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CHAPTER 1: BACKGROUND AND SUMMARY 68 
 69 

1.1 Rationale for the Study 70 
 71 
The importance of central corneal thickness (CCT) in the diagnosis and treatment of 72 
ocular hypertension and open angle glaucoma has been recently reported.1-3  This led to 73 
several studies of adult corneal thickness, particularly among various ethnic groups.4, 5  It 74 
has been determined to vary amongst racial subpopulations, with thinner CCT found in 75 
African-American groups.   76 
 77 
It is unknown if the CCT data in adults can be extrapolated to a pediatric population.  78 
Knowledge of CCT in a large study of healthy children without glaucoma is important in 79 
order to establish normal CCT measurements among various age groups and races.  In 80 
addition, a large cross-sectional study can determine when pediatric CCT reaches adult 81 
values.  It is known that the axial growth of the eye occurs until the age of 10 years,6 82 
although corneal diameter growth is complete by 3 years.7  It is unknown if CCT is 83 
affected by these developmental changes of the globe, or when CCT reaches adult 84 
thickness.  These data can be utilized in planning for corneal refractive surgery.  85 
Refractive surgery is currently being performed on a limited basis in the pediatric age 86 
range.  PRK and LASIK, the two most frequent procedures performed in this age group, 87 
result in a reduction of CCT.  Knowledge of normal mean CCT in the pediatric 88 
population, among varying age ranges, can affect guidelines for the amount of laser 89 
which can be safely be administered.   90 
 91 
There are few published studies of CCT in a pediatric age group.  Hussein et al8 92 
performed prospective central and paracentral corneal thickness measurements on 198 93 
eyes of 108 children.  CCT and paracentral corneal thickness were found to increase over 94 
time, and reached adult thickness between 5-9 years of age.  Dai and Gunderson9 95 
prospectively analyzed pediatric CCT among various ethnic groups, and found CCT was 96 
similar in Whites and Hispanics, and thinner in African-Americans.  They found no 97 
difference among age groups within 0-18 years, when stratified into age groups of less 98 
than 2 years, 2-4 years, 5-9 years, and 10-18 years.  No gender difference was noted.  99 
Muir et al10 conducted a retrospective chart review on 69 subjects, and found CCT to be 100 
higher in ocular hypertension than in control or glaucoma subjects.  African-American 101 
children in the study had thinner corneas, although this was not found to be statistically 102 
significant. Cabrera et al11 studied preoperative CCT in subjects with congenital 103 
cataracts.  They found thicker corneas in subjects who developed aphakic glaucoma after 104 
lensectomy.  However, a recognized limitation was the lack of normative CCT data for 105 
the infantile age group.   106 
 107 
Thinner CCT in African-American adults has led to erroneously normal intraocular 108 
pressure (IOP) measurements, and undertreated glaucoma.  If a similar relationship with 109 
corneal thickness is found in children, vigilance for other signs of glaucoma would be 110 
required in subjects with thin corneas and borderline high IOP. In addition if race or 111 
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ethnicity differences are found for CCT in children, this information will guide clinicians 112 
in their interpretation of the measured IOPs. 113 
 114 
CCT has been measured using various modalities, including ultrasonic contact 115 
pachymeters and non-contact pachymeters.  Ultrasound pachymetry is the current 116 
standard for CCT measurement and hence was chosen for use in the current study.  117 
Newer modalities include noncontact pachymeters such as scanning slit topography (i.e. 118 
Orbscan) and camera pachymeter (i.e. Pentacam).  Recent studies have compared the 119 
reliability and reproducibility of the different pachymeter types.  Airiani et al12 found 120 
agreement of CCT measurements in adult subjects regardless of pachymeter type.  A 121 
DGH non-handheld contact ultrasound pachymeter unit was compared to a noncontact 122 
optical low-coherence reflectometry unit in the study.  Amano et al13 reported ultrasound 123 
pachymetry in adults to have the smallest intraexaminer variability, compared to rotating 124 
camera pachymetry and scanning slit topography.  Similar mean CCT and interexaminer 125 
reproducibility were noted regardless of pachymeter type used. 126 
 127 
Intraocular Pressure Measurement in Pediatric Subjects 128 
 129 
A prior comparison of the Tonopen XL to the Goldmann Applanation Tonometer (GAT) 130 
in adults with normal corneas found the IOP measurements to be similar.14  When the 131 
GAT-determined IOP measurement was greater than 20 mm Hg, the Tonopen values 132 
were lower and found to underestimate IOP.  There were no significant differences 133 
between the 2 modalities of IOP measurement with respect to interobserver values or 134 
with sequence of IOP measurement (GAT before Tonopen versus Tonopen before GAT).  135 
In another study when compared to simultaneous manometry, applanation tonometry was 136 
found to overestimate pressure in young eyes, while the Tonopen was not sufficiently 137 
accurate.15 138 
 139 
The recently issued consensus statement from the World Glaucoma Congress stated that 140 
“the question of whether one tonometer is superior to the others in pediatric subjects is 141 
unresolved.”16 Longitudinal care of children often involves obtaining IOP measurements 142 
with one or the other instrument.  Evidence for (or against) comparability between 143 
measurements with the two instruments would serve to improve clinical care across 144 
settings.  145 
 146 
A survey of PEDIG sites found that approximately 1/3 of sites primarily used Tonopen 147 
for all IOP measurement in the ambulatory setting, while 1/3 of sites used Tonopen in 148 
younger children and slit-lamp mounted GAT in older children, and 10% primarily used  149 
only GAT.  For an exam under anesthesia, more than half of sites used the Tonopen, 150 
while 10% used Tonopen or hand-held GAT (eg., Perkins Applanation Tonometer) 151 
depending on the child’s age or used GAT exclusively.  The handheld GAT is based on 152 
the same principles as the slit-lamp mounted applanator and uses the same Goldmann 153 
prism.  Given the preponderant use of 2 types of instruments, the Tonopen and GAT, at 154 
PEDIG sites and lack of comparative data on IOP measurement with these instruments in 155 
children, the current study will obtain Tonopen IOP and slit-lamp mounted GAT IOP 156 
measurements in cooperative children 8 years of age or older. In addition we propose in 157 
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those sites with a Tonopen and hand-held GAT to obtain both measurements in children 158 
less than 8 years under anesthesia.  The instrument comparison data collection will be 159 
limited to a subset of sites that have a slit-lamp mounted and/or handheld GAT and have 160 
at least 2 testers able to perform IOP measurements. 161 
 162 
We will not be able to pool the IOP measurements obtained in awake subjects with those 163 
under general anesthesia. Inhalation anesthetic agents have been shown to lower IOP.  164 
Commonly used agents such as halothane and sevoflurane have been reported to lower 165 
IOP during induction of anesthesia.17  Endotracheal intubation is known to increase IOP, 166 
while a laryngeal mask airway does not have a similar effect.18, 19  It has been clinical 167 
practice to measure IOP in the operating room under general anesthesia within the first 2 168 
minutes after induction of mask inhalation anesthesia, for fear of the gradual reduction 169 
observed in the measured pressure.  A recent report measuring IOP every minute from 170 
induction found that this reduction did not occur until 6 minutes after induction.20 This 171 
time course would appear to be sufficiently slow to not affect our inter-instrument 172 
comparisons. By protocol we will try to make our measurements within three minutes of 173 
induction whenever medically possible, prior to the anesthesia-induced decline. 174 
 175 

1.2 Study Objectives 176 
The primary objective of the study is to determine the distribution of CCT in a normal 177 
population of children aged 0 to <18 years and whether this distribution varies within 178 
race/ethnicity subpopulations and age groups.  Secondary objectives include 1) the 179 
determination of the age at which adult CCT is reached, 2) the determination of other 180 
possible clinical correlates of CCT, including cycloplegic refractive error determined by 181 
retinoscopy and IOP, and 3) the comparison of IOP measurements with the GAT and 182 
Tonopen instruments in children aged 8 to <18 years and handheld GAT and Tonopen 183 
instruments in children 0 to 8 years while under anesthesia. 184 
 185 

1.3 Synopsis of Study Design 186 
Major Eligibility Criteria (See section 2.2 for complete listing) 187 

• Age 0 to <18 years 188 
• Able to have CCT measured in a clinic or operating room setting 189 
• Documentation of cycloplegic refraction of both eyes at the time of enrollment or 190 

within 6 months prior to enrollment 191 
 192 
Study Procedures 193 

• CCT measurement with Pachmate DGH55 handheld ultrasound pachymeter 194 
• IOP measurement with Tonopen (all subjects)  195 
• IOP measurement with Goldmann applanation tonometer (subjects >8 years in 196 

office – slit lamp mounted GAT, subjects <8 years under anesthesia, hand held 197 
GAT) in sites with at least one of these instruments and at least 2 testers to take 198 
IOP measurements 199 

 200 
Study Visit 201 
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 Study procedures will be performed during a single routine office or operating 202 
room visit being conducted for subject care purposes. 203 

 204 
 205 
Sample Size 206 
 A total sample size of 1,890 is required to meet study objectives.  This is divided 207 
into race/ethnicity and age group quotas so that normal CCT may be estimated with 208 
desired precision in all race/ethnicity and age groups of interest. 209 
 210 
Primary Analysis 211 
The primary analysis will consist of estimation of mean CCT and its 95% confidence 212 
interval within each of 10 age groups of interest (specified in 4.1.1) separately for each of 213 
3 race/ethnicity groups, i.e. Whites, African-Americans, and Hispanics (see 4.1 for more 214 
information). 215 
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CHAPTER 2: SCREENING AND ENROLLMENT VISIT 216 
 217 

2.1 Eligibility Assessment and Informed Consent 218 
A subject is considered for the study after undergoing a routine eye examination by an 219 
investigator (as part of standard care) that identifies normal corneas and no history of 220 
current or past glaucoma diagnosis or treatment. 221 
 222 
For subjects who appear eligible for the study following a “standard-care” or preliminary 223 
examination, the study will be discussed with the child and the child’s parent(s) or 224 
guardian. Parents or guardians who express an interest in the study will be given a parent 225 
information sheet and a copy of the informed consent form to read. Written informed 226 
consent must be obtained from the parent or guardian and written assent from the child, 227 
when old enough to give assent prior to performing any study-specific procedures that are 228 
not part of the subject’s routine care. 229 
 230 

2.2 Eligibility Criteria for Enrollment 231 
The following criteria must be met for the subject to be enrolled in the study: 232 

• Age 0 to <18 years 233 
• Ability in either a clinic or an operating room setting to have CCT measured by 234 

ultrasound pachymetry,  235 
• Documentation of cycloplegic refraction of both eyes at the time of enrollment, or 236 

within 6 months prior to enrollment 237 
The following can be included: 238 

• Subjects with strabismus, nasolacrimal duct obstruction, or other eye disorders 239 
that do not affect corneal thickness 240 

None of the following are present: 241 
• Anterior segment dysgenesis 242 
• Congenital cataract 243 
• Contact lens use (no current use, regardless of frequency) 244 
• Periocular or oral steroid use 245 
• Uveitis 246 
• Corneal abnormality 247 
• Microphthalmia 248 
• Marfan syndrome 249 
• Current or past glaucoma diagnosis or treatment 250 
• History of intraocular surgery or refractive surgery 251 
• Optic nerve edema, abnormal optic nerve elevation (pseudopapilledema), or optic 252 

nerve drusen 253 
• History of prematurity <37 weeks gestational age 254 

No subjects will be withdrawn from the study, even if glaucoma is diagnosed upon 255 
completion of the examination procedures.  Those data will be collected, but not used in 256 
the analysis of the primary study outcome. 257 
 258 
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2.3 Examination Procedures 259 
The sequence of examination procedures for subjects at sites not participating in 260 
comparison of Tonopen with GAT measurement of IOP is as follows: (1) CCT 261 
measurement, (2) Tonopen IOP measurement and (3) cycloplegic refraction with dilated 262 
fundus examination, if not performed within the prior 6 months. 263 
 264 
The sequence of examination procedures for subjects at sites participating in the 265 
comparison of Tonopen with GAT measurement of IOP is as follows (two testers 266 
available): (1) CCT measurement, (2) randomization to EITHER IOP Tonopen 267 
measurement first, followed by IOP GAT measurement, OR IOP GAT measurement first, 268 
followed by IOP Tonopen measurement, and (3) cycloplegic refraction with dilated 269 
fundus examination, if not performed within the prior 6 months.  For children examined 270 
under general anesthesia, IOP must be measured within 3 minutes of induction of 271 
anesthesia. 272 
 273 
CCT will be performed on both eyes of each subject.  IOP measurements for this study 274 
will be performed on the right eye only.  The IOP measurements will be performed by 2 275 
separate testers.  See the appendix for further instructions on the PEDIG techniques for 276 
performance of these tests. 277 
 278 
2.3.1 Historical Information 279 
The following data will be included in the research record: date of birth, gender, race, 280 
ethnicity, and results of ocular examinations and testing. 281 
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CHAPTER 3: MISCELLANEOUS CONSIDERATIONS 282 
 283 

3.1 Subject Withdrawals 284 
A subject (and in this case the parents or guardian) may withdraw from the study at any 285 
time. This is expected to be a very infrequent occurrence in view of the single visit 286 
requirement. If the parents or guardian indicate that they want to withdraw the child from 287 
the study, the investigator personally should attempt to speak with them to determine the 288 
reason. 289 
 290 

3.2 Adverse Events/Risks 291 
The risks from participation in the study are rare, and are similar to those present in 292 
subjects who receive a pediatric eye examination in either the clinic or operating room 293 
setting.  The two study procedures, measurement of IOP and CCT, involve placing a drop 294 
of an anesthetic on the cornea, which is often standard investigator practice prior to 295 
pupillary dilation in the clinic.  A corneal abrasion is a rare risk which can be associated 296 
with applanation tonometry or contact ultrasonic pachymetry.  This might require 297 
treatment with a topical antibiotic and a follow-up eye examination.  Corneal abrasions 298 
rarely lead to permanent corneal defects, such as scarring, or visual loss. 299 
 300 
The study will not interfere with the decision to proceed with surgery or type of surgery 301 
for surgical subjects, the length of surgical or anesthesia time, or postoperative 302 
management or medications.  It will not interfere with subsequent surgeries planned for 303 
any subject evaluated in the clinic or operating room. 304 
 305 

3.3 Risk of Examination Procedures 306 
The procedures in this study are part of daily ophthalmologic and optometric practice in 307 
the United States.  A corneal abrasion, as mentioned above, can be a rare result of IOP 308 
and CCT measurements.  Dilating/cycloplegic eye drops are normally used as part of an 309 
exam. 310 
 311 

3.4 Reporting of Adverse Events 312 
Each investigator is responsible for informing his/her IRB of serious treatment-related 313 
adverse events and for abiding by any other reporting requirements specific to his or her 314 
IRB. 315 
 316 

3.5 Subject Payments 317 
The parent/guardian of each subject will be compensated with a $10 gift card for 318 
completion of the study visit. 319 
 320 
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3.6 Discontinuation of Study 321 
The study may be discontinued by the Steering Committee prior to the preplanned 322 
completion of enrollment for all subjects. 323 
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CHAPTER 4: SAMPLE SIZE ESTIMATION AND STATISTICAL 324 
ANALYSIS 325 

 326 
The estimation of sample size and statistical analysis plan are summarized below and 327 
detailed in separate documents.  The analysis plan synopsis in this chapter contains the 328 
framework of the anticipated final analysis plan, which will supersede these sections 329 
when it is finalized. 330 
 331 

4.1 Sample Size Estimation 332 
The primary goal of the CCT study is to estimate the mean CCT with good precision 333 
within each of 10 age groups, separately by race /ethnicity (White, African-American, 334 
and Hispanic).  The age groups of interest are: 0-<6 months, 6-<12 months, 12-<24 335 
months, 2-<3 years, 3-<4 years, 4-<6 years, 6-<8 years, 8-<10 years, 10-<13 years, and 336 
13-<18 years.  For purposes of analysis, subjects will be classified into a combined 337 
race/ethnicity group as follows: White-non-Hispanic (designated herein as White); 338 
African-American, regardless of ethnicity; White-Hispanic (designated herein as 339 
Hispanic); Asian, regardless of ethnicity; Native Hawaiian or other Pacific Islander, 340 
regardless of ethnicity; American Indian/Alaskan Native, regardless of ethnicity; and 341 
more than one race, regardless of ethnicity.  342 
 343 
Assuming a standard deviation for CCT of 42.5µm, a minimum sample size of 70 within 344 
each age and race/ethnicity group is needed to estimate mean CCT with a 95% 345 
confidence interval that extends to approximately +10µm on either side of the mean. 346 
 347 
The sample size need not be adjusted for dropouts, as only eligible subjects with CCT 348 
measurement will count towards sample size goals. 349 
 350 
A specific recruitment goal will not be set for the youngest age group (0 to <6 months) as 351 
it is anticipated that recruitment will be difficult in this age group.  Recruitment for this 352 
age group will continue until the minimum sample size for all other age and 353 
race/ethnicity groups is met. 354 
 355 
As there are 9 remaining age groups, the total sample size is 9x210=1890 (plus 356 
whomever can be recruited in the 0 to <6 months age group). 357 
 358 
4.1.1 Sample size and power for race/ethnicity group comparisons 359 
With the proposed sample size of 70 subjects per race/ethnicity group within each age 360 
group, the study will have 80% power to detect a difference in mean CCT by 361 
race/ethnicity within age group of 23.5 microns, and 90% power to detect a difference in 362 
mean CCT by race /ethnicity within age group of 26.7 microns, with type I error of 363 
0.0167 (to adjust for multiple comparisons among 3 race/ethnicity groups).  In fact, the 364 
actual analysis will use a linear mixed model to account for measurements in both eyes, 365 
which will result in higher power.  Combining data across previous studies of CCT in 366 
children,8-10 the expected difference in mean CCT for Whites versus African-Americans 367 
is 29 microns, while no difference is expected between Whites and Hispanics.  Hence, the 368 



CCTS protocol v1.0 4-4-08  Page 13 of 19 

study is adequately powered to detect expected differences in mean CCT among 369 
race/ethnicity groups. 370 
 371 
Based on previous literature, no gender differences in CCT are expected. 372 
 373 

4.2 Primary Analysis 374 
The primary analysis will consist of the estimation of mean CCT and the 95% confidence 375 
interval within each of the 10 age groups specified in 4.1.1 separately for each of the 3 376 
race/ethnicity groups of interest.  As most subjects will have data for both eyes, the 377 
generalized estimating equations (GEE) method21 will be used to correct all estimates for 378 
correlation between eyes. 379 
 380 

4.3 Secondary Analyses 381 
4.3.1 Comparison of Mean CCT by Age and Race/ethnicity groups 382 
Mean CCT will be compared for age and race/ethnicity groups using a linear mixed 383 
model with age included as a continuous covariate and subject included as a repeated 384 
covariate with exchangeable correlation structure to account for measurements on each 385 
eye.  In the initial model, an interaction term for age and race/ethnicity will be included to 386 
allow for the possibility that the ‘growth curve’ for CCT differs by race/ethnicity.  As 387 
mean CCT probably does not vary linearly with age, but plateaus as adult CCT is 388 
reached, various transformations of age and/or CCT will be tested and the one with the 389 
best fit will be used.  Alternatively, age may be categorized using the predefined age 390 
groups of interest.  This latter approach will be the preferred method if the relationship 391 
between CCT and age is not monotonic with age.  If there is a significant interaction 392 
between age and race/ethnicity, then linear contrasts will be used to construct a 393 
comparison by race/ethnicity within each age group (for a categorical age model) or at 394 
the midpoint of each age group of interest (for a continuous age model).  If there is no 395 
significant age by race/ethnicity interaction, the interaction term will be removed from 396 
the model and least squares means will be used to compare the race/ethnicities pooling 397 
across age groups.  To adjust for multiple comparisons among race/ethnicities, only p-398 
values of 0.05/3=0.0167 will be considered statistically significant for race/ethnicity.   399 
 400 
In model(s) with age included as a continuous covariate, a significant main effect for age 401 
in the absence of an age by race/ethnicity interaction or a significant age by race 402 
/ethnicity interaction will be interpreted as evidence that CCT differs by age (possibly 403 
applying only to specific race/ethnicity groups).  For categorical age models, an 404 
appropriate multiple comparisons procedure will be used to compare among age groups 405 
of interest. 406 
 407 
4.3.2 Determination of age at which adult CCT is reached 408 
550 µm will be used as the mean CCT for adults. REF  The continuous age model that is 409 
developed for the proposed secondary analysis under 4.3.1 will be used to obtain the 410 
predicted age and 95% confidence interval at which a CCT of 550 µm is reached in 411 
children.  If CCT is not monotonic with age and the preferred model for 4.3.1 contains 412 
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age as a categorical covariate, the results from that model and inspection of CCT by age 413 
plots will be used to select an age range over which CCT is approximately linear, or 414 
could be transformed for linearity, and includes 550 µm.  The age range will be chosen to 415 
be as wide as possible yet still meet the linearity criterion.  A continuous age model fit to 416 
this limited age range will be used to obtain the predicted age at which a CCT of 550 µm 417 
is reached. 418 
 419 
4.3.3 Determination of other clinical correlates of CCT 420 
Other clinical factors will be tested for possible association with CCT, including 421 
cycloplegic refractive error (sphere, cylinder, and spherical equivalent), clinical diagnosis 422 
(strabismus, nasolacrimal duct obstruction, etc.) and intraocular pressure using regression 423 
analysis.  For the analysis of CCT versus cycloplegic refractive error, appropriate 424 
techniques, i.e. GEE or mixed models, will be used to account for correlation in data 425 
from right and left eyes.  These analyses will be adjusted for age and race/ethnicity if 426 
these are found to be associated with CCT. 427 
 428 
4.3.4 Instrument Comparison 429 
The goals of the GAT and Tonopen comparison are: 430 

1) to estimate and compare precision of each method in those children awake and 431 
those under anesthesia; 432 

2) to quantify agreement between the 2 methods; and 433 
3) to determine whether there are conditions (eg., setting, CCT, IOP) that influence the 434 

agreement between the 2 methods, and delineate conditions under which agreement 435 
is likely to be clinically acceptable versus not acceptable. 436 

 437 
To quantify the precision of each method, the standard error of measurement will be 438 
computed using a repeated measures analysis of variance.  The coefficient of 439 
repeatability also will be computed for any observer with 20 or greater subjects to 440 
quantify intra-observer variability. 441 
 442 
Agreement between GAT and Tonopen IOP measurements will be assessed descriptively 443 
by a plot of the GAT versus Tonopen measurements and also by the Bland-Altman plot.  444 
These will be visually inspected for lack of agreement and evidence that the difference 445 
between methods is related to the underlying true measurement.  The mean difference 446 
between methods, the 95% limits of agreement, and the 95% confidence intervals on the 447 
limits will be computed.  As there will be 2-3 measurements with each method, a linear 448 
mixed model or repeated measures analysis of variance will be used to estimate the mean 449 
difference between methods and standard error of the mean difference that is needed to 450 
compute the limits of agreement.   451 
 452 
Should the difference between methods be related to the underlying true measurement, as 453 
suggested by at least one study,14 it may be necessary to transform the measurements 454 
prior to mixed model analysis or to use a 2 stage analysis, such as that suggested by 455 
Bland and Altman.22  The approach that is adopted can also be used to assess whether the 456 
difference between methods is related to external conditions such as the child’s age or 457 
central corneal thickness, or related to the underlying measurement.  Predicted 458 
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differences between methods and a 95% confidence interval on the predicted differences 459 
can be used to determine under what conditions the 2 methods are likely to agree to a 460 
clinically acceptable degree or not, if it is found that external conditions affect the 461 
agreement of the methods. 462 
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APPENDIX 521 
 522 
1.  Slit lamp examination- A portable or standard slit lamp will be used to assess the 523 
anterior segment structures in both eyes, including the cornea.  Confirmation of normal 524 
anterior segment structures, including clear and healthy appearing corneas, is required for 525 
the subject to meet eligibility criteria. 526 
 527 
2.  IOP measurement with Tonopen - Calibration of the Tonopen, as detailed in the unit 528 
instructions, is performed daily prior to the initial subject recording.  A drop of 529 
proparacaine 0.5% is given prior to Tonopen measurement in all subjects under 8 years.  530 
A drop of fluorescein combined with an anesthetic such as benoxinate is used prior to 531 
Tonopen and Goldmann measurements in subjects ≥8 years old.  A new, sterile Tonopen 532 
disposable tip cover is used for each subject.  The Tonopen is placed perpendicular to the 533 
central cornea in a tapping method, until a measurement in millimeters of Mercury (mm 534 
Hg) is visible on the handpiece, with a <5% error rate required.  Two separate IOP 535 
readings are recorded if taken in the clinic, with a third reading taken if the first 2 536 
measurements differ by ≥2 mmHg.  Three IOP readings are recorded if taken in the 537 
operating room.  IOP measurements with subjects squeezing eyelids, blinking, or crying 538 
while the measurement is taken will not be recorded.  IOP measured by applanation 539 
tonometry in the operating room under general anesthesia must be performed within the 540 
first 2 minutes after induction of mask inhalation anesthesia.  IOP measurements are 541 
taken in the right eye only. 542 
 543 
3.  CCT measurement- A standard ultrasound pachymeter, the handheld DGH 55 544 
Pachmate, will be used to take measurements at the central cornea in each eye, with the 545 
average measurement and standard deviation recorded.  The Pachmate will take up to 25 546 
measurements during a single attempt.  Prior to the initial subject recording daily, the 547 
Pachmate is calibrated to confirm that the accuracy specification of corneal thickness 548 
measurements is ≤5 μm (micrometers).   549 
Topical anesthesia was given for prior IOP measurement with either a drop of topical 550 
proparacaine 0.5% or a drop of fluorescein combined with an anesthetic.  The Pachmate 551 
tip is placed and rested on the central 3 millimeters of the cornea.  This is performed for 552 
both eyes in each subject.  The average measurement and standard deviation is recorded, 553 
with 3 separate average measurements taken. 554 
If the measurement is taken in the operating room, the IOP measurement is obtained 555 
within 2 minutes following inhalation anesthesia induction, with subsequent CCT 556 
measurement. 557 
 558 
4. IOP measurement with Goldmann - Goldmann applanation tonometry at the slit 559 
lamp is performed in subjects ≥8 years old, if sufficient cooperation permits, and in 560 
subjects <8 years old who are under anesthesia using a handheld GAT.  Another tester 561 
different from the one taking Tonopen measurements must be present to take Goldmann 562 
measurements during the same clinic visit.  The applanation tip is placed on the central 3 563 
millimeters of the cornea, and the intraocular pressure measurement in mm Hg is 564 
recorded.  Two separate readings are taken, with a third measurement required if the first 565 



CCTS protocol v1.0 4-4-08  Page 19 of 19 

two measurements differ by ≥2 mmHg.  IOP measurements are taken in the right eye 566 
only. 567 
 568 
5.  Optic nerve examination and cycloplegic refractive error - Mydriatic drops are 569 
instilled only after the CCT and IOP are measured.  Visualization of the optic nerve with 570 
pupillary dilation is performed.  The cup-to-disc ratios of both nerves are recorded. 571 
Cycloplegic refractive error is documented for both eyes.  Cycloplegic refraction may be 572 
performed using cyclopentolate 1% or Cyclomydril as per investigator’s usual routine. 573 
 574 
 575 


