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ORIGINAL ARTICLE

Effects of partial sleep deprivation following night shift on cognitive functions
of Egyptian anesthesiologists; prospective observational study
Bassant Mohamed Abdelhamid a, Heba Omara, Mohammed Mahmoud Hassan b, Sherif Alaa Embabya,
Ashraf Radya and Hassan Mohamed Aly a

aDepartment of Anesthesia, Pain Management and Surgical ICU, Faculty of Medicine, Cairo University, Cairo, Egypt; bDepartment of
Anesthesia, Pain Management and Surgical ICU, National Cancer Institute, Cairo University, Cairo, Egypt

ABSTRACT
Background: Anesthesiologists in Egypt as a representative of developing countries with large
populations and shortage of trained personnel and extended working hours that may reach 30
continuous hours are susceptible victims of fatigue and sleep deprivation.
Objectives: To evaluate and compare differences in cognitive function of anesthesia residents
before and after the 24 hours work shift.
Methods: Prospective, observational, cohort study that was conducted in tertiary care hospital
(Kasr El-Aini Hospital, Faculty of Medicine, Cairo University). Fifty anesthesia residents with
24 hours working shift participated in the study. The cognitive function was assessed before
and after the shift using Psychomotor Vigilance Task, Karolinska Sleepiness Scale, Epworth
Sleepiness Scale and Trail Making Test before and after the shift.
Results: Psychomotor Vigilance Task mean reaction time before and after shift was 302.1 ± 35.2
ms and 371.9 ± 55.4 ms, respectively (P value < 0.001). Karolinska Sleepiness Scale mean before
and after shift was 3.34 ± 1.189 and 6.24 ± 1.589, respectively (P value < 0.001). Epworth
Sleepiness Scale mean before and after shift was 6.68 ± 2.759 and 14.86 ± 3.423, respectively
(P value < 0.001). Trail Making Test mean times in both parts A and B, before shifts were
38.82 ± 8.458 and 63.16 ± 11.557 s, respectively. While, post shifts mean times were
44.86 ± 9.370 and 72.60 ± 12.294 s, respectively (P value < 0.001 for both parts).
Conclusions: Sleep deprivation in night shifts increases the day-time sleepiness and affects the
anesthesiologist’ cognitive processes, such as reaction time, alertness, rapid problem solving,
psychomotor skills, attention, mental flexibility, and executive functions.

Clinical trial registration ID: clinicaltrials.gov: NCT03784560.
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1. Introduction

Serious concerns have been raised about sleep depri-
vation and its consequences on medical staffs. Being
a critical specialty, anesthesiologists may carry special
concerns as they are required to have mindful analysis
and rapid judicious decisions in most of situations
especially in trauma settings and critical circumstances
in the operating theatres [1].

In healthy adults, significant levels of cognitive def-
icits occur when sleeping hours is decreased below
7 hours per night. Multiple studies have declared that
partial sleep deprivation is a risk factor for most non-
communicable diseases like obesity, diabetes, cardio-
vascular disease, and hypertension [2]. Besides that,
Cheung et al. clearly demonstrated that only one
night of acute sleep deprivation increases the oxida-
tive damage of DNA [3]. In addition, fatigue, stress, and
sleep deprivation have been recognized as direct
causes of increasing numbers of suicides among
anesthesiologists [4,5]. In a recent study, Shinde et al.

reported their recommendations to reduce the inci-
dence of suicides among anesthesiologists [6].

In anesthesiologists, serious effects of fatigue and
sleep deprivation would be beyond the individual
health and would extend to affect the quality of
patient management and his safety [7,8]. In developing
countries like Egypt, due to the huge populations and
shortage of trained and qualified personal, anesthesiol-
ogists who cover overnight trauma shifts are subjected
to long working hours that may reach 24 hours (hrs) or
more, which may have a negative impact on their
performance leading to decline in psychomotor skills
and increase in the rate of false responses to visual
stimuli [9,10]. Additionally, disruption of circadian
rhythm that accompany work at night shift, increases
decline in performance and reasoning abilities in some
critical situations [11].

However, some studies concluded that there is inter-
individual differences in the effects and responses of
sleep deprivation and personal adaptive coping
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behaviors that lead to improvement in clinical perfor-
mance and psychological adjustment [12].

In the current study, we hypothesized that there
would be a significant decline in variety of cognitive
functions after a night shift affecting the anesthesiolo-
gist performance, reasoning ability, and decision mak-
ing. Cognitive functions represented by reaction time
(RT), day time sleepiness, alertness, and decision making
were assessed by the Psychomotor Vigilance Task (PVT)
[13], Karolinska Sleeping Scale (KSS) [14], Epworth
Sleepiness Scale (ESS) [15,16], and Trail Making Test [17].

Aim of the work is to evaluate and compare differ-
ences in cognitive function of anesthesia residents
between before and after the 24 hrs work shift.

2. Methods

This prospective observational study was conducted at
Kasr Al-Aini Hospital, Faculty of medicine Cairo
University from February 2019 to June 2019 after
approval of the scientific and ethical committee and
registration at clinicaltrials.gov (NCT03784560).

The current study included 50 anesthesiologists
who work in operating theatres, emergency depart-
ment at Kasr El- Ainy Hospital with different levels of
experience and aged between 25 and 28 years after
excluding participants with a history of chronic neuro-
logical disease, sleep disorders, and psychiatric disor-
ders within the past 2 years.

An anonymous questionnaire included two groups
of different items were used. Items of the first group are
about the personal data i.e., age, sex, marital status and
parenting status, consumption behavior (tea, coffee,
carbonated drinks, tobacco, anxiolytics, antidepres-
sants, psychotropic agents, and sport), and professional
activity (number of extended worked shifts per month,
number of weekends worked per month).

Items of the second group are related to the night
shift itself i.e., number of cases and the rest hours
during the shift.

As different studies showed that increased sleep
deprivation leads to decline in alertness and psycho-
motor skills, cumbersome problem-solving, The
Psychomotor Vigilance Task (PVT) [13] is used as
an assessment tool of neurobehavioral performance
with the advantages of being valid, reliable, brief, and
easily performed. PVT is a RT assessment that requires
sustained attention and measures the speed at which
subjects respond to a visual stimulus. In PVT, the parti-
cipant simply presses a response button as soon as
a visual stimulus appears on the screen. There is stan-
dard version of the PVT with duration of 10 min. The
shorter version, PVT brief, with duration of 3 minutes
have been used in the current study using PEBL 2
software computer program and RTs were displayed
to the study participants in milliseconds.

Karolinska Sleepiness Scale (KSS) is a self-assessed
9-point Likert scale for subjective assessment of the
individual’s level of drowsiness at a time. It has word
descriptors to describe the scale points from 1 = “very
alert” to 9 = “very sleepy, fighting sleep, an effort to keep
awake”. High validity of KSS in assessing sleepiness
occurs when comparing it to Electroencephalogram
(EEG) changes, as the KSS scores are closely related to
EEG and behavioral variables.

Epworth Sleepiness Scale (ESS), being simple and
self-administered questionnaire, ESS is most commonly
used in assessment that enables the individual to deter-
mine own sleep tendency subjectively. By history taking
to retrospectively assess sleepiness before and after the
shift in the previous period, the subjects are asked to
rate on a scale from 0 to 3 their usual probability of
dozing off in 8 different situations, with 0 = “would
never doze” and 3 = “a high chance of dozing”. The
total ESS score, ranging from 0 to 24, is the sum score of
the eight times. Normal day time sleepiness is repre-
sented with ESS scores from 0 to 10 detect, while
increased levels of excessive daytime sleepiness (EDS)
are represented with ESS scores of 11–24.

Trail Making Test (TMT) is one of the most com-
monly used neuropsychological tests that assess dif-
ferent cognitive functions including visual search,
scanning, speed of processing, mental flexibility, and
executive functions. The TMT is formed of two parts. In
TMT-A, the subject is asked to draw lines sequentially
connecting 25 encircled numbers distributed on
a paper sheet. In TMT-B except, the subject is asked
to alternate between numbers and letters (e.g., 1, A, 2,
B, 3, C, etc.). Each part is represented by time in sec-
onds that required to finish the task.

2.2. Method of assessment

The working shift duration is 24 hrs, starts at 8:00 am
and ends at 8.00 am of the following day. Each parti-
cipant filled the questionnaires early at morning, just
before starting the shift followed by performing the
tests, PVT, ESS, KSS, and TMT, to repeat them as soon as
the night shift is over. The participants did the tests in
an isolated quiet room to insure best atmosphere away
from any external stimulus.

The primary outcome was the Psychomotor
Vigilance Task. The secondary outcomes were
Karolinska Sleepiness Scale, Epworth Sleepiness Scale,
and Trail Making Test.

3. Statistical Methods

3.1. Sample size

Sample size was calculated using G-power software.
Considering a study power if 0.8 and a P value of 0.05
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to be statistically significant. The sample size was cal-
culated based on data derived from a similar study [18]
(PVT = 266 ± 38.5 in one group and 298 ± 83.7 in the
other group). The total sample size was 46 residents
and we increased it to 50 to compensate for drop-outs.

4. Statistical analysis

Data were statistically described in terms of mean ±
standard deviation (± SD), median and range, or fre-
quencies (number of cases) and percentages when
appropriate. Comparison of numerical variables
between the different units was done using Kruskal
Wallis test. Within group comparison of numerical vari-
ables was done using paired t test. Correlation
between various variables was done using Pearson
moment correlation equation for linear relation of nor-
mally distributed variables and Spearman rank correla-
tion equation for non-normal variables/non-linear
monotonic relation. p values less than 0.05 was con-
sidered statistically significant. All statistical calcula-
tions were done using computer program IBM SPSS
(Statistical Package for the Social Science; IBM Corp,
Armonk, NY, USA) release 22 for Microsoft Windows.

5. Results

Fifty-four residents agreed to participate and written
consent was obtained, 4 were excluded due to incom-
plete data leaving only 50 participants, 23 male (46%),
and 27 female (54%). Age group ranged from 25 to
28 years old with a mean 26.88 ± 1.043. Nineteen
residents were married (39%), 31(61%) were not, and
out of these 19 participants, only 9 parenting from 1 to
3 kids. Only 5 participants were exercising regularly, 48
of 50 participants were found to drink coffee, tea or
carbonated beverages during their work day ranging
from 1 cup to 11 cups per day with mean 3.26 ± 2.155
cup (Table 1).

The number of 24 hrs shifts per months, number of
weekend shifts, hours of sleep before the shift, and
hours of rest during shift are presented in Table 1.

As for the tests’ results, PVT mean RT of the resi-
dents showed statistically significant decrease after the
shift 371.9 ± 55.4 ms in comparison to the mean RT
before the shift 302.1 ± 35.2 (P value < 0.001) denoting
increased sleep deficit which correlates with deterio-
rated alertness, slower problem-solving, declined psy-
cho-motor skills, and increased rate of false responding
(Figure 1; Table 2).

KSS mean scores showed significant increase fol-
lowing the shift 6.24 ± 1.589 in comparison to mean
scores before shift 3.34 ± 1.189 (P value < 0.001)
(Table 2).

While ESS scores showed higher scores among resi-
dents after the shift with mean 14.86 ± 3.423 while

mean score before the shift was 6.68 ± 2.759 (P value <
0.001) (Figure 2 and Table 2).

Regarding TMT results, in both part A and part B,
participants showed increase in time needed to com-
plete tests after the shifts with mean 44.86 s ± 9.370 s
and 72.60 s ± 12.294 s, respectively, when compared to
time needed for participants to finish part A and
B before the shift with mean 38.82 s ± 8.458 s and
63.16 s ± 11.557 s with P value < 0.001 and P value <
0.001 for both parts, respectively (Figure 3 and Table 2).

When correlating the results of the used tests with
number of cases that residents worked during the shift,
they were statistically insignificant apart from TMT B, as
shown in Table 3.

6. Discussion

It has been established in literatures that sleep depri-
vation has a role in neurobehavioral functions impair-
ment [19–23]. Some studies found out that the
performance impairment of being awake for more
than 24 consecutive hours is equivalent to a blood
alcohol concentration of 1 g/L during simulated driv-
ing test [24,25] In a large retrospective study per-
formed on surgeons using simulated laparoscopic
surgery, sleep deprivation has been proven to increase
the surgery duration and the rate of complications
during complex surgical procedures [26,27]. In addi-
tion, physical and mental fatigue has been suggested
to be associated with some major pharmacological
errors like syringe swap, wrong drug and wrong dose
[28]. It is also reported that sleep deprivation is asso-
ciated with some disorders such as neuropsychological
illness i.e., depression and anxiety, metabolic syn-
drome i.e., obesity, and cardiovascular diseases
[29–35].

Table 1. Personal data and professional activity.
Characteristic Value

(n = 50)

Age (yr)
mean± SD

26.88 ± 1.043

Male
n (%)

23 (46)

Marital status
n (%)

19 (39)

Parenting
n (%)

9 (19)

Regular exercise
n (%)

5 (10)

Residents drink coffee, tea or carbonated beverages
n (%)

48 (96)

Coffee cups per shift
Mean ± SD

3.26 ± 2.155

Shifts worked per month
Mean ± SD

9.3 ± 1.5

Weekends worked per month
Mean ± SD

1.36 ± 0.48

Hours slept at home pre-shift
Mean ± SD

7.12 ± 1.22

Hours of rest during the night shift
Mean ± SD

2.74 ± 0.94

Number of cases in shift
Mean ± SD

6.4 ± 2.6
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Figure 1. Psychomotor Vigilance Task (PVT) pre and post shift.

Table 2. Comparing assessment tools pre and post night shift.
Variable Pre-shift

(n = 50)
Post-shift
(n = 50)

P value

Psychomotor Vigilance Task
(milliseconds)

302.1 ± 35.2 371.9 ± 55.4 <0.001

Karolinska Sleepiness Scale 3.34 ± 1.189 6.24 ± 1.589 <0.001
Epworth Sleepiness Scale 6.68 ± 2.759 14.86 ± 3.423 <0.001
Trail Making Test-A
(seconds)

38.82 ± 8.458 44.86 ± 9.370 <0.001

Trail Making Test-B
(seconds)

63.16 ± 11.557 72.60 ± 12.294 <0.001

Statistically significant at p ≤ 0.05.
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Figure 2. Epworth Sleepiness Scale (ESS) scores of participants pre and post shift.
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National Academy of Science, Institute of Medicine
(Washington, DC) declared fatigue as an important fac-
tor in medical errors and has a partial responsibility for
44 000–98 000 annual deaths in hospitals [36]. Multiple
recommendations concerning occupational safety, reg-
ulations, and job performance have been studied and
published in government agencies like the National
Highway Traffic Safety Administration and the National
Aeronautics and Space Administration, and in occupa-
tional societies like truck drivers and airline pilots
[37–39].

Following these continuous reports and studies of
sleep deprivation and fatigue negative effect on indi-
vidual performance and cognitive functions, several
recommendations have been raised for physicians
and patients safety and asked for an increase in educa-
tion about sleep deprivation and adopted different
policy to reduce the working hours between medical
personnel. However, regarding anesthesia and ICU
residents, a very little has been changed in their sched-
uled working hours due to lack of the well trained
anesthesiologists who should deal with the continued
emergencies that happen 24 hours/day.

In Kasr Al-Aini Hospital, Cairo University, working
hours for anesthesiology residents may extend to 36
continuous hrs, as after the end of the emergency shift,
the residents continue work in the scheduled operat-
ing theatres. Being a tertiary care center, Kasr Eleni
Hospital receives hundreds of patients daily from all
over Egypt and sometimes from nearby countries.
Scheduled operation theatres and emergency operat-
ing theatres have about 90 operating tables and 697
Surgical ICU beds, a large number which is not met by
the same large number of anesthesia residents leaving
a shortage in covering the day and night shifts which
compensated by extending the working hours to
24–36 hrs.

The current study evaluated effect of sleep depriva-
tion following night shifts on the resident’s some cog-
nitive functions such as RT, alertness, rapid problem
solving and psychomotor skills using PVT, TMT that
provides information on visual search, scanning, speed
of processing, mental flexibility, and executive func-
tions, KSS that measures day time sleepiness and
gives subjective assessment of the subject’s level of
drowsiness at the time, and ESS that measures chance
of dozing, fatigue, and day time sleepiness. Fifty resi-
dents were selected ranging in age between 25 and

28 years old including juniors and seniors with full-time
residency program in Kasr Al-Aini teaching hospitals.

Mean sleeping hours at home were 7.16 ± 1.390 hrs,
which reduced only to 2.88 ± 1.081 hrs during the
night shift. The study found that there was
a significant decrease in PVT mean RT post-shift 371.9
± 55.4 ms as compared to pre-shift mean RT 302.1 ±
35.2 ms (P value < 0.001), which is highly significant
and therefore correlates with deteriorated alertness,
slower problem-solving, and declined psycho-motor
skills of residents following overnight shift.

KSS pre-shift mean score changed from 3.34 ± 1.189
to 6.24 ± 1.589 (P value < 0.001) reveals the increase
fatigue, decreasing alertness, and increased drowsi-
ness along with working night shifts.

Another subjective assessment of daytime sleepi-
ness following night-shift was done using ESS. The
results showed higher scores post night-shift than
scores reported in pre-shift, which denoted increased
the day time sleepiness, increased chance of dozing
and drowsiness following night-shift when compare to
earlier results with an average increase 8.18, mean
score pre-shift was 6.68 ± 2.759 and mean score post
night-shift was 14.86 ± 3.42 (P value < 0.001).

Regarding results of TMT A and B types, which
provide information on visual search, scanning, speed
of processing, mental flexibility, and executive func-
tions, found that there was decrease in results of both,
type A and B in post night-shift 44.86 ± 9.370 s, 72.60 ±
12.294 s, respectively, when compared to pre-shift
38.82 ± 8.458 s, 63.16 ± 11.557 s, respectively (P value
< 0.001).

In consistence to the current study, Saadt et al.
[18] reported prolongation in RT using PVT in 21
anesthesiologists after a 17-hrs night call duty,
266.58 ± 38.35 ms vs. 297.76 ± 83.75 ms in a -
regular day (P value = 0.047)

Similarly, Basner et al. [39] studied the effect of sleep
deprivation on alertness on 137 interns and 87 PGY-2/3
residents using PVT& KSS to evaluate RT, the number
of attentional lapses, and subjective sleepiness that
were all negatively affected significantly in the morn-
ing after on-call night shifts compared to daytime
shifts.

Banks et al. [40] induced Neurobehavioral deficits
on 142 individuals through 5 nights of sleep restricted
to 4 hours. Using PVT as primary, they found improve-
ment in these Neurobehavioral deficits after 1 of 6
recovery sleep doses (0, 2, 4, 6, 8, or 10 hrs TIB) for 1
night. The improvement showed dose–response rela-
tionship with increasing sleep durations in a single
night.

Saxena et al. [41] also found that the overall median
RT was significantly slower in the internal medicine
residents after night shift (264.7 ± 102.9 ms) vs. day
time shift (239.2 ± 26.1 ms) (P value < .001).

Table 3. Correlation between number of cases in the shift and
test post-shift results.
Test Pearson Correlation (r)

Psychomotor Vigilance Task 0.176
Karolinska Sleepiness Scale 0.117
Epworth Sleepiness Scale 0.109
Trail Making Test-A −0.022
Trail Making Test-B 0.296
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In contrast to the current study, Reinke et al. [42]
assessed the effect of chronotype on the performance,
sleepiness, and fatigue of 96 ICU nurses during morning
and night shifts. They found that although fatigue and
increased sleepiness, vigilance did not change signifi-
cantly between participants during the night shift as
mean RT during night shift was 403.37 ± 44.59 ms vs.
mean RT during morning shift 431.90 ± 70.63 ms with
(P value = 0.1282), owing these results to the adaptive
ability. These different results may be due to using
a longer version of PVT, performing the test during the
shift, the effect of chronotype, and less working hours
during the night shift.

In agreement with the current regarding KSS,
Åkerstedt et al. [43] measured the subjective sleepiness
as a sensitive indicator of sufficient sleep in different
studies, during the first night shift for a number of
studies. The night shift pattern is very similar across
studies; early values of approximately KSS = 2–4
develop into values of between 5.5 and 7.5 toward
the end of the night shift.

Schwarz et al. [44] studied the effect of partial sleep
deprivation on fitness to drive to detect impairments
related to sleepiness using different tools including
KSS and they found that KSS was significantly higher
after partial sleep deprivation (P value = 0.001)

Similar to our results, significant subjective daytime
sleepiness after night calls were reported in different
residency programs and jobs using ESS. Richter et al.
[45] found that the number of extended work shifts
was associated with increased daytime sleepiness
among Anesthesiologists and intensivists working in
French public hospitals, as twice as general population.
Arab et al. [46] found similar results regarding the
fatigue in approximately 70% of residents after night
calls with (P value = 0.01), in spite of the difference in
the residency program that limit working hours to
208 hrs per month; that is 52 hrs per week in
a 4-week month. Kato et al. [47] evaluated sleepiness
during shift work in Japanese nurses, they found mean
JESS score was 10.4 ± 3.6; scores were significantly
higher in shift workers than those in non-shift workers
(P value > 0.05). Murthy et al. [48] assessed subjective
sleep quality, day-time sleepiness using different tools
including ESS, and they compared the findings
between residents in clinical and para-clinical depart-
ments. They reported high levels of abnormal day-time
sleepiness and less satisfaction with life in residents in
clinical faculties compared to those in para-clinical
faculties.

Using TMT, Suozzo et al. [49] reported that the
performance of the residents after a night on call was
worse on the TMT A (P value = 0.016). However, their
result of TMT B was insignificant. Titova et al. [50]
evaluated cognitive disturbance on 7143 middle-
aged and elderly humans who had a shift work history
and they showed poorer performance on the TMT.

7. Limitations

● We haven’t assessed the adverse effects of sleep
deprivation on resident’s health, different body
systems, and vital signs before and after the
night shift.
○ We haven’t assessed the effect on patients’

outcome.

8. Recommendations

● Further studies are recommended to assess the
cognitive functions at the end of the whole work-
ing hours which extend beyond the 24 hrs shift.

● Assessment of the cognitive functions every 8 hrs
to determine the exact timing of beginning of
cognitive functions decline.

● Limit the working duration according to the mean
time of beginning of cognitive functions decline.

9. Conclusion

The current study concluded that sleep deprivation in
night-shifts not only increases the day-time sleepiness,
but also affects the residents’ cognitive processes such
as RT, alertness, rapid problem solving, psychomotor
skills, attention, mental flexibility, and executive func-
tions The study found no correlation between the
number of cases worked during the shift and degree
of cognitive functions impairment.
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