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Analysis of factors associated with unintended initial dissection of
the posterior plane during small incision lenticule extraction
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Background: To investigate potential risk factors for unintended initial dissection of the posterior plane in
the initial learning curve of small incision lenticule extraction (SMILE).

Methods: Data were derived from consecutive 263 eyes of 136 patients who underwent SMILE at the
beginning of the surgeon’s learning curve. Probabilities of unintended initial dissection of the posterior
plane in left and right eyes were analyzed. Preoperative sphere, cylinder, spherical equivalent (SE), JO, J45,
lenticular diameter, lenticular thickness, corneal thickness, and axial length were assessed between eyes in
which posterior plane dissection was unintended and those in which it was not.

Results: Unintended initial dissection of the posterior plane occurred in 29 eyes, corresponding to an
incidence rate of 11.03%. The probability of difficulty in plane dissection in the left eye was significantly
higher than that in the right eye (P=0.003). Significant differences were found in sphere (T =2.8, P=0.006),
SE (T =2.37, P=0.019), JO (T =2.05, P=0.043) and axial length (T =-2.79, P=0.006) between eyes with and
without unintended initial dissection of the posterior plane.

Conclusions: In the present study, difficulty in plane dissection during SMILE was encountered
significantly more often in left eyes for a right-hand doctor, and in eyes with low SE or high JO values.
Special attention should be paid to prevent unintended initial dissection of the posterior plane in such

situations.
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Introduction is that the comparatively smaller incision size leads to milder
postoperative reactions (3,4), less nerve damage (5,6), and a
reduced likelihood of dry eye (7,8).

Notably, however, SMILE is also associated with some

In recent years, femtosecond laser technology has been
widely applied in ophthalmology. Femtosecond laser small

incision lenticule extraction (SMILE) has demonstrated
good safety, effectiveness, stability, and predictability (1,2).
Compared with traditional refractive surgery, SMILE has two
substantial advantages. One is that corneal flap is eliminated,
effectively preventing flap-related complications; The other
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specific surgical risks and intraoperative complications due
to such a small incision (9,10). Surgeons with relatively little
experience are prone to encounter lenticule dissection and
extraction difficulties. Lenticule dissection and extraction
in SMILE requires a high level of surgical skill. To shorten
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the learning curve of SMILE, consensuses on SMILE
established by experts in China and other countries (11)
suggest that lenticule dissection should be performed via
the sequential dissection of anterior lenticular interface,
and then posterior interface of the lenticule. Differentiating
between the two interfaces represents the most challenging
step of the entire surgical procedure. Novice surgeons are
prone to initially dissect the posterior plane of the lenticule
prior to dissection of the anterior plane. Such a situation
is known as unintended dissection of the posterior plane.
When it occurs, the lenticule dissection becomes difficult
due to the transparent nature of the lenticule and the
adhesion of the lenticule to the corneal cap (12,13).

In the present study, potential risk factors for unintended
initial dissection of the posterior plane in the initial learning
curve of SMILE were analyzed. We present the following
article in accordance with the TRENT reporting checklist
(available at http://dx.doi.org/10.21037/atm-20-6759).

Methods
Subjects

Consecutive patients who underwent SMILE by the same
surgeon at the beginning of his learning curve were included
in this retrospective study. Inclusion criteria for surgery
were age >18 years, spherical equivalent (SE) <-12.5 D,
corrected distance visual acuity >20/20, stable myopia for
at least 2 years, and no contact lens wearing for at least 2
weeks. Exclusion criteria were the presence or history of
eye conditions other than myopia and astigmatism, such as
keratoconus or external eye injury, a history of eye surgery,
and the presence or history of a systemic disease.

The study was conducted in accordance with the
Declaration of Helsinki, and it was approved by the
ethics committee of the Eye and ENT Hospital of Fudan
University (KJ2010-18). Written informed consent was
obtained from all the patients.

Surgical procedure

All standard SMILE procedures were performed by the
same surgeon (KZ). The surgeon in the present study have
finished more than 100 LASIK, LASEK and PRK. The
500-kHz VisuMax femtosecond laser system (Carl Zeiss
Meditec, Jena, Germany) was used with a pulse energy of
130 nJ and spot separation of 4.5 pm. The cap diameter
was set to 7.5 mm at a 100- to 120-pm depth. A 90° single
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side cut (12 o’clock) with a length of 2 mm (60 degrees)
was created during the procedure. The minimum thickness
of lenticules was 10 to 20 pm. The transition zone for the
astigmatic treatments was 0.1 mm.

During the dissection, the surgeon used the left hand
to control the eye with forceps and used the right hand
to dissect the anterior interface with a spatula (model
No.524357T; 66 Vision-tech Corp., Suzhou, China)
followed by the posterior interface through the superior
incision directly, without pocketing the two interfaces of the
lenticule edge first.

Collection of patient information

The information recorded included the occurrence of
unintended dissection of the posterior plane, subjective
refraction results (sphere, cylinder, SE, JO and J45),
axial length, corneal thickness, lenticular diameter, and
lenticular thickness. Corneal thickness was measured using
a Scheimpflug imaging system (Pentacam HR, Type 70900,
Germany).

Statistical analysis

All data were analyzed using SAS 9.4 (SAS Institute Inc.,
Cary, NC, USA). The Pearson’s chi-squared test was used
to compare the probabilities of unintended dissection
of the posterior plane in the left or right eyes. A linear
mixed model was used to analyse factors associated with
unintended dissection of the posterior plane. In all tests,
differences were considered statistically significant when
P<0.05.

Results

Data were derived from 263 eyes of 136 patients. The mean
age was 22.82+4.65 years and the mean SE was -5.67£2.03 D
(Table 1). During the surgery, no obvious suction loss, black
spot or opaque bubble layer affected the operation.
Unintended dissection of the posterior plane occurred
in 29 eyes, corresponding to an incidence rate of 11.03%.
Nine patients underwent monovision surgery, and
unintended dissection of the posterior plane occurred in 1
of those 9 eyes, while in the other 127 patients, it occurred
in 28 eyes. Eventually, all lenticules were separated from the
anterior plane successfully and were extracted integrally.
The probability of unintended dissection of the posterior
plane in the left eye was significantly higher than that in the
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Table 1 Demographic and preoperative clinical data (n=263)
Characters Mean SD Minimum Maximum
Sphere (D) -5.17 1.94 -10.25 0
Cylinder (D) -0.99 0.75 -3.5 0
SE (D) -5.67 2.03 -10.88 -1.63
JO (D) 0.41 0.43 -0.49 1.72
J45 (D) 0.04 0.19 -0.49 0.76
Lenticule diameter (mm) 6.51 0.19 5.8 6.7
Lenticule thickness (um) 109.06 26.9 51 158
Corneal thickness (um) 540.04 26.47 483 614
Axial length (mm) 25.92 1.09 22.99 29.2
D, diopters.
Table 2 Comparisons of right and left eyes with and without unintended initial dissection of the posterior plane
Eyes without unintended initial dissection (n=234) Eyes with unintended initial dissection (n=29)

Cases % Cases % g i
Right eye 126 53.85 7 24.14 9.1102 0.003
Left eye 108 46.15 22 75.86

right eye (P=0.003) (Table 2). As shown in Table 3, significant
differences were found in sphere (T =2.8, P=0.006), SE
(T =2.37, P=0.019), JO (T =2.05, P=0.043) and axial length
(T =-2.79, P=0.006) between eyes in which plane dissection
was difficult and those in which it was not. Cylinder, J45,
lenticular diameter, lenticular thickness, or corneal thickness
were not significantly different between the two groups

(P>0.05).

Discussion

Interface dissection difficulty is one of the most common
intraoperative complications during SMILE procedures,
especially when performed by relatively inexperienced
surgeons (14). In this study, we tried to determine the
factors associated with unintended dissection of the
posterior plane so that caution can be exercised in such
situations.

In the present study, the probability of unintended
dissection of the posterior plane was 11.03% (29/263 eyes).
In a statistical analysis performed by Hamed et 4. (15) on 282
operated eyes, unintended dissection of the posterior plane
resulting in lenticular adhesion to the corneal cap occurred
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in 2.12% of operated eyes. In another study by Shetty
et al. (13), it occurred in 2% of 550 eyes operated on by an
experienced surgeon. In yet another study (16), unintended
posterior plane dissection occurred in 10/3,004 (0.33%)
eyes operated on by an experienced surgeon. In a statistical
analysis of 1,800 eyes of 922 patients, Ivarsen et al. (17)
reported that difficult lenticule extraction occurred in 1.9%
of cases, and recommended timely termination upon the
occurrence of suction loss and failed suction restoration
attempts, in order to prevent subsequent difficulties in
lenticule extraction. In this study, no obvious suction loss,
black spot or opaque bubble layer affected the operation.
As a surgeon who was newly acquainted with SMILE,
the probability of unintended dissection of the posterior
plane was similar to Titiyal ez 4. (12). Titiyal er al. (12)
prospectively observed 100 cases of SMILE performed by
a surgeon who was newly acquainted with the procedure,
and difficulty in lenticule extraction was encountered in
9 cases (9%), of which, 7 were caused by unintended
posterior plane dissection.

To our knowledge, the difference in the incidence of
unintended dissection of the posterior plane between left
and right eyes has not been analyzed before. In the present
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Table 3 Comparisons of eyes with and without unintended initial dissection of the posterior plane

Eyes without unintended initial dissection (n=234) Eyes with unintended initial dissection (n=29)

Characters T p
Mean SD Minimum Maximum Mean SD Minimum  Maximum
Sphere (D) -5.27 1.95 -10.25 -1.5 -4.39 1.65 -7 0 2.8 0.006
Cylinder (D) -0.98 0.72 -3.25 0 -1.1 0.95 -3.5 0 -1.72  0.089
SE (D) -5.76 2.04 -10.88 -1.63 -4.94 1.77 -7.5 -1.75 2.37 0.019
Jo (D) 0.4 0.42 -0.49 1.62 0.51 0.48 -0.08 1.72 2.05 0.043
J45 (D) 0.04 0.19 -0.49 0.76 0.04 0.2 -0.48 0.38 -0.44  0.662
Lenticule diameter (mm) 6.51 0.19 5.8 6.7 6.5 0.16 6 6.7 0.4 0.692
Lenticule thickness (um) 110.22 26.77 51 158 99.76 26.58 53 142 -1.7  0.092
Corneal thickness (um)  541.16 26.28 483 614 531 26.69 491 584 -0.13  0.897
Axial length (mm) 25.99 1.1 22.99 29.2 25.34 0.8 2415 27.16 -2.79  0.006

D, diopters; SE, spherical equivalent.

study, it was significantly more likely to occur in the left eye.
Based on retrospective reviews of the surgical process, we
speculate a possible reason that the patient’s forehead and
nose bridge disturb the position of the surgeon’s right hand.
The surgeon’s right hand, which is holding the dissector,
has to be elevated slightly more during dissection in left
than in right eyes. Consequently, the right hand tends to
move in a downward direction, which increases the chances
of unintended posterior plane dissection. Therefore, it is
recommended that surgeons who hold the dissector in their
right hands should pay particular attention to hand position
adjustments during dissection in the left eyes, to reduce the
difficulty encountered during plane dissection. The result
may potentially be different for a left-handed surgeon. Also,
learning to use both hands can be helpful in preventing
unintended dissection of the posterior plane.

In the aforementioned study of more than 1,500 eyes
by Ivarsen et al. (17), no specific preoperative parameters
were found for operated eyes in which plane dissection
was difficult. However, in this study, difficulty in plane
dissection during SMILE was encountered significantly
more often in eyes with low SE, low sphere, high JO or short
axial length. Subsequent lenticular adhesion to the corneal
cap were more likely to occur in Eyes with low SE, low
sphere has also been observed by Shetty et a/. (13) This may
due to the lenticular thickness. In addition, in the current
study, difficulty in plane dissection was more likely to be
encountered in eyes with high JO values (higher degrees
of astigmatism at 90 degrees). This may be related to the
astigmatic lenticular design model. High JO may influence
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the peripheral lenticular thickness beside the small incision.
Thin peripheral lenticular thicknesses increase the difficulty
encountered during plane dissection (14).

Central Lenticular thickness was not a significant factor
in the present study. The reason is that peripheral lenticular
thickness besides the small incision is the key point rather
than central lenticule thickness. The peripheral lenticule
thickness of eyes with low SE or high JO values is thin, thus
plane dissection is challenging.

Other objective factors also cause difficulty in plane
dissection, including abnormal laser energy, black spots,
and the presence of an opaque bubble layer (17), while
subjective factors include excessive eye movement. In
addition, the dissection in this study was done through
the superior incision directly without pocketing the two
interfaces of the lenticular edge first. This might also lead
to an increased incidence of unintended dissection of the
posterior plane.

A limitation of the present study is that the surgery and
practice experience of a single surgeon may differ from
that of others. Moreover, for the benefit of patients, the
surgeon started SMILE with a 2-mm incision. However, as
unintended dissection of the posterior plane is a common
complication, we are confident that all surgeons—especially
novice surgeons—will benefit from the results of this study.

For novice surgeons, the selection of right eyes with
high SE and low JO values is recommended for the first
few surgeries, and keep in mind that optical coherence
tomography helps in identifying the separated lenticular
planes (18-21). For experienced surgeons, extreme caution
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should still be exercised when performing SMILE on
patients with low SE or high JO values. In addition, learning
to use both hands, and intra-operative optical coherence
tomography (18), increasing minimum lenticule thickness
for very thin lenticules (22) can be helpful in preventing
unintended dissection of the posterior plane.

In conclusion, in the present study, difficulty in plane
dissection during SMILE was encountered significantly
more often in left eyes for a right-hand doctor, and in eyes
with low SE or high JO values. Special attention should be
paid to prevent unintended initial dissection of the posterior
plane in such situations.
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