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ABSTRACT
Introduction Neonates and young infants with diagnosed 
or highly suspected glaucoma require an examination under 
anaesthesia to achieve accurate intraocular pressure (IOP) 
measurements, since crying or squinting of the eyes may 
increase IOP and lead to falsely high values. IOP considerably 
depends on perioperative variables such as haemodynamic 
factors, anaesthetics, depth of anaesthesia and airway 
management. The aim of this paper is to report the design and 
baseline characteristics of EyeBIS, which is a study to develop 
a standardised anaesthetic protocol for the measurement of 
IOP under anaesthesia in childhood glaucoma, by investigating 
the link between the magnitude of IOP and depth of 
anaesthesia.
Methods and analysis This is a single- centre, prospective 
cohort study in 100 children with diagnosed or highly 
suspected glaucoma all undergoing ophthalmological 
examination under general anaesthesia. 20 children, who 
undergo general anaesthesia for other reasons, are included as 
controls. The primary outcome measure is the establishment 
of a standardised anaesthetic protocol for IOP measurement 
in childhood glaucoma by assessing the relationship 
between IOP and depth of anaesthesia (calculated as an 
electroencephalography variable, the bispectral index), with 
special emphasis on airway management and haemodynamic 
parameters. The dependence of IOP under anaesthesia on 
airway management and haemodynamic parameters will be 
described, using a mixed linear model. Restricting the model 
to patients with healthy eyes will allow to determine a 95% 
reference region, in which 95% of the measurement values of 
patients with healthy eyes can be expected.
Ethics and dissemination The study has been 
approved by the local ethics committee of the Medical 
Association of Rhineland- Palatine (Ethik- Kommisssion der 
Landesaerztekammer Rheinland- Pfalz), Germany (approval 
number: 2019- 14207). This work will be disseminated by 
publication of peer- reviewed manuscripts, presentation in 
abstract form at national and international scientific meetings 
and data sharing with other investigators.
Trial registration number  ClinicalTrials. gov Registry 
(NCT03972852).

INTRODUCTION
Background and rationale
A basic requirement for diagnosis, monitoring 
and therapy of childhood glaucoma is the 
accurate measurement of intraocular pressure 

(IOP). Despite newer less invasive measurement 
techniques (rebound technology), neonates 
and young infants still require an examination 
under anaesthesia (EUA), either under sedation 
or general anaesthesia.

Squinting and the elevated stress level 
following the release of catecholamines may 
lead to falsely high IOP values and subsequently 
to inadequate therapy. Success rates for correct 
measurement of IOP in awake children vary 
between 14% and 60% in the literature.1 2 As 
congenital glaucoma damage in newborns and 
young children is exclusively IOP related (ie, 
Descemet tears, optic nerve head damage), 
accurate measurement of IOP under EAU is 
crucial.

To date, there are no prospective studies 
from which detailed recommendations on stan-
dardised general anaesthesia in children with 
glaucoma may be derived.

Perioperative anaesthetics include all inhala-
tion anaesthetics and most centrally depressing 
drugs such as propofol, benzodiazepines and 
opioids. They result in a reduction of IOP in both 
healthy and glaucomatous eyes.3 The depth of 
anaesthesia and IOP reduction are correlated. 
IOP- lowering effects depend on the applied 
dose and on the time of administration.4–7 The 
effects of propofol on IOP are mainly known in 
adult patients, where IOP reduction is suspected 
to be associated with the lowering of the mean 
arterial pressure.8 Available data on the effect of 

Strengths and limitations of this study

 ► EyeBIS will be the first study investigating the mea-
surement of intraocular pressure (IOP) in neonates 
and young infants taking into account the complex-
ity of multifactorial disruptive perioperative factors.

 ► EyeBIS will provide data on distribution of paediatric 
IOP.

 ► The developed protocol may provide a recommen-
dation for other glaucoma centres.

 ► It is only a single- centre observational study.
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propofol on IOP in healthy children are inconsistent and 
there are no data in children with glaucoma.9 Furthermore, 
there are no data on the influence of opioids on the IOP of 
children with glaucoma.

When applying anaesthesia, airway management also 
has an influence on IOP.3 Laryngoscopy and intubation 
can increase IOP substantially, especially when it comes to 
coughing. However, IOP may rise even without an externally 
detectable reaction such as a sympathicotonic cardiovascular 
mechanism, especially with shallow anaesthesia.10–12 Laryn-
geal masks are widely used in adult and paediatric respiratory 
management and considered safe by paediatric anaesthesiol-
ogists in a variety of clinical settings.13 Compared with endo-
tracheal intubation in children, the use of laryngeal masks 
is associated with less cardiovascular reactions and a lesser 
increase in IOP.14

The EyeBIS Study will be the first study to employ a strict 
standardised protocol for anaesthesia in children with glau-
coma. The study will assess the relationship between depth 
of anaesthesia and IOP in this population. To determine 
depth of anaesthesia, the bispectral index (BIS) is used. The 
index has a range of 0–100 and is a calculated electroen-
cephalography (EEG) variable, used to measure the effects 
of anaesthetics. A BIS score below 60 indicates the degree 
of hypnosis of EUA. Both Schäfer et al and Hanna et al have 
described the need to investigate the relationship between 
depth of anaesthesia and IOP.6 15 A correlation between IOP 
and depth of anaesthesia using BIS in children is already 
available.16 The purpose of this manuscript is to report on 
this protocol in the population described below.

METHODS AND ANALYSIS
Study setting and design
The Department of Ophthalmology, University Medical 
Center Mainz, has developed an expertise in childhood 
glaucoma diseases. In the years 2016 and 2017, surgery 
was performed in approximately 80 children. Since the 
founding of the German Childhood Glaucoma Centre at the 
University Medical Center Mainz in June 2017, the number 
of children receiving a glaucoma diagnosis or surgery has 
increased significantly. The collaboration between paedi-
atric ophthalmologists and paediatric anaesthesiologists has 
led to an enhanced focus and expertise in this area and iden-
tified the necessity to develop a standardised protocol for 
general anaesthesia while performing IOP measurements. 
Established and safe anaesthesia regimens have been modi-
fied, taking into account various known factors that influ-
ence the measurement of IOP.

With the planned study, we would like to evaluate whether 
reliable and reproducible measurement values can be 
generated by a standardised protocol. The EyeBIS trial is a 
prospective, single- centre, non- randomised clinical trial.

Patient and public involvement
Patients of this research were first involved in June 2019 by 
the research team (NP and EMH, and medical students). 
Eligible patients (see section below) were asked whether 

they are interested in this study. Inclusion criteria were 
discussed with parents and children and patients were exam-
ined according to the individual standards and standard 
operating procedures (SOPs) of the Clinic for Anaesthesi-
ology and the Department of Ophthalmology. Patients were 
not involved in the development and design of the study 
protocol. The public was not involved. Study results will 
not be disseminated to participants specifically. However, if 
participants are interested in the results of the research, they 
will receive any information, the manuscript and published 
research on this topic in the future.

Trial population and eligibility criteria
Children in the age group 6 months–10 years will be 
included, when meeting the following criteria: requirement 
of EUA with a laryngeal mask for a surgical or diagnostic 
procedure; suspected glaucoma or control children under-
going ocular surgery other than glaucoma surgery (control 
group); American Society of Anesthesiologists classification 
1, 2 or 3; and informed written consent from one of their 
legal representatives.

Patients will not be included in this trial if they meet one 
or more of the following criteria: contraindications to the 
use of a laryngeal mask (eg, severe infections; tumour or 
bleeding in the upper airway tract, which might prevent the 
sufficient placement of the laryngeal mask; if the expected 
magnitude of ventilation pressure exceeds the upper 
leakage pressure of the laryngeal mask (40 cm H2O); the 
necessity of a constant tracheal access; patients with a severe 
gastro- oesophageal reflux; or interference of the laryn-
geal mask with the surgical approach), or known allergy to 
propofol or remifentanil. Eligibility criteria are shown in 
figure 1.

Recruitment and participant timelines
Participant inclusion started in June 2019 in the Child-
hood Glaucoma Centre at the University Medical Center, 
Mainz, Germany. The history and physical examinations 
of all patients scheduled for surgery were screened preop-
eratively for predictors of difficult airway, oesophageal 
reflux and allergies.

Patient will be informed about the study by the investi-
gators and medical students (EMH, NP). Patients will be 
included if they require the insertion of a laryngeal mask 
under general anaesthesia. Informed consent for all paedi-
atric participants will be obtained from one of their legal 
representatives. This also includes information and consent 
according to the German Medical Privacy Rules (in analogy 
to the US Insurance Portability and Accountability Act of 
1996). Prospective approval of the study will be granted by 
the local ethics committee of the Medical Association of the 
Rhineland- Palatine state (Ethik- Kommission der Lande-
saerztekammer Rheinland- Pfalz), Germany (approval 
number: 2019- 14207).

The schedule of study enrolment is shown in figure 2.

Intervention
Induction and maintenance of EUA is performed. In 
the present study, the laryngeal mask Ambu AuraGain 
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(German distribution by Ambu, Bad Nauheim, Germany) 
is used, which is a second- generation laryngeal mask with 
integrated gastric access and the possibility of fibreoptic 
intubation.17 Compression of the cervical vessels through 
the cuff of laryngeal masks has been reported in adults.18 
It has not been investigated whether the blockage of a 
laryngeal mask in children has an influence on IOP by 
obstructing the venous return. According to the SOPs of 
the Department of Anaesthesiology, a premedication with 
oral midazolam (juice) is administered when the patient 
is collected from the ward. A dosage of 0.5 mg/kg (up to 
a maximum dose of 10 mg) is given.

Local anaesthetics are applied topically to two possible 
puncture sites at least 1 hour prior to surgery. Before 
induction of anaesthesia, intravenous access is estab-
lished. The child’s head is positioned in a neutral way in 
a head ring, with the body in a flat back position. To opti-
mise mask ventilation, the shoulder blades are padded 
with a rolled- up surgical tissue.

The induction and maintenance of EUA is performed 
by an anaesthesiologist, specifically educated in anaes-
thesia for neonates and young infants. Before initiating 
the EUA, pulse oximetry monitoring, ECG, non- invasive 
blood pressure measurement and the BIS are started.

Preoxygenation takes place with a fractional inspired 
oxygen (FiO2) of 0.8 and a fresh gas flow of 7 L/min.

As soon as the BIS measurement starts, the BIS value 
and an initial blood pressure value are noted.

If it is possible to establish intravenous access, an initial 
propofol bolus of 2–4 mg/kg body weight is applied. The 

children are breathing spontaneously. When the oxygen 
saturation drops below 90%, a ventilation via a face mask 
takes place.

The schedule of interventions is also summarised in 
figure 2.

IOP measurements take place during different depths 
of anaesthesia. Measurement is taken by one experi-
enced examiner per child (KM, AS, EMH). A first IOP 
measurement is performed when sufficient sedation for 
IOP measurement after titrated propofol application 
(2–4 mg/kg or more if necessary) is achieved. A second 
IOP measurement is carried out 60 s after placement of 
the laryngeal mask to avoid a potentially falsely high IOP 
value due to a direct sympathicotonic reaction caused 
by the laryngeal mask placement. Then, a third IOP 
measurement is taken after a break of 60 s directly after 
blockage of the cuff of the laryngeal mask (60 cm H2O).

IOP measurement of each eye is performed with the 
iCare PRO Tonometer followed by a measurement with 
the Perkins applanation tonometer after a 1 min waiting 
time to avoid potential influence of repetitive measure-
ments on IOP.

Central corneal thickness (CCT) has an influence on 
IOP measurement in adults and children and is measured 
in this study.19 CCT has also been shown to be a relevant 
factor in the evaluation of childhood glaucoma in many 
studies and appears to result in significant differences in 
the measurement of IOP, depending on the device used.20 
This is why two different devices are used in this study. All 

Figure 1 Study flow chart according to the American 
Society of Anesthesiologists (ASA) with inclusion and 
exclusion criteria, as well as outcome measures. Figure 2 Schedule of study enrolment and interventions. 

BIS, bispectral index; IOP, intraocular pressure; i.v., 
intravenous; SpO2, oxygen saturation.
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IOP measurements are performed by one of three expert 
study investigators.

The Perkins Mk3 is available for measuring IOP. The 
Perkins Mk3 is a mobile, battery- powered applanation 
tonometer, which consists of the following components: 
a forehead support for correct placement, a handgrip 
for the examiner, a LED (light- emitting diode) light 
source with a blue filter, a biprism and a force trans-
ducer. The force transducer measures how much force 
the examiner must use to flatten the cornea to a defined 
circular area of 4.8 mm2 (diameter 3.06 mm). For the 
visualisation of the edge of this surface, fluoresceine (a 
fluorescent dye) is applied in advance to the cornea. In 
compliant adults, the awake patient is examined after 
topical application of a local anaesthetic.

The system draws on the 1965 prototype developed by 
Perkins.21 It has been specifically designed to measure 
IOP in patients who cannot adequately sit upright at a 
standard stationary applanation tonometer.

The iCare PRO Tonometer (iCare Finland Oy, 01510 
Vantaa, Finland, German distribution by bon Optic 
Vertriebsgesellschaft, Lübeck, Germany) has been avail-
able for inpatient and outpatient as well as self- tonometry 
since its certification in 2010. The iCare PRO Tonom-
eter is a mobile, battery- operated rebound or induction 
tonometer, which consists of the following components: 
a forehead support for correct placement, a handle 
for the examiner and a miniaturised measuring head. 
The measuring head bounces against the cornea from 
a short distance in six, very short individual measure-
ments. Depending on the IOP, the measuring head is 
slowed down to varying degrees, from which the device 
calculates the IOP using magnetic coils. The compliant 
awake patient does not require local anaesthesia. Only 
a few studies have compared the two techniques in chil-
dren.22 23

The agreement between the instruments (Perkins 
applanation tonometry and iCare rebound tonometry) 
has been evaluated only in a few studies under different 
conditions from our study. Rebound tonometry has 
been shown to overestimate IOP in high IOP values.

CCT measurement
Measurement of CCT is performed by Tomey AL- 3000 
(Tomey, Nuremberg, Germany). The SP- 3000 is an 
ophthalmic diagnosis instrument which acquires 
corneal thickness, by using ultrasonic waves that are 
transmitted from the ultrasonic oscillator enclosed in 
the probe. One measurement is performed in each eye.

In addition to IOP measurements, BIS values, blood 
pressure (including mean arterial pressure), heart rate 
and oxygen saturation are documented for each time 
point of IOP measurement. General anaesthesia is 
maintained with a syringe pump of propofol at a rate 
of 4–5 mg/kg/hour and a syringe pump of remifentanil 
with a running rate of 0.3 µg/kg/min. In case an intra-
venous access is initially not possible, mask induction of 
EUA via sevoflurane (4 vol%, flow 7 L/min, FiO2 0.8) is 

performed, followed by the establishment of an intrave-
nous access.

Figure 3 presents all interventions on a time scale.

BIS monitoring
The study uses the Aspect XP Bispectral Index Monitor 
(Medtronic, Minneapolis, Minnesota, USA). It is available 
for intraclinical brain function monitoring by deriving 
raw EEG signals from patients for perioperative or inten-
sive care monitoring, as well as for clinical research.

As described in the introduction, the BIS, with a dimen-
sion of 0–100, is a calculated EEG variable and can be 
used to aid in assessing the effects of anaesthetics. A 
BIS score below 60 indicates the degree of hypnosis of 
general anaesthesia. The measurement is carried out by 
a sensor fitted for the paediatric anatomy (BISTM Paedi-
atric Sensor), which is mounted on the forehead of the 
patient.

Data from children who had to undergo mask induc-
tion are excluded from the main analysis and analysed 
separately. Criteria to cancel the intervention include an 
unexpectedly difficult airway, an unrecoverable laryngeal 
mask leak, a different need for endotracheal intubation 
and circulatory instability requiring intervention.

Outcome measures
Primary outcome of the study is the correlation between 
BIS and IOP under standardised anaesthetic conditions.

Aim of this protocol paper is to report design and base-
line characteristics of EyeBIS, a study to develop a stan-
dardised anaesthetic protocol for the measurement of 
IOP under general anaesthesia in childhood glaucoma by 
investigating the partial correlation between the magni-
tude of IOP and depth of anaesthesia adjusting for poten-
tial confounders.

Secondary outcome measures include the comparison 
of two different IOP measurements methods (applana-
tion tonometry and rebound tonometry), the magnitude 
of the paediatric IOP during EUA in relation to cuff pres-
sure of the laryngeal mask, regarding end expiratory CO2 
pressure, blood pressure and heart frequency, effect size 
of midazolam premedication and the definition of the 
normal range of the paediatric IOP, as well as the correla-
tion of the CCT and IOP (determined by regression of 
IOP on CCT).

Primary and secondary outcomes are also shown in 
figure 1.

Data collection, management and analysis
Data collection and management of the present study
For data collection, a paper- based case report form (CRF) 
was developed and is used for each patient. In addition 
to all other documentation, the CRF and the patient’s 
study file belongs to the source data. The CRF contains 
information that is requested directly from the patient 
and thus cannot be verified on the basis of the patient’s 
study file (screening information and data collected in 
the operating room).
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For pseudonymisation purposes, every patient is coded 
with a specific patient number. In addition to the paper- 
based form, this study is also documented electronically. 
For this purpose, all information from the study file and 
the CRF is transferred to the computer in a tabular form.

Access to data
Data management of the present study is performed 
by the main investigator. All electronically stored data 
are backed up regularly. The pseudonymity of patients 
is ensured throughout the evaluation. All study data, 
including the electronically recorded data, will be 
archived and kept for at least 15 years after completion 
of the study according to the currently valid International 
Council for Harmonisation (ICH) Guidelines on Good 
Clinical Practice (GCP) E6 (R2). Data are accessible to 
all participating personnel and monitors. The database 
management system is capable of producing accurate and 
complete copies of the data in visual form for inspection 
by government agencies or ethics committees. Enrolled 
patients and their authorised representative have been 
informed about this.

Monitoring
Prior to enrolling patients, the investigators were 
briefed on the CRF and study protocol. All documents 
required for data collection are available in the operating 
theatre. Each CRF is filled in by the investigator after the 
measurements have been performed. The data are then 
promptly entered electronically under his supervision. 

The investigator regularly evaluates the progress of data 
collection and study outcomes in order to address any 
emerging data collection issues at an early stage. The 
data monitoring is managed and analysed in accordance 
with the ICH GCP Guideline E6 (R2) and followed the 
requirements of German Drug Law.

Adverse events will be recorded after patient enrol-
ment. The study will be temporarily interrupted by the 
attending investigator at any time on the individual 
subject, if a serious adverse event is suspected, which may 
be associated with IOP measurement or an airway device 
being used. A suspected adverse event or adverse reaction 
will be considered serious when it comes to one of the 
following events: death, a life- threating reaction leading 
to inpatient hospitalisation, and a persistent or signifi-
cant incapacity or substantial disability of the normal age- 
adapted life functions. If the protocol is discontinued as 
a result of an adverse event, study personnel will docu-
ment the circumstances and data leading to the discon-
tinuation of measurement. The principal investigator will 
inform the local research ethics committee in case of a 
severe adverse event following local SOPs.

The Clinical Research Unit of the Department of Anaes-
thesiology, University Center Mainz inspects and reviews 
screening forms and clinical data at regular intervals.

Sample size considerations
With the envisaged number of 100 subjects, a single IOP 
measurement of one eye and parallel determination of the 

Figure 3 EyeBIS worksheet. Detailed layout of all steps on the interventional time scale. BIS, bispectral index; etCO2, end 
tidal carbon dioxide; FiO2, fractional inspired oxygen; HR, heart rate; IOP, intraocular pressure; i.v., intravenous; PEEP, Positive 
End- Expiratory Pressure; Pinsp, Inspiratory pressure; RR, blood pressure; SpO2. oxygen saturation; TIVA, total intravenous 
anaesthesia; VT, tidal volume.
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BIS, the null hypothesis ‘correlation=0’ can be rejected 
in a two- sided test at the 5% level with 86.5% power if 
the correlation amounts to 0.3. If the actual correlation is 
0.35, the power rises to 95%. The multiple measurements 
provide additional information, resulting in a power gain. 
It is not yet possible to anticipate how strong the correla-
tion between the multiple measurements will be. With 
decreasing correlation between repeat measurements 
power increases and, similarly, also smaller correlation 
between IOP and BIS will be detectable for fixed power—
how small depends on the yet unknown correlations. For 
the control group, we selected 20 children, having feasi-
bility in mind. We will, however, include further children 
in this group.

For statistical analysis, SAS V9.4 statistical software will 
be used. The analysis corresponds to Strengthening the 
Reporting of Observational Studies in Epidemiology 
statement for observational studies.

Description of patient group at baseline
The baseline features of patients will be described using 
absolute numbers (n) and percentages for categorical 
variables and the minimum, maximum, mean and SD for 
normally distributed variable and as median (IQR) for 
non- Gaussian variables. The Pearson correlation coeffi-
cient will be used to compare patient specifics between 
the groups and the baseline.

Analysis of the primary outcome
The relationship between the IOP and BIS will be inves-
tigated using a mixed linear model including measure-
ments at all three time points. In this model, IOP is the 
dependent variable, the BIS is the main independent vari-
able. Random effects are subject and eye (of a subject). 
Time per se is not of interest as essentially the depth 
of anaesthesia measured by BIS at each time point is 
of interest. Time will be considered by taking repeated 
measurements into account. Further, we will adjust for 
age (quantitative), sex, CCT and cumulative midazolam 
dose administered until the time of measurement. Eyes 
within a patient are likely not to be independent, there-
fore a random patient effect is included in the model.

Analysis of the secondary outcome
To compare the two measurement methods for IOP, 
applanation tonometry and rebound tonometry, Bland- 
Altman diagrams will be created.

The dependence of IOP under general anaesthesia 
on the cuff pressure of the laryngeal mask, the end tidal 
CO2 partial pressure, the blood pressure and the heart 
rate will also be described by a mixed linear model, with 
the variables mentioned above as covariates and random 
effects for subject and eye and adjustment for corneal 
thickness. The general considerations for the primary 
outcome apply here, too.

For children without glaucoma, a quantile regression 
will be performed that takes into account the factors 
mentioned above. From this, it is possible to deduce 

standard ranges in which, for example, 90% or 95% of 
the values of healthy children are expected.

Subgroup analysis
Data from children who had to undergo mask induction 
will be analysed separately.

DISCUSSION
Several studies have documented various variables that 
have an impact on the paediatric IOP.3 The weakness of 
the previously published studies is that none has exam-
ined all in a single study setting. To our current knowl-
edge, the EyeBIS Study is the only clinical study of its kind 
to associate IOP in 100 patients with childhood glaucoma 
and 20 patients without glaucoma (control group) with 
the depth of anaesthesia under the best possible stan-
dardised environmental conditions, due to the exclusivity 
and safety of our patient population.

In conclusion, if our study will find a partial correla-
tion between BIS and IOP, this could lead to more reli-
able IOP data in childhood glaucoma EUA. This protocol 
could be a reference standard for children with suspected 
glaucoma who cannot undergo an examination while 
awake. This leads to an improved, more reliable ability to 
diagnose glaucoma with an earlier therapy, which overall 
leads to a significantly better functional outcome for 
children.

ETHICS AND DISSEMINATION
Research ethics approval
The requirements of the ICH Guideline for GCP E6 of 
June 1996 and of Committee for Proprietary Medicinal 
Products (CPMP)/ICH/135/95 of September 1997 are, 
in addition to the national laws and the Declaration of 
Helsinki (Sommerset West 1996), the basis for carrying 
out this study.

All study personnel are obliged to participate in this 
study according to these guidelines.

Consent or assent
Before being included in the study, the study will be 
verbally and comprehensibly explained to patient and 
one of his/her authorised representatives by a clinical 
study investigator, as required by German law. He/she will 
also receive a comprehensively written information sheet. 
The authorised representatives will have the opportunity 
to have an informed discussion with the clinical study 
investigator about the study.

The clinical study investigator will obtain written 
consent from the authorised representatives willing to 
participate in the trial. The information leaflet and a new 
execution of the consent document will be handed over 
to one of the authorised representatives. Upon request, 
the patient will receive a child- friendly version of the 
information leaflet.
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The authorised representative may withdraw from the 
study at any time if he/she is unwilling to continue in the 
trial. In this case, the data from a patient who requests 
full withdrawal will not be considered in the data analysis.

Confidentiality
All original documents will be kept in the clinical 
research unit for the next 15 years. The study data will be 
handled as requested by the German Federal Data Protec-
tion Act, which implements the Directive 95/46/EC on 
data protection (Data Protection Directive). All original 
records will be kept on file at the trial sites or coordi-
nating data managing centre for 15 years. The cleaned 
electronic trial database file will be anonymised and kept 
on file for 15 years.
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