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ABS TRACT Objective: To investigate the effects of serum calcium 
and phosphorus levels on static and dynamic pupillometry measure-
ments in patients with postoperative hypoparathyroidism. Material and 
Methods: Pupillometry measurements were undertaken by using an 
automatic pupillometry to detect high photopic, low photopic, mesopic, 
scotopic pupil diameters with amplitude, latency, duration and veloc-
ity of pupil contraction and dilatation. Duration of hypoparathyroidism 
and serum parathyroid hormone (PTH), calcium and phosphorus levels 
were recorded. Results: This study included 46 female patients with 
postoperative hypoparathyroidism and 61 healthy female participants. 
There were no significant differences between the pupil diameters at 
different light intensities between the study groups (p>0.05 for all). 
Among the dynamic pupillometric measurements, pupil contraction 
amplitude was significantly higher in patients with postoperative hy-
poparathyroidism when compared to that of healthy controls 
(1.85±0.04 mm vs 1.72±0.03 mm respectively, p=0.018). There was 
no significant correlation between the duration of hypoparathy-
roidism, serum calcium, phosphorus, and PTH levels with static and 
dynamic pupillometry values (p>0.05 for all), with an exception of a 
positive correlation between the serum calcium level and amplitude 
of contraction (r=0.322, p=0.029). Conclusion: Pupil diameters at 
different light intensities were not affected in patients with postoper-
ative hypoparathyroidism, but pupil contraction amplitude was higher 
than in healthy individuals. 
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ÖZET Amaç: Bu çalışmanın amacı, postoperatif hipoparatiroidili has-
talarda serum kalsiyum ve fosfor düzeylerinin statik ve dinamik pupil 
yanıtları üzerindeki etkilerini değerlendirmektir. Gereç ve Yöntemler: 
Yüksek fotopik, düşük fotopik, mezopik ve skotopik ortamlardaki pupil 
çapını, pupil kontraksiyonu ve dilatasyonunun amplitüdünü, latansını, 
süresini ve hızını tespit etmek için otomatik bir kantitatif pupillometri 
sistemi kullanılarak pupillometri ölçümleri yapıldı. İstatistiksel analiz 
için hastaların sağ gözlerinden alınan veriler kullanıldı. Hipoparatiroi-
dizm süresi ile serum paratiroid hormon, kalsiyum ve fosfor düzeyle-
rinin bu verilere etkisi araştırıldı. Bulgular: Çalışmaya postoperatif 
hipoparatiroidili 46 kadın hasta ve 61 sağlıklı kadın kontrol grubu dâhil 
edildi. İki grup arasında farklı ışık yoğunluklarında pupil çapları ara-
sında istatistiksel olarak anlamlı bir farklılık izlenmedi (tümü için 
p>0,05). Dinamik pupillometrik ölçümlerden olan pupilla kontraksi-
yon amplitüdü istatistiksel olarak anlamlı olarak postoperatif hipopa-
ratiroidili hastalarda sağlıklı katılımcı grubuna göre yüksek bulundu 
(sırasıyla 1,85±0,04 mm’ye karşı 1,72±0,03 mm, p=0,018). Hipopara-
tiroidizm süresi, serum kalsiyum, fosfor ve paratiroid hormon düzeyleri 
ile statik ve dinamik pupillometri yanıtları arasında istatistiksel olarak 
anlamlı bir ilişki yoktu (tümü için p>0,05). İstisna olarak serum kalsi-
yum düzeyi ve kontraksiyon amplitüdü arasında pozitif korelasyon tes-
pit edildi (r=0,322, p=0,029). Sonuç: Postoperatif hipoparatiroidili 
hastalarda farklı ışık şiddetlerinde pupil çaplarında farklılık tespit edil-
mezken, pupil kontraksiyon amplitüdü sağlıklı bireylere göre daha yük-
sek bulundu. 
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Regulation of plasma calcium levels is necessary 
for the maintenance of normal function of cells. 
Parathyroid hormone (PTH) tightly controls the level 
of serum calcium and phosphorus. Abnormal func-
tion or structure of the parathyroid glands can cause 
imbalance of the serum calcium levels. Main causes 
of hypocalcemia are insufficient PTH or vitamin D 
production and PTH resistance.1 In hypoparathy-
roidism, serum calcium decreases while serum phos-
phorus level increases. Hypoparathyroidism often 
occurs due to damage or excision during thyroidec-
tomy surgery.2  

A common point of hypocalcemia is increased 
neuromuscular disturbance such as muscle stiff-
ness.3,4 An imbalance of serum calcium and phos-
phorus levels may alter the muscular function. The 
effects of the disease vary according to the calcium 
level and the duration of hypoparathyroidism. Al-
though the effect of PTH on bone and kidney func-
tions is well known, it also has effects on other 
structures (ocular, cardiovascular and neurological). 
There are studies examining the effects of hy-
poparathyroidism papilledema development.5 It has 
also been reported in publications that hypoparathy-
roidism causes cataract.6 But there is no study in the 
literature about the effect of PTH, calcium and phos-
phorus status on pupillary contraction. Based on these 
data, we hypothesized that pupillary muscle functions 
may be affected by serum calcium and phosphorus 
levels.  

The autonomic nervous system affects all sys-
tems, especially the eye. Pupillary sphincter and di-
latator muscles are also controlled by this 
autonomous system. Parasympathetic and sympa-
thetic nerve functions are in balance. Therefore, 
pupillometry measurements can give us quantitative 
information about autonomic nervous system func-
tions. In other studies, significant differences were 
found in pupillometry values in patients with auto-
nomic nervous system disorders.7 Pupillometry val-
ues were also found to differ in Parkinson’s patients.8 
The use of pupillometry to evaluate the development 
of neuropathy in patients with diabetes mellitus was 
also investigated.9 It may be possible to predict auto-
nomic nervous system problems by evaluating pupil-
lary muscle functions.  

This study aimed to evaluate the effects of serum 
calcium and phosphorus situations on static and dy-
namic pupillary responses in cases with postopera-
tive hypoparathyroidism by comparing the data of 
healthy participants. 

 MATERIAL AND METHODS 
This prospective cross-sectional study was conducted 
between January 2019 and July 2019. The study pro-
tocol (date: February 20, 2020; no: E-19-142) was 
confirmed by Ankara Training and Research Hospi-
tal Clinical Research Ethics Committee. The study 
was carried out in agreement with the Declaration of 
Helsinki. The attenders were informed about the 
study and written informed consent was obtained 
from everyone.  

The patients with surgically induced hy-
poparathyroidism and who were followed at least 1 
year after thyroidectomy surgery were included in the 
study. The study was carried out in collaboration with 
the ophthalmology and endocrinology departments. 
Blood tests and eye examinations were performed 
within the same day. The patients and control groups 
in the study were all age-matched female participants, 
since it is well known that hyperparathyroidism is 
much more common in women following thyroidec-
tomy surgery. All patients were using elemental cal-
cium, activated vitamin D and levothyroxine. The 
records of the patients’ age, gender, follow-up period, 
calcium levels, phosphorus levels, PTH levels, sur-
gical procedure and thyroid gland pathology results 
were obtained from the endocrinology department, 
where they were followed. The patients who have any 
other systemic diseases other than hypoparathy-
roidism were not included in this study. Additionally, 
all patients had normal serum thyroid-stimulating 
hormone levels.  

After blood tests were performed in the en-
docrinology department, the patients’ eye examina-
tions and automated pupillometry measurements 
were performed in Ulucanlar Eye Training and Re-
search Hospital. All participants were evaluated with 
a detailed ophthalmologic examination including  
slit-lamp biomicroscope, best-corrected visual acu-
ity, intraocular pressure measurement, and fundus ex-
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amination. Participants with conditions such as pre-
vious history of ocular or orbital surgery, cataract, 
any ocular disorders, a history of orbital surgery, iris, 
or pupillary abnormalities (anisocoria, coloboma, an-
terior/posterior synechia and sphincter rupture) were 
excluded from the study. Patients who had undergone 
iris surgery or laser therapy were not included in the 
study. Also, those who used drugs such as cyclopen-
tolate, tropicamide, brimonidine, apraclonidine, pilo-
carpine and narcotic-derived drugs and alpha- 
blockers were barred. 

Subjective analysis of pupils which can be  
affected by many factors such as physician’s experi-
ence, intensity of light stimulus and room illumina-
tion. Repeatable objective measurements of pupils 
can be done by using automated pupillometric de-
vices, which can perform both static and dynamic 
measurements under standardized lightning condi-
tions. In this study, an automatic quantitative pupil-
lometry system (MonPack One, France) was used. 
The device takes measurements with infrared light at 
a wavelength of 880 nm and imaging is provided by 
a 940 nm high resolution camera. The accuracy of the 
measurements is controlled with a precision of 0.1 
mm. Measurements were taken from each patient at 
the same time by the same technician on different 
days. Automatic pupillometry device takes measure-
ments binocularly. Static data obtained from the de-
vice provide information about pupillary diameter, 
while dynamic data provide information about pupil-
lary movements. The fixation stability was checked 
during the measurements. Static pupillary measure-
ments are taken in 4 different illuminated environ-
ments: Static pupillometry measures were acquired 
under scotopic, mesopic, low photopic, and high pho-
topic situations (respectively 0.1 cd/m2, 1 cd/m2, 10 
cd/m2, 100 cd/m2). After the dark adaptation for 10 
minutes, dynamic measures were attained for 1.5 
minutes. The participant was examined using white 
light flashes with an ON time of 200 milliseconds and 
an OFF time of 3300 milliseconds. Total luminance 
of white light flashes was 100 cd/m2 and total inten-
sity white light flashes were 20 lux. Thirty images per 
second were acquired from both eyes. Amplitude, la-
tency, duration, and velocity of pupil contraction with 
latency, duration and velocity of pupil dilatation were 

recorded. Only the data from right eyes of the partic-
ipants were included in the study. 

STATISTICAL ANALYSIS  
SPSS version 23.0 (IBM, New York, USA) was used 
for statistical analysis. Kolmogorov-Smirnov/ 
Shapiro-Wilk tests were used to check whether the 
variables were normally distributed. Student’s t-test 
were used in the analysis of the data determined to 
be parametric. Mann-Whitney U test were used in the 
analysis of the data determined to be non-parametric. 
Pearson correlation test was used to detect any cor-
relation. The statistical significance was determined 
as p<0.05.  

 RESULTS 
One hundred and seven female participants were in-
cluded in the study, 61 were healthy control group 
with a mean age of 46.0±1.0 (28-72) years and 46 
were the ones with postoperative hypoparathyroidism 
with a mean age of 47.4±1.0 (29-78) years. There was 
no statistically significant difference in age between 
the groups (p=0.514). Of the 46 patients, 42 had a his-
tory of total thyroidectomy and 4 had a subtotal thy-
roidectomy with a mean duration of 8 (1-22) years 
before recruitment for the study. The pathology re-
sults of the thyroid tissue samples of all those who 
had subtotal thyroidectomy was benign; however, of 
the 42 total thyroidectomy cases, 9 were malignant. 
The mean serum calcium levels of patients with hy-
poparathyroidism were 8.95±0.82 (6.91-10.51) 
mg/dL, the mean serum phosphorus levels were 
4.25±0.68 (2.92-5.88) mg/dL. The mean serum PTH 
levels of patients with hypoparathyroidism were 
16.36±8.75 (5-38.90) pg/mL. The mean serum cal-
cium levels of healthy control group were 9.15±0.72 
(7.82-10.82) mg/dL, the mean serum phosphorus lev-
els were 4.02±0.64 (2.51-5.02) mg/dL. The mean 
serum PTH levels of healthy control group were 
34.78±7.66 (18.16-59.22) pg/mL. 

Static and dynamic pupillometry measurements 
of the participants are shown in Table 1. There were 
no significant differences between the pupil diame-
ters at different light intensities among the groups 
(p>0.05 for all). Among the dynamic pupillometric 
measurements, amplitude of contraction was signifi-
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cantly higher in patients with postoperative hy-
poparathyroidism when compared with that of 
healthy control group (1.85±0.04 mm vs 1.72±0.03 
mm respectively, p=0.018). There were no signifi-
cant correlations between the duration of hy-
poparathyroidism, serum phosphorus, calcium and 
PTH levels with static and dynamic pupillometry re-
sponses (p>0.05 for all), except for the serum cal-
cium level and amplitude of contraction which were 
positively correlated (r=0.322, p=0.029) (Table 2) 
(Figure 1). 

 DISCUSSION  
To the best of our knowledge, this is the first study in-
vestigating the effect of postoperative hypoparathy-
roidism on static and dynamic pupillary responses. In 
this pilot study, we aimed to investigate the effects of 
calcium and phosphorus levels on pupillometric re-
sponses of patients with surgically induced hy-
poparathyroidism. Automated quantitative static and 
dynamic pupillometry was performed to compare the 
pupillary responses of the patients with postoperative 
hypoparathyroidism and healthy controls; and it was 
also aimed to determine the correlation between 
pupillometric properties with serum calcium, phos-
phorus and PTH levels, and the duration of the hy-
poparathyroidism. Since the autonomic nervous 
system may be affected by age, attention was paid to 
ensure that there was no statistically significant age 

difference between the groups. It was determined that 
there was no significant difference in pupil diameters 
between healthy individuals and patients with post-
operative hypoparathyroidism at different light in-
tensities. It would be a potential area of research to 
examine if the static pupillary measurements under 
different illumination conditions of the patients with 
severe hypocalcemia during initial diagnosis of hy-
poparathyroidism are affected or not.  

In the treatment of hypoparathyroidism, it is im-
portant to prevent soft tissue calcification that the 
mathematical product of calcium level and phosphate 
level is below the value determined in the guidelines. 
In case of imbalance, calcification (calcium and phos-
phate accumulation) occurs in soft tissues, especially 
in the basal ganglia.10 The basal ganglia is a subcor-
tical nucleus that regulates our functions and behav-
ior. It is known that the basal ganglia play a role in the 
pathophysiology of many movement disorders such 
as parkinsonism, chorea, ballism and dystonia. Basal 
ganglia are also responsible for autonomic pathways 
such as postural reflex and stretch reflex. As a matter 
of fact, the significant difference in the pupillometry 
study performed in parkinsonism, which we empha-
sized above, suggests the relationship between basal 
ganglia and pupillary muscle functions and therefore 
the autonomic nervous system. 

Among the dynamic pupillometric measure-
ments, pupil contraction amplitude was significantly 
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Hypoparathyroidism (n=46) Control (n=61)  
X±SD (minimum-maximum) X±SD (minimum-maximum) p value 

High photopic pupil diameter, mm 2.89±0.07 (0.40-3.70) 2.84±0.09 (0.40-4.00) 0.689 
Low photopic pupil diameter, mm 3.42±0.07 (2.60-4.80) 3.55±0.06 (2.40-4.40) 0.165 
Mesopic pupil diameter, mm 4.65±0.11 (2.90-7.00) 4.63±0.10 (3.40-6.90) 0.902 
Scotopic pupil diameter, mm 6.13±0.11 (3.70-7.60) 6.20±0.09 (4.60-8.30) 0.635 
Resting diameter, mm 5.46±0.10 (3.60-6.70) 5.43±0.10 (4.20-7.30) 0.876 
Amplitude of contraction, mm 1.85±0.04 (1.10-2.30) 1.72±0.03 (1.00-2.20) 0.018 
Latency of contraction, ms 277.61±6.77 (110.00-328.00) 258.92±6.51 (128.00-319.00) 0.052 
Duration of contraction, ms 605.43±13.19 (213.00-908.00) 594.69±10.06 (424.00-811.00) 0.511 
Velocity of contraction, mm/s 5.89±0.11 (4.30-7.30) 5.64±0.10 (3.77-7.98) 0.112 
Latency of dilatation, ms 883.04±12.64 (466.00-1063.00) 842.13±15.67 (515.00-1059.00) 0.056 
Duration of dilatation, ms 1600.70±12.65 (1437.00-2034.00) 1624.34±10.54 (1303.00-1831.00) 0.153 
Velocity of dilatation, mm/s 2.13±0.08 (1.41-3.95) 2.21±0.13 (1.29-7.75) 0.612 

TABLE 1:  Comparison of the static and dynamic pupillometric parameters.

SD: Standard deviation; bold values indicate p<0.05



higher in patients with postoperative hypoparathy-
roidism than that of healthy controls. It was thought 
that there is no causal relationship between PTH and 
pupil contraction amplitude, instead hypoparathy-

roidism-induced imbalance in calcium levels was re-
sponsible for the increase in contraction. The possi-
ble relationship between hypocalcemia and increased 
muscle tone can explain the increase in pupil con-
traction amplitude. All hypoparathyroid patients in 
this cohort were under the care of endocrinology de-
partment and were using the standard care in post-
surgical hypoparathyroidism; activated vitamin D 
and oral calcium. Thus, they have a stable clinical 
course and normal serum calcium levels; however, it 
is well known that the treatment cannot fully substi-
tute the functions of normal serum PTH.11 Chronic 
inability of calcium treatment can be a potential ex-
planation to increased amplitude of contraction in our 
cohort. 

There was no statistically significant correlation 
between the duration of hypoparathyroidism, serum 
calcium level, serum phosphorus level, and PTH lev-
els and static and dynamic pupillometry responses in 
the group with hypoparathyroidism, except for the 
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Serum calcium Serum phosphorus Serum PTH Hypoparathyroidism duration 
High photopic pupil diameter, mm r=-0.004 r=0.127 r=-0.107 r=0.021 

p=0.979 p=0.402 p=0.478 p=0.889 
Low photopic pupil diameter, mm r=0.179 r=-0.034 r=0.022 r=-0.233 

p=0.234 p=0.822 p=0.883 p=0.119 
Mesopic pupil diameter, mm r=0.109 r=0.038 r=0.031 r=-0.275 

p=0.47 p=0.802 p=0.839 p=0.064 
Scotopic pupil diameter, mm r=0.134 r=0.089 r=-0.062 r=-0.156 

p=0.375 p=0.554 p=0.684 p=0.301 
Resting diameter, mm r=0.059 r=0.091 r=0.014 r=-0.106 

p=0.698 p=0.546 p=0.927 p=0.484 
Amplitude of contraction, mm r=0.322 r=0.005 r=-0.119 r=-0.140 

p=0.029 p=0.972 p=0.430 p=0.354 
Latency of contraction, ms r=0.087 r=-0.263 r=0.030 r=-0.228 

p=0.567 p=0.078 p=0.845 p=0.128 
Duration of contraction, ms r=0.154 r=0.164 r=0.000 r=0.058 

p=0.308 p=0.276 p=0.997 p=0.702 
Velocity of contraction, mm/s r=0.170 r=-0.067 r=0.003 r=0.086 

p=0.260 p=0.658 p=0.987 p=0.569 
Latency of dilatation, ms r=0.207 r=0.030 r=0.016 r=-0.062 

p=0.168 p=0.841 p=0.914 p=0.684 
Duration of dilatation, ms r=-0.045 r=-0.053 r=-0.087 r=0.012 

p=0.768 p=0.725 p=0.566 p=0.934 
Velocity of dilatation, mm/s r=-0.035 r=0.024 r=0.179 r=0.225 

p=0.815 p=0.874 p=0.235 p=0.133 

TABLE 2:  Correlations between the clinical/laboratory findings and static/dynamic pupillometric values of patients with  
hypoparathyroidism.

PTH: Parathyroid hormone; bold values indicate statistically significant correlations.

FIGURE 1: Correlation graph between serum calcium levels and amplitude of con-
traction of patients with hypoparathyroidism.



serum calcium level and amplitude of contraction 
which were positively correlated. 

One strength of this study can be the quantita-
tive data obtained from an automated and repro-
ducible pupillometry system. However, this study has 
some limitations. First of all, hypothyroidism is an-
other condition which may affect pupillary responses; 
however, in this study, the patients with abnormal 
thyroid function tests were excluded to eliminate the 
effect of hypothyroidism. Additionally, we demon-
strated a direct correlation between the levels of 
serum calcium and amplitude of contraction, which 
is controversial, and possibly can be attributed to the 
intake of vitamin D and oral calcium for the treat-
ment of hypoparathyroidism, which can be a con-
founding factor during interpretation of the results. 
Thyroid diseases affect women 500% more than 
males; because of that the small sample size and the 
inclusion of only female patients are limitations of 
our study.12 

 CONCLUSION 
In conclusion, this study quantitatively demonstrated 
that pupil diameters at different light intensities were 
not affected in patients with postoperative hy-
poparathyroidism, but pupil contraction amplitude 
was found to be higher when compared to healthy in-
dividuals. Although there was no correlation between 
PTH levels and pupillometry measurements, the ex-
istence of a correlation between the amount of cal-
cium and the amplitude of contraction, which is a 
dynamic measurement, suggested that calcium bal-
ance affects autonomic nervous system functions. 
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