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CLINICAL INVESTIGATION

Changes to Upper Eyelid Orbital Fat from Use of 
Topical Bimatoprost, Travoprost, and Latanoprost

Juwan Park, Hyun Kyung Cho, and Jung-Il Moon

Department of Ophthalmology and Visual Science, St. Mary’s Hospital, The Catholic University 
of Korea, Seoul, Korea

Abstract

Purpose: To confi rm the possible mechanism by which topical prostaglandin antiglaucoma drugs cause 
a deep superior sulcus.

Methods: Among patients who used bimatoprost (Lumigan), latanoprost (Xalatan), or travoprost (Tra-
vatan) and who developed a deep upper lid sulcus, 18 eyes of 11 patients (mean age, 58.2 ± 8.9 years) 
were studied. Seven patients were binocular users of one of the eye drops and four were monocular 
users. Preaponeurotic orbital fat was obtained, and the mean adipocyte density compared.

Results: In the four monocular users, mean adipocyte density of treated eyes was 1758.21 ± 158.15 cells/
mm2, and that of untreated eyes was 1258.73 ± 127.54 cells/mm2. This difference was statistically signifi cant 
(P = 0.04), suggesting that the adipocytes were atrophied in the treated eyes. The mean adipocyte density 
of the bimatoprost group was 2073.35 ± 184.89 cells/mm2, that of the travoprost group was 1623.46 ± 
218.99 cells/mm2, and that of the latanoprost group was 1468.20 ± 113.44 cells/mm2. The densities of the 
bimatoprost and travoprost groups, but not of the latanoprost group (P = 0.75), were signifi cantly differ-
ent from that of the untreated group (P < 0.001).

Conclusions: Fat atrophy can be considered a mechanism of upper eyelid sulcus deepening in patients 
using topical prostaglandin analogs. Jpn J Ophthalmol 2011;55:22–27 © Japanese Ophthalmological 
Society 2011
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Introduction

Prostaglandin F2α (PGF2α) analogs such as latanoprost 
(Xalatan, Pharmacia, Peapack, NJ, USA) and travoprost 
(Travatan, Alcon, Fort Worth, TX, USA), and also similar 
prostamide (prostaglandin ethanolamide) analogs, that is, 
17-phenyl-derivatives of prostamide F2α such as bimato-
prost (Lumigan, Allergan, Irvine, CA, USA), are topical 
hypotensive drugs frequently used for treating ocular 
hypertension and glaucoma.1–4

These drugs are well known for their effi cacy and potency, 
as well as for good patient compliance because they can be 

administered in a single daily dose. However, the use of 
these drugs may lead to adverse effects such as darkening 
of the periocular skin and iris, increased eyelash growth, 
cystoid macular edema, and conjunctival hyperemia.5–7

Deepening of the upper lid sulcus and decreased derma-
tochalasis have been recently reported in long-term bima-
toprost (Lumigan) users, and some of these side effects are 
reported to be reversible once the drug is stopped.8–12 Tra-
voprost (Travatan) is reported to induce deepening of the 
upper lid sulcus with long-term use, a condition reversed by 
discontinuation of the medication.13 We have also observed 
these side effects, fi nding these changes not only in bimato-
prost and travoprost users but also in some long-term users 
of latanoprost.

Different mechanisms have been suggested to explain 
the different adverse effects of topical prostaglandin analogs. 
A few recent reports postulated that periocular skin/iris 
darkening, cystoid macular edema, and conjunctival 
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hyperemia are related to the actions of prostaglandins asso-
ciated with stimulation of melanogenesis in the skin or iris, 
disruption of the blood–aqueous barrier in pseudophakes, 
and the release of nitric oxide.5–7

However, all of these proposed mechanisms for the 
known adverse effects of bimatoprost and other prostaglan-
din analogs do not appear to cause deepening of the lid 
sulcus. It has been postulated that either Műller muscle 
contraction or fi brosis and orbital fat atrophy may affect the 
development of this adverse effect,9 but the exact mecha-
nism remains unknown and further investigation of this new 
adverse effect is necessary.

In the present study, we focused on changes in orbital fat 
to investigate the possible mechanism of this adverse effect, 
which is reported to be reversible to some degree. We biop-
sied the preaponeurotic orbital fat in monocular and bin-
ocular bimatoprost, travoprost, and latanoprost users who 
had developed a deep superior sulcus. The adipocyte density 
and the other pathologic changes were then histologically 
inspected to confi rm the orbital fat changes in users of any 
of these three drugs.

Material and Methods

Study Population

Among patients using bimatoprost (Lumigan), latanoprost 
(Xalatan), or travopost (Travatan) for ocular hypertension 
and glaucoma and who developed a deep upper lid sulcus, 
11 (six men and fi ve women; mean age, 58.2 ± 8.9 years; 18 
eyes) agreed to participate in the present study and their 
signed informed consent was obtained. We analyzed the 
adipocyte density of the preaponeurotic orbital fat of the 
upper lids of the 18 eyes. Seven patients were using one of 
the three types of eye drops in both eyes, and four were 
using eye drops in only one eye. Among the four monocular 
users, two were using latanoprost and the other two were 
using bimatoprost or travoprost. The mean duration of eye-
drop usage was 4.8 ± 1.7 years; some of the patients were 
also using hypotensive eye drops of another type (Table 1).

Patients were excluded if they had a preexisting deep 
upper lid sulcus, determined from a photograph taken 
before eye-drop use, or preexisting blepharoptosis causing 
a deep superior sulcus. Patients who had a history of peri-
ocular trauma or surgery were also excluded.

The present study was approved by the institutional 
review board of St. Mary’s Hospital, College of Medicine, 
the Catholic University of Korea.

Preparation of the Orbital Fat

The biopsy procedure for preaponeurotic orbital fat of the 
upper lid was performed under local anesthesia by one 
ophthalmic plastic surgeon (J.P.). Lidocaine mixed with 
1:100 000 epinephrine was injected subcutaneously into the 
upper lid, and a skin incision 5 mm in length was made in 
the center of the upper lid crease. Preaponeurotic orbital 
fat was obtained through the incision made for the biopsy. 
To avoid “crush” injury and electric damage to the fat tissue, 
a #15 knife was used to resect the fat tissue instead of scis-
sors and electrocautery. During the procedure, compression 
of the fat tissue was also avoided, and minimal, gentle han-
dling was done. Hemostasis with electrocautery was not 
performed until the incision biopsy of the fat tissue was 
completed. The skin was sutured with #6-0 Prolene, and the 
stitches were taken out 5 days after the procedure.

Measurement of Mean Adipocyte Density and 
the Pathologic Study

To see if there were any errors or differences between the 
two fi xation methods, both frozen sections and permanent 
sections were made of tissue from the fi rst three patients 
enrolled in the study (six eyes), and mean adipocyte density 
was compared between the two types of sections. The results 
showed no statistically signifi cant differences between the 
two fi xation methods. After this, frozen sections were not 
made, and the biopsied fat tissue was immediately soaked 
in 10% formalin solution. The fi xed fat tissue was stained 

Table 1. Characteristics of the patients

Treated group

Untreated 
group

Bimatoprost
(Lumigan)

Travoprost
(Travatan)

Latanoprost
(Xalatan)

Number of eyes 5 5 8 4
Number of patients (binocular users/monocular users) 3 (2/1) 3 (2/1) 5 (3/2)
Mean age (years), mean ± SD 58.6 ± 10.3 61.3 ± 9.8 57.9 ± 7.5 59.3 ± 6.4
Sex (M:F) 1:2 2:1 3:2 2:2
Duration of eye-drop usage (years), mean ± SD* 2.4 ± 0.8 4.8 ± 2.3 5.9 ± 3.6 —
Cosopt co-use (eyes) — — 2 —
Cosopt & Alphgan P co-use (eyes) 3 4 3 —

Age and sex did not differ signifi cantly among the groups (age, P = 0.76; sex, P = 0.35).
*P = 0.02.
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with hematoxylin and eosin and observed under a light 
microscope.

For the measurement of adipocyte density, at least fi ve 
nonoverlapping fi elds per specimen were analyzed at a mag-
nifi cation of ×100. The estimated adipocyte density was cal-
culated as the number of adipocytes per unit area. When 
measuring the number of adipocytes, we avoided the periph-
ery of the specimen, and blood vessels and connective tissue 
were not included in the unit area. The results of all histo-
logical analyses were averaged per specimen and per group, 
and the mean number of adipocytes per unit area was 
compared.

In addition to the measurement of the adipocyte density, 
to determine if there were other pathologic changes, we also 
had an experienced pathologist examine the specimens.

Data Analysis

SPSS 13.0 software was employed to analyze the data. All 
results are presented as means ± SD. Because the number 
of specimens was not high enough to use parametric tests, 
differences in mean adipocyte density between two groups 
(e.g., the treated eye and the untreated eye of the monocu-
lar users) were analyzed using the Mann-Whitney U test, 
and differences in mean adipocyte density among more 
than two groups (e.g., the bimatoprost-treated, latanoprost-
treated, travoprost-treated, and untreated groups) were 
assessed using the Kruskall-Wallis test. Differences were 
considered statistically signifi cant when P values were less 
than 0.05.

Results

Comparison of Adipocyte Density Between Frozen 
Sections and Permanent Sections

To determine the differences in cell density between the 
fi xation methods, we made both frozen sections and perma-
nent sections of the preaponeurotic orbital fat tissue 
obtained from the upper lids of the six eyes of the fi rst three 
enrolled patients, and compared the adipocyte density 
between them. The mean adipocyte density of the frozen 
sections was 1831.45 ± 112.12 cells/mm2, and that of the 
permanent sections was 1793.23 ± 112.12 cells/mm2, a non-
signifi cant difference (P = 0.76, Wilcoxon signed-rank test). 
Therefore, for the additional patients, we made only perma-
nent sections for measuring the mean adipocyte density.

Binocular Comparison of Adipocyte Density in 
Monocular Prostaglandin Users

The mean adipocyte density of the preaponeurotic orbital 
fat of the upper lids was compared between the two eyes of 
each of the four monocular users: two latanoprost users, one 
travoprost user, and one bimatoprost user. The mean adi-

pocyte density of the treated eyes was 1758.21 ± 158.15 cells/
mm2, and that of the untreated eyes was 1258.73 ± 127.54 
cells/mm2, a signifi cant difference (P = 0.04, Mann-Whitney 
U-test), suggesting that the adipocytes were atrophied in 
the treated eyes (Fig. 1).

Comparison of Adipocyte Density among the 
Bimatoprost-Treated, Latanoprost-Treated, 
Travoprost-Treated, and the Untreated Groups

To investigate the differences among eyes treated with one 
of the three different prostaglandins and untreated eyes, we 
used the measured adipocyte density values in eyes of both 
the binocular and monocular users.

The mean adipocyte density of the bimatoprost group 
was 2073.35 ± 184.89 cells/mm2, that of the travoprost group 
was 1623.46 ± 218.99 cells/mm2, and that of the latanoprost 
group was 1468.20 ± 113.44 cells/mm2. These densities were 
all higher than those of the untreated eyes of the monocular 
users, and the differences among the four groups were sta-
tistically signifi cant (P = 0.03, Kruskall-Wallis test).

Cell density in the bimatoprost group was signifi cantly 
different from that in the travoprost, latanoprost, or 
untreated groups (P < 0.001, Mann-Whitney U-test). The 
travoprost and latanoprost groups were not signifi cantly 
different from each other (P = 0.672, Mann-Whitney U test), 
yet a statistically signifi cant difference existed between the 
travoprost group and the untreated group (P < 0.001, Mann-
Whitney U test). The latanoprost group was not signifi cantly 
different from the untreated group (P = 0.75, Mann-Whitney 
U test).

Other Pathologic Findings

Pathologic fi ndings suggestive of fat atrophy, such as 
clumped nuclei of the adipocytes, were observed in the 
treated eyes (Fig. 2), but other pathologic changes such as 
infl ammation, fi brosis, or necrosis of adipocytes were not 
detected.

Discussion

New periocular changes associated with topical prostaglan-
din therapy with widely used hypotensive drugs have 
recently been reported. Casson and Selva14 described a 
patient whose trichomegaly secondary to the chronic use of 
latanoprost resulted in eyelash ptosis that obstructed his 
visual fi eld and required a bilateral eyelid anterior lamellar 
transposition procedure.

Since Peplinski and Albiani Smith8 fi rst reported upper 
eyelid sulcus deepening and dermatochalasis involution in 
three Caucasian patients treated with bimatoprost unilater-
ally, other similar clinical observations have been reported. 
Yam et al.12 described bilateral upper eyelid sulcus deepen-
ing and involution of dermatochalasis in an Asian patient 
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Figure 1. Microscopic fi ndings of fi ve differ-
ent biopsy sites of the preaponeurotic orbital 
fat of a monocular bimatoprost user. The cell 
density of the fat tissue is higher in the 
treated eye (OS) than in the untreated eye 
(OD) (×100, H&E stain). Bars = 50 μm.
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Figure 2. Microscopic fi ndings showing atrophied fat tissue in a 
bimatoprost-treated eye. The arrow indicates clumped adipocyte 
nuclei, which implies fat atrophy (×200, H&E stain). Bar = 50 μm.

using bimatoprost bilaterally. Filippopoulos et al.10 and Tap-
peiner et al.11 reported the additional fi nding of enophthal-
mos. Recently, Yang et al.13 reported unilateral deepening 
of the upper eyelid sulcus in two Asian patients treated with 
travoprost unilaterally that was reversed by discontinuation 
of the medication.

Other general conditions that cause a deep superior 
sulcus should be identifi ed before a deep superior sulcus can 
be regarded as a side effect of topical prostaglandin use. 
Besides senile enophthalmos associated with aging,15 an 
acquired deep superior sulcus is typically found in patients 
with involutional blepharoptosis as a result of levator apo-
neurosis dehiscence or disinsertion. But aponeurotic bleph-
aroptosis is usually accompanied by not only a deep superior 
sulcus but also lid drooping and compensatory brow eleva-
tion, all of which are basically irreversible, so surgery is 
required for correction.

As a possible mechanism of upper eyelid sulcus deepen-
ing in prostaglandin analog users, Peplinski and Smith8 sug-
gested that bimatoprost may affect the Műller muscle. 
However, if either atrophy or fi brosis of the Műller muscle 
leads to upper eyelid sulcus deepening, then widening of the 
palpebral fi ssure should also happen. This change was not 
observed in our study; moreover, in most patients the upper 
eyelid sulcus deepening was reversible, which diminishes 
the possibility of Műller muscle fi brosis being the cause of 
the upper eyelid sulcus deepening.

Filippopoulos et al.10 and Tappeiner et al.,11 who demon-
strated not only upper eyelid sulcus deepening but also 
reduced infraocular fat and enophthalmos, hypothesized 
that the common pathophysiologic mechanism of these 
periocular changes is atrophy of preaponeurotic and deep 
orbital fat.

In many patients, upper eyelid sulcus deepening is par-
tially or completely reversible, and in some patients enoph-

thalmos accompanies the upper eyelid sulcus deepening. 
Therefore, we inferred that changes in the orbital fat might 
be related to upper eyelid sulcus deepening and investi-
gated histological changes of the orbital fat.

In fat atrophy, as opposed to pathologic fat tissue change 
in adults, the change of fat volume is controlled by the 
intracellular lipid content of the adipocytes rather than by 
the number of adipocytes. If the changes of the upper lid 
are caused by fat atrophy, then the mean number of adipo-
cytes per unit area, that is, mean adipocyte density, should 
be increased by the reduced intracellular lipid content of 
the adipocytes. If subclinical chronic infl ammation is the 
cause of the periocular changes, then it should be easy to 
identify it by pathologic examination. Therefore, to observe 
the changes in the orbital fat tissue, we evaluated adipocyte 
density as well as other pathologic changes such as infl am-
mation or fi brosis, apoptosis, or necrosis by hematoxylin and 
eosin staining and light microscopy.

To the best of our knowledge, no previous studies have 
confi rmed histological changes in prostaglandin analog 
users by orbital fat tissue biopsy. Moreover, in addition to 
bimatoprost users, the present study included users of two 
other prostaglandin analogs, and we observed a deep supe-
rior sulcus in all three prostaglandin analog groups. We 
compared the orbital fat tissue between these three groups 
and the untreated eyes of the monocular prostaglandin 
analog users. Our results revealed that the mean adipocyte 
density in the three prostaglandin analog-treated eyes was 
higher than that in the untreated eyes. We also observed 
such histological fi ndings as clumped nuclei, which are sug-
gestive of fat atrophy. Although the number of samples was 
small and the statistical signifi cance was not strong, the 
adipocyte density was signifi cantly different between the 
prostaglandin analog-treated eyes and the untreated eyes 
or among the three prostaglandin analogs; the mean adipo-
cyte density was highest in the bimatoprost group followed 
in order by the travoprost and latanoprost groups.

The inhibiting effect of PGF2a on adipocyte differentia-
tion has been shown by previous studies.16–18 Reginato et 
al.18 showed that PGF2α, by combining with the cell surface 
FP receptor to activate mitogen-activated protein kinase, 
has an antiadipogenic effect, and that it inhibits a nuclear 
hormone receptor, peroxisome proliferator-activated recep-
tor γ. As a result it blocks adipogenesis, the process by which 
orbital fi broblasts differentiate into adipocytes. This antiad-
ipogenic effect of PGF2α is also observed in mature adipo-
cytes, and it could probably also be applied as therapy for 
obesity and diabetes.18 In contrast, prostaglandin J2 acti-
vates adipogenesis.

Although neither the exact receptors of bimatoprost nor 
its effect on fat tissue are yet clear, the present study results 
showed that, like PGF2α, bimatoprost also seems to have 
an antiadipogenic effect, presumed to be stronger than that 
of PGF2α.

Even though the small amount of biopsied specimen 
from the central preaponeurotic fat cannot represent the 
whole state of the orbital fat, and a two-dimensional adipo-
cyte cell count cannot be used to assess the status of whole 
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adipocytes, the biopsies were performed in the same 
area of orbital fat tissue under the same conditions. The 
results revealed that the mean adipocyte density in the 
prostaglandin-treated eyes was signifi cantly higher than 
that in untreated eyes. Therefore, fat atrophy is a possible 
mechanism for the development of a deep superior sulcus 
in topical prostaglandin users.

However, the number of samples was small: hence, the 
statistical signifi cance was not strong. A prospective study 
with more samples needs to be done in the future. Because 
not all of the patients showed full recovery from their upper 
eyelid sulcus deepening after they stopped using the pros-
taglandin analogs, other, irreversible factors may be partly 
associated with this adverse effect. Therefore, further evalu-
ation of the surrounding tissue, such as the Műller muscle, 
is required. An additional study employing cell culture tech-
niques is necessary to overcome the limits of morphological 
inspection.

In conclusion, in the present study, we confi rmed orbital 
fat atrophy to be a mechanism of upper eyelid sulcus deep-
ening in topical prostaglandin analog users, including 
those using bimatoprost. When prescribing these drugs, this 
adverse effect should be explained to patients and monitor-
ing for possible adverse effects should be performed.
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