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Abstract: Here we report a patient in whom there was a myopic shift after combined cataract 

surgery and pars plana vitrectomy against the epiretinal membrane, related to axial measurement 

estimation error caused by a hidden double-peak appearance on partial coherence interfero

metry measurement. A 52-year-old female presented with epiretinal membrane and underwent 

combined cataract surgery and pars plana vitrectomy. Axial length was measured with partial 

coherence interferometry. Although the signal curve in the summary display showed a single 

peak, a 1.6 diopter myopic shift occurred. Viewed retrospectively, six of 20 individual signal 

curves showed a double peak. Most of them showed a higher anterior peak, with only one having a 

higher posterior peak. The other 14 curves showed a single peak at a similar distance to an anterior 

peak. The anterior peak appeared to be derived from the epiretinal membrane. The possibility 

of a double peak should always be considered in patients with epiretinal membrane even if the 

summary display of the partial coherence interferometry measurement shows a single peak. 

Checking all signal curves would reduce the risk of missing a hidden double peak.
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Introduction
Accurate measurement of axial length has become essential for postoperative quality 

of vision after combined cataract surgery with pars plana vitrectomy, owing to the 

availability of minimally invasive cataract surgery and the vitrectomy technique.1,2

Partial coherence interferometry (PCI) is one of the best devices for accurate 

measurement of axial length.3–5 The advantage of PCI over ultrasound biometry is 

the use of infrared light.3,4 Optical measurement systems with PCI enable noncon-

tact measurement, which eliminates variations due to compression of the cornea.3,4 

Moreover, PCI measures the distance from the corneal vertex to the retinal pigment 

epithelium as axial length, whereas ultrasound measures up to the internal limiting 

membrane.6 This means the measured value of axial length obtained using PCI is not 

affected by retinal thickening associated with macular disease, ie, macular edema and 

epiretinal membrane (ERM).7

In some cases with macular disease, a double peak is actually observed in the data 

for axial length measurements using PCI. Kojima et al reported that the anterior peak 

corresponds to the surface of the retina and use of the anterior peak for intraocular 

lens power calculation causes a -1.2 D myopic spherical error.8 These investigators 

concluded that application of a posterior peak will achieve a predictable refractive 

outcome when a double peak is observed in PCI measurements. However, we report 
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here a case with a single peak resulting in myopic shift, 

which postoperatively turned out to be a case of “hidden 

double peak.”

Case report
A 52-year-old female presented with ERM in her left eye 

(Figure 1A). Her visual acuity at the first visit was 20/25, 

with mild cataract on slit-lamp examination. The spherical 

equivalent was -1.5 D. ERM was identified on fundus exami-

nation and spectral domain optical coherence tomography 

(Spectralis®; Heidelberg Engineering, Dossenheim, Germany); 

this clearly showed a strained line with high intensity above the 

retina corresponding to the ERM. After 6 months, her retinal 

thickening became severe due to proliferating ERM, and her 

visual acuity dropped to 20/100 (Figure 1B). Combined cata-

ract surgery with pars plana vitrectomy was planned.

On preoperative examination, the IOLMaster® (version 5.4; 

Carl Zeiss AG, Oberkochen, Germany) was used for measure-

ment of axial length by PCI. The measurement was repeated 

20 times, and a signal curve synthesized from individual 

curves using an algorithm built into the IOLMaster was 

displayed as a summary.

The highest peak in the summary display was used 

for measurement of axial length because the signal curve 

appeared to be, at a glance, a single peak (Figure 2A). Ker-

atometry readings were obtained by the automated keratom-

eter incorporated in the IOLMaster. The SRK/T formula was 

used for intraocular lens power calculation.9

After giving informed consent, the patient underwent 

combined cataract surgery with pars plana vitrectomy. 

Phacoemulsification was performed with a 2.2 mm superior 

self-sealing clear corneal incision, and a foldable acrylic 

intraocular lens (AcrySof® IQ Model SN60WF; Alcon, 

Fort Worth, TX, USA) was injected in the capsular bag 

with full covered continuous curvilinear capsulorhexis. 

Transconjunctival pars plana vitrectomy was performed 

using the Alcon 25 gauge vitrectomy system (Alcon). The 

internal limiting membrane was peeled using indocyanine 

green staining after removing the ERM.

One month postoperatively, her best-corrected visual 

acuity was improved to 20/20 (Figure 1C). The spherical 

equivalent was -2.62 D despite aiming for -1.04 D, ie, the 

postoperative refractive error was -1.58 D.

Retrospectively viewing all the individual signal curves 

in the IOLMaster, eight of 20 curves showed more than two 

peaks. When the amplitude of the second highest peak was 

higher than 30% of the highest peak and the amplitude of 

the third highest peak was lower than 50% of the second 

highest peak, the curve was defined as a double peak, and 

when the third highest peak was higher than 50% of the 

second highest peak, the curve was defined as a multi-peak. 

According to this rule, six eyes showed a double peak and 

two eyes showed a multi-peak. In cases with a double peak, 

five curves had a higher anterior peak, whereas one curve 

had a higher posterior peak. The distance from the anterior 

peak to the posterior peak of these curves was approximately 

0.6 mm. If the posterior peak of the double peak is applied 

to obtain the axial measurement, the postoperative refractive 

error is reduced to -0.37 D.

The other 14 curves showing single peaks might cor-

respond to the retinal surface because the distance was 

almost equal to that of the anterior peak of the double peak 

(Figure 2B).

Discussion
A double peak in PCI measurements is one of the important 

causes for misjudgment of axial length.3,8 The origin of 

“pseudo” peaks in PCI is considered to be the retinal surface 

(ie, ERM) and choroid.3 Actually, a double peak is more 

frequently observed in patients with ERM (approximately 

35.0%) than in those with other macular diseases,8 because 

of an increased signal from the retinal surface.

In this ERM case, PCI measurements showed a single 

peak instead of a double peak, probably because an increased 

signal from the ERM caused attenuation of the signal from 

the retinal pigment epithelium. An attenuated retinal pig-

ment epithelium signal also appeared in spectral domain 

optical coherence tomography images, especially in the last 

preoperative images (Figure 1B). Although optical coher-

ence tomography uses a broader bandwidth,10 both use an 
Figure 1 Spectral domain optical coherence tomography B-scan images at the initial 
visit (A), before surgery (B), and after surgery (C).
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Figure 2 (A) Signal curve on the summary display of the IOLMaster® (version 5.4; Carl Zeiss AG, Oberkochen, Germany). (B) Each signal curve of PCI measurements. The 
circles indicate the highest peaks of the curve, which are used for calculating axial length. The arrows indicate the second highest peaks, which are one of the components 
of the double peak.
Abbreviation: PCI, partial coherence interferometry.
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infrared light source and are based on an interferometric 

technique. Thus, the strength of the signals would correlate 

with each other.3

The averaging algorithm incorporated in the IOLMaster to 

enhance the signal-to-noise ratio may also cause the “hidden” 

posterior peak in the summary display. In this algorithm, an 

outlier is excluded at first. Secondly, the remaining measure-

ment curves are averaged. Finally, the averaged curve is 

output in a summary display and the highest peak is used to 

calculate axial length. In this case, the highest peak originated 

from the signal of ERM in the majority of the measurement 

curves. The curves with a posterior peak corresponding to reti-

nal pigment epithelium were then excluded from averaging. 

This resulted, on average, in a “hidden double peak.”

Our result suggests that all measurement curves on PCI 

should be carefully checked in eyes with macular disease 

even if the curve in the summary display appears as a 

single peak. When there is a double peak curve in any of the 

measurement displays, the possibility of a “hidden” posterior 

peak should be considered. Performing pars plana vitrectomy 

prior to cataract surgery might be another strategy to avoid a 

myopic shift with incorrect axial length evaluation.

With thicker ERM, it is possible that the posterior peak 

is attenuated and only the anterior peak appears in the indi-

vidual signal curves. In such cases, a predictable refractive 

outcome would be achieved by adding the macular thickness 

measured by spectral domain optical coherence tomography 

to axial length,8 if it is certain that the only peak corresponds 

with ERM. Similar to this case, there might be a concern 

about a “hidden” posterior peak in other diseases in which 

high refractive matter exists on the retina or in the retina 

(ie, vitelliform macular dystrophy). The risk factor of double 

peak (for example, appearance on optical coherence tomog-

raphy) should be established in a future study.

The limitation of this study is that the definition of 

double peak is not yet established. To avoid an arbitrary 

determination, we classified it according to our own original 

rule as described above. Using a broadband light source, 

peak splitting of PCI measurement is inevitable because of 

dispersion.10 Therefore we should be careful to distinguish 

a real peak from split peaks when the peak is as low as other 

split peaks. We believe our classification rule is reasonable 

for distinguishing signals of retinal structure from noises. 

In this study, myopic shift caused by vitrectomy itself is not 

discussed. It is reported that pars plana vitrectomy alone 

also raises myopic shift by 0.2 D.11,12 Although this case may 

also be affected, the main reason for the refractive error is 

likely to be axial length estimation error. Because this is a 

case study, the possibility of a simple prediction error with 

correct axial length cannot be ruled out. More cases would 

be needed to assure the existence of a hidden posterior peak 

in a summary display.

In conclusion, the possibility of a double peak should be 

considered in patients with ERM even if the summary display 

of the PCI measurement shows a single peak. Checking 

all signal curves may reduce the risk of myopic shift after 

combined cataract surgery with pars plana vitrectomy caused 

by overlooking a “hidden double peak”.
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