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Abstract
Purpose To study features of Indocyanine green angiography (ICGA) in patients with presumed intraocular tuberculosis.
Methods Retrospective study of 48 consecutive patients (77 eyes) who underwent ICGA. The following signs were
analysed: choroidal perfusion inhomogeneity, early hyperfluorescent stromal vessels, round or oval hypofluorescent dark
dots (HDDs), hypofluorescent geographic lesions (HGLs), fuzzy or lost pattern of large stromal choroidal vessels, disc
hyperfluorescence and diffuse late choroidal hyperfluorescence.
Results Among 44 eyes of 29 patients with no clinical evidence of choroidal involvement, only 7 eyes of 6 patients had no
ICGA evidence of choroidal involvement. On the other hand, ICGA findings suggesting choroidal involvement were noted
in 37 (84.1%) eyes of 23 patients in the form of HDDs in all 37 (100%) eyes, HGLs in 7 (18.9%) eyes, disc hyper-
fluorescence in 20 (45.5%) eyes, fuzzy stromal vessels in 17 (38.6%) eyes, early hyperfluorescent stromal vessels in 13
(29.5%) eyes, late pinpoint hyperfluorescence in 11 (25%) eyes and late diffuse choroidal hyperfluorescence in 7 (15.9%)
eyes. Among 33 eyes of 19 patients with clinically evident choroidal involvement, the following findings were identified;
HDDs in 12 (36.4%) eyes, HGLs in 10 (30.3%) eyes, both HDDs and HGLs in 9 (27.3%) eyes, disc hyperfluorescence in 11
(33.3%) eyes, early hyperfluorescent stromal vessels in 7 (21.2%) eyes, fuzzy stromal vessels in 6 (18.2%) eyes and late
diffuse choroidal hyperfluorescence was present in 2 (6.1%) eyes.
Conclusions ICGA is necessary in identifying and diagnosing subclinical tuberculous choroidal involvement. The most
prevalent ICGA finding was persistent HDDs.

Introduction

Tuberculosis (TB) is a slowly progressive chronic, granu-
lomatous infection caused by Mycobacterium tuberculosis
[1]. TB usually affects the lungs, but can also affect other
organs and systems like the cardiovascular system, geni-
tourinary tract, gastrointestinal system, musculoskeletal
system, central nervous system, skin, and eyes [2, 3].

Clinically, presumed intraocular tuberculosis (PIOTB)
can be due to direct infection, or an indirect immune-
mediated hypersensitivity response to mycobacterial anti-
gens when there is no defined active systemic lesion any-
where in the body or the lesion is believed to be inactive [4–
8]. Clinical manifestations of PIOTB include acute anterior
uveitis, chronic granulomatous anterior uveitis, intermediate
uveitis, vitritis, retinal vasculitis, neuroretinitis, solitary or
multiple choroidal tubercles, multifocal choroiditis (MFC),
choroidal granulomas, serpiginous-like choroiditis, sub-
retinal abscess, endophthalmitis and panophthalmitis. Of
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these various intraocular presentations, the most common
clinical presentations appear to be panuveitis and posterior
uveitis [9, 10].

The diagnosis of tuberculous uveitis is usually pre-
sumptive. In most studies, the diagnostic criteria for pre-
sumed tuberculous uveitis were: (1) ocular findings
consistent with possible intraocular TB with no other cause
of uveitis suggested by history of symptoms or ancillary
testing. (2) Strongly positive tuberculin skin test results (15
mm or more area of induration/necrosis). (3) Response to
anti-tuberculous therapy (ATT) with absence of recurrences
[4, 6, 7, 11–16]. The absence of clinically evident pul-
monary TB does not rule out the possibility of ocular TB, as
about 60% of patients with extrapulmonary TB have no
evidence of pulmonary TB [17].

Indocyanine green angiography (ICGA) allows visuali-
sation of the choroidal vessels including the choriocapillaris
and stromal vessels as well as the choroidal stroma [18–21].
This is due to the fact that the dye fluoresces in the near
infrared wavelength [22]. Indocyanine green molecule is
twice as large as the fluorescein molecule (751 Daltons) but
still is a very small molecule. The fact that it is almost
completely (98–99%) protein bound results in a macro-
molecular behaviour (66,500 Daltons and larger). Thus, it
does not leak from normal and moderately inflamed retinal
vessels, but leaks through the large fenestrations of chor-
iocapillaris, albeit slowly [18, 23].

Previous studies reported ICGA findings in PIOTB
[15, 24–28]. The objective of this study is to investigate
ICGA findings in a large series of patients with PIOTB
uveitis who presented at our tertiary eye care centre.

Methods

The medical records of all patients who presented with
PIOTB to the emergency room, King Abdulaziz University
Hospital, Riyadh, Saudi Arabia from 2011 to 2019 were
retrospectively reviewed. Patients were included in the
study if they fulfil all the following inclusion criteria con-
sistent with the diagnosis of PIOTB: ocular findings con-
sistent with possible intraocular TB with no other cause of
uveitis suggested by history of symptoms or ancillary test-
ing, strongly positive purified protein derivative skin test
results (15 mm or more area of induration/necrosis), and
response to ATT with absence of recurrences after com-
pletion of treatment [13, 15, 16]. None of the patients
included in the study underwent interferon gamma release
assay as the test was not available in our institute until
recently. All patients were managed and followed-up by one
of the authors (AMA). Charts were reviewed for demo-
graphic data (age and gender), time interval between onset
of symptoms and presentation to our institute, initial best-

corrected visual acuity, findings of slit-lamp examination,
and dilated fundus examination. All patients underwent
imaging using optical coherence tomography, fundus pho-
tography (colour and red-free), fluorescein angiography
(FA), and ICGA using the Heidelberg scanning laser oph-
thalmoscope (HRA-2; Heidelberg Engineering, Heidelberg,
Germany). Only patients who had good quality ICGA
images that can be evaluated were included. All patients
gave informed and written consent. A bolus injection of 50
mg of indocyanine green diluted in 5-ml normal saline was
injected within 5 s. Frames were captured at close intervals
in the first 3 min, followed by intermediate phase frames at
7–15 min and late frames at 20, 25 and 30 min. Each ICGA
was interpreted by two independent observers (MAA,
LDS). In case of doubt, both observers, along with (AMA)
reviewed the images together and reached a consensus.

ICGA signs

Based on previous publications [15, 20, 24–27, 29, 30], we
looked at the following major ICGA signs of choroidal
involvement: hypofluorescent dark dots (HDDs); both
transient and persistent, hypofluorescent geographic lesions
(HGLs), fuzzy vascular patterns of large stromal vessels and
disc hyperfluorescence. Other minor ICGA signs that were
previously reported were: disturbance/delay in early chor-
iocapillaris circulation, hyperfluorescent pinpoints and dif-
fuse late hyperfluorescence.

Statistical analysis

Data were collected and entered using Microsoft Excel
2018® database. Frequencies and percentages were calcu-
lated for each category. Cohen’s Kappa analysis was per-
formed using SPSS® version 19.0 (IBM Inc., Chicago,
Illinois) to examine inter-observer agreement between
MAA and LDS. Kappa (κ) values were interpreted as fol-
lows: <0, poor agreement; 0–0.20, slight agreement;
0.21–0.40, fair agreement; 0.41–0.60, moderate agreement;
0.61–0.80, substantial agreement and >0.80, almost perfect
agreement.

Results

Patient characteristics

A total of 48 patients (79 eyes) with PIOTB who underwent
ICGA imaging were enroled in this study. Two eyes of two
patients were excluded due to poor image quality. There-
fore, good quality ICGA was available for 77 eyes of 48
patients. One eye was involved in 19 (39.6%) patients, and
both eyes were involved in 29 (60.4%) patients. Table 1
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presents the demographic and clinical characteristics of the
study subjects.

Anterior segment findings were as follows; 33 (42.9%)
eyes had granulomatous reaction in the form of mutton-fat
keratic precipitates in 24 (31.2%) eyes, iris nodules in 2
(2.6%) eyes, both mutton-fat keratic precipitates and iris
nodules in 7 (9.1%) eyes, 39 (50.6%) eyes had 1+ cells or
less in the anterior chamber, 15 (19.5%) eyes had 2+ cells
or more and 21 (27.3%) eyes had posterior synechia.

Posterior segment findings were as follows; vitreous
involvement in the form of vitreous haze in 37 (48.1%)
eyes, large vitreous snowballs in 23 (29.9%) eyes and

macular oedema in the form of cystoid spaces, diffuse ret-
inal thickening, and/or subretinal fluid was identified in 40
(51.9%) eyes. Retinal vasculitis manifesting as perivenous
vascular sheathing was noted in 12 (15.6%) eyes. Clinically
evident choroidal involvement was present in 33 (42.9%)
eyes (19 patients; bilateral disease in 14 patients and uni-
lateral disease in 5 patients) in the form of active MFC in 21
(27.3%) eyes, serpiginous-like choroiditis in 10 (12.9%)
eyes and solitary choroidal granuloma in 2 (2.6%) eyes.
Optic nerve head hyperaemia was detected in 37 (48.1%)
eyes. Forty-four (57.1%) eyes (29 patients; bilateral disease
in 15 patients and unilateral disease in 14 patients) did not
show clinical or FA evidence of choroidal involvement.
According to the Standardisation of Uveitis Nomenclature
[31], the anatomic diagnosis was intermediate uveitis in 26
(33.8%) eyes, posterior uveitis in 27 (35.1%) eyes and
panuveitis in 24 (31.2%) eyes.

Based on our protocol [13], all patients with PIOTB
received standard treatment with anti-tuberculous medica-
tion for 9 months starting with four drugs in the first
2 months (isoniazid 300 mg daily, rifampicin 450 mg daily,
pyrazinamide 30 mg daily and ethambutol 15 mg/kg daily),
followed by a continuation phase with isoniazid and
rifampicin only. Systemic corticosteroids (1 mg/kg) and
pyridoxine were started along with anti-tuberculous medi-
cation to all patients. The follow-up was every 2 weeks for
8 weeks and then every 1–2 months as required to monitor
response to therapy. None of the patients developed flare-up
after discontinuation of anti-tuberculous treatment.

ICGA findings

ICGA was evaluated in 77 eyes (48 patients) included in
this study. Inter-observer agreement with regard to detecting
different ICGA signs was as follows: all HDDs, κ= 0.674;
persistent HDD, κ= 0.792; transient HDD, κ= 0.698;
HGLs, κ= 0.941; fuzzy vascular patterns, κ= 0.280 and

Table 1 Demographic and clinical characteristics of the study subjects.

Characteristic

Gender

Male 22 patients (45.8%)

Female 26 patients (54.2%)

• Age in years, mean ± SD [range] 42 ± 13 (19–65)

• Interval between onset of symptoms and
presentation, median [range]

90 days (2 days to
5 years)

• Family history of pulmonary
tuberculosis

9 patients (18.8%)

• Snellen visual acuity at presentation,
median [range]

20/80 (light perception—
20/20)

• Main presenting complaintsa

Decreased vision 34 patients (70.8%)

Ocular pain 6 patients (12.5%)

Red eye 6 patients (12.5%)

Floaters 1 patient (2.08%)

• Evidence of old pulmonary tuberculosis
on CT chest

18 patients (37.5%)

• Positive PPD skin test 48 patients (100%)

Area of induration in mm, mean ± SD
[range]

23.5 ± 9.9 [12–50]

aData not available for one patient.

Fig. 1 A 40-year-old male who
was diagnosed as intermediate
uveitis. Fundus photo of the
right eye (a). Note that there was
no clinical evidence of choroidal
involvement. Indocyanine green
angiography (b) shows multiple
hypofluorescent dark dots that
persists throughout the study.
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disc hyperfluorescence, κ= 0.946. ICGA signs of choroidal
involvement was present in 70 (90.9%) eyes (42 patients;
87.5%).

ICGA findings in eyes with no clinical evidence of choroidal
involvement

Among the 44 eyes (29 patients) with no clinical or FA
evidence of choroidal involvement, 37 (84.1%) eyes of 23
patients had ICGA findings suggestive of choroidal invol-
vement (bilateral disease in 14 patients and unilateral dis-
ease in 9 patients). The ICGA signs were HDDs in all 37
(100%) eyes (Fig. 1). Among these eyes, 23 (62.2%) eyes
of 13 patients had persistent HDDs up to the late frames,

and 14 (37.8%) eyes of 10 patients had partial thickness
HDDs that became isofluorescent on the late angiographic
frames. Seven eyes (18.9%) of 4 patients had HGLs in
addition to HDDs.

Disc hyperfluorescence was seen in 20 (45.5%) eyes (13
patients), It has to be noted that on ICGA the disc should be
completely dark and any fluorescence present is abnormal and
is termed disc hyperfluorescence [30]. Early hyperfluorescent
stromal choroidal vessels were noted in 13 (29.5%) eyes (nine
patients). Fuzzy or lost pattern of choroidal stromal vessels
were seen in 17 (38.6%) eyes (11 patients). Late diffuse
choroidal hyperfluorescence was seen in seven (15.9%) eyes
(four patients). Late pinpoint hyperfluorescence was detected
in 11 (25%) eyes (eight patients).

Fig. 2 A 31-year-old male with
serpiginous-like choroiditis.
Fundus photo of the left eye (a).
Indocyanine green angiography
shows confluent geographic
areas of hypofluoresence that
persists throughout the study (b,
c). In addition, note the disc
hyperfluorescence. Fundus
photo after treatment shows
scarring of the lesions (d).
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Furthermore, among eyes with no clinically evident chor-
oidal involvement that had ICGA signs (n= 37), the anatomic
diagnosis was intermediate uveitis in 18 (48.6%) eyes
(24 patients), panuveitis in 12 (32.4%) eyes (8 patients) and
posterior uveitis in 7 (18.9%) eyes (5 patients). In this group,
macular oedema was diagnosed in 24 (64.9%) eyes of
16 patients. Among the seven eyes (six patients) with no
clinical and ICGA findings of choroidal involvement, six
(85.7%) eyes of six patients had macular oedema.

ICGA findings in eyes with clinically evident choroidal
involvement

Within the 33 eyes of 19 patients with clinically evident
choroidal involvement, 10 (30.3%) eyes of 7 patients had
serpiginous-like choroiditis in which ICGA showed HGLs
in all (100%) eyes which was accompanied with HDDs in 5
of the 10 eyes (50%) (3 patients) (Fig. 2). Among the 21
(63.6%) eyes of 15 patients that had a clinical diagnosis of
MFC, ICGA revealed HDDs in 12 (57.1%) eyes (9 patients)
(Fig. 3), HGLs in 5 (23.8%) eyes (3 patients) (Fig. 4) and
both HDDs and HGLs in 4 (19.1%) eyes (3 patients)
(Fig. 3). Two (6.1%) eyes of two patients had solitary

choroidal granuloma which appeared on ICGA as a large
area of hypofluoresence that persisted throughout the study
(Fig. 5). In addition, HDDs were noted in one of the two
eyes with solitary choroidal granuloma.

Other ICGA signs noted were disc hyperfluorescence in
11 (33.3%) eyes (nine patients), early hyperfluorescent
stromal choroidal vessels in 7 (21.2%) eyes (seven patients),
fuzzy or lost pattern of choroidal stromal vessels in 6
(18.2%) eyes (six patients), late diffuse choroidal hyper-
fluorescence in 2 (6.1%) eyes (two patients) and late pin-
point hyperfluorescence in 4 (12.1%) eyes (four patients). In
this group of patients, macular oedema was diagnosed in ten
(30%) eyes of eight patients.

Discussion

We report ICGA findings of PIOTB in a series of 77 con-
secutive eyes. To the best of our knowledge, this is the largest
systematic study of ICGA findings in PIOTB. Indocyanine
green dye has high affinity to larger proteins, and fluoresces at
near infrared wavelengths. This allows visualisation beyond
the retinal pigment epithelium, which will help in detecting

Fig. 3 A 24-year-old male with
multifocal choroiditis. Fundus
photo of the right eye (a).
Indocyanine green angiography
(b, c) shows both
hypofluorescent dark dots and
hypofluorescent geographic
lesions that persist throughout
the study.
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subclinical choroidal involvement that is not evident by fun-
dus examination or FA. This has proved to be of high
importance in follow-up to detect subclinical disease activity
that needs proper attention and appropriate management
[18, 29]. In the current study, ICGA allowed us to diagnose
subclinical choroidal involvement in 84.1% of eyes that had
no clinical or FA evidence of choroidal involvement.

Similarly, Wolfensberger et al. reported a series of 15 eyes
of 8 patients in which ICGA disclosed subclinical choroidal
lesions that were not visible clinically nor on fundus FA, and
concluded that ICGA was useful in assessing and quantifying
the unknown extent of choroidal involvement in PIOTB [15].

Massy and Herbort [28] found in a retrospective review of 54
eyes of 38 patients with PIOTB that there was a preferential
involvement of the choroid for which ICGA was the preferred
tool of investigation. Thus, HDDs in patients with no clinical
evidence of choroidal involvement could represent subclinical
tuberculous choroidal infiltrates. These choroidal infiltrates
could be either full thickness (HDDs persistent up to late
angiographic frames) or partial thickness (HDDs becoming
iso-fluorescent on late angiographic frames) [15, 27]. There-
fore, ICGA should be considered in eyes diagnosed to have
PIOTB without clinical evidence of choroidal involvement.

We noted that HDDs were the most common, consistent
and reliable ICGA sign (60 out of 77 eyes) (77.9%)) with an
excellent inter-observer agreement. Furthermore, HGLs were
found in all ten eyes with serpiginous-like choroiditis. HGLs
were also noted in 8 out of 24 eyes with MFC. They were also
found in seven eyes with no clinically evident choroidal
involvement. This hypofluorescent geographic distribution
was described initially by De Luigi et al. [24] in a case report
of a multifocal serpiginous-like choroiditis and attributed the
hypofluoresence to choriocapillaritis instead of choroiditis.
When this pattern is formed by multiple confluent lesions, a
serpiginous-like picture can be observed.

The second most common sign was disc hyperfluorescence
(40.3%), which included all cases where the disc was not dark
in the intermediate-late phase as it should normally be. This
was seen in a slightly higher proportion of cases than what
was reported in previous series [28]. Early hyperfluorescent
stromal vessels in ICGA that was seen in only 25% was much
less than what was reported by Massy and Herbort, but late
pinpoint hyperfluorescence had a similar rate (20%) [28].
These pinpoint hyperfluorescent spots are thought to be due to
extensive binding of ICG molecules in areas where granulo-
matous foci developed, and they are well-documented in
sarcoidosis and Vogt–Koyanagi–Harada disease which are
other granulomatous uveitic entities [29, 30]. These hyper-
fluorescent pinpoints tended to respond to treatment [29, 30].
Fuzzy vessels correspond to active diffuse inflammatory
vasculopathy leading to leakage from these inflamed vessel
walls, leading to the late diffuse choroidal hyperfluorescence
[15]. These signs were found to be reversible almost com-
pletely in response to treatment [15]. Fuzzy choroidal vessels
were not as frequent as what was reported in previous studies
[15, 28]. Massy and Herbort [28] reported that it was the most
frequent sign in PIOTB. It is possible that fuzzy choroidal
vessels might be only picked up by more experienced ICGA
readers as evident by the low κ value.

In conclusion, we report the ICGA findings in a large
consecutive group of PIOTB. The most consistent find-
ings were HDDs of variable size, and disc hyper-
fluorescence. ICGA angiography must be considered in all
PIOTB patients in order to diagnose subclinical choroidal
involvement.

Fig. 4 A 21-year-old male with multifocal choroiditis. Fundus photo
of the right eye (a). Indocyanine green angiography (b, c) shows
hypofluorescent geographic lesions corresponding to the multifocal
choroiditis lesions which persist throughout the study.
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Summary

What was known before

● ICGA is crucial in detecting subclinical choroidal
involvement leading to early diagnosis in patients with
uveitis.

● ICGA is the method of choice to monitor disease
activity in uveitic entities involving the choroid.

What this study adds

● This study describe indocyanine green angiographic
findings in a large series of 48 patients (77 eyes) with
presumed intraocular TB.

● ICGA was mandatory in identifying and diagnosing
subclinical tuberculous choroidal involvement.
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