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Abstract
● AIM: To assess the efficacy and safety of parafoveal 
retinal massage combined with autologous whole blood 
cover in the treatment of refractory macular holes (MHs) 
and present the surgical procedure.
● METHODS: Patients with giant (minimum diameter 
≥800 μm), recurrent or persistent MHs who underwent PPV 
combined with parafoveal retinal massage and autologous 
whole blood cover using C3F8 as tamponade agent 
from February 2018 to May 2019 were enrolled in this 
retrospective study. After surgery, all patients were informed 
to maintain a prone position for at least 7d. Preoperative 
and postoperative best-corrected visual acuities (BCVAs) 
were compared and MH closure rate was measured as the 
main outcome. 
● RESULTS: A total of 13 MH patients consisted of 6 giant 
MHs, 4 persistent holes and 3 recurrent holes (5 men and 8 
women; average age was 56.40±11.72y) were enrolled in this 
study. MH closure was achieved in 11 eyes by this modified 
surgical technique while 2 eyes failed. Revitrectomy with 
autologous neurosensory retinal patch transplantations 
was applied for those 2 patients and then both holes were 
closed. No intraoperative complications were observed. 
BCVA improved from 1.73 logMAR to 0.74 logMAR at 6mo 
postoperation. There was significant difference in BCVA 
before versus after the surgery (P<0.05). There were no 
adverse events occurred during the follow-up period. 

● CONCLUSION: With easier surgical procedure, 
parafoveal retinal massage combined with autologous 
whole blood cover is an effective addition to the surgical 
options for the management of refractory MHs.
● KEYWORDS: giant macular hole; persistent macular 
hole; recurrent macular hole; parafoveal retinal massage; 
autologous blood cover; vitrectomy
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INTRODUCTION

W ith the current gold standard of pars plana vitrectomy 
(PPV), induction of posterior vitreous detachment, 

internal limiting membrane (ILM) peeling and gas tamponade, 
the macular holes (MHs) closure rate after primary surgery 
commonly exceeds 90%[1-2]. However, treatment options 
for refractory MHs (including giant, recurrent, or persistent 
MHs) have not yet come to a consensus because of the lack of 
randomized clinical trials with a sufficiently large sample 
size[3-4]. The giant MH was generally recognized as diameter 
larger than 800 μm and it had a lower closure rate after a 
standard PPV or PPV combined with peeling of the ILM[5]. 
The rate of persistent MH varies between 8% and 44%[6-7] and 
has been found to be positively correlated with the size of the 
initial MHs[8-9]. In addition, late reopening of MH primarily 
closed after vitrectomy surgery was described in 5%-10% of 
cases[10]. Refractory MHs still remain a surgical challenge.
Recently, surgical technique of parafoveal retinal massage 
and autologous blood cover was described respectively in 
the management of those refractory MHs[11-12]. Although MH 
closure rates were improved by above-mentioned skills, the 
surgical technique still need to be modified for making it easier 
to perform. Thus, we presented a new surgical technique which 
combined these two skills into one surgical procedure to treat 
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the refractory MHs and got an acceptable closure rate. The 
aims of this study were evaluating the efficacy and safety of 
parafoveal retinal massage combined with autologous whole 
blood cover in the management of patients with refractory 
MHs and presenting the surgical technique.
SUBJECTS AND METHODS
Ethical Approval  The study was conducted in accordance 
with the Declaration of Helsinki and was approval by the 
Research Ethics Committee of the First Affiliated Hospital 
of Xi’an Jiaotong University. All patients had been fully 
informed of the purpose and methods of the present study 
and provided written informed consent from themselves or 
other their guardians.
Eligibility of Patients  Patients with giant (MH minimum 
diameter ≥800 μm), persistent (unclosed holes had underwent 
one or more times vitreoretinal surgeries) or recurrent (late 
reopening of primarily closed MHs) MHs were enrolled in this 
retrospective study. All the enrolled patients were recruited 
from the First Affiliated Hospital of Xi’an Jiaotong University 
from February 2018 to May 2019 and treated with this 
modified surgical technique. Patients with significant ocular 
comorbidities (such as diabetic retinopathy, retinal vascular 
occlusion, vitreous hemorrhage, uveitis, ocular tumors, or 
glaucoma), incomplete chart records, or serious systemic 
conditions precluding further operative intervention were 
excluded. Preoperative and postoperative best-corrected visual 

acuity (BCVA) were compared and the MH closure rates were 
measured as the main outcomes.
The gender, age, ocular history, preoperative and postoperative 
clinical manifestations, spectral-domain ocular coherence 
tomography (OCT, by Cirrus, Carl Zeiss, Dublin, USA) results, 
initial and final BCVA were collected. The diameter of the MH 
was calculated in microns on OCT by keeping the calipers on 
the nearest diametrically opposite edges of MH. MH closure 
was defined as a complete sealing of the MH without bare 
retinal pigment epithelium (RPE) by OCT imaging.
Surgical Procedure  The surgical technique mainly involved 
parafoveal retinal massage (tapping the hole edge slightly 
by vit probe or flute needle to bring its edges closer, with or 
without ILM peeling) and autologous blood cover on the top 
of MH in PPV, using C3F8 as tamponade agent (Figure 1). 
All patients were informed to maintain a prone position for 
at least 7d postoperation. All the surgeries were performed 
under retrobulbar anesthesia by an experienced surgeon. The 
detailed surgical procedure was described below. A standard 
three-port, 23- or 25-gauge PPV (Constellation Vitrectomy 
System; Alcon Laboratories, Fort Worth, TX, USA) was 
performed. First, a core vitrectomy was performed and the 
peripheral vitreous was further cut off, using a wide-angle 
viewing system (the Resight 700, Carl Zeiss Meditec AG, 
Jena, Germany) and scleral indentation. For patients with 
persistent or recurrent MHs who had ever underwent one 

Figure 1 The patient who suffered with rhegmatogenous retinal detachment primary with macular hole (diameter=341 μm, right eye) 
had underwent previous vitreoretinal surgeries twice. The first surgery was vitrectomy and ILM peeling with silicone oil for tamponade, 
and then the hole closed. Following silicone oil extraction combined with phacoemulsification and IOL implantation was performed 
6mo later. However, recurrent macular hole with diameter of 818 μm was discovered at 1wk after the second surgery  A: Triamcinolone 
acetonide was used for staining and identifying whether there was residual vitreous gel; B: Little left ILM could be seen by indocyanine green 
staining; C: The flute needle was put onto the hole edge to make a cuff of MH with passive suction and slightly blow; D: Gently massage on the 
parafoveal retina toward the center with vit probe; E: Autologous whole blood was injected into vitreous cavity and the macular hole was fully 
covered; F: Thorough fluid-air exchange was performed to drain off the liquid of vitreous cavity. 

Parafoveal massage with autologous blood cover in refractory macular holes
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or more times vitreoretinal surgeries and ILM peeling, the 
surgeon should conduct a complete removal of the residual 
posterior hyaloids, and inspected repeatedly to determine 
whether there were any retinal breaks or degenerative areas at 
the peripheral retina. For patients with giant MHs who had not 
underwent vitreoretinal surgery, a range close to the vascular 
arch of ILM peeling was performed. Then the soft flute needle 
was put onto the hole edge and passive suction and blow was 
applied slightly to make the MH generate a cuff of subretinal 
fluid intraoperatively for all enrolled patients. Following this 
step, the surgeon gently massaged the parafoveal retina toward 
the center with vit probe or soft flute needle to convert the hole 
into a smaller size and make its edges get stretched and come 
closer. Then a drop of autologous whole blood draw from the 
upper arm vein was injected into the posterior vitreous cavity 
with a 30-gauge needle to fully cover the MH. Thorough 
fluid-air exchange was performed to drain off the balanced 
salt solution in the vitreous cavity, and 0.4-0.7 mL C3F8 was 
injected into the vitreous cavity as intraocular tamponade 
agent which made the gas concentration around 10%. Finally, 
the cannulas were removed. Absorbable suture 8-0 was used 
to watertight the incision if necessary. Patients with visual 
significant cataracts were required to have concurrent cataract 
extraction and intraocular lens (IOL) implantation.
All patients were followed up at 1d, 1, 2wk, every month for 
the first 3mo, and 3mo intervals postoperatively. Extra visits 
were scheduled as needed for anytime. Examinations included 
Snellen visual acuity (VA), anterior segment assessment, 
intraocular pressure, and clinical evaluation of the posterior 
segment. Examination of OCT imaging for macula was 
performed once the gas bubble cleared from the macular area 
when patient was sitting.

In order to accomplish statistical analysis, all the Snellen VA 
values were converted to the logarithm of the minimum angle 
of resolution (logMAR). VA of counting fingers was assigned 
2.3, hand movements 2.6, and light perception 2.9[13]. All the 
continuous data were expressed as mean±standard deviation. 
All data were analyzed using SPSS 23.0 statistical software 
(SPSS Inc., Chicago, IL, USA). Paired t-tests were used in our 
research. P<0.05 was considered statistically significant.
RESULTS
A total of 13 patients (5 men and 8 women; average age 
56.4±11.72y) with MHs consisted of 6 giant MHs, 4 persistent 
holes and 3 recurrent holes were enrolled in this study. All 
of them underwent this modified surgery during the research 
period. All the 6 giant MH patients who were diagnosed with 
idiopathic MH did not have a history of vitreoretinal surgery. 
All the 4 persistent MH patients had previous vitreoretinal 
operations once with ILM peeling and gas tamponade. Two of 
the 3 recurrent MH patients had previous vitreoretinal surgery 
once with ILM peeling and gas tamponade, and the other one 
patient who suffered with retinal detachment primary had 
previously vitreoretinal surgery twice which were vitrectomy 
combined with silicone oil tamponade and following silicone 
oil extraction combined with phacoemulsification and IOL 
implantation (patient No.7). The ILM had been peeled at 
previous surgeries in all persistent and recurrent hole patients. 
The mean preoperative VA was 1.73±0.53 logMAR, and the 
mean holes size were 815.0±228.7 μm. The characteristics of 
all included patients are presented in Table 1. Spectral domain 
optical coherence tomography images (SD-OCT) in Figure 2 
showed part of the typical MHs status before and after surgery.
MH closure was achieved in 11 eyes by this modified surgical 
technique while 2 eyes failed to close (patient No.1, 5). 

Table 1 Baseline characteristics of included patients and their surgical results
Patient 
No.

Age 
(y) Sex Eye Type of 

MH
Diameter of 
MH (μm)

Lens status 
preop.

Axial 
length

Preop.
BCVA

MH status 
Postop.

Postop. BCVA
at 6mo

Postop. BCVA
last visit

Follow-up
time (mo)

1 67 F OD G 1317 Phakic 27.68 2.3 Open 2.3 2.3 16

2 53 M OS P 653 Phakic 22.89 1.68 Closed 0.59 0.51 14

3 47 F OS R 663 Phakic 28.09 1.49 Closed 0.79 0.73 13

4 64 F OD G 854 Phakic 24.31 1.59 Closed 0.68 0.61 12

5 52 F OS P 912 Pseudophakic 24.61 2.3 Open 1.35 1.21 12

6 59 F OD G 955 Phakic 22.98 1.89 Closed 0.79 0.75 11

7 57 M OD R 818 Pseudophakic 22.58 1.77 Closed 0.61 0.49 11

8 58 F OD P 609 Pseudophakic 22.65 1.64 Closed 0.71 0.64 10

9 56 M OS G 805 Phakic 22.78 1.74 Closed 0.57 0.51 9

10 60 M OS G 969 Phakic 23.07 1.86 Closed 0.72 0.66 9

11 49 M OS P 588 Phakic 29.29 1.15 Closed 1.15 1.15 8

12 53 F OD R 409 Pseudophakic 23.74 1.08 Closed 0.45 0.41 7

13 59 F OS G 872 Phakic 23.88 1.87 Closed 0.70 0.65 7

MH: Macular hole; BCVA: Best corrected visual acuity; F: Female; M: Male; G: Giant; R: Recurrent; P: Persistent; Preop.: Preoperative; 
Postop.: Postoperative.
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Revitrectomy with autologous neurosensory retinal patch 
transplantations was applied for those 2 patients one month 
later after the initial operation and then both holes closed 
(Figure 3). Primary and final MH closure rate were 84.6% and 
100% respectively. Totally 5 (38.5%) eyes with cataracts were 
performed concurrent cataract extraction and IOL implantation, 
and 4 eyes (30.8%) were pseudophakic. No intraoperative 
complication was observed. The mean follow-up time was 
9.9±3.7mo. BCVA was improved from 1.73±0.53 logMAR
preoperative to 0.74±0.19 logMAR postoperative at 6mo. 

The final follow-up logMAR BCVA was 0.65±0.17. There 
was a significant difference in BCVA before versus after the 
surgery at 6mo (t=19.29, P<0.001). There were no adverse 
events occurred during follow-up period. Table 2 shows the 
preoperative and postoperative parameters of all included 
patients.
DISCUSSION
Kumar et al[12] suggested that using the technique of parafoveal 
retinal massage in PPV could improve the closure rate of large 
MHs in 2013. In their study, hole closure was seen in 89.3% 

Figure 2 Part of the MHs status before and after surgery showed by SD-OCT.

Parafoveal massage with autologous blood cover in refractory macular holes
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(25/28) of eyes, with significant improvement of VA from 
logMAR 0.86±0.2 (20/145) to logMAR 0.43±0.22 (20/54) 
postoperatively. The surgical skill mainly involved tapping 
on the hole edge to make it get stretched and come closer, so 
the hole would likely easy to close. Recently, various surgical 
techniques using ILM have been introduced to improve 
surgical outcomes in refractory MHs[14-16]. Lai et al[11] presented 
the surgical technique of vitrectomy combined with ILM 
repositioning and autologous blood cover to treat refractory 
MHs and obtained a better outcome than before. They 
suggested that autologous blood was rich in growth factors and 
could provide growth scaffolds to stimulate the proliferation of 
glial cells which would fill MHs. However, it is worth noting 
that the inverted ILM flap may detach spontaneously during 
the fluid-air exchange and it may bring difficulties to the 
operation[17]. Lyu et al[18] use ILM transplantation combined 
with autologous whole blood cover for repair of refractory 
MHs (with MH of the minimum diameter of >700 μm, the 
maximum base diameter of 1000 μm and hole formation 
factor is >0.6) and received 100% hole closure rate. According 
to previous surgical experience, ILM flap dissociation and 
dislocation were encountered sometimes when trying to use 

it cover or insert into the MH. Usually, heavy water must be 
used for free ILM flap transplantation, which may increase 
the medical cost and the complexity of the surgical procedure. 
Moreover, these procedures are not feasible in cases where the 
ILM around the MH has already been removed, such as cases 
of recurrent or persistent MHs after failed surgery. Persistent 
and recurrent MHs are often associated with poor visual 
prognosis, and the mechanism behind persistent or reopening 
of MHs remains be poorly understood[19-20]. Regardless of the 
surgical approach, the goals of techniques described above aid 
in stimulating or inducing gliosis, providing growth scaffolds, 
and striving for maximize closure rate. So, we integrated 
the two skills above into one modified surgical technique as 
parafoveal retinal massage combined with autologous whole 
blood cover in the management of giant, persistent or recurrent 
MHs in order to present an easier surgical procedure and 
obtain an acceptable outcome.
In our study, MH closure was achieved in 11 eyes by this 
modified surgical technique. The primary MH closure rate 
was 84.6%. Two eyes failed to close including one patient 
who initially suffered with giant MH with diameter of 1317 
μm and another patient who suffered with persistent MH 

Figure 3 SD-OCT showed status of the 2 initially failed holes before and after surgery.

Table 2 Demographics and surgical results among all patients                                                                             n=13

Variable Data

MH size, mean±SD (μm) 815.0±228.7
Axial length, mean±SD (mm) 24.58±2.17
Preoperative logMAR BCVA (Snellen equivalent) 1.73±0.53 (20/1176)
Primary MH closure, yes:no (%) 11:2 (84.6)
Final MH closure (%) 100
Postoperative logMAR BCVA (Snellen equivalent, 6mo postoperation) 0.74±0.19 (20/156)
Final follow-up logMAR BCVA (Snellen equivalent) 0.65±0.17 (20/141)
Follow-up duration, mean±SD (mo) 9.9±3.7

MH: Macular hole; BCVA: Best corrected visual acuity; logMAR: Logarithm of minimal angle of resolute.
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with diameter of 912 μm respectively. Revitrectomy was 
performed for the two failed patients. With indocyanine green 
staining in operation, we found there was no ILM left for 
transplantation. So we selected an autologous neurosensory 
retinal patch from peripheral fundus for repairing the MH[21-23] 
and then both of the holes closed. Finally, 11 patients had 
improved VA, and 2 patients had an unchanged VA (Patient 
No.1 & 11). As we know, modern approaches for refractory 
MHs were using a plug of ILM peeled from the periphery of 
the posterior pole[14], a neurosensory retinal free flap[22-23], or 
capsular lens fragments[24-25] to cover or insert into the MHs. 
With above-mentioned procedures, anatomical MH closure 
rate was achieved from 60% to 90% of all cases, and BCVA 
improvement account for 80% of successful cases. So, we 
can conclude that MH closure rate in our study (84.6%) was 
comparable to the previous studies, but the surgical procedure 
is easier to be performed. BCVA improvement rate was 84.6% 
in our study that was also comparable to the above-mentioned 
procedures. Although VA was improved significantly after 
the surgery, the final follow-up logMAR BCVA in our study 
was lower than that of part previous studies above (0.65±0.17 
vs 0.43±0.22 to 1.07±0.35). The probable reason may be the 
low logMAR baseline VA between our patients and those of 
previous studies (1.73±0.53 vs 0.86±0.2 to 1.53±0.39) due to 
the different sample composition.
We tried to analyze the mechanism of this modified technique. 
The pathogenesis of MH closure primarily involves centripetal 
movement of retinal tissue to occupy the fovea. Parafoveal 
retinal massage is just an effectively physical way to make MH 
shrink quickly. Peyman et al[26] have demonstrated high closure 
rate in chronic holes using passive suction to the edges of the 
MH. It has also been observed that MH with cuff of subretinal 
fluid was more likely to close[27-28]. In the case of an MH 
with a cuff of subretinal fluid, there will not be any adhesion 
between the MH edges and the underlying RPE. So, we used 
flute needle to suck and blow the hole edge to make the MH 
generate a cuff of subretinal fluid intraoperatively. Autologous 
blood was used in our study as a growth scaffold for the repair 
of MH. Based on above, we could explain why the usage 
of parafoveal retinal massage combined with autologous 
blood cover could obtain a relatively satisfied outcome in the 
management of refractory MHs.
There were some reasons for postoperative VA improvement 
in our study. First, postoperative recovery of the outer retinal 
structure was the decisive factor affecting postoperative 
vision[5], while parafoveal retinal massage was just an effectively 
physical way to make MH come smaller and it was beneficial 
to the repair of MH. Of course, there are also concerns that 
parafoveal retinal massage could damage important retinal 
structures around the macula fovea. Considering the severe 

impact of failed MH closure on visual acute, these potential 
injuries could be placed on a relatively minor position. 
However, a randomized controlled study should be conducted 
to draw more reliable conclusions about the severity of macular 
injury caused by parafoveal retinal massage compared with 
MH surgery without macular massage. Second, autologous 
whole blood was rich in growth factors which could promote 
better growth and repair of MH. Third, autologous blood could 
provide a growth scaffold to stimulate the proliferation of glial 
cells which would fully fill and heal the MHs. As the reasons 
mentioned above, the MHs had more chance to get anatomical 
repair, and hole closure with VA improvement was achieved 
more possibly.
There were several limitations in our study. It was a 
retrospective study with small sample size and there was no 
control group. Because of the small sample of the study, we 
could not subgroup the patients for comparing with previous 
studies of giant, persistent or recurrent MHs respectively. In 
addition, all the enrolled patients were from a single center, 
and all the surgeries were performed by one single surgeon, so 
it may have certain selection bias.
In conclusion, we consider that parafoveal retinal massage 
combined with autologous whole blood cover is an easier 
surgical procedure and effective addition to the surgical options 
for the management of giant, persistent or recurrent MHs. 
Further prospective randomized case-control studies with a 
larger sample size should be undertaken.
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