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following one-way air-fluid exchange
technique for vitreous hemorrhage post
vitrectomy in proliferative diabetic
retinopathy patients
Qun Wang1,2, Jie Zhao1, Qing Xu1, Cui Han1, Baojie Hou1*† and Yifei Huang1,2*†

Abstract

Background: To evaluate the efficacy and outcomes of one-way surgical technique for the treatment of vitreous
hemorrhage post vitrectomy on proliferative diabetic retinopathy (PDR) patients.

Methods: This retrospective case series include 47 PDR patients who had vitrectomy with balanced saline solution
tamponade and have developed vitreous hemorrhage without significant absorption. The one-way air-fluid exchange
procedure which involves the application of a 0.22-μm pore size filter to exchange about 4.5–5.5ml of fluid with a 10ml
syringe was performed on 47 patients (47 eyes). Post procedure, additional treatments were administered when needed. Best
corrected visual acuity (BCVA), occurrence of intra-procedural and post-procedural complications were recorded and analyzed.

Results: A total of 47 eyes of 47 PDR patients with a mean age of 50.8 ± 12.0 years were reviewed. Because of vitreous
hemorrhage or tractional retinal detachment of PDR, all 47 eyes underwent vitrectomy with balanced saline solution
tamponade prior to the exchange procedure. Four patients (8.51%) and 43 patients (91.5%) were diagnosed with type 1
diabetes mellitus (T1DM), or type 2 diabetes mellitus (T2DM), respectively. All 47 eyes were given the one-way air-fluid
exchange procedure in the treatment room. Forty-two cases (89.4%) needed the air-fluid exchange procedure only once, 4
cases (8.51%) underwent the procedure twice, and 1 case (2.13%) was given the procedure three times, followed by additional
retinal photocoagulation and one intravitreal injection of Conbercept. In addition to the procedure, no further treatment was
needed for 5 eyes (10.6%) while additional retinal laser treatment was provided for 41 eyes (87.2%). The BCVA at the final
follow-up was significantly improved from the initial acuity baseline in all cases. No complications were observed during the
follow-ups.

Conclusion: This one-way air-fluid exchange procedure can effectively exchange the vitreous hemorrhage and improve visual
acuity of PDR patients who develop vitreous rehemorrhage post vitrectomy without obvious complications.
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Background
Vitreous cavity hemorrhage is a common problem post
pars plana vitrectomy (PPV) for proliferative diabetic
retinopathy. It has become a major concern for both
surgeons and patients, even with recent advanced surgi-
cal techniques [1, 2]. Vitreous hemorrhage (VH) post
PPV can affect the examniations of the fundus, detection
of iatrogenic retinal breaks, feasibility of retinal photo-
coagulation and leave the patients with the risk for glau-
coma [1, 3]. Postoperative VH also affects patients’
vision, and lead to the worries of the patients those
whose visual acuity didn’t improved as expected, also,
this may be especially crucial in monocular patients.
Some of recurrent VH cleared up spontaneously within
several weeks of their onset, while others required fur-
ther surgery, to help the absorption of the hemorrhage
[4, 5]. Vitreous cavity hemorrhage can be managed by
either vitreous cavity lavage or air-fluid exchange proce-
dures in-office [6–11]. Most papers that discussed the
in-office air-fluid exchange usually focus on the tech-
nique or a modified technique and its application in a
few clinical cases. We retrospectively reviewed the appli-
cation of one-way air-fluid exchange technique at our
hospital for 5 years and here report the visual outcomes
and complications of the one-way air-fluid exchange
procedure handling post-vitrectomy vitreous cavity
hemorrhage using a syringe with a 0.22 μm pore size
filter.

Methods
This study identified the patients who had underwent vi-
trectomy and with balanced saline solution vitreous tam-
ponade at the end of vitrectomy from December 1, 2014
to August 1, 2019 because of diabetes-related complica-
tions in our hospital. There were 47 patients who devel-
oped post-vitrectomy vitreous rehemorrhage and
rebleeding lasting for 1 month without significant ab-
sorption. Data collected included baseline demographics,
best-corrected visual acuity, indication for the air-fluid
exchange, complication, outcome, and duration of
follow-up. When these patients were retrospectively
reviewed (Table 1), the VH was classified into three cat-
egories: either early postoperative (VH fewer than 4
weeks post-surgery but not present on postoperative day
1), delayed postoperative (VH 4 weeks or more post-
surgery), and severe persistent (present since postopera-
tive day 1 and nonclearing for more than 4 weeks) [12].
In order to confirm that there was no retinal detach-
ment, prior to the air-fluid exchange procedure, an
ultrasound scan was applicated to verify the severity of
vitreous hemorrhage and the status of the retina. The
single-needle vitreous cavity gas-liquid exchange proced-
ure was then performed by the same surgeon in a treat-
ment room. Written consent was obtained before the

procedure from all 47 patients. Patients who had less
than 6 months of follow-up were excluded. All the study
procedures adhered to the recommendations of the Dec-
laration of Helsinki. Ethic approval was obtained from
Medical Ethics committee of Third medical center of
PLA general hospital.

Surgical technique
Topical anesthesia was administered, and then the con-
junctiva and conjunctival sac were fully rinsed with 5%
povidone-iodine. The patient was in a seated position. A
10ml syringe with a 0.22-μm pore size filter was used to
inhale 8 ml of sterile air, see Fig. 1. Then a 30-gauge nee-
dle was fitted to the 10 ml syringe without the filter, the
eye was opened with a speculum and the patient was
told to look forward at a fixed target with the other eye.
The syringe was inserted into the vitreous at the 6 o’

Table 1 Demographic and clinical characteristics of patients

Variables (mean ± SD,) Total

Gender

Male 27

Female 20

Age, years 50.8 ± 12.0

Indications for primary PPV

VH 44

VH and TRD 3

Days of VH post PPV, 34.9 ± 42.7

Category of VH post PPV

Early VH 33

Delayed VH 13

Severe persistent VH 1

Diagnosis

T1DM 4

T2DM 43

Lens status

Pseudophakic 21

Phakic 26

Times of Air-fluid exchange procedure

= 1 42

= 2 4

= 3 1

Additional ocular treatment

No treatment 5

Only photocoagulation 41

Laser plus Conbercept 1

Follow-up post last exchange, months 22.7 ± 13.6

VH Vitreous hemorrhage; TRD Tractional retinal detachment; PPV Pars plana
vitrectomy; DM Diabetes mellitus. Conbercept: an anti-VEGF drug for
intraocular use in China
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clock position, 3.5 or 4 mm from the limbus according
to the lens status. Before proceeding further, it was con-
firmed that the needle tip was inserted into the vitreous
cavity under direct visualization. While using the left
hand to fix the syringe and the right hand to control the
needle’s direction, we slowly injected 0.5 ml of gas into
the vitreous cavity to increase the intraocular pressure,
and gently removed 0.5 ml of vitreous fluid from the eye.
It was observed that the liquid containing blood from
the vitreous cavity entering through the needle and
accumulated in the lower part of the syringe, while
the residual 7.5 ml of gas stayed in the upper part of
the syringe. 0.5 ml of gas was injected into the vitre-
ous cavity and 0.5 ml of intraocular fluid was elicited.
The needle was then slightly withdrawn slowly, so
that the needle tip was always kept below the gas-
liquid interface in the vitreous. This procedure was
repeated until about 4–5 ml vitreous fluid was ex-
changed into the syringe. At the final step, 0.5 ml of
gas was injected into the vitreous to maintain a
slightly higher intraocular pressure than normal, then
the needle was withdrawn. During the sequential
“push pull” cycles, one can evaluate the pressure by
gently moving the needle and observing how pliable
the globe was. After the procedure, the intraocular
pressure was assessed with finger tension.

In the end of the procedure, all patients were given a
subconjunctival injection of dexamethasone 2.5 mg in
the temporal conjunctiva while in a seated position.
Additionally, they were given a topical administration of
antibiotic eye ointment 4 times a day for 1 week, and
were told to keep a prone position until the air was
absorbed to help situate the air in the correct location.
After the exchange procedure, additional treatments
were given when needed. All cases were followed up for
at least 6 months after the last procedure.

Statistical analysis
The decimal visual acuity was converted to a logarithmic
scale for the minimum angle of resolution (LogMAR)
used in the statistical analysis. Hand motion visual acuity
was converted to 2.28 LogMAR according to a previous
investigation [13]. IBM SPSS Statistics 21, (IBM Inc.,
Armonk, NY, USA), was used for statistical analysis with
the level of statistical significance set at p < 0.05.

Results
The details of the age and gender of the patients in-
volved in the study, diagnosis, time of VH occurrence
post PPV, numbers of the air-fluid exchange procedures,
and any additional treatments are given in Table 1. With
the average age of 50.8 ± 12.0 years old, 27 men and 20
women between the ages of 23–77 years old were retro-
spectively reviewed. Of the 47 patients, 4 patients
(8.51%) were diagnosed with T1DM, and the 43 patients
(91.5) were diagnosed with T2DM. Thirty-three eyes
(70.2%) developed Early VH post PPV, 13 eye (27.7%)
developed delayed VH post PPV, and 1 eye (2.13%) de-
veloped severe persistent VH post PPV. The mean
follow-up period posts the last exchange procedure was
22.7 ± 13.6 months. The average days of VH post PPV
was 34.9 ± 42.7. The original indications for PPV were VH
and VH combined with TRD. Forty-four eyes (93.6%)
were diagnosis as VH, and 3 eyes (6.38%) were diagnosed
as VH plus TRD (less than one papillary disc size).
Of the 47 eyes, 26 of them (55.3%) were phakic, and

21 eyes were pseudophakic. With a careful manipulation
during the procedure, no lens injury or injury related
cataract formation was found during the follow ups. No
cataract surgery was required until the last visit.
The mean number of one-way air-fluid exchange pro-

cedures per eye was 1.13. Forty-two eyes (89.4%) needed
the air-fluid exchange procedure only once and 4 eyes
(8.51%) underwent the procedure twice. One eye (2.13%)
was given the air-fluid exchange procedure 3 times.
Additional retinal photocoagulation was performed in 41
eyes (87.2%). The patients who was given the procedure
three times was diagnosed with T1DM and developed se-
vere persistent VH present since postoperative day 1 and
nonclearing for 37 days. Five days after the air in the

Fig. 1 A 10mL syringe, a 0.22-μm pore size filter and one 30-gauge
needle. (Picture Taken by Qun Wang)
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vitreous was absorbed post third exchange procedure, an
intravitreal Conbercept was given to prevent recurrent
bleeding. Next, a third retinal photocoagulation was
followed 7 days later. At the final follow-up, 6 months
post final exchange procedure, the fundus was finally
stable with no occurrence of any vitreous hemorrhage.
The visual acuity at baseline ranged from hand motion

to 20/200. Visual acuity of 4 eyes (8.51%) ranged from
hand motion to counting fingers, while that of 43 eyes
(91.5%) was worse than 20/200 but better than counting
fingers. At 6 m visit, visual acuity of 17 eyes (36.2%) im-
proved to the range between 20/50 and 20/20, and 28
eyes (59.6%) improved to a range between 20/100 and
20/70. Two eyes (4.26%) improved from hand motion to
less than 20/200. To sum up, at the final follow-up, the
visual acuity was significantly improved in all 47 cases
(100%), compared with the visual acuity assessments re-
sults at the baseline. See Table 2.
No major intra-procedure or post-procedure compli-

cations were encountered, and air-fluid exchange manip-
ulations were easily performed.

Discussion
Nonclearing vitreous hemorrhage is the major reason
for a post vitrectomy vitreous cavity fluid/fluid exchange
or fluid/air exchange operation. The rate of vitreous
hemorrhage post PPV has been reported to be between
7 and 63% [1, 2, 14–19], with 9.7% of patients requiring
another surgery [12]. Some surgeons may perform PPV
when there is rehemorrhage in vitreous of PDR patients
post vitrectomy. Our findings showed one-way air fluid
exchange is an alternative method to PPV for the treat-
ment. Fluid/fluid exchange methods have the advantage
of early visual recovery and various methods of fluid/
fluid exchange have been invsestigated [6–11]. Air-fluid
exchanges have been reported to be performed on out-
patient for vitreous hemorrhage post vitrectomy [20–23],
the most widely used method involves fluid/air exchange
using a single or two-syringe technique. The technique we
used is a one-way method with a single syringe and a
0.22 μm size filter.
In terms of the air-fluid exchange procedure, we sug-

gest the following: 1. Once you have exchange some
hemorrhage fluid by injecting air or gas into the vitre-
ous, reinjecting the gas into the air space and taking care
to redirect the needle tip into the fluid component to as-
pirate help make the exchange more effective and easier.
2. The “dead space” in the needle hub can make up for a

delay in both steps of the exchange (in and out). Holding
the syringe with the needle well above the shaft allows
the accumulating bloody vitreous fluid to flow to the
back of the syringe and facilitate the air (or gas) being
available to enter. 3. Broad fluctuations in the IOP dur-
ing such a procedure need to be controlled to the mini-
mum with smooth and gentle treatment.
Vitreous cavity hemorrhage following PPV can be

present from the first day postoperative and last for a
long time (persistent in 20 to 63% of patients), or can
occur within the first 4 to 6 weeks (early—5%), or there-
after (delayed—8%) [1, 13, 24]. Early vitreous hemorrha-
ging is mainly caused by incomplete intraoperative
hemostasis, bleeding from dissected fibrovascular tissue
or the release of erythrocytes from residual peripheral
vitreous gel and iatrogenic injury to the retina or retinal
vessels [25]. In our study, 5 cases (10.6%) which were
categorized as early VH didn’t need additional treatment
post the air-fluid exchange procedure, and the fundus
stabilized with no recurrence of VH or retinopathy de-
velopment. Length of the air-fluid exchange procedure
was based on the individual patient’s condition. Forty-
one of the 47 patients (87.2%) were given retinal photo-
coagulation once, post fluid/air exchange procedure. Re-
current vitreous hemorrhage after PPV has been
associated with elevated vitreous levels of vascular endo-
thelial growth factor (VEGF). The patient who was given
the air fluid exchange procedure 3 times had poor blood
glucose control, and the blood glucose control was not
stabilized until the application of insulin pump. We eval-
uated this patient’s condition and recommended anti-
VEGF therapy combined with retinal laser. At the final
follow-up, his fundus was stable with no recurrence of
vitreous hemorrhage. Regarding the efficacy of the one-
way air-fluid exchange for a treatment option for vitre-
ous rehemorrhage post vitrectomy on PDR patients, it is
important not to neglect the number of eyes requiring
repeat air-fluid exchange procedures and maybe PPV
was finally referred to a non-clearing hemorrhage.
Martin and McCuen had reported that the mean num-
ber of air-fluid exchange procedures that every patient
was given 1.5, while 40% required another vitrectomy
[26]. Han had found out that the mean number of air-
fluid exchange procedures every eye was 1.75, while 25%
eyes required another vitrectomy [27]. In the study of
Behrens AW, the average times of per eye receiving the
air-fluid exchange procedures was 1.2 [28]. In our study,
the mean number of one-way air-fluid exchange

Table 2 Snellen Visual acuity outcomes pre and post air-fluid exchange procedure

Visual Acuity HM or CF ≤20/200 20/100–20/70 20/50–20/20

Pre-procedure 4 43 0 0

6 m Post last procedure 0 2 28 17

HM Hand movement, CF Counting finger
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procedures per eye was 1.04, with 41 of 47 eyes (87.2%)
requiring additional retinal laser and 1 of 47 eyes
(2.13%) requiring intravitreal application of anti-VEGF
agent. These results showed that during the first PPV,
appropriate and adequate retinal photocoagulation is es-
sential for the post-surgery prognosis of PDR patients.
In our study, there was no significant cataract formation

or development post the procedure, while the incidence of
post-surgical cataract formation or development have
been reported to be 59% of the eyes according to the pre-
vious studies [6, 26–28]. In these studies, most of the eyes
are phakic, while in our study, 26 eyes (55.3%) were
phakic. Additionally, other complications such as iris neo-
vascularization and anterior hyaloidal fibrovascular prolif-
eration, glaucoma had been reported [6, 26–28]. In our
study, other than the air-fluid exchange procedure, add-
itional treatments were given respectively provide an ex-
planation for the low incidence of the above
complications. Compared with the vitrectomy in the post
era, the development of PPV, surgical techniques and
managements discourage the formation of the fibrosis and
alleviation of the retinal ischemia [29, 30].
A 10 ml syringe with a 0.22-μm pore size filter was

used to inhale sterile air. The 0.22-μm pore size filter
can be combined with the vitrectomy machine cannula
and help to reduce the incidence of intraocular infection,
which was not reported before that it could be equipped
with a syringe. This technique was employed on 47 eyes.
A clear fundus was achieved the moment the air was
absorbed, and no infectious complications being ob-
served during the follow-ups. This approach produced
consistent repeatable results.
This technique also has the following advantages.

Firstly, due to its simplicity, surgeons can perform the
procedure without assistance and a long learning curve
is not needed. Secondly, it enables surgeons to make
more informed or accurately decisions whether full re-
operation is necessary. Lastly, it is minimally invasive
and topical anesthesia is adequate for this procedure, as
this is a one way entering vitreous procedure. The 30-
gauge sclerotomy did not leak with non-beveled inser-
tion, and was self-sealing, however it does have a disad-
vantage of causing the intraocular pressure to fluctuate
during the procedure.
This study also has some limitations as it is a small

size, retrospective design study with short follow-up
time, which may owe to selection bias. Because that
cases with more severe vitreous hemorrhage may have
already been treated with a second vitrectomy. This
may explain the small sample size of our study. Des-
pite these limitations, we believe that our result dem-
onstrate the use of one-way air-fluid exchange in the
setting of vitreous rehemorrhage post vitrectomy for
PDR patients.

Conclusion
This one-way air-fluid exchange procedure can effect-
ively exchange the vitreous hemorrhage and improve vis-
ual acuity without obvious complications on PDR
patients who develop rehemorrhage post vitrectomy.
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