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Several new surgical techniques for managing refractory diabetic macular edema (DME) have 
demonstrated favorable short-term outcomes. However, no studies have reported the long-term 
outcomes of these treatments. This study aimed to evaluate the long-term outcomes of cystotomy for 
DME retrospectively. Twenty-seven patients (31 eyes; 16 male, 11 female) who underwent cystotomy 
for DME between January 2015 and April 2019, with a follow-up period of 3 years were included. 
Statistical analyses involved variables including age, sex, best-corrected visual acuity (BCVA), central 
macular thickness (CMT), number of treatments (anti-vascular endothelial growth factor, sub-Tenon 
injection of triamcinolone acetonide, direct photocoagulation for microaneurysms, vitrectomy with 
internal limiting membrane peeling), number of clinic visits, and DME recurrence. The mean age was 
67.2 ± 9.3 years. BCVA (logMAR) and CMT(µm) significantly improved from preoperatively to 3 years 
postoperatively (P < 0.001). Total treatments significantly decreased from the year before surgery 
to the third year after surgery (P < 0.001). The mean number of clinic visits significantly decreased 
from the year before surgery to the third year after surgery (P < 0.001). Fibrinogen clot removal was 
performed in 14 eyes. and DME recurrence occurred in 12 eyes. Cystotomy may be a viable treatment 
option for DME.

Diabetic macular edema (DME) is intricately linked to increased vascular permeability, blood-retinal barrier 
disruption, retinal microaneurysms (MA) formation, and vitreoretinal traction. Abnormal expression of various 
cytokines, including vascular endothelial growth factor (VEGF), plays a critical role in these pathological 
processes.

Effective treatment for DME requires a comprehensive approach that addresses these underlying conditions. 
Current therapeutic strategies primarily involve anti-VEGF therapy, in combination with sub-Tenon 
triamcinolone acetonide administration (STTA), retinal photocoagulation, and pars plana vitrectomy (PPV)1–4. 
Although most cases of DME can be managed with these combined treatments, refractory cases that resist 
therapy have been reported5,6, posing a significant ongoing challenge.

Recently, new surgical techniques, including planned subretinal injection of balanced salt solution (BSS)7,8, 
cystotomy9,10, and fibrinogen clot removal11–14, have been attempted in managing refractory DME, with each 
demonstrating favorable short-term outcomes. However, no studies have reported the long-term outcomes of 
these treatments.

Therefore, this study aimed to report the 3-year postoperative outcomes of cystotomy and fibrinogen clot 
removal for DME.

Results
Table 1 shows the preoperative background of the patients. The participants included 27 cases with 31 eyes (16 
males and 11 females) comprising six phakic and 25 pseudophakic eyes. The average age was 67.2 ± 9.3 years.

Analysis of all the cases revealed that average BCVA significantly improved and remained constant from 
0.41 ± 0.29 preoperatively to 0.38 ± 0.28 at 1 month, 0.32 ± 0.24 at 3 months, 0.33 ± 0.26 at 6 months, 0.33 ± 0.23 
at 1 year, 0.33 ± 0.26 at 2 years, and 0.32 ± 0.29 at 3 years postoperatively (Kruskal–Wallis test, P < 0.001) 
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(Fig. 1). Furthermore, average CMT significantly improved and sustained from 514.2 ± 132.9 preoperatively to 
322.2 ± 78.5 at 1 month, 317.1 ± 109.3 at 3 months, 323.4 ± 104.9 at 6 months, 320.7 ± 112.8 at 1 year, 285.3 ± 97.2 
at 2 years, and 268.4 ± 75.3 at 3 years postoperatively (Kruskal–Wallis test, P < 0.001) (Fig. 2). Fibrinogen clot 
removal was performed in 14 eyes (45.2%).The average number of anti-VEGF therapy, STTA, photocoagulation 
for microaneurysm [MA-PC], PPV, and total number of all treatments were 1.7 ± 2.3, 0.4 ± 0.7, 0.8 ± 0.4, 0.5 ± 0.5, 
and 3.5 ± 2.5 in the year before surgery and decreased to 0.5 ± 1.6, 0.1 ± 0.4, 0.5 ± 1.0, 0.1 ± 0.2, and 1.2 ± 2.0 in the 
first year after surgery; 0.3 ± 1.1, 0.1 ± 0.2, 0.1 ± 0.4, 0.1 ± 0.3, and 0.5 ± 1.5 in the second year after surgery; and 
0.1 ± 0.4, 0.0 ± 0.2, 0.3 ± 0.7, 0.1 ± 0.2, and 0.5 ± 1.2 in the third year after surgery, respectively (Kruskal–Wallis 
test, P < 0.001) (Fig. 3). The average number of visits significantly decreased from 14.5 ± 6.6 in the year before 
surgery to 8.5 ± 3.5, 5.2 ± 3.1, and 3.6 ± 2.8 in the first, second and third years after surgery, respectively (Kruskal-
Wallis test, p < 0.001) (Fig. 4).

In this study, recurrence was defined as the reappearance of CME in optical coherence tomographic 
(OCT) findings. Additional treatment was administered to recurrent cases after consultation with the patient. 
Consequently, there were 12 eyes in the recurrence group and 19 eyes in the no recurrence group. Differences 
in sex, age, lens status, preoperative BCVA, preoperative CMT, fibrinogen clot removal, treatment frequency, 
or number of visits in the year before surgery between the two groups were not significant. In the recurrence 
group, BCVA was 0.41 ± 0.29 preoperatively, 0.38 ± 0.28 at 1 month, 0.32 ± 0.24 at 3 months, 0.33 ± 0.26 at 6 
months, 0.33 ± 0.23 at 1 year, 0.33 ± 0.26 at 2 years, and 0.32 ± 0.29 at 3 years postoperatively, with no significant 
changes (Kruskal–Wallis test, P = 0.78). In the no recurrence group, BCVA improved significantly from 
0.38 ± 0.27 preoperatively to 0.35 ± 0.24 at 1 month, 0.28 ± 0.19 at 3 months, 0.26 ± 0.21 at 6 months, 0.28 ± 0.19 
at 1 year, 0.26 ± 0.22 at 2 years, and 0.24 ± 0.24 at 3 years postoperatively (Kruskal–Wallis test, P < 0.001) (Fig. 5). 
CMT significantly improved and sustained in both the recurrence group (from 514.2 ± 132.9 preoperatively to 

Fig. 1.  Best-corrected visual acuity (BCVA) over time for all cases. In all cases, BCVA (logMAR) improved 
significantly from 0.41 ± 0.29 preoperatively (pre) to 0.38 ± 0.28 at 1 month postoperatively (1 M), 0.32 ± 0.24 
at 3 months (3 M), 0.33 ± 0.26 at 6 months (6 M), 0.33 ± 0.23 at 1 year (1Y), 0.33 ± 0.26 at 2 years (2Y), and 
0.32 ± 0.29 at 3 years (3Y) postoperatively (Kruskal–Wallis test, P < 0.001; Dunn’s test, **P < 0.01).

 

Total Recurrence group No recurrence group p-value

Number of patients 31 12 19

Sex (male, female) 16, 11 7, 4 9, 8 0.87

Age, average ± SD (years) 67.2 ± 9.3 64.2 ± 10.1 69.0 ± 8.5 0.09

Lens status, phakia/pseudophakia (eyes) 6, 25 4, 8 2, 17 0.17

Pre BCVA, average ± SD (logMAR) 0.41 ± 0.29 0.41 ± 0.29 0.38 ± 0.27 0.85

Pre CMT, average ± SD (µm) 514.2 ± 132.9 514.2 ± 132.9 510.4 ± 121.2 0.33

Fibrinogen clot removal (yes/no) 14/17 5/7 9/10 0.95

Number of total treatments in the year before surgery (average ± SD) 3.5 ± 2.5 3.7 ± 1.9 3.3 ± 2.8 0.35

Anti-VEGF therapy 1.7 ± 2.3 1.8 ± 1.9 1.7 ± 2.6 0.87

STTA 0.4 ± 0.7 0.5 ± 0.8 0.4 ± 0.6 0.10

MA-PC 0.8 ± 0.4 0.9 ± 0.3 0.7 ± 0.5 0.38

PPV 0.5 ± 0.5 0.5 ± 0.5 0.5 ± 0.5 0.89

Number of visits in the year before surgery (average ± SD) 14.5 ± 6.6 14.9 ± 7.2 14.3 ± 6.4 0.34

Table 1.  Preoperative background characteristics of the patients BCVA, best corrected visual acuity. CMT 
central macular thickness, MA-PC photocoagulation for microaneurysm, PPV pars plana vitrectomy, SD 
standard deviation, STTA sub-Tenon triamcinolone acetonide administration, VEGF vascular endothelial 
growth factors.
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322.2 ± 78.5 at 1 month, 317.1 ± 109.4 at 3 months, 319.3 ± 105.6 at 6 months, 320.7 ± 112.8 at 1 year, 285.3 ± 97.2 
at 2 years, and 268.4 ± 75.3 at 3 years; Kruskal-Wallis test, p < 0.001) and no recurrence group (from 510.4 ± 121.2 
preoperatively to 289.7 ± 54.8 at 1 month, 287.8 ± 88.2 at 3 months, 310.6 ± 103.8 at 6 months, 293.4 ± 83.4 at 
1 year, 258.5 ± 65.0 at 2 years, and 263.8 ± 79.1 at 3 years; Kruskal–Wallis test, P < 0.001) (Fig. 6). The average 
number of anti-VEGF therapy, STTA, MA-PC, PPV, and total number of all treatments were 1.8 ± 1.9, 0.5 ± 0.8, 
0.9 ± 0.3, 0.5 ± 0.5, and 3.7 ± 1.9 in the year before surgery and decreased to 1.3 ± 2.5, 0.3 ± 0.7, 0.9 ± 1.4, 0.2 ± 0.4, 
and 2.7 ± 2.5 in the first year after surgery; 0.8 ± 1.7, 0.2 ± 0.4, 0.2 ± 0.6, 0.3 ± 0.5, and 1.4 ± 2.2 in the second year 
after surgery; and 0.3 ± 0.6, 0.1 ± 0.3, 0.6 ± 1.0, 0.2 ± 0.4, and 1.1 ± 1.7 in the third year after surgery, respectively 
(Kruskal–Wallis test, P < 0.001) in the recurrence group (Fig. 7). In the no recurrence group, the average number 
of anti-VEGF therapy, STTA, MA-PC, PPV, and total number of all treatments were 1.7 ± 2.6, 0.4 ± 0.6, 0.7 ± 0.5, 
0.5 ± 0.5, and 3.3 ± 2.8 in the year before surgery, respectively, but no additional treatments were required in the 
3 years after surgery (Fig. 7). The average number of visits significantly decreased in both the recurrence group 
(from 14.9 ± 7.2 in the year before surgery to 10.7 ± 4.1 in the first year after surgery, 6.8 ± 4.2 in the second year 
after surgery, 5.3 ± 3.9 in the third year after surgery; Kruskal-Wallis test, p < 0.001) and no recurrence group 
(from 14.3 ± 6.4 in the year before surgery to 7.1 ± 2.1 in the first year after surgery, 4.2 ± 1.8 in the second year 
after surgery, 2.5 ± 0.9 in the third year after surgery; Kruskal-Wallis test, p < 0.001) (Fig. 8).

Given that significant improvement in BCVA was observed in the no recurrence group but not in the 
recurrence group, logistic regression analysis was performed with recurrence as the dependent variable. 
However, no significant factors were identified (Table 2).

Fig. 3.  Treatment frequency over time for all cases. In all cases, the average number of anti-VEGF therapy, 
STTA, MA-PC, PPV, and total number of all treatments were 1.7 ± 2.3, 0.4 ± 0.7, 0.8 ± 0.4, 0.5 ± 0.5, and 3.5 ± 2.5 
in the year before surgery and decreased to 0.5 ± 1.6, 0.1 ± 0.4, 0.5 ± 1.0, 0.1 ± 0.2, and 1.2 ± 2.0 in the first year 
after surgery; 0.3 ± 1.1, 0.1 ± 0.2, 0.1 ± 0.4, 0.1 ± 0.3, and 0.5 ± 1.5 in the second year after surgery; and 0.1 ± 0.4, 
0.0 ± 0.2, 0.3 ± 0.7, 0.1 ± 0.2, and 0.5 ± 1.2 in the third year after surgery, respectively (Kruskal–Wallis test, 
P < 0.001 ; Dunn’s test, **P < 0.01). (VEGF vascular endothelial growth factor, STTA sub-Tenon triamcinolone 
acetonide administration,  MA-PC photocoagulation for microaneurysm, PPV pars plana vitrectomy)

 

Fig. 2.  Central macular thickness (CMT) over time for all cases. In all cases, CMT (µm) improved significantly 
from 514.2 ± 132.9 preoperatively (pre) to 322.2 ± 78.5 at 1 month postoperatively (1 M), 317.1 ± 109.3 at 3 
months (3 M), 323.4 ± 104.9 at 6 months (6 M), 320.7 ± 112.8 at 1 year (1Y), 285.3 ± 97.2 at 2 years (2Y) and 
268.4 ± 75.3 at 3 years (3Y) postoperatively (Kruskal–Wallis test, P < 0.001; Dunn’s test, **P < 0.01).
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The surgical techniques for cystotomy and fibrinogen removal in a representative case from the no-recurrence 
group are demonstrated in Supplemental Video 1, while the time course of OCT and fundus findings for the 
same patient is shown in Fig. 9.

Discussion
Recently, the effectiveness of cystotomy for refractory CME, including DME, has garnered attention9–14. The 
initial report described this technique as an adjunctive procedure during primary PPV (without internal limiting 
membrane (ILM) peeling) for 22 eyes with DME, resulting in improvement in 16 of 22 eyes (72.7%) and visual 
acuity improvement or maintenance in 20 of 22 eyes (90%)9. Asahina et al. reported significant visual acuity 
improvement and reduction in CMT at 6 months postoperatively in 20 eyes with DME (17 eyes underwent 
PPV with epiretinal membrane peeling, ILM peeling, and cystotomy, and 3 eyes underwent cystotomy alone)10. 
Furthermore, we have reported significant improvement in visual acuity, central retinal sensitivity, and CMT 
at 1 month postoperatively, which was maintained until 12 months in 30 eyes with refractory DME resistant to 
conventional treatments, including anti-VEGF therapy, STTA, MA-PC, and PPV with ILM peeling12. We also 
reported significant visual acuity improvement and CMT reduction at 1 month postoperatively and maintained 
until 12 months in patients who underwent this procedure as the primary treatment due to difficulty with 
continuous follow-up15. In the present study, significant CMT reduction at 1 month and significant visual acuity 

Fig. 5.  Best-corrected visual acuity (BCVA) over time for recurrence and no recurrence groups. In the 
recurrence group, BCVA was 0.41 ± 0.29 preoperatively (pre), 0.38 ± 0.28 at 1 month (1 M), 0.32 ± 0.24 at 
3 months (3 M), 0.33 ± 0.26 at 6 months (6 M), 0.33 ± 0.23 at 1 year (1Y), 0.33 ± 0.26 at 2 years (2Y), and 
0.32 ± 0.29 at 3 years (3Y) postoperatively, with no significant changes (Kruskal–Wallis test, P = 0.78). In the 
no recurrence group, BCVA improved significantly from 0.38 ± 0.27 preoperatively to 0.35 ± 0.24 at 1 M, 
0.28 ± 0.19 at 3 M, 0.26 ± 0.21 at 6 M, 0.28 ± 0.19 at 1Y, 0.26 ± 0.22 at 2Y, and 0.24 ± 0.24 at 3Y postoperatively 
(Kruskal–Wallis test, P < 0.001; Dunn’s test, **P < 0.01).

 

Fig. 4.  Average number of clinic visits over time for all cases. In all cases, the average number of clinic visits 
significantly decreased from 14.5 ± 6.6 in the year before surgery to 8.5 ± 3.5 in the first year postoperatively, 
5.2 ± 3.1 in the second year postoperatively, and 3.6 ± 2.8 in the third year postoperatively (Kruskal–Wallis test, 
P < 0.001; Dunn’s test, **P < 0.01).
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improvement at 3 months were observed; with these effects maintained for 3 yeats postoperatively suggesting 
that this procedure may be beneficial not only for refractory DME but also as an adjunctive treatment during 
PPV, potentially offering long-term therapeutic effects.

Notably, anti-VEGF therapy is undoubtedly the cornerstone of DME treatment. Large prospective studies 
have established strong evidence for its efficacy in improving visual acuity16. However, real-world retrospective 
studies suggest that the effectiveness of anti-VEGF therapy may be inferior to that reported in large prospective 
studies17–20. These findings imply that frequent intravitreal injections are essential for achieving reduction in 
macular edema and visual acuity improvement observed in these studies. Moreover, real-world retrospective 
studies have indicated that multiple induction treatments at the loading phase21, and the use of the Treat & 
Extend method during the maintenance phase22–24 are beneficial for maintaining improved visual acuity. 
However, both multiple induction treatments and the Treat & Extend method, where additional injections are 

Fig. 7.  Treatment frequency over time for recurrence and no recurrence groups. In the recurrence group, 
the average number of anti-VEGF therapy, STTA, MA-PC, PPV, and total number of all treatments were 
1.8 ± 1.9, 0.5 ± 0.8, 0.9 ± 0.3, 0.5 ± 0.5, and 3.7 ± 1.9 in the year before surgery and decreased to 1.3 ± 2.5, 0.3 ± 0.7, 
0.9 ± 1.4, 0.2 ± 0.4, and 2.7 ± 2.5 in the first year after surgery; 0.8 ± 1.7, 0.2 ± 0.4, 0.2 ± 0.6, 0.3 ± 0.5, and 1.4 ± 2.2 
in the second year after surgery; and 0.3 ± 0.6, 0.1 ± 0.3, 0.6 ± 1.0, 0.2 ± 0.4, and 1.1 ± 1.7 in the third year after 
surgery, respectively (Kruskal–Wallis test, P < 0.001; Dunn’s test, **P < 0.01). In the no recurrence group, the 
average number of anti-VEGF therapy, STTA, MA-PC, PPV, and total number of all treatments were 1.7 ± 2.6, 
0.4 ± 0.6, 0.7 ± 0.5, 0.5 ± 0.5, and 3.3 ± 2.8 in the year before surgery, respectively, but no additional treatments 
were required in the 3 years after surgery. (VEGF, vascular endothelial growth factor, STTA sub-Tenon 
triamcinolone acetonide administration, MA-PC photocoagulation for microaneurysm, PPV pars plana 
vitrectomy)

 

Fig. 6.  Central macular thickness (CMT) over time for recurrence and no recurrence groups. In the 
recurrence group, CMT (µm) improved significantly from 514.2 ± 132.9 preoperatively (pre) to 322.2 ± 78.5 at 
1 month postoperatively (1 M), 317.1 ± 109.4 at 3 months (3 M), 319.3 ± 105.6 at 6 months (6 M), 320.7 ± 112.8 
at 1 year (1Y), 285.3 ± 97.2 at 2 years (2Y), and 268.4 ± 75.3 at 3 years (3Y) postoperatively (Kruskal–Wallis test, 
P < 0.001; Dunn’s test, **P < 0.01). In the no recurrence group, CMT improved significantly from 510.4 ± 121.2 
preoperatively to 289.7 ± 54.8 at 1 M postoperatively, 287.8 ± 88.2 at 3 M, 310.6 ± 103.8 at 6 M, 293.4 ± 83.4 
at 1Y, 258.5 ± 65.0 at 2Y, and 263.8 ± 79.1 at 3Y postoperatively (Kruskal–Wallis test, P < 0.001; Dunn’s test, 
**P < 0.01).
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administered before macular edema recurs, tend to result in a higher number of intravitreal injections compared 
with single-dose treatment and additional injections upon recurrence25,26. This suggests that achieving the full 
benefits of anti-VEGF therapy requires numerous intravitreal injections, which increases the burden of clinic 
visits, presenting a significant economic and physical burden to the patients27,28. Thus, while current DME 
treatment is largely based on multidisciplinary approaches centered around anti-VEGF therapy, the treatment 
of refractory cases and patients with difficulty in continuous follow-up remains a critical concern. The results of 
this study, showing a significant reduction in the number of treatments and visits postoperatively compared to 
preoperatively, suggest that cystotomy may be a viable option for reducing the economic and physical burden 
on patients. In contrast, recent reports suggest that many patients with DME are willing to accept increased 
economic and physical burdens from treatment to achieve better visual outcomes29,30. These findings indicate 
that while it is essential to avoid the indiscriminate continuation of anti-VEGF therapy, decisions regarding the 
introduction of PPV and cystotomy should be made in close consultation with the patient.

In this study, DME recurred in 12 of 31 eyes (38.8%) over the 3-year postoperative period, with no significant 
improvement in BCVA compared with preoperative levels. Recently, new-generation anti-VEGF drugs such as 
brolucizumab31 and faricimab32, which can extend the intravitreal injection interval to 12–16 weeks—potentially 
reducing the number of injections and visits—have been introduced. These findings suggest that considering 
the existence of anti-VEGF therapies that can improve visual acuity with fewer injections, the indiscriminate 
introduction of cystotomy should be approached with caution. Interestingly, the results of this study indicate 
that cystotomy was effective in preventing DME recurrence for 3 years postoperatively in 19 of 31 eyes (61.2%), 
with significant improvement in BCVA, suggesting that this procedure may be effective in a subset of patients. 
However, the factors contributing to recurrence could not be identified from the results of this study. In the future, 
by conducting more detailed investigations and identifying factors that contribute to recurrence, this surgical 
procedure may become a viable option for treating a subset of patients with DME in whom the procedure proves 
effective. However, even at this point, we believe that it can serve as a treatment option for refractory DME that 
resists existing treatments or for cases where patients do not wish to continue with current therapies.

There are several limitations to the interpretation of the results of this study. First, as the study design is 
retrospective, there are inherent limitations in accurately assessing causal relationships. Additionally, due to 
the small number of cases, careful consideration is required to determine whether the results of this study 

Independent variables coefficient S.E. Wald p-value

Pre BCVA 1.03636 1.40830 0.5415 0.4618

Pre CMT 0.0014956 0.0032924 0.2063 0.6496

Fibrinogen clot removal 0.59767 0.85640 0.4871 0.4852

History of PPV 0.38025 0.87190 0.1902 0.6628

Number of anti-VEGF therapy in the year before surgery -0.010852 0.18378 0.003487 0.95

constant -2.19314 2.58960 0.7172 0.3970

Table 2.  Logistic multiple regression analysis regarding the DME recurrence. BCVA  best corrected visual 
acuity, CMT central macular thickness, PPV pars plana vitrectomy, VEGF vascular endothelial growth factors.

 

Fig. 8.  Average number of clinic visits over time for recurrence and no recurrence groups. In the recurrence 
group, the average number of clinic visits significantly decreased from 14.9 ± 7.2 in the year before surgery to 
10.7 ± 4.1 in the first year after surgery, 6.8 ± 4.2 in the second year after surgery, and 5.3 ± 3.9 in the third year 
after surgery (Kruskal–Wallis test, P < 0.001; Dunn’s test, **P < 0.01). In the no recurrence group, the average 
number of clinic visits significantly decreased from 14.3 ± 6.4 in the year before surgery to 7.1 ± 2.1 in the 
first year after surgery, 4.2 ± 1.8 in the second year after surgery, and 2.5 ± 0.9 in the third year after surgery 
(Kruskal–Wallis test, P < 0.001; Dunn’s test, **P < 0.01).
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can be generalized. Going forward, it is necessary to conduct prospective studies with a larger sample size to 
improve the reliability of the research. Furthermore, by extending the follow-up period, it will be crucial to more 
thoroughly evaluate the long-term durability and efficacy of the treatment.

In conclusion, the results of this study suggest that cystotomy and fibrinogen clot removal for DME may be 
effective in improving and maintaining BCVA and CMT over a long-term period of three years. With further 
investigation into the factors contributing to recurrence, this procedure could be a potential treatment option 
for DME treatment in the appropriate patient population that reduces the physical and economic burden on 
patients.

Methods
In total, 31 eyes that underwent cystotomy for DME at the Department of Ophthalmology, Kobe University 
Hospital, and were followed up for 3 years postoperatively between January 2015 and April 2019 were included 
in this study. The study was conducted in accordance with the Declaration of Helsinki and was approved by the 
Ethics Committee of Kobe University Hospital (Approval no.: B240036). The requirement for informed consent 
was waived by the committee due to the retrospective observational design of this study. However, patients 
could withdraw consent and opt-out of this study at any time via the hospital homepage. The criteria for patient 
selection were as follows: (1) cases of DME with cystoid macular edema (CME) that showed no improvement 
despite treatment with anti-VEGF therapy (ranibizumab, 0.5 mg or aflibercept, 2 mg), STTA, MA-PC, or PPV; 
(2) cases of DME with CME where patients, regardless of treatment history with anti-VEGF therapy or STTA, 
preferred PPV owing to the need for frequent visits or economic burden and chose not to initiate or continue 
these treatments. The exclusion criteria included (1) cataract of Grade 3 or higher according to the Emery-Little 
classification, (2) coexisting glaucoma, (3) history of uveitis, and (4) history of surgery for other vitreoretinal 
diseases.

The variables extracted from medical records and retrospectively analyzed included sex, age, lens status 
(phakic/pseudophakic), BCVA, and CMT preoperatively, and at 1, 3, 6, 12, 24, and 36 months postoperatively, 
fibrinogen clot extraction, Recurrence of CME; number of treatments (anti-VEGF, STTA, MA-PC, PPV) in 
the year before surgery; additional number of treatments in the first, second, and third years after surgery for 

Fig. 9.  Course of optical coherence tomography and fundus findings in a representative case from the no 
recurrence group. A 71-year-old male. Despite undergoing three anti-VEGF therapy sessions, one MA-PC, 
and PPV with internal limiting membrane peeling for DME in the left eye, there was no improvement, so 
cystotomy was performed. Preoperative best-corrected decimal visual acuity was 0.4. OCT findings showed 
DME (A). At six months post-surgery, DME had resolved (B), and the best-corrected decimal visual acuity 
improved to 0.6. At one year post-surgery, there was no recurrence of DME (C), and the best-corrected 
decimal visual acuity remained at 0.6. Even at two years post-surgery, DME had not recurred (D), and the 
best-corrected decimal visual acuity improved to 0.7. At three years post-surgery, DME had not recurred (E), 
and the best-corrected decimal visual acuity improved to 1.0. During follow-up fundus photography, there was 
no occurrence of foveal chorioretinal atrophy attributable to this procedure (F) preoperative, (G) 6 months 
post-surgery, (H) one year post-surgery, (I) 2 years post-surgery, (J) 3 years post-surgery). (VEGF vascular 
endothelial growth factor, MA-PC photocoagulation for microaneurysm, PPV pars plana vitrectomy, DME 
diabetic macular edema, OCT optical coherence tomography).
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recurrent cases; and number of visits in the year before surgery, first, second, and third years after surgery were 
also recorded. CMT was measured using OCT (Cirrus HD-OCT, Carl Zeiss Meditec AG, Jena, Germany). BCVA 
was converted to logarithmic minimum angle of resolution (logMAR) for statistical analysis. The number of 
visits was limited to those related to DME treatment.

Surgical technique
The surgery was performed under local anesthesia (2% lidocaine, sub-Tenon anesthesia). The Constellation 
Vision System (Alcon Laboratories, Fort Worth, TX, USA) was used for surgery, and a wide-angle non-contact 
observation system (Resight®; Carl Zeiss Meditec AG, Jena, Germany) was utilized for intraocular observation. 
In cases without a history of cataract surgery, phacoemulsification and intraocular lens implantation were 
performed first. In cases without a history of PPV, vitrectomy and ILM peeling within a range of approximately 
2 disc diameters centered on the fovea were performed using a 27-gauge system. Subsequently, cystotomy and 
fibrinogen clot removal were conducted following the methods previously described11,12. Briefly, the inner wall 
of the subfoveal cystoid space was opened using 27G MaxGrip forceps (Alcon Grieshaber AG, Schaffhausen, 
Switzerland). If an exposed fibrinogen clot was identified within the cystoid cavity11, it was directly grasped and 
removed using the same microforceps. In cases where the surgeon could not visually confirm the presence of a 
fibrinogen clot, no further intervention was performed within the cystoid space. No cases underwent fluid-air 
exchange or intravitreal injection of expansive gas at the end of the surgery.

Statistical analyses
An unpaired t-test was used for intergroup comparisons (recurrence/no recurrence) of age, preoperative BCVA, 
preoperative CMT, treatment frequency, and number of visits in the year before surgery. A chi-square test was 
used for intergroup comparisons of sex, lens status, and the fibrinogen clot removal. The Kruskal–Wallis test 
was used for analyzing the variance in BCVA, CMT, treatment frequency, and number of visits preoperatively 
and postoperatively. Dunn’s test was used for post-hoc analysis. Logistic regression analysis was performed with 
recurrence as the dependent variable. All statistical analyses were conducted using SPSS software (IBM, version 
24.0), with the significance level set at P < 0.05.

Data availability
The datasets generated during and/or analyzed during the current study are available from H. Imai, the corre-
sponding author, on reasonable request.
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