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Clinical Article

Contact Lens Anterior Surface pH

Morris R. Lattimore, Jr., OD, PhD

Recent reports of CO2 accumulation under hydrogel lenses, Introduction
paired uith the detection of a decrease in srromal pH fmooing The anterior corneal surface is associated closely with an
contact lens wear, have Iughlighted the potential for tear pH overlying canopy of moisture known as the precomeal tear
assessment as a cinical tooL The in situ anterior hydrogel lens film. Traditionally, clinicians have been concerned with
surface pH was measured uith a flat-surfaced, self-referenced how certain characteristics of the tears can influence cor-
pH electrode in order to idirecdty evauate fluid exchange be- neal integrity; tear film formation problems' and tear os-
tween the precorneal ar film and hydroge lenses. Volunteer molarity issues represent two.iiamples of purported tear
human subjects were fitted uith moderate water content (58%), film influence on the cornea. However, the tear film can be
disposable extended wear hydrogel lenses. Measurements were susceptible to influence by the cornea, as evidenced by the
recorded fom the kens in it packaged state (PH 6.99), from the presence of both glycolytic and tricarboxylic acid cycle en-
lens in situ 5 minutes after initial ens application (pH 7.17), 24 zymes within the tear layer. The source of these enzymes
hours later (pH 7.34), and at the end of 7 days continuous has been shown not to be the lacrimal gland, but, rather,
contact lens wear (pH 7.43). Possible comea-tear fllm-hydrogel the underlying corneal tissue.3 Therefore, tear chemistry is
lens inwractions could explain certain hydrogel lens-associated affected directly by the cornea. Consequently, clinicians
contrast sensiavity deficits and ransient endothdla changes. should be reminded that although anatomically distinct the

Keywords: Hydrogel contact lenses; tear film pH; extended wear cornea and its tear film are functionally interactive.
Attempts at quantifying the normal tear pH value have

yielded varying results. Although one cause of variation
appears to be due to instrumentation differences, the pri-
mary cause of the variation appears to be the location or

The vea of the author do not purport to reflect the Position source of the tear sample. In the pst, the tear film has been
of the De tmnt of the Army or the Department of Dene. approached as a unitary entity independent of whether or

Citation of trade names does not constitute official Department not a sample or pH reading was obtained from the fornix,
of the Anmy endorement or approval of the use of such commer- cul-de-sac, inferior meniscus, or limbus. Based on this ya-

cial items. riety of pH results, shown in Table I, "o it can be con-

Human subjects participated in the study after giving their fee cluded that tear pH is location-specific. Discussions stem-
and inkmed voluntary consent. The investigator adhered to AR ming from this investigation are limited to the precomeal
70-25 and USAMRDC Regulation 70-25 on Use of Volunteers in tear film.
Research. Efforts at documenting the pH of the precomeal tear film

(i.e., that canopy of mucin, aqueous, and oil directly an-Addres reprint requests to Dr. Latrimore at the U.S. Anmy terior to the cornea) have resulted in a mean value range of
Aeromedcal Research Laboratory, Visual Sciences Branch, P.O. 7 e f.o 9 to 7.8 (e 10). ince measure of

Box 577, Fort Rucker, AL 36362-5292. 7.45 (Ref. 9) to 7.83 (Ref. 0). Since measurements of
precomeal tear film pH under the extended open-eye con.

Accepted for publication August 1990. dition (i.e., nonblinking state) have been shown to match
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Contact lens anterior surface pH: Lattimore

Table 1. Recent Tear pH Studies

Author(s) Year Location Instrument N (subjects) Mean t error

Nora4  1988 Inferior fomix Microglass electrode 41 6.93 t 0.24
Coles and Jaros5  1984 Lateral fomix Direct contact 133 7.11 t 1.50

microelectrode
Fischer and 1982 Limbus (1 o'clock) Micro-pH electrode 4 7.60 ±t 0.09

Wiedetholt6  Limbus (5 o'clock) Micro-pH electrode 4 7.50 ±t 0.08
Abelson et al.7  1981 Inferior cul-de-sac Microcombination glass 44 7.00 t 0.20

pH probe
Andres et al.' 1988 Precomeal Micto-pH electrode 71 7.51 ±t 0.18
Camey and Hdl9  1976 Meniscus Microelectrode 16 7.45 :t 0. 16
Chen and Maurice'0  1990 Precomeal Fluorescent probe 6 7.83 ±t 0. 10

that predicted by COz cornea-tear film equilibration Subjects were on a 1-week wearing cycle, after which
calculations,6 it is likely the above values are very close to time the lenses were removed, disposed of, and replaced
the true precorneal tear film pH. after at least one night of lens-free sleep. The pH electrode

Initial research indicated hydrogel contact lenses may was calibrated with a 7.00 and a 10.00 pH standard solu-
provide a barrier to carbon dioxide (COZ) efflux from the tion at 35°C and disinfected by alcohol swab and surface
cornea, although at the time this was considered to be drying between each assessment. Probe calibration was
insignificant in terms of corneal physiology. " However, then maintained at 35'C. Measurements were recorded
recent measurements of tear CO2 accumulation under hy- from the contact lens in its storage packet immediately after
drogel lenses, 1 paired with the detection of a decrease in opening, then 5 minutes after initial lens application onto
both subcontact lens" and stromal pH following contact the volunteer subject's eye, 24 hours after initial lens ap-
lens wear, 13 indicates yet another functional link between plication, and 7 days after initial. lens application. Addi-
the precorneal tear film and corneal physiology. Indeed, tional anterior lens surface pH recordings were made during
Holden et al. ' 4 have tied the issues of subhydrogel lens the course of follow-up examinations after 1, 3, and 6
CO2 accumulation and tissue pH changes to the endothe- months of contact lens-wearing experience using the

al bleb response. Since the issue of anterior segment CO2  weekly wearing paradigm detailed above. Each measure-
expiration has been associated with one aspect of the pre- ment for any one individual was taken at the same time of
corneal tear film (i.e., the subcontact lens tear film), it is day in order to minimize error from individual diurnal
possible other aspects of the precomeal tear film may be variations.9 However, pH assessments across individuals
influenced as well. The purpose of this study was to eval- occurred at varying times of day, thereby eliminating any
uate fluid exchange interactions between hydrogel lenses group diurnal effect.
and the precorneal tear film in an attempt to indirectly
monitor corneal and subcontact lens pH changes resulting Results
from hydrogel contact lens wear. Figure 1 provides a graphical data representation. The

Materials and Methods contact lens in solution is very near a neutral pH of 7.00.
Within the first 5 minutes of contact lens wear, the pH

A self-referenced pH electrode (Orion Research, Model reading started to rise into the alkaline region (7.17); a
SA 230), designed for pH recording from semisolid mate- further increase in pH is noted after 24 hours of wear
rials, was used to assess the in situ anterior contact lens (7.34). Stabilization of pH (7.43) is apparent at day 7 near
surface pH response to continuous wear of a 58% water, established norms for the nonlens-wearing precorneal tear
disposable soft contact lens. The recorded pH reading was film. Subsequent pH measurements after 1, 3, and 6
the peak value of a transient response. Upon initial probe months of weekly disposable contact lens wear fall between
application, the measured pH value was within 0.2 of the the pH values found on day I and day 7 (7.38). Baseline,
final or peak value. However, a gradual drift in the alkaline 5-minute, and 24-hour data are statistically significant by
direction led to stabilization of the reading, presumably due the t-test (p < 0.05). Subsequent measurements (7 day and
to temperature changes at the probe surface. If the probe 1-, 3-, and 6-month follow-ups) are not statistically differ-
was kept in contact with the lens beyond the stabilization ent from the 24-hour pH value (p > 0.20). However, an
period, a gradual shift in the acidic direction was noted. analysis of variance (ANOVA) over the 1-week initial pe-
This has been attributed to CO Z accumulation under the riod elicits a statistically significant trend for pH shift over
probe (Fat, personal communication). the entire initial 7-day time period.

ICLC, Vol. 17, September/October 1990 229
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Anterior Lens Surface pH "
vs Continuous Wearing Time Waterior s-, e...o
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7.00 Men pM . sof u m 7.0 Figure 2. The graphic represents the proposed pH gradient that
could be present within the in situ hydrogel lens matrix as a result

6.9 0 1' 2 3 4 5 a 7 6.90 of carbon dioxide accumulation. This pH gradient, in turn, would
reflect the presence of underlying water content and refractive

Day of pH Measurement index gradients as well.
Figure 1. Anterior lens surface pH vs. continuous wearing time.

pH environments at each hydrogel lens surface, would pre-

Discussion cude a lens from being considered as simply a unitary piece
of plastic. It previously has been shown that soft lens hy-

The initial in situ pH reading of 7.17, taken just 5 min- dration is directly influenced by the pH of its solution. 15

utes after lens application, suggests that a fluid exchange Therefore, a len in close approximation with a cornea,
between the anterior tear film and the contact lens occurs with differing pH solutions at each surface, could have a
very quickly. However, pH values obtained on subsequent transitional water content from one surface to the other.
follow-up evaluations (1, 3, and 6 months postfitting) doc- Consequently, there would be a varying index of refraction
umented the pH status of lenses that had been worn 2-7 as well. This pH gradient then would create layers of
days prior to those pH measurements. Since the average "lenses" between the physical confines of the anterior and
long-term follow-up pH value (7.38) falls between the ini- posterior lens surfaces. This laminar arrangement of varying
tial week's pH values for day 1 (7.34) and day 7 (7.43), it water content and refractive indices could be responsible
would be reasonable to accept the concept of a long-term for the optical issues linked to certain contrast sensitivity
pattern of fluid exchange reaching equilibrium somewhere deficits of hydrogel lens wear.'6-1s

within a 7-day range of hydrogel lens wear. It should be Lastly, is the initial, packaged lens pH significant to the
noted here that the use of this pH electrode methodology physiological integrity of the cornea? It is accepted that the
assnes the anterior contact lens surface pH measurement maintenance of corneal thickness and transparency, by way
accurately represents both the prelens tear film pH and the of active ion transport, is pH dependent. In addition,
pH of the anterior water component of the hydrogel con- induced relative acidic pH changes at the level of the en-
tact lens. However, it is possible these two entities could dothelium have been linked to the transient endothelial
have slightly different pH values. bleb response. 12.14 Finally, a number of possible effects of

The final pH data for day 7 of the initial week of lens an acidic shift in the cornea have previously been suggest-
wear are not much different from the accepted published ed.20 Therefore, it is not unreasonable to suggest that the
norms for the precomeal tear film. 6'9 The initial data (days application of a moderate- to high-water-content hydrogel
0 and 1) are less alkaline compared to precomeal tear film lens of a 7.0 pH or lower, weighing approximately 0.013 g,
norms, possibly due to the starting lens pH of 7.00; if the holding roughly 7.5 ILI of water (if a 58% water material),
lenses were packaged in a storage solution of a more alka- would immediately create a stressful environment for the
line nature near 7.45, this pattern of pH adjustment might cornea. Within the context of this study (58% water con-
not be exhibited. In any event, the data do not support the tent lens), application of a hydrogel lens to the anterior
woe of this system as a useful indirect monitor of corneal and surface of the cornea effectively doubles the volume of fluid
subcontact lens pH changes related to hydrogel lens wear. anterior to the cornea, since the typical precomeal tear film
However, it may be possible to estimate CO2 expiration is 7-8 pI in volume. If the lens matrix possesses a pH that
rates by monitoring the anterior lens surface pH over a is relatively acidic compared with the precomeal tear film
lengthy continuous probe application period. In future norm, then a significant metabolic challenge could be pre-
studies, the combined knowledge of CO2 expiration rates sented to the cornea proper. The pH-mediated transient
and O2 uptake rates might provide clinically useful endothelial bleb response could therefore be a reflection of
information, this initial challenge. Upon initial lens application, the

Accepting previous reports of pH decreae/CO2 trapping pH-induced stress would be at a peak and then begin to
or buildup Under hydmgel len, 10.12.14 it is possible that a decline as the water component slowly equilibrates with the
pH gradient exists within the matrix of a hydrogel lens tear film. However, concurrent CO expiration and trap-
(Figure 2). Moreover, this gradient, bordered by different ping would elicit a supplementary pH-induced stress. With

230 ICLC, Vol. 17, September/October 1990
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the endothelial bleb response being related to pH chal- 5. Coles WH, Jaws PA: Dynamics of ocular surface pH. Br J
lenge, it is reasonable to conclude that the application of a 6 phehlmo 1984;68:549-552.

hydrogel lens, exhibiting pH characteristics relatively 6. Fischer Fl-, Wiederholt M; Human precomeal tearfilm pH
measured by microelectrodes. Graefes Arch Ophthamol

acidic compared with the normal precorneal tear film, is 1982;218:168-170.
the trigger for hydrogel lens-related transient endothelial 7. Abelson MB, Udell IJ, Weston JH; Normal human tear pH
changes. If this untested hypothesis is valid, then immedi- by direct measurement. Arch Opdzialmol 1981;99:301-304.
ate, transient endothelial changes (i.e., the bleb respornse) 8. Andres S, Oarcia ML, Espina MM, Valero J, Valls 0: Tear

pH. air pollution, and contact lenses. Am ) Optom Physiol
could be bypassed by packaging hydrogel lenses at a sligltty Opt 1988;65:627-631.
alkaline pH. 9. Camey LO, Hill RM: Human tear pH. Arch Ophdialmol

In summary, simple pH measurement of the anterior lens 1976;94:821-824.
surface does not appear to provide clinically useful infor- 10. Chen FS, Maurice DM: The pH in the precomeal tearfilm
mation, although a pH profile monitored over an extended and under a contact lens measured with a fluorescent probe.

tyn Exp Eye Res 1990;50:251-259.
time period my provide information concerning C02 ex- It. Fact I, Bieber MT, Pye SD: Steady stare distribution of ox-
piration. A number of questions can be raised concerning ygen and carbon dioxide in the in vivo cornea of an eye
both the susceptibility of visual performance and corneal covered by a gas-permeable contact lens. Am j Opwom Arch
physiology to external influence by the physical state of the Am Acad Optom 1969;64:3-14.
hydrogel material when placed on the cornea. 12. Holden BA, Ross R, Jenkins J: Hydrogel contact lenses un-

pede carbon dioxide efflux from the human cornea. Cwrr Eye
Res 1987;6:1283-1290.
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Dugway, UT 84022 U.S. Army Aviation Engineering

Flight Activity
U.S. Army Yuma Proving Ground ATTN: SAVTE-M (Tech Lib) Stop 217
Technical Library Edwards Air Force Base, CA 93523-5000
Yuma, AZ 85364

Ms. Sandra G. Hart
AFFTC Technical Library Ames Research Center
6510 TW/TSTL MS 262-3
Edwards Air Force Base, Moffett Field, CA 94035
CA 93523-5000

at



Commander, Letterman Army Institute Netherlands Army Liaison Office
of Research Building 602

ATTN: Medical Research Library Fort Rucker, AL 36362
Presidio of San Francisco, CA 94129

British Army Liaison Office
Mr. Frank J. Stagnaro, ME Building 602
Rush Franklin Publishing Fort Rucker, AL 36362
300 Orchard City Drive
Campbell, CA 95008 Italian Army Liaison Office

Building 602
Commander Fort Rucker, AL 36362
U.S. Army Medical Materiel

Development Activity Directorate of Training Development
Fort Detrick, Frederick, MD 21702-5009 Building 502

Fort Rucker, AL 36362
Commander
U.S. Army Aviation Center Chief
Directorate of Combat Developments USAHEL/USAAVNC Field Office
Building 507 P. 0. Box 716
Fort Rucker, AL 36362 Fort Rucker, AL 36362-5349

U. S. Army Research Institute Commander U.S. Army Aviation Center
Aviation R&D Activity and Fort Rucker
ATITN: PERI-IR ATI'N: ATZQ-CG
Fort Rucker, AL 36362 Fort Rucker, AL 36362

Commander Commander/President
U.S. Army Safety Center TEXCOM Aviation Board
Fort Rucker, AL 36362 Cairns Army Air Field

Fort Rucker, AL 36362
U.S. Army Aircraft Development

Test Activity Dr. William E. McLean
ATITN: STEBG-MP-P Human Engineering Laboratory
Cairns Army Air Field ATIN: SLCHE-BR
Fort Rucker, AL 36362 Aberdeen Proving Ground,

MD 21005-5001
Commander U.S. Army Medical Research

and Development Command Canadian Army Liaison Office
ATT: SGRD-PLC (COL Sedge) Building 602
Fort Detrick, Frederick, MD 21702 Fort Rucker, AL 36362

MAJ John Wilson German Army Liaison Office
TRADOC Aviation LO Building 602
Embassy of the United States Fort Rucker, AL 36362
APO New York 09777
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LTC Patrick Laparra Director,
French Army Liaison Office Applied Technology Laboratory
USAAVNC (Building 602) USARTL-AVSCOM
Fort Rucker, AL 36362-5021 ATTN: Library, Building 401

Fort Eustis, VA 23604
Brazilian Army liaison Office
Building 602 U.S. Army Training
Fort Rucker, AL 36362 and Doctrine Command

ATTN: Surgeon
Australian Army liaison Office Fort Monroe, VA 23651-5000
Building 602
Fort Rucker, AL 36362 Aviation Medicine Clinic

TMC #22, SAAF
Dr. Garrison Rapmund Fort Bragg, NC 28305
6 Burning Tree Court
Bethesda, MD 20817 U.S. Air Force Armament

Development and Test Center
Commandant Royal Air Force Eglin Air Force Base, FL 32542
Institute of Aviation Medicine
Farnborough Hants UK GU14 65Z Commander, U.S. Army Missile
Dr. A. Kornfield, President Command
Biosearch Company Redstone Scientific Information Center
3016 Revere Road ATFN: AMSMI-RD-CS-R/ILL
Drexel Hill, PA 29026 Documents Redstone Arsenal, AL 35898

Commander U.S. Army Research and Technology
U.S. Army Biomedical Research Laboratories (AVSCOM)

and Development Laboratory Propulsion Laboratory MS 302-2
ATTN: SGRD-UBZ-I NASA Lewis Research Center
Fort Detrick, Frederick, MD 21702 Cleveland, OH 44135

Defense Technical Information Center Dr. H. Dix Christensen
Cameron Station Bio-Medical Science Building, Room 753
Alexandra, VA 22313 Post Office Box 26901

Oklahoma City, OK 73190
Commander, U.S. Army Foreign Science

and Technology Center Col. Otto Schramm Filho
AIFRTA (Davis) c/o Brazilian Army Commission
220 7th Street, NE Office-CEBW
Charlottesville, VA 22901-5396 4632 Wisconsin Avenue NW

Washington, DC 20016

Dr. Christine Schlichting
El Behavioral Sciences Department
L Box 900, NAVUBASE NLON

............... Groton, CT 06349-5900
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