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Abstract A slit-lamp examination is an indispensable and

essential clinical evaluation method in ophthalmology, but,

it is qualitative subjective. To complement its weaknesses

in making a quantitative evaluation of flare intensity and

number of cells in the aqueous humor in the eye, we

invented the laser flare-cell photometer in 1988. The

instrument enables a non-invasive quantitative evaluation

of flare intensity and number of cells in the aqueous with

good accuracy and repeatability as well as maneuverability

equal to slit-lamp microscopy. The instrument can eluci-

date the pathophysiology in the blood-aqueous barrier

(BAB) function in a variety of ocular disorders. The

accuracy of the instrument makes it possible to investigate

not only the pathophysiology of intraocular disorders but

also the effects of various drugs and surgical procedures in

BAB. The instrument does not only lighten the burden on

patients in clinical examinations and study but it also helps

minimize the sacrifice of experimental animals and

improves the reliability of the results by minimizing inter-

individual variations through its good repeatability. Here I

shall relate how the instrument has been applied to clinical

and basic studies in ophthalmology and what novel

knowledge its application contributed to pathophysiology

in ophthalmology.
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Introduction

A slit-lamp microscope and a funduscope are indispensable

to an ophthalmological examination. These are non-inva-

sive methods that enable us to detect various conditions in

the eye. Based on the principle of visual function defined

by Hering comprising light perception, colour sensation

and visual acuity according to a definition of minimum

spatial resolution, expert ophthalmologists can evaluate

and assess most ocular disorders by using these instruments

and a tonometer following an examination of visual acuity.

However, slit-lamp microscopy and funduscopy are both

subjective and qualitative. Therefore, there are inter-indi-

vidual variations in assessment results. Various ophthalmic

instruments have been invented to complement slit-lamp

microscopy and funduscopy.

Ophthalmologists use slit-lamp microscopy to evaluate

not only anatomical features but also pathophysiological

findings such as inflammatory processes in the anterior

segment of the eye. The blood-ocular barrier is composed

of a blood-aqueous barrier (BAB) and a blood-retinal

barrier. The BAB is located at the non-pigmented epithe-

lium of the ciliary body and the capillary wall of the iris

and pathophysiological processes in the eye cause disrup-

tions to its barrier functions. When an inflammation occurs

in the anterior segment of the eye, it causes a deterioration

of the BAB function, resulting in leakage of serum protein

and blood cells into the aqueous humor. The level of

deterioration of the BAB function depends on the severity

of the inflammatory activity in the anterior segment of the

eye, the more intense the inflammatory reaction, the larger

the increase of proteins and blood cells in the aqueous. The

increase in proteins and blood cells in the aqueous can be

assessed by measuring the increase of flare and density of

cells by slit-lamp microscopy. Semi-quantitative grading
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classification of flare and cells using slit-lamp microscopy

is reported and clinically used. In this method, the grading

scale for flare and cells is step-wise and primarily subjec-

tive. To discriminate minute differences in flare intensity is

difficult, yet with slit-lamp microscopy assessment of

absence or presence of cells in the aqueous is relatively

easy. Fluorophotometry was invented as a complementary

method to flare assessment by slit-lamp microscopy, and is

used as a clinical tool. Fluorophotometry can be applied to

evaluate not only physiological parameters such as aqueous

humor dynamics and permeability of the corneal endothe-

lial cell layer but also any deterioration in the BAB func-

tions and corneal endothelial permeability. However, the

molecular weight of sodium fluorescein is far smaller than

that of serum protein composed of albumin and globulin.

Therefore, the results obtained by fluorophotometry are an

index but not the equivalent of flare intensity measured by

slit-lamp microscopy. Furthermore, fluorophotometry can-

not evaluate cells in the aqueous. A further drawback is,

that in spite of the various possible administrative methods:

intravenous injection, oral uptake and topical elec-

trophoresis; it is unable to continuously measure the fluo-

rescein up to its disappearance as well as potential adverse

events due to the administration of fluorescein.

A number of studies tried to develop an objective and

quantitative method. They achieved good results in vitro or

under limited experimental conditions, but could not be

applied clinically. To become clinically applicable method,

several important factors must be considered: a minimally

or non-invasive method like slit-lamp microscopy, good

repeatability and accuracy with adequate maneuverability

and bio-compatibility including a tolerable short exami-

nation time.

The principle of flare and cell observation by slit-lamp

microscopy is the light scattering phenomena due to pro-

teins and cells in the aqueous. With the support of grants-

in-aid for Scientific Research from the Ministry of Edu-

cation and Science of Japan (renamed as The Ministry of

Education, Culture, Sports, Science and Technology), my

colleagues and I invented a method to determine the flare

intensity in the aqueous in vivo and published our pre-

liminary report in Japanese in 1987 [1]. Then we intro-

duced the laser flare-cell photometer (flare-cell

photometer) in 1988 which enables an objective and

quantitative determination of flare intensity and number of

cells in the aqueous on the basis of the same principle as

slit-lamp microscopy [2]. This article reviews the principle

of the laser flare-cell photometer and its significance in

clinical and experimental studies.

Development of laser flare-cell photometer
and related studies

Principle and set-up of the laser flare-cell

photometer

Principle and set-up

Any clinical examination method has to have a clear

purpose and will necessarily have limitations resulting

from its operating principles. Obtained data should be

treated carefully according to the guiding principles and

specific resolution of the instruments. All such instru-

ments should be equipped with a calibration method.

Based on the original laser flare-cell photometer (FC-

1000) (Fig. 1a), several modified types have been devel-

oped (Fig. 1b). The underlying principles of these

instruments are the same as those of the original one. The

following description of the instrument is cited from the

original paper (1988) [2].

The principle of flare and cell detection by slit-lamp is

the light scattering phenomena in the aqueous, which can

be determined by Debye’s equation. It indicates the rela-

tionship between the intensity of scattered light and inci-

dent light. According to this equation, both intensities of

scattered light and incident light can be determined simply

by the concentration of solvent and its molecular weight in

the aqueous solution, provided the various parameters such

as the angle between the axis of incident light and axis of

detector of scattered light, the wave length and the intensity

of the incident light are prefixed. Thus, the instrument is

comprised of a He–Ne laser beam as the incident light and

digital photon counting photomultiplier as the detector of

intensity of the scattered light, both of which are mounted

on a slit-lamp microscope, set at an angle of 90� and

aligned in the anterior chamber (Fig. 2a). The maximum

power of the He–Ne laser is 50 lW, within the safety limits

for ocular tissues and the diameter of the focused beam is

20 lm measured in the air. The intensity of the laser beam

is monitored by an internally equipped system and its

fluctuation is fed back to detected signals. The sampling

window size of the photomultiplier is 0.3 9 0.5 mm in the

air and positioned in the center of the laser beam (Fig. 2b).

A detected scattered light signal which has fluctuation

noise is analyzed by a newly developed computer program.

The power of the laser beam and alignment of sampling

window can be calibrated using a separately developed

device. Total examination time of laser flare-cell photom-

etry is programed to last 1 s.
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Flare measurement

Flare is derived from the serum protein which components’

differ depending on the break-down of the BAB function.

To minimize signal contamination by background laser

scattering due to reflection from the iris, crystalline lens,

intraocular lens or fundus, we programed the laser beam to

scan vertically, for a length of 0.6 mm, covering the

sampling window (Fig. 3). A single photon sampling time

is 1 ms and 10 consecutive samplings are treated by the

method of a running mean. The unit of measurement is

photon count/ms (PC/ms).

Signals detected by the photomultiplier are divided into

three as shown in Fig. 3. Si denotes the scattered light

intensity recorded when the laser beam passes in the sam-

pling window, and S’o and S’’o denote scattered light

intensity when the beam passes above and below the sam-

pling window. Si is theoretically composed of both scattered

Fig. 1 Setup of laser flare-cell photometer (FC-1000 and FM-500).

FC-1000. a The instrument is comprised of an optical unit, power unit

and computer unit. b FM-500. Three units of FC-1000 are integrated

into a conventional slit-lamp microscope. The laser system and

photomultiplier system are within the slit-lamp microscope and the

computer system is mounted in the table plate

Fig. 2 Block diagram and montage image of the sampling window in

the anterior chamber [2]. a Block diagram: Laser beam system is

irradiated through a Galvano mirror into the anterior chamber as

shown in montage image c. The laser power is 25 lW and the focused

beam diameter is 20 lm in the air. Scattered light in the aqueous is

detected by the digital photomultiplier. The angle between the laser

beam and axis of the photomultiplier is set at 90�. The system control

and analysis of detected scattered light intensity is operated by a

computer program. b Montage image of laser beam and sampling

window in the anterior chamber of the eye
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laser light intensity from protein in the aqueous, which is

denoted as Sp, and background laser scattering, either

S’o or S’’o. The background laser scattering is sub-

tracted by a computer program from Si, using the fol-

lowing equation:

Sp = Si- S’o þ S’’oð Þ=2:

When the values for S’o and S’’o are markedly differ-

ent, the sampling window is not positioned in the back-

ground with a homogeneous light scattering condition.

When the difference between the values for S’o and S’’o

exceeds 20% of that for Si, the measurement datum is

abandoned and a repeated measurement will be performed.

Generally, more than 5 separate measurements in a session

are recommended. The measurement data in each session is

automatically averaged. Inadequate data can be deleted

from the averaged results.

Cell measurement

The laser beam scans two dimensionally, 0.6 9 0.25 mm,

in a sampling window using simultaneously operating

Galvano mirrors for 0.5 s, making an optical cube:

0.6 9 0.25 9 0.5 = 0.075 mm3/0.5 s which forms the cell

measurement unit (Fig. 4). Based on an in vitro experiment

using a solution containing latex particles, we determined

the optimized peak that corresponds to cells in the aqueous

solution. Whenever a peak in a cell exceeded 4 photon

counts per 400 ls we considered it as a peak and counted

the number of peaks using a computer program.

Validation of flare and cell measurement

Flare measurement

Figure 5 shows the results the correlation between flare

measurements (Photon counts: PC/ms) and concentration

of bovine serum albumin solution. There is a significant

correlation between both and their dynamic range is large

when compared using the Lowry method. Based on the

regression curve between flare value (PC/ms) and bovine

serum albumin, flare values can be converted to albumin

equivalent concentrations.

Plasma samples taken from two normal subjects (Sam-

ples A and B) were diluted with distilled water from 1/50 to

1/104 times. Bovine serum albumin (Sigma) solutions were

prepared using distilled water, ranging from 1.0 mg/

100 mL to 1000 mg/100 mL [2]. Test sample solution in a

disposable plastic cuvette (Evergreen) was measured using

the flare measurement mode. The results are shown in

Fig. 6. The correlation between values for photon counts

and concentrations of human plasma or bovine serum

albumin show a significant linear function with a wide

range. Similar results are also reported, e.g., albumin

equivalent concentration converted from the correlation

between albumin concentration and flare values in vitro was

higher than true aqueous protein concentration in severe

inflammation in the anterior chamber of the eye [3–6].

Fig. 3 Laser beam scan for

flare measurements [2].

a Schematic drawing of optical

scanner and sampling window.

Laser beam is scanned from the

bottom upward vertically for the

length of 0.6 mm and 0.5 s.

b Schematic drawing of

component scattered light. S’o,

S’’o: out of sampling

window = background light

scatter. Si: light scatter in

sampling

window = flare ? background

Laser beam Cell
Peak sca�er

Sampling 
window

0.6 mm

0.25

0.3a

b

Fig. 4 Laser beam scan for cell measurement [2]. Two dimensional

beam scan using simultaneously operated Galvano mirror:

0.25 9 0.6 mm. Optically produced volume: 0.25 9 0.6 9 0.5 =

0.075 mm3/0.5 s
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Cell measurements

We chose two latex particles (average particle diameter;

2.02 and 2.95, The Dow Chemical Company, Hayward,

CA, USA) which reflected the laser beam at a strength

equal to the blood cells in our preliminary observations.

Each latex particle was dissolved in bovine serum albumin

solution with different concentrations in order to examine

the effect of particle numbers in the albumin concentration

and vice versa.

An albumin solution without latex particles in concen-

trations higher than 500 mg/100 mL emits peaked signals

resembling those for particles. Therefore, the number of

peaks found in such albumin solution without latex parti-

cles is subtracted from the number of peaks detected in an

albumin solution of the same concentration with latex

particles. Figure 7 shows the relationship between the

number of peaks and the number of latex particles in the

solution [2]. Figure 8 shows a similar study using human

peripheral blood cells and lymphocytes.

In vivo measurements

In our earlier studies to validate the reliability of the

instrument, in vivo measurements were conducted as

follows.

A first group comprised of 31 healthy volunteers, with a

mean age of 23 ± 0.8 (±S.D.) years was assembled. They

underwent topical administration of mydriatic eyedrops in

one eye and no treatment in the fellow eye. A second group

was comprised of 20 older subjects (mean age

70 ± 8.5 years) with age-related cataracts ranging from

incipient to immature, but no other ocular disorders. They

underwent measurements without mydriatic eyedrops [2].

In the healthy young adults, average photon counts (/ms)

were 4.2 ± 1.0 in the eyes without mydriatics and

3.9 ± 1.0 in the eyes with mydriatics, but there was no

significant difference. In the second group, average photon

counts were 6.2 ± 2.5 which was significantly higher than

in the eyes of the young adults without mydriatics

(P\ 0.005). Peak signals corresponding to cells were not

detected in any eye.

Clinical validation study and novel pharmacological

knowledge in cataract surgery

We used the new laser flare-cell photometer to investigate

various pathophysiological findings in the eye [7, 8]. We

evaluated the effects of topical indomethacin, a non-ster-

oidal anti-inflammatory drug (NSAID), on postoperative

Fig. 5 Correlation between photon counts and bovine serum albumin

concentrations in vitro. y = 1.05x–1.43 (r = 0.993, p = 0.000) [Bar:

mean ± S.D.] Fig. 6 Correlation between human plasma solution and bovine serum

albumin solution [2]. A and B indicate human serum samples and the

thick solid line indicates bovine serum albumin. The protein

concentration is the same in both plasma samples (7.7 g/100 mL),

but the percentiles of albumin/globulin in sample A was 63.2/36.8%

and in B 68.0/32.0%. Molecular weight of globulin is larger than that

of albumin, thus the regression line for sample A is higher than that

for sample B and both regression lines are higher and steeper than the

line for bovine serum albumin. Sample A: Y = 0.54 ? 1.06X

[r = 0.998, P = 0.00), Sample B: Y = 0.10 ? 1.12X (r = 0.987,

P = 0.00), bovine serum albumin: Y = 0.809X–0.54 (r = 0.989,

P = 0.00)]. These phenomena agree with Debye’s rule. [Bar:

mean ± S.D.]

Laser flare-cell photometer: principle and significance in clinical and basic ophthalmology 25

123



inflammation in cataract surgery. The study was performed

based on the results of a 1976 study that assessed the effi-

cacy of topical indomethacin in preventing miosis through

the inhibition of prostaglandins’ biosynthesis during soft

cataract surgery. It was the first report of topical NSAIDs in

ophthalmology [9]. In that study, conducted in 1977, we

used slit-lamp microscopy, pachometry and infrared pho-

tography to reveal the efficacy of topical indomethacin in

suppressing postoperative inflammation in intracapsular

cataract extraction [10]. The results of the study regarding

pre- and postoperative treatment with indomethacin

demonstrated the suppressive effects of the NSAID on the

postoperative breakdown of the BAB function, resulting in

the suppression of an increase of both flare and cells in the

aqueous. Furthermore, topical indomethacin could suppress

the postoperative increase of central corneal thickness and

miosis. Following this report, topical NSAID treatment

either with or without topical steroids in cataract surgery has

been prescribed as a routine regimen.

Taking into consideration that the above studies were

performed using a slit-lamp microscope, we evaluated

postoperative inflammation in cataract surgery using the

laser flare-cell photometer with almost the same regimen,

although the method of cataract surgery shifted from

intracapsular cataract extraction alone to planned extra-

capsular cataract extraction (p-ECCE) with an

Fig. 7 a, b In vitro study using different latex particles in albumin

solution to verify the cell count mode (Latex particle diameter;

a 2.02 lm, b 2.95 lm) [2]. The average number of peaks correlates

significantly with the pre-determined number of latex particles

(r = 0.994, P\ 0.001 for particle diameter 2.02 lm, r = 0.985,

P\ 0.003 for particle diameter 2.95 lm). However, as the number of

latex particles in the solution decreased, the detected number of peaks

tends to show larger variations. [Bar: mean ± S.D.]

Fig. 8 In vitro study with human peripheral blood cells using the cell

count mode [7]. Peripheral blood cells [d] and lymphocytes [s] were

sampled and counted using a hemocytometer (Burker–Turk) and a

microscope. Diluted solution was adjusted using bovine serum

albumin solution. There is a significant correlation between number

of cells determined by the cell count mode (cells/0.075 mm3) and

predetermined cell densities in the diluted solution. [Bar:

mean ± S.D.]
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implantation of posterior chamber intraocular lens (PC-

IOL). The results gave us new information regarding the

pharmacological effects of NSAIDs on the inflammatory

biomechanism and pathophysiology in postoperative

response [7]. The subjects underwent routine topical

steroid treatment postoperatively and, depending on the

regimen were divided into two groups; one group with

and the second without topical indomethacin pre- and

post-treatment. The subjects undergoing indomethacin

treatment did not develop any fibrin reaction. The subjects

without topical indomethacin were divided into two sub-

groups, one with and the other without fibrin reaction

[11]. According to the laser flare-cell photometry, topical

indomethacin can suppress postoperative increase of flare,

but not the increase of cells (Fig. 9). These results do not

agree with our previous results of 1977 [10]. This post-

operative dissociation between flare and increase of cells

can be explained by the inflammatory process relationship

between arachidonic acid cascade and indomethacin

[12, 13]. There are two major pathways of inflammatory

chemical mediators; cyclooxygenase and lipoxygenase

associated pathways. Cyclooxygenase plays a role in the

biosynthesis of prostaglandins, thromboxane and others.

Prostaglandins are active in the dilatation of vascular

endothelium and cause leakage of serum protein into the

aqueous humor. Lipoxygenase is involved in the biosyn-

thesis of leukotrienes. NSAIDs can inhibit the cyclooxy-

genase pathway, but not the lipoxygenase pathway.

Leukotriene B4 helps promote the production of inflam-

matory cells. The difference in effects of NSAIDs on

lipoproteins in inflammatory response results in the dif-

ferences in postoperative responses in flare and cells in

cataract surgery.

In an uneventful case, the breakdown of the BAB

function due to surgical trauma recovers following post-

operative regimen, but in cases with fibrin reaction, severe

disruption of the BAB function disturbs the recovering

process. There might be various reasons for this, such as

host’s vulnerability, or IOL materials which are bio-in-

compatible. Recent development of sophisticated surgical

instruments and manipulation including micro-incision

techniques and anti-inflammatory drug regimen, make it

possible to minimize postoperative inflammation and

adverse events. The laser flare-cell photometer has

Fig. 9 The postoperative course in lens implant surgery with planned

extracapsular cataract extraction (p-ECCE) [7]. a Flare, b Cell.

According to the laser flare-cell photometry, a steep increase of flare

and cells on the first postoperative day followed gradual decrease of

flare and cells is observed in every case. The patients undergoing

indomethacin treatment [j] show a significantly lower aqueous

protein concentration compared with the patients undergoing routine

postoperative topical steroid treatment [s: without postoperative

fibrin reaction; d with postoperative fibrin reaction]. However, in

cases with fibrin reaction [d], once the decreased flare inverts to rise

to develop fibrin in the aqueous which can be observed by slit-lamp

microscopy. However, cases with fibrin reaction keep a relatively

higher number of cells without marked fluctuations. Those different

postoperative clinical courses suggest a different recovery process of

the blood-aqueous barrier (BAB) function. [Bar: mean ± S.D.]. j:

Topical Indomethacin group. Control (Indomethacin (-) group s:

Fibrin (-) subgroup d: Fibrin (?) subgroup
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contributed to the study of postoperative pathophysiology

as described later.

Additional clinical studies using flare-cell

photometer

We applied the instrument to clinical situations. It is

reported that mydriatic eyedrops’ treatment decreases flare

values significantly [14], although our preliminary study

showed that mydriasis caused a tendency of lowering the

eyedrops’ effect on flare [2]. It is also reported that flare

and cell measurements can be applicable to Caucasian

people regardless of iris colour, or fundus pigmentation

[15]. Mydriasis had lowering effects on flare values but

increased cell counts [15, 16]. The lowering effect of

mydriasis on flare is considered to be the result of an

enlargement in the volume of aqueous humor. It is believed

that the increase in cells caused by mydriasis is not an

inflammatory reaction but due to the dispersion of iris

pigments. The flare values showed no difference between

the right and left eyes in individuals, but increased with age

as shown in Fig. 10 [14, 17]. Cells in the aqueous did not

change with aging except for the 8th decade. On the other

hand, the BAB function does deteriorate with age [4]. It is

also revealed that flare values show diurnal variations and

are in inverted pattern with intraocular pressure not only in

humans, as shown in Fig. 11 [18], but also in rabbits. This

phenomenon reflects the diurnal changes in aqueous humor

production, because the volume of the anterior chamber is

constant without change.

Relationship between grading assessment using slit-

lamp microscopy [19] and laser flare-cell photometry

was studied in subjects with various types of uveitis

[20, 21]. Flare assessment by slit-lamp microscopy is

subjective and qualitative, thus the differences between

the two methods can result in a methodological differ-

ence between an objective, quantitative evaluation and a

subjective, qualitative one. In terms of cell assessment,

slit-lamp microscopy is helpful in determining the

absence or presence of cells in the aqueous, since both

volume and duration of examination are arbitrary. On the

other hand, both volume and duration of examination are

fixed and limited in laser flare-cell photometry, thus, a

result obtained by laser flare-cell photometry is quanti-

tative with a limitation (0.075 mm3/0.5 s). Similar

studies were performed later and confirm our results

[22, 23].

Modification of the instrument

Following the original laser-flare cell photometer, 4 models

were developed; model FC-2000 can evaluate both flare

and cells with enlarged measurement volume from

0.075 mm3 to 0.5 mm3/0.5 s, whereas other models only

evaluate flare measurements (FM-500, FM-600 and FM-

700); except for FM-600, in which the set-up is similar to a

conventional slit-lamp microscope and it can also function

as a slit-lamp microscope (Fig. 12). Each model has the

same performance power and specifications of flare mea-

surement as the original model, FC-1000. Comparative

clinical studies between FC-1000 and the other models

were performed and equivalent efficacy was evaluated

[6, 24, 25]. A new program was developed for the FC-2000

to exclude noise in cell measurements. Objective volume

was divided into 128 strands, and the strands which were

determined to have noise contamination were excluded

from the final results [26]. Although it is relatively difficult

Fig. 10 Change of aqueous protein concentration with age (Revised

with permission from: [14]). Aqueous protein concentration increases

with the increase in age. [Bar: mean ± S.D.]

Fig. 11 Relationship between diurinal variations of intraocular

pressure and aqueous protein concentration [18]. Flare value shows

diurnal variations and inverted pattern with intraocular pressure. d:

Flare value s: Intraocular pressure (P value: *\0.05, **\0.01, ?

\0.001). [Bar: mean ± S.D.]
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to secure and align a large measurement volume in the

anterior chamber of the FC-2000 compared with the FC-

1000, it still works well.

Comparative studies in flare values between laser-

flare photometry and other methods

Many studies agree that there is a significantly good

correlation between flare values measured by laser flare

photometry and globulin/albumin concentration in eyes

with endogenous uveitis [27–29] as well as aqueous

albumin concentration in rabbit eyes [30]. A comparative

study of the flare values with the results of a fluo-

rophotometric study to assess the BAB function was also

performed [28, 31]. Although both the flare-cell pho-

tometry and the fluorophotometry could effectively

assess the BAB function in postsurgical inflammation in

patients undergoing cataract surgery, in a clinical setting

the flare-cell photometer was decidedly superior with

distinct advantages.

Clinical studies using flare-cell photometers
in various ophthalmological fields

Cataract surgery and related studies

In cataract surgery, the flare-cell photometer has been

applied to investigate pathophysiology including effects of

drug treatment and surgical manipulation. There is another

study of bio-compatibility of intraocular lens (IOL) prod-

ucts and determination of limits of residual endotoxin

concentrations in IOL. The results reveal that the flare-cell

photometer contributed to the development of the sophis-

ticated cataract surgery with IOL implantation practiced at

present.

As described above, the effects of indomethacin pre-and

post-operative treatment on pathophysiology in cataract

surgery was a clinically important contribution, i.e., it plays

a key role in the suppression of postoperative inflammation

through the cyclooxygenase pathway in the inflammatory

arachidonic acid cascade. This inflammatory pathophysi-

ology in cataract surgery is mainly due to cyclooxygenase

rather than lipoxygenase. If the surgical trauma is mini-

mized, topical NSAIDs are more likely to suppress post-

operative inflammation than topical steroid treatment.

Therefore, clinical studies using the laser flare-cell pho-

tometer for various topical NSAIDs and determination of

their optimal usage such as drug concentration were per-

formed to get government approval in Japan. Figure 13

demonstrates an example of a multi-centered clinical study

of efficacy of topical ketorolac treatment on postoperative

inflammation. Clinical studies with a similar protocol were

also performed [32–45]. It is also reported that smaller

incisions cause less postoperative inflammation than larger

ones [37, 46].

Miyake revealed the pathophysiology of unfavorable

cystoid macular edema (CME) after cataract surgery with

Fig. 12 Relationship between

grading assessment using slit-

lamp microscopy and laser

flare-cell photometry in subjects

with various types of uveitis

[21]. a Flare, b Cells. Within the

same grading score regarding

flare assessment by slit-lamp

microscopy, a large inter-

individual variation is found and

the variation is more

pronounced in the groups with

higher grading score. On the

other hand, some cells are

nondetectable by the laser flare-

cell photometer even when cell

grading is more than 1? by slit-

lamp microscopy
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the help of funduscopy and fluorescein angiography [47].

He reports that the suppression of the inflammatory

response or flare values in the anterior chamber of the eye

played a key role in prevention of postoperative CME. The

conclusion is that application of topical NSAIDs and the

development of a surgical method which helps minimize

surgical trauma can reduce the incidence of CME by

applying the conclusions stemming from Miyake’s work.

Other studies report similar results, i.e., flare values showed

a correlation with postoperative best corrected visual acuity

but not central macular thickness determined by OCT, but

high flare values could predict the possibility of the

development of CME in cataract surgery [48]. It is also

reported that there exists a pharmacological suppressive

effect on the development of CME [37, 49–54].

The effects of surgical methods [55–62] and neody-

mium-doped yttrium aluminum garnet (Nd: YAG) capsu-

lotomy [63] as well as the duration of phacoemulsification

[64] on postoperative inflammation in cataract surgery

were also studied. The recently developed small-incision

cataract surgery can minimize postoperative inflammatory

responses. However, it causes an acute deterioration of the

BAB function within the first postoperative 48 h, with

inter-individual variations in the inflammatory responses

within 1 day postoperatively [40].

Bio-compatibility of the components of different types

of IOL materials or design [65–67] and its effects on eyes

of pseudoexfoliation syndrome [68–70], newly accom-

modative IOLs [70] and Phakic IOLs [71] or irrigation

solution [72, 73] were also investigated. Heparin-coated

IOLs could reduce cellular deposits on IOLs but their

postoperative inflammatory response was similar to other

non-coated lens materials as shown in Table 1 [7, 74, 75].

One cause of toxic lens syndrome is residual endotoxins

in IOLs. The limit of residual endotoxin concentration in

IOLs was determined using intracameral injections of

endotoxins in Dutch rabbits that were measured with the

laser flare-cell photometer (Figs. 14, 15) [76]. Following

this study, the standard of residual endotoxin concentra-

tions in IOLs was changed by the International Organiza-

tion for Standardization and by the Food and Drug

Administration in the U.S.A.

Endogenous intraocular inflammation

Slit-lamp microscopy plays an important role in assessment

and diagnosis of endogenous intraocular inflammatory dis-

eases (uveitis) by detecting flare and cells in the aqueous. The

permeability of BAB differs in its pathophysiologic status,

since BAB has the structure of a biological sieve [77]. The

worse the deterioration of the BAB function, the more plasma

protein and cells leak into the aqueous humor [5, 78]. In

normal conditions the main protein in the aqueous is pre-

albumin; however, once the aqueous protein concentration

exceeds 700 mg/100 mL the plasma albumin begins to leak,

and then the globulin leaks as well [79]. However, with slit

microscopy alone it is difficult to discover minute differences

in aqueous protein changes. At the same time, using slit

microscopy, expert ophthalmologists can differentiate cells in

the aqueous into red blood cells, white blood cells, lympho-

cytes and pigments from the iris by their shape, size and the

warm current pattern, making it an indispensable diagnostic

Fig. 13 Multi-center clinical

study of efficacy of ketorolac on

postoperative inflammation in

cataract surgery (Revised with

permission from [207] a Flare

(albumin equivalent

concentration) b Cell counts.

The patients undergoing

cataract surgery with posterior

intraocular lens implantation

were divided into 3 groups; one

group underwent routine

postoperative steroid treatment,

the other two groups underwent

topical ketorolac 0.1 or 0.5% in

addition to the routine regimen.

Topical 0.5% ketorolac

treatment is more potent in

suppressing the postoperative

increase of flare. Ketorolac

group s: 0.1%, j: 0.5%, d:

Control group (Vehicle).

[Bar: mean ± S.D.]
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tool [80]. The flare-cell photometer can count the number of

particles in the aqueous, but cannot distinguish their roles as

slit-lamp microscopy can. Furthermore, the flare-cell

photometer can give a quantitative assessment, but has the

limitation of small measurement volume and time. Therefore,

cell count data obtained by a flare-cell photometer should be

Fig. 14 Change of aqueous flare after intracameral injection of

endotoxin solution [76]. Endotoxin solution (5.0E U/mL, 50 lL) was

injected intracamerally using a microsyringe with 30G-needle. Same

amount of limulus amebocyte lysate (LAL) Reagent Water (LRW)

solution was injected into the fellow eye as a control. Both endotoxin

solution and LRW solution cause the initial increase of flare,

following which flare values decrease gradually till 24 h after

treatment. LRW solution causes mechanical deterioration of BAB

function. The difference in flare values between endotoxin and LRW

solutions is a true inflammatory response caused by endotoxin. The

area under the curve (AUC) is calculated as total inflammatory

reaction caused by the intracamerally injected endotoxin. d: Endo-

toxin solution (5.0 EU/mL, 50 lL) s: Control (LRW) solution. [Bar:

mean ± S.D.]

Table 1 Comparative study for biocompatibility of different IOL materials

Postopera-tive days Bifocal PMMA-IOL Heparin-coated PMMA IOL Conventional PMMA IOL UV-absorbing PMMA IOL

a. Flare in the aqueous [Albumin equivalent concentration (mg/100 mL)]

1 1184 ± 774 (12) 741 ± 294 (8) 1280 ± 716 (10) 1341 ± 656 (8)

2 403 ± 277 (12) 329 ± 161 (8) 329 ± 138 (10) 424 ± 65.6 (8)

3 2641 ± 45 (12) 256 ± 105 (6) 370 ± 323 (10) 290 ± 44.4 (8)

4 215 ± 174 (11) 262 ± 110 (5) 160 ± 69.5 (10) 269 ± 28.5 (8)

7–15 190 ± 125 (7) 184 ± 92.0 (5) 130 ± 46.8 (5) 131 ± 28.9 (4)

16–30 111 ± 60.6 (5) 153 ± 13.4 (3) 78.6 ± 24.2 (4) 154 ± 15.5 (4)

b. Cell count (Number of cells in the aqueous (/0.075 mm3)

1 36.8 ± 16.9 (12) 39.1 ± 10.3 (9) 36.2 ± 18.3 (10) 36.9 ± 16.9 (8)

2 17.6 ± 12.1 (12) 16.4 ± 7.5 (8) 25.1 ± 16.4 (10) 15.8 ± 9.5 (8)

3 17.6 ± 16.8 (12) 9.7 ± 4.9 (6) 14.9 ± 13.2 (10) 18.8 ± 13.4 (8)

4 6.6 ± 5.1 (11) 4.9 ± 3.4 (5) 5.1 ± 3.2 (10) 7.2 ± 5.8 (8)

7–15 2.8 ± 1.6 (7) 3.7 ± 2.7 (5) 5.5 ± 4.2 (5) 2.8 ± 2.0 (4)

16–30 0.7 ± 0.2 (5) 0.6 ± 0.1 (3) 0.4 ± 0.3 (4) 0.6 ± 0.4 (4)

Surgical method of cataract is extracapsular cataract extraction. () denotes number of eyes

PMMA polymethyl methacrylate, IOL intraocular lens (Revised with permission from [208]
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verified by findings obtained by slit-lamp microscopy. It is

noteworthy that the diagnostic power of the flare-cell pho-

tometer is similar to slit-lamp microscopy and a definitive

diagnosis of intraocular inflammation should be performed

using specified diagnostic methods [81, 82].

Although it is reported that the flare-cell photometer is

not used by experts of uveitis [83–85], many studies report

that the flare-cell photometer has advantages in its quan-

titative and objective assessment [22, 86–88]. Furthermore,

the increase in flare values persists longer than the presence

of cells in the aqueous, indicating that a breakdown of

BAB persists longer than the disappearance of cells as

detected by slit-lamp microscopy [89–91].

Hence, the flare-cell photometer is a complementary

tool to a slit-lamp microscope. However, it has also been

used to detect various pathophysiologic facts and clinical

courses in uveitis as is reported [92].

Juvenile idiopathic arthritis or chronic anterior uveitis

There are several reports in which clinical findings

including drug responses, recurrence [93] and risk of

complications in juvenile idiopathic arthritis or chronic

anterior uveitis in children [94] were revealed by flare-cell

photometer.

Vogt-Koyanagi-Harada disease

Differences in clinical responses between Vogt-Koyanagi-

Harada disease patients with initial-onset and patients with

recurrence are reported [95, 96]. Furthermore, a close

relationship between serum IL-23 and aqueous flare and

cells [97] as well as clinical characteristics are also

reported [98].

Behçet’s disease

In Japan, Behçet’s disease is a major concern in uveitis of the

posterior segment and recent clinical publications deal with

the efficacy of molecularly-targeted drugs [99–101]. Clinical

studies of Behçet’s disease report that flare values correlate

well with retinal vascular leakage determined by fluorescein

angiography [102] and treatment response (Fig. 16). Flare

values reflect the degree of severity of Behçet’s disease or

sarcoidosis but the treatment effects of steroids on flare values

are not remarkable in patients with toxoplasmosis or birdshot

disease. It was concluded that the sensitivity of the flare-cell

photometry is good for the clinical evaluation and follow-up in

various types of uveitis of the posterior segment [103].

Fuchs’ syndrome

In eyes with Fuchs’ syndrome, flare and cell values are

higher than their non-affected fellow eyes, and they cor-

relate with the degree of iris depigmentation and keratic

precipitates [104]. But their increase is not so manifest

compared with other types of anterior uveitis [105]. In the

diagnosis of Fuchs’ syndrome, it is interesting that diffuse

medium-sized round keratic precipitates, low flare read-

ings, iris stromal atrophy without hypochromia and vitre-

ous opacities in the absence of macular edema are more

important findings than heterochromia [106].

Fig. 15 AUC for flare and number of cells caused by endotoxin and

LRW solution [76]. Amount of injected endotoxin solution was

determined by the endotoxin concentration time weight difference in

the microsyringe between before and after the intracameral injection.

Injected volume of LRW solution was also determined by the same

method, and average AUC for flare and number of cells were

calculated. The regression curves of AUC for flare and number of

cells are; y = 110175x ? 127126 (R2 = 0.4153, P = 0.000161)and

y = 110175x ? 127126 (R2 = 0.4153, P = 0.000161), respectively.

Based on the results by LRW solution and endotoxin solution, 0.2 EU

is assessed to be an appropriate safe residual concentration to avoid

breakdown of BAB. d: Endotoxin solution, s: LRW solution
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Sjögren’s syndrome

In a comparative study between patient groups with Sjög-

ren’s syndrome and with rheumatoid arthritis and normal

subjects, an elevation of flare values in the patient groups

was observed and the degree of the damage to BAB is

reported to relate with ocular surface inflammation and

dryness evaluated by conjunctival cytology and levels of

serum albumin in tears [107].

Sympathetic ophthalmia and acute retinal necrosis

It is reported that flare-cell photometry is useful in

determining treatment doses for patients with sympa-

thetic ophthalmia who underwent cyclosporine and

prednisolone therapy [108], or patients with acute retinal

necrosis who underwent anti-viral treatment [109]

(Fig. 17). Although not yet accepted as such, this diag-

nostic criteria of acute retinal necrosis was recently

reported in Japan [110].

Cytomegalovirus (CMV) retinitis

Pathophysiologic and clinical aspects of CMV retinitis and

AIDS were investigated with flare-cell photometers

[111–113]. Flare values can be a useful index reflecting the

Fig. 16 Clinical follow-up of a

patient with Behçet’s disease.

The patient developed 2 attacks

with a short interval between.

Both increases of flare and cells

in the aqueous after the first

attack (arrow) show a reducing

pattern toward the second

attack. Following the second

attack, they increase suddenly.

Hence, flare or cell

measurements cannot reliably

predict the development of an

attack. Flare values are

converted to albumin equivalent

protein concentrations. The

increased inflammatory findings

decrease with time. Arrow:

attack of intraocular

inflammation, d: flare, s: cell,

j: visual acuity

Fig. 17 Clinical course of acute retinal necrosis. After paracentesis

to confirm the diagnosis of acute retinal necrosis, both flare and cells

increase transiently. After the vitrectomy, they decrease with a

combination of systemic anti-viral and steroid treatment. *arrow:

paracentesis, **arrow: vitrectomy, d: Flare, s: cell
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severity of chorioretinal disorders. In an immunocompetent

patient with iridocyclitis with ocular hypertension without

retinitis caused by CMV, reduction of aqueous flare cor-

related with the reduction of virus copies in aqueous humor

[114]. Comparative study of characteristics in clinical

findings among Herpes simplex virus, Varicella zoster

virus and Cytomegalovirus is reported and this data proved

useful to differential diagnosis [115].

Human leukocyte antigen (HLA)-B-27 related acute

anterior uveitis

Clinical findings in HLA-B-27 related acute anterior

uveitis were studied using the flare-cell photometer, optical

coherent tomography and a positive correlation between

central retinal thickness and initial flare values in the

affected eye was reported [116].

Evaluation of treatment efficacy

Studies regarding the efficacy and adverse effects of routine

medication in patients with uveitis [42, 117, 118] report that

posterior sub-Tenon steroid triamcinolone acetonide injec-

tions for the treatment of posterior ocular inflammation can

suppress flare values, but it may cause adverse events such as

intraocular hypertension and development of cataracts

which exceed the efficacy of the treatment [119].

Cataract surgery in patients with uveitis

Cataract surgery in patients with uveitis is important. Studies

using the flare-cell photometer indicate that useful data

regarding indication including optimal time of surgery was

acquired, and pre-and post-surgical regimen and postoper-

ative clinical courses could be evaluated [68, 120–124].

Corneal surgery

Corneal surgery is classified into two groups regarding

pathophysiologic aspects affecting the BAB function:

penetrating keratoplasty (PKP) and corneal refractive sur-

gery such as laser in situ-keratomileusis (LASIK).

PKP has two major phases, postoperative clinical course

and rejection episodes [125]. In terms of the postoperative

course (Fig. 18), increased flare values shortly after surgery

tend mostly to decrease, which is believed to be the result

of direct damage to the BAB function during surgery due to

drastic changes in the homeostasis of the anterior structure

and physiology. In triple procedure; PKP and cataract

surgery (ECCE) with IOL implantation, the postoperative

increase of flare and cells was higher than in PKP alone

[126]. It is noteworthy that, when compared with normal

eyes, high flare values in treated eyes remained high longer

than those in post-cataract surgery. It cannot be inferred

whether the duration of these subclinical high flare values

is due to host-graft immunological reaction or not. In cases

of rejection, increases of flare and cells in the aqueous

could be noted by the appearance of keratic precipitates as

well as observed by slit-lamp microscopy. Flare-cell pho-

tometry could monitor effects of steroid therapy on rejec-

tion [125], but could not predict the rejection in advance.

Subjective symptoms and a careful slit-lamp examination

are the preferred methods in determining the onset of

rejection.

Fig. 18 Flare values after penetrating keratoplasty. Increased flare

values are distributed in early postoperative period, although some

cases are plotted in the normal flare range which is shown by shaded

zone. Furthermore, there are cases which show flare higher than

normal range even 40 weeks after the surgery. It is not known

whether this persistent increase of flare values might be caused by a

subclinical immune reaction in the anterior chamber or anatomical

changes. In general, it is difficult to determine flare and cells in the

aqueous in the presence of graft edema or Descemet’s folding. Shaded

zone: flare value within normal range
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In keratorefractive surgery, uneventful radial kerato-

tomy showed a transient increase of flare on postoperative

day 1 and then returned to the preoperative level; but cases

of perforation showed an increase of flare values for the

first postoperative week [127–129]. It is thought that the

perforation causes a similar pathophysiologic response to

paracentesis.

There are different reports relating to LASIK; one

claims that it caused an increase in flare postoperatively

and returned to preoperative levels within a week [130].

This flare change might correlate with the depth of photo-

abrasion. Another report says it did not cause significant

changes in postoperative flare regardless of the amount of

abrasion depth [131]. It is reported that intracorneal ring

segments did not affect flare values either [130].

Glaucoma (pharmacological and surgical studies)

Glaucoma is a major concern in ophthalmology, since the

incidence of patients with glaucoma is high and it consti-

tutes a major cause of blindness. Both the physiology and

pharmacodynamics of the aqueous humor play an impor-

tant role in the diagnosis of glaucoma. Therefore, the study

of aqueous humor dynamics is important to the under-

standing of the etiology of glaucoma.

From the information above we can infer that in healthy

eyes diurnal variations of the intraocular pressure demon-

strate an inverted pattern with flare values. Provided the

BAB function is normal and stable under the fixed volume

anterior chamber, flare values are determined by the ratio

of aqueous protein and secretion of aqueous humor. An

increase of aqueous humor secretion causes the increase in

intraocular pressure and a relative decrease of flare values,

and vice versa [18, 132]. Although there are two major

routes for aqueous outflow, conventional and uveoscleral

outflow, the pharmacodynamics regarding glaucoma drugs

can be assessed by comparative measurement of diurnal

changes of intraocular pressure and flare with and without

medication in the same individual [133–135].

Clinical investigation of pathophysiology in eyes

with glaucoma

The major topical glaucoma medication at present is

prostaglandin analogues and its effects including preser-

vatives on the BAB function were investigated [136–140].

The pathophysiology of patients with pseudoexfoliation

syndrome (PEX) was also investigated and revealed that

there was a breakdown in the BAB function, since a sig-

nificant increase of flare was detected in eyes with PEX

compared with eyes with PEX (-) [141–143]. It is also

reported that there is a difference in the increase in flare

after trabeculectomy between eyes with PEX and POAG

without PEX [144, 145]. An involvement of inflammatory

process is approved in PEX. It is also reported that there is

a positive correlation between the increase in flare and

decrease in corneal endothelial cell density [146].

Effects of surgical methods

Effects of surgical methods in glaucoma on intraocular

pressure and BAB were investigated [144, 145]; i.e., argon

laser trabeculoplasty causes more intense postoperative

inflammation than diode laser trabeculoplasty [147] and the

difference in postoperative inflammatory reaction between

deep sclerectomy with collagen implants and conventional

trabeculectomy was also investigated [148].

Here, the quantitative assessment of flare values plays a

key role in comparative studies and can elucidate the

pathophysiology in glaucomatous eyes better than quali-

tative flare assessment by slit-lamp microscopy.

Diabetes mellitus, retinal vascular disorders

and the BAB function

The principal etiology of diabetes mellitus involves

microvascular disorders that affect the blood-ocular barrier.

The deterioration of the blood-retinal barrier in diabetic

retinopathy is detected by the extent of non-perfusion areas

and the amount of fluorescein leakage revealed by fluores-

cein angiography. Diabetic iridopathy in patients with pro-

gressive diabetic retinopathy can be a complication

involving BAB [149]. The relationship between the BAB

function and diabetes mellitus was investigated [150–158],

and it was concluded that the assessment of flare values by

the flare-cell photometer can provide one predictor of dia-

betic retinopathy. In patients with diabetes mellitus, retinal

photocoagulation [159] or cataract surgery [160, 161] can

cause worse deterioration of the BAB function than in

patients without diabetes mellitus. It is also reported that

intravitreal injections of either dexamethasone or triamci-

nolone during vitrectomy in patients with PDR can reduce

postoperative inflammation in the anterior segment of the

eye [162, 163]. Furthermore, triamcinolone-assisted vitrec-

tomy could improve surgical procedure though the facilita-

tion of visibility of the vitreous body [162].

Effects of intravitreal injection treatment

Intravitreal anti-vascular endothelial growth factor (anti-

VEGF) injections are common in various refractory mac-

ular diseases. The effects of intravitreal injections on the

BAB function were investigated. Intravitreal injection of

bevacizumab to treat neovascular age-related macular

degeneration did not show a significant increase of flare,

rather, there was a slight reduction. This is believed to be
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due to the anti-inflammatory effect of the anti-VEGF

qualities of the medication [164].

Retinal vascular disorders

Although it is not known whether retinal vascular disorders

such as retinal venal or arterial occlusion affect the BAB

function, some comparative studies between affected eyes

and non-affected fellow eyes or control eyes reveal that

retinal vascular disorders affect the BAB function

[165–168].

Chorioretinal diseases

The relationship between the BAB function and chori-

oretinal diseases has been studied extensively including in

rhegmatogenous retinal detachment [169, 170] choroi-

deremia [171], retinal pigment epitheliopathy [172],

retinitis pigmentosa [173–176] and both malignant and

benign uveal tumors [177].

It can be concluded from these studies that a deterio-

ration of the BAB function occurs in eyes with progressive

chorioretinal diseases.

Other clinical studies of effects of ophthalmic

treatment on BAB function

Strabismus surgery

Blood supply through the extraocular muscle is important

in maintaining the physiology of the anterior segment of

the eye. Standard surgical procedure in strabismus surgery

on either one or two extraocular muscles does not show

significant postoperative changes in flare values [178–180].

Pharmacology

Preservatives in eye drops such as benzalkonium chloride

(BAK) have potent cytotoxic effects on the ocular surface.

Artificial tears containing BAK cause a significant increase

of flare, indicating an effect on the BAB function [140, 181].

Systemic disorders and BAB function

Psoriasis is an unknown etiologic systemic inflammatory

disease classified into vulgaris and other types. Flare in the

aqueous of patients with psoriasis showed higher values

than in healthy subjects regardless of the type of disease.

Furthermore, flare intensity increases with the length in

disease duration and severity, indicating that psoriasis

caused subclinical disruption of the BAB function [182].

According to studies of flare in the aqueous of patients

with Graves’ ophthalmopathy who underwent orbital

decompression, extraocular muscle or eye lid surgery,

orbital decompression surgery caused large increases of flare

for 3 months during the first postoperative week. Extraoc-

ular muscle surgery showed peak flare values on the first

postoperative day that then returned to the preoperative

levels. It is also reported that standard strabismus surgery

did not cause postoperative increases in flare values. It is not

known whether BAB in patients with Grave’s disease is

susceptible to surgical invasion or not. Lid surgery had no

significant effect on postoperative flare levels [183].

In patients with a first acute anterior unilateral uveitic

attack associated with seronegative spondyloarthropathy or

ankylosing spondylitis as a subgroup, there was a close

correlation between macular thickness detected by optical

coherence tomography and inflammation by flare mea-

surement [184].

Although patients with asymptomatic hepatitis C

showed impairment of the BAB and thickened choroids,

choroidal thickness increased with the increase of sub-

clinical inflammation in the aqueous. Furthermore, Patients

with significant liver fibrosis showed the highest flare

values and the thickest choroids, indicating that BAB might

be affected by hepatic disorders [185]. On the other hand,

in patients with various intestinal inflammatory diseases

such as Crohn’s disease, ulcerative colitis, and disorders of

undetermined nature, when taking into account the differ-

ences in age, the levels of flare values in the aqueous are

reported to be within the normal range [186].

Animal experiment

The laser flare-cell photometer makes a great contribution

to animal experiments in two major aspects. Not only

toxic effects but also pharmacological effects of various

substances on the BAB function are investigated using

animals. Quantitative evaluation of responses in BAB

requires aspirated samples of aqueous humor. Aspiration

of aqueous humor itself causes a breakdown of the BAB

function [187, 188], therefore, the study protocol needs

one animal for each sample. This requires a large number

of sacrificed animals and involves potential deterioration

of reliability due to inter-individual variations. Laser

flare-cell photometry enables non-invasive multiple

examinations within a short time range without anes-

thetization [76, 189]. Serial examinations can minimize

inter-individual variations and give good reproducible

results. In rabbit experiments, pigmented rabbits are pre-

ferred to albino rabbits in order to avoid noise reflexes

from the fundi.

So far various drugs such as endotoxins, NSAIDs

[190, 191], steroids [192, 193], vascular endothelial growth

factors [194], glaucoma drugs [195–197] were studied in
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eyes with [198–203] or without prostaglandin pretreatment,

or other inflammatory drugs inducing experimental uveitis

in rabbit [204].

At the same time, the effects of anterior segment

ischemic models [205] as well as retinal photocoagulation

[206] on the BAB function were also investigated.

Conclusion

Laser flare-cell photometers enable a noninvasive and

quantitative determination of the BAB functions. The

application of the instrument revealed novel findings

through the evaluation of flare and cells in the aqueous

which could not be obtained by slit-lamp microscopic

evaluations. Especially, a quantitative flare evaluation with

good repeatability which cannot be evaluated by slit-lamp

microscopy came to play a key role in the assessment of

intraocular inflammation. Furthermore, in animal experi-

ments, the repeatable applicability of the instrument in

individuals can improve the accuracy of data by mini-

mizing inter-individual variations, resulting in reduction in

the number of animals in experiments.

Acknowledgements The author thanks Dr. Yutaka Iwasaki for his

generous support to prepare figures.

Conflicts of interest M. Sawa, Editor-in-Chief of Jpn J Ophthalmol,

Inventor of Laser Flare-Cell Photometer.

References

1. Sawa M, Okubo A, Okuno Y, Shimizu H. Determination of

aqueous protein concentration by laser slit-lamp microscope.

Nippon Ganka Gakkai Zasshi. 1987;91:102–6 (in Japanese).
2. Sawa M, Tsurimaki Y, Tsuru T, Shimizu H. New quantitative

method to determine protein concentration and cell number in

aqueous in vivo. Jpn J Ophthalmol. 1988;32:132–42.

3. Kronfeld PC. The protein content of the aqueous humor in man.

Am J Ophthalmol. 1941;24:1121–31.

4. Krause U, Raunio V. The protein of the pathologic human

aqueous humor. Ophthalmologica. 1970;16:280–7.

5. Zirm M. Proteins in aqueous humor. Adv Ophthalmol.

1980;40:100–72.

6. Shah SM, Spalton DJ, Taylor JC. Correlations between laser

flare measurements and anterior chamber protein concentrations.

Invest Ophthalmol Vis Sci. 1992;33:2878–84.

7. Sawa M. Clinical application of laser flare-cell meter. Jpn J

Ophthalmol. 1990;34:346–63.

8. Sawa M. Development of non-invasive clinical examination

methods for the anterior segment of the eye and their clinical

significance. Nihon Ganka Gakkai Zasshi. 2011;115:177–211

(in Japanese).
9. Sawa M, Masuda K. Topical indomethacin in soft cataract

aspiration. Jpn J Ophthalmol. 1976;20:514–9.

10. Mochizuki M, Sawa M, Masuda K. Topical indomethacin in

intracapsular extraction of senile cataract. Jpn J Ophthalmol.

1977;21:215–26.

11. Miyake K, Maekubo K, Miyake Y. Cause and therapy of fibrin

reaction after posterior chamber lens implantation. J Ophthalmic

Surg (Jpn). 1988;1:153–60 (in Japanese).
12. Bhattarcherjee P, Eakins KE. Inhibition of prostaglandin syn-

thetase system in ocular tissue by indomethacin. Br J Ophthal-

mol. 1974;50:227–30.

13. Masuda K. Anti-inflammatory agent: Nonsteroidal anti-inflam-

matory drugs. In: Ed Sears MI, editor. Pharmacology of the Eye.

Berlin: Springer; 1984. p. 539–51.

14. Oshika T, Kato S. Change in aqueous flare and cell after

mydriasis. Jpn J Ophthalmol. 1989;33:271–8.

15. Onodera T, Gimbel HV, DeBroff BM. Aqueous flare and cell

number in healthy eyes of Caucasians. Jpn J Ophthalmol.

1993;37:445–51.

16. Shah SM, Spalton DJ, Smith SE. Measurement of aqueous cells

and flare in normal eyes. Br J Ophthalmol. 1991;75:348–52.

17. El-Harazi SM, Ruiz RS, Feldman RM, Chuang AZ, Villanueva

G. Quantitative assessment of aqueous flare: the effect of age

and pupillary dilation. Ophthalmic Surg Lasers.

2002;33:379–82.

18. Oshika T, Araie M, Masuda K. Diurnal variation of aqueous

flare in normal human eyes measured with laser flare-cell meter.

Jpn J Ophthalmol. 1988;32:143–50.

19. Hogan MJ, Kimura SJ, Thygeson P. Signs and symptoms of

uveitis, I Anterior uveitis. Am J Ophthalmol. 1959;47:155–70.

20. Ohara K, Okubo A, Miyazawa A, Miyamoto T, Sasaki H,

Oshima F. Aqueous flare and cell measurement using laser in

endogenous patients. Jpn J Ophthalmol. 1989;33:265–70.

21. Oshika T, Nishi M, Mochizuki M, Nakamura M, Kawashima H,

Iwase K, et al. Quantitative assessment of aqueous flare and

cells in uveitis. Jpn J Ophthalmol. 1989;33:279–87.

22. Bernasconi O, Papadia M, Herbort CP. Sensitivity of laser flare

photometry compared to slit-lamp cell evaluation in monitoring

anterior chamber inflammation in uveitis. Int Ophthalmol.

2010;30:495–500.

23. Agrawal R, Keane PA, Singh J, Saihan Z, Kontos A, Pavesio

CE. Comparative analysis of anterior chamber flare grading

between clinicians with different levels of experience and semi-

automated laser flare photometry. Ocul Immunol Inflamm.

2014;26:1–10.

24. Shimizu H, Tsurimaki Y, Sawa M, Nakanishi T, Usui M, Osanai

T, et al. Clinical comparative study of laser flare meter (FM-

500) with laser flare-cell meter (FC-1000). Ganka Rinsyou Iho.

1993;87:63–7 (in Japanese).
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following discontinuation of infliximab therapy. Jpn J Oph-

thalmol. 2014;58:75–80.

100. Kaburaki T, Namba K, Sonoda K, Kezuka T, Keino H, Fukuhara
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