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Abstract
Purpose To determine clinical characteristics and identify factors associated with better visual outcomes in patients who had
vitrectomy for vitreous haemorrhage (VH) associated with Terson syndrome (TS).
Methods The records of 48 patients (54 corresponding eyes) who underwent vitrectomy for VH associated with TS from
January 2008 to December 2017 were retrospectively reviewed. The main outcome measure was the final postoperative
visual acuity.
Results At the last visit, 34 eyes (63.0%) achieved a BCVA of 0.3 or better. Eyes associated with traumatic brain injury had
a better visual outcome than those with primary intracerebral haemorrhage (P= 0.042). In the primary intracerebral hae-
morrhage group, patients with hypertension-induced intracranial haemorrhage (IH) showed poorer final visual acuities than
the ruptured intracranial aneurysm group (P= 0.023). In the delayed vitrectomy group, epiretinal membrane and peripheral
retina changes were more common (P < 0.05). However, the difference in final visual acuity between the early and delayed
vitrectomy groups was not significant (P= 0.69).
Conclusion Most of the patients obtained visual recovery after vitrectomy for TS. VH associated with ruptured intracranial
aneurysm or traumatic brain injury or eyes without retinal haemorrhage are predictive of better prognosis. Although the
timing of vitrectomy was not related to the final postoperative visual outcome, early vitrectomy by three months seems to
suggest less epiretinal membrane formation, retinal tears, and retinal detachments.

Introduction

Subhyaloid (preretinal), retinal, and/or vitreous haemor-
rhage (VH) with aneurysmal subarachnoid haemorrhage
(SAH) were initially described by Moritz Litten in 1881 and
were named Terson syndrome (TS) by Albert Terson in
1900 [1]. Thereafter, the definition was broadened to
intraocular haemorrhage related to intracranial haemorrhage

(IH) caused by a variety of reasons (e.g., brain trauma). The
reported incidence of TS varies widely, ranging from 2.6 to
28% [2–5], possibly due to the high mortality of IH and the
relatively low rate of detection. The exact pathophysiolo-
gical mechanism of the ocular changes remains unknown.
Most studies have suggested that increased intracranial
pressure is transmitted via the subarachnoid space to optic
nerves, resulting in venous hypertension and secondary
capillary rupture [6]. Some studies have found evidence that
blood could directly extravasate into the eye via the sub-
arachnoid space between the optic nerve and its sheath, but
this hypothesis remains controversial, as the connection
between vitreous and subarachnoid space has not been
proven [7, 8].

Factors relating to intraocular haemorrhage include high
scores on the Hunt–Hess and Fisher Scales, low scores on
the Glasgow Coma Scale, arterial hypertension, larger
aneurysms, and older age [2, 9]. Ophthalmologic treatment
is usually conservative initially, and vision in most eyes
improves with spontaneous absorption of the haemorrhage
within a few months; however, the VH may not clear,
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increasing the risk of secondary glaucoma, retinal detach-
ment (RD), proliferative retinopathy, and cataracts, which
can compromise visual recovery even further. Timely sur-
gical treatment with pars plana vitrectomy is often
employed to remove the blood, usually resulting in sig-
nificant improvement of vision [10–12]. Garweg et al. [12]
found that patients operated within 3 months after VH
achieved a better final best corrected visual acuity (BCVA)
than those who waited longer, while there was no difference
in the final BCVA between early and delayed vitrectomy
(more than 3 months) in another study [13]. The timing of
vitrectomy for VH in TS remains under debate.

In this retrospective study, we discuss the clinical char-
acteristics of patients who have undergone vitrectomy for
VH associated with TS and attempt to identify factors
associated with better visual prognosis, aiming to help
physicians better manage these complicated patients.

Materials and methods

The records of patients who were admitted to our ophthal-
mology department with TS-related VH and who underwent
vitrectomy by nine surgeons from January 2008 to
December 2017 were retrospectively reviewed. Detailed
information was collected from patients with a history of IH
related to the onset of VH. The diagnosis of IH was con-
firmed by the neurology department before being referred to
our department. All research was performed in accordance
with the tenets of the Declaration of Helsinki and was
approved by the Ethics Committee of the Second Hospital
affiliated with Jilin University.

The data were collected retrospectively from patient
medical records and included demographic characteristics,
systemic disorders, surgical history, cause of IH, presenting
visual acuity, details of the examination, timing of oph-
thalmic surgery, intraoperative procedures, and operative
details (gauge of vitrectomy, posterior vitreous detachment
(PVD), locations of haemorrhage, retina exudate, retinal
tear and detachment, epiretinal membrane, tamponades,
etc.). Postoperative complications, follow-up duration, and
final anatomic and functional outcomes were also included.
We excluded cases of VH secondary to other reasons or
combined with other related diseases, such as diabetic
retinopathy or ocular trauma, patients who were lost to
follow-up, and those with insufficient medical records.

On admission, all eyes underwent a thorough ophthal-
mological examination. Visual acuity measurements were
obtained using the Tumbling E or Early Treatment Diabetic
Retinopathy Study charts following a standardized protocol
and were recorded as decimal fractions. To facilitate cal-
culations, light perception, hand movement, and finger
counting were recorded as 0.0025, 0.005, and 0.014,

respectively [14, 15]. After preoperative written informed
consent was obtained, all patients underwent a standard
three-port 20-gauge (20 G), 23-gauge (23 G), or 25-gauge
(25 G) pars plana vitrectomy. Phacoemulsification and
intraocular lens (IOL) implantation were performed in eyes
with severe cataracts that affected the intraoperative visua-
lization of the retina. Additional surgical procedures,
including endolaser, membrane peeling, and silicone oil or
gas tamponade, were performed when retinal tears and RD
were found intraoperatively. Membrane peeling was per-
formed to treat epiretinal membranes, and subinternal lim-
iting membrane haemorrhage (subILM) was an indication
for internal limiting membrane (ILM) peeling. The BCVA,
intraocular pressure (IOP), and complete eye examination
were documented after the operation.

Descriptive statistics, a t test, a χ2 test, or Fisher’s exact
test, were used for comparisons between groups. The
Mann–Whitney U test or Kruskal–Wallis test was applied
for comparisons of data with abnormal distributions. Sta-
tistical analyses were performed with SPSS Version 19.0
(SPSS Inc., Chicago, IL), and a value of P < 0.05 indicated
statistical significance.

Results

A total of 3942 patients were diagnosed as having VH from
January 2008 to December 2017, and among these, 52
patients were confirmed as having TS. One patient was
excluded because her mental state did not permit a visual
acuity assessment. Two patients were excluded because
they had repeat haemorrhage in the brain and died after
vitrectomy, and one patient was not included due to follow-
up cessation. Therefore, 54 eyes of 48 patients were
included in this study. Preoperative data are shown in
Table 1. Of the recruited patients, 28 were male (58.3%).
The mean age was 49.44 ± 9.82 years. Twenty patients
(41.7%) had a history of hypertension with durations ran-
ging from 1 month to 30 years. Eleven eyes of eleven
patients (22.9%) had VH secondary to IH resulting from
traumatic brain injury, and 43 eyes of 37 patients had VH
secondary to primary intracerebral haemorrhage. Among
the latter group, 33 eyes of 28 patients (58.3%) had VH
secondary to ruptured intracranial aneurysm and SAH, and
the remaining ten eyes of nine patients (18.8%) had a his-
tory of hypertension-induced IH. The distributions of causes
of IH and age are shown in Fig. 1a. Seven (14.6%) patients
underwent only medical treatment, and 19 (39.6%) under-
went endovascular coiling for intracranial aneurysm; neu-
rosurgical clipping or decompressive hemicraniectomy was
performed on 22 (45.8%) patients. Seventeen (35.4%)
patients had VH in the right eye, and 21 (43.8%) had VH in
the left eye. Bilateral VH occurred in ten (20.8%) patients.
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The mean follow-up period was 11.78 ± 17.04 (4–42)
months (Table 1).

A 20G vitrectomy was performed on 21 eyes (38.9%), a
23G vitrectomy was performed on 16 eyes (29.6%), and a
25 G vitrectomy was performed on 17 eyes (31.5%). During
surgery, in addition to VH, concurrent subILM was found
in four eyes, subhyaloid haemorrhage in four eyes, sub-
retinal haemorrhage (submacular haemorrhage not inclu-
ded) in five eyes, and intraretinal haemorrhage in three eyes
(Supplementary Fig. 1a, b) [16, 17]. Three eyes had con-
current subILM haemorrhage and subhyaloid haemorrhage,
showing a “double-ring sign” [18]. Haemorrhage beneath
foveal and perifoveal areas (submacular haemorrhages) that
could not be cleared with vitrectomy were found in two
(3.7%) eyes. One eye had both intraretinal and subretinal
haemorrhages. Seven eyes had retinal exudation near the
macular area or the vascular arch (Supplementary
Fig. 1c–f). One eye had neovascularization of the optic disk.
PVD was found in six eyes, and partial PVD was found in
32 eyes. Cryotherapy was performed in five instances, and
endolaser coagulation was performed in 11 instances for
retinal tears or degeneration of the area; membrane peeling
was performed intraoperatively in 19 (35.2%) eyes with
epiretinal membrane, and among these 19 eyes, ILM peel-
ing was performed in four (7.4%) eyes with epimacular
membrane. Fluid tamponade was used in 34 (63.0%) eyes,

air tamponade was used 12 (22.2%) eyes, C3F8 tamponade
was used in four (7.4%) eyes, and silicone oil tamponade
was used in four (7.4%) eyes. Four eyes were found to have
tractional RD at the time of vitrectomy and were treated
successfully with endolaser coagulation and silicone oil
tamponade, which was removed 3 months later. No RD,
uncontrollable elevated IOP, or repeat haemorrhage occur-
red after the surgery. No patients were pseudophakic at the
time of presentation; six phacoemulsifications and IOL
implantations were performed during the vitrectomy. Post-
vitrectomy cataract formation was observed in two eyes,
and phacoemulsification with IOL implantation was per-
formed during the postoperative follow-up (Table 2).

Figure 1b shows the distributions of the initial BCVA
and final BCVA. In all cases, the BCVA at the final follow-
up was significantly improved compared with that at pre-
sentation (P < 0.005). The only two eyes with visual acuity
improvement from light perception to finger counting had
severe submacular haemorrhage at the time of vitrectomy
and no sign of absorption at the final visit after 6 months.

Table 1 Clinical characteristics of Terson syndrome with vitreous
haemorrhage

Age (years) 49.44 ± 9.82

Gender

Male 28 (58.3%)

Female 20 (41.7%)

History of hypertension 20 (41.7%)

Causes of IH primary intracerebral haemorrhage

Ruptured intracranial aneurysm 28 (58.3%)

IH induced by hypertension 9 (18.8%)

Traumatic brain injury 11 (22.9%)

Treatment for IH

Medical treatment 7 (14.6%)

Endovascular coiling 19 (39.6%)

Neurosurgical clipping/
decompressive hemicraniectomy

22 (45.8%)

VH in right eye 17 (35.4%)

VH in left eye 21 (43.8%)

VH in bilateral 10 (20.8%)

Time between IH and vitrectomy 2.73 ± 6.11
(0.5–10) months

Mean follow-up period 11.78 ± 17.04
(4–42) months

IH intracranial haemorrhage

Fig. 1 a Distribution of causes of IH and age. Patients with
hypertension-induced IH show an older age distribution. IH intracra-
nial haemorrhage. b Distribution of the initial BCVA (x-axis) and the
final BCVA (y-axis). Each eye is denoted by a dot. BCVA best cor-
rected visual acuity
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Forty-five eyes (83.3%) achieved a BCVA >0.1; among
these, 34 (63.0%) achieved a BCVA of 0.3 or higher, and
six eyes (11.1%) achieved a BCVA >0.8. Table 3 shows the
prognostic indicators of final BCVA. Eyes with traumatic
brain injury had a better visual outcome than those with
primary intracerebral haemorrhage. Only 25 (58.1%) eyes
with VH secondary to primary intracerebral haemorrhage
achieved a final BCVA better than 0.3, while ten (90.9%)
eyes with traumatic brain injury had a final visual acuity
≥0.3 (p= 0.042). Within the primary intracerebral hae-
morrhage group, patients with hypertension-induced IH
showed worse final visual acuities (0.19 ± 0.13) than the
ruptured intracranial aneurysm group (0.41 ± 0.28) (P=
0.023). All patients with hypertension-induced IH had a
final postoperative BCVA of <0.5. A differentiation of
visual acuities according to retinal haemorrhage showed
that 31 eyes (72.1%) without subretinal, submacular, or
intraretinal haemorrhage had a final BCVA >0.3, while only

four eyes (36.4%) with haemorrhage had the same visual
outcome (P= 0.027). Although no statistically significant
correlations of final BCVA with other variables were
observed, eyes with accompanying ocular pathologies, such
as RD, retinal holes, or areas of degeneration, had worse
visual outcomes, although presenting with a visual acuity
>0.1 suggests a final visual acuity >0.5. The delay between
IH and vitrectomy together with age, gender, other ocular
findings and surgical procedures (e.g., gauges of vitrect-
omy, cryotherapy, endolaser coagulation, membrane peel-
ing, and tamponade) were not found to be predictive factors
of poor visual outcomes (Table 3).

Table 2 Clinical findings during vitrectomy

Gauge of vitrectomy

20 G 21 (38.9%)

23G 16 (29.6%)

25G 17 (31.5%)

Concurrent haemorrhage

SubILM haemorrhage 4 (7.4%)

Subretinal haemorrhage 5 (9.3%)

Submacular haemorrhage 2 (3.7%)

Subhyaloid haemorrhage 4 (7.4%)

Intraretinal haemorrhage 3 (5.6%)

“Double-ring sign”a 3 (5.6%)

Exudation within the posterior pole 7 (13.0%)

Neovascularization on optic disk 1 (1.9%)

Posterior vitreous detachment

Complete 6 (11.1%)

Partial 32 (59.3%)

None 16 (29.6%)

Tamponade

Fluid 34 (63.0%)

Sterilized air 12 (22.2%)

C3F8 4 (7.4%)

Silicone oil 4 (7.4%)

Phacoemulsification and IOL implantation

During vitrectomy 6 (11.1%)

During follow-up 2 (3.7%)

Subretinal haemorrhage: haemorrhage beneath the retina, except the
macular area

ILM internal limiting membrane
a“double-ring sign”: haemorrhage both under the ILM and the
subhyaloid

Table 3 Prognostic indicators of final BCVA

Variables Teams Final
BCVA ≥ 0.3

P value

Gender Male 19 (59.4%) 0.313

Female 16 (72.2%)

Age (years) <45 10 (71.4%) 0.747

≥45 25 (62.5%)

Cause of IH Primary
intracerebral
haemorrhage

25 (58.1%) 0.042

Traumatic
brain injury

10 (90.9%)

History of hypertension No 20 (66.7%) 0.750

Yes 15 (62.5%)

Presenting visual acuity <0.1 29 (61.7%) 0.400

≥0.1 6 (85.7%)

Timing of vitrectomy <3 months after IH 27 (69.2%) 0.273

≥3 months after IH 8 (53.3%)

Tamponade Fluid or
sterilized air

30 (65.2%) 0.882

C3F8 or
silicone oil

5 (62.5%)

Gauge of vitrectomy 20G 13 (61.9%) 0.585

23G 12 (75.0%)

25G 10 (58.8%)

Retinal haemorrhage No 31 (72.1%) 0.027

Yes 4 (36.4%)

Subretinal exudation No 31 (66.0%) 0.649

Yes 4 (57.1%)

Epiretinal membrane No 24 (68.6%) 0.433

Yes 11 (57.9%)

Retinal detachment No 34 (65.4%) 0.655

Yes 1 (50.5%)

Laser coagulation or
cryotherapy for retinal
tears or degeneration

No 19 (63.3%) 0.799

Yes 16 (66.7%)

Retinal haemorrhage: subretinal, submacular and intraretinal
haemorrhage

IH intracranial haemorrhage
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The mean time between IH and vitrectomy was 2.73 ±
6.11 (0.5–10) months. Thirty-two eyes (59.3%) underwent
vitrectomy in less than 3 months, and 22 eyes (40.7%)
underwent vitrectomy after more than 3 months. The dif-
ference in the final visual acuity between the two groups
was not significant (P= 0.69), suggesting that early
vitrectomy may not be related to visual recovery. When the
results were analysed with the causes of IH as separate
subgroups, the operative timing still did not influence the
visual prognosis. However, in the delayed vitrectomy
group, four eyes (18.2%) had developed macular mem-
branes at the time of vitrectomy, and ten eyes (45.5%)
developed epiretinal membranes on other areas except the
macular; the difference was significant compared with the
early vitrectomy group (P= 0.001). The incidences of ret-
inal holes and degeneration areas on the peripheral retina
were increased when the vitrectomy was delayed. The 46
eyes without peripheral retina changes underwent the
operation at an average of 2.67 ± 1.77 months after IH,
whereas the eight eyes with changes underwent the opera-
tion at 3.63 ± 3.22 months (P= 0.029). Within 3 months,
the difference was not significant (P= 0.564); however, at
6 months after IH, the occurrence of peripheral retina tears
and degeneration became more common (P= 0.032). The
differences in PVD, RD, retinal exudation, tamponade, and
the rate of postoperative complications between the early
and late vitrectomy groups were not significant.

Discussion

In the current study, we investigated the clinical features
and predictive factors of visual outcomes in TS patients
with VH. In addition to VH, posterior pole subinternal
limiting membrane or subhyaloid haemorrhages, subretinal
haemorrhages, and submacular haemorrhages have been
reported in TS [10, 13, 19]. In this study, the rates of other
types of haemorrhages were similar to previously reported
results. During vitrectomy, haemorrhage beneath the ILM
was found in four eyes (7.4%), and haemorrhage under the
ILM together with the subhyaloid showed a macular
double-ring sign in three eyes (5.6%) [18]; subretinal hae-
morrhage was found in five eyes (9.3%), and submacular
haemorrhage was found in two eyes (3.7%). Gnanaraj et al.
[19] reported subretinal haemorrhage in two eyes (8%) and
submacular haemorrhage in one eye (4%), apart from VH.
Narayanan et al. [13] reported that three eyes (10.7%) had
subhyaloid haemorrhages, and one eye (3.6%) had a sub-
ILM found during vitrectomy for TS. A 39% incidence of
macular haemorrhages that accumulated beneath the ILM
was reported in TS patients [10]. In children, the data were
comparable to those of adults, in that subhyaloid haemor-
rhage and subILM were found in one eye (3.6%), subILMs

were found in five eyes (17.9%), subretinal haemorrhage
was found in one eye (4%), and submacular haemorrhage
was found in two eyes (7%) [20]. Epiretinal membranes
were reported in 15–59% of patients [7, 10, 12, 21, 22]. In
this case series, 19 eyes (35.2%) had epiretinal membranes.
In seven eyes (13.0%), retinal exudation was found near the
macular area or the vascular arch. Retinal exudation was
less frequently discussed in reported cases, perhaps because
it has a lesser effect on vision and is further from the
macula. The exudation showed lipid-like changes on fundus
examination and a high-intensity signal on optical coher-
ence tomography scanning. Neovascularization was present
in the optic disk in one patient in our series, which seems to
be a less frequent finding and might be associated with a
long duration before vitrectomy and a history of hyperten-
sion. However, additional cases are needed to reach a
credible conclusion.

In this case series, patients with VH secondary to IH had
rapid and favourable visual acuity rehabilitation after
vitrectomy. In total, 45 eyes (83.3%) achieved a BCVA
>0.1; among these, 34 (63.0%) achieved a BCVA of 0.3 or
higher. In this case series, the visual acuity improvements of
eyes with intracranial-induced VH closely resembled the
gains reported for other specific VH causes, such as trau-
matic brain injury and SAH, as well as for all causes of TS
[11–13, 19, 23, 24]. Furthermore, we compared visual
prognoses based on the IH causes and found that eyes with
traumatic brain injury had a better visual outcome than
those with primary intracerebral haemorrhage. In the pri-
mary intracerebral haemorrhage group, patients with
hypertension-induced IH showed a worse final visual acuity
than the ruptured intracranial aneurysm group. This result
may be related to arteriosclerosis in not only cerebral ves-
sels but also retinal vessels in the hypertensive patients,
which could have adverse effects on the blood supply and
neural function of the retina. As no study has compared
vision recovery in terms of the different causes of IH, this is
the first study to demonstrate that hypertension-induced IH
might indicate a worse visual outcome; however, larger
numbers of subjects are needed to draw a more accurate
conclusion.

Subretinal, submacular, and intraretinal haemorrhages
were found in 11 eyes in this study, and only four (36.4%)
of these eyes achieved a visual acuity better than 0.3, while
the 31 eyes (72.1%) without retinal haemorrhage achieved
the same level. Retinal haemorrhage, especially submacular
haemorrhage, could have severely influenced retinal func-
tion recovery, as these types of haemorrhage could not be
cleared with surgery and affect the function of retinal cells.
Future studies with additional cases will help confirm this
finding.

The timing of vitrectomy in TS patients is a subject of
debate. In our cases, when referred to our centre, the
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patients were evaluated to assure that the IH was in stable
condition and that the physical status was suitable for
vitrectomy by the neurosurgeon and anaesthetist. There was
often no delay when they were confirmed to be appropriate
for the operation. We found that most cases of TS patients
who had a dense VH showed no sign of self-absorption, and
during surgery, even though there was no PVD, the hae-
morrhage of the TS could be cleared much easier than the
other causes with fewer complications, such as retinal tear.
More studies are needed to confirm this empirical surgical
finding of relatively easier haemorrhage clearance and fewer
surgical complications. Some cases of thin blood in the
vitreous were observed for 1–2 months. In a recent study of
patients with VH after intracranial injury, no difference was
found in the final BCVA between the early vitrectomy and
delayed vitrectomy (more than 3 months) groups, suggest-
ing that a prolonged observation of VH can be performed
[13]. In this analysis, we also found that the delay between
IH and vitrectomy was not a predictive factor for visual
outcome at either 3 or 6 months. However, a greater number
of eyes in the delayed vitrectomy group exhibited epiretinal
membranes, retinal holes, or degeneration areas on the
peripheral retina, which may increase the difficulty of sur-
gery and impair vision recovery. Delayed vitrectomy was
also found to be associated with an increased risk of com-
plications in the previous reports [25–27], and early
vitreoretinal surgery in TS patients has been suggested to
facilitate rapid vision recovery without substantial dis-
advantages [12, 24, 28, 29]. Meanwhile, one observational
study found that in nearly half of the patients, the VH was
not absorbed within 19 months, and a higher rate of epir-
etinal membranes was reported in the nonvitrectomy group
[30, 31]. Therefore, waiting for spontaneous absorption of
the VH may be infeasible and harmful, with surgical
intervention appearing to be inevitable in most cases. Early
vitrectomy is recommended when patients’ systemic con-
ditions permitted, because rapid visual recovery can occur
in most cases, along with a reduction in complications,
especially for patients with binocular involvement, to
improve quality of life.

Conclusion

The findings in this case series suggested that in most TS
patients, vitrectomy effectively provided rapid visual reha-
bilitation, and cases secondary to ruptured intracranial
aneurysms and traumatic brain injuries, as well as those
without retinal haemorrhage tended to have a better visual
prognosis. The timing of vitrectomy was not related to the
final postoperative visual outcomes or the occurrence of
complications associated with VH persistence, except for
epiretinal membrane formation, retinal tears, and

degeneration areas. Therefore, although visual function may
not be influenced by delayed vitrectomy, early operation is
recommended to prevent epiretinal membrane formation
and retinal tears. Close collaboration between neuro-
surgeons and vitreoretinal surgeons is very important for the
proper diagnosis and treatment of TS.

Summary

What was known before

● Most of patients with TS had rapid visual recovery after
vitrectomy for VH.

What this study adds

● VH secondary to ruptured intracranial aneurysm in
primary intracerebral haemorrhage group or traumatic
brain injury and eyes without retinal haemorrhage are
predictive of better prognosis.

● The timing of vitrectomy was not related to final
postoperative visual outcomes.

● Early vitrectomy is suggested to prevent epiretinal
membrane formation and retinal tears, as well as to
facilitate the rehabilitation of quality of life and self-care
ability.
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