average and range, and 
analyzed using t-tests. All significance tests were two-sided, with p- 
values <0.05 considered significant. 

Results 

Sleep patterns 

On average, the pediatric surgery fellow spent 416.7 and 350.7 total 
minutes in bed and asleep each night, respectively (Table 1). The mean 
sleep latency was 8.1 min. About 16 % of time in bed was spent awake, 
averaging 66.4 min awake per night. 

The total time in bed was less for call nights compared to non-call 
nights (390.3 min versus 443.0 min, p = 0.0002); total sleep time was 
less for call nights compared to non-call nights (321.2 min versus 380.1 
min, p < 0.0001). Likewise, percentage of awake time was greater for 
call nights compared to non-call nights (18 % versus 14 %, p = 0.0002). 
The fellow was awake in bed for an average of 69.5 min per call night 
and 63.2 min per non-call night (p = 0.1545). The average on-call night 
consisted of 56 % light, 22 % REM, and 22 % deep sleep. The average 
non-call night consisted of 58 % light, 25 % REM, and 18 % deep sleep. 
There was a decrease in percent of REM sleep during call nights 
compared to non-call nights (p < 0.0001). There was an increase in 
percent of deep sleep during call nights compared to non-call nights (p =
0.0191). There was no difference in percentage of light sleep between 
call and non-call nights (p = 0.4086). 

The average resting heart rate and heart rate variability during sleep 
were 60 beats per minute (bpm) and 40 milliseconds (ms), respectively. 
The lowest resting HR was 47 bpm with a mean lowest resting HR of 54 
bpm. The maximum HRV was 137 ms with a mean maximum HRV of 79 
ms. There was a difference in average resting HR and HRV between call 
and non-call nights (call average resting HR 59 bpm, non-call average 
resting HR 61 bmp; p = 0.0203) (call average HRV 42 ms, non-call 

Table 1 
Sleep patterns for call and non-call nights.   

Overall (n =
120) 

Call nights (n 
= 60) 

Non-call nights 
(n = 60) 

p-Value 

Total time in 
bed (min)  

417  390  443  0.0002 

Latency (min)  8  7  9  0.274 
Awake time 

(min)  
66  70  63  0.1545 

Sleep time (min)  351  321  380  <0.0001 
REM sleep (min)  83  72  94  <0.0001 
Deep sleep 

(min)  
66  66  67  0.6695 

Light sleep 
(min)  

201  184  219  <0.0001 

Awake time (%)  16  18  14  0.0002 
Sleep time (%)  84  83  86  0.0002 
REM sleep (%)  23  22  25  <0.0001 
Deep sleep (%)  20  22  18  0.0191 
Light sleep (%)  57  56  58  0.4086 
Resting HR 

(bpm)  
60  59  61  0.0203 

Resting HRV 
(bpm)  

40  42  38  0.0039  
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average HRV 38 ms; p = 0.0039). 

On-call communications 

The pediatric surgery fellow was on overnight call an average of 2.9 
times per week (range 1–5). The mean number of work-related com
munications per 12-h shift was 4.0 (range 1–11). Communications 
occurred at a variety of times (Fig. 1). The most of communications were 
from the in-house junior general surgery resident (94.2 %) (Table 2). 
The majority of communications were regarding new consults (63.8 %) 
with most of the consults for patients in the emergency department 
(85.1 %). Half of communications (50.2 %) occurred while the fellow 
was in bed. Monday-Thursday nights had a similar number of commu
nications compared to Friday-Sunday nights (4.03 versus 4.06, p =
0.9598). The fellow spent a mean time of 5.9 min per communication 
and approximately 23.8 min total during each 12-h night shift. 

Discussion 

Partial sleep deprivation, characterized by reduced or interrupted 
sleep, is common in night shift work. Recurrent partial sleep depriva
tion, or cumulative sleep deprivation, can impair alertness and perfor
mance, increase errors, and lead to accidents [11–13]. The pediatric 
surgery fellow averaged 5 h 51 min of sleep per night. Specifically, the 
fellow averaged 5 h 21 min and 6 h 20 min of sleep on call nights and 
non-call nights, respectively. This is a 15.5 % reduction in sleep during 
call nights. These averages are below the recommended 7 or more hours 
recommended by the Centers for Disease Control and Prevention, 
American Academy of Sleep Medicine, and Sleep Research Society 
[13,14]. Cumulative sleep deprivation is linked to adverse outcomes 
such as obesity, diabetes, increased pain, impaired immune function, 
and higher mortality rates [13]. 

While prior studies have investigated the sleep duration of surgical 
residents, there is a notable gap in the literature regarding surgical fel
lows. A 2021 study of 26 general surgery residents reported an average 
of 4 h 44 min of sleep on home call nights, compared to 6 h 22 min on 
post-call nights [15]. Meanwhile, a 2017 study tracked ten urology 
residents and demonstrated an average of 2 h 45 min of sleep on home 
call nights, compared to 4 h on post-call nights [16]. A similar study of 
four urology residents demonstrated sleep duration correlated with the 
number of pages received, with each page reducing sleep by 4.7 min 
[17]. 

Following night call with sleep interruptions, surgical residents make 

more errors and perform slower in virtual laparoscopic tasks [18,19]. 
Likewise, surgical residents have impairments in attention, working 
memory, and long-term memory after a weekend on-call, compared to a 
weekend off [20]. Conversely, a study of 40 surgical residents reported 
the acquisition of laparoscopic skills was not affected by the amount of 
sleep the previous night [21]. In that study, residents averaged <4 h of 
sleep on call nights compared to over 6 h on non-call nights. Using 
virtual surgery simulator and psychometric tests, Lehmann et al. found 
no impairments in performance after a night with <3 h of sleep [22]. 
The impact of call frequency and differences between in-house and 
home-call on performance remains unclear. Cumulative sleep depriva
tion may significantly impair cognition and technical skills more than 
short-term sleep deprivation. 

Using Holter monitoring of 28 general surgery residents, Tendulkkar 
et al. demonstrated in-house call increased mean HR. [23] In the study 
herein, average resting HR was lower and average HRV was higher 
during call nights. These favorable indicators during call nights suggest 
a complex relationship between sleep, call frequency, and physiological 
responses. Considering the findings of Tendulkkar et al., this may indi
cate reduced physiologic stress during home call compared to in-house 
call. It is important to note resting HR and HRV are highly 

Fig. 1. Total communications received per half-hour time interval for all 60 call shifts.  

Table 2 
Summary of on-call communications.   

On-call communications (n = 243) 

Person contacting, n (%)  
Emergency department physician 0 (0) 
Junior surgery resident 229 (94) 
Neonatal intensivist 6 (2) 
Pediatric intensivist 0 (0) 
Pediatric surgery attending 6 (2) 
Other 2 (1) 

Nature of communication, n (%)  
Change in clinical status 14 (6) 
Clinical question 30 (12) 
Emergency department consult 132 (54) 
Floor consult 9 (4) 
Intraoperative consult 1 (0) 
Neonatal intensive care unit consult 12 (5) 
Notification of results 38 (16) 
Pediatric intensive care unit consult 1 (0) 
Other 6 (2) 

Occurred during sleep, n (%)  
Yes 122 (50) 
No 121 (50) 

Time spent in minutes, average (range) 6 (1–60)  

S.L. Raymond and E. Tagge                                                                                                                                                                                                                  



Surgery Open Science 19 (2024) 158–161

161

individualized and impacted by cardiac conditioning and activity level. 
High cardiovascular conditioning may mitigate the adverse effects of 
sleep disruptions on resting HR. Although not analyzed in the current 
study, the frequency and duration of aerobic activities were more 
common on non-call days and may impact the findings. 

The fellow averaged four work-related communications per call 
night, each lasting about 6 min. This is consistent with a 2018 study 
where senior urology residents averaged five pages per call night [17]. 
Over 60 call nights, the pediatric surgery fellow returned to the hospital 
overnight on nine occasions. This excludes times when the fellow stayed 
past typical workday hours to evaluate patients and complete operations 
on both call and non-call nights. A 2022 study found no link between 
surgeons performing overnight surgeries and worse patient outcomes for 
operations performed the following day [24]. While this offers reas
surance about patient care quality, it does not address a genuine concern 
for the surgeon's well-being. 

This study has notable limitations. Personal obligations were not 
analyzed and could have impacted the fellow's ability to achieve a full 
night of sleep. Additionally, the impact of alcohol consumption and 
intensity of daily activities on sleep and heart rate data were not 
analyzed. This study did not examine effects of limited sleep and over
night interruptions on cognitive and motor skills. Finally, this study was 
focused on a single pediatric surgery fellow at a single institution. 

To our knowledge, this is the first study to objectively track sleep 
patterns and overnight work-related communications for a pediatric 
surgery fellow on home call. Future multi-institutional studies involving 
multiple trainees could provide additional insights. 

Conclusions 

The study highlights the challenging nature of a pediatric surgery 
fellow, particularly the impact of home call on sleep. It underlines the 
need for effective strategies to mitigate sleep disruptions without 
compromising patient care. Work hour and call frequency restrictions 
may not guarantee adequate sleep, as this a multifactorial process 
involving the physiological need for sleep, personal motivation, desire 
for personal life outside of training, personal/family obligations, pro
fessional/educational aspirations, and institutional demands [3]. 
Trainees must navigate these competing demands to best allocate their 
time. 
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