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Abnormal fundus autofluorescence in relation
to retinal function in patients with retinitis
pigmentosa

Abstract Background: Fundus
autofluorescence (AF) in some pa-
tients with retinitis pigmentosa is
characterized by a parafoveal ring
of increased AF which surrounds the
centre as hypofluorescent changes
appear at the periphery. The aim of
this study was to evaluate the AF
patterns in relation to retinal function
measured by electroretinography and
visual fields. Methods: Thirty-two
patients with RP were included in the
study. AF imaging of the macular area
was performed with the scanning
laser ophthalmoscope. Patients were
divided in two groups according to
their fundus AF patterns. All patients
from group 1 had a ring of increased
AF of different size but no atrophic
areas inside vascular arcades. Patients
with a ring of increased AF and round
atrophic changes at different eccen-
tricities from their fovea were selected
in group 2. Visual fields were tested
with kinetic, automated perimetry and
microperimetry; the radius of the
hyperfluorescent ring and the smallest
distance of hypofluorescent areas
from the fovea were compared to
visual fields, PERG P50 and N95 and
mfERG P1 amplitudes of the inner
three rings. Results: A linear rela-
tionship was found in group 1
between the radius of the ring of
increased AF and both the automated
(r=0.82) and kinetic perimetry
(r=0.80). The radius of the AF ring
correlated highly with the PERG P50
(r=0.72) and N95 (r=0.74) ampli-

tudes. In all patients, mfERG
responses were reduced at all retinal
locations, more pronounced at pe-
riphery. There was a good correlation
between the ring of increased AF and
the P1 amplitude of ring 2 of mfERG
(r=0.62). Patients from group 2 had
significantly reduced or non-record-
able PERGs and mfERGs. The
eccentricities of hypofluorescent
changes did not correlate with any
type of perimetry. Conclusions: Our
results show that in stages of retinitis
pigmentosa, before atrophic lesions
spread inside the vascular arcades, the
pattern of fundus autofluorescence
correlates well with functional tests
such as perimetry and electroretinog-
raphy. The ring of increased AF
appears to represent the border
between functional and dysfunctional
retina. This shows that autofluores-
cence, as a quick and non-invasive
imaging tool, may be related to retinal
function as well.
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Introduction

Fundus autofluorescence (AF) imaging with confocal
scanning laser ophthalmoscope is a relatively new method
that shows distribution of lipofuscin in the RPE in vivo [4–
6, 24]. Lipofuscin accumulates in lysosomes as a byproduct
of the photoreceptor outer segment renewal [15]. Different
patterns of abnormal AF were observed in patients with
retinitis pigmentosa (RP), showing a high interocular sym-
metry in most cases. In certain stages of RP, where there
appears to be a higher metabolic demand for the RPE due
to photoreceptor loss, accumulation of lipofuscin is fre-
quently shown in the form of a narrow parafoveolar ring of
increased autofluorescence [12, 20, 25]. In regions and
stages where RPE is no longer viable, AF is reduced or
absent. This manifests itself in the form of dark circular
areas, usually in the periphery, but they may also be ob-
served in the foveolar region [12, 26]. It has been shown
that decrease in retinal sensitivity, measured by the pattern
ERG (PERG) and perimetric fine matrix mapping, is as-
sociated with the retinal area outside the hyperfluorescent
ring [20, 21]. No studies have been published, however, that
would show how different patterns of AF in RP correspond
to classic perimetric methods in addition to fundus-con-
trolled microperimetry, and relate these to electrophysiol-
ogy. Only recent data have provided some information
on multifocal ERG (mfERG) in relation to AF [22]. The
objective of the study is therefore to evaluate features of
hyper-and hypo-fluorescent areas as seen on AF imaging
in relation to the retinal function measured by perimetry
and electroretinography in RP patients with well preserved
central visual acuity.

Materials and methods

Thirty-two patients with rod-cone RP of autosomal dom-
inant, autosomal recessive and sporadic form were in-
cluded in the study. Clinical diagnosis of RP has previously
been confirmed with full field ERG [18]. All patients had
good visual acuity, 0.67 or better. The study protocol in-
cluded the complete clinical examination, kinetic and static
perimetry, AF imaging, and electrophysiology (PERG and
mfERG). Eyes with complications of RP, such as cataract
or macular edema or abnormalities other than RP, were
excluded from the study.

The tenets of the Declaration of Helsinki were followed
and all patients signed informed consent after a full ex-
planation of the procedures had been given. The study was
approved by the medical ethics committee at the Ministry
of Health of the Republic of Slovenia.

Fundus autofluorescence

AF images were obtained using a confocal scanning laser
ophthalmoscope (Heidelberg Retina Angiograph, HRA;
Heidelberg Engineering, Heidelberg, Germany). AF im-
ages of a rectangular 30°×30° field of view were recorded
after pupillary dilatation with tropicamide 1%. The ame-
tropic corrector was used to correct for refractive error and
to focus on the central retina. To record AF, the argon blue
laser light (488 nm) was used for excitation and a wide
band-pass filter with cut-off at 521 nm was inserted in front
of the detector. A series of at least 16 images were re-
corded, digitized, aligned for eye movements and averaged
to reduce noise. As a result, a single image measuring
512×512 pixels was obtained.

Electrophysiology

PERG and mfERG were recorded using the RETIscan
system (Roland Consult, Wiesbaden, Germany) with HK-
loop electrodes [8] according to ISCEV standards and
guidelines [2, 17]. PERG was evoked by a checkerboard
pattern reversing at 3 revs/sec, subtending the field size of
12° vertically and 16° horizontally. The check size was 1°
and the contrast 98%. Recordings were done binocularly
with optimal refraction. The stimulus for mfERG consisted
of 61 hexagons displayed on a monitor with 75 Hz frame
rate and scaled with eccentricity. The recordings were done
binocularly with dilated pupils to obtain responses from the
30° on each side of fixation. Two narrow diagonal lines
were used for fixation. Five ring averages were calculated
by averaging amplitudes for areas of the same eccentricity.

Visual fields

Goldmann kinetic and automated static perimetry (Octopus
101, Interzeag, Switzerland) were used. As in almost all
cases the pattern of visual field loss in our subjects was
concentric, the preserved visual field in kinetic perimetry
was calculated as the average radius of all meridians tested
with target II/4e. In static perimetry, the G2 TOP program
measuring retinal sensitivity at 59 locations in central 30°
of visual field was used. The mean sensitivity index (MS),
the average of all measured values of retinal sensitivity in
dB, was used for comparisons. Microperimetry was done
with microperimeter MP1 (Nidek Technologies, Japan).
MP1 is an instrument for functional mapping that super-
imposes the sensitivity map on the retinal image, taken by
incorporated non-mydriatic fundus camera. It measures the
retinal sensitivity at selected locations while the examiner
simultaneously controls patients’ fixation on fundus image.
Eye movements are corrected by the incorporated eye
tracking system. Retinal sensitivity at selected location is

1019



measured as the threshold sensitivity of different intensities
of stimuli and is represented on numerical and colour coded
scale. Number 0 designates the absolute scotoma for a
chosen stimulus size. Program Humphrey10, testing 56
retinal locations in central 10 degrees with 2° resolution at
threshold sensitivities from 0–20 dB, was used, the test
spot size was 4 mm2. To compare the sensitivity map di-
rectly with AF features, the former was superimposed on
the AF image. To ensure that testing points were exactly on
the same location in MP 1 and the AF image, superim-
position of the blood vessels pattern was done using the
Adobe Photoshop 7.0 (Adobe Systems, Mountain View,
Calif., USA) program.

All patients had an abnormal AF in the form of a
parafoveal ring of increased AF of different size. To in-
vestigate functional implications of areas with increased
or decreased AF, patients were divided into two groups.
Those from group 1 had no other abnormality seen on AF
(inside 30°×30° of view). Patients from group 2 had a ring
of increased AF but also focal areas of reduced or non-
detectable AF of different distribution and size outside the
ring at different eccentricities from the fovea.

In the analysis, the horizontal inner radius of the hyper-
fluorescent ring and the smallest distance of the areas with
reduced AF from the fovea were compared to Octopus MS
index and Goldmann II/4e average radius. The ring of in-
creased AF was also studied in relation to PERG P50 and
N95 amplitudes and to average P1 amplitudes of the inner
three rings of mfERG. The inner radius of increased or
reduced AF was measured in degrees assuming that the
visual angle between the fovea and the centre of the optic
disc subtends 15°. In contrast to outer border of the ring of
increased AF the inner border is usually well demarcated
and clearly stands out. According to study settings (scal-
ing), P1 amplitude of ring 1 represented the electrical ac-
tivity of retina between 0 and 2.5°, of ring 2 between 2.5°
and 8° and of ring 3 between 8° and 15° eccentricity from
the fovea. Figure 1 shows the AF images representative of
groups 1 and 2 as well as the retinal region where the AF,
PERG and mfERG responses were recorded.

Results

Group 1

There were 19 patients (7 male and 12 female) with clas-
sical rod-cone RP. Their age ranged from 13 to 61 (median
age 30) years and they had no focal areas of increased or
decreased AF inside or outside the hyperfluorescent ring.
In addition, the fovea had the AF appearance of a slightly
reduced AF that is shown in normals. The inner horizontal
radius of the ring varied from 1.5° to 9° of eccentricity and
the width of the ring was 1–2°. All patients had high
interocular symmetry of typical clinical signs of RP and
good visual acuity (group average 0.84±0.1). Peripheral
visual field constriction with II/4e isopter varied from 5 to
51 degrees with an average of 22±14°. The average MS
index was 10±5 dB. PERGs varied in amplitude from nor-
mal to reduced responses according to macular involve-
ment (range 0.50–3.10 μV for P50 and 1.57–4.88 μV for
N95 which for the group as a whole represents 0.6±0.3 of
the normal mean). There were no interocular differences of
amplitudes and P50/N95 ratio was within normal range.
Multifocal ERGs were reduced in all patients. According to
the nature of the disease, the peripheral rings were affected
more than the central one. The mean value of P1 amplitude
for a group as a whole was reduced to 0.5±0.18 (range 0.4–
0.9) of normal mean in ring 1, to 0.33±0.17 (range 0.2–0.6)
in ring 2, and to 0.21±0.13 (from non-detectable to 0.3) in
ring 3.

Group 2

Group 2 consisted of 13 (10 male and 3 female) patients
with a classical rod-cone RP with hypofluorescent or ab-
sent AF areas outside of the hyperfluorescent ring. The ring
of increased AF in this group varied between 1.5° and 5° of
eccentricity from the fovea, its width was 1–2°. Inside the
ring, the AF image of the macula appeared normal. Focal
circular lesions of absent AF of different sizes were pres-

Fig. 1 Fundus autofluorescence
pattern representative for
patients from groups 1 and 2.
Retinal area examined by PERG
(orange) and inner three rings of
mfERG (yellow) are shown
schematically on AF image
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ent, in some cases just around the ring, in others at a greater
distance. Visual acuity was good in this group also (0.7±
0.1). Visual fields tested with Goldmann II/4e target were
constricted to 6°±2, and the average MS index for a group
was 4 dB±2. PERGs were significantly reduced or non-
detectable in all except four patients. Multifocal ERGs
were preserved in ring 1 in some patients (4/13) but were
very low (reaching less than 20% of amplitude of the nor-
mal mean).

An inverse linear relationship between the age of the
patient and the radius of the ring of increased AF (r=−0.49)
was found. A summary of clinical, psychophysical and
electrophysiology results of patients from groups 1 and 2
are shown in Table 1. Significant differences were found
with the Student t-test between the two groups for all tested
parameters (MS, average radius II/4e, PERG and mfERG
amplitudes, for all P<0.001) except the ring radius of in-
creased AF (P<0.03).

AF image in relation to functional tests

To analyze the functional significance of the high density
ring of increased AF, patients from both groups were com-
pared. Since for the patients from group 2 the PERGs and
mfERGs were mostly non-detectable, the majority of data
comes from patients from group 1.

Patients with more preserved peripheral visual fields had
larger radius of the hyperfluorescent ring. In patients who
showed field constriction, the AF ring was located closer to
the fovea. As shown in Fig. 2, strong correlation was found
between the radius of the hyperfluorescent ring and the MS
index of static perimetry (r=0.82). The inner radius of the
AF ring also correlates highly with Goldmann II/4 average
radius (r=0.80).

Through comparing PERG amplitudes and the size of
the ring of increased AF, a linear relationship was found.
Both PERG amplitudes correlate highly with the ring of
increased AF: the correlation coefficient for P50 amplitude
was 0.72 and for N95 amplitude 0.74 (Fig. 3).

Table 1 Summary of clinical, psychophysical, electrophysiological
and autofluorescence data of patients from groups 1 and 2. Sta-
tistically significant differences between groups are shown in bold.
M male, F female, AD autosomal dominant, AR autosomal recessive,
S sporadic, SD standard deviation, AF autofluorescence

Group 1 Group 2

Number of subjects 19 13
Age (average±SD) 30±11 43±12
Sex (M/F) 7/12 10/3
Inheritance pattern (AD/AR/S) 9/3/7 4/2/7
Visual acuity (average±SD) 0.8±0.1 0.7±0.1
Ring of increased AF (min–max) 1.5°–9° 1.5°–5°
Areas of decreased AF No Yes
Goldmann II/4 (average±SD) 22°±14 6°±2
Mean sensitivity index
(average±SD)

10±5 4±2

PERG P50 amplitude
(% of normal mean±SD)

0.53±0.3 0

PERG N95 amplitude
(% of normal mean±SD)

0.54±0.3 0

P1 amplitude of ring 1
(% of normal mean±SD)

0.5±0.16 0

Average P1 amplitude of ring 2
(% of normal mean±SD)

0.3±0.14 0

Average P1 amplitude of ring 3
(% of normal mean±SD)

0.2±0.14 0

Fig. 2 Comparison of the radius of the ring of increased AF with
(a) mean sensitivity index of automated perimetry (Octopus) and (b)
average radius of preserved visual fields measured with Goldmann
kinetic perimetry (target II/4e). Correlation coefficients (r) are
shown on graphs, P-value for both comparisons <0.001
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In comparison to multifocal ERG (Fig. 4), no correlation
between P1 amplitude of the ring 1 and eccentricity of the
increased AF was found (r=0.2). Correlation between P1
amplitude of the mfERG and the radius of increased AF
was better for the mfERG ring 2 (r=0.62). As mentioned
above, the retinal area stimulated by the central hexagon,
i.e. the first mfERG ring, fell within the AF ring area in all
cases while that of the second mfERG ring (between 2.5°
and 8°) corresponded to the retina with increased AF. The
P1 amplitudes of mfERG ring 3 also did not correlate with
AF ring radius (r=0.2) - in this case, the mfERG stimulus
fell outside the area where the AF rings were measured.

The summed response of the inner two mfERG rings
correlated well with the eccentricity of increased AF (r=
0.62) and PERG P50 amplitude (r=0.72) (Fig. 5). The ec-
centricity of hypofluorescent AF areas did not correlate
with any type of perimetry (r=0.3 for kinetic and r=0.2 for
static perimetry).

Figure 6 shows the summary of results for three patients
with RP; the results of AF imaging, perimetry, and elec-
trophysiology are presented. The reduction of retinal func-
tion measured by automated perimetry, PERG, and mfERG
in relation to size of the ring of increased AF is clearly
demonstrated. The results of fundus-controlled microperi-
metry with MP1 are superimposed on AF images. Note the
correspondence of retinal sensitivity with the ring of in-
creased AF representing the border between functional and
dysfunctional retina.

Figure 7 shows the AF imaging, automated perimetry,
PERG and mfERG of two patients with RP. The size of the
ring of increased AF as well as PERG and mfERG ampli-
tudes was comparable in both cases, although patient 2 had,

Fig. 3 Relationship between the ring radius of increased AF and
PERG amplitudes. Correlation coefficient (r) for P50 (grey dia-
monds) was 0.72 and for N95 (black circles) 0.74, P-values for both
comparisons <0.001

Fig. 4 Comparison of the P1 amplitudes of the (a) first, (b) the
second and (c) the third ring of mfERG in relation to the radius ring
of increased AF. A good correlation was found for the average
response in the second ring of mfERG, which corresponds to the
retinal eccentricity where higher AF in a form of a ring was detected
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in addition to the ring of increased AF, areas of reduced AF
just outside the hyperfluorescent ring.

Discussion

In RP, different patterns of abnormal fundus AF have been
reported [12, 25, 28]. Based on our experience, almost half
of affected individuals demonstrate an area of increased AF
ring on the posterior pole during certain stage of their
disease. There is no generally accepted opinion about the
time changes of the ring of increased AF in RP patients.
Considering inverse relationship between the age and the
ring radius, we speculate that with progression of the dis-
ease the ring of increased AF constricts and moves towards
the fovea. Outside this ring, new areas of reduced AF
emerge and coalesce as they move towards the centre.

RPE changes in RP are secondary phenomena and result
from increased metabolic load for the RPE due to pho-

toreceptor apoptosis [1, 29]. Accumulation of lipofuscin
and therefore increased AF intensity is caused by faster
turnover of photoreceptors due to genetic causes or through
disturbed and ineffective disintegration of their remnants in
the RPE [15, 24]. On the other hand, lipofuscin does not
form when photoreceptors are absent, when phagocytosis
is disturbed or when the RPE is atrophic. In such cases, AF
is reduced or absent [7, 12, 26]. Despite recent interest for
the study of AF in RP, functional implication of increased
or diminished AF intensity at RP is still not fully explained.
For successful implementation of future therapeutic appli-
cations, information about whether the retina on a certain
location is only dysfunctional or also structurally affected
is crucial. Robson et al. [20] showed in three members of
the family with AD RP that patients with a larger AF ring
also had larger central fields. The same group first sug-
gested that the border of the increased AF represented the
border of the functional retina [11]. This was supported by
linear increase of the PERG amplitude with an increase
of the stimulus field size. While the stimulus field was
inside the ring of the increased AF, the relationship was
linear. Outside this ring, however, there was no additional
increase of function as measured by PERG [11, 20]. In
addition, it has been shown recently that the ring of in-
creased AF better correlates to photopic than scotopic ret-
inal sensitivity [21].

Our results confirm that the ring of increased AF en-
circles the area of preserved (photopic) retinal sensitivity.
We have shown that the size of this ring correlates well
with both kinds of perimetry. Patients with better preserved
visual fields had larger ring of increased AF. Despite
variability and suprathreshold stimulus of kinetic perimetry
in patients with RP [23], we were able to show a somewhat
parallel loss of function with the size of the AF ring. Better
correlation was observed with the static perimetry (Octo-
pus) where the absolute threshold of the retinal sensitivity
showed high correlation with the radius of the AF ring.

We also noticed that in some cases the retinal function
may be absent outside of the AF ring regardless of whether
the autofluorescence pattern outside the ring looked normal
or not. We have illustrated this by using microperimetry.
This is demonstrated in Fig. 6, where RP patients in dif-
ferent stages of the disease manifest a ring of increased AF
of different size, while the sensitivity map of microperi-
metry was superimposed directly on the AF image. It is
shown clearly that outside of the ring, retinal sensitivity is
lost regardless of whether the AF pattern is normal or
whether atrophic lesions of the RPE are already present or
not. The retinal function is normal inside the ring (green),
declines on the ring (yellow) and is absent outside of it
(red). Therefore, the border of the AF ring, and not RPE
atrophy, is clinically related to preserved retinal function.

We confirmed the results of Robson et al., namely that
the relationship between the PERG amplitudes and the
distance of the increased AF ring from fovea is linear [20].
Good correlation with objective measure of macular func-

Fig. 5 Relationship between the amplitude of the summed mfERG
response (the first and second ring) and (a) the ring of increased AF
and (b) P50 component of the PERG
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tion therefore indicates the functional importance of the AF
ring radius. For group 2, where patients had atrophic le-
sions of the RPE in addition to a hyperfluorescent ring,
PERGs were significantly more affected despite compara-
ble AF ring size, visual acuity and visual fields. However,
in some cases this may not be so clearly evident (Fig. 7).

We addressed the question on relationship between the
AF ring and macular function in RP patients also by using
the mfERG, which has not yet been investigated. The

relationship between mfERG and fundus-controlled pe-
rimetry with another instrument, namely scanning laser
ophthalmoscope, has been shown by Rohrschneider et al.
[19]. In four patients with advanced RP who had only a
central mfERG response, good agreement of both methods
was found, but no comparison was made with the pattern of
fundus autofluorescence.

PERG is thought to arise predominantly from the inner
retina, driven by macular photoreceptors, and was shown to

Fig. 6 Comparison of auto-
fluorescence images, perimetry,
mfERGs and PERGs from three
patients in different stages of
RP. Results of microperimetry
are superimposed on fundus AF
images. Note the agreement of
the size of high density ring with
retinal sensitivity measured by
microperimetry (shown in col-
our coded scale) as well as with
both electroretinographic
responses. Outside the ring of
increased AF the retinal function
is lost despite no atrophy is
detected with AF (RP1 and
RP2)
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be less affected in RP [9, 10]. Multifocal ERG reflects
predominantly outer retinal function [13, 14]. The mfERG
responses were accordingly reduced to greater extent than
the PERG responses. Our patients had relatively well pre-
served central mfERG responses, however, and no corre-
lation was found with the size of AF ring. This may be due
to the fact that the area of stimulation by the central mfERG
hexagon was well within the functional retina and thus
similarly preserved in all cases. The second ring of mfERG,
however, which was testing retinal function at eccentricities
between 2.5 and 8 degrees of visual angle, showed good
correlation with the AF ring radius. The stimulated area of
these responses corresponds to retinal location where the
AF was increased. After summation of the inner two rings
of mfERG, the summed response correlated well with the
AF ring size and PERG amplitude. The third ring of
mfERG that stimulated the retinal area outside the hyper-
fluorescent ring showed almost no function and no corre-
lation with AF ring size. Overall reduction of mfERG seen
in central hexagon showed that the macula is involved to
some extent even in cases where the ring of increased AF is
still distant. Using mfERG, we obtained topographical
functional information inside, across, and outside the AF
ring and we found that the highest correlation was displayed
over the expected area of hyperfluorescent ring. The sum-
mation of function of all contributing cells inside the AF
area, namely, the inner two rings of mfERG, showed high
correlation both with AF ring and with PERG amplitude.

The results of our study raise several interesting ques-
tions. We showed, using clinically available functional
tests, that the ring of increased autofluorescence is asso-

ciated with loss of retinal function in retinitis pigmentosa. It
appears that the ring is travelling in concentric fashion
towards the macula as the disease progresses. From our
results as well as from results of previous studies, it is quite
evident that the retina outside the hyperfluorescent ring is
not functional even before any RPE atrophy can be ob-
served by AF imaging. This would assume that in patients
who show a ring of increased AF this may relate to some
kind of functional barrier at the border of the AF ring that
may not correspond to morphological appearance and is
not readily visible with any other method except AF. It
would be interesting to explore further if normally looking
but non-functional retina outside of the ring is structurally
preserved and may be rescued when new treatment modal-
ities [3] become available. This question was recently dis-
cussed in the work of Scholl et al., who also found well
preserved autofluorescence patterns in three patients with
presumed Leber’s congenital amaurosis and speculated that
normal AF would mean that, as disc turnover in the retina
appears to be occurring, preserved structure of these photo-
receptors may be assumed [27]. Interestingly, no intrinsic
autofluorescence was found in patients with RPE 65 sub-
type of Leber’s congenital amaurosis [16], the animal
model of which has been successfully treated by gene
replacement therapy. Genetic characterization is important
in RP, but our results still show that different inheritance
types of this disease exhibit similar ring appearance of
autofluorescence pattern. It is not clear whether or not this
reflects primary topographical pattern of photoreceptor
death or whether it involves common secondary mecha-
nisms; this question would be of some use in developing

Fig. 7 Autofluorescence imaging, visual fields and electrophysiol-
ogy from two patients with similar sizes of the ring of increased AF
and comparable visual fields, PERG and mfERG responses, but dif-

ferent AF pattern: (a) without areas of reduced AF inside the vascular
arcades, (b) with areas of reduced AF
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new treatment strategies. Autofluorescence imaging may
become a valuable structural examination able to identify
areas of renewed retinal function as well.

In summary, this study addressed the question how the
AF imaging, which displays the accumulation of lipofuscin
in the retina, is related to retinal function in RP. Results
show that the size of a ring of increased AF correlates well
with results of psychophysical and electrophysiology tests.
The conclusion is based on observed linear decline with the
ring size compared to those tests (visual field, as well as
PERG and mfERG), and the age of patients. The existence
of areas of absent AF outside the ring indicates worse
prognosis with the same ring size, greater macular involve-

ment and shows the structural disintegration of photo-
receptors and the RPE. Being a non-invasive method, AF
can therefore serve as a useful imaging tool in the follow-
up of RP patients. This is especially true in the late stages of
the disease with macular involvement when all other tests
of retinal function fail to produce measurable results.
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