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Abstract

Background: Diabetes mellitus is a disease associated with several complications in its acute and chronic stages.
Objective: The aim of the study was to determine the treatment-associated changes in optic nerve sheath diameter in
patients admitted to the emergency department due to one of the acute hyperglycemic complications of diabetes mellitus.
Materials and method: Diabetic patients with serum glucose levels of 250mg/dL or higher were included in the
study. Healthy volunteers were included in the control group. Optic nerve sheath diameter was measured at Oth hour
and at the end of the second hour. Blood samples were collected simultaneously with optic nerve sheath diameter
measurements.

Results: The study included 100 individuals. Group | included 50 patients and Group 2 included 50 healthy adults. Optic
nerve sheath diameter was 4.5 =0.4mm in Group | and 4.4 = 0.5 mm in Group 2 in Oth hour, and no statistical difference
was found between the groups (p=0.162). In Group |, optic nerve sheath diameter increased 0.6 = 0.4 mm after the
treatment. Of the patients in Group |, 22 (44%) patients with diabetic ketoacidosis or hyperosmolar hyperglycemic
state were assigned to Group |A and 28 (56%) patients with isolated hyperglycemia were assigned to Group |B. There
was not a difference between the pre- and post-treatment optic nerve sheath diameter values of the patients in Group
I A and Group |B. Optic nerve sheath diameter was observed to enlarge after treatment. The difference in optic nerve
sheath diameter was 0.6 =0.4mm in Group |A and 0.5 = 0.4mm in Group |IB (p=0.294).

Conclusion: Pre-treatment optic nerve sheath diameter values of the patients who were diagnosed with one of the acute
hyperglycemic complications of diabetes mellitus are not different from healthy adults. Furthermore, optic nerve sheath
diameter values do not change with the severity of the disease. However, optic nerve sheath diameter values change with
treatment. For this reason, optic nerve sheath diameter can be used to following the development of brain edema.
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increased water content. Ultimately, the increased brain
volume, in the rigid skull, results in an increase in the
intracranial pressure (ICP). The increase in ICP causes the
cerebral perfusion pressure to decrease, leading to cerebral
ischemia. The consequences of cerebral edema can be dev-
astating and even fatal if not treated.*

Brain edema due to treatment in emergency departments
or during an inpatient hospital stay is the most important
complication in DM patients and may result in mortality.
Intracellular acidosis due to sodium bicarbonate given in
treatment, excessive amounts of fluid administration, and
the rapid reduction of blood osmolarity due to a rapid
decline in glucose levels cause osmotic swelling, leading to
brain edema.> Although it is more common in pediatric
patients, brain edema may also occur in adult patients.?
Therefore, recognition of acute complications in the emer-
gency departments gains importance because they are the
healthcare facilities where the initial treatment is provided
at firsthand.

Computerized tomography (CT) or magnetic resonance
imaging (MRI) can be used to diagnose brain edema in
hyperglycemic states. However, CT is associated with expo-
sure to substantially high doses of radiation. MRI is time-
consuming and it is not always available in emergency
department. Furthermore, both CT and MRI require the
transport of critical patients to other facilities. Invasive ICP
monitoring is the gold standard to diagnose any rise in ICP.
However, invasive ICP monitoring may lead to complica-
tions such as hemorrhage or bacterial colonization and this
technique may not be applicable to all patients with increased
ICP. Therefore, there is a need of noninvasive, simple,
reproducible, and bedside method for ICP monitoring.o-10

There is also a need to limit the number of diagnostic tests
due to the high patient inflow at emergency departments.
Moreover, it is very important to accelerate the diagnosis and
treatment processes in patients suffering from life-threaten-
ing disorders. Ultrasonography (USG) has become an inte-
gral part of the emergency care facilities because of being a
fast, easy-to-learn, noninvasive, and reproducible method,
which can be performed at bedside.!!

Ocular USG has recently been a widely used method to
measure the optic nerve sheath diameter (ONSD) to diag-
nose increase in ICP in traumatic and nontraumatic cranial
events.'>”14 USG was first introduced to use in order to
detect iatrogenically developing cerebral edema in pediat-
ric patients with diabetic ketoacidosis (DKA).?

The aim of this study was to determine the treatment-
associated changes in ONSD in adult patients diagnosed
with one of the hyperglycemic acute complications of DM
in the emergency department.

Materials and methods

This prospective study was conducted in emergency depart-
ment of a tertiary hospital in the period between January

2016 and August 2018. This study included patients older
than 18 years with DM or had recently been diagnosed with
DM, presenting with one of the acute hyperglycemic com-
plications of DM (isolated hyperglycemia, DKA, or hyper-
osmolar hyperglycemic state (HHS)).!'>-7 The healthy
volunteers group without DM, whose number is same with
study patients, whose capillary blood glucose is between 70
and 125mg/dL, is included in the study as the control
group. The volunteers who are the control group were taken
to the study from 08a.m. to 11a.m. within five working
days. ONSD measurements of the patients and healthy vol-
unteers included in the study were performed just after cap-
illary blood glucose measurement. Then, the blood samples
were collected for laboratory studies. The emergency phy-
sician who would perform the ONSD measurement was
blind to the laboratory tests results.

Patients who were admitted due to head trauma or who
had a history of an intracranial event (cerebrovascular dis-
ease, subarachnoid hemorrhage, and central nervous sys-
tem infection), brain tumor, or a history of ophthalmic
surgery were excluded from the study.

A standardized data record form was created for the study
before setting out the study. The patients’ age, gender, com-
plaints at the time of admission, neurological examination
findings, Glasgow Coma Scale scores, capillary blood glu-
cose test results at the Oth and second hour, venous blood gas
levels at the Oth and second hour (pH, PCO,, and HCO; val-
ues), blood biochemistry test results (glucose, Na*, K+, and
CI™ values), ONSD values of the right and left eyes which
were measured with point-of-care ultrasound (POCUS), and
the treatment (insulin or intravenous fluid) applied to the
patients were recorded in the data record form.

The patients who met the inclusion criteria of the study
were assigned to Group 1 and the healthy volunteers were
assigned to Group 2 as the control group.

Group 1 patients were studied in three categories: DKA,
HHS, and isolated hyperglycemia. Patients in Group 1 were
divided into two subgroups as Group 1A and Group 1B.
Group 1A included the patients with DKA or HHS and Group
1B included the patients with isolated hyperglycemia.

Group 1A included a group of patients with serum glu-
cose levels of =250mg/dL, blood pH values of <7.30,
serum bicarbonate (HCO, ) levels of <15mEq/L, and
ketonuria and another group of patients with serum glucose
levels of =600mg/dL, blood pH values of >7.30, serum
bicarbonate (HCO, ) levels of >15mEq/L, serum osmolar-
ity levels >315mOsm/kg, and no ketonuria. Patients who
did not meet the diagnostic criteria for DKA and HHS, and
who had a serum glucose level of =250mg/dL, were
included in Group 1B.1>-17

All patients received treatment in compliance with the
treatment guidelines. Normal saline was given as the intra-
venous fluid therapy at the rate of 15-20mL/kg/h in the
first hour and it was completed to a total of 2L in the sec-
ond hour. Insulin treatment was given at an infusion rate of
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Figure I. The illustration of ONSD measurement. The ONSD measurements were performed in transverse and sagittal planes by
using the width of the hypoechoic area, which represents the optic nerve sheath, 3mm proximal to the optic disk, as references.

In this case, a 57-year-old male patient with a history of DM was admitted to the emergency department with complaint of fatigue.
The blood glucose value of the patient was 376 mg/dL at the Oth hour and 242 mg/dL at the second hour. The patient was given
2000 mL of normal saline within 2 h for fluid therapy. At Oth hour, the patient’s right ONSD was measured as 5.0 mm and left
ONSD was measured as 4.9 mm; at the end of the second hour, the right ONSD was measured as 5.5mm and the left ONSD was

measured as 5.7 mm.

0.1U/kg/h intravenously through a separate venous line
other than the one through which the fluid therapy was
administered. At the end of first hour of treatment, for the
patients who had a reduction in the blood glucose levels by
more than 70mg/dL and whose blood glucose level fell
below 200mg/dL, and also had a K* level of <3.5mEq/L
in laboratory test results, insulin therapy was not adminis-
tered in the second hour. None of the patients received
sodium bicarbonate (NaHCOj;), mannitol, or 3% saline dur-
ing the treatment.!>-17

Statistical analysis

The data collected in the study were entered in SPSS 25
statistical software program, and then, the statistical analy-
ses were performed. Age, gender, and the complaints at the
time of the admission were accepted as independent varia-
bles. The serum glucose levels at Oth and second hour and
the results of blood gas analysis and biochemistry tests
were evaluated as dependent variables.

Histogram charts and the Kolmogorov—Smirnov test
were used for testing whether the variables conform to a
normal distribution. Mean and standard deviation values
were used when presenting descriptive analyses. When
normally distributed data were analyzed, student’s z-test
was used for comparing two independent groups, whereas
the paired samples z-test was used for comparing the
dependent groups. Bivariate Pearson correlations test was
used for testing correlations. A p value of <0.05 was con-
sidered statistically significant.

The mean ONSD values of the right and the left eyes
were included in the statistical analysis. The pre-treatment

and post-treatment laboratory test values and the ONSD
measurements were compared between the groups. First,
Group 1 and Group 2 were compared to each other. Then,
Group 1A and Group 1B were compared. In addition, the
correlations of the pre-treatment and post-treatment altera-
tions of ONSD with those in the laboratory test results were
tested.

Ocular ultrasound technique

ONSD was performed by a trained emergency physician.
The patient was placed in the supine position. While the
patient’s eyes were closed, a thin layer of gel was applied to
both of the eyelids. The optic nerve was visualized by the
7.5MHz linear probe of the ultrasound device (Mindray
Medical, Germany). First, both eyes were scanned in verti-
cal and horizontal planes through the eyelid, and then, the
optic disk of the eye was viewed. The ONSD measurements
were performed in transverse and sagittal planes by using
the width of the hypoechoic area which represents the optic
nerve sheath, 3 mm proximal to the optic disk, as references
(Figure 1). ONSD was measured on the right and on the left
for three times each, and then, the mean values were calcu-
lated for each side.

Results

A total of 100 individuals were included in the study. Of
them, 50 patients were included in Group 1 and 50 healthy
adults were included in Group 2. The mean age was
59.44 = 16.42 years in Group 1 and 58.5 = 18.148 years in
Group 2. There were 25 (50%) males and 25 (50%) females
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Table I. Osmolarity and ONSD values of Group | and Group
2 at Oth and second hours.

Table 2. Changes in laboratory and ONSD values after
treatment in Group |.

Group Mean=SD p Mean=SD p
Osmolarity 0th hour Group | 299+ 12 0.001 Glucose (mg/dL) 0th hour 466 = 136 0.001
(mOsm/kg) 2nd hour 314128
Group2 286+ 13 pH Oth hour 728+0.12 0.572
2nd hour  Group |  295=*11 0.001 2nd hour 7.27 +£0.09
Group2 286=*13 CO, (mmHg) Oth hour 389 0.077
ONSD (mm)  Oth hour Group | 45x04 0.162 2nd hour 41 =10
Group2  44=x05 HCO, (mEq/L) Oth hour 21 +7 0.801
2nd hour  Group | 51x04 0.001 2nd hour 21 +6
Group2  44+05 K+ (mEq/L) 0th hour 46+08  0.027
2nd hour 44=1.0
ONSD: optic nerve sheath diameter. Na* (mEq/L) Oth hour 134+7 0.010
2nd hour 1376
in Group 1, and 23 (46%) males and 27 (54%) females in ~ Osmolarity (mOsm/kg)  Oth hour 299 12 0.001
Group 2. There were no differences between gender distri- 2nd hour 295 =11
bution (p=0.841) and the mean age (p=0.139) between ONSD (mm) Och hour 4504 0.001
2nd hour 51+04

Group | and Group 2.

The osmolarity levels in the Oth hour blood samples of
the patients were 299 = 12mOsm/kg in Group 1 and
286 = 13 mOsm/kg in Group 2. There was a significant dif-
ference between these two groups in blood osmolarity lev-
els at hour 0 (p<<0.001), but there was not a difference
between the measured ONSD values (p = 0.162). The
patients were given a mean amount of 1729 =200 mL fluid
therapy in 2 h following their admission. There was a statis-
tically significant difference between the blood osmolarity
levels in Group 1 and Group 2 at the end of the second hour.
There was also a statistically significant difference in
ONSD values between these two groups. In Group 1,
ONSD found out to be increased at the end of the second
hour (Table 1).

The examination of the biochemistry test results of the
patients revealed that the pre-treatment and post-treatment
values of glucose, K™, Na*, and the osmolarity levels were
significantly different in Group 1 (p>0.005); however,
the posttreatment pH, CO,, and HCO; levels did not sig-
nificantly change. There was a statistically significant
change in ONSD values before and after treatment
(p<0.001). The difference between the pre-treatment and
post-treatment ONSD values was 0.6 = 0.4 mm (p < 0.001;
Tables 2 and 3).

When the correlation was evaluated of pre- and post-
treatment ONSD difference with pre- and post-treatment
glucose, Nat and osmolarity difference, a positive correla-
tion was demonstrated only between the ONSD difference
and glucose difference. There was no correlation between
ONSD difference, Na* difference, and osmolarity differ-
ence (Table 3).

Of the patients in Group 1, 22 (44%) patients were
assigned to Group 1A and 28 (56%) patients were assigned
to Group 1B. Between Group 1A and Group 1B, there were
differences in the levels of glucose, pH, CO,, HCO;, and

ONSD: optic nerve sheath diameter.

osmolarity (p <0.05), but there was no difference between
the ONSD values (p=0.799; Table 4).

The amount of fluid administered to the patients in 2h
was 1786 = 165 mL in Group 1A, and it was 1684 = 215mL
in Group 1B (p=0.07). The pre- and post-treatment differ-
ences between the laboratory test results in Group 1A and
Group 1B were similar except the pH difference (Table 5).

There was no difference between the pre- and post-treat-
ment ONSD values of the patients in Group 1A and Group
1B. It was observed that ONSD was enlarged after treat-
ment. After the treatment, ONSD was 5.2 *+0.4mm in
Group 1A and 5.0 £ 0.5mm in Group 1B. The ONSD dif-
ference was 0.6 = 0.4 mm in Group 1A and 0.5 £0.4cm in
Group 1B (p=0.294).

Discussion

The clinical findings of increased ICP due to brain edema
are not specific. The clinical findings include headache,
projectile vomiting, lethargy, altered sensorium, cranial
nerve palsies, hypertension, bradycardia, altered breathing
patterns, and eventually coma and death.* Therefore, early
diagnosis of increased ICP is critical to prevent untoward
consequences.

Noninvasive measurements of ONSD have recently been
introduced to detect increased ICP. The normal ONSD val-
ues range from 3.7 to 5.0 mm in healthy adults.!$-20 The cut-
off value of ONSD was found out to be between 4.8 and
5.7mm when compared with the values obtained in invasive
monitoring of ICP.21:22 A study have reported that ONSD is
4.6 mm for women and 4.8 mm for men, and they have dem-
onstrated that this cut-off value has high sensitivity and
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specificity in intracranial hypertension patients diagnosed
with brain CT and MRI1.23 It has been reported that altera-
tions in ONSD values occur in all events that may lead to a
change in the ICP.2#28 In a study on patients with acute
stroke, ONSD was found to be enlarged in the cranial CT
images. In this study, ONSD was found to be 4.1 = 0.5mm
in the control group and 5.4 = 1.1 mm in the patients with
pathological findings in the CT images.!? In a study measur-
ing ONSD with CT, ONSD was found to be 5.3 = 1.1 mm in
children with intracranial hemorrhage due to head trauma,
and it was reported to be 4.1 0.8 mm in the normal CT
images of the patients.!* In a study on ischemic stroke
patients, ONSD was reported to be 5.4+ 0.6mm in the
patient group and it was reported to be 4.2 = 0.4 mm in the
healthy volunteers.?’

The most important complication leading to mortality in
DKA is brain edema and associated increase in the ICP.
Recently, studies investigating the change of ONSD in the
detection of brain edema in children with type 1 DM have
been conducted.>?? In a study in children with type 1 DM,
patients were divided into three study groups: (1) well-con-
trolled type 1 DM, (2) type 1 DM with hyperglycemia, and
(3) type 1 DM with DKA. There was no difference identi-
fied between the ONSDs of these groups.> Another study
investigated the change of ONSD by serial ONSD meas-
urement during pediatric DKA treatment. In this study, it
was observed that after the initiation of treatment, the

Table 3. Correlation of ONSD difference with difference in
laboratory values before and after treatment.

Difference in laboratory values ONSD difference

(0.6 = 0.4mm)

Glucose difference= 151 =98 r 0.296
(mg/dL)

p 0.037
Na* difference=3 + 7 (mEq/L) r 0.021

p 0.884
Osmolarity difference=—4*+7 r —0.158
(mOsm/kg)

p 0.273

ONSD: optic nerve sheath diameter; r: Pearson correlation coefficient.

ONSD showed a bell-shaped trajectory in the form of an
increase in ONSD followed by a return to the baseline.?® In
another study investigating the risk of cerebral edema in
children diagnosed with type 1 DM, ONSD (4.7 mm) meas-
ured in children with DKA at the onset of the disease was
wider than non-DKA children (4.4 mm). In the same study,
ONSD (4.3mm) was found to be similar to non-DKA
(4.4 mm) patients after at least 48 h of metabolic compensa-
tion in children with DKA.3% A study on children with DKA
reported no differences between the measurements per-
formed in the first hour, eighth hour, and the 24th hour after
the treatment. In this study, no brain edema was considered
clinically in any patient.3! In our study, we observed that
while there was a difference in the osmolarity levels
between the hyperglycemic patients and healthy adults
before the treatment, there was no difference in the ONSD
measurements. This finding might have resulted from the
adaptation of the brain to the hyperglycemic condition.
However, after the treatment, we observed a reduction in
the difference between the osmolarity levels of the patients
compared to those in the healthy adults, while the ONSD
diameters of the patients were found to be increased. After
the treatment, ONSD of the patients increased by
0.6 = 0.4mm. We consider that this post-treatment differ-
ence in ONSD occurred due to an increase in the water con-
tent in the brain. This result is important for showing that
ONSD can be used for detecting brain edema.

Vascular factors are the leading causes taking part in the
mechanism of developing brain edema. At first, an extra-
cellular cerebral hypoperfusion and then a treatment-asso-
ciated hyperperfusion state is considered to be responsible
for developing brain edema. In the development of brain
edema, the situation that hyperglycemia, dehydration, deep
acidosis, and the severity of hyperventilation are more
effective than the levels of osmolarity confirms this mecha-
nism. Furthermore, it is reported that increased levels of
blood urea nitrogen, alterations in the levels of Na*, and
treatment with NaHCOj; have been involved in the develop-
ment of brain edema. Brain edema is more common in
patients with Type 1 DM, but also can be seen in patients
with type 2 DM.33233 However, in a study on children with
Type 1 DM, it was observed that no ONSD alterations

Table 4. Comparison of the Oth hour laboratory and ONSD values of Group |A and Group |B patients.

Oth hour values Group |A (mean = SD) Group |B (mean = SD) P

Glucose (mg/dL) 540 = 157 408 £ 82 0.001
Ph 7.19 %1 7.35+0.06 0.001
CO, (mmHg) 32+10 42=x7 0.001
HCO, (mEq/L) 157 25x2 0.001
Na* (mEq/L) 1359 134=5 0.656
Osmolarity (mOsm/kg) 305+ 16 295+6 0.007
ONSD (mm) 45+0.4 45+0.4 0.799

ONSD: optic nerve sheath diameter.
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Table 5. Differences in laboratory and ONSD values in Group
IA and Group |B after treatment. Differences in laboratory
values in Group |A and Group [B after treatment.

Differences in laboratory  Group |A Group I1B p
and ONSD values (mean =SD) (mean = SD)
Glucose (mg/dL) 136 =82 163108 0.331
Ph 0.03+0.07 -0.02*+0.05 0.003
CO, (mmHg) 05+8 2*6 0.526
HCO, (mEq/L) 02*+4 -1*x2 0.226
Na* (mEg/L) 3%9 3+4 0.847
Osmolarity (mOsm/kg) —4+8 -5*6 0.607
ONSD difference (mm) 0.6 + 0.4 05+04 0294

ONSD: optic nerve sheath diameter.

occurred in association with disease severity.> Similarly, in
our study, it was determined that the ONSD measurements
in the DKA and HHS patients were not different compared
to those in the patients with isolated hyperglycemia. It
comes out that the ONSD does not change with the severity
of the disease. Whereas ONSD increased in both of these
groups after treatment. The ONSD difference after the
treatment was similar in both groups. However, the amount
of administered fluid for 2h was 1786 = 165 mL in patients
with DKA and HHS and 1684 =215mL in patients with
isolated hyperglycemic status. The similar difference in
ONSD after the treatment can be attributed to that of the
close amount of fluid given to both patient groups.

The metabolic state of patients is in a continuous state of
change during the treatment. In a study investigating the
effect of this change on ONSD in children, a negative correla-
tion was reported between ONSD and the levels of pH, base
excess, and HCO, % In our study, the levels of glucose, Na*,
and osmolarity significantly changed along with the altera-
tions in ONSD in the course of the treatment. However, the
post-treatment ONSD difference was positively correlated
with the differences in glucose levels, while it was not signifi-
cantly correlated with the differences in the Na* and osmolar-
ity levels. However, our results are insufficient to make a
general comment. Further studies are needed to reveal the
relationship between ONSD and metabolic parameters.

Conclusion

In conclusion, ONSD values of the patients having one of
the acute hyperglycemic complications of DM are not dif-
ferent from those measured in healthy adults. Furthermore,
ONSD values do not change with the severity of the disease.
However, ONSD values change with treatment. The reduc-
tion in glucose levels is effectively involved in this change.

Limitations

The limitation of our study is that ONSD was measured
only at the Oth and second hour of the treatment in the

patients with one of the acute hyperglycemic complications
of DM, but it was not performed throughout the treatment
process. The reason for this is due to the fact that the
patients were transferred from the emergency department
to the other departments in the hospital for the maintenance
of the follow-up and treatment. Furthermore, treatment-
related ONSD alteration may be different in the pediatric
age group. Pediatric patients were excluded from the study
because our study was performed in adult emergency
department. This is the limitation of our study.

Author contributions

E.D. and N.K. contributed to the study concept and design. E.D.,
N.K., and M.A. contributed to the acquisition of the data. N.K.
contributed to the analysis and interpretation of the data. E.D.,
N.K., and M.A. contributed to the drafting of the manuscript and
the critical revision of the manuscript for important intellectual
content. N.K. contributed to the statistical expertise.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Availability of data and materials

All materials were taken from other sources (including our own
published writing) and were clearly cited.

Informed consent

Written consent was obtained from all patients who participated in
the study and from their relatives.

Ethical approval

This study was initiated in the ED of a tertiary hospital following
ethics committee approval.

Human rights

Our work does not infringe on any rights of others, including pri-
vacy rights and intellectual property rights. There is no human
rights violation in our manuscript.

ORCID iD

Mustafa Avci https://orcid.org/0000-0002-5018-9070

References

1. Forbes JM and Cooper ME. Mechanisms of diabetic compli-
cations. Physiol Rev 2013; 93(1): 137-188.

2. Milan AO, Cox M, Mirino CM, et al. Cerebral edema dur-
ing the management of diabetic ketoacidosis in an adult with
new onset diabetes mellitus. Rev Cuba Med Intensiv Emerg
2017; 16(2): 57-63.


https://orcid.org/0000-0002-5018-9070

Erol et al.

143

10.

11.

12.

13.

14.

15.

16.

17.

Bergmann K, Milner DM, Voulgaropoulos C, et al. Optic
nerve sheath diameter measurement during diabetic ketoaci-
dosis: a pilot study. West J Emerg Med 2016; 17(5): 531-541.
Mabhajan S and Bhagat H. Cerebral oedema: pathophysiolog-
ical mechanisms and experimental therapies. J Neuroanaesth
Crit Care 2016; 3(4): 22-28.

Haringhuizen A, Tjan DH, Grool A, et al. Fatal cerebral
oedema in adult diabetic ketoacidosis. Neth J Med 2010;
68(1): 35-37.

Frumin E, Schlang J, Wiechmann W, et al. Prospective
analysis of single operator sonographic optic nerve sheath
diameter measurement for diagnosis of elevated intracranial
pressure. West J Emerg Med 2014; 15(2): 217-220.

Wang L, Feng L, Yao Y, et al. Optimal optic nerve sheath
diameter threshold for the identification of elevated opening
pressure on lumbar puncture in a Chinese population. PLoS
ONE 2015; 10(2): e0117939.

Kristiansson H, Nissborg E, Bartek J, et al. Measuring ele-
vated intracranial pressure through noninvasive methods: a
review of the literature. J Neurosurg Anesthesiol 2013; 25:
372-385.

Koziarz A, Sne N, Kegel F, et al. Optic nerve sheath diameter
sonography for the diagnosis of increased intracranial pres-
sure: a systematic review and meta-analysis protocol. BMJ
Open 2017; 7(8): €016194.

Girisgin AS, Kalkan E, Kocak S, et al. The role of optic nerve
ultrasonography in the diagnosis of elevated intracranial
pressure. Emerg Med J 2007; 24(4): 251-254.

Ohle R, Mclsaac SM, Woo MY, et al. Sonography of the
optic nerve sheath diameter for detection of raised intrac-
ranial pressure compared to computed tomography: a sys-
tematic review and meta-analysis. J Ultrasound Med 2015;
34(7): 1285-1294.

Komut E, Kozaci N, Sonmez BM, et al. Bedside sonographic
measurement of optic nerve sheath diameter as a predictor of
intracranial pressure in ED. Am J Emerg Med 2016; 34(6):
963-967.

Aduayi OS, Asaleye CM, Adetiloye VA, et al. Optic nerve
sonography: a noninvasive means of detecting raised intrac-
ranial pressure in a resource-limited setting. J Neurosci Rural
Pract 2015; 6(4): 563-567.

Yagar AB, Kozaci N, Avci M, et al. Determination of optic
nerve sheath diameter variability with age in pediatric groups
and comparison of increased intracranial pressure and optic
nerve sheath diameter in pediatric patients with head trauma.
Ann Med Res 2018; 25: 460—465.

Jalili M and Niroomand M. Chapter 224. Type 2 diabetes
mellitus, section 17. In: Tintinalli JE, Stapczynski JS, Ma OJ,
et al. (eds) Tintinalli’s emergency medicine: a comprehen-
sive study guide. 8th ed. New York: McGraw-Hill Education,
2016, pp. s144—s156.

Nyce AL, Lubkin CL and Chansky ME. Chapter 225. Diabetic
ketoacidosis, section 17. In: Tintinalli JE, Stapczynski JS,
Ma OJ, et al. (eds) Tintinalli’s emergency medicine: a com-
prehensive study guide. 8th ed. New York: McGraw-Hill
Education, 2016, pp. s1457—s1463.

Graffeo CS. Chapter 227. Hyperosmolar hyperglycemic
state, section 17. In: Tintinalli JE, Stapczynski JS, Ma OJ,
et al. (eds) Tintinalli’s emergency medicine: a comprehen-
sive study guide. 8th ed. New York: McGraw-Hill Education,
2016, pp. s1466—s1468.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Maude RR, Hossain MA, Hassan MU, et al. Transorbital
sonographic evaluation of normal optic nerve sheath diam-
eter in healthy volunteers in Bangladesh. PLoS ONE 2013;
8(12): e81013.

Chan PYN and Mok KL. Transorbital sonographic evalua-
tion of optic nerve sheath diameter in normal Hong Kong
Chinese adults. Hong Kong J Emerg Me 2017; 15(4): 197—
204.

Avci M, Kozaci N, Komut E, et al. The measurement of
elderly volunteers’ optic nerve sheath diameters by ocular
ultrasonography. Medicina 2019; 55(8): 413.

Geeraerts T, Launey Y, Martin L, et al. Ultrasonography of
the optic nerve sheath may be useful for detecting raised
intracranial pressure after severe brain injury. Intensive Care
Med 2007; 33(10): 1704—1711.

Rajajee V, Vanaman M, Fletcher JJ, et al. Optic nerve
ultrasound for the detection of raised intracranial pressure.
Neurocrit Care 2011; 15(3): 506-515.

Shirodkar CG, Rao SM, Mutkule DP, et al. Optic nerve
sheath diameter as a marker for evaluation and prog-
nostication of intracranial pressure in Indian patients:
an observational study. /ndian J Crit Care Med 2014;
18(11): 728.

Shirodkar CG, Munta K, Rao SM, et al. Correlation of meas-
urement of optic nerve sheath diameter using ultrasound with
magnetic resonance imaging. Indian J Crit Care Med 2015;
19(8): 466-470.

Szmygel L, Kosiak W, Zorena K, et al. Optic nerve and
cerebral edema in the course of diabetic ketoacidosis. Curr
Neuropharmacol 2016; 14(8): 784-791.

Kazdal H, Kanat A, Findik H, et al. Transorbital ultrasono-
graphic measurement of optic nerve sheath diameter for
intracranial midline shift in patients with head trauma. World
Neurosurg 2016; 85: 292-297.

Kozaci N, Avci M, Caliskan G, et al. Variability of optic
nerve sheath diameter in acute ischemic stroke. Hong Kong
J Emerg Me. Epub ahead of print 22 April 2019. DOI:
10.1177/1024907919842982.

Robba C, Cardim D, Czosnyka M, et al. Ultrasound non-
invasive intracranial pressure assessment in paediatric neu-
rocritical care: a pilot study. Childs Nerv Syst. Epub ahead of
print 15 June 2019. DOI: 10.1007/s00381-019-04235-8.
Hansen G, Vallance JK, Beer DL, et al. Serial optic nerve
sheath diameter ultrasonography during pediatric dia-
betic ketoacidosis management: a pilot study. J Diabetes
Complications 2016; 30(8): 1600—1602.

Jeziorny K, Niwald A, Moll A, et al. 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. Acta
Diabetol 2018; 55(12): 1295-1301.

Hansen G, Sellers EA, Beer DL, et al. Optic nerve sheath
diameter ultrasonography in pediatric patients with diabetic
ketoacidosis. Can J Diabetes 2016; 40(2): 126—130.
Meaden CW, Kushner BJ and Barnes S. A rare and lethal
complication: cerebral edema in the adult patient with
diabetic ketoacidosis. Case Rep Emerg Med 2018; 2018:
5043752.

Varela D, Held N and Linas S. Overview of cerebral edema
during correction of hyperglycemic crises. Am J Case Rep
2018; 19: 562-566.



