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Measurement of corneal thickness, optic nerve sheath diameter
and retinal nerve fiber layer as potential new non-invasive methods
in assessing a risk of cerebral edema in type 1 diabetes in children
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Abstract

Aims Some patients with diabetic ketoacidosis develop cerebral edema (CE) in the course of type 1 diabetes mellitus (T1D),
which may result in central nervous system disorders and high mortality. The imperfection of existing neuroimaging tech-
niques for early recognition of CE forces us to search for the new and non-invasive methods. The aim of the study was to
assess the usefulness of new methods (pachymetry, transorbital ultrasonography—USG, optical coherence tomography—
OCT study) in the assessment of the risk of CE occurrence in children with newly diagnosed T1D.

Methods The study group included 50 children with newly diagnosed T1D, 54 patients with long-term T1D as a reference
group and 40 children without glucose tolerance disorders as controls. In all subjects, a corneal thickness (CCT) index with
pachymeter, optic nerve sheath diameter (ONSD) using transorbital USG and retinal nerve fiber layer (RNFL) during OCT
study were measured and compared with selected clinical parameters of T1D.

Results In patients from a study group at onset of T1D, the higher CCT (p <0.001) and ONSD (p <0.001) values were
observed as compared to the results obtained after 48 h of metabolic compensation. The ONSD correlated negatively with pH
value (r = —0.64; p<0.001), BE (r = —0.54, p<0.001) and HCO*™ (r=—-0.50; p<0.001). A positive correlation between
RNFL and Na* levels (r=0.47; p <0.005) was also observed.

Conclusions Transorbital USG and pachymetry may serve as the potential promising methods for the non-invasive assess-
ment of the increased risk of development of CE in patients with T1D.
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Introduction

Diabetic ketoacidosis (DKA) is one of the most common
acute complications of type 1 diabetes (T1D) in the pediat-
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or permanent impairment of the central nervous system, with
mortality rates up to 40-90% [1-3]. The precise pathological
mechanism of CE development has not yet been fully under-
stood. Currently, the most popular hypotheses are related to
astrocyte edema caused by a decrease in extracellular vol-
ume (cellular edema) and breaking down of the blood—brain
barrier caused by an increasing permeability of endothelial
vessels (vasogenic edema) or an increase in proinflamma-
tory cytokines or cerebral cell anoxia also associated with an
increase in hypocapnia [2, 4—-6]. The main risk factors of the
development of CE in patients with DKA include: reduction
of extracellular osmolarity, intensification of hypocapnia and
metabolic acidosis, degree of dehydration, variability of
sodium concentration during therapy, and iatrogenic errors
mainly related to the supply of sodium bicarbonate to com-
pensate acidosis [1, 4, 7].

At the moment, a diagnosis of CE is mainly based on a
detailed clinical evaluation and neurological examination of
patients. Neuroimaging studies such as magnetic resonance
(MRI) or computed tomography (CT) as recommended by
the International Society for Pediatric and Adolescent Dia-
betes (ISPAD) should be performed only after starting treat-
ment and are intended to confirm the diagnosis and exclude
acute conditions requiring neurosurgical intervention or
anticoagulation treatment during such events as intracra-
nial bleeding or cerebral thrombosis [8]. However, several
studies showed that subclinical and asymptomatic CE may
occur in many more patients than we earlier thought, and
40% of the patients with suspected CE do not exhibit any
radiological findings during the neuroimaging studies [1,
2]. Moreover, brain MRI or CT imaging are associated with
high economic costs including availability of study equip-
ment and employment of highly educated medical staff, and
also with a risk for a patient such as: exposure to ionizing
radiation and sedation for the pediatric population [9].

Thus, the above-mentioned imperfection of neuroimaging
as well as the invasive methods of direct measurement of
increased intracranial pressure force us to find other indi-
rect ways to exclude the potentially reversible state of life-
threatening condition such as CE. These methods should
be, however, widely available and performable before the
treatment is started and the classical methods of neuro-
imaging are applied. Some recent studies on the potential
use of transorbital ultrasonography (USG) to evaluate the
risk of CE in the small groups of pediatric patients with
DKA revealed encouraging results [10—12]. Other promis-
ing methods allowing an assessment of retinal nervous layer
seem to be the optical coherent tomography (OCT) study
[13] and a pachymetry evaluating corneal thickness [14, 15].

The aim of the study was to analyze the usefulness of
pachymetry, transorbital USG and OCT study in the assess-
ment of the risk of CE in children with newly diagnosed
T1D.
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Materials and methods

Before initiating the study, the Bioethics Committee of the
Medical University of Lodz, Poland approved the study
protocol (RNN/20/15/KE) and all patients and/or their
parents expressed written consent for participating in the
study.

A study group consisted of 50 patients aged 5-18 years
at the average age of 9.5 years (IQR 8.3-12.5) (F/M:
46%/54%) with newly diagnosed T1D as defined by WHO
[16], with detected autoantibodies and reduced C pep-
tide concentration [Me =0.31 ng/ml (IQR 0.22-0.51)].
The median HbAlc level was 12.0% (IQR 10.8-13.2);
[108 mmol/mol (IQR 95-121)].

All patients were treated with an intravenous insu-
lin infusion. DKA was found in 22/50 (44%) of the
patients and in 17/50 of the patients it was mild DKA
(7.2 <pH < 7.3), whereas in 5/50 of children it was moder-
ate or severe DKA (pH < 7.2). None of the patients from
the study group received sodium bicarbonate (NaHCO5),
mannitol nor 3% saline during the treatment.

All analyses in the study group were performed at two
time points: at the onset of clinical diabetes diagnosis and
after compensation of metabolic disturbances, i.e., after
at least 48 h from the onset of clinically diagnosed T1D.

A reference group included 54 children aged 818 years
at the average age of 13.2 years (IQR 10.6-16.2) (F/M:
57%/43%) admitted for a routine metabolic control assess-
ment with T1D after at least two years of disease duration
[Me=5.5 years, (IQR 2.4-8.2)] without metabolic decom-
pensation and with subcutaneous insulin treatment. The
median HbAlc level was 7.3% (IQR 6.9-7.7); [56 mmol/
mol (IQR 52-61)].

The control group consisted of 40 healthy children,
aged from 6 to 18 years at the average age of 13.3 years
(IQR 9.9-16.4) (F/M: 28%/72%) without any glucose tol-
erance disorders.

Patients aged <5 years, with diagnosed hypertension
as well as some serious diseases and changes in ocular
morphology were excluded from the study.

An examination of corneal thickness was preceded
by local anesthesia of the eyeball with a proxymetacaine
preparation with a subsequent four-time evaluation of
the central corneal thickness (CCT) index for each eye
using the Tomey SP-100 pachymeter (Germany). All
results were evaluated independently by an experienced
ophthalmologist.

During transorbital USG study, optic nerve sheath
diameter (ONSD) was assessed in all subjects using a
mobile Philips USG device (Holland) with a linear trans-
ducer (12-5 MHz) located on the patient’s closed eyelid of
each eye in the transverse plane. The measurements were
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Fig.1 An ultrasonographic image of optic nerve sheath diameter
(ONSD) measurement (marked by a dotted arrow)

performed at a distance of 3 mm from the visual nerve
disc (Fig. 1) and obtained results were verified using the
RadiAnt DICOM Viewer software (Medixant, Poland). All
studies were evaluated independently by an experienced
radiologist.

During the OCT study, an assessment of retinal nerve
fiber layer (RNFL) was performed using 3D Disc and 3D
Macula scans with a 6 X6 mm area (Topcon 3D OCT-2000
system, Japan) with the subjects in a resting position after
an average of 15-20 min after mydriasis and evaluated inde-
pendently by two experienced ophthalmologists.

Averages from measurements in both eyes were calcu-
lated and used for further analysis by comparing with clini-
cal parameters including: presence and intensity of ketoaci-
dosis (pH, BE, HCO®"), Na™ and K™ levels, serum and urine
osmolality and urea concentration.

Statistical analysis

Verification of the normality of distribution was carried
out using the Kolmogorov—Smirnov and Lilliefors tests.
The Wilcoxon test was used to compare the differences
between parameters assessed at the time of T1D diagnosis
and after 48 h. Comparison of the differences in parameters
evaluated between the studied groups depending on normal
distribution of data using a Student’s ¢ test or a non-para-
metric Mann—Whitney test and a non-parametric Friedman
ANOVA test was performed. For the correlation analysis, a

Table 1 Comparison of studied parameters in a group of patients with
newly diagnosed T1D at the onset of clinical diagnosis and after at
least 48 h of metabolic compensation

Parameter At T1D onset After >48 h p level
Median (IQR) Median (IQR)
CCT (um) 586 (563-616) 572 (550-590) <0.001
ONSD (cm) 0.46 (0.43-0.47) 0.43 (0.41-0.45) <0.001
RNFL total 102.0 (99.0-106.5)  101.5 (98.0-105.5) 0.509
thickness
(um)

TID type 1 diabetes, IQR interquartile range, CCT central corneal
thickness, ONSD optic nerve sheath diameter, RNFL retinal nerve
fiber layer

p<0.05 are indicated in bold

Spearman correlation test was used. Categorical variables
were presented as numbers with appropriate percentages and
continuous variables as medians with interquartile range
(IQR). Receiver operating characteristics (ROC) curves for
increased CE risk model with calculating the area under the
ROC (AUC) were evaluated. 95% confidence intervals (95%
CI) were computed for AUCs. Results with p values <0.05
were considered as statistically significant. Analyses were
performed using Statistica 13.1 PL software (Statsoft, Tulsa,
OK, USA).

Results

In patients from a study group at the time of T1D diagno-
sis, higher CCT (p <0.001) and ONSD (p <0.001) values
were observed as compared to the results obtained after 48 h
of metabolic compensation. No differences were found for
the RNFL values evaluated in the OCT study (p =0.509)
(Table 1).

The CCT value in patients from a study group correlated
negatively with CO, (r = —0.33; p=0.032) and a trend with
respect to a negative correlation between CCT and pH value
was noted (r = —0.26; p=0.088).

The ONSD value correlated negatively with: pH value
(r = —0.64; p<0.001), BE (r = —0.54, p<0.001) and
HCO?~ (r = —0.50; p <0.001) and also a trend with respect
to a correlation between ONSD and both the Na™ level
(r=0.26; p=0.073) and CO, (r = —0.28; p=0.064) con-
centrations was found.

A positive correlation between RNFL and Na™ levels
(r=0.47; p<0.005) and a trend with respect to a positive
correlation between RNFL and urea concentration (r=0.32;
p=0.069) were also noticed. Other evaluated clinical param-
eters did not correlate with the values of the studied param-
eters (p>0.09).
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In the patients from a study group with DKA in com-
parison to the non-DKA patients at the disease onset
higher ONSD values (respectively: Me=0.47 cm (IQR
0.47-0.48) vs. Me=0.44 cm (IQR 0.41-0.46); p<0.001)
and a trend with respect to a higher CCT value (respec-
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Fig.2 Changes in ONSD values in patients with and without ketoaci-
dosis at clinical diagnosis of T1D and after at least 48 h of metabolic
compensation

tively: Me =597 um (IQR 566-625) vs. Me =579 um (IQR
550-594); p=0.104) in a subgroup of patients with DKA
were observed. After at least 48 h of metabolic compen-
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Fig.3 Changes in CCT values in patients with and without ketoaci-
dosis at clinical diagnosis of T1D and after at least 48 h of metabolic
compensation

sation, no differences in the values of CCT (respectively:
Me =569 um (IQR 552-591) vs. Me=572 um (IQR
548-591); p=0.894) (Fig. 2) and in ONSD values between
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subgroups of patients with and without DKA [respectively:
Me=0.44 cm (IQR 0.43-0.45) vs. Me=0.43 cm (IQR
0.39-0.46); p=0.233] (Fig. 3) were noted.

For the RNFL value, no significant difference between
DKA patients and non-DKA patients at the time of diagnosis
(respectively: Me =103 um (IQR 100-105) vs. Me=102 um
(IQR 99-109); p=0.879) was observed. After metabolic
disorder compensation, only a trend with respect to higher
RNFL value in non-DKA patients was noted [Me =100 um
(IQR 98-103) vs. Me =103 um (IQR 99-111); p=0.093].

Comparing the values of the studied parameters between
the study group of patients with a newly diagnosed T1D,
taking into account both at the onset of disease and after at
least 48 h of metabolic compensation, as well as the refer-
ence group of long-term T1D patients and healthy controls,
differences in the values of CCT and ONSD parameters were
observed. The CCT value was the highest at the onset of
T1D in relation to other groups (p =0.018) and decreased
thereafter (>48 h) but it was similar in relation to other
groups (p=0.161), whereas the ONSD value was the high-
est at T1D onset (p =0.001) remaining thereafter the highest
value in comparison to other groups (p =0.035) (Table 2).

After analyzing the whole diabetic population in compari-
son to the healthy controls, the group of T1D patients had
higher CCT [Me=581 um (IQR 557-604) vs. Me =566 um
(IQR 538-587); p=0.019] and ONSD values [Me=0.44 cm
(IQR 0.41-0.46) vs. Me=0.41 cm (IQR 0.39-0.42);
p <0.001] with no differences for RNFL values (p =0.302).

In addition, the ROC curves and AUCs for the ana-
lyzed parameters dividing the whole group of T1D patients
into patients without DKA (lower CE risk) vs. with DKA
(increased CE risk) were evaluated. For CCT, the AUC of
the model was 0.64 (95% CI 0.50-0.78). The model’s sensi-
tivity and specificity equaled 63.2% and 70.5%, respectively
(p=0.048) (Figure Suppl. 1). For ONSD, the AUC was 0.91
(95% CI 0.85-0.98) with the model’s sensitivity and speci-
ficity of 83.3% and 87.8%, respectively (p <0.0001) (Figure
Suppl. 2). No significant predictive values for RNFL were
obtained (p=0.784; AUC 0.52).

Discussion

For the first time, the usefulness of three different methods
of transorbital USG, pachymetry and OCT in a detection of
increased CE risk in pediatric patients with a newly diag-
nosed T1D with various degrees of metabolic decompensa-
tion was evaluated. Furthermore, the ROC curves and AUCs
for the CCT, ONSD and RNFL parameters were established,
dividing diabetic patients into those without DKA (lower
CE risk) and with DKA (increased CE risk). For CCT and
ONSD parameters, we were able to calculate the prediction
values, whereas it was not relevant for RNFL value. It is
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worth noting that the presence and severity of acidosis in
children with a newly diagnosed T1D is one of the important
factors in the risk of CE occurrence [1, 7].

In the presented study, higher CCT values were
observed at the onset of T1D in comparison to the values
found in the same patients after 48 h of metabolic compen-
sation of diabetes and CCT values correlated negatively
with gasometry parameters. Other studies conducted in
the group of healthy children and adult patients as well as
patients with diabetes showed statistically significant dif-
ferences in CCT thickness related to hyperglycemia, meta-
bolic control of diabetes and disease duration. In patients
with a higher percentage of HbAlc [17] and longer dura-
tion of the disease, higher CCT values were observed in
comparison with control groups [14, 15, 18]. All authors
emphasize higher CCT dimensions in patients with T1D
compared to subjects without glucose tolerance disorders
[14, 15, 17-20].

To date, no studies to assess the usefulness of pachym-
etry in children with a newly diagnosed T1D in relation to
their metabolic decompensation have been performed. The
precise pathological mechanism of corneal lesions has not
been fully explained. However, the causes of these differ-
ences include both polyol tract, (i.e., glucose converts into
hydrophilic sorbitol in endothelial cells during hyperglyce-
mia and therefore an increase is observed in CCT) [15, 21]
and a decrease in activity of endothelial Na*/K* ATPase of
the cornea [14].

In our study, the best method to assess the increased risk
of CE in children with ketoacidosis in the course of a newly
diagnosed T1D seems to be an ultrasound examination of
the eyeball. Due to the connection between the subarach-
noid space surrounding the sheath and the visual junction
reservoir which is a part of the central nervous system, an

increase in intracranial pressure results in relocation of the
cerebrospinal fluid and dilatation of the ONSD dimensions
[22].

So far, there have been single reports in the literature
on the use of ONDS in the pediatric diabetic population
which gives equivocal results. Bergmann et al. did not note
differences in ONSD between the studied groups with long-
term T1D with DKA vs. non-DKA and hyperglycemic T1D,
but they observed mean ONSD values in the group of T1D
above the references range [12]. Hansen et al. observed a
tendency to decrease the dimensions of ONSD after com-
pensation of metabolic disorders, but the study was carried
out on a low number of patients [11]. Szmygel et al. noticed
a significant reduction in the ONSD dimension in non-DKA
patients and a tendency in the DKA group of patients with
T1D [10].

In our study, we observed that patients with the DKA vs.
non-DKA were characterized by significantly higher ONSD
values, with a lack of differences after compensation of acute
metabolic disturbances. ONSD values correlated negatively
with many gasometry parameters and a tendency towards
positive correlation with Na*t level was also observed.
Moreover, comparing the whole group of patients with T1D
with the reference group, we have found significantly higher
ONSD values, as in the research of Bergman et al. [12].

In many studies, an increased intracranial pressure and
an indirect risk of CE were considered to be the result of a
ONSD value of 4.5-5 mm [22-26]. The ONSD measure-
ment was characterized by a high level of repetitiveness and
low result variability by various researchers [9, 23, 27]. This
method is quick and easy to use with its high specificity
and sensitivity compared to MRI [9, 28]. This non-invasive
method of intracranial pressure measurement is currently

Table 2 Comparison of studied parameters between groups of patients with newly diagnosed T1D (at onset of disease and after at least 48 h of
metabolic compensation), reference group (long-term T1D) and healthy controls

Parameter Study group—at T1D onset Reference group Control group p level
Median (IQR) Median (IQR) Median (IQR)
CCT (um) 586 (563-616) 580 (556-602) 566 (538-587) 0.018
ONSD (cm) 0.46 (0.43-0.47) 0.40 (0.41-0.44) 0.41 (0.39-0.42) 0.001
RNFL total thickness 102.0 (99.0-106.5) 102.7 (98.2-107.2) 101.0 (91.2-108.2) 0.301
(um)
Parameter Study group—after >48 h Reference group Control group p level
Median (IQR) Median (IQR) Median (IQR)
CCT (um) 572 (550-590) 580 (556-602) 566 (538-587) 0.161
ONSD (cm) 0.43 (0.41-0.45) 0.40 (0.41-0.44) 0.41 (0.39-0.42) 0.035
RNFL total thickness 101.5 (98.0-105.5) 102.7 (98.2-107.2) 101.0 (91.2-108.2) 0.308
(um)

TID type 1 diabetes, IQR interquartile range, CCT central corneal thickness, ONSD optic nerve sheath diameter, RNFL retinal nerve fiber layer

p <0.05 are indicated in bold
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used in patients with craniocerebral trauma in many emer-
gency rooms and ICU wards [24, 29].

In the presented study, the usefulness of the latter method
in the assessment of the increased CE risk in the OCT study
was evaluated. Thus, RNFL values have not been shown
to be sufficiently useful for the CE risk assessment. The
reduced value of RNFL assessment during the OCT study
was already defined as a marker of many neurodegenera-
tive disorders, including the syndromic forms of insulin-
dependent monogenic diabetes coexisting with neurode-
generation [13, 30-32]. However, it should be pointed that
the low availability of devices and difficulties in obtaining
results caused by cooperation with small children (visual
fixation necessary) and/or being in severe clinical condition
can limit the usage of this method as a routine method for
the detection of CE risk.

Our study has several limitations. The aim of our study
was to analyze the usefulness of new methods such as
pachymetry, transorbital USG and OCT study in determin-
ing only the increased risk of CE. Therefore, only a routine
neurological evaluation in patients was performed with no
detailed evaluation according to a Glasgow scale and no
classical methods of neuroimaging (brain MRI and CT)
for the comparison of the obtained results were performed.
Next, because of the exclusion of a study group of children
under 5 years of age with a newly diagnosed T1D due to a
lack of cooperation during the OCT study, the study has only
preliminary character and further studies in a larger group
of a newly diagnosed pediatric T1D patients are needed to
confirm the real usefulness of the above proposed methods.

In summary, it seems that transorbital ultrasound and
pachymetry may serve as the potential promising methods
for the non-invasive assessment of the increased risk of
development of cerebral edema in pediatric patients with
type 1 diabetes. However, the study is only preliminary and
further studies are needed to confirm their effectiveness and
the possibility of supplementing them with the classical
methods of neuroimaging as the future diagnostic standards
for children with type 1 diabetes.

Funding This study is supported by the National Science Centre Grant
no. 2014/15/B/NZ5/01579.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures followed were in accordance with the
ethical standards of the responsible committee on human experimenta-
tion (institutional and national) and with the Helsinki Declaration of
1975, as revised in 2008.

Informed consent Informed consent was obtained from all patients for
being included in the study.

@ Springer

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Muir AB, Quisling RG, Yang MCK, Rosenbloom AL (2004)
Cerebral edema in childhood diabetic ketoacidosis: natural his-
tory, radiographic findings, and early identification. Diabetes Care
27:1541-1546

2. Wootton-Gorges SL, Glaser NS (2007) Imaging of the brain in
children with type I diabetes mellitus. Pediatr Radiol 37:863-869

3. Edge JA (2001) The risk and outcome of cerebral oedema devel-
oping during diabetic ketoacidosis. Arch Dis Child 85:16-22

4. Levin DL (2008) Cerebral edema in diabetic ketoacidosis. Pediatr
Crit Care Med. https://doi.org/10.1097/PCC.0b013e31816c7082

5. Glaser NS, Wootton-Gorges SL, Marcin JP et al (2004) Mecha-
nism of cerebral edema in children with diabetic ketoacidosis. J
Pediatr 145:164-171

6. Tasker RC, Acerini CL (2014) Cerebral edema in children with
diabetic ketoacidosis: vasogenic rather than cellular? Pediatr Dia-
betes 15:261-270

7. Glaser NS, Wootton-Gorges SL, Buonocore MH et al (2006) Fre-
quency of sub-clinical cerebral edema in children with diabetic
ketoacidosis. Pediatr Diabetes 7:75-80

8. Wolfsdorf JI, Allgrove J, Craig ME et al (2014) ISPAD clinical
practice consensus guidelines 2014 compendium. Diabetic ketoac-
idosis and hyperglycemic hyperosmolar state. Pediatr Diabetes
15:154-179

9. Le A, Hoehn ME, Smith ME et al (2009) Bedside sonographic
measurement of optic nerve sheath diameter as a predictor of
increased intracranial pressure in children. Ann Emerg Med
53:785-791

10. Szmygel L, Kosiak W, Zorena K, Mysliwiec M (2016) Optic nerve
and cerebral edema in the course of diabetic ketoacidosis. Curr
Neuropharmacol 14:784-791

11. Hansen G, Sellers EAC, Beer DL et al (2016) Optic nerve sheath
diameter ultrasonography in pediatric patients with diabetic
ketoacidosis. Can J Diabetes 40:126-130

12. Bergmann K, Milner D, Voulgaropoulos C et al (2016) Optic
nerve sheath diameter measurement during diabetic ketoacidosis:
a pilot study. West J Emerg Med 17:531-541

13. Pekel E, Altincik SA, Pekel G (2017) Evaluation of optic disc, ret-
inal nerve fiber and macular ganglion cell layers in pediatric dia-
betes. Int Ophthalmol. https://doi.org/10.1007/s10792-017-0683-3

14. Lee JS, Oum BS, Choi HY et al (2006) Differences in corneal
thickness and corneal endothelium related to duration in diabetes.
Eye 20:315-318

15. Urban B, Raczynska D, Bakunowicz-Lazarczyk A et al (2013)
Evaluation of corneal endothelium in children and adolescents
with type 1 diabetes mellitus. Mediat Inflamm. https://doi.
org/10.1155/2013/913754

16. World Health Organization (2006) Definition and diagnosis of
diabetes mellitus and intermediate hyperglycemia consultation,
report of a WHO/IDF consultation. World Health Organisation,
Geneva

17. Su DHW, Wong TY, Wong WL et al (2008) Diabetes, hypergly-
cemia, and central corneal thickness: the Singapore Malay Eye
Study. Ophthalmology 115:964-969


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/PCC.0b013e31816c7082
https://doi.org/10.1007/s10792-017-0683-3
https://doi.org/10.1155/2013/913754
https://doi.org/10.1155/2013/913754

Acta Diabetologica (2018) 55:1295-1301

1301

18.

19.

20.

21.

22.

23.

24.

25.

26.

Anbar M, Ammar H, Mahmoud RA (2016) Corneal endothelial
morphology in children with type 1 diabetes. J Diabetes Res
2016:7319047. https://doi.org/10.1155/2016/7319047

Ozdamar Y, Cankaya B, Ozalp S et al (2010) Is there a correla-
tion between diabetes mellitus and central corneal thickness? J
Glaucoma 19:613-616

Galgauskas S, Laurinavic¢iaté G, Norvydaité D et al (2016)
Changes in choroidal thickness and corneal parameters in dia-
betic eyes. Eur J Ophthalmol 26:163-167. https://doi.org/10.5301/
€j0.5000677

Fujishima H, Tsubota K (2002) Improvement of corneal fluo-
rescein staining in post cataract surgery of diabetic patients by
an oral aldose reductase inhibitor, ONO-2235. Br J Ophthalmol
86:860-863

Luberda M, Stachura K, Moskata M (2013) Optic nerve sonog-
raphy—the non-invasive evaluation of intracranial pressure.
Przeglad Lek 70:983-985

Ballantyne SA, O’Neill G, Hamilton R, Hollman AS (2002)
Observer variation in the sonographic measurement of optic nerve
sheath diameter in normal adults. Eur J Ultrasound 15:145-149
Cammarata G, Ristagno G, Cammarata A et al (2011) Ocular
ultrasound to detect intracranial hypertension in trauma patients.
J Trauma Inj Infect Crit Care 71:779-781

Newman WD, Hollman AS, Dutton GN, Carachi R (2002) Meas-
urement of optic nerve sheath diameter by ultrasound: a means of
detecting acute raised intracranial pressure in hydrocephalus. Br
J Ophthalmol 86:1109-1113

Malayeri AA, Bavarian S, Mehdizadeh M (2005) Sonographic
evaluation of optic nerve diameter in children with raised intrac-
ranial pressure. J Ultrasound Med 24:143-147

27.

28.

29.

30.

31.

32.

Potgieter DW, Kippin A, Ngu F, McKean C (2011) Can accurate
ultrasonographic measurement of the optic nerve sheath diameter
(a non-invasive measure of intracranial pressure) be taught to nov-
ice operators in a single training session? Anaesth Intensive Care
39:95-100

Patterson DF, Ho M-L, Leavitt JA et al (2018) Comparison of ocu-
lar ultrasonography and magnetic resonance imaging for detection
of increased intracranial pressure. Front Neurol 9:278. https://doi.
org/10.3389/fneur.2018.00278

Toscano M, Spadetta G, Pulitano P et al (2017) Optic nerve sheath
diameter ultrasound evaluation in intensive care unit: possible
role and clinical aspects in neurological critical patients’ daily
monitoring. Biomed Res Int 2017:1621428

Huseyinoglu N, Ekinci M, Ozben S et al (2014) Optic disc and
retinal nerve fiber layer parameters as indicators of neurodegen-
erative brain changes in patients with obstructive sleep apnea
syndrome. Sleep Breath 18:95-102

Zmyslowska A, Fendler W, Waszczykowska A et al (2017) Reti-
nal thickness as a marker of disease progression in longitudinal
observation of patients with Wolfram syndrome. Acta Diabetol
54:1019-1024

Balk LJ, Sonder JM, Strijbis EMM et al (2012) The physiological
variation of the retinal nerve fiber layer thickness and macular
volume in humans as assessed by spectral domain—optical coher-
ence tomography. Investig Ophthalmol Vis Sci 53:1251-1257

@ Springer


https://doi.org/10.1155/2016/7319047
https://doi.org/10.5301/ejo.5000677
https://doi.org/10.5301/ejo.5000677
https://doi.org/10.3389/fneur.2018.00278
https://doi.org/10.3389/fneur.2018.00278

	Measurement of corneal thickness, optic nerve sheath diameter and retinal nerve fiber layer as potential new non-invasive methods in assessing a risk of cerebral edema in type 1 diabetes in children
	Abstract
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	References


