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Abstract

Background
To evaluate the e�cacy and outcomes following one-way surgical technique for the treatment of vitreous
hemorrhage post vitrectomy in proliferative diabetic retinopathy (PDR) patients.

Methods
Those PDR patients who had vitrectomy with balance saline tamponade and then developed vitreous
hemorrhage post vitrectomy were included in this study. 47 patients underwent the one-way air-�uid
exchange surgical procedure with a 10 ml syringe used to exchange between 4.5–5.5 ml of �uid in the
treatment room. After the air-�uid surgical exchange procedure, additional treatments were administered
when needed. Best corrected visual acuity (BCVA) and occurrence of intra-procedural and post-procedural
complications were collected and analyzed.

Results
A total of 47 eyes of 47 PDR patients with a mean age of 50.8 ± 12.0 years were reviewed. All 47 eyes had
undergone vitrectomy with balance saline tamponade because of PDR. 4 of them were diagnosed with
type 1 diabetes mellitus (T1DM), and 43 of them were diagnosed with type 2 diabetes mellitus (T2DM).
All the 47 eyes were given the one-way air-�uid exchange procedure in the treatment room. In 4 cases the
procedure was administered twice, and in 1 case the procedure was administered three times, followed by
additional retinal photocoagulation and one intravitreal injection of Conbercept. The BCVA at the �nal
follow-up was signi�cantly improved from the initial acuity baseline in all cases. No complications were
observed during the follow-ups.

Conclusion
This one-way air-�uid exchange procedure could effectively exchange the vitreous hemorrhage and
improve visual acuity without obvious complications in treating vitreous hemorrhage post vitrectomy.

Background
Vitreous cavity hemorrhage is a common problem post pars plana vitrectomy (PPV) for proliferative
diabetic retinopathy [1–2] and a major concern for both surgeons and patient. Vitreous hemorrhage post
PPV can affect the surgeon’s examination of the fundus, detection of iatrogenic retinal breaks, ability to
perform retinal photocoagulation and also leave the patient at risk for glaucoma. Postoperative vitreous
hemorrhage also affects patients’ vision, leading to patients not recovering visual acuity as expected,
which may be especially crucial in monocular patients. Vitreous cavity hemorrhage can be managed by
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either vitreous cavity lavage or air-�uid exchange procedures in-o�ce [3–8]. Papers that related with in-
o�ce air-�uid exchange usually introduce the technique or a modi�ed technique and its application in a
few clinical cases. We retrospectively reviewed the one-way air-�uid exchange technique’s application in
our hospital for 5 years and here report the visual outcomes and complications of the one-way surgical
procedure handling post-vitrectomy vitreous cavity hemorrhage using a syringe in the treatment room.

Methods
This study identi�ed the patients who had underwent vitrectomy and with balanced saline vitreous
tamponade at the end of vitrectomy from December 1, 2014 to August 1, 2009 because of diabetes-
related complications in our hospital. There were 47 patients who incurred post-vitrectomy vitreous
hemorrhage (VH) and rebleeding lasting for one month without signi�cant absorption. Data collected
included baseline

demographics, best-corrected visual acuity, indication for the air-�uid exchange, complication, outcome,
and duration of follow-up. When these patients were retrospectively reviewed (Table 1), the VH was
classi�ed as 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), or severe persistent
(present since postoperative day 1 and nonclearing for more than 4 weeks) [9]. Before the surgical
procedure was given, ultrasound scan was used to verify the severity of vitreous hemorrhage and the
status of the retina, to make sure there was no retinal detachment. The single-needle vitreous cavity gas-
liquid exchange procedure was performed in a treatment room by the same surgeon. Written consent was
obtained from all 47 patients before the procedure. Patients were excluded if they have less than 6
months of follow-up. All the study procedures adhered to the recommendations of the Declaration of
Helsinki.

Surgical Technique

Topical anesthesia was administered, then the conjunctiva and conjunctival sac were fully rinsed with 5%
povidone-iodine. The patient was in a seated position. A 10 ml syringe with a 0.22-micron pore size �lter
was used to inhale 8 ml of sterile air, see Figure 1. Then a 30-gauge needle was �tted to the 10ml syringe
without the �lter, the eye was opened using a speculum and the patient was told to look forward at a �xed
target with their other eye. The syringe was inserted into the vitreous at the 6 o’ clock position, 3.5 or 4
mm from the limbus according to the lens status. Before proceeding it was con�rmed that the needle tip
was inserted into the vitreous cavity under direct visualization. While using the left hand to �x the syringe
and the right hand to control the needle’s direction, the vitreous cavity was slowly injected with 0.5ml of
gas to increase the intraocular pressure, 0.5ml of vitreous �uid was then gently removed from the eye. It
was observed that the liquid containing blood from the vitreous cavity accumulated in the lower part of
the syringe, entering through the needle; the residual 7.5ml of gas stayed in the upper part of the syringe.
Once the intraocular pressure had stabilized 0.5 ml of gas was injected into the vitreous cavity and 0.5ml
of intraocular �uid was elicited. The needle was then slowly withdrawn a little, so that the needle tip was
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kept always below the gas-liquid interface in the vitreous. This procedure was repeated until about 4-5 ml
vitreous �uid was exchanged into the syringe. As the �nal step 0.5ml of gas was injected into the vitreous
to maintain a slightly higher intraocular pressure than normal, then the needle withdrawn. During the
operative procedure the intraocular pressure was assessed with �nger tension.

At the end of the procedure, all patients were given a subconjunctival injection of dexamethasone 2.5mg
in the temporal conjunctiva while in a seated position. They were also given a topical administration of
antibiotic eye ointment four times a day for 1 week. Post treatment the patient was 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 [10]. IBM SPSS Statistics 21, (IBM Inc., Armonk, NY, USA), were used
for statistical analysis with the level of statistical signi�cance set at p < 0.05.

Results
The details of the age and gender of the patients involved in the study, diagnosis, time of VH occurrence
post PPV, times of the air-�uid exchange procedures, and any additional treatments are given in Table 1.
There were 27 men and 20 women between the ages of 23–77 who were retrospectively reviewed, the
average age was 50.8 ± 12.0. Of the 47 patients, 4 of them were diagnosed with T1DM, and the remainder
of them were diagnosed with T2DM. 33 of the cases developed Early VH post PPV, 13 of the cases
developed delayed VH post PPV, and 1 case developed severe persistent VH post PPV. The mean follow-
up period posts the last exchange procedure was 22.7 ± 13.6 months.

Table 1. Demographic and clinical characteristics of patients
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   Variables (mean±SD,) Total

Gender

    Male

    Female

Age, years

Days of VH post PPV,

Category of VH post PPV

Early VH

Delayed VH              

Severe persistent VH

Diagnosis

    T1DM                                         

T2DM              

Lens status

Pseudophakic

Phakic

Times of Air-�uid exchange procedure

     1

2

3

Additional ocular treatment

No treatment

Only photocoagulation

Laser plus Conbercept

Follow-up post last exchange, months

 

27

20

50.8±12.0

           34.9±42.7

            

              33

              13

              1

 

4

43

 

21

26

 

 

42

              4

              1

 

5

41

1

   

22.7±13.6

VH: Vitreous hemorrhage; PPV: pars plana vitrectomy; DM: Diabetes mellitus. Conbercept: an anti-VEGF
drug for intraocular use in China.
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Of the 47 patients, 26 of them were phakic, with a careful manipulation during the procedure, no lens
injury or injury related cataract formation were found during the follow ups.

Additional retinal photocoagulation was performed in 41 cases. 1 case was given the air-�uid exchange
procedure three times; this case was diagnosed with T1DM and developed severe persistent VH present
since postoperative day 1 and nonclearing for 37 days. 5 days after the air in the vitreous was absorbed
post third application of one-way air-�uid exchange, an intravitreal Conbercept was given to prevent
recurrent bleeding, this was followed 7 days later by a third retinal photocoagulation. At the �nal follow-
up, 6 months post �nal exchange procedure, the fundus was stable with no occurrence of any vitreous
hemorrhage. To sum up, at the �nal follow-up, the visual acuity was signi�cantly improved in all 47
cases, compared with the visual acuity assessments at the baseline, see Table 2.

Table 2
Snellen Visual acuity outcomes pre and post air-�uid 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 �nger

No major intra-procedure or post-procedure complications were encountered, and air-�uid exchange
manipulations were easily performed.

Discussion
Nonclearing vitreous hemorrhage is the most common reason to perform a post vitrectomy vitreous
cavity �uid/�uid exchange or �uid/air exchange. The rate of vitreous hemorrhage post PPV has been
reported to be between 7%-63% [1–2,11−16], with 9.7% of patients requiring another surgery [9].

Fluid/�uid exchange methods have the advantage of early visual recovery and various methods of
�uid/�uid exchange have been proposed [3–8]. Air-�uid exchanges have been reported to be performed in
outpatient for vitreous hemorrhage post vitrectomy [17–20], the most popular of these being �uid/air
exchange using a single or two-syringe technique. This technique we used is a one-way method with a
single syringe.

Vitreous cavity hemorrhage following PPV can be present at the �rst day postoperative and last for a long
time (persistent in 20–63% of patients), or can occur within the �rst 4 to 6 weeks (early—5%), or thereafter
(delayed—8%) [1, 9, 21]. Early vitreous hemorrhaging is mainly caused by incomplete intraoperative
hemostasis, bleeding from dissected �brovascular tissue or the release of erythrocytes from residual
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peripheral vitreous gel and iatrogenic injury to the retina or retinal vessels [22]. In our study, 5 cases which
were categorized as early VH were given no additional treatment besides the air-�uid exchange procedure,
and the fundus stabilized with no recurrence of VH or retinopathy development. Length of the air-�uid
exchange procedure was based on the individual patients’ situation. 41 of the 47 patients were given
retinal photocoagulation once, post �uid/air exchange procedure. Recurrent vitreous hemorrhage after
PPV has been associated with elevated vitreous levels of vascular endothelial growth factor (VEGF). The
patient who was given the air �uid exchange procedure 3 times had poor blood glucose control, and the
blood glucose control was only stabilized once the insulin pump had �nally been applied. We evaluated
this patient’s situation and recommended anti-VEGF therapy combined with retinal laser. At the �nal
follow-up, his fundus was stable with no recurrence of vitreous hemorrhage.

A 10 ml syringe with a 0.22-micron pore size �lter was used to inhale sterile air. The 0.22-micron pore size
�lter could be equipped for the vitrectomy machine cannula and help to reduce the incidence of
intraocular infection. This technique was employed on 47 eyes without any infectious complications
being observed during the follow-ups and achieving a clear fundus the day the air was absorbed. This
approach produced consistent repeatable results.

This technique has the following advantages, simple, easy to learn, and cost-effective as it can help avoid
a secondary surgery and permit early visual recovery. It also allows the surgeon to inspect the fundus,
perform photocoagulation, and consider more accurately whether full reoperation is necessary. As it is
simple it can be performed without assistance and topical anesthesia is adequate as this is a one way
entering vitreous procedure. The 30-gauge sclerotomy did not leak with non-beveled insertion, and was
self-sealing, however it does have a disadvantage of causing the intraocular pressure to �uctuate during
the procedure.

Conclusion
We believe that this technique is a useful, well-tolerated, and may be an effective �rst step treatment for
postoperative vitreous hemorrhages after PPV.

Abbreviations
Proliferative diabetic retinopathy (PDR); Best corrected visual acuity (BCVA); Type 1 diabetes mellitus
(T1DM); Type 2 diabetes mellitus (T2DM); Pars plana vitrectomy (PPV); Vitreous hemorrhage (VH);
Logarithmic scale for the minimum angle of resolution (LogMAR); Vascular endothelial growth factor
(VEGF).
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Figure 1

A 10mL syringe, a 0.22-micron pore size �lter and one 30-gauge needle.


