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Laser in situ keratomileusis flap thickness

using the Hansatome microkeratome

with zero compression heads

Suphi Taneri, MD

PURPOSE: To evaluate predictability and possible factors affecting flap thickness in laser in situ kera-
tomileusis (LASIK) using the Hansatome microkeratome (Bausch & Lomb Surgical) with zero compres-
sion heads.

SETTING: Zentrum für Refraktive Chirurgie Münster, Münster, Germany.

METHODS: A prospective nonrandomized comparative (self-controlled) trial analyzing flap thickness
in 153 consecutive patients having LASIK using the Hansatomemicrokeratome with zero compression
was conducted. Two hundred thirty-eight eyes that had uncomplicated primary LASIK (n Z 237) or
secondary LASIK (nZ 1) by the same surgeon and same technique using 4 different microkeratomes
of the same model were evaluated. Each keratome cut was performed with a new Accuglide (Bausch &
Lomb) blade in a 160 mm (nZ 89), 180 mm (nZ 128), or 200 mm (nZ 21) Hansatome zero compression
head coupled to a 8.5 mm (nZ 106) or 9.5 mm (nZ 131) suction ring. Only Hansatome elements with
the same serial numbers were combined. Ultrasound subtraction pachymetry was routinely used to
determine intraoperative flap thickness. Flap thickness was correlated with microkeratome head di-
mension, suction ring size, preoperative keratometry obtained by Orbscan IIz (Bausch & Lomb), pre-
operative corneal thickness as obtained by ultrasound pachymetry, refractive error, and age.

RESULTS: Measured intraoperative flap thickness was significantly different (P<.01) from predicted
flap thickness. The mean flap thickness was 97 mm G 18 (SD) (range 65 to 163 mm), 111 G 20 mm
(range 61 to 177 mm), and 131 G 20 mm (range 89 to 162 mm) for the 160 mm, the 180 mm, and
200 mm heads, respectively. There was a good correlation between microkeratome head and corneal
flap thickness. However, there was a variability between devices. There was a low correlation between
baseline ultrasound pachymetry at the time of surgery and corneal flap thickness (rZ .26) and a small
effect of ring size. There was no correlation with keratometry, refractive error, or age.

CONCLUSIONS: There was a remarkable difference in the flap thickness of microkeratomes of the
samemake andmodel. This emphasizes the need tomeasure intraoperative flap thickness and to eval-
uate every microkeratome separately. Factors affecting flap thickness seem to be more device depen-
dent than patient related; obtaining flap thickness in the first eye did not enable predictions of the flap
thickness in the fellow eye.

J Cataract Refract Surg 2006; 32:72–77 Q 2006 ASCRS and ESCRS
Laser in situ keratomileusis (LASIK) has been the method

of choice for the correction of myopia, hyperopia, and
astigmatism in most patients for several years. Quick visual

recovery without pain is made possible by the presence of

a superficial corneal flap and has gained this procedure

widespread popularity.1 Enthusiasm for this procedure

has been tempered by the potential for serious complica-

tions that are mostly related to the creation of the flap,2

in contrast to surface ablation procedures.3,4 Reproduc-

ible flap thickness is crucial in ensuring a favorable
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outcome. Currently, the Hansatome is the most popular

microkeratome.
We report the LASIK flap thickness obtained during

a prospective study of LASIK using the Hansatome

microkeratome with zero compression heads by a single

surgeon. The Hansatome heads were redesigned to better

preserve epithelial integrity. Epithelial defects after LASIK

have been associated with patient discomfort, photopho-

bia, delayed visual recovery, epithelial ingrowth, diffuse

lamellar keratitis, and increased retreatment rates.5–7
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LASIK FLAP THICKNESS WITH ZERO COMPRESSION HEAD MICROKERATOME
PATIENTS AND METHODS

The study comprised 153 consecutive patients having LASIK
by the same surgeon and same technique using the Hansatomemi-
crokeratome with zero compression heads. Subtraction pachyme-
try was routinely used to calculate flap and residual bed thickness.
Only flaps created by a specific Hansatome head/ring combination
that was used more than 10 times were included. Two hundred
thirty-seven primary and 1 secondary microkeratome cuts could
be evaluated; eccentric or irregular flaps were excluded.

Exclusion criteria for this study in addition to other contrain-
dications for LASIK included history or slitlamp signs of ocular
trauma or ocular surgery and systemic use of corticosteroids, anti-
metabolites, or immunosuppressants. Patients with a history of
recurrent basement membrane dystrophy or recurrent erosion
syndrome were not included. Soft contact lenses were discontinued
at least 1 week and rigid contact lenses at least 2 weeks before the
initial examination and the procedure, respectively.

The initial clinical examination at least 24 hours before sur-
gery included visual acuity, slitlamp biomicroscopy, tear-film
breakup time, applanation tonometry (Goldmann), automated re-
fraction with and without cycloplegia and pupil dilation, Orbscan
IIz (Bausch & Lomb) evaluation, aberrometer testing (Zywave),
dilated funduscopic examination, infrared pupillometry (Col-
vard), and stereoscopic depth perception (Stereo Test). Addition-
ally, an ultrasound pachymeter (DGHmodel 500) was used by the
surgeon to determine central corneal thickness on the day of ini-
tial examination and on the operating table just before and after
the microkeratome pass. The pachymeter was checked at regular
intervals according to the manufacturer’s recommendations. The
disinfected pachymeter probe was placed lightly on the center
of the cornea after the cornea was anesthetized with proparacain
eyedrops. Three measurements were taken each time to com-
pare the reproducibility and consistency of the readings.

Eyes were excluded from this analysis if a complete set of
measurements was not obtained. The same operator used the
same pachymeter for all measurements in the office and in the la-
ser suite to rule out interobserver variations and differences be-
tween devices. Informed consent was obtained from every
patient before surgery.

Keratome Assignment

Microkeratome cuts using 4 keratomes of the same model
were evaluated: Hansatome number 2385 (n Z 25), number
5171 (n Z 34), number 6057 (n Z 89), and number 6071
(nZ 90). Hansatome assignment was random and based on oper-
ating-room logistics, alternating between cases. Each keratome
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cut was performed with a new flawless AccuGlide disposable
blade in a 160 mm, 180 mm, or 200 mm Hansatome zero compres-
sion head coupled to a 8.5 mm or 9.5 mm suction ring. Only
Hansatome elements (ie, motors, heads, and suction rings) with
the same serial numbers were combined. Other Hansatomes
were used during the study period. However, to yield more reli-
able data, specific keratome/head/ring combinations were in-
cluded in this analysis only if they were used at least 10 times.

The 160 mm, 180 mm, and 200 mmHansatome zero compres-
sion heads were used 89, 128, and 21 times, respectively. They
were coupled to a 8.5 mm suction ring in 106 cases and to
a 9.5 mm suction ring in 132 cuts.

Primary Surgical Technique

All LASIK procedures were performed by the same surgeon in
a standardized manner. In same-day bilateral cases, the right eye
was always treated first. Approximately 30minutes before surgery,
1 drop of ofloxacin was instilled in the eye. The eyelids were dis-
infected with iodine and draped in a sterile fashion. Topical anes-
thesia was achieved with several drops of proparacaine or
oxybuprocaine and then a speculum with suction was placed in
the operative eye and central corneal thickness was recorded
3 times using the same ultrasound probe as that used in office.
The cornea was marked with different corneal markers using gen-
tian violet staining. Excessive dye was removed with Ringer’s
solution. The Hansatome suction ring was centered over the en-
trance pupil and depressed for a few seconds before 25.6 mm
Hg suction was applied. Pupil dilation indicating rise in intraocu-
lar pressure was observed. As soon as stable suction was achieved
according to the Hansatome central unit’s display, intraocular
pressure was digitally checked and the patient was asked whether
vision had deteriorated. The cornea and the suction ring were
moisturized using Ringer’s solution. The keratome was placed
on the suction ring, and the keratome pass was performed. Suc-
tion was released, the microkeratome was removed, and the cut
was evaluated, including epithelial defects.

A Chayet ring was applied, and the flap was reflected onto the
Chayet ring using a LASIK spatula. The pachymeter was again
used to determine corneal bed thickness before ablation. The
eye tracker was focused and centered on the center of the entrance
pupil. Standard or wavefront-guided ablation was performed us-
ing the Technolas 217z laser (Technolas/Bausch& Lomb Surgical)
with PlanoScan or Zyoptix version 3.14 software and no nomo-
gram change during the study period. Visible fluid including
blood from transected corneal vessels, if present, was removed
from the stromal bed with a Merocel sponge (Medtronic Ophthal-
mics) before and during laser ablation. The flap hinge and under-
surface were protected by a Merocel sponge during ablation. The
flap was repositioned with an irrigation cannula and the interface
was irrigated. Proper alignment was ensured by gently wiping
over the flap with a wet Merocel sponge or the irrigation cannula.
The Chayet ring was removed. The flap was allowed to dry in po-
sition for 2 to 3 minutes. Ofloxacin and cortisone eyedrops were
instilled before the speculum and drape were removed. The flap
position was verified by slitlamp microscopy approximately
30 minutes after surgery, and the patient was discharged with pro-
tective glasses.

Postoperative Management

Postoperative examinations were performed routinely at
24 hours, 4 to 8 days, 4 to 6 weeks, 3 months, 6 months, and
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12months. Ofloxacin and cortisone eyedrops 4 times daily for 5 to
8 days were given. Unpreserved hyaluronic acid was administered
for dry-eye symptoms as needed.

Main Outcome Measures

Primary outcome measures were the flap thickness as ob-
tained by intraoperative ultrasound subtraction pachymetry and
the incidence of intraoperative epithelial defects.

RESULTS

Two hundred thirty-eight eyes with 237 primary and

1 secondary microkeratome cuts were included in the

study. The eyes had LASIK for the surgical reduction of

myopia ranging from 0 to �15.00 diopters (D) or hyper-

opia ranging from 0.25 to 5.75 D and astigmatism up to
�4.50 D. Mean ultrasound pachymetry just before the

keratome pass was 550 G 30 mm (range 486 to 661 mm).

Mean simulated keratometry in the flat axis as obtained

by Orbscan IIz measurements was 43.0 G 1.4 D (range

37.4 to 46.1 D); mean simulated keratometry in the steep

axis was 44.2 G 1.6 D (range 37.9 to 47.8 D). The mean

age of the participants was 39 years (range 19 to 68 years).

Only 1 eye had an epithelial abrasion from the kera-
tome pass. Measured intraoperative flap thickness was

significantly different (P!.01) from the predicted flap

thickness. The mean flap thickness was 97G 18 mm (range

65 to 163 mm), 111G 20 mm (range 61 to 177 mm), and 131

G 20 mm (range 89 to 162 mm) for the 160 mm, 180 mm,

and 200 mm heads, respectively (ie, significantly lower

than labeled flap thicknesses). There was a good correla-

tion with microkeratome head size; however, the range
was wide (Table 1).

The variability in the mean flap thickness and the stan-

dard deviation between microkeratome devices was high

(Table 2).

On average, 7 mm thinner flaps were obtained with the

8.5 mm rings compared with the 9.5 mm rings (Table 3).

There was a low correlation between baseline ultra-

sound pachymetry at the time of surgery and corneal flap
thickness (rZ .26). Flap thickness increased with increas-

ing central corneal pachymetry (Figure 1). There was a

lower correlation between pachymetry at the initial exam-

ination and flap thickness by ultrasound and Orbscan

Table 1. Flap thickness versus head size.

Head (mm)

Flap Thickness (mm)

Mean G SD Range

160 97 G 18 65–163
180 111 G 20 61–177
200 131 G 20 89–162
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measurements. There was no correlation with refractive

error (Figure 2). Examining minimal, maximal, and aver-

age keratometry yielded no significant influence (Figure 3).

The patient’s age showed no influence on the measured flap

thickness (Figure 4).

To evaluate the effect of keratome-related versus

patient-dependent factors, the difference in thickness of

each flap and the mean thickness that was obtained using
the identical keratome head and ring combination was cal-

culated. The mean difference was 0 G 18 mm (range �44

to 60 mm). The absolute difference between fellow eyes

from the mean of the specific head/ring combination was

19 G 15 mm (range 0 to 61 mm).

DISCUSSION

There have been other reports of the complications of

LASIK indicating that the microkeratome cut is the most

sensitive part of this refractive procedure. Even minor in-

traoperative complications such as epithelial defects have
been shown to have the potential to decrease the final out-

come because of their association with diffuse lamellar

Table 2. Flap thickness versus microkeratome.

Head (mm)

Microkeratome

Serial No. Mean G SD

160 2385 105 G 24
5171 99 G 21
6057 103 G 15
6071 91 G 15

180 2385 108 G 15
5171 107 G 27
6057 117 G 21
6071 105 G 18

200 2385 d
5171 109 G 8
6057 130 G 20
6071 144 G 13

Table 3. Flap thickness versus ring size.

Ring Size (mm) Mean G SD Range

8.5
Preop CCT (mm) 546 G 31 486–661
Stromal bed thickness (mm) 442 G 33 372–539
Corneal flap thickness (mm) 104 G 22 65–165

9.5
Preop CCT (mm) 554 G 30 491–632
Stromal bed thickness (mm) 444 G 31 355–524
Corneal flap thickness (mm) 111 G 21 61–177

CCT Z central corneal thickness
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keratitis, flap slippage, and keratocyte apoptosis in the un-

derlying stroma.5,7–14 Risk factors for epithelial defects in-

clude epithelial basement membrane dystrophy, age, and

corneal thickness.5,15,16 Tangential forces during the mi-

crokeratome pass are thought to be the main reason for ep-
ithelial defects.5,16 With the old Hansatome design,

Solomon et al.17 found an incidence of 8.8% for epithelial

defects that was comparable to the incidence obtained by

other mechanical microkeratomes in their study. Recently,

the Hansatome microkeratome has been equipped with

Figure 1. Flap thickness with all 160 mm, 180 mm, and 200 mmHansatome

heads correlated with central corneal thickness immediately before the

keratome passage.
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zero compression heads designed to reduce the incidence

of epithelial defects by lowering compression of the flap

and shearing forces on the epithelium. We attempted to

study the incidence of epithelial defects with the use of

this popular microkeratome.

The incidence of epithelial defects was low (0.4%) and
the extension of the abrasion observed was small using the

new zero compression heads. This supports recent observa-

tions by Kohnen et al.18 who found a significant reduction

compared with standard Hansatome heads in an intraindi-

vidual trial.

A major drawback of current mechanical microkera-

tomes is the lack of predictability of actual flap thickness

despite the innovative advances in microkeratome design
and the growing number of models. For example, a recent

report evaluating theMoriaM2microkeratome found a flap

thickness standard deviation of 24 mm.19 Solomon et al.17

found standard deviations of 15 to 35 mm examining 6 dif-

ferent microkeratome models. The Hansatome microkera-

tome is based on the oscillating blade principle. To our

knowledge, this is the first study to address predictability

of flap thickness and to evaluate affecting factors with the
newly designed zero compression heads.

We chose to measure central corneal thickness by ul-

trasound pachymetry, which uses the Doppler effect, as

this is a proven and easy-to-perform method. It has been

shown to be as consistent as partial coherence interferom-

etry.20,21 In the presence of corneal haze, ultrasound pachy-

metry seems to bemore reliable than scanning light systems

such as the Orbscan II.22–24 However, the coefficient of var-
iation in pachymetry of a normal cornea increases from

G5% to G20%25 when 2 readings are needed to calculate

flap thickness.25 Considering these limitations, an SD of
Figure 2. Flap thickness with all 160 mm, 180 mm, and

200 mmHansatome heads correlated with the baseline

spherical equivalent.
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G8 mm seems to be the theoretical minimum using ultra-

sound subtraction pachymetry.
Despite its refined design, the Hansatome with zero

compression heads created corneal flaps of variable thick-

nesses. As expected from previous reports with the old

Hansatome head design, we found significantly thinner

than labeled flaps on average.17,26–29 There was no differ-

ence between right and left eyes.

The mean standard deviations of all 4 tested microker-

atomes were 18 mm, 20 mm, and 20 mm for the 160 mm, the
180 mm, and the 200 mm heads, respectively. Using a femto-

second laser, Binder30 reports a standard deviation of only

12 mm when attempting to create 110 mm flaps. The stan-

dard deviations in our study are comparable to those re-

ported with other mechanical microkeratomes. However,

we observed a remarkable difference between the 4 Hansa-

tome devices: For a specific head/ring combination, the

standard deviation varied between 13 mm and 27 mm.
This device dependency is not detected if only 1 device of

different models is evaluated in comparative studies.

Figure 4. Difference of an individual flap thickness from the mean flap

thickness obtainedwith identicalmicrokeratome parameters (ie, a specific

microkeratome head and ring combination with the same serial number).

Figure 3. Flap thickness correlated with minimum, maximum, and aver-

age keratometry.
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Of greater concern to safety than a high standard devi-

ation is a wide range of flap thicknesses. Flaps that are too

superficial may result in buttonholes and flaps that are too

thick may weaken corneal tectonic stability. Our results of

65 to 163 mm for the 160 mm heads, 61 to 177 mm for the

180 mm heads, and 89 to 162 mm for the 200 mm heads in-
dicate that it may be unwise to rely on consistently thinner

than labeled average values, as some propagate. Narrowing

this wide range should be the highest priority for all micro-

keratome manufacturers.

Examining factors affecting flap thickness with me-

chanical microkeratomes, one finds contradictory reports.

The most tested variables include head and ring size, cor-

neal thickness, keratometry, refractive error, and age.
Strong positive and negative correlations of these factors

are described. However, we found a strong positive correla-

tion only with head size, not with the other variables. One

may speculate that other influences must play a role. Maybe

blade sharpness, suction duration, pressure on the ring,

and other variables should be taken into account. For ex-

ample, longer suction duration resulted in thicker flaps

and greater incision angles in porcine eyes with the old
Hansatome design.31 Unfortunately, no clinical trials on

this subject are reported.

Looking at the difference between the individual flap

thickness and the mean flap thickness cut with the same

Hansatome head and ring combination, we found a range

from �44 to 60 mm (SD 18 mm) (ie, an actual flap was up

to 44 mm thinner or up to 60 mm thicker than the mean

flap cut with the same parameters). Unlike most other stud-
ies, we did not use the same keratome and the same blade in

both eyes of a patient and could not directly compare both

flaps in a patient. However, we could calculate the absolute

difference between fellow eyes from the individual mean

for the specific microkeratome head and ring combination.

We found a mean difference in fellow eyes of 19 G 15 mm
ranging up to 61 mm. In other words, even obtaining intra-

operative flap thickness in 1 eye did not enable precise
predictions for the fellow eye because variations with seem-

ingly identical parameters were too high.
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