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Abstract

Pupil diameter measurement is crucial for physical assessment and disease monitoring in a
health and nursing care situation. A general penlights (GPLs) is frequently used and allow
for an approximate and indirect measurement of the pupil diameter. Health caregivers or
nurses generally have less confidence in the value of the pupil diameter measured using the
GPL. The Advanced Penlight (APL) is a new device designed for accurate measurement of
the pupil diameter. The purpose of the presented research was to compare the accuracies
and operational times of the pupil diameter measurements by means of the GPL and APL.
One-group post-test and single-blind study designed was used in this study. The innovation
of the APL is the addition of a perspective measurement ruler (PMR) attached to one side of
the penlight that allows precise measurement of the pupil diameter before and after pupillary
contraction. The PMR can be rotated by any angle for adaptation to the measurement condi-
tions. After standard pupil diameter measurements by a refractometer (RM) were performed
on a subjects, ninety study participants measured the pupil diameters of the same subject
separately by the GPL and APL. A self-administered questionnaire was used to assess the
opinions of the participants after using the GPL compare to the APL. The mean age of the
participants was 20.01 (SD = 0.47) years and 83% of them were female senior nursing stu-
dents. There were no statistically significant differences between the average values of

pupil diameters measured by the APL and the RM. Compared to the GPL, the pupil diameter
measured by APL was much similar to the RM measurement. The average operational time
was 8.72 seconds shorter (t =-3.81, p = 0.001) for the APL measurement compared to the
GPL measurement. The average scores of convenience and confidence on pupil diameter
measurements of questionnaire were higher for the APL compared to the GPL. The APL
can increase the accuracy and save operating time of pupil diameter measurement and
thereby promote the quality of health assessment and nursing care practice.

Introduction

Pupil size and reactivity assessment is a regular health and nursing care in general ward, emer-
gency room (ER), and intensive care unit (ICU) [1-2]. Measuring pupillary contraction and
change of size after light stimulation can serve as a window to view the brain and evaluate the
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function of the autonomous nervous system. In addition, pupillometry can be used for early
diagnosis of related diseases, to assess the severity of disease, to decide on treatment and nurs-
ing care strategy, and to predict the outcome of disease [1-8]. Measuring pupil diameter is also
applied to study recognition memory. It is found that the pupils become significantly enlarged
when the subjects see the old and familiar items [9]. Under normal conditions, the pupil diam-
eter should be the same in both eyes. The pupil diameter ranges from 1.5 to 6.0 mm. Light
stimulation of the pupil causes its contraction, which is also known as the pupil reflex [10].

A penlight provides a source of light and has become the most common used tool to assess
the pupil diameter. Asymmetry of pupil constriction in response to light means one pupil con-
stricts and the other remains dilated or constricts more slowly. It may indicate dynamic aniso-
coria or a Marcus Gunn pupil, a relative afferent pupillary defect (RAPD), or temporal lobe
herniation in the brain [11-13]. The pupil measurement ruler is usually attached to the side of
general penlights (GPL). The pupil diameter can be measured only after removing the GPL
and placing the ruler close to the eye to approximately and indirectly estimate the pupil diame-
ter. The use of the GPL not only extends the evaluation time but also reduces the accuracy of
pupil diameter measurement. A number of studies have found the the effects of using different
equipment on the outcomes of pupil diameter measurements [14-17]. The accuracy of a pupil
diameter measurement and operation time required to perform it are the important character-
istics of all new instruments or systems. However, the bulky designs of the refractometer or
computer system used for pupil diameter measurement utilized in the above mentioned stud-
ies complicate their use in clinical conditions and on patients in critical and intensive care
environment. Although the GPL is convenient to use, it has been observed that health care-
giver or nurses generally have less confidence in the value of the pupil diameter measured
using the GPL. Hence, it is important to redesign the GPL to solve the difficulties and promote
the accuracy of pupil diameter measurement in a patient care situation. The purpose of this
study is to compare the accuracy and the operational time of pupil diameter measurement by
the GPL and a new design penlight.

Methods
The design of the advanced penlight

To improve the accuracy and convenience of pupil diameter measurement, our research team
designed an advanced penlight (APL) (Fig 1). There are two innovations in the design of the
proposed APL. One type has a standard pupil size of perspective measurement ruler (PMR).
The PMR and rotary design were made by following several steps. Eight sizes of standard pupil
diameter (from 2 mm to 9 mm) was printed on a transparent plastic plate as a PMR, which is 5
cm long and 1 cm wide. There is a two-piece metal snap to attach the PMR to the penlight.
The bottom part of the snap is attached to the top of the PMR. The top part of the metal snap
is than attached to the bottom side of the plate. Next, the hook side of the fastener, which is
made by Velcro, was stuck to the bottom of the PMR. The loop side of fastener was stuck at the
opposite bottom side of the penlight to adhere the PMR. The PMR can be placed close to the
eyes and directly measure the precise value of the pupil diameter before and after pupillary
contraction. The metal snap is a rotary design used to fix the PMR and measure the pupil
diameter at the desired degrees. The bulb voltage of APL is 2.2 V / 0.25 A. Fig 2 were 3D print-
ing of APL.

Experimental design

One-group post-test and single-blind study designs were used in this study. The research was
approved by an institutional review board (17MMHISO41e). The research was carried out
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Fig 1. The model of APL.
https://doi.org/10.1371/journal.pone.0205978.9001

during August 2017 to January 2018. Purposive sampling was used to recruit ninety nursing
students from a college in northern Taiwan. The incursive criteria were nursing students who
had experience operating a penlight in their nursing internship. The exclusive criteria was hav-
ing serious eye disease affecting the eyesight or feeling anxious or panic in darker environ-
ments. We recruited the participants through leaflets. The participants who were willing to
join the research could actively connect to researchers and arrange available times for the
experiment. After the researcher explained the research purpose, process, possible benefit, and
injury, all participants signed a written consent form. We asked the guardians or parents to
sign a consent from for the participants who were under 20 years old. The standard pupil
diameter was measured for each subject using a refractometer (RM) (Topcon Auto Kerato-
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Fig 2. 3D printing of APL.
https://doi.org/10.1371/journal.pone.0205978.g002
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1. Decrease indoor light (118 Lux) and ask the examiner stay at one side, 25 centimeters

!

2. Ask the subjects to gaze at a distant target.

/\

away from the subjects.

3. Use the general penlight (GPL). 3. Use the advanced penlight (APL).
4. Put the pupil measurement ruler on the 4. Turn down and rotate the PMR in front of
side of the GPL close to each eye and each eye and directly measure the pupil
indirectly estimate the pupil diameter. diameter.

—

L

5. Record the average values of binocular pupil diameter before pupillary contraction.

v

6. Open the light source (bulb wattage is 2.2 V/0.25 A) and slightly move the light from
outside of the binocular to the pupil to stimulate the pupillary contraction.

4—""'/\;

7. Move the GPL and put the pupil 7. Use the PMR and directly measure the
measurement ruler on the side of the GPL pupil diameter of each eye.

close to each eye and indirectly estimate

e ———

L

the pupil diameter.

8. Record the average values of the binocular pupil diameter after pupillary contraction.

Fig 3. Eight steps of the standard procedures for the GPL and the APL.
https://doi.org/10.1371/journal.pone.0205978.g003

refractometer; 75-1, Hasunuma-Cho, Itabashi-Ku, Tokyo, 174-8580, Japan), and the average
values were calculated. The ninety participants measured the subject’s pupil diameter sepa-
rately by the GPL and the APL using a standard eight-step procedure [18-19] (Fig 3).

The specification of the GPL is Spirit brands, model CK-907D, with a 3.0 V LED bulb lamp.
The lux of ambient lighting had been measured in each operation and kept at 118 lux. It was
suggested to take at least a 1 minute break between each light stimulation [18-19]. In this
research, a 10 minutes break was used to restore the sensitivity of the subject’s pupil for light
stimulation. The pupil diameters before and after pupillary contraction were recorded sepa-
rately for each participant. We defined pupillary contraction as the maximal constriction after
light stimulation. The average times to perform the eight steps when using the GPL and the
APL were also computed and recorded without informing the participants to avoid the Haw-
thorne effect. The participants were required to complete a questionnaire to ask for their opin-
ion after the experiment.

Estimation of sample size

G-power was used to estimate the sample size. On the basis of a power, effect size, and sample
size of 0.95, 0.5, and 0.05, respectively, the sample size was calculated to be 45. At a loss rate of
20%, the sample size was calculated to be at least 54.
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Questionnaire of using opinion

A questionnaire was created to investigate the opinions of the participants for using the APL
and the GPL. A four point Likert scale was used with 1 point means strongly disagree, 2 points
disagree, 3 points agree, and 4 points strongly agree. Higher scores represent a more positive
opinion. The Cronbach’s alpha coefficient of the questionnaire was 0.82 as determined by 30
pretest participants. The validity of questionnaire was evaluated using content validity by three
experts. One nurse who has 7 years of experience working in the ICU, one assistant professor
who majored in nursing, and one medical physician. The scores of content validity were four
points (1 point means strongly disagree, 2 point means disagree, 3 point means agree, and 4
point means strongly agree) to evaluate the correctness, feasibility, appropriateness, and com-
pleteness of each question. The average scores of expert validity were between 3.7 to 3.9 points
and represent a good validity.

Analysis methods

The collected data was analyzed by using SPSS for Windows, version 20.0 (IBM Corp. in
Armonk, NY). Descriptive statistics were used to analyze the basic characteristics of the partic-
ipants. The mean differences in pupil diameter and operation time of the GPL and the APL
measurements were analyzed by using the t-test. Bland-Altman plots and one sample t-test
were used to find a potential dependency between means and differences within the GPL, the
APL and the RM. The comparison of participants’ opinions after using the APL and the GPL
were performed by independent t-test.

Results
Characteristics of the participants

There were ninety participants, of whom 83% were female senier nursing students. The mean
age of the participants was 20.01 (SD = 0.47) years. Approximately 78% (N = 70) of the partici-
pants had uncorrected visual acuity between 0.5 and 0.9. The mean period of internship in
clinical nursing care was 7.12 (SD = 0.48) months. The mean frequency of using the GPL dur-
ing the internship was 52.31 times (SD = 8.2). Approximately 88.0% of the participants
acknowledged that the design quality of the penlight is important for disease progression mon-
itoring (Table 1).

Comparison of the GPL and the RM

Table 2 shows that the left pupil diameter before pupillary contraction (LPD BPC) was 1.52
mm larger than after pupillary contraction (APC) when using light stimulation by the GPL.
The right pupil diameter before pupillary contraction (RPD BPC) was 1.47 mm larger than
APC when using light stimulation by the GPL. The LPD BPC was 2.23 mm larger than APC
when using light stimulation by the RM. The RPD BPC was 1.87 mm larger than APC when
using light stimulation by the RM. The average values of pupil diameter measured by the RM
were significantly larger than that of pupil diameter measured by the GPL before and after
pupillary contraction. The results indicated the pupil diameters measured by GPL and the RM
were different.

Comparison of the APL and the RM

Table 3 reveals that the LPD BPC was 1.86 mm larger than APC when using light stimulation
by the APL. The RPD BPC was 1.86 mm larger than APC when using light stimulation by the
APL. The LPD BPC was 2.23 mm larger than APC when using light stimulation by the RM.
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Table 1. Characteristics of the participants.

Variable N(@90)| %

Gender

Male 15| 17%

Female 75 | 83%
Age

<18 8| 9%

19 ~20 72 | 80%

>21 10 | 11%
Uncorrected visual acuity

>1.0 9 | 10%

<0.9~0.5> 70 | 78%

<0.4 11| 12%
Internship of clinical nursing care

2~3 months 8| 9%

4~5 months 12| 13%

> 6 months 70 | 78%
Frequency of using a penlight during the internship

<40 9 | 10%

41~59 66 | 73%

>60 15| 17%
Recognized that good design of the penlight is important in disease progression monitoring for
patients

Yes 79 | 88%

No 11| 12%

https://doi.org/10.1371/journal.pone.0205978.t001

The RPD BPC was 1.87 mm larger than APC when using light stimulation by the RM. There
were no significant differences in the average values of pupil diameter as measured by the APL
and the RM. The results indicated the pupil diameters measured by APL and the RM were
very close.

Analysis of Bland-Altman plot

One sample t-test showed the mean differences of the GPL and the RM before (t = 12.626,
P<0.001) and after (t = 9.028, p<0.001) pupillary construction reached the statistically signifi-
cant differences. The mean differences of the APL and the RM before (t = 1.481, p = 0.142)
and after (t = 0.712, p = 0.487) pupillary construction had no statistically significant

Table 2. Comparison of the GPL and the RM (N = 90).

Average value of pupil diameter (mm) t P
GPL (A) RM (B) (B)-(A) value value
M SD M SD
LPD BPC 4.33 0.92 5.56 0.25 1.23 12.36 <0.001
LPD APC 2.81 0.68 3.33 0.13 0.52 7.22 <0.001
RPD BPC 4.33 1.02 5.41 0.37 1.08 9.53 <0.001
RPD APC 2.86 0.71 3.54 0.27 0.68 8.24 <0.001

LPD = left pupil diameter, BPC = before pupillary contraction, APC = after pupillary contraction, RPD = right pupil diameter, GPL = general penlight,
RM = refractometer, M = mean, SD = standard deviation

https://doi.org/10.1371/journal.pone.0205978.t1002
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Table 3. Comparison of the APL and the RM (N = 90).

Average value of pupil diameter (mm)
APL (A) RM (B) (B)-(A) t P
value value
M SD M SD
LPD BPC 5.35 1.09 5.56 0.25 0.21 -1.87 0.065
LPD APC 3.49 0.69 3.33 0.13 -0.16 1.81 0.072
RPD BPC 5.33 0.87 5.41 0.37 0.08 -0.843 0.402
RPD APC 3.47 0.74 3.54 0.277 0.07 -0.411 0.682

LPD = left pupil diameter, BPC = before pupillary contraction, APC = after pupillary contraction, RPD = right pupil diameter, APL = advanced penlight,

RM = refractometer, M = mean, SD = standard deviation

https://doi.org/10.1371/journal.pone.0205978.t003

differences. Bland-Altman plot of the GPL and the RM before and after pupillary construction
presented in Figs 4 and 5 and revealed the significant differences. Bland-Altman plot of the
APL and the RM before and after pupillary construction presented in Figs 6 and 7 and revealed
no significant differences.

Comparison of operational time for the APL and the GPL

The operational times (seconds) of eight standard procedures (Fig 3) performed with the GPL
and the APL were measured separately. The average operational time of the eight steps per-
formed with the GPL was 14.81 seconds. The average operational time of the eight steps per-
formed with the APL was 6.12 seconds, which was 8.72 seconds shorter (t = -3.81; p = 0.001)
than that of the GPL (Table 4).
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Fig 4. Bland-Altman plot of the GP and the RM before pupillary contraction. GP = general penlight;
RM = refractometer; DGPLRMBPDC = difference of general penlight and refractometer before pupillary contraction;
MGPLRMBPC = mean of general pen light and refractometer before pupillary contraction.

https://doi.org/10.1371/journal.pone.0205978.g004
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Fig 5. Bland-Altman plot of GP and the RM after pupillary contraction. GP = general penlight; RM =
refractometer; DGPLRMAPC = difference of general penlight and refractometer after pupillary contraction;
MGPLRMAPC = mean of general penlight and refractometer after pupillary contraction.

https://doi.org/10.1371/journal.pone.0205978.g005
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Fig 6. Bland-Altman plot of the APL and the RM before pupillary contraction. APL = advanced penlight;
RM = refractometer; DAPLRMBPC = difference of advanced penlight and refractometer before pupillary contraction;
MAPLRMBPC = mean of advanced penlight and refractometer before pupillary contraction.

https://doi.org/10.1371/journal.pone.0205978.9006
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Fig 7. Bland-Altman plot of AP and the RM after pupillary contraction. APL = advanced penlight;
RM = refractometer; DAPLRMBPC = difference of advanced penlight and refractometer after pupillary contraction;
MAPLRMBPC = mean of advanced penlight and refractometer after pupillary contraction.

https://doi.org/10.1371/journal.pone.0205978.9007

Comparison of participants’ opinions regarding the use of the APL and the
GPL

The average scores of the five questions were all significantly higher for those using the APL
than those using the GPL (Table 5). In the item of the confidences to judge the pupil diameter,
the mean difference was 1.23 (t = 11.85; p<0.001) higher in the APL than in the GPL. The
mean difference between i the item of reduced duration to judge the pupil diameter with the
APL and GPL was 1.13 (t = 9.67; p<0.001). All of the participants considered that the conve-
nience and confidence of pupil diameter measurement were higher when using the APL rather
than the GPL, and therefore, were more inclined to use the APL.

Discussion

In our study, the mean values of pupil diameter measured by the GPL had significant differ-
ences from the standard values measured by the RM. The result was similar to Couret, et al.
[20], compared to hand-held electronic monocular pupilometer, the standard measurement in
pupil size and pupil reflex by penlight yields inaccurate data. Although, the electronic and
automated pupillometry is a more reliable instrument in patients’ pupil assessment, the GPL is
still frequently used in clinical care situations to measure the pupil diameter and pupil reflex of

Table 4. Comparison of operational time of the GPL and the APL (N = 90).

Operational time (seconds)

M

GPL (A) APL (B) (B)-(A) t value p value
SD M SD
14.84 1.43 6.12 0.91 -8.72 -3.81 0.001

APL = advanced penlight, GPL = general penlight, M = mean, SD = standard deviation

https://doi.org/10.1371/journal.pone.0205978.1004
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Table 5. Comparison of participants’ opinions of using the APL and the GPL (N = 90).

APL(A) GPL(B) (A)-(B) t value p value

M SD M SD
The easiness to observe the value of the pupil diameter 3.41 0.51 2.35 0.49 1.06 11.6 <0.001
The reduced duration to judge the pupil diameter 3.43 0.52 2.3 0.54 1.13 9.67 <0.001
The accuracy to judge the value of the pupil diameter 3.47 0.51 2.39 0.53 1.08 8.76 <0.001
The confidence to judge the pupil diameter 3.59 0.54 2.36 0.71 1.23 11.85 <0.001
The willingness to use the tool 3.68 0.51 2.74 0.49 0.94 9.49 <0.001

APL = advanced penlight, GPL = general penlight, M = mean, SD = standard deviation

https://doi.org/10.1371/journal.pone.0205978.t005

the autonomic nervous system. It is worthwhile to improve the function of GPL in the most
cost-effective way to improve the accuracy of measuring the pupil diameter during pupil
reflex.

The mean values of pupil diameter measured by the APL were much closer to the standard
values measured by the RM. Previous research had discovered that by using the penlight with
a gauge could improve the result consistency of pupil size assessment than without using a
gauge [21]. In the APL, the gauge had been redesign into a moveable PMR to directly compare
the pupil diameter. Therefore, the consistency and accuracy of pupil diameter measurement
could be enhanced. In addition, the convenience of saving time and accuracy measure design
of APL met the expectations of participants with nursing back grounds. It could be applied for
health and nursing care practitioner in pupil assessment and disease monitoring in the future.
In the result, the average values of the pupil diameter measured by the RM were larger than
that of the GPL and APL before and after pupillary contraction. The change in the pupil diam-
eters were influenced by the state of both eyes and degree of retinal illumination [22-23]. The
eyes of the subjects are very close to the RM during measurement. The light sensors of the
pupil decreased and lead to pupil dilation, which may account for the larger values of pupil
diameter in our measurements. A visually direct measurement method by the APL can signifi-
cantly improve the accuracy of pupil diameter measurements. The design of the PMR allows
it to be placed very closely above the pupil so that the examiner can see through the scale to
accurately estimate the value of pupil diameter before and after pupillary contraction without
moving the APL. Therefore, the values of pupil diameter measured by the APL were all signifi-
cantly correlated with the values measured by the RM.

Pupil diameters before and after pupillary contraction change within a few seconds. The
differences between the average values of the pupil diameters before pupillary contraction
were 0.21 mm and 0.08 mm in the left and right eyes, respectively, for the RM and the APL
measurements. The differences between the average values of the pupil diameter after pupillary
contraction were -0.106 mm and 0.07 mm in the left and right eyes, respectively, for the RM
and the APL measurements. The differences between the average values of the pupil diameter
in same eye measured were 1.23 mm, 1.08 mm, 0.52 mm, and 0.68 mm in the RM than the
GPL. The design of the APL allows for detection of a slight change in the pupil diameter and
the resulting measurements were closer to the values as measured by the RM.

The operation time was 8.72 seconds shorter in using the APL compared to the GPL. The
first reason for this is that operating the APL does not require moving the pupil measurement
ruler located on the side of the GPL close to each eye. The second reason is that the direct mea-
surement of the APL can increase the users’ confidence in the values of pupil diameters and
decrease the time in repeated measurement and interpretation. So far, no research was con-
ducted to study the influence of performance confidence and operational time on the pupil
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diameter measurements. Our results indicate that the confidence in the values of pupil diame-
ters can significantly decrease the operation time for measurement. Studies rarely compare the
users’ subjective views of different pupillometry methods. In our results, the mean difference
in the questionnaire answers can be interpreted as an effect of physiological parameters. For
example, the mean difference of the item in the accuracy to judge the pupil diameter was 1.08
(t=8.76, p<0.001) higher when using the APL than the GPL. These results are consistent with
the results of pupil diameter measurements by the APL and the RM.

Compared to the GPL, the APL has a more innovative design and evaluation method of
pupil diameter measurement. Its cost is lower. We estimate the price of the APL to be approxi-
mately US $9.5. Moreover, the APL can be handmade using available raw materials. The pro-
duction technology is easy. The potential for mechanization is high, which is beneficial for
future mass production. The APL is easy to use and no extra training is required. Pupillometry
can be used in many studies and applications. In addition to the evaluation of nursing care
quality, medical diagnosis, and disease prognosis, changes in the pupil diameter could become
a method of understanding and measurement of cognitive acts [24]. So far, there is no similar
product. Therefore, there will be no competition on the market and the potential market is
large. At present, general wards, intensive care units, and emergency rooms are equipped with
GPL. Therefore, as long as the GPL is slightly modified and improved into the APL, it not only
can achieve precise and confidence pupil diameter measurement, but also save the measure
time for health and nursing care practitioners.

There are several limitations that need to be mentioned. First, due to the limitation of bud-
get and instruments, we chose the RM which is used for ophthalmology to measure the stan-
dard pupil size. Thus, the illumination conditions are different and the resulting pupil sizes are
different in penlight and the RM. Comparable device is thought to be handheld infrared
device, such as, NPi-200 (NeurOptics). Its accuracy has already been proved and shows the
temporal change of the pupil diameter stimulated by the LED light source. Second, the partici-
pants were purposively sampled and recruited from the same college, and most of them were
female, which may have affected the results. To increase the generalizability of the results, we
suggest that future studies be performed to determine the inclusive criteria by using gender-
matched samples. Diversification of participants’ recruitment sites is also needed. We only
found the modified design of a conventional LED penlight with pupil gauge had significant
differences from the GPL in statistics. However, we cannot ensure its clinical significance due
to the fact that the subjects were in good health conditions. We suggest in the future experi-
ment, the APL should be applied in patients with brain or eyes disease to confirm its clinical
significance.

Conclusions

Compared with the GPL, the average pupil diameter measured by the APL was closer to the
standard pupil diameter measured by the RM. The average operational time for the APL was
significantly shorter than that of the GPL. All of the participants believe that the convenience
and confidence of the pupil diameter measurement were higher when using the APL rather
than the GPL, and they were more inclined to use the APL in a elinieal health and nursing care
setting. The use of the APL can significantly enhance the accuracy and efficiency of pupil
diameter measurements.

Supporting information

S1 Consent.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0205978 November 7,2018 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0205978.s001
https://doi.org/10.1371/journal.pone.0205978

®PLOS | one

The effect evaluation of advanced penlight

Acknowledgments

The authors are very grateful of Guan-Ting Chen, Qian-Hing Fu, Ya-Qiong Zeng, Yu-Shan
Wang, Zheng-Jie Dai, and Zhu-Xin Li (listed alphabetically by first name) who provided sug-
gestions for designing and producing of APL. We also thank all participants for their willing-
ness to complete the experiment, providing valuable information and valuable suggestions for
improving the effects of the penlight.

Author Contributions

Conceptualization: Piao-Yi Chiou.

Data curation: Piao-Yi Chiou.

Formal analysis: Piao-Yi Chiou.

Funding acquisition: Piao-Yi Chiou.

Investigation: Piao-Yi Chiou.

Methodology: Piao-Yi Chiou, Yi-Horng Lai.

Project administration: Piao-Yi Chiou, Yi-Horng Lai.
Resources: Piao-Yi Chiou, Yi-Horng Lai.

Software: Piao-Yi Chiou, Yi-Horng Lai.

Supervision: Piao-Yi Chiou, Chih-Yin Chien.
Validation: Piao-Yi Chiou, Chih-Yin Chien, Chang Feng Chun.
Visualization: Piao-Yi Chiou, Chih-Yin Chien.
Writing - original draft: Piao-Yi Chiou.

Writing - review & editing: Piao-Yi Chiou.

References

1. Anderson M, Elmer J, Shutter L, Puccio A, Alexander S. Integrating quantitative pupillometry into regu-
lar care in a neurotrauma intensive care unit. J Neurosci Nurs. 2018; 50 (1): 30-36. https://doi.org/10.
1097/JNN.0000000000000333 PMID: 29303836

2. Damkliang J, Considine J, Kent B, Street M. Initial emergency nursing management of patients with
severe traumatic brain injury: development of an evidence-based care bundle for the Thai emergency
department context. Australas Emerg Nurs. 2014; 17 (4): 152—160. https://doi.org/10.1016/j.aenj.2014.
05.005 PMID: 25443429

3. Hoffmann M, Lefering R, Rueger JM, Kolb JP1, Izbicki JR, Ruecker AH, et al. Pupil evaluation in addi-
tion to Glasgow Coma Scale components in prediction of traumatic brain injury and mortality. Br J Surg.
2012; 99(S1): 122—-130. https://doi.org/10.1002/bjs.7707 PMID: 22441866

4. Jain S, Dharap SB, Gore MA. Early prediction of outcome in very severe closed head injury. Injury.
2008; 39(5): 598—6083. https://doi.org/10.1016/j.injury.2007.06.003 PMID: 17884053

5. Marmarou A, Lu J, Butcher I, McHugh GS, Murray GD, Steyerberg EW. Prognostic value of the Glas-
gow Coma Scale and pupil reactivity in traumatic brain injury assessed pre-hospital and on enroliment:
An IMPACT analysis. J Neurotrauma. 2007; 24(2): 270-280. https://doi.org/10.1089/neu.2006.0029
PMID: 17375991

6. Murray GD, Butcher I, McHugh GS, Lu J, Mushkudiani NA, Maas AIR, et al. Multivariable prognostic
analysis in traumatic brain injury: results from the IMPACT study. J Neurotrauma. 2007; 24(2): 329—
337. https://doi.org/10.1089/neu.2006.0035 PMID: 17375997

7. Servadei F, Nasi MT, Cremonini AM, Giuliani G, Cenni P, Nanni A. Importance of a reliable admission
Glasgow Coma Scale score for determining the need for evacuation of posttraumatic subdural hemato-
mas: A prospective study of 65 patients. J Trauma. 1998; 44(5): 868—-873. PMID: 9603091

PLOS ONE | https://doi.org/10.1371/journal.pone.0205978 November 7,2018 12/13


https://doi.org/10.1097/JNN.0000000000000333
https://doi.org/10.1097/JNN.0000000000000333
http://www.ncbi.nlm.nih.gov/pubmed/29303836
https://doi.org/10.1016/j.aenj.2014.05.005
https://doi.org/10.1016/j.aenj.2014.05.005
http://www.ncbi.nlm.nih.gov/pubmed/25443429
https://doi.org/10.1002/bjs.7707
http://www.ncbi.nlm.nih.gov/pubmed/22441866
https://doi.org/10.1016/j.injury.2007.06.003
http://www.ncbi.nlm.nih.gov/pubmed/17884053
https://doi.org/10.1089/neu.2006.0029
http://www.ncbi.nlm.nih.gov/pubmed/17375991
https://doi.org/10.1089/neu.2006.0035
http://www.ncbi.nlm.nih.gov/pubmed/17375997
http://www.ncbi.nlm.nih.gov/pubmed/9603091
https://doi.org/10.1371/journal.pone.0205978

®PLOS | one

The effect evaluation of advanced penlight

10.

1.

12
13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Watefhouse C. The Glasgow Coma Scale and other neurological observations. Nurs Stand. 2005 19
(33): 56—64. https://doi.org/10.7748/ns2005.04.19.33.56.c3857 PMID: 15884305

Otero SC, Weekes BS, Hutton SB. Pupil size changes during recognition memory. Psychophysiology.
2011; 48(10): 1346-1353. https://doi.org/10.1111/j.1469-8986.2011.01217.x PMID: 21575007

Lowenstein O, Lowenfield IE. Role of sympathetic and parasympathetic systems in reflex dilatation of
the pupil pupillographic studies. Arch Neurol Psychiatry. 1950; 64(3): 313-340. PMID: 15433651

lankova A. The glasgow coma scale clinical application in emergency departments. Emerg Nurse.
2006; 14(8): 30-35. https://doi.org/10.7748/en2006.12.14.8.30.c4221 PMID: 17212177

Pearce J. The Marcus Gunn pupil. J Neurol Neurosurg Psychiatry. 1996; 61 (5): 520. PMID: 8937350

Broadway DC. How to test for a relative afferent pupillary defect (RAPD). Community Eye Health. 2016;
29(96): 68—69. PMID: 28381906

Bootsma S, Tahzib N, Eggink F, de Brabander J, Nuijts R. Comparison of two pupillometers in determin-
ing pupil size for refractive surgery. Acta Ophthalmol Scand. 2007; 85(3): 324—328. https://doi.org/10.
1111/j.1600-0420.2006.00823.x PMID: 17488463

Galia A, Jonathan S, Rivka K, Eldar R, Naomi F, Anat L, et al. Effect of pupil size on biometry measure-
ments using the IOL Master. Am J Ophthalmol. 2015; 159(5): 940-944. https://doi.org/10.1016/}.ajo.
2015.01.025 PMID: 25637178

Kobashi H, Kamiya K, Yanome K, Igarashi A, Shimizu K. Effect of pupil size on optical quality parame-
ters in astigmatic eyes using a double-pass instrument. Biomed Res Int. 2013; pii: 124327. https://doi.
org/10.1155/2013/124327 PMID: 23865038

Nowak W, Zarowska A, Szul-Pietrzak E, Misiuk-Hojto M. System and measurement method for binocu-
lar pupillometry to study pupil size variability. Biomed Eng Online. 2014; 13:69. https://doi.org/10.1186/
1475-925X-13-69 PMID: 24899167

Rhoads J, Petersen SW. Eye disorder. In Martin A, Huggard E, edtors. Advanced health Asssessment
and Diagnostic Reasoning. United States of America: Jones and Bartlett Learning; 2018. pp. 92—116.

Ball JW, Danis JE, Flynn JA, Solomon BS, Stewart RW. Eyes. In: Ball JW, Danis JE, Flynn JA, Solo-
mon BS, Stewart RW, editors. Seidel's Guide to Physical Examination. Canada: Mosby; 2015. pp.
204-230.

Couret D, Boumaza D, Grisotto C, Triglia T, Pellegrini L, Ocquidant P, et al. Reliability of standard pupil-
lometry practice in neurocritical care: An observational, double-blinded study. Crit Care. 2016; 13
(20): pp.99. https://doi.org/10.1186/s13054-016-1239-z PMID: 27072310

Omburo L, Stutzman S, Supnet C, Choate M, Olson DM, High variance in pupillary examination findings
among postanesthesia care unit nurses. J Perianesth Nurs. 2017; 32 (3): pp. 219-224. https://doi.org/
10.1016/j.jopan.2015.05.117 PMID: 28527550

Twa MD, Bailey MD, Hayes J, Bullimore MM. Estimation of pupil size by digital photography. J Cataract
Refract Surg. 2004; 30(2): 381-389. https://doi.org/10.1016/S0886-3350(03)00619-9 PMID: 15030828

Vizmanos JG, de la Fuente |, Aparicio JA. Influence of surround illumination on pupil size and contrast
sensitivity. Ophthalmic Physiol Opt. 2004; 24(5): 464—468. https://doi.org/10.1111/j.1475-1313.2004.
00230.x PMID: 15315662

Kloosterman NA, Meindertsma T, Loon AM, Lamme VAF, Bonneh YS, Donner TH. Pupil size tracks
perceptual content and surprise. Eur J Neurosci. 2015; 41(8): 1068—1078. https://doi.org/10.1111/ejn.
12859 PMID: 25754528

PLOS ONE | https://doi.org/10.1371/journal.pone.0205978 November 7,2018 13/13


https://doi.org/10.7748/ns2005.04.19.33.56.c3857
http://www.ncbi.nlm.nih.gov/pubmed/15884305
https://doi.org/10.1111/j.1469-8986.2011.01217.x
http://www.ncbi.nlm.nih.gov/pubmed/21575007
http://www.ncbi.nlm.nih.gov/pubmed/15433651
https://doi.org/10.7748/en2006.12.14.8.30.c4221
http://www.ncbi.nlm.nih.gov/pubmed/17212177
http://www.ncbi.nlm.nih.gov/pubmed/8937350
http://www.ncbi.nlm.nih.gov/pubmed/28381906
https://doi.org/10.1111/j.1600-0420.2006.00823.x
https://doi.org/10.1111/j.1600-0420.2006.00823.x
http://www.ncbi.nlm.nih.gov/pubmed/17488463
https://doi.org/10.1016/j.ajo.2015.01.025
https://doi.org/10.1016/j.ajo.2015.01.025
http://www.ncbi.nlm.nih.gov/pubmed/25637178
https://doi.org/10.1155/2013/124327
https://doi.org/10.1155/2013/124327
http://www.ncbi.nlm.nih.gov/pubmed/23865038
https://doi.org/10.1186/1475-925X-13-69
https://doi.org/10.1186/1475-925X-13-69
http://www.ncbi.nlm.nih.gov/pubmed/24899167
https://doi.org/10.1186/s13054-016-1239-z
http://www.ncbi.nlm.nih.gov/pubmed/27072310
https://doi.org/10.1016/j.jopan.2015.05.117
https://doi.org/10.1016/j.jopan.2015.05.117
http://www.ncbi.nlm.nih.gov/pubmed/28527550
https://doi.org/10.1016/S0886-3350(03)00619-9
http://www.ncbi.nlm.nih.gov/pubmed/15030828
https://doi.org/10.1111/j.1475-1313.2004.00230.x
https://doi.org/10.1111/j.1475-1313.2004.00230.x
http://www.ncbi.nlm.nih.gov/pubmed/15315662
https://doi.org/10.1111/ejn.12859
https://doi.org/10.1111/ejn.12859
http://www.ncbi.nlm.nih.gov/pubmed/25754528
https://doi.org/10.1371/journal.pone.0205978

