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StudyObjectives:Sleep-wake disturbances are frequent among patients hospitalized for traumatic injuries but remain poorly documented because of the lack of
tools validated for hospitalized patients. This study aimed to validate actigraphy for nighttime sleepmonitoring of hospitalized patients with severe traumatic injuries,
using ambulatory polysomnography (PSG).
Methods: We tested 17 patients (30.4 ± 14.7 years, 16.6 ± 8.2 days postinjury) who had severe orthopedic injuries and/or spinal cord injury, with or without
traumatic brain injury. When medically stable, patients wore an actigraph on a nonparalyzed arm and underwent ambulatory PSG at the bedside. Data were
converted to 1-minute epochs. The following parameters were calculated for the nighttime period: total sleep time, total wake time, sleep efficiency, and number of
awakenings. Epoch-by-epoch concordance between actigraphy and PSG was analyzed to derive sensitivity, specificity, and accuracy. PSG sleep parameters
were compared to those obtained from four actigraphy scoring algorithms by Bland-Altman plots.
Results: Sensitivity to detect sleep was ≥ 92% and accuracy was > 85% for all four actigraphy algorithms used, whereas specificity varied from 48% to 60%. The
low-activity wake threshold (20 activity counts per epoch) wasmost closely associatedwith PSGon all sleep parameters. This scoring algorithm also had the highest
specificity (59.9%) and strong sensitivity (92.8%).
Conclusions: Actigraphy is valid for monitoring nighttime sleep and wakefulness in patients hospitalized with traumatic injuries, with sensitivity, specificity and
accuracy comparable to actigraphic recordings in healthy individuals. A scoring algorithm using a low wake threshold is best suited for this population and setting.
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Citation: Bigué JL, Duclos C, Dumont M, et al. Validity of actigraphy for nighttime sleep monitoring in hospitalized patients with traumatic injuries. J Clin Sleep
Med. 2020;16(2):185–192.

BRIEF SUMMARY
Current Knowledge/Study Rationale: Sleep-wake disturbances are frequent among hospitalized patients with acute traumatic injuries, and actigraphy is
the only method that enables the objective assessment of sleep quality over several days. This study aimed to validate actigraphy for nighttime sleep
monitoring of hospitalized patients with severe traumatic injuries, using ambulatory polysomnography, and to identify the optimal scoring method for this
population and setting.
Study Impact: Results confirm that actigraphy is a valid tool for monitoring nighttime sleep and wakefulness in patients hospitalized with acute traumatic
injuries. Though objective monitoring of sleep and wakefulness in acute care is currently not a standard clinical procedure, actigraphy could enable the
medical staff to identify and treat early sleep-wake disturbances, which could optimize recovery.

INTRODUCTION

Sleep and wakefulness disturbances are frequently observed
in patients hospitalized with acute traumatic injuries.1,2 Typi-
cally, these patients have an absence of a consolidated 24-hour
sleep-wake cycle, fragmented periods of sleep and wake-
fulness, and low sleep efficiency.1,3,4 These sleep-wake dis-
turbances are probably disabling enough to impede early
rehabilitation interventions. A greater consolidation of the
24-hour sleep-wake cycle, with a higher concentration of
sleep time during the night, is associatedwith better outcomes
among patients with traumatic brain injury (TBI), including
a shorter length of stay in rehabilitation and better functional

and cognitive recovery.1,2,5–7 Improving evaluation of night-
time sleep quality in patients hospitalized for traumatic injury
may support early treatment of sleep-wake disturbances, leading
to earlier and better recovery.

Currently, objective monitoring of sleep and wakefulness
in acute care is not a standard clinical procedure. Ideally, sleep
quality would be monitored for several consecutive days, as
sleep quality may vary from one night to another. In addition,
the trend in improvement over many days is also informative
of the patient’s state of recovery.2 Prolonged monitoring would
also enable the medical team to assess the effects of interven-
tions aimed at improving nighttime sleep and daytime wake-
fulness. Polysomnography (PSG) is the gold-standard procedure
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to measure sleep and can identify sleep stages and detect
abnormal events during sleep such as sleep apneas. However,
it is not suitable for monitoring over several consecutive days,
because it is difficult to tolerate the electrodes for a long
period. PSG is also time consuming (material installation and
sleep scoring), requires specialized staff, and is not well tolerated
by patients who are disoriented and/or uncollaborative. For
example, in a recent study, on the 59 hospitalized trauma
patients eligible for a 24-hour PSG study, PSGwas possible in
only 7 patients.4 We therefore need to validate other tools that
can easily assess sleep quality for a prolonged period of time in
hospitalized patients.

Actigraphy is a noninvasive, inexpensive technique that
allows the measurement of rest-activity patterns and is
recognized as an indirect measure of sleep quality.8 It consists
of a wrist-worn device with an accelerometer that monitors
motion in all directions. The quantity of movements during
a specific period of time (epoch) is then calculated and en-
ables sleep-wake scoring. From this scoring, sleep character-
istics canbederived fromactigraphy such as sleeponset latency,
total sleep time, number and duration of awakenings, and
sleep efficiency.9

Actigraphy thus appears to be a suitable option for the
assessment of sleep within a hospitalized population and
has been successfully used in acute settings and rehabilitation
centers.1–3,10–12 With the aim of validating actigraphy with
PSG in a rehabilitation center, Kamper and colleagues re-
cently tested patients with mild to severe TBI for 1 night,
139 ± 254 days postinjury.12 Actigraphy showed moderate to
strong correlations with PSG for nighttime total sleep time
(r= .78,P< .01) and sleep efficiency (r= .66,P< .01).However,
epoch-by-epoch concordance was not assessed for this study.
No study has yet validated actigraphy in an acute trauma
care setting.

Several algorithms have been developed to optimize
validity of actigraphy among healthy individuals. Some al-
gorithms use a predetermined threshold of motor activity per
minute to score a 1-minute epoch as wake. Low thresholds
are more specific (ie, better able to detect wake), whereas
high thresholds are more sensitive (ie, better able to detect
sleep).13–15 Other algorithms use variables derived from sta-
tistical analyses in order to build a regression equation that
identifies a specific epoch as sleep or wakefulness,13,16 but these
methods have led to similar sensitivity (range: 94% to 99%) and
specificity (range: 34% to 53%) than those observed with
threshold methods.

The aim of the current study was to validate nighttime
sleep actigraphy in hospitalized patients with severe trau-
matic injuries (brain, orthopedic, and/or spinal cord injuries)
using ambulatory PSG. A second objective was to identify
the actigraphy scoring algorithm that provides optimal
sensitivity and specificity for this population and setting. We
hypothesized that low threshold would have a better total
agreementwith PSG, because of the better ability of detecting
wake episodes, particularly in a bedridden population, where
movements are more limited and wakefulness harder to
detect. A third objective was to explore differences in the
validity of actigraphy between patients with TBI, who are

known to have more severe sleep-wake disturbances,17 and
patients with orthopedic and/or spinal cord injury, without TBI
(non-TBI).

METHODS

Participants
The study included 17 patients (11 men) aged 30.4 ± 14.7 years
(range: 17 to 64 years old) who had experienced severe or-
thopedic injuries and/or a spinal cord injury (Table 1). Of these,
six also experienced moderate to severe TBI and constituted
the TBI subgroup. All patients were hospitalized at Hôpital
du Sacré-Coeur de Montréal, a level 1 trauma center. Severe
orthopedic injury was defined as a complex traumatic injury,
such as multiple fractures with or without damage to pe-
ripheral nerves or to the vascular system, which necessitates
intervention by a specialized multidisciplinary team. TBI was
defined as an alteration in brain function or other evidence of
brain pathology caused by an external force,18 and TBI se-
verity was established with the Glasgow Coma Scale at ad-
mission to the emergency department.19 Patients were excluded
if they were quadriplegic. None had a history of psychi-
atric conditions, drug abuse, neurological disorders, or a
diagnosis of sleep disorder before their injury. The hospi-
tal ethics committee approved the study. Patient consent
was obtained from the family and subsequently from the
patients, when they were cognitively able to provide consent
for themselves.

Protocol
The study began when patients had reached medical stability,
were no longer intubated, had no elevated intracranial pressure,
no fever or signs of infection, and no hemodynamic instability.
For the eight patients who were continuously sedated at the
beginning of their intensive care unit stay, continuous sedation
had stopped 12.4 ± 7.8 days (range: 3 to 25) prior to the be-
ginning of the protocol. Ten patients received analgesic agents
during the study (seven patients received hydromorphone, one
patient received morphine, one patient received oxycodone,
and five patients received pregabalin; some patients received
multiple analgesic agents during the PSG recording) and three
patients received psychostimulants (amantadine, methylphe-
nidate, and lisdexamfetamine).

PSG recordings were carried out at the bedside with the
Siesta ambulatory system (Compumedics Limited, Charlotte,
North Carolina, United States) for an average 20 hours. Only
nighttime sleep periods were used for the concordance analysis
with actigraphy, as some patients were not able to tolerate the
PSG material for the 24 hours. Assessing nighttime sleep pe-
riods allowed us to compare our results with previous studies
in healthy participants. Nighttime sleep periods were de-
fined as the first sleep period beginning between 8:00 PM and
10:00 PM. If a patient was already sleeping at 8:00 PM, the
nighttime sleep period began at the start of the sleep period
that was already ongoing at 8:00 PM. The end of the sleep period
was marked by a period of awakening longer than 15 consec-
utive minutes, which began between 6:00 AM and 9:00 AM.
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PSG comprised four electroencephalographic electrodes
(F4, C3, C4, O2) with an ear lobe (A2) reference, as well as
two electrooculographic and three chin electromyographic
electrodes. It also included oronasal thermistance and oxygen
saturation measure for 14 patients who were able to tolerate the
material. A technician stayed next to the patient’s room during
the recording to observe the PSG recording and replace elec-
trodes if needed.

Each patient wore an actigraph (Actiwatch-L or Actiwatch-
Spectrum, Philips Healthcare, Andover, Massachusetts,
United States) on a nonparalyzed arm throughout the

duration of PSG recording. The actigraph recorded wrist
movements per 1-minute epochs with an accelerometer of a
0.05-g sensitivity.

Data analysis
For PSG recording, sleep scoring was carried out with
commercial software (Harmonie, Stellate Systems, Montreal,
Canada) using standard criteria and 30-second epochs.20 The
30-second epochs were then rescored into 1-minute epochs: to
score sleep, both 30-second epochs needed to be scored as
sleep, otherwise it was scored as wakefulness. For actigraphy,

Table 1—Demographic and clinical characteristics of patients.

ID Age Sex Orthopedic and/or Spinal
Cord Injuries

GCS at
Admission Neuroimaging Results TBI

(Y/N)
Hospital Length
of Stay (days)

Start of Protocol
(days postinjury)

1 20 F Ankle fx/luxation (R); collar bone fx (L);
open olecranon fx; femur fx (L); distal and
medial tibial fx (R); talus fx (R); pelvis fx (L);
foot abrasion (L); thigh hematoma (L);
hemo/pneumothorax

3 SAH Y 33 7

2 23 M Bilateral maxillary fx; hard palate fx;
zygomatic arch fx (L); bilateral orbit fx;
naso-orbitoethmoid fx (R); T1, t3-T8,
and C2, C4, C5 transverse apophysis fx;
T10-T11 fx

3 Thalamic contusion (R); SAH;
ventricular hemorrhage (R)

Y 37 30

3 47 M Subcapsular kidney hematoma (L);
hepatic lesions

6 No traumatic anomalies Y 11 7

4 26 F Humerus fx (L); elbow fx (L); pelvis fx;
finger P1 fx (L); radial and cubital nerve
damage (L)

12 EDH; SAH, open
temporo-parietal fx (L)

Y 22 12

5 20 M Pelvis fx; wrist fx; knee fx; sternum fx;
facial fx; eyelid laceration (L)

3 SDH; frontal SAH (L) Y 70 31

6 17 M Orbit fx (R); periorbital edema (R);
frontoparietal skull fx (R)

7 Frontal SDH (R); frontal
SAH (L); slight mildline shift

Y 14 10

7 19 M Paraplegia (ASIA B); L3 fx with spine
compression; sacrum avulsion (L)

15 n.a. N 22 9

8 24 F S1-S3 fx; L2 cauda equina (ASIA D);
sacrum fx

15 n.a. N 21 13

9 26 M Paraplegia ASIA A L1; L3-L4 fx luxation;
elbow abrasion (L)

15 n.a. N 20 16

10 19 F Transverse apophysis fx (L); D11 fx;
open mandibular fx

8 (ROH) n.a. N 25 22

11 58 F Sacrum fx; pelvic fx; acetabulum fx;
foot fx (with amputation)

15 normal N 54 15

12 28 M Paraplegia ASIA A C7 15 n.a. N 52 32

13 26 M Paraplegia ASIA A T5 14 normal N 32 12

14 50 F Multiple foot fx (L); cuboid fx/luxation (L);
1-2-3 cuneiform fx (L); Lisfranc fx/luxation;
distal femur fx (L); tibial fx (L)

15 n.a. N 34 24

15 64 M Radius fx (L); lower limb paresis 15 n.a. N 24 15

16 22 M Paraplegia ASIA D D12, L2 burst fx 15 normal N 17 14

17 28 M Sacrum fx with sacropelvic dissociation;
L1 fx; ischium fx (L); retroperitoneal
hematoma with compression of iliac vein;
ankle fx (R); S1-S3 listhesis

15 n.a. N 16 13

ASIA = American Spinal Injury Association, EDH = extradural hematoma, fx = fracture, GCS = Glasgow Coma Scale, L = left, n.a. = not available, R = right,
ROH = alcohol, SAH = subarachnoid hemorrhage, SDH = subdural hematoma, TBI = traumatic brain injury.
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the movements of each 1-minute epoch were automatically
converted into an electric signal and digitally integrated to
provide an activity count per epoch. Actigraphy data were
downloaded into Actiware 5.0 (MiniMitter Philips Health-
care, Andover, Massachusetts), the dedicated software. A
visual inspection of raw data recorded by actigraphy was
performed to ensure there were no malfunctions or artifacts.
Visual inspection of both PSG and actigraphy recordings
was carried out to ensure that there were no temporal gaps
between these two measures.

Actigraphy sleep-wake scoring algorithms
Four algorithms were used to score each 1-minute epoch of
actigraphy data as sleep or wakefulness: two threshold methods,
and two regression equation-based methods.

Threshold methods

The two threshold algorithms were provided by the actigraph
manufacturer (Actiware 5.0). These algorithms, which have
previously been validated among patients with sleep disorders,14

classify an epoch as sleep or wakefulness by considering the
activity count of the analyzed epoch while taking into account
the epochs prior to and following the analyzed epoch. As an
example, a 1-minute epoch is scored as follows:

A= 0:04E-2 + 0:2E-1 + 1E0 + 0:2E+1 + 0:04E+2

Where A represents the sum of activity counts computed
by the algorithm and En represents the sum of activity counts
for the analyzed epoch E0, the preceding epochs (E−2 and E−1)
and the subsequent ones (E1 and E2). If A exceeds the
threshold, the epoch is scored as wake; otherwise, if A is equal
or inferior to the threshold, the epoch is scored as sleep. In
this study, only thresholds of 20 (Act20, low threshold)
and 40 (Act40, medium threshold) were used because of
their superior sensitivity/specificity ratio.13,14

Regression equation-based methods

The third algorithmwas developed by Lötjönen et al,21 based on
a method developed by Sadeh et al.22 For this method, the
activity count was converted into four variables: the mean
activity in a window of 7 epochs including the analyzed epoch
and those around it; the standard deviation of the activity in
a window of 8 epochs including the analyzed epoch and those
around it; the number of activity counts above 10 in a window
of 11 epochs around the scored epoch; and the natural logarithm
of the activity in the analyzed epoch. The regression equation
used by Lötjönen et al21 is:

SS = 1:687 + 0:003*½s� – 0:034*½mean� – 0:419*½nat� + 0:007*½sd�
– 0:127*½ln�

Where SS, representing the sleep score, is either positive or
negative and accordingly indicates sleep or wake; s repre-
sents the activity value of the analyzed epoch; mean repre-
sents the mean activity in a window of 7 epoch including and

around the analyzed epoch; nat represents the number of
activity counts above 10 in a window of 11 epochs including
and around the analyzed epoch; sd represents the standard
deviation of the activity in a window of 8 epochs around the
analyzed epoch; and ln represents the natural logarithm of the
activity in the analyzed epoch. In this equation, the activity
value of the analyzed epoch is the independent variable and
the PSG sleep/wake classification is the dependent one. The
third method (Lötjonen et al) consisted in directly applying this
function to our data.

The fourth method was once again derived from Lötjönen
et al,21 but was modified by Paquet et al.13 Though the same
variables as Lötjönen et al21 were used, the variable “mean”was
not considered significant and was thus excluded. The equa-
tion is as follows:

SS = 2:457 – 0:004*½s� – 0:689*½nat� – 0:007*½sd� – 0:108*½ln�

Sleep parameters
Sleep parameters were calculated with the same definition for
the PSG and the four actigraphy scoring algorithms. These four
sleep parameters were total sleep time, total wake time, sleep
efficiency, and the number of awakenings. Total sleep timewas
the sum of all 1-minute epochs identified as sleep in the sleep
period. Sleep efficiency was defined as the percentage of sleep
time during the sleep period: (total sleep time / sleep period
duration) × 100. Total wake time was the sum of all 1-minute
epochs identified as wake in the sleep period. Number of
awakenings was the number of periods of one or more con-
secutive minutes of wakefulness.

Statistical analyses

Epoch-by-epoch agreement between actigraphy and PSG

We carried out an epoch-by-epoch analysis, which compared
the minute-by-minute data of both actigraphy and PSG, for
each of the four actigraphy scoring algorithms (Act20, Act40,
Lötjonen et al, and Paquet et al), in order to assess sensitivity,
specificity, and accuracy. Sensitivity was defined as the pro-
portion of all epochs scored as sleep by the PSG that are also
scored as sleep by actigraphy. Specificity was defined as the
proportion of all epochs scored as wake by the PSG that are
also scored as wake by actigraphy. Accuracy was defined as
the proportion of all epochs that are correctly identified by
actigraphy. To compare the algorithms, analysis of variance
(ANOVA) with one repeated measure (four algorithms) was
performed separately on sensitivity, specificity, and accuracy.
When significant differences were found, the post hoc Tukey
Honest Significant Difference test, a simple effect analysis, was
used to compare the means.

Agreement between actigraphy and PSG on sleep parameters

In order to compare the different sleep assessment methods
(PSG, Act20, Act40, Lötjonen et al, and Paquet et al), repeated-
measures ANOVAs were performed on the four sleep param-
eters (total sleep time, totalwake time, sleep efficiency, and number
of awakenings). Subsequently, if any significant differences
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were found, the post hoc Dunnett test was performed to compare
actigraphy algorithms to PSG, which acted as control.

To assess agreement between PSG and actigraphy, sleep
parameters obtained fromPSGwere compared to those obtained
from the four actigraphy scoring algorithms by Bland-Altman
plots. For each sleep parameter, a graph was made with the
average of (on x axes) and the difference between (on y axes)
PSG and actigraphy estimates of each patient. The mean dif-
ferences (bias) and the standard deviation of the differences
were calculated. Mean difference represented the difference
between PSG and actigraphy. A positive bias indicates an
underestimation of the parameters by the actigraphy, whereas
a negative bias indicates an overestimation. The standard de-
viation of the mean differences provides an estimation of the
bias variation between the two measures. The Bland-Altman
analyses were carried out with the software GraphPad Prism
4.00 forWindows (GraphPad Software, San Diego, California,
United States).

Comparing the efficacy of actigraphy between patients with
and without TBI

Lastly, subgroups of patients with TBI and those without TBI
were compared to explore whether actigraphy performs differ-
ently in the assessment of sleep period. Using an independent
sample t test, the sensitivity, specificity, and accuracy obtained
with each algorithm were compared between groups.

RESULTS

PSG and actigraphy were recorded simultaneously, 16.6 ±
8.2 days postinjury, while patients were hospitalized in a
regular neurologic or orthopedic unit. Overall, sleep period
duration varied between 454 and 671 minutes (mean: 569.2 ±
73.5 minutes). In these sleep periods, participants had an
average of 466.1 ± 63.1 minutes of sleep and an average of
101.0 ± 47.4 minutes of wakefulness.

Epoch-by-epoch agreement between actigraphy
and PSG
Table 2 presents sensitivity, specificity, and accuracy values
obtained from epoch-by-epoch comparisons between the four
actigraphy scoring algorithms and PSG. Sensitivity was at least
92% for all algorithms. Repeated-measures ANOVA showed a

significant scoring algorithm effect for sensitivity (F3,48 = 21.8;
P < .001). The post hoc analysis revealed that the sensitivity
of Act40 was significantly higher than that of the other three
algorithms (P < .01). A significant scoring algorithm effect
was also found for specificity (F3,48 = 5.2: P < .003), which
ranged from 48.6% to 59.9%, andAct40 had significantly lower
specificity compared to the other three algorithms. Accuracy was
higher than 85% for all four actigraphy scoring algorithms, and
no significant differences were found between the algorithms.

Agreement between actigraphy and PSG on
sleep parameters
Table 3 shows sleep parameters derived from PSG and actig-
raphy. A significant scoring algorithm effect was found for total
sleep time (F4,64 = 4.5; P = .003) and post hoc analysis showed
that Act40 overestimated this sleep parameter compared to
PSG. A significant scoring algorithm effect was also obtained
for sleep efficiency (F4,64 = 5.7; P < .001), and again, Act40
overestimated sleep efficiency compared to PSG values. A
significant scoring algorithm effect was also found for the
number of awakenings (F4,64 = 19.6; P < .001) where Act40,
Lötjonen et al, and Paquet et al algorithms underestimated the
number of awakenings when compared to PSG. However, no
significant differences were found for total wake time.

The Bland-Altman method was used to compare sleep
parameters obtained with actigraphy to those obtained with
PSG. Table 4 depicts the difference between PSG and the four
actigraphy algorithms. We observed that Act20, Lötjonen et al,
and Paquet et al underestimated total sleep time, whereas Act40
overestimated it. Regarding the total wake time, we observed
an overestimation by Act20, Lötjonen et al, and Paquet et al,
but an underestimation for Act40. Sleep efficiency was
underestimated by an average of 1.2% with Act20, Lötjonen
et al, and Paquet et al, but was overestimated by Act40. Finally,
all the algorithms underestimated the number of awakenings.
For each sleep parameter, we observed a high standard de-
viation, which suggests high interindividual variability among
our algorithms.

Group differences between patients with TBI and
without TBI on actigraphy
Table 5 shows the results of the independent-sample t tests.
Group differences were found for the sensitivity of Act20
(t15 = −2.4; P < .03) and Act40 (t15 = −2.2; P < .04), where

Table 2—Sensitivity, specificity, and accuracy of epoch-by-epoch comparison with polysomnography of four actigraphy scoring
algorithms (n = 17).

Statistical Parameters
Actigraphy Scoring Algorithms

Act20 Act40 Lötjönen Paquet

Sensitivity (%) 92.8 (6.1) 96.1 (4.1) 92.4 (6.0) 92.0 (5.9)

Specificity (%) 59.9 (26.8) 48.6 (27.5) 57.0 (31.1) 57.7 (30.8)

Accuracy (%) 86.0 (6.7) 86.4 (7.2) 86.0 (6.3) 85.8 (6.1)

Data presented as mean (standard deviation). Act20 = Actiware low threshold algorithm, Act40 = Actiware medium threshold algorithm, Lötjönen = Lötjönen
et al’s regression equation algorithm,21 Paquet = Paquet et al’s regression equation algorithm.13
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actigraphy showed higher sensitivity in patients without TBI
than in patients with TBI. No other group differences were found.

DISCUSSION

This study validated the use of actigraphy for the assessment
of nighttime sleep and wakefulness among hospitalized pa-
tients with severe traumatic injuries. Our main result was that
actigraphy in hospitalized trauma patients has an excellent
sensitivity (above 92%) and high epoch-by-epoch accuracy
(above 85%) when compared with ambulatory PSG. The
sensitivity and accuracy obtained in this study are similar to
those reported in studies among healthy individuals under
normal conditions.13,16,23,24 Specificity, which is the ability
of actigraphy to detect wakefulness, was rather low (below
60%) but nevertheless similar or even higher than what
has been observed in previous studies among healthy control
patients.13,16,23 Consequently, we conclude that actigraphy is a
valid tool for monitoring nighttime sleep and wakefulness in
patients hospitalized with acute severe traumatic injuries.

Our second objective was to compare four actigraphy
scoring algorithms in order to identify the optimal algorithm
for this clinical population. Although a medium automatic
wake threshold (Act40) had a better ability to detect sleep
when compared to the low wake threshold (Act20) and the
two regression equation methods (Lötjönen et al and Paquet
et al), it was significantlyworse in detectingwake.As predicted,
the sleep parameters identified by Act20 showed a greater
similarity with PSG results in terms of total sleep time, total

wake time, sleep efficiency, and number of awakenings, when
compared to other algorithms. Act20 also had the highest
specificity (59.9%) and an excellent sensitivity (92.8%). Given
that Act20 is the algorithm with the lowest wake threshold
value, it is not surprising that this algorithm is more suitable
for bed-ridden patients and/or those with acute traumatic
injuries, whose mobility may be restricted. Ultimately, given
some variation in the ability to detect sleep (sensitivity) or
wake (specificity) between the algorithms, the choice of al-
gorithm should bemade in regard to the research question, that
is, whether the main objective of the study is detecting sleep
or wakefulness.

The third objective of this study was to explore the effect
of TBI on the validity of actigraphy. The only group differ-
ences that we found were for sensitivity, where actigraphy
showed lower sensitivity using Act20 and Act40 in patients
with TBI compared to those without TBI. This result is in line
with the general weaknesses of automatic threshold scoring
methods, as discussed by Paquet and colleagues,13 which seem
more affected in their ability to identify sleep when sleep
is highly fragmented, as is the case in patients with TBI.4

Though the generalization of this result is limited consider-
ing our small sample, it points to the need for future valida-
tion studies among different patient populations in order to
appraise the strengths and weaknesses of actigraphy in the
hospital setting.

Limitations
Our study showed strong concordance between actigraphy
and PSG for nighttime sleep in hospitalized patients with

Table 4—Mean difference and standard deviation of mean difference obtained from Bland-Altman plots between
polysomnography and actigraphy scoring algorithms (n = 17).

Sleep Parameters
Actigraphy Scoring Algorithms

Act20 Act40 Lötjönen Paquet

Total sleep time (minutes) 3.0 (56.0) −25.3 (53.4) 5.0 (54.1) 8.1 (53.0)

Total wake time (minutes) −4.9 (55.9) 23.3 (53.0) −11.2 (55.7) −14.4 (54.3)

Sleep efficiency (%) 0.4 (9.1) −4.5 (8.8) 1.4 (9.0) 1.9 (8.7)

Number of awakenings 6.1 (16.7) 9.4 (18.2) 21.1 (15.2) 19.1 (16.0)

Act20 = Actiware low threshold algorithm, Act40 = Actiware medium threshold algorithm, Lötjönen = Lötjönen et al’s regression equation algorithm,21 Paquet =
Paquet et al’s regression equation algorithm.13

Table 3—Sleep parameters scored by polysomnography and estimated by the four actigraphy scoring algorithms (n = 17).

Sleep Parameters PSG
Actigraphy Scoring Algorithms

Act20 Act40 Lötjönen Paquet

Total sleep time (minutes) 466.1 (63.1) 463.2 (70.0) 491.4 (69.7)* 461.2 (74.9) 458.1 (74.2)

Total wake time (minutes) 101.0 (47.4) 105.9 (66.2) 77.7 (56.4) 112.2 (69.8) 115.4 (69.4)

Sleep efficiency (%) 82.2 (7.6) 81.8 (9.9) 86.7 (8.6)* 80.8 (10.9) 80.2 (10.7)

Number of awakenings 32.6 (17.1) 26.5 (13.1) 23.2 (12.4)* 11.5 (6.1)* 13.5 (7.5)*

Data presented as mean (standard deviation). *Significant difference when compared to PSG. Act20 = Actiware low threshold algorithm, Act40 =
Actiware medium threshold algorithm, Lötjönen = Lötjönen et al’s regression equation algorithm,21 Paquet = Paquet et al’s regression equation algorithm,13

PSG = polysomnography.
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severe traumatic injuries, even among bedridden patients with
moderate to severe TBI. However, despite the overall validity
of nighttime actigraphy in this population and setting, we
found a high interindividual variability agreement between
actigraphy and PSG, which has important implications when
actigraphy is used as a clinical tool on an individual level.
Nursing interventions, noise, medication, and pain may all
have contributed to interindividual variability in actigraphy
validity compared to PSG. Unfortunately, our sample size
was not large enough to explore the effect of these factors.
Combining actigraphy with a sleep diary can increase validity
of actigraphy, but patients may not always be able to use a
sleep diary accurately, because they may be confused, dis-
oriented, or have orthopedic injuries that limit writing. A
nursing sleep diary could also be an interesting alternative
to complement actigraphy but requires thorough and con-
tinuous monitoring in order to be useful in this context.

The evaluation of sleep duration and quality over the entire
24-hour sleep-wake cycle provides very useful information,
especially to assess total daily sleep time and/or the distri-
bution of sleep and wakefulness over a 24-hour period. In the
current study, however, although actigraphs were worn during
both daytime and nighttime, most patients could not tolerate
the PSG material for the entire 24 hours, and the quality of
the PSG signal was, in some patients, poorer during the
daytime period. Therefore, it was not possible to assess the
validity of actigraphic recordings in the daytime. Actigraphy
can be expected to have a lower specificity in the daytime
compared to nighttime when patients have periods during

which they rest in bed without sleeping. However, this hy-
pothesis remains to be tested.

CONCLUSIONS

Though actigraphy had previously been shown to be valid and
reliable for the assessment of sleep and sleep disorders among
healthy and clinical populations,12–14,25,26 the current study is
the first to validate actigraphy for nighttime sleep-wake mon-
itoring in an acute care setting, among bedridden patients with
severe traumatic injuries. Validating actigraphy among pa-
tients with acute traumatic injury and promoting objective sleep
monitoring in this clinical setting could have important im-
plications for optimizing recovery, especially among patients
who are unable to properly communicate their sleep distur-
bances. Future studies using actigraphy among patients with
acute traumatic injury should favor a low wake threshold value
for a more accurate assessment of nocturnal sleep and wake.
Given the small size of our sample, this study serves an ex-
ploratory purpose and aims to foster future validation studieswith
larger samples and covering the entire daily sleep-wake cycle.

ABBREVIATIONS

Act20, wake threshold of 20 activity counts per epoch
Act40, wake threshold of 40 activity counts per epoch
ANOVA, analysis of variance
PSG, polysomnography
TBI, traumatic brain injury
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