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Abstract: Purpose of the study: The purpose of the study was to compare the morphological and functional results of the studied patients with idiopathic macular 
hole treated with a one-stage method (phacovitrectomy) and combined cataract and vitrectomy surgery.

 Material and methods: The study included 33 patients (33 eyes) with idiopathic macular hole treated at the Department of Retina and Vitreous 
Surgery in Lublin. Twenty-one eyes were surgically treated with phacovitrectomy (Group 1 MH). Twelve patients underwent two-stage, combined treatment 
with removal of the lens in the first stage and vitrectomy in the second (Group 2 MH). The assignment of patients to groups was random. All patients 
underwent 23-gauge sutureless vitrectomy with removal of the internal limiting membrane (internal limiting membrane peeling). SF6 gas was used as an 
intraocular tamponade at an isovolumetric concentration of 20% and face down position recommendation for 7 days. Cataract surgery was performed using 
the phacoemulsification method with an incision in the transparent part of the cornea with intracapsular, posterior chamber implantation of a monofocal lens. 
A 12-month observation period was established, measured from the date of vitrectomy performance, and in the case of a combined procedure, this period 
was extended by the time between each stage of treatment. At subsequent check-ups, the subjects underwent a complete ophthalmological examination, 
which included: best corrected distance visual acuity and best corrected near visual acuity, assessment of the anterior and posterior segments, in a slit lamp, 
measurement of retinal sensitivity in the macula using microperimetry, the Amsler test and optical coherence tomography examination of the macula.

 Results: In patients of the total studied group, an improvement in the best-corrected visual distance and near acuity was obtained, and in 88% retinal 
sensitivity in the macula was also achieved. In the group of patients subjected to phacovitrectomy (Group 1 macular hole) with an average minimum hole 
diameter of 487.48 µm before the procedure, after a one-year follow-up the mean best corrected distance visual acuity was 0.57 and best corrected near 
visual acuity 0.51, with macular retinal sensitivity of 26.65 dB. However, in the group of patients subjected to combined cataract and vitrectomy, an average 
minimum hole diameter of 521.58 µm 12 months after trans pars plana vitrectomy was performed as well as an average best corrected distance visual acuity 
of 0.64, best corrected near visual acuity of 0.5, and retinal sensitivity in the macula of 25.98 dB. There were no statistically significant differences between 
phacovitrectomy and the combined procedures in terms of the improvement in the values of distance and near visual acuity and macular retinal sensitivity 
12 months after trans pars plana vitrectomy. A statistically significant improvement in retinal sensitivity in the macula was observed in Group 1 macular hole 
during the 12-month follow-up, while in the combined procedure group the improvement was not statistically significant.

 Conclusions: Vitrectomy is an effective method of treating maculopathy in the form of macular hole. Morphological and functional improvement was 
noted in all patients, regardless of the treatment method used. There were no statistically significant differences between phacovitrectomy and the combined 
procedure in terms of the improvement achieved in the values of distance visual acuity parameters, near vision and retinal sensitivity in the macula 12 months 
after trans pars plana vitrectomy. A common feature of patients with worse results on individual variables was a longer duration of the disease and a larger 
size of the hole prior vitrectomy.
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Introduction
Macular hole (MH) is an anatomical defect of all neuronal lay-

ers of the retina within the fovea [1], accompanied by swelling 
of the surrounding retinal tissue and a gradual loss of function of 
the surrounding photoreceptors as a result of pathological forces 
exerted on the retina within the fovea by the shrinking vitreous 
body [2].

Idiopathic macular hole is a relatively common cause of vi-
sual impairment, most often occurring in patients over 65 years 
of age (6th–8th decade of life) with an incidence of 7.8 new cases 
per 100,000 individuals per year [3], three times more frequent 
in females than in males [4–6]. Macular hole occurs unilaterally 
in 80% of cases [3, 7, 8]. Vitrectomy is the surgical method of 
choice for the treatment of full-wall macular holes, with an ana-
tomical success rate of 85-100% [9–12]. The use of vitrectomy 

with removal of the inner retinal limiting membrane (ILM) has 
now become the method of choice in the treatment of MH, and 
most authors report achieving closure of the hole with the suc-
cess of 90–98% [13, 14]. Vitrectomy in the treatment of macular 
holes involves the removal of the entire vitreous body or only its 
central part (cortical pars plana vitrectomy), removal of the inner 
retinal limiting membrane and the use of intraocular gas tampona-
de. Since 2009, the surgical technique of the inverted ILM flap, 
which was first described by Michalewska et al. [15], has also 
been used. In the postoperative period, patients are recommen-
ded to adopt an appropriate body position – face down position 
(FDP) – in order to place the gas used for tamponade frontally 
to the hole [16, 17]. Cataract is a common complication after 
vitreoretinal procedures, especially those involving intraocular gas 
tamponade. It is estimated that 6 months after surgery, the exi-
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sting cataract progresses in 34% of cases, and after 12 months 
in 50% of cases [18, 19]. Moreover, macular holes affect patients 
in the 6th–8th decade of life, where cataracts appear to be a com-
mon occurrence. Combined cataract extraction with vitrectomy 
should now be a preferred and prevalent procedure in the surgical 
treatment of MH.

Material and methods
The study group included 33 patients (33 eyes, 25 female pa-

tients and 8 males) with idiopathic macular hole. Initially, 35 pa-
tients (36 eyes) were included in the study group; however, due to 
the failure in closing the macular hole during primary vitrectomy 
in 3 cases, observations and analysis of the results were continued 
in 33 patients (33 eyes) due to the changed system of further fol-
low-up and treatment. All patients underwent 23-gauge seamless 
vitrectomy with removal of the internal limiting membrane (ILM 
peeling), preceded by the administration of indocyanine green, 
and SF6 gas was used as an intraocular tamponade at an isovolu-
metric concentration of 20% and the recommended positioning 
for 7 days – face down. Cataract surgery was performed using 
the phacoemulsification method with an incision in the trans-
parent part of the cornea with intracapsular, posterior chamber 
implantation of a monofocal lens. The inclusion criteria for the 
study were the diagnosis of an idiopathic, full-wall macular hole 
confirmed by spectral optical coherence tomography (SD-OCT), 
the patient’s informed written consent for participation in the 
study, and the visual acuity and general condition of the patients 
allowing the study to be performed. The preoperative exclusion 
criteria were: lack of consent for participation in the study, age-
-related macular degenerative changes, intense myopia and hype-
ropia, glaucoma, history of uveoretinitis, history of retinal vascular 
diseases and eyeball injuries, vascular bands and retinal breaks, 
choroidal tumors, developmental anomalies in the posterior pole, 
opacities of the optical centers making examination impossible, 
inflammatory diseases of the eye, previous intraocular and laser 
surgery and diabetes. Postoperative factors excluding patients 
from the group were an incomplete observation period and failure 
to close the macular hole due to a change in the treatment regi-
men and necessary follow-ups.

The study obtained a positive opinion from the Bioethics Com-
mittee of the Medical University of Lublin (KE-0254/51/2015). 
Twenty-one eyes were surgically treated with phacovitrectomy 
(Group 1 MH), and 12 patients underwent two-stage combined 
treatment with lens removal in the first stage and vitrectomy in 
the second (Group 2 MH). Cataract surgery was performed using 
the phacoemulsification method with an incision in the transpa-
rent part of the cornea with intracapsular, posterior chamber im-
plantation of a monofocal lens. The average age of patients treated 
in one stage was 71.80 years, in two-stage treatment 67.85 years, 
and the statistical analysis showed that the average age of patients 
treated sequentially was statistically significantly lower (p< 0.05, 
p = 0.04). The duration of symptoms in patients treated in one 
stage was 13.86 months, while in two-stage treatment it was 
11.42 months, which was not a statistically significant difference 
(p> 0.05, p = 0.78). In patients treated in one stage, tests were 
performed according to the following scheme: zero test (t0), i.e. 
test on the day of phacovitrectomy, then postoperative tests were 
performed: 1 month (t1), 3 months (t2), 6 months (t3), 12 mon-
ths (t4) after trans pars plana vitrectomy (TPPV), while in the 
two-stage treatment, the examination (t0) was considered to be 
the examination on the day of lens removal surgery, on the day of 
vitrectomy (t01), and postoperative examinations 1 month (t1), 
3 months (t2), 6 months (t3), and 12 months (t4) after TPPV. At 
subsequent check-ups, the subjects underwent a full ophthalmo-
logical examination, which included: best corrected distance visual 
acuity (BCDVA) and best corrected near visual acuity (BCNVA) 
based on the Snellen chart, assessment of the anterior and poste-
rior segments in a slit lamp, measurement of retinal sensitivity 
in the macula using microperimetry, the Amsler test, and optical 
coherence tomography (OCT) examination of the macular area.

Visual acuity for distance and near was tested using the Snel-
len chart. Distance visual acuity was tested from a distance of 5 m, 

Fig. 1. OCT image – full-wall macular hole (stage IV).

Fig. 2. Red-free image in macular hole microperimetry.

Fig. 3. Red-free image in macular hole microperimetry with a map of retinal sensitivity 
on the macular area.
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using a board with illuminated optotypes – letters (Chart Projec-
tor FR-1003LED by Frey) and a decimal scale. Near visual acuity 
(35 cm) was assessed using a reduced Snellen chart and a decimal 
scale, where the value of D-0.5 means full visual acuity and D-3.0 
is the lowest that can still be examined on this chart. The stage of 
macular hole was assessed based on the Gass classification. Sta-
ge IV MH was diagnosed in 28 patients, stage III in 4 patients, 
and stage II in one patient. The assessment of retinal parameters 
to confirm the diagnosis at the first visit, as well as subsequent te-
sts according to the follow-up scheme, were analyzed by imaging 
using the TOPCON 3D 2000 OCT device (3D scan 6 x 6 mm). 
Using the measurement option, retinal measurements were made 
using a “compass”, including a parameter describing the size of the 
macular hole – minimum hole diameter (MHD). The minimum 
linear size of the macular hole is measured at the narrowest point 
in the center of the retina of the measured hole.

Microperimetry was performed within 10° of the macular area 
(expert exam, protocol 4.2) using a Maia II device from Cente-
rvue to measure the sensitivity of the retina in the macula expres-
sed in decibels (dB). Statistical analyses were used to evaluate 
the results. The distribution of the studied variables was checked 
using the Kolmogorov-Smirnov test. The values of the analyzed 
parameters measured on a ratio scale were characterized by mean, 
standard deviation, median (Me) and range of variability, while 
those measured on a nominal scale were characterized by frequ-
ency and percentage. Student’s t test or the Mann-Whitney test 
was used to assess differences between 2 groups for quantitative 
characteristics. Spearman’s rank correlation coefficient test was 
used to assess the impact of one quantitative variable on another 
quantitative variable, and the non-parametric Pearson’s chi-squ-
ared test was used for qualitative variables. To analyze changes 
occurring over time, the repeated-measures ANOVA test or the 
non-parametric Friedman’s rank-order ANOVA test and the Wil-
coxon paired order test were used. The influence of 2 qualita-
tive variables on a quantitative trait was analyzed based on the 
ANOVA test for factorial designs. An inference error of 5% and 
the associated significance level of p< 0.05 were assumed, indica-
ting the existence of statistically significant relationships or diffe-
rences. The database of analyzed data was created and statistical 

analyses were carried out using Statistica 13.0 computer software 
(StatSoft, Poland).

Results
At time t0, BCDVA in Group 1 MH ranged from 0.05 to 0.4, 

with an average value of 0.14, while BCNVA ranged from 0.5 to 
3.0, with an average value of 1.77, and the average retinal sensiti-
vity in the macula averaged 22.48 dB. In patients from Group 2 
MH at time t0 BCDVA ranged from 0.04 to 0.2, with a mean of 
0.12, and BCNVA from 0.75 to 3.0, with a mean value of 1.71 
and mean macular sensitivity 23.92 dB (Tab. I). The Amsler test 
performed at t0 for the presence of metamorphopsia was positive 
(+) in 33 patients (33 eyes, 100% of the subjects). During exa-
mination of the anterior segment under the slit lamp at time t0, 
as well as during subsequent check-ups, no significant pathology 
was found in any of the examined groups, apart from periodic 
irritation of the conjunctiva of the eyeball and slight inflammation 
of the eyelid margins. The OCT examination assessed the stage of 
MH based on Gass classification and measured the size of MHD. 
The mean MHD values at time t0 did not differ statistically signi-
ficantly between patients from Group 1 MH and 2 MH (p>0.05) 
(Tab. II). In Group 1 MH, 18 patients had stage IV MH, two pa-
tients had stage III, one had stage II, and the average size of MHD 
was 478.48 µm. In Group 2 MH, macular hole was classified as 
stage IV in 10 patients and stage III in 2 patients. The mean MHD 
in the 2 MH group at time t0 was 499.92, and t01 was 521.58 µm, 
and the observed difference was statistically significant (p< 0.05, 
p = 0.02) (Tab. III). In Group 2 MH, the waiting period between 
the first and second stages of treatment ranged from 1 to 5 mon-
ths, and the average was 2.0 months. The tests at time t01 in 
patients treated with combined procedure were carried out after 
the first stage of treatment – lens removal surgery. They showed 
an improvement in BCDVA from an average of 0.12 to 0.15, 
BCNVA from 1.77 to 1.56, while the average retinal sensitivity 
in the macula dropped from 23.92 to 22.85 dB, and the obtained 
differences in the values of these parameters between time t0 and 
t01 were not statistically significant (Tab. IV).

Fig. 4. Macular hole grade IV with MHD 521 µm.

Parameters

Study in time  t0

Group1. MH Group 2. MH

BCDVA 0.14 0.12

BCNVA 1.77 1.71

Macular sensitivity 22.48 dB 23.92 dB

Tab. I. Test results of patients from Group 1 MH and 2 MH at time t0.

x x

Type  
of measu-

rement

1. MH t0 2. MH t0
Statistical analysis

SD Me Min Max SD Me Min Max

MHD 487.48 199.75 485.00 235.00 876.00 499.92 114.07 521.00 275.00 653.00 Test t-Studenta
t = -0.20; p = 0.84

Tab. II. MHD of the macular hole at time t0 in 1 MH and 2 MH groups.

x x

Patients from Group 2. MH Mean SD Me Q1 Q3 Wilcoxon paired order test

MHD t0 499.92 114.07 521.0 445.5 595.5
Z = 2.39; p = 0.02

MHD t01 521.58 112.02 532.0 460.0 617.5

Tab. III. Comparison of the MHD parameter of patients from Group 2 MH between time t0 and t01.
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Based on the test results from individual follow-up investi-
gations, it was found that both in one-stage and combined treat-
ment and in the entire group of patients without division as for 
treatment method (MH group), one could observe a statistically 
significant increase in BCDVA and BCNVA values (p< 0.05) in 
the one-year follow-up (Tab. V, VI). Analyzing the values of mi-
croperimetry results, a statistically significant increase in retinal 
sensitivity in the macula was observed during the 12-month fol-
low-up in 1 MH and without division into treatment method (MH 

group) (p<0.05) (Tab. VII). In 2 MH, there was an improvement 
in retinal sensitivity in the macula during the one-year follow-up, 
but this increase was not statistically significant. There was also 
a reduction in metamorphopsia at t4 based on the Amsler test in 
both groups, with greater improvement in patients treated in one 
stage (Tab. VIII).

Summing up, the results of the one-stage and combined treat-
ments were compared in terms of the improvement in test results 
obtained in the 12th month of observation compared to the exami-

Patients from Group 2. MH Mean SD Me Q1 Q3 Wilcoxon paired order test

Macular sensitivity t0 23.92 1.78 24.30 21.60 25.30
Z = 0.98; p = 0.33

Macular sensitivity t01 22.85 2.64 22.70 21.60 25.00

BCNVA t0 9.94 28.68 1.75 1.38 2.25
Z = 1.52; p = 0.13

BCNVA t01 1.56 0.58 1.50 1.25 2.00

BCDVA t0 0.12 0.06 0.10 0.10 0.18
Z = 1.33; p = 0.18

BCDVA t01 0.15 0.07 0.14 0.10 0.20

Tab. IV. Comparison of test results of patients from Group 2 MH between time t0 and t01.

Method  
of treatment

BCDVA 
in time t0

BCDVA 
in time t1

BCDVA 
in time t2

BCDVA 
in time t3

BCDVA 
in time t4

Statistical analysis

SD SD SD SD SD Repeated-measures ANOVA test p

1. MH 0.14 0.09 0.27 0.18 0.44 0.22 0.54 0.21 0.57 0.21 F = 58.08
T0 vs. T1; T0 vs. T2; T0 vs. T3; T0 vs. T4; T2 vs. T4 0.00001 

2. MH 0.12 0.06 0.33 0.11 0.49 0.10 0.58 0.12 0.64 0.14 F = 69.52 
T0 vs. T1; T0 vs. T2; T0 vs. T3; T0 vs. T4; T1 vs. T3; T1 vs. T4l; T2 vs. T4; 0.00001 

MH 0.13 0.08 0.29 0.16 0.46 0.18 0.55 0.18 0.60 0.19 F = 117.3
T0 vs. T1; T0 vs. T2; T0 vs. T3; T0 vs. T4; T1 vs. T3; T1 vs. T4 T2 vs. T4; 0.0001 

Tab. V. Results of BCDVA parameter tests in patients with MH, with division into treatment methods, during one-year follow-up.

x x x x x

Method  
of treatment

BCNVA 
in time t0

BCNVA 
in time t1

BCNVA 
in time t2

BCNVA 
in time t3

BCNVA 
in time t4

Statistical analysis

SD SD SD SD SD Repeated-measures ANOVA test p

1. MH 1.77 0.71 0.78 0.36 0.65 0.24 0.54 0.09 0.51 0.05 F = 52.97 0.001

2. MH 1.71 0.53 0.65 0.31 0.54 0.10 0.50 0 0.50 0 F = 56.29 * 0.0001

MH 1.73 0.49 0.73 0.22 0.61 0.09 0.52 0.11 0.51 0.19 F = 70.43 *
T0 vs. T1; T0 vs. T2; T0 vs. T3; T0 vs. T4 0.001 

Tab. VI. Results of the BCNVA parameter in patients with MH, divided by treatment method, during one-year follow-up.

x x x x x

Method  
of treatment

Macular sensitivity 
over time t0

Macular sensitivity 
over time t1

Macular sensitivity 
over time t2

Macular sensitivity 
over time t3

Macular sensitivity 
over time t4

Statistical analysis

SD SD SD SD SD Repeated measures ANOVA test p

1. MH 22.48 2.67 24.16 2.19 26.20 1.37 26.31 1.55 26.65 2.09 F = 4.22
T0 vs. T1; T0 vs. T2; T0 vs. T3; T0 vs. T4 0.005

2. MH 23.92 1.78 23.41 2.61 25.08 1.81 24.60 2.75 25.98 2.55 F = 2.33 0.075

MH 23.08 2.41 23.84 2.34 25.69 1.65 25.63 2.32 26.38 2.26 F = 5.63
0 vs. T5 0.004

Tab. VII. Results of macular retinal sensitivity tests in patients with MH, divided by treatment method, during one-year follow-up.

x x x x x
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nation prior vitrectomy, and no statistically significant differences 
were noted in the parameters BCDVA, BCNVA and retinal sensi-
tivity in the macula (Tab. IX, X, XI).

Discussion 
Maculopathy is a relatively common disease, most frequently 

occurring in patients over 65 years of age with an incidence of 7.8 
new cases per 100,000 people per year [3], three times more fre-
quent in females than in males [4–6]. MH occurs unilaterally in 
80% of cases [3, 7, 8]. This is confirmed by the results of our re-
search. The average age of patients in the study group was 70.24, 
75% of the patients were female, and the disease was unilateral 
in 100%. Symptoms reported by patients diagnosed with MH 
include deterioration of visual acuity, mainly central, and image 
distortion in the form of metamorphopsia of varying intensity. All 
patients in the study had a positive (+) Amsler test for metamor-
phopsia before surgery. Currently, the most important diagnostic 

tool in pathologies of the posterior pole of the eyeball, allowing 
for diagnosis, assessment of the stage of the disease, and asses-
sment of treatment results, is OCT. Optical coherence tomogra-
phy is an imaging method thanks to which the classification of 
macular holes has been refined and expanded, and it has also been 
possible to introduce precise terminology for vitreomacular bor-
derline disorders, which was developed and published by a group 
of experts from the International Vitreomacular Traction Study 
Group (IVTS Group) [1]. In our study group, the stage of MH 
was assessed according to the Gass classification, which is based 
on the morphology of the holes. Over the years, authors have 
increasingly relied on the newer classification presented by the 
IVTS Group, which pays more attention to the border between 
the vitreous body and the macula [1]. In Group 1 MH, 18 patients 
had stage IV MH, 2 patients had stage III, and one had stage II, 
while in Group 2 MH, macular hole was classified as stage IV in 
10 patients and stage III in 2 patients. Optical coherence tomogra-
phy examination is currently an indispensable test to analyze the 
morphology of the retina (Fig. 5 and 6), while in order to assess 
its function, in addition to visual acuity, microperimetry is a very 
good complementary investigation which allows quantitative as-
sessment of the function of the retina (Fig. 7 and 8).

Pars plana vitrectomies (PPV) used in the treatment of macu-
lar diseases are one of the most promising ophthalmological proce-
dures. The first reports on surgical treatment techniques for this 
disease appeared in the 1990s. In vitreoretinal surgery for macular 
pathology, there are key variables relating to the removal of the 
internal limiting membrane (ILM peel), the choice of tamponade 
and chromovitrectomy dye, and the use of postoperative patient 
positioning. In the Department of Retina and Vitreous Surgery 
of the Medical University of Lublin, the standard treatment for 
macular hole has been 23-gauge vitrectomy with ILM peeling, 
preceded by the administration of brilliant blue G or indocyani-
ne green, while triamcinolone is used to stain the vitreous body, 
and SF6 gas is used as a tamponade in isovolumetric concentration 
with the patient positioned face down position for up to 7 days 
after the procedure. However, in the case of very large, persistent 
macular holes, the “inverted flap” method is used.

The age of patients with macular pathologies and frequently 
co-occurring vitreous pathologies requires attention as for the pre-
sence of possible lens opacities. Globally, the prevalence of cata-

Method of treatment A after 12 m (-) A after 12 m (+) A after 12 m (minimal metamorphopsia) Total

1. MH 11 10 0 21

% 52.38% 47.62% 0.00% 100.00%

2. MH 2 9 1 12

% 16.67% 75.00% 8.33% 100.00%

Total 13 19 1 33

Tab. VIII. Amsler test results (A) Group of patients with MH at t4.

Study groups
MH

average difference BCDVA Sd Me

1. MH 0.44 0.19 0.40

2. MH 0.52 0.14 0.53

Mann-Whitney Test Z = -1.29; p = 0.20

Tab. IX. Results of a comparative analysis of BCDVA differences between t4 and t0 in pa-
tients with MH, divided by treatment method.

Study groupsy
MH

average difference BCNVA Sd Me

1. MH -1.26 0.70 -1.00

2. MH -1.27 0.63 -1.25

Mann-Whitney Test Z = 0.19; p = 0.85

Tab. X. Results of a comparative analysis of BCNVA differences between t4 and t0 in pa-
tients with MH, divided by treatment method.

Study groups
MH

average difference in macular sensitivity Sd Me

1. MH 4.17 2.08 4.80

2. MH 2.06 2.75 2.95

Mann-Whitney Test Z = 1.82; p = 0.07

Tab. XI. Results of a comparative analysis of differences in retinal sensitivity in the macula 
between time t4 and t0 in patients with MH, divided by treatment method.

Fig. 5. OCT image of the macula of patient with MH in stage IV, with complete detach-
ment of the posterior limiting membrane of the vitreous body with a visible lid.
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racts is estimated at 47.8% in people over 50 years of age [20], 
in Europe at the age of 60–69 it is 30%, and for individuals over 
70 years of age it accounts for 64% [21]. A cataract may impair 
the view into the vitreous chamber and the visibility of details of 
the fundus of the eye during the procedure, which makes vitrec-
tomy significantly more difficult. Moreover, faster occurrence of 
cataracts after vitrectomy is typical, especially after those proce-
dures using gas or oil tamponade, and the quantitative differences 
result from the length of the postoperative observation period. 
Jackson et al. found that in nearly 60% of vitrectomy patients with 
various types of gas tamponade, cataract surgery was performed 
within 6 months after PPV [5]. The choice of treatment methods 
analyzed in this study is related to the fact that PPV in pseudo-
phakic eyes is easier due to better visualization and access to the 
vitreous base and possible peripheral photocoagulation, which 
shortens the procedure time. Moreover, during TPPV in a pseu-
dophakic eye, there is no risk of iatrogenic damage to the natural 
lens. However, cataract surgery in eyes after vitrectomy is techni-
cally more difficult due to the lack of stability of the posterior lens 
capsule and the greater risk of its rupture [22–24].

Moreover, extending vitrectomy in a pseudophakic eye by re-
moving the anterior part of the vitreous body increases the gas 
volume in the vitreous chamber, which may have a beneficial ef-
fect on the anatomical effect in macular hole surgery [25]. In re-
cent years, a procedure combining lens removal with vitrectomy 
has become increasingly popular. A combined procedure presents 
many advantages. First of all, patients do not require a second 
surgery and avoid possible complications related to it, secondly, 
the limitation of their activity is shorter, which also results in their 
faster rehabilitation [26]. Moreover, the course of the entire the-
rapeutic process is not postponed, which has a positive effect on 
health. There are no analyses in the available literature based on 
prospective studies comparing the results of surgical treatment 
of macular hole with phacovitrectomy and two-stage, combined 
treatment. The analyses in this study were conducted prospecti-
vely, with a 12-month follow-up period after vitrectomy. It is also 
important that they were conducted in pseudophakic patients, 
which eliminated the influence of cataract progression on postope-
rative functional measurements. Due to the ongoing regeneration 
of photoreceptors, recovery of macular function may take time 
and is usually better with longer follow-up. In a multicenter UK 
database study of patients treated for MH, 48.6% of eyes achie-
ved an improvement ≥ 0.3 LogMAR at 12 weeks postoperatively, 
and 58.3% after 52 weeks (5). This is confirmed by the results of 
our research. In both one-stage and two-stage treatment, we ob-
served a statistically significant improvement in the BCDVA value 
in subsequent tests (Tab. V) during the 12-month follow-up, and 
the rate of increase in this parameter did not differ statistically 
significantly depending on the treatment method used. Kirshnan 
et al. [27] presented the results of studies after 23-gauge phaco-
vitrectomy with ILM peeling, with a baseline visual acuity similar 
to ours, amounting to 0.89 logMAR, obtaining an improvement 
in BCVA on the LogMAR scale by an average of 0.52, which is 
a result similar to ours (0.44).

In the literature, patient’s age is also mentioned as an impor-
tant predictor of postoperative visual acuity, in addition to the 
size of the hole and preoperative visual acuity. The mean age 
of patients in Group 1 MH was statistically significantly higher 
compared to Group 2 MH (p = 0.04) (71.80 years vs. 67.85). 
Moreover, taking into account patients with MHD > 500 µm, 
in Group 1 MH the average age of these patients was 72.67, with 
an average MHD of 680.89 µm, while in Group 2 MH the avera-
ge age was 67.71 years, with MHD 576.71 µm. The duration of 
symptoms was also longer in the 1 MH group (13.86 months vs. 
11.42 months), but this difference was not statistically significant 

Fig. 7. Microperimetry result of patient showing a map of retinal sensitivity  
in the macula before phacovitrectomy.

Fig. 8. Microperimetry result of patient, showing a map of retinal sensitivity  
in the macula 12 months after surgery.

Fig. 6. OCT image of the same patient 12 months after TPPV with CFT 171 µm and good 
reconstruction of the IS /OS complex and ELM.
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(p = 0.78). Taking into account the above data, it can be conclu-
ded that the lower postoperative distance visual acuity in patients 
treated in one stage was statistically significantly influenced by 
older age and longer duration of symptoms, and that patients with 
MHD > 500 µm constituted 50% of this group, with an average 
MHD of 680.89 µm, with 58% of patients in the 2 MH group 
with a mean MHD of 576.71 µm. Analyzing the best-corrected 
near visual acuity during the 12-month follow-up, it was found 
that both in Group 1 MH and Group 2 MH, there was a stati-
stically significant improvement in this variable during the one-
-year follow-up (in Group 1 MH from mean 1.77 to 0.51, and in 
Group 2 MH from mean 1.71 to 0.5), achieving improvement in 
all patients, which also indicates a relationship between macular 
regeneration and time [6]. When comparing the increase in the 
BCNVA parameter in individual time periods, no statistically si-
gnificant differences were found between the treatment methods 
used (ANOVA test with repeated measurements F = 0.23; p = 
0.92). The difference in this parameter between the examination 
at time t4 and t0 in Group 1 MH was 1.26 (mean BCNVA at 
time t4 0.51), in Group 2 MH 1.27 (mean BCNVA at time t4 
0.5); these were not statistically significant differences between 
the methods used (p = 0.85), though. Taking into account the re-
sults of microperimetry, 88% of operated patients who underwent 
the test had improved retinal sensitivity in the macula.

Analyzing this parameter at individual follow-up points, 
a statistically significant increase in this variable over time was 
observed in patients who underwent a one-stage procedure (p = 
0.005). In the 1 MH group, there was a greater improvement in 
retinal sensitivity in the macula by an average of 4.17 dB, and it 
was 26.65 dB at t4 compared to patients treated in two stages 
with an average improvement of 2.06 dB and retinal sensitivity 
in the macula at t4 of 25.98 dB. However, these differences were 
not statistically significant (p = 0.07). The smaller increase in this 
parameter in the 2 MH group can be explained by the fact that 
initially the average value of retinal sensitivity in the macula in this 
group was higher (23.92 dB vs. 22.48 dB). Taking into account the 
above analyses, comparing the size of changes in parameters po-
stoperatively related to the preoperative state (difference betwe-
en examination t4 and t0), there were no statistically significant 
differences between the results of patients with MH treated with 
the one-stage and two-stage method, with respect to the values 
of the severity variables, distance and near vision, and retinal sen-
sitivity in the macula. However, taking into account changes in 
parameter values over time (based on measurements at successive 
time points during a one-year follow-up), statistically significant 
differences between the treatment methods used were observed 
in relation to the sensitivity of the retina in the macula among 
patients undergoing phacovitrectomy. 

Summing up, the postoperative visual acuity of patients with 
a macular hole was influenced by the patient’s age, initial size of 
the hole, and duration of symptoms. In the case of a macular hole, 
the duration of this pathology affects the size of the hole, which 
in turn has predictive significance for parameters assessing retinal 
function after surgery [9, 28, 29]. In our patients with MH, the 
longer duration of the disease resulted in an increase in hole size 
parameters, which correlated with worse postoperative distance 
and near visual acuity, as well as retinal sensitivity in the macu-
la. Both treatment methods are effective in achieving functional 
and anatomical improvement. A common feature of patients with 
worse results on individual variables was a longer duration of the 
disease. Phacovitrectomy regarding its singularity as a procedure 
therefore reduces the risk of possible complications during the 
next procedure, makes the therapeutic process and patient’s co-
nvalescence faster and is also associated with a lower financial and 
mental burden, lower costs of the procedure, and optimization 

of the work of the staff and the operating theater. Better health 
effects resulting from previously performed surgery indicate that 
choosing a one-stage method is more beneficial.

Conclusions 
Vitrectomy is an effective method of treating maculopathy 

in the form of macular hole. There were no statistically signifi-
cant differences in the improvement in the variables BCDVA, 
BCNVA, retinal sensitivity in the macula between the one-stage 
method (phacovitrectomy) and sequential, two-stage, combined 
treatment (in the first stage, removal of the lens; in the second, 
vitrectomy) in patients with a macular hole. Phacovitrectomy, jo-
ining lens removal and vitrectomy, seems to be a safe alternative 
to two-stage treatment of macular pathology.
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