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. There is a myopic shift in the final measured spherical equivalent following combined phacovitrectomy

: compared to the predicted postoperative value. This change in myopia is known to be associated

© with gas tamponade, but it also occurs in patients who do not have gas tamponade, and even

. when vitrectomy is performed in the pseudophakic eye. In this study, we focused on the long-term
reproducibility of axial length after combined phacovitrectomy in patients with macula-sparing
rhegmatogenous retinal detachment. Before surgery, one year after surgery, and two years after
surgery, bilateral axial lengths were measured using partial interferometry. To confirm whether axial
lengths changed after surgery, we conducted confidence analyses using the intraclass correlation
coefficient (1CC), coefficient of variation (CV), and test-retest standard deviation (TRTSD). The

: preoperative mean axial length was 25.03 +1.69 mm in the affected eyes and 24.96 +=1.70 mm in the

. fellow eyes. The ICC, CV, and TRTSD were 0.97, 0.45, and 0.114 in affected eyes and 0.98, 0.66, and

. 0.167 infellow eyes, respectively, which shows a high level of reproducibility. Prediction errors for
postoperative spherical equivalents measured using partial interferometry were —0.41 4+ 0.67 diopters

. (p=0.001), respectively, which shows a remarkable myopic shift. Correlation analyses indicated that

. this myopic shift was significant in eyes with a shallower anterior chamber and a thicker lens. In macula-

. sparing RRD patients, the axial length showed excellent long-term reproducibility two years after

. vitrectomy, cataract surgery, and gas tamponade. The myopic shift after surgery was therefore caused

. by factors that may have affected the intraocular lens position, such as preoperative anterior chamber
depth and lens thickness, rather than a change in the axial length.

Rhegmatogenous retinal detachment (RRD) is an eye disorder that occurs when liquified vitreous humor flows
into the potential space between the neurosensory retina and the underlying retinal pigment epithelium, resulting
in separation of the neurosensory retina from the underlying retinal pigment epithelium. The two primary treat-
ments for RRD involve scleral buckling and pars plana vitrectomy!. With recent developments in surgical devices
and skills, there is a growing trend to perform vitrectomy with strong points that may directly eliminate traction
and immediately remove subretinal fluid?. However, because vitrectomy produces a cataract?, secondary cataract
. surgery is then required. In recent years, combined phacoemulsification-vitrectomy (phacovitrectomy) has been
. performed more frequently because its safety has been confirmed?.
The postoperative spherical equivalent is an important factor that determines the satisfaction level of patients.
. There is a myopic shift in the final measured spherical equivalent following combined phacovitrectomy compared
- to the predicted postoperative value®~'°. This change in myopia is known to be associated with gas tamponade®,
. but it also occurs in patients who do not have gas tamponade!!, and even when vitrectomy is performed in
. the pseudophakic eye!?. In previous studies, changes in axial length, as well as changes in the position of the
intraocular lens, were known to be the cause of the myopic shift'>'?. This change in axial length was explained
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by preoperative measurement errors'?"* or decreased macular edema!!. Thus, it is important to measure these

parameters precisely, even in combined phacovitrectomy.

However, numerous recent studies have reported limitations in axial length measurements for patients with
macular edema such as epiretinal membrane, diabetic retinopathy, and macular hole®. It can be difficult to
precisely measure this parameter because of unstable fixation and the accompanying decrease in visual acuity. In
addition, errors could occur because of changes in the macula itself before and/or after surgery. In theory, such
changes do not affect the axial length if the retinal pigment epithelium is preserved, because partial interferome-
try measures the distance from the corneal epithelium to the retinal pigment epithelium layer. However, there is
a possibility of error if the macula is abnormal because of epiretinal membrane or macular edema'. When meas-
uring patients with macula-off retinal detachment using partial interferometry, in theory, the axial length should
not be altered because the pigment epithelium is in place. However, in practice, the axial length is underestimated
by several millimeters.

We, therefore, aimed to determine whether combined phacovitrectomy might affect axial length measure-
ments over an extended period. RRD patients with macula sparing were included. We measured the axial length
three times at intervals of >1 year to determine possible long-term changes after combined phacovitrectomy. We
then evaluated whether combined phacovitrectomy caused a myopic shift and identified factors affecting this
shift by comparing the predicted spherical equivalent before surgery and the spherical equivalent measured two
years after surgery.

Methods

Study design.  We retrospectively analyzed the medical records of patients recruited from a single medical
institution. The study protocol was approved by the institutional review board of Chungnam National University
Hospital (Daejeon, Republic of Korea) and adhered to the tenets of the Declaration of Helsinki. The requirement
for obtaining informed patient consent was waived due to the retrospective nature of the study. Vitrectomized
eyes of patients fulfilling the inclusion criteria were included in the study group. Fellow eyes were included in the
control group.

Participants. Patients with macula-sparing RRD who were admitted to Chungnam University Hospital from
January 2011 to December 2014 were included in this study. Patients underwent vitrectomy, cataract surgery,
and gas tamponade. All patients received examinations at their first visit, including best-corrected visual acuity
(BCVA), intraocular pressure (IOP), slit lamp biomicroscopy, axial length, optical coherence tomography, and
fundus photography.

Inclusion criteria included macula-sparing RRD and a BCVA > 0.7 (based on a Snellen chart) before surgery.
Exclusion criteria were treatment with silicone oil tamponade during surgery, history of intraocular surgery, and
retinal illness besides RRD (such as epiretinal membrane or retinal artery occlusion). Patients who had a preoper-
ative macular thickness >300 um; those whose axial length was measured using only partial interferometry; and
those who had ocular media opacities, had macular epiretinal membrane, or developed cystoid macular edema
after surgery were also excluded.

Axial length measurements. Axial lengths were measured bilaterally before surgery, one year after sur-
gery, and two years after surgery. These measured values were analyzed collectively. Before surgery, axial lengths
were measured using partial interferometry (IOL Master®, Carl Zeiss, Jena, Germany) and remeasured using a
contact ultrasound (Ocuscan RxP®, Alcon Laboratories, Fort Worth, TX, USA) 2 min later. After surgery, axial
lengths were only measured using partial interferometry. We analyzed the confidence of measurements by com-
paring the measured results of vitrectomized eyes and fellow eyes.

The IOL power was directed toward emmetropia, which was calculated using the SRK/T formula. The calcula-
tion was performed separately using partial interferometry and ultrasound. If the IOL powers measured using the
two methods varied by >1 diopter (D), the axial lengths were <22 mm or >25mm, or the bilateral axial lengths
differed from each other by >0.33 mm, the measurements were repeated by other examiners, and then the results
were confirmed.

Surgical methods. Combined 23-gauge sutureless phacovitrectomies were performed under retrobulbar
anesthesia by a single surgeon (J.Y.K.). Cataract extraction preceded pars plana vitrectomy after the insertion of a
trocar. A 2.8 mm clear corneal incision was made with a superior approach, and the anterior chamber was filled
with a viscoelastic substance (1.4% sodium hyaluronate). A 4.5mm diameter CCC of the anterior capsule was
performed followed by cortical cleaving hydrodissection. A standard phacoemulsification was performed, and
the residual cortex was removed by irrigation/aspiration. A vitrectomy was performed to repair the RRD after the
anterior chamber was filled with a viscoelastic substance. The Constellation Vision System® (Alcon Laboratories)
was used for vitrectomies. The subretinal fluid was discharged using a fluid-air exchange after perfluorocarbon
liquids were administered. Endolaser photocoagulation was performed around the breaks. Then a three-piece
spherical acrylic IOL with a 6.0 mm optical zone diameter produced by Sensar® (AR40e; Abbot Medical Optics,
Santa Ana, CA, USA) was inserted into the posterior capsule just before the SF; or C;F, gas tamponade. An inci-
sion suture was not made, and there was no leakage after surgery.

Statistical analyses. SPSS for Windows, version 18.0 (SPSS, Chicago, IL, USA), was used for all statistical
analyses. The long-term reproducibility was determined using the intraclass correlation coefficient (ICC), coeffi-
cient of variation (CV), and test-retest standard deviation (TRTSD). The TRTSD was calculated as follows. Axial
lengths were measured three times were averaged, and the standard deviation of the mean value of each meas-
ured value was defined as the TRTSD. We calculated the ICC by dividing the within-subject variance by the total
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Age (years, mean & SD) | 56.5+6.2
Sex, n (%)

Male 20 (54.1)
Right laterality (%) 22 (59.5)
Type of break (Tear/hole, n) 30/7
Number of breaks (n & SD) 1.4340.73
Single break (1, %) 17 (45.9)
Multiple breaks (1, %) 20 (54.1)
Position of break

Superior (n, %) 25 (67.6)
Inferior (n, %) 6(16.2)
Both superior and inferior (1, %) 6(16.2)
Gas tamponade use

C,F, (1, %) 32(86.5)
S, (1, %) 5(13.5)

Table 1. Demographic characteristics and preoperative findings.

1cc* CV, %" | TRTSD*
Vitrectomized eyes 0.970 (0.945-0.984) 0.45 0.114
Fellow eyes 0.980 (0.963-0.990) 0.66 0.167

Table 2. The intraclass correlation coefficient (ICC), the coeflicient of variation (CV), and test-retest standard
deviation (TRTSD) of the axial lengths. “Data are presented as ICCs with the 95% confidence intervals in
parentheses. "Calculated as 100 x within-subject standard deviation/average of measurements. *Calculated as
the square root of the within-subject variance.

variance. We calculated the CV by dividing the TRTSD by the mean of total measured values, then multiplying by
100. A p-value < 0.05 was considered statistically significant.

Results

Participants. A total of 288 patients were diagnosed with RRD from January 2011 to December 2014, and
101 of these patients were treated with combined phacovitrectomy. Of these patients, 77 patients were followed
up for >2 years after surgery. A total of 40 patients were excluded, including those whose axial lengths were
difficult to measure because of preoperative vitreous hemorrhage (n=15), those with macula-off RRD (n=23),
and those who had macular edema (n=1) or epiretinal membrane after surgery (n=1). Ultimately a total of 37
patients were analyzed in this study: 20 males and 17 females with a mean age of 56.5 £ 6.2 years. Their mean
postoperative follow-up period was 25.9 months. Of these patients, one had been diagnosed with diabetes, and
five had had hypertension as a systemic disease before surgery. All patient symptoms were well controlled by oral
medications. No other systemic diseases were found. RRD developed in the right eyes of 22 patients and the left
eyes of 15 patients. Retinal tear, retinal hole, and both retinal tear and retinal hole caused RRD in 29, seven, and
one patient(s), respectively. For the fluid-air exchange, C,F; gas was used in 32 patients, whereas SF gas was used
in five patients. Proliferative vitreoretinopathy was not detected in any patient (Table 1).

The preoperative spherical equivalents of affected and fellow eyes were —2.7 3.6 D and —2.8 £ 3.0 D, respec-
tively (p =0.756). During follow-up, three patients underwent phacoemulsification in the fellow eye to correct
anisometropia. The bilateral IOP (p =0.668) and corneal spherical equivalent (p = 0.366) were within normal
ranges and were not significantly different between affected and fellow eyes (Table 3).

Reproducibility of axial length measurements. In all patients, axial length measurements were per-
formed using partial interferometry and ultrasound prior to combined phacovitrectomy. The measurements
were repeated in 29 patients. There were twenty-two patients whose axial lengths were longer than 25 mm, or
whose difference of binocular axial length was more than 0.33 mm. These re-measurements did not affect the
decisions of IOL. In seven patients (18.9%), the difference between ultrasound and partial interferometry was
more than 0.33 mm, and IOL was decided by an additional test. The preoperative axial lengths of affected eyes
and fellow eyes using partial interferometry were 25.4 4+ 1.67 mm and 25.2 & 1.69 mm, respectively. Using ultra-
sound, they were 25.2 + 1.61 mm and 25.0 & 1.65 mm, respectively. The axial lengths using partial interferome-
try were approximately 0.15 mm longer than those using ultrasound. This difference was statistically significant
(p <0.001). Whereas ultrasound measured the distance from the corneal peak to the internal limiting membrane,
partial interferometry measured the distance from the corneal peak to the retinal pigment epithelium. Therefore,
partial interferometry might have measured a longer axial length because of the retinal thickness of the macula.
One year and 2 years after surgery, the axial lengths measured using partial interferometry were
25.3+1.68 mm and 25.3 +1.78 mm for affected eyes, respectively. According to repeated measures analysis of
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Figure 1. Axial length changes in vitrectomized and fellow eyes. The one-way analysis of variance (ANOVA)
is used to determine whether the means of axial lengths are unchanged. The axial lengths were measured by
partial interferometry.
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Figure 2. Initial and final axial lengths using partial interferometry in all patients. Circles and triangles between
the two lines denote changes in the axial length <0.5 mm. Circles and triangles outside of the two lines denote
changes >0.5mm.

variance (ANOVA), they were not significantly different from the preoperative axial length (25.4 4+ 1.67 mm). The
axial lengths of fellow eyes 1 year and 2 years after surgery were 25.2 £ 1.70 mm and 25.2 + 1.71 mm, respectively.
They were also not significantly different from the preoperative axial length (25.2 4+ 1.69 mm; Fig. 1). Except for
three cases, the axial length changed to within 0.5 mm (Fig. 2).

We analyzed the confidence of axial length measurements using the ICC, CV, and TRTSD. For affected and
fellow eyes, the ICCs were 0.97 and 0.98, the CV's were 0.45% and 0.66%, and the TRTSDs were 0.114 and 0.167,
respectively. These results showed remarkable reproducibility in measurements for both affected and fellow eyes
(Table 2). High reproducibility was also detected after we measured the axial lengths using partial interferometry
in macula-sparing RRD patients following combined phacovitrectomy. There was no significant change in the
axial lengths.

Visual acuity. BCVA was calculated based on a logMAR chart. At the first examination, the mean BCVA of
affected eyes was 0.18 4-0.28, and that of fellow eyes was 0.05 4= 0.50. One year and 2 years after surgery, the mean
BCVA values of affected eyes were 0.08 £0.18 and 0.13 £ 0.32, respectively. Those of fellow eyes were 0.08 +0.30
and 0.10+0.28, respectively. The mean BCVA of the fellow eyes was significantly (p = 0.034) better than that of
affected eyes before surgery. After surgery, there were no significant differences in BCVA values between affected
and fellow eyes (1 year later, p = 0.843; 2 years later, p = 0.641). Repeated measures ANOVA also found no signif-
icant difference in BCVA values for affected eyes and fellow eyes (affected eyes, p =0.339; fellow eyes, p =0.765).

SCIENTIFICREPORTS|  (2018)8:15856 | DOI:10.1038/s41598-018-34266-1 4



www.nature.com/scientificreports/

Baseline characteristics Postoperative 1 Year | Postoperative 2 Years | p-value

Vitrectomized eyes

BCVA (logMAR, mean & SD) 0.14£0.17 0.05+0.10 0.08£0.20 0.119
SE (D, mean + SD) —25+3.6 —-1.1+1.0 —1.1+21 0.125
IOP (mmHg, mean =+ SD) 16.0+2.6 16.1+3.5 16.0£3.1 0.984
Keratometry (D £ SD) 4334194 43.34+2.07 43.242.01 0.988
Fellow eyes

BCVA (Log MAR, mean + SD) 0.01£0.04 0.01£0.02 0.04+0.16 0.350
SE (D, mean + SD) —2.5+3.0 —1.7+24 —1.7+33 0.515
IOP (mmHg, mean =+ SD) 16.1£3.4 15.7£3.2 15.7£2.8 0.821
Keratometry (D £ SD) 43.24+1.90 4294220 43.042.18 0.843

Table 3. Best-corrected visual acuity, spherical equivalent, and intraocular pressure in vitrectomized and fellow
eyes. BCVA, best corrected visual acuity; logMAR, the logarithm of the minimum angle of resolution; SE,
spherical equivalent; D, diopters; IOP, intraocular pressure. “Analysis of variance.

Corneal curvature. The corneal curvature was measured using partial interferometry At the first examina-
tion, the corneal curvature of vitrectomized eyes and fellow eyes was 43.3 £+ 1.94 and 43.2 £ 1.90, respectively.
One year or 2 years after surgery, there were no significant differences in the corneal curvature between affected
and fellow eyes (Table 3).

The myopic shift in postoperative refraction. The predicted spherical equivalent before surgery was
compared to that 2 years after surgery. The spherical equivalent error values using partial interferometry and
ultrasound were —0.41 4 0.67 D (p=0.001) and —0.49 £0.68 D (p < 0.001), respectively, which indicates a signif-
icant myopic shift. Although the spherical equivalent error using partial interferometry was slightly smaller than
that using ultrasound, the difference was not statistically significant (p =0.623). To determine the causes of this
myopic shift, we performed correlation analyses of axial lengths using partial interferometry, anterior chamber
depths (ACDs) using partial interferometry, changes between the perioperative ACDs, ACDs using ultrasound,
and lens thickness using ultrasound. When the ACD using ultrasound was shallower (p =0.029) and the lens
thickness using ultrasound was thicker (p =0.044), a myopic shift was apparent. Other factors did not signifi-
cantly affect this correlation (Fig. 3). Preoperative ACDs lens thickness, axial length were regression analyzed. The
ACD and the thickness of the lens showed significant results (Table 4).

To examine whether the IOL power was affected by the type of gas used during surgery, we compared the
change in the spherical equivalent between 32 patients treated with C;Fg and five patients treated with SF. The
IOL powers in the C;Fg-administered group and SF¢-administered group showed a myopic shift of —0.40 £0.68
D and —0.48 £0.71 D, respectively. The difference in the myopic shift between the two groups was not statistically
significant (p = 0.87).

Discussion

To the best of our knowledge, this is the first study to report how the axial length is changed over an extended
period of time after combined phacovitrectomy in patients with macula-sparing RRD using partial interferome-
try. Prior studies have reported that partial interferometry has a high level of reproducibility'®. However, whether
partial interferometry has a high level of reproducibility for patients treated with vitrectomy has not yet been
determined.

The spherical equivalent undergoes a myopic shift compared to the predicted spherical equivalent following
combined phacovitrectomy. Rahman et al. investigated differences in the IOL power before and after combined
phacovitrectomy in 95 RRD patients and reported that the IOL powers of the macula-on of 41 eyes and the
macula-off of 54 eyes underwent a myopic shift of —0.23 D and —0.42 D, respectively, compared to predicted
values®. Ehmann ef al.® and Schweitzer et al.® also reported that the spherical equivalent underwent a myopic
shift of —0.76 D and —0.46 D, respectively, in patients with macular hole. In addition, the spherical equivalent
can undergo a myopic shift of approximately —0.13 D because of the influence of the vitrectomy, resulting from
differences between the refractive indices of the vitreous body (1.3346) and aqueous humor (1.3336)"". However,
these myopic shifts cannot be explained only by vitrectomy, which makes it difficult to determine the IOL power.
To minimize this error, some surgeons have performed cataract surgery separately at a specific time after vitrec-
tomy. However, this protocol requires a long recovery time with additional expenses. In addition, it increases the
difficulty of the surgery because of the absence of a vitreous support.

The corneal curvature is not changed after 23-gauge sutureless vitrectomy. Schweitzer examined astigmatism
induced after sutureless vitrectomy in 57 patients and reported that the corneal curvature was changed by 0.01 D".
In the present study, there were no significant differences in the corneal curvature 2 years after surgery. The pre-
operative corneal curvature did not contribute to changes in the spherical equivalent because it was stable over
time. Thus, it was not a source of error after combined phacovitrectomy and IOL implantation.

The axial length status after vitrectomy is therefore important in determining the IOL power. In a study
using partial interferometry, Huang et al. reported that the axial length was elongated soon after scleral buck-
ling. However, it was not significantly different 12 months after vitrectomy'®. Nonetheless, different results were
observed in studies that measured the axial length using ultrasound. Jeoung et al. reported that the axial length
was significantly increased in patients with an axial length >24.5 mm 4 months after combined phacovitrectomy
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Figure 3. Correlation analyses of relationships between preoperative factors and intraocular lens prediction
errors (observed minus expected refraction). A shallower anterior chamber and thicker lens resulted in higher
myopic shifts.

ACD 0.638 0.136 0.029
Lens thickness —0.491 0.118 0.044
Axial length 0.119 0.091 0.070
Perioperative ACD change —0.130 0.024 0.378
Lens thickness/Axial length —7.054 0.448 0.002

Table 4. Univariate linear regression analysis of factors affecting intraocular lens prediction error. ACD:
Anterior chamber depth.

involving 154 eyes with diverse illnesses'®. Kovacs et al. also reported that the spherical equivalent underwent
a myopic shift of —0.79 D after combined phacovitrectomy in 12 epiretinal membrane patients compared to
predicted values using ultrasound. The axial length was also increased with a reduction of macular edema after
surgery'!. Taken together, these results indicate that axial length measurement methods and macular lesions may
affect axial length measurements.

Therefore, further study of patients with a normal macula who undergo combined phacovitrectomy is needed.
In this study, surgery was performed only on macula-sparing RRD patients; the maculae were thus not affected
after surgery. Also, we excluded patients with other retinal diseases that might have affected the macula.

As expected, the present study showed a myopic shift that was observed using either partial interferometry or
ultrasound. However, no significant differences were found between the two methods. Correlation analyses were
performed to identify possible causes of this myopic shift, but there was no significant correlation with age, sex,
axial length, corneal curvature, changes in perioperative ACD, or type of gas tamponade. However, a myopic shift
of the spherical equivalent correlated moderately with a thicker preoperative lens and a shallower ACD.
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The SRK/T formula was used to determine the preoperative IOL power in a variety of studies involving
myopic shifts of the IOL power after combined phacovitrectomy>*!?. Using this formula, an effective lens posi-
tion (ELP) has also been shown to improve the accuracy. The ELP is the distance from the corneal peak to the
IOL. It is divided into two parts: from the corneal peak to the iris and from the iris to the IOL. The distance from
the corneal peak to the iris is calculated mathematically using the axial length and corneal curvature, which is
used to calculate the IOL power. In this study, neither axial length nor corneal curvature affected the postopera-
tive change in the IOL power, because there were no changes in these parameters over time. Based on the SRK/T
formula, the distance from the iris to the IOL was assumed to be constant using a type of IOL referred to as “off-
set”. This suggests that the myopic shift of the IOL power after combined phacovitrectomy in RRD patients was
due to the fact that the IOL was located within a shorter distance than the assumed offset (i.e., closer to the iris).
In addition, the myopic shift of the IOL power was preferentially found in eyes with a shallower anterior chamber
and thicker lens.

This might be because of limitations in the SRK/T formula, which only uses the corneal curvature and axial
length to estimate the anterior chamber location after surgery. Thus, another formula capable of estimating the
postoperative ACD using the preoperative ACD and lens thickness is needed®. The IOL is inserted to lens capsule
in the cataract surgery. If the volume of the lens is large, the IOL can be positioned more freely. Therefore, it is
reasonable to assume that the distance between the IOL and the cornea may differ from the expected value when
the lens is thick. Also, the thicker the lens, the shallower the anterior chamber depth(r =—0.597, p < 0.001), so it
can be explained that the shallower the anterior chamber depth, the higher the error.

A possible explanation for the offset change is that the IOL may have drifted toward the anterior chamber
because of gas pressure after a fluid-air exchange. Within the vitreous cavity, C;F; is known to be maintained for
6-8 weeks, and SF; is sustained for 1-2 weeks. David et al. suggested that the IOL power can undergo a myopic
shift when the IOL is pushed to the anterior chamber after a fluid-air exchange!®. This change can be caused
by a number of risk factors, including sulcus IOL implantation, large continuous anterior capsulotomy, and a
flexible IOL!. Suzuki et al.*! and Sharma et al.?* also reported a myopic shift after vitrectomy and gas tampon-
ade. Moreover, Hwang et al. reported that the extent of changes in the ACD and myopia varied in patients with
macular hole depending on the nature of the IOL’. The gas used in those studies could also have affected the IOL
power, because the rate of expansion and persistency depended on the type of gas. Byrne et al. reported that the
use of C;F; (which has a longer persistence than SFy) led to an increased myopic shift!’. Kim ef al. reported that
the myopic shift in both phakic eyes and IOLs was greater in patients with macular hole after the use of C;Fg
compared to SF®. Given the myopic shift from long-lasting gas, gas tamponade could affect the healing process
such as capsular fibrosis, and it might change the IOL position permanently. However, in this study, there were
no significant differences between the two gases used, which might be because SF¢ was used in only five patients.

Another explanation is that the vitreous and lens surface interaction disappears after the vitrectomy, and it
induces the IOL shift. The vitreous and lens are not entirely independent tissues. Weigert’s ligament which is
a condensed vitreous on the lens surface and Cloquet’s canal formed by degeneration of the primary vitreous
adheres to the back surface of the lens. Therefore, we think that vitrectomy could affect the posterior surface of the
lens, and it may affect the IOL position. The gas tamponade might make this interaction more apparent through
physical properties of the gas such as surface tension.

A limitation of this study is that both vitrectomy and gas tamponade were performed in patients with
macula-sparing RRD. To determine whether vitrectomy per se affects the axial length, vitrectomy should be
performed in the absence of fluid-gas exchange in patients with normal maculae. However, it is difficult to find
indications for such surgery. Further studies should be conducted in patients treated via vitrectomy alone.

In conclusion, axial lengths were not altered in patients with macula-sparing RRD 2 years after vitrectomy,
cataract surgery, and gas tamponade. High reproducibility in axial length measurements was found in affected
and fellow eyes. The preoperative ACD and lens thickness may have affected the postoperative location of the
IOL, rather than any change in the axial length, inducing a postoperative myopic shift.

Data Availability
Data supporting the findings of the current study are available from the corresponding author on reasonable
request.

References

1. Jackson, T. L., Donachie, P. H., Sallam, A., Sparrow, ]. M. & Johnston, R. L. United Kingdom National Ophthalmology Database
study of vitreoretinal surgery: report 3, retinal detachment. Ophthalmology 121, 643-648, https://doi.org/10.1016/j.
ophtha.2013.07.015 (2014).

2. Hwang, J. C. Regional practice patterns for retinal detachment repair in the United States. Am. . Ophthalmol. 153, 1125-1128,
https://doi.org/10.1016/j.2j0.2011.11.034 (2012).

3. Cherfan, G. M., Michels, R. G., de Bustros, S., Enger, C. & Glaser, B. M. Nuclear sclerotic cataract after vitrectomy for idiopathic
epiretinal membranes causing macular pucker. Am. J. Ophthalmol. 111, 434-438 (1991).

4. Schaal, S., Sherman, M. P, Barr, C. C. & Kaplan, H. J. Primary retinal detachment repair: comparison of 1-year outcomes of four
surgical techniques. Retina 31, 1500-1504, https://doi.org/10.1097/IAE.0b013e31820d3f55 (2011).

5. Schweitzer, K. D. & Garcia, R. Myopic shift after combined phacoemulsification and vitrectomy with gas tamponade. Canadian
Journal of Ophthalmology/Journal Canadien d’Ophtalmologie 43, 581-583 (2008).

6. Ehmann, D. & Garcia, R. Investigating a possible cause of the myopic shift after combined cataract extraction, intraocular lens
implantation, and vitrectomy for treatment of a macular hole. Canadian Journal of Ophthalmology/Journal Canadien d’Ophtalmologie
44, 594-597 (2009).

7. Hwang, H. S. & Jee, D. Effects of the intraocular lens type on refractive error following phacovitrectomy with gas tamponade. Curr.
Eye Res. 36, 1148-1152 (2011).

8. Kim, S. S., Smiddy, W. E., Feuer, W. J. & Shi, W. Outcomes of sulfur hexafluoride (SF6) versus perfluoropropane (C3F8) gas
tamponade for macular hole surgery. Retina 28, 1408-1415 (2008).

SCIENTIFICREPORTS|  (2018)8:15856 | DOI:10.1038/s41598-018-34266-1 7


http://dx.doi.org/10.1016/j.ophtha.2013.07.015
http://dx.doi.org/10.1016/j.ophtha.2013.07.015
http://dx.doi.org/10.1016/j.ajo.2011.11.034
http://dx.doi.org/10.1097/IAE.0b013e31820d3f55

www.nature.com/scientificreports/

9. Rahman, R., Bong, C. X. & Stephenson, J. Accuracy of intraocular lens power estimation in eyes having phacovitrectomy for
rhegmatogenous retinal detachment. Retina 34, 1415-1420 (2014).

10. Byrne, S., Ng, J., Hildreth, A., Danjoux, J.-P. & Steel, D. H. Refractive change following pseudophakic vitrectomy. BMC Ophthalmol.
8,19 (2008).

11. Kovacs, L. et al. Intraocular lens power calculation for combined cataract surgery, vitrectomy and peeling of epiretinal membranes
for macular oedema. Acta Ophthalmol. Scand. 85, 88-91 (2007).

12. Kim, Y.-K., Woo, S. J., Hyon, J. Y., Ahn, J. & Park, K. H. Refractive outcomes of combined phacovitrectomy and delayed cataract
surgery in retinal detachment. Canadian Journal of Ophthalmology/Journal Canadien d’'Ophtalmologie 50, 360-366 (2015).

13. Abou-Shousha, M., Helaly, H. A. & Osman, I. M. The accuracy of axial length measurements in cases of macula-off retinal
detachment. Canadian Journal of Ophthalmology/Journal Canadien d’Ophtalmologie 51, 108-112 (2016).

14. Rahman, R, Kolb, S., Bong, C. X. & Stephenson, J. Accuracy of user-adjusted axial length measurements with optical biometry in
eyes having combined phacovitrectomy for macular-off rhegmatogenous retinal detachment. J. Cataract Refract. Surg. 42,
1009-1014 (2016).

15. Kojima, T. et al. Evaluation of axial length measurement of the eye using partial coherence interferometry and ultrasound in cases
of macular disease. Ophthalmology 117, 1750-1754, https://doi.org/10.1016/j.0phtha.2010.01.018 (2010).

16. Olsen, T. Improved accuracy of intraocular lens power calculation with the Zeiss IOLMaster. Acta Ophthalmol. Scand. 85, 84-87,
https://doi.org/10.1111/j.1600-0420.2006.00774.x (2007).

17. Schweitzer, C., Delyfer, M., Colin, J. & Korobelnik, J. 23-Gauge transconjunctival sutureless pars plana vitrectomy: results of a
prospective study. Eye 23, 2206-2214 (2009).

18. Huang, C,, Zhang, T., Liu, ], Ji, Q. & Tan, R. Changes in axial length, central cornea thickness, and anterior chamber depth after
rhegmatogenous retinal detachment repair. BMC Ophthalmol. 16, 121, https://doi.org/10.1186/s12886-016-0296-z (2016).

19. Jeoung, J. W, Chung, H. & Yu, H. G. Factors influencing refractive outcomes after combined phacoemulsification and pars plana
vitrectomy: results of a prospective study. J. Cataract Refract. Surg. 33, 108-114 (2007).

20. Olsen, T., Corydon, L. & Gimbel, H. Intraocular lens power calculation with an improved anterior chamber depth prediction
algorithm. J. Cataract Refract. Surg. 21, 313-319 (1995).

21. Suzuki, Y., Sakuraba, T., Mizutani, H., Matsuhashi, H. & Nakazawa, M. Postoperative refractive error after simultaneous vitrectomy
and cataract surgery. Ophthalmic Surgery, Lasers and Imaging Retina 31, 271-275 (2000).

22. Sharma, Y. R. et al. Functional and anatomic outcome of scleral buckling versus primary vitrectomy in pseudophakic retinal
detachment. Acta Ophthalmol. Scand. 83, 293-297, https://doi.org/10.1111/j.1600-0420.2005.00461.x (2005).

Author Contributions

Design and conduct of the study (T.S.K,, J.Y.K.); Collection of data (T.S.K., H.J.P,, J.Y.K.); Analysis and
interpretation of data (T.S.K., Y.J.J., ].Y.K.); Writing the article (T.S.K., J.Y.K.); Critical revision of the article
(T.S.K., Y.J.J., J.Y.K.); Final approval of the article (T.S.K., H.J.P, Y.J.]., ].Y.K.).

Additional Information
Competing Interests: The authors declare no competing interests.

Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFIC REPORTS |

(2018) 8:15856 | DOI:10.1038/541598-018-34266-1 8


http://dx.doi.org/10.1016/j.ophtha.2010.01.018
http://dx.doi.org/10.1111/j.1600-0420.2006.00774.x
http://dx.doi.org/10.1186/s12886-016-0296-z
http://dx.doi.org/10.1111/j.1600-0420.2005.00461.x
http://creativecommons.org/licenses/by/4.0/

	Long-Term Reproducibility of Axial Length after Combined Phacovitrectomy in Macula-sparing Rhegmatogenous Retinal Detachmen ...
	Methods

	Study design. 
	Participants. 
	Axial length measurements. 
	Surgical methods. 
	Statistical analyses. 

	Results

	Participants. 
	Reproducibility of axial length measurements. 
	Visual acuity. 
	Corneal curvature. 
	The myopic shift in postoperative refraction. 

	Discussion

	Figure 1 Axial length changes in vitrectomized and fellow eyes.
	Figure 2 Initial and final axial lengths using partial interferometry in all patients.
	Figure 3 Correlation analyses of relationships between preoperative factors and intraocular lens prediction errors (observed minus expected refraction).
	Table 1 Demographic characteristics and preoperative findings.
	Table 2 The intraclass correlation coefficient (ICC), the coefficient of variation (CV), and test–retest standard deviation (TRTSD) of the axial lengths.
	Table 3 Best-corrected visual acuity, spherical equivalent, and intraocular pressure in vitrectomized and fellow eyes.
	Table 4 Univariate linear regression analysis of factors affecting intraocular lens prediction error.




