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Abstract
Introduction To investigate the incidence and causes of intraoperative choroidal detachment (CD) during small-gauge
vitrectomy, as well as the anatomic and visual outcomes.
Methods We retrospectively reviewed the medical records of 1026 consecutive patients who underwent small-gauge
vitrectomy from June 2017 to December 2018 at Zhongshan Ophthalmic Centre, Guangzhou, China. Data on the presence,
location, and extent of intraoperative CD and its relationship to the infusion cannula were collected. Patient demographic
characteristics and postoperative anatomic and visual outcomes were also assessed.
Results A total of six cases were found to have intraoperative CD, including two with serous CD, three with limited
haemorrhagic CD, and one with CD caused by inadvertent perfusion of gas during air/fluid exchange. Retraction of the
infusion cannula and acute ocular hypotony were found to be the main causes of intraoperative CD in five out of the six
cases. The best-corrected visual acuity of all cases significantly improved after the surgery.
Conclusion The incidence of intraoperative CD during small-gauge vitrectomy is low; the predominant causes are retraction
of the infusion cannula and acute ocular hypotony. Immediate awareness and timely closure of the incision may contribute to
a better surgical prognosis.

Introduction

Pars plana vitrectomy (PPV) has been widely acknowl-
edged as an effective and safe surgical intervention for a
wide range of vitreoretinal diseases [1, 2]. Nowadays,
small-gauge vitrectomy has been more widely used than the
standard 20-gauge (20-G) PPV due to its well-reported
advantages. In a small-gauge vitrectomy, sclerotomies are

created with trocars to place the cannulas across the con-
junctiva, sclera, and pars plana [3–9]. Although the safety of
small-gauge vitrectomy has been widely recognised,
intraoperative choroidal detachment (CD) occasionally
occurs and may cause loss of visual acuity or even result in
ocular enucleation as an expulsive choroidal haemorrhage
[10, 11]. The intraoperative CD is an uncommon but
devastating complication of PPV, which could severely
worsen the patient’s surgical prognosis if there is not an
appropriate intervention [12–14]. It is thought that intrao-
perative hypotony and inflammation are the main pre-
cipitating factors, causing alterations to transluminal
vascular pressure. In addition, infusion cannula retraction is
an important cause of the development of intraoperative CD
during 23-G PPV [15–19]. At present, the appropriate
timing of surgical drainage of CD is controversial, and in
most cases, it is not associated with a better outcome.

To the best of our knowledge, intraoperative CD has not
been well documented in terms of the cause, management
and prognosis because of its minimal incidences. However,
it is urgent to summarise the characteristics of the intrao-
perative CD to guide clinical treatment. Therefore, we
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investigated the incidence of intraoperative CD during
small-gauge PPV; analysed the causes; and observed the
long-term outcomes of the patients.

Methods

This study was approved by the Institutional Review Board
of Zhongshan Ophthalmic Centre (ZOC), affiliated with
Sun Yat-sen University, Guangzhou, China, and performed
in accordance with the World Medical Association’s
Declaration of Helsinki. The medical records were retro-
spectively reviewed of 1026 consecutive inpatients who
underwent standard three-port small-gauge PPV (including
23-G, 25-G, and 27-G) from 1 June 2017 to 31 December
2018, at ZOC of Sun Yat-sen University. Patients with a
postoperative follow-up shorter than 3 months were
excluded.

All the patients underwent small-gauge PPV (Con-
stellation Vitrectomy System, Alcon Laboratories Fort
Worth, TX) with retrobulbar anaesthesia by the same
experienced ophthalmologist (SZ) under monitored anaes-
thesia care. A trocar cannula incision was created at 3.5 mm

and 4 mm posterior to the limbus in pseudophakic/aphakic
and phakic eyes, respectively. The trocar cannula incision
was created with a straight (perpendicular to the sclera) or
angled (15- to 45-degree angle to the sclera) approach,
according to the surgeon’s preference and judgment. An
infusion cannula was placed in the inferotemporal quadrant.
Appropriate placement of the infusion cannula into the
vitreous cavity was visually confirmed before the infusion
was administered, and the infusion line was attached with a
surgical drape. Standard PPV was performed in all the
cases. After core vitrectomy, the assistants performed per-
ipheral vitrectomy with a scleral indentation in the patients
where it was deemed necessary. Laser endophotocoagula-
tion was used in cases with a retinal tear, retinal detachment,
or diabetic retinopathy. Tamponade agents (fluid, air, long-
acting gas, or silicone oil) were chosen and applied
according to each patient’s individual vitreoretinal condi-
tion. After cannula removal, all sclerotomy sites were
inspected to confirm there was no obvious leakage, and if
necessary, sutures were placed to prevent leakage. Statis-
tical analysis was performed using STATA software (ver-
sion 14.0; STATA Corp., College Station, TX, USA). A P
value less than 0.05 was considered statistically significant.

Fig. 1 Ultra-widefield images of the left eye of patient 3. A Pre-
operation of the macular hole with retinal detachment. B Haemor-
rhagic choroidal detachment was observed from the temporal quadrant

at the time of silicone oil filling during 25 G PPV. C One-month post-
operation of PPV and silicone oil tamponade, the retina was flat.
D One-month post-operation of silicone oil removed.
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Results

Clinical results

A total of 1026 consecutive patients were included in the
final analysis, of whom six developed intraoperative CD.
These six CDs contained serous fluid in two, blood in three,
and C3F8 in one. The mean age of the six patients was 51.6
± 13.7 years (range, 33–75 years), and 50% were female.
The surgical indication for PPV was a macular hole with
retinal detachment in one case (Patient 3) and rhegmato-
genous retinal detachment (RRD) in the other five cases
(Patients 1, 4–6). In all cases with CD, the detachment
originated at the infusion cannula site. CD was limited to
three clocks in four cases, and the other two had the
involvement of six clocks. Secondary retinal apposition or
expulsion of intraocular contents was not observed in all
cases. One case of serous CD (SCD) and one of haemor-
rhagic CD (HCD) extended to the submacular region. Two
typical fundus photographs and operation videos of the
cases (Patients 3 and 5) are provided in Figs. 1 and 2 and
Video 1 respectively.

Infusion cannula retraction and subsequent hypotony
were noted in five of the six cases of CD (Patients 1, 2, 4, 5,
and 6). In the one remaining case of HCD (Patient 3), the
infusion cannula retraction was not observed. However,
Patient 3 had multiple risk factors for CD, including high
myopia (<−10 dioptres), posterior staphylomas, macular
hole, and retinal detachment. In another case of HCD
(Patient 5), removal and replacement of the infusion tube
into one of the superior cannulas with the subsequent
creation of a new inferonasal infusion resulted in immediate
intraoperative stabilisation. All the patients had at least
3 months of follow-up, with a mean postoperative follow-up
duration of 10.60 ± 4.88 months. The intraocular pressure
was within the normal range (10–21 mmHg) for all patients,
and surgical intervention was unnecessary throughout the
follow-up. Anatomic success (flat retina) was achieved by a
median follow-up of 11 months (range, 3–17 months). At
the final follow-up, all the patients achieved significant
improvement of BCVA (P < 0.05). A final visual acuity of
20/25 or greater was observed in two patients, with a BCVA
of 20/16 in one patient, and only one patient had a final
visual acuity of counting fingers. All cases of CD

Fig. 2 Ultra-widefield images of the left eye of patient 5. A Pre-
operation of rhegmatogenous retinal detachment. B One day post-
operation of PPV and silicone oil tamponade: haemorrhagic choroidal

detachment was observed at 1–5 o’clock position. C One-month post-
operation of PPV and silicone oil tamponade, the retina was flat.
D One-month post-operation of silicone oil removed.
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spontaneously resolved in the postoperative period without
intervention, where a preoperative status such as with the
visual acuity of Patient 4, having an intact macula before the
operation, had the best prognosis (20/16) (Table 1).

Discussion

Intraoperative CD, especially suprachoroidal haemorrhage,
is an uncommon but dangerous complication during various
intraocular surgeries, and CD usually leads to poor visual
acuity or even phthisis [20–23]. According to the different
components, intraoperative CD can be serous, haemor-
rhagic, gas, or even oily [9]. Currently, small-gauge
vitrectomies are widely used for retinal diseases due to
their multiple advantages, which include more rapid visual
recovery, reduced conjunctival scarring, and decreased
postoperative inflammation [8, 24]. This study described the
incidence of CD during 23-G, 25-G, and 27-G PPV
[25, 26], suggesting that cannula retraction and acute ocular
hypotony may be the main causes of intraoperative CD
during small-gauge PPV.

The incidence of CD has been reported during 20-G and
23-G PPV [27–30], where the incidence of SCDs was
0.4–0.5% and 0–1.8% in 20-G PPV and 23-G PPV,
respectively [31–34]. In our study, two cases of SCD were
identified out of 1026 consecutive small-gauge vitrec-
tomies, resulting in an incidence of 0.195%, which is lower
than that reported by Tarantola et al. [29] during 23-G PPV
(1.77%). The rate of HCD during 20-G PPV was reported in
previous studies as varying from 0.17% to as high as 1.9%
[35, 36]. Zhang et al. [37] demonstrated that 23G PPV has a
lower risk of choroidal haemorrhage than 20-G vitrectomy
particularly for eyes with RRD. Tarantola et al. [29]
reported four cases of HCD during 338 consecutive 23-G
PPVs (1.18%). Sporadic cases of HCD during small-gauge
vitrectomies have been reported [25, 26]; however, the
incidence of HCD during 25-G PPV and 27-G PPV have
not been reported. In our study, we reported three cases of
HCD out of 1026 consecutive small-gauge vitrectomies,
resulting in an incidence of 0.029%, which is significantly
lower than that reported in 20-G PPV and 23-G PPV [29].
The lower incidence of SCD and HCD in our study could be
attributed to the following reasons. First, extensive pre-
operative CD associated with RRD is an unfavourable
condition for surgical intervention, and we have reported a
systematic approach, which was used in all the cases in our
study, to assist in the safe placement of trocar cannulas, thus
preventing inadvertent fluid/air perfusion during PPV in
RRD eyes with extensive CD, suprachoroidal fluid, and
hypotony [37]. Second, other important aspects include
insertion of the trocar at a 90-degree angle rather than an
oblique angle, which creates an orthographic wound. A

method previously reported and used in our cases involves
visual verification after insertion of at least 2 mm of the
infusion cannula into the vitreous cavity and securing the
infusion line with Steri-Strips to the surgical drape so that
the cannula is oriented at 90 degrees to the sclera.

Cause analyses for the development of CD during small-
gauge PPV are not yet clear. Reported causes for CD during
20-G PPV include ocular hypotony, choroidal vascular
instability generated by arterial hypertension, and increased
central venous pressure generated by the Valsalva man-
oeuvre [11, 38]. In a series of four HCD cases during 23-G
PPV, Tarantola et al. [29] reported that the risk factors were
high levels of myopia, previous retinal detachment surgery,
presence of an RRD, encircling with a broad sclera buckle,
cryotherapy, external transchoroidal drainage of subretinal
fluid, and intraoperative systemic hypertension. However,
in this study, it has been suggested that infusion cannula
retraction and acute ocular hypotony may be the most
important mechanisms and risk factors. The evidence for
this suggestion includes the following: all our patients
experienced some hypotony; in two cases of SCD and two
of the three HCD cases, the infusion cannula was visibly
repeatedly retracted, and the location of the CD in all of
these cases was the same quadrant as the infusion cannula;
and the time point of SCD was at the beginning of the air/
fluid exchange (AFE), suggesting that the direct infusion of
fluid into the suprachoroidal space before the air infusion
resulted in this complication.

In addition, the hypothesis that cannula retraction is
responsible for SCD is further supported by cases of direct
infusion of air through a cannula that was retracted into the
suprachoroidal space, resulting in a localised CD. Further-
more, when scleral indentation is performed by an inex-
perienced assistant to remove the peripheral vitreous near
the infusion cannula, the unsutured small-gauge cannula in
a shallow bevelled sclerotomy may be retracted beneath the
pars plana. Moreover, thin and poor elasticity of the sclera,
a deep eyehole, and tight lids will all facilitate cannula
retraction. Additionally, intraoperative intraocular pressure
fluctuations may be another cause for the development of
intraoperative CD during small-gauge vitrectomy. It is
worth noting that four of the six-CD cases occurred at the
time point of AFE, and one case occurred at the time of
silicone oil filling. The higher risk of CD at the beginning of
air/liquid exchange or oil/air exchange could be partly
explained by two factors: (1) the intraocular pressure fluc-
tuates with a large suction force, and the air/oil perfusion
pressure is not able to maintain normal intraocular pressure;
and (2) when the intraocular pressure drops, a trocar
without valves is more likely to retract into the
suprachoroidal space.

Intraoperative suprachoroidal haemorrhage has con-
sistently resulted in poor vision in previously published
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cases. Lakhanpal et al. [39] reported that six of seven
patients with HCD during PPV had a final visual acuity of
no light perception. Chandra et al. [30] showed that 29% of
cases of HCD achieved counting fingers or hand motion,
and the remainder (17.1%) only had a perception of light or
worse. It is of interest that in this study, all the patients
achieved anatomic success and significant improvement of
BCVA (even 20/25 or greater in two patients) at the final
follow-up. Obviously, the visual acuity prognosis of our
cases was better than in previous studies. The reasons for
the satisfactory anatomic and visual outcomes include the
incidence of HCD accounting for only three out of six
cases; timely awareness of CD during the operation; and
immediate suturing of all surgical incisions, which certainly
may help with better vision recovery. The details of how we
managed this accidental complication during the surgery are
as follows:

1. When there was awareness of CD, we quickly
attached the infusion tube to one of the superior
cannulas to re-establish intraocular pressure, and we
observed that the SCD resolved immediately in
two cases.

2. Had a short communication with our patients to calm
down their nervousness and asked for their full
cooperation during the whole surgical procedure.

3. Thoroughly checked the infusion line and the infusion
trocar, figured out the real underlying causes of the
accidental condition.

4. Considered whether or not to continue the following
surgical procedure, based on the severity of the CD.

5. If not to continue, we would explain the real
conditions to the patient, seal all three incisions and
have a strict observation of the CD for several days
until it was decided that a second surgery was
permittable to eliminate the CD and to achieve retinal
re-attachment. It is very important to close all surgical
incisions immediately, which was done in our cases,
so the scope of CD in our cases was limited.

6. If to continue, we would create infusion at another
new safe place, such as inferonasal infusion, or use a
longer infusion trocar-cannula, in order to assure
adequate fluid infusion into the vitreous cavity.

7. Once safe infusion was achieved by the above
methods, we continued the following surgical manip-
ulations as routine, such as perfluorocarbon liquid
infusion, laser photocoagulation, fluid/air exchange,
silicone oil infusion, and finally to make retinal re-
attachment.

8. Finally, we sealed the incisions and have strict
monitoring of the patients’ intraocular pressure and
the progression of the CD after the surgery.

Although we have taken many measures to prevent
hypotony during small-gauge vitrectomy, intraoperative CD
still occasionally happens. Steps that can be taken to help
avoid these harmful events may include placing the infusion
tube on the palpebral fissure as far as possible when the
eyelid is tight and the eye socket is deep; alerting assistants
to avoid movements that may retract the infusion line;
periodically confirming the external appearance of the
infusion cannula during surgery to recognise any retraction;
visually rechecking the cannula position before injection of
gas or silicone oil into the eye; and bearing in mind that
intraoperative retraction and acute ocular hypotony may
occur, particularly during scleral depression.

Conclusions

In summary, cannula retraction and acute ocular hypotony
are the predominant causes for the development of CD
during small-gauge PPV. Predictors of a good visual out-
come include shorter duration of macular detachment, pre-
operative prevention, immediate recognition during the
operation, and instant and limited intervention.

Summary

What was known before

● Although the safety of small-gauge vitrectomy has been
widely recognised, intraoperative choroidal detachment
(CD) occasionally occurs and may cause loss of visual
acuity or even result in ocular enucleation as an
expulsive choroidal haemorrhage.

What this study adds

● The incidence of intraoperative CD during small-gauge
vitrectomy is low; the predominant causes are retraction
of the infusion cannula and acute ocular hypotony.
Immediate awareness and timely closure of the incision
may contribute to a better surgical prognosis.
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