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FLUORESCENCE LIFETIME IMAGING
OPHTHALMOSCOPY AS PREDICTOR OF
LONG-TERM FUNCTIONAL OUTCOME IN
MACULA-OFF RHEGMATOGENOUS
RETINAL DETACHMENT
DAMIAN JAGGI, MD,*† YASMIN SOLBERG, MD,*† CHANTAL DYSLI, MD, PHD,*†
JOEL LINCKE, MD,*† OUSSAMA HABRA, MMED,*† SEBASTIAN WOLF, MD, PHD,*†
MARTIN ZINKERNAGEL, MD, PHD*†

Purpose: To assess whether macular fluorescence lifetimes may serve as a predictor for
long-term outcomes in macula-off rhegmatogenous retinal detachment.

Methods: A single-center observational study was conducted. Patients with pseudo-
phakic macula-off rhegmatogenous retinal detachment were included and evaluated 1 and 6
months after successful reattachment surgery. Fluorescence lifetime imaging ophthalmos-
copy lifetimes in the central Early Treatment Diabetic Retinopathy Study grid subfield, in two
distinct channels (short spectral channel and long spectral channel) were analyzed. Best-
corrected visual acuity optical coherence tomography of the macula and fluorescence
lifetimes were measured at month 1 and month 6.

Results: Nineteen patients were analyzed. Lifetimes of the previously detached retinas
were prolonged compared with the healthy fellow eyes. Short lifetimes at month 1 were
associated with better best-corrected visual acuity improvement (short spectral channel: r2

= 0.27, P , 0.05, long spectral channel: r2 = 0.23, P , 0.05) and with good final best-
corrected visual acuity (short spectral channel: r2 = 0.43, P, 0.01, long spectral channel: r2

= 0.25, P , 0.05). Lifetimes were prolonged in some cases of outer retinal damage in
optical coherence tomography scans.

Conclusion: Fluorescence lifetime imaging ophthalmoscopy might serve as a prediction
tool for functional recovery in pseudophakic macula-off rhegmatogenous retinal detach-
ment. Retinal fluorescence lifetimes could give insight in molecular processes after
rhegmatogenous retinal detachment.
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Rhegmatogenous retinal detachment (RRD) is a
vision-threatening ophthalmological condition

with separation of the neurosensory retina from the

underlying retinal pigment epithelium. For the treat-
ment of RRD, pars plana vitrectomy is one of the most
effective procedures to restore the anatomical integrity
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with a mean postoperative reattachment success rate of
more than 90%.1–3

Despite successful reattachment and restoration of
the anatomical integrity of the retina, patients may
experience unsatisfying and insufficient visual and
functional recovery, especially in macula-off RRD.
Several prognostic factors have been identified that
influence visual recovery in patients with RRD.4,5

In particular, preoperative visual acuity, age, duration
and extent of retinal detachment, proliferative vitreor-
etinopathy, and the integrity of the outer retinal layers
detected on optical coherence tomography (OCT) were
found to be related to the postoperative visual out-
come.5–9 In addition, OCT angiography revealed alter-
ations in macular microcirculation after RRD,
suggesting tissue ischemia or oxidative stress as another
contributing factor in the pathophysiology of RRD.10

Recently, our group introduced fluorescence life-
time imaging ophthalmoscopy (FLIO) as a tool to
investigate patients after successful RRD reattachment
surgery.11 Briefly, fluorescence lifetimes represent the
mean amount of time retinal autofluorophores remain
in the excited state following excitation using a blue
light laser.12 Because different fluorophores have char-
acteristic lifetime values, this method provides addi-
tional information than that obtained from imaging
modalities, such as OCT or fundus photography.13 In
our previous study, we established that the mean fluo-
rescence lifetimes were prolonged in eyes after a RRD,
compared with the patient’s healthy fellow eyes. Inter-
estingly, longer lifetimes were associated with worse
visual acuity. These findings suggested a connection
between the altered FLIO lifetimes underlying molec-
ular retinal environment and the pathophysiologic pro-
cesses taking place in RRD.
In this study, we evaluated the prognostic value of

FLIO to predict visual recovery after RRD surgery by
comparing baseline FLIO measurements and follow-
up clinical, OCT, and FLIO data of these patients.

Methods

Patients and Examination

This is a prospective, observational, cohort study
conducted at the University Hospital Bern, Bern,
Switzerland. Patients were recruited at the ophthalmol-
ogy outpatient department, and written informed consent
was obtained before any study-related procedures were
performed. In our previous work, we already reported
baseline data on 14 of the included patients.11 We con-
ducted the study in accordance with the International
Conference on Harmonization Good Clinical Practice
guidelines, based on the Declaration of Helsinki. We

obtained local ethics committee approval, and the study
is registered on ClinicalTrials.gov (NCT 0981148).
Patients who experienced a pseudophakic macula-off

RRD and underwent successful retinal reattachment
surgery with pars plana vitrectomy and sulfur hexa-
fluoride gas endotamponade, including cryo and/or laser
therapy of the retinal tear, were included. Phakic patients
were not included to ensure comparability of data.14 Data
were collected on the eye after successful retinal detach-
ment surgery (study eye) and on the healthy fellow eye,
which was also pseudophakic and free of any retinal
disease. Presumptive duration of retinal detachment
was documented before study entry. Exclusion criteria
were other abnormalities that would interfere with visual
acuity or FLIO measurements, such as acquired or in-
herited abnormalities of the macula, uncontrolled or late-
stage glaucoma, severe abnormalities of the vitreoretinal
interface, previous vitreoretinal surgery, and retinal rede-
tachment during the follow-up period.
Patients were examined 1 and 6 months after success-

ful reattachment surgery. A full clinical workup, includ-
ing best-corrected visual acuity (BCVA, logMAR)
according to the Early Treatment Diabetic Retinopathy
Study, slit-lamp examination, and fundoscopy, was
performed. We applied tropicamide 0.5% and phenyl-
ephrine HCL 2.5% to achieve maximal pupil dilation.
Fluorescence lifetime imaging ophthalmoscopy, infrared
reflectance images, and Spectral-domain OCT (Heidel-
berg Spectralis HRA + OCT; Heidelberg Engineering,
Heidelberg, Germany) were acquired.

Fluorescence Lifetime Imaging Ophthalmoscopy
Imaging and Data Processing

The HRA Spectralis system–based fluorescence
lifetime imaging ophthalmoscope projects a 473-nm
blue light pulsed laser onto the retina and uses a rep-
etition rate of 80 MHz. Retinal molecules absorb the
light and are hereby lifted to a higher state of energy,
where they remain for several picoseconds. Two,
highly sensitive, hybrid, photon-counting detectors
(HPM-100-40; Becker & Hickl, Berlin, Germany)
detect the afterward emitted photons as the molecules
drop to their initial state of energy. Time-correlated
registration of the detected photons (TCSPC-150;
Becker & Hickl) is performed simultaneously for
two distinct spectral wavelength channels (short-spec-
tral channel [SSC, 498–560 nm] and long-spectral
channel [LSC, 560–720 nm]). A confocal and high-
contrast infrared image ensures accurate tracking of
the detected photons within a frame of 256 · 256
pixels. We obtained at least 1,000 photons per pixel
for each channel. The detailed principles of FLIO have
been explained before (ISBN 978-3-030-22878-1).15
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We converted the measured lifetime data into
exponential decay curves and used the Chi-square test
to quantify the “goodness of fit” (SPCImage software
version 7.3, Becker & Hickl). We used the amplitude-
weighted mean fluorescence lifetimes (Tm), which
result from combining short and long lifetime compo-
nents and their respective amplitudes. We analyzed the
lifetimes with the customized “FLIO reader” software
(Artorg Center for Biomedical Engineering Research,
University of Bern, Bern, Switzerland) for the central
region of a standardized Early Treatment Diabetic Ret-
inopathy Study grid (1-mm diameter).

Statistical Analysis

We analyzed the FLIO lifetime data for both
spectral channels separately. Therefore, mean 6
SEM were obtained and analyzed. We used a nonpara-
metric Wilcoxon signed-rank test to compare FLIO
lifetimes between the study eye and the healthy fellow
eye. Spearman correlation was used to compare life-
times and BCVA data.

Results

Nineteen patients were included in the study. Of these,
2 (11%) were female and 17 (89%) were male. The age
was 68.7 6 2.8 years (mean 6 SEM). Best-corrected
visual acuity was 0.36 6 0.05 logMAR (Snellen equiv-
alent: 20/50, mean6 SEM) after 1 month and improved
to 0.24 6 0.07 logMAR (Snellen equivalent: 20/32,
mean 6 SEM, P , 0.01) after 6 months. Presumptive
median duration of retinal detachment was 4 days (onset
of symptoms until surgery, range: 1 to 10 days).

Fluorescence Lifetime Measurements

Fluorescence lifetime imaging ophthalmoscopy life-
time values were measured in both channels at 1
month (SSC, 229.8 6 13.15 ps; LSC, 294.8 6 13 ps,
mean 6 SEM) and 6 months (SSC, 230.1 6 19 ps;
LSC, 294.1 6 17 ps, mean 6 SEM) after the surgery
and presented comparable values between these two
time points. Healthy fellow eyes at baseline presented
significantly shorter lifetimes (SSC, 209.6 6 14 ps;
LSC, 261.5 6 15 ps, mean 6 SEM), as shown in
Figure 1. Lifetimes did not correlate with the presump-
tive duration of detachment.

Visual Outcome

Baseline Tm of the study eyes significantly corre-
lated with the BCVA change between month 1 and
month 6 (Figure 2), where longer baseline lifetimes
were associated with worse visual recovery between

month 1 and month 6 in both spectral channels (SSC:
r2 = 0.27, P , 0.05, LSC: r2 = 0.23, P , 0.05). The
correlation of lifetime values at month 1 to absolute
BCVA (logMAR) values at month 6 was also statisti-
cally significant, where short lifetimes were again
associated with better visual outcome (SSC: r2 =
0.43, P , 0.01, LSC: r2 = 0.25, P , 0.05), presented
in Figure 3.
In some cases of good visual recovery, central

retinal lifetimes showed even shorter lifetime values
at the follow-up examination, whereas other cases
without visual improvement did not present any
difference in lifetime values between month 1 and
month 6 (Figure 4). However, we did not observe any
statistical significance between these lifetime recov-
ery and visual recovery correlations between month 1
and month 6. Furthermore, OCT characteristics were
investigated in relation to FLIO lifetimes (Figure 5).
There was a tendency toward shorter lifetimes in eyes
with intact outer retinal layers, in particular, the exter-
nal limiting membrane and ellipsoid zone. If the
external limiting membrane and/or ellipsoid zone
were disturbed or disrupted, longer lifetimes were
observed. However, there was no statistical signifi-
cance between the three investigated subgroups, as
shown in Figure 5.

Discussion

Fluorescence lifetime imaging ophthalmoscopy is a
noninvasive imaging modality, which has provided
new information about various retinal diseases in the
past years.13,16–21

Retinal detachment induces long-lasting morpho-
logical and biochemical alterations.22 Fluorescence
lifetime imaging ophthalmoscopy imaging has the
potential of detecting these alterations at an early
stage. The technique of in vivo fundus autofluores-
cence lifetime imaging of the retina was initially intro-
duced by Schweitzer et al.23 Previous FLIO studies
have focused on describing different disease-specific
fluorescence lifetime patterns.13,14,16,18,19

In healthy eyes, FLIO has been shown to display a
reproducible specific pattern, in which short fluores-
cence lifetimes are found within the macula and
proposedly emitted by components of the macular
pigment such as xanthophyll whereas long fluores-
cence lifetimes are identified at the optic nerve head as
a result of connective tissue. Intermediate lifetimes are
displayed by the retina, presumably influenced by
lipofuscin.13,16,24

In this study, we evaluated the changes of endog-
enous retinal autofluorescence lifetimes and the
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correlation to long-term functional outcome, using
FLIO after successful repair of a macula-off retinal
detachment. We showed that in previously detached
retina, the normal fluorescence lifetime pattern is
significantly altered and prolonged. These alterations
are predominantly found within the fovea and were
demonstrated in our previous study.11 The presented
data from Figure 1B is therefore redundant with our
previous work. The prolongation of mean fluorescence

lifetimes was significant in both the SSC and LSC.
Prolonged FLIO lifetimes have been identified in path-
ologic conditions with molecular and morphological
disturbances predominantly in the outer retinal layers,
assuming the outer retinal layers to be the main source
of the FLIO signal.15,16

The reversed correlation of fluorescence lifetimes
within the fovea suggests a variable loss of macular
pigment following macula-off RRD. The spatial

Fig. 1. Fluorescence lifetime
imaging ophthalmoscopy after
retinal detachment repair (A)
FLIO images of the SSC (top
column) and LSC (bottom col-
umn) of the healthy fellow eye
(left column) and the study eye
(right column) of the same
patient, 4 weeks after reattach-
ment surgery. B. Box plots of
the corresponding t-test com-
paring the mean fluorescence
lifetime values of the foveal
region (center of the Early
Treatment Diabetic Retinopathy
Study-grid) of the healthy fel-
low eye versus the study eye.
Both SSC and LSC showed
significant prolonged lifetimes
in the study eye.

Fig. 2. Correlation of baseline mean foveal lifetimes (Tm) with visual recovery (delta LogMAR and delta Early Treatment Diabetic Retinopathy Study
letters; BCVA at 6 months 2 BCVA at 1 month after the surgery). Both channels (SSC, left graph; LSC, right graph) showed statistically significant
correlations.
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distribution of macular pigment is believed to be the
result of the distribution of the cone photoreceptors,
which promptly decreases outward from the foveal
center. Furthermore, the foveal architecture with its
characteristic foveal depression, and its width, plays a
role.25–27 Previous studies have found that in normal
subjects, there is a ring-like distribution of macular
pigment with a central peak. Sauer et al24 have
described a similar pattern with a central peak of short
fluorescence lifetimes.
Nevertheless, in addition, we found prolonged

lifetimes in the inner and outer ring of the Early
Treatment Diabetic Retinopathy Study grid in pre-
viously detached retina,11 suggesting that the alter-
ations in lifetimes may not merely be rationalized by
disturbances in the distribution of macular pigment. As
previously reported in th literature, the final postoper-
ative functional improvement is determined by the

morphological and functional integrity of the photore-
ceptors. In OCT, this can be verified by the presence of
an intact ellipsoid zone.
Previous studies have reported that the retinal

perfusion plays a significant role in the recovery of
the retinal function after surgical reattachment. Using
OCT angiography, a lower parafoveal superficial and
deep capillary plexus density was identified in RRD
eyes, and this again was correlated with worse post-
operative BCVA. Barca et al 28 hypothesized that a
rapid vascular resistance increase, involving the super-
ficial capillary plexus, may be induced by the retinal
detachment. This could be another explanation for the
prolonged lifetimes in the inner and outer rings of the
Early Treatment Diabetic Retinopathy Study grid.11

The release of the vasoconstrictive endothelin-1 by
endothelial glial cells could be a further significant
factor. Roldan-Pallares et al29 identified this peptide

Fig. 3. Correlation of baseline mean foveal lifetimes (Tm) at 1 month with the final visual acuity (logMAR and Snellen feet) at 6 months, in the SSC
(left graph) and the LSC (right graph). Correlations were statistically significant in both channels (SSC: r2 = 0.43, P, 0.01; LSC: r2 = 0.25, P, 0.05).

Fig. 4. Fluorescence lifetime
imaging ophthalmoscopy images
of the macula after reattachment
of macula-off RRD. A. An
example with good visual out-
come. The left column was
imaged 4 weeks after the surgery,
where short lifetimes were
observed in the fovea. The right
column presents even shorter
lifetimes 6 months after the sur-
gery. The magnified fovea is
illustrated in the lower column,
where the color threshold was
adjusted to 100-250 ps. B. An
example of a right eye with
reduced visual outcome. Foveal
lifetimes were long and remained
above the threshold of 250 ps.
We point out the adjusted cutoffs
of the Tm color scale compared
with our previous work.
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in subretinal fluid accumulations. This release fits to
the observation that perfusion of the retinal microvas-
culature is reduced. In addition, endothelin-1 acts on
retinal Müller cells, thereby triggering a fibrotic re-
modeling, yet not detectable with common imaging
techniques like OCT, but perhaps causing prolonged
fluorescence lifetimes.
In this study, we show that shorter foveal fluores-

cence lifetimes at 1 month were significantly associated
with a good visual prognosis in the following up to 6
months after RRD repair. Therefore, an increased area
of short fluorescence lifetimes in the macular region
after the surgery may have prognostic value. In
addition, over the 6-month follow-up, we observed that
the macular fluorescence lifetimes gradually recover
following successful RRD repair in some cases. We
assume that prolonged foveal fluorescence lifetimes in
previously detached retinas may be explained by
morphological and retinal microstructural alterations.
Accumulation of visual cycle’s by-products in the retina
might further contribute to a more severe retinal dys-
function, indicated by prolonged fluorescence lifetimes.
However, to date, the exact source of the FLIO signal
remains ambiguous. Thus, other factors, such as struc-
tural alterations, the retinal pigment epithelium, or influ-
ence from other layers, may play a role.
From our results, it can be inferred that macular

pigment is depleted in a RRD with macula-off situation
and that the replenishment with macular pigment needs
a reattached macula. If this holds true, strategies to
avoid reduction of macular pigment or even boost
replenishment with antioxidatives or lutein preparations
might be useful in patients with macula-off RRD.30

By contrast, eyes who displayed prolonged fluores-
cence lifetimes following retinal detachment repair
indicate insufficient recovery of the retina. This may
be explained by a late ellipsoid zone recovery and
cone disturbance at the fovea and thus poor visual

prognosis. Correlation with multimodal imaging con-
firmed the metabolic disturbance with higher lifetime
values in some of these cases.
The main limitation of this study is its small sample

size. Furthermore, we did not asses the height,
extension, and duration of the retinal detachment.
These parameters might affect the retinal vasculature
and influence on the recovery of the perifoveal
vascular plexus, thus influencing the postoperative
BCVA results. Figure 3 and its statistical significance
seems to be relating strongly on two subjects with
poor visual outcome. However, we see this a pilot
survey. Larger randomized studies, possibly with
the investigation of macular pigment supplementation
could give further insight in the pathophysiological
circumstances of macula-off RRD.

Conclusion

This study confirmed that macula-off retinal detach-
ment displays prolonged mean fluorescence lifetimes.
Macular fluorescence lifetimes 1 month after the
surgery correlate significantly with long-term func-
tional outcomes, and these lifetimes seem to recover
over time in some cases. FLIO may be a useful tool in
the prediction of long-term functional outcomes early
after macula-off RRD surgery.
Key words: fluorescence lifetimes, rhegmatogenous

retinal detachment, macula, visual acuity, optical
coherence tomography.
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Fig. 5. Optical coherence
tomography findings compared
with mean foveal lifetimes (Tm,
SSC). A. Representative OCT of
a patient with intact external
limiting membrane and ellipsoid
zone. B. Optical coherence
tomography scan with irregular
ellipsoid zone (arrow) but intact
external limiting membrane. C.
Optical coherence tomography
scan with discontinuous external
limiting membrane and dis-
turbed ellipsoid zone (arrows).
D. No statistical significance
was observed between the three
groups.
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