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 A B S T R A C T  

Purpose: The purpose of this study was to evaluate the cytologic 
analysis of aqueous humor (AH) of the eyes with Fuchs uveitis (FU) and 
idiopathic anterior uveitis (IAU). 

Methods: AH of 25 uveitic eyes (12 FU and 13 IAU) were evaluated 
cytologically. The samples of the anterior chamber were taken before 
cataract surgery. Aqueous fluid samples were evaluated by applying a 
Giemsa stain.

Results: The 12 patients with FU and 13 patients with IAU were included 
in this study. In AH, the number of lymphocytes was similar in eyes 
with FU and IAU (the number of lymphocytes: min:1 and max:7). The 
acellular amorphous structures were detected in eyes with FU, and the 
same finding was not observed in the eyes with IAU. In addition, any 
pigmented cells or accumulation were not detected in any of the eyes.

Conclusion: The acellular amorphous structures were the remarkable 
finding of this study. It has been considered that amorphous structures 
in the AH of the eyes with FU could be related to chronic, low-
grade anterior chamber inflammation and responsible for several 
complications of uveitis. FU is a uveitic entity with mysterious findings 
that await clarifications in its etiopathogenesis.

Keywords: Cytology, Fuchs uveitis, anterior uveitis.

The cytologic analysis of aqueous humor in eyes with uveitis

2023
54(4)
318

https://orcid.org/0000-0002-0406-8921
https://orcid.org/0000-0002-0147-3841
https://orcid.org/0000-0001-9243-6124
https://orcid.org/0000-0002-0152-9761
https://orcid.org/0000-0001-5216-0274
https://orcid.org/0000-0002-7412-3228
https://orcid.org/0000-0002-5714-7172
mailto:yasemin_oz@yahoo.com


Özdamar Erol et al.Acta Medica 2023; 54(4): 318-324

319

INTRODUCTION

The cytologic analysis of aqueous humor (AH) 
in uveitic eyes has numerous significances from 
clinical evaluation to elucidating the etiology of 
uveitis. In eyes with uveitis, cellular and non-cellular 
constituents have been detected in the AH as a 
reflection of the inflammatory process [1-4].

Fuchs uveitis (FU) and idiopathic anterior uveitis 
(IAU) are the most common causes of anterior 
uveitis. Although anatomically classified as anterior 
uveitis, they have completely different clinical 
findings. FU is characterized by distinctive anterior 
uveitis findings. It has low-grade, predominantly 
unilateral, and chronic inflammatory disease with 
widely scattered small/medium keratic precipitates 
(KPs), and a variable degree of iris atrophy [5]. In 
contrast, IAU is characterized by either acute or 
chronic inflammation without iris atrophy, and its 
KPs are spread predominantly in the inferior half of 
the corneal endothelium [6]. 

In the past years, cytocentrifuge, and flow 
cytometric analyses of the AH have been reported 
in different uveitis entities. A great number of 
leukocytes have been displayed in the AH during 
active uveitis and multiple different leukocyte 
forms have been described in eyes with uveitis [1-
3]. FU has a different significance in all aspects from 
other anterior uveitic entities and several theories 
have been included in the etiopathogenesis of 
FU, recently. In light of these findings, we aimed 
to evaluate and compare the results of cytologic 
analysis of aqueous humor (AH) in eyes with FU and 
IAU in this study.

MATERIAL AND METHODS

This clinical prospective comparative study 
was performed at University of Health Science, 
Ulucanlar Eye Training and Research Hospital. 
The study protocol was approved by the Ethics 
Committee of of Ankara Education and Researach 
Hospital (Protocol number: 355; date:04/2018), and 
the study was carried out in accordance with the 
Declaration of Helsinki. Written informed consent 
was obtained from all of the patients.

Aqueous samples were obtained from uveitic eyes 
that were followed up at our Uvea department and 
undergoing cataract surgery. The diagnostic criteria 

of FU included diffusely spread medium and/or 
stellate KPs, chronic low-grade anterior chamber 
reaction, iris atrophy accompanied or not with 
heterochromia, varying degrees of the vitreous 
cell, and fibril-like vitreous appearance, absence 
of acute uveitis symptoms. IAU was described as 
acute anterior uveitis without any systemic disease, 
and detailed clinical and laboratory investigations 
were made for systemic evaluation.

In all eyes, findings consistent with the clinically 
inactive uveitic period were detected for 3 months 
before cataract surgery. A detailed medical 
history was obtained in all cases, including 
previous diagnoses, therapies, and if any surgical 
interventions. All patients had no systemic steroid 
usage. The topical dexamethasone drops (16 x 1/
day) were started one week before surgery.

Anterior chamber paracentesis was performed 
using a 30-gauge needle at the beginning of 
the surgery. AH (100-200 µl) was aspirated and 
immediately transferred into Eppendorf tubes. 
Aqueous fluid samples were centrifuged for 5 
minutes at 800 rpm by cytospin and transferred 
into cytopsin microscope slides. Giemsa stain was 
applied to the prepared slides. The examination 
was reported by taking notes of the number of 
cells, and repetitive acellular amorphous structures 
and photographing them.

Statistical analyses
Descriptive analyses were performed using IBM 
SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA). 
Demographic characteristics and clinical data were 
expressed as mean, standard deviation, frequency, 
or percentage. 

RESULTS

This study included 25 eyes of 25 uveitic patients; 
12 were FU and the remaining 13 were diagnosed 
as IAU. The patients with FU consisted of 5 men and 
8 women with a mean age of 32.6±9.6 years old 
(range, 28-39), while the IAU included 3 men and 
10 women with a mean age of 51.8±11.2 years old 
(range, 32-59). 

Bilateral involvement was determined in 3 eyes 
(25 %) with FU. There were diffusely spread non-
pigmented KPs [(medium-sized in 9 (75 %) eyes, 
stellate-medium in 3 (25 %) eyes )], Koeppe nodules 
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in 4 (33.3 %) eyes, and Busacca nodules in 2 (16.6 %) 
eyes with FU. The color of all eyes with FU was brown 
and there were varying degrees of iris atrophy 
in these eyes. There were no KPs and iris atrophy 
in the eyes with IAU. 12 (48%) eyes had posterior 
subcapsular cataracts, 10 (40 %) eyes had cortical 
cataracts, and there was a mature cataract in 3 (12 
%) eyes with FU. The participants’ characteristics 
and clinical findings are shown in Table 1. 

The number of lymphocytes was similar in eyes 
with FU and IAU. Leukocytes were detected in 
the aqueous humor in a total of 4 patients; 2 with 
FU and 2 with IAU. 3 leukocytes and 7 leukocytes 
were detected in FU patients respectively. 1 
leukocyte was detected in both 2 IAU patients. The 
striking finding in eyes with FU has detected the 
appearance of dense acellular sediment (uncellular 
amorphous structures) (Figures 1, 2, and 3). These 
uncellular structures were not observed in eyes 
with IAU. In addition, no pigment-containing cell or 
accumulation was observed in any eye.

DISCUSSION

The cytological analysis of AHs of eyes with uveitis 
has been conducted to elucidate the etiopathology 
of uveitis. It has been demonstrated that mixed 
leucocytes infiltrate composed of lymphocytes, 
neutrophils, and macrophages accumulated when 
there was an active inflammation in the AHs. The 
lymphocyte predominance has been reported 

Figure 1. The lymphocytes in an aqueous humor sample 
of eyes with idiopathic anterior uveitis (Giemsa stain).

Table 1. Demographic and clinical characteristics of the participants

Age (years)

Mean±SD

(min-max)

Sex, n (%) Keratic Precipitates

n (%)

Koeppe 
Nodules

n (%)

Busacca 
Nodules

n (%)

Cataract Type n (%)

Posterior 
Subcapsular

Cortical

Mature

Fuchs uveitis 
(n=12)

32.6±9.6

(28-39)

10 M 
(83.3)

2 F (16.7)

Medium-sized 9 (75)

Stellate-medium 3 (25)

4 (33.3) 2 (16.6) 9 (75)

0

3 (25)

Idiopathic Anterior 
Uveitis (n=13)

51.8±11.2 
(32-59)

5 M (38.5)

8 F (61.5)

No No No 3 (23.1)

10 (76.9)

0

Figure 2. The amorphous structures in aqueous humor 
sample of eyes with Fuchs uveitis (Giemsa stain).

Figure 3. The lymphocytes and amorphous structures 
in aqueous humor sample of eyes with Fuchs uveitis 
(Giemsa stain).
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in AH of the majority of idiopathic or HLA-B27 
anterior uveitis. Examinations of herpes-viral 
uveitis or FU, which do not have any neutrophils, 
have shown the most severe cases of a deviation 
in distributions of leukocytes [1-3]. The comparison 
of the cellular phenotypes and the cytokine profile 
between patients with FU and IAU has been done 
by the research of Muhaya et al. [7]. According to 
this, while CD4+ T cells were more in IAU, CD8 + T 
cells were more dominant in FU [7].

FU is mainly unilateral, low-grade, chronic anterior 
uveitis, bilateral involvement has been reported 
in 5–10% of patients with FU [5,8]. Approximately 
2-11% of all uveitis cases include patients with FU 
and the rate of FU in Turkish patients with uveitis 
has been reported as 6.3% [5,9,10]. Although 
the etiology of FU is not completely known, 
immunologic and infectious etiologies are among 
the most important reasons in recent studies. In 
addition, ocular fluid analysis findings in patients 
with FU were reported to indicate a predominance 
of CD8 + T cells supporting chronic low-grade 
inflammation [11].

FU and IAU have differences from each other in 
both clinical appearance and the steroid response. 
Thus, we evaluated the cytological analysis of the 
AHs of two different uveitis entities. The number 
of lymphocytes was similar in eyes with FU and 
IAU and these findings were consistent with the 
clinically inactive uveitic period before cataract 
surgery. The most remarkable feature of this study 
was the uncellular amorphous structures in eyes 
with FU. These structures were not detected in eyes 
with IAU.

The proteins of human AH are low in concentration 
(0.1–0.5 mg/ml) [12]. Richardson et al. [13] utilized 
an enhanced proteomic viewpoint to identify the 
AH proteome by depleting abundant (albumin) 
proteins and employing multidimensional protein 
identification technology. To the best of our 
knowledge, uncellular amorphous structures were 
detected in eyes with FU which were not reported 
before. They are not artifacts since the samples 
were collected and stained at different times. We 
are considering that these accumulations can 
be “proteinous amorphous structures”. It can be 
interpreted that these accumulations can develop 
as a result of low-degree and chronic anterior 

chamber inflammations. It has been known that 
the low degree of inflammation of the eyes with 
FU was not regressed in response to steroids, even 
though the anterior chamber inflammations in 
other uveitis entities mostly can be managed with 
local and/or systemic steroids. On the other hand, 
patients with FU have frequently and unnecessarily 
used these steroids. Based on this, we can assume 
that these accumulations’ “proteinous amorphous 
structures” may be a revealing cause of steroid 
nonresponsiveness in eyes with FU.

The atrophy of iris stroma was classically the first 
pathologic finding of the eyes with FU and it can 
be clinically observed as varying degrees of iris 
depigmentation and/or heterochromia. Atrophy 
of the iris stroma and ciliary body has not occurred 
equally in each eye with FU [5,14,15]. Hence, it 
indicates that the pathologic involvement of uveal 
pigment is at different levels in these eyes. Even 
though pigmented cells have been observed in 
AHs or on corneal endothelium in various uveitic 
entities such as herpetic uveitis or chronic uveitis 
[6], pigmented KPs are occasionally observed 
in patients with FU [15], and also, our electron 
microscopic investigation showed no pigment 
accumulation on the anterior capsule of the lens 
[16]. In our study, we did not identify any pigmented 
cells in AH. The absence of any pigment formation 
in eyes with FU was another striking result of this 
study.

In studies, the cataract development rate has been 
reported as 50%-70% in many uveitis entities [17-
19]. Posterior subcapsular cataract (PSCC) is the 
most common cataract type in uveitic eyes [20,21]. 
Tugal-Tutkun et al. [22] reported that 8-year the 
risk of cataract development was 56% in 181 eyes 
with FU without using steroids. The development 
of mature cataracts has not frequently occurred in 
eyes with other uveitis entities except in the end-
stage phase of uveitis complication, but the mature 
cataract is a clinical finding encountered in eyes 
with FU [17,18,22-24]. In the study of Tugal-Tutkun 
et al. [22] mature cataract was reported in 4 of 181 
eyes (2.2%) and PSCC in 108 of 181 eyes (9.7 %) with 
FU. Also, Zareiet al. [23] reported that the rates of 
mature cataracts and PSCC were 7% and 80% in 89 
eyes with FU, respectively. In our previous study, 
mature cataracts and PSCC were shown in 8 of 281 
eyes (2.8%) and 121 of 281 eyes (43.1 %) with FU, 
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respectively [24]. It can be interpreted that this 
proteinous material, identified in this study, can 
be accumulated in the lens tissue and can be one 
of the causes of cataract development. Therefore, 
we think that this finding should be supported by 
a more detailed evaluation of lens contents in eyes 
with uveitis cataracts. It has been demonstrated 
that proteineous amorph materials have been 
detected in the human body and have a role in 
the etiopathology of some diseases. Accumulated 
proteinous material is named amyloid protein. 
Research about this accumulation has been ongoing 
in diseases such as multiple sclerosis, Alzheimer 
and Parkinson [25,26]. The blood-aqueous barrier 
of the eye provides a limited selective diffusion of 
paracellular transport. Dysfunction of the barrier 
contributes to the pathophysiology of ocular 
inflammations through the vascular leakage of 
inflammatory cells and blood-borne molecules 
into the anterior chamber [27,28]. In the literature, 
a mild alteration of the blood-aqueous barrier has 
been detected in Fuchs uveitis [29]. Therefore, 
there could be a relationship between the number 
of lymphocytes in the aqueous and the amorphous 
material due to the breakdown of this barrier and 
the ease of passage. Also, it can be argued that 
the amorph materials in the eyes with FU could 
accumulate in the bodies of patients. Thus, there 
is a need for more comprehensive studies on this 
subject.

The intraocular pressure (IOP) elevation in FU 
patients is generally intermittent. Elevated IOP 
is typically not seen at admission, it has been 
estimated approximately 50% of the patients 
during the follow-up period. Many reasons have 
been proposed as the cause of IOP elevations such 
as the use of topical corticosteroids, recurrent 
hypema, angle neovascularization, and trabeculitis 
[5,30,31]. As far as we know, there is no study in 
the literature on the accumulation of amorphous 
material at the anterior chamber angle. The 
presented study may lead to future studies on 
amorphous material accumulation that may cause 
increased intraocular pressure in Fuchs patients. 
Besides, we showed hyperreflective spots in the 
vitreolenticular interface in Fuchs patients in our last 
study [32]. The hyperreflective points we visualized 
in Berger’s space may be the amorphous materials 
we detected in this histological study. This material 
may be accumulating both in the angle and the 
Berger area and it could be one of the reasons 
triggering the development of glaucoma. 

The present study showed that clinically inactive 
uveitic periods were confirmed with AH analysis 
in eyes with uveitis. The acellular amorphous 
structures and no pigment formation in eyes 
with FU were the remarkable findings of this 
study. The limitation of our study is the limited 
number of patients. Furthermore, other staining 
or examination techniques were not used. More 
comprehensive studies and examinations are 
needed. 

To conclude, the cytological analysis will lead 
to the understanding of complex mechanisms 
in eyes with uveitis. FU is a uveitic entity with 
mysterious findings that await clarifications in its 
etiopathogenesis.
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