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PURPOSE: To prospectively evaluate keratometry (K) values obtained by Scheimpflug photography
in eyes scheduled for cataract surgery, compare the results with K values obtained with an autokera-
tometer (automated K), and evaluate the K values in commonly used intraocular lens (IOL) power
calculation formulas for routine cataract surgery.

SETTING: Private clinical ophthalmology practice, Lynwood, California, USA.

METHODS: The mean simulated K power (simulated K), equivalent K (equivalent K), and true net
power (true net K) readings from the Pentacam Comprehensive Eye Scanner were compared
with the automated K readings. Automated K, simulated K, and equivalent K values were compared
in commonly used IOL power calculation formulas.

RESULTS: The mean automated K value was 43.49 diopters (D) G 1.75 (SD) and the mean simu-
lated K value, 43.49 G 2.00 D (P>.1). The mean equivalent K value was 43.78 G 1.97 D and ex-
ceeded the mean automated K and simulated K by 0.29 D (P>.1). The mean true net K was 42.31
G 2.13 D, which was 1.18 D lower than the automated K and simulated K values (P Z .015).
The IOL prediction mean absolute error was 0.41 G 0.27 D using the automated K method, 0.50
G 0.36 D using the simulated K method (difference 0.09 D) (P>.1), and 0.65 G 0.35 D using
the equivalent K method (difference 0.24 D) (P<.01).

CONCLUSION: The K values from Scheimpflug photography did not improve accuracy over auto-
keratometer values for routine IOL power calculation.
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ARTICLE
The PentacamComprehensive Eye Scanner (Oculus) is
a noncontact optical system designed to image the an-
terior segment of the eye. It uses a Scheimpflug camera
to produce a 3-dimensional analysis of the anterior
segment. The instrument has proved to be valuable
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in the evaluation of the cornea1–3 and the anterior
chamber.4

The Pentacam device evaluates the anterior corneal
surface and measures a simulated keratometry (K)
value (simulated K). The unit also measures the poste-
rior corneal radius, anterior corneal radius, and central
corneal thickness (CCT). The computer software uses
the correct indices of refraction to calculate the total
corneal power. This measurement of the total corneal
power is called the true net power (true net K) and is
different from the corneal vertex power measured by
manual, automated, or simulated keratometry. The
true net K is not usually recommended for routine in-
traocular lens (IOL) power calculation because all
commonly used IOL power formulas require the cor-
neal vertex power based on a 1.3375 index of refrac-
tion, not the total corneal power. In an effort to keep
the standard that has been set for IOL power calcula-
tion, the Pentacam unit was programmed to calculate
an equivalent K reading (equivalent K), labeled the
Holladay Report. The software of the unit evaluates
the measurements taken at the central corneal front
0886-3350/09/$dsee front matter
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331SCHEIMPFLUG KERATOMETRIC READINGS
surface and adjusts them to reflect the difference in the
back-surface power of the cornea for the mean of the
population. The equivalent K readings can then be
used in every IOL calculation formula without
adjustment.

The purpose of this prospective study was twofold.
The first goal was to evaluate the PentacamK values in
32 normal cataractous eyes scheduled for routine cata-
ract surgery with IOL implantation and compare the
results with K values obtained with an autokeratome-
ter (automated K). The second was to evaluate these K
values in the commonly used IOL power calculation
formulas for IOL power prediction error in routine
cataract surgery.

PATIENTS AND METHODS

This prospective observational study comprised patients
scheduled for cataract surgery between March 1, 2007, and
March 15, 2007. Each eye was first evaluated with the Penta-
camComprehensive Eye Scanner (software version 1.14). All
patients maintained good eye alignment, and the evalua-
tions resulted in good-quality outputs. The mean simulated
K, equivalent K, and true net K values were recorded in each
eye. All 3 K values were compared with the automated K
readings obtained by a Nidek autokeratometer that uses
a keratometric refractive index of 1.3375. In all cases, the
mean K value was used.

For the IOL power calculations, only the simulated K and
equivalent K readings from the Pentacam were used; the re-
sults were compared with the automated K values. The IOL
power calculations were performed using the Hoffer Q,5

Holladay 1,6 and SRK/T7 formulas. The Hoffer Q formula
was used in eyes with an axial length (AL) shorter than
22.0 mm; the Holladay 1 formula, in eyes with an AL be-
tween 24.5 mm and 26.0 mm; the SRK/T formula, in eyes
with an AL longer than 26.0 mm; and an average of the 3 for-
mulas in eyes with an AL between 22.0 mm and 24.5 mm, as
advised by Hoffer.5 The constants for all 3 formulas (pACD
for the Hoffer Q; SF for Holladay 1; A constant for SRK/T)
were personalized for each K-reading technique to eliminate
errors caused by other factors.

All surgery was performed by the same surgeon (H.J.S.)
using a 2.75 mm limbal incision. An acrylic IOL (SA60AT,
Alcon Surgical, Inc.) was placed in the capsular bag in all
cases. The final refraction was obtained 10 to 12 weeks after
cataract surgery.

For each operated eye, the predicted IOL power that
would give the actual postoperative refraction was calcu-
lated. The IOL prediction error is obtained by subtracting
the predicted IOL power from the implanted IOL power. A
positive value indicates that the formula predicted a lower
power IOL than the implanted power and would have left
the eye more hyperopic than desired. A negative value indi-
cates that the formula predicted a higher power IOL than the
implanted power and would have left the eye more myopic
than desired. For each operated eye, the followingwere eval-
uated: (1) the mean arithmetic IOL prediction error and its
standard deviation; (2) the mean absolute IOL prediction er-
ror (MAE) and its standard deviation; (3) the range of the
prediction errors; (4) the number of eyes in which the IOL
prediction error was within G0.50 diopter (D), G1.00 D,
and G2.00 D.
J CATARACT REFRACT SURG
Statistical analysis was performed using SPSS for Win-
dows software (version 17.0, SPSS, Inc.). Normality was
checked by the Shapiro-Wilk test. The Pearson product-mo-
ment correlation coefficient (r) was used to statistically eval-
uate each scattergram correlation. Paired t tests were
performed to establish whether there was a statistically sig-
nificant difference between the different mean K readings
as well as between the absolute IOL power prediction errors.
A P value less than 0.05 was considered statistically
significant.

RESULTS

Thirty-two eyes of 27 patients (12 men, 15 women)
were enrolled the study. The mean age of the patients
was 73.74 years G 7.42 (SD) (range 54 to 92 years).
There were 20 right eyes and 12 left eyes.

The mean AL was 24.27 G 1.17 mm (range 21.22 to
26.38 mm). Three eyes (9%) had an AL less than
22.0 mm (Hoffer Q formula used), 24 eyes (75%) has
anAL between 22.0mmand 24.5mm (average of 3 for-
mulas used), 4 eyes (13%) had anAL between 24.5 mm
and 26.0 mm (Holladay 1 formula), and 1 eye (3%) had
an AL greater than 26.0 mm (SRK/T formula).

The mean automated K was 43.49 G 1.75 D (range
38.87 to 46.37 D), the mean simulated K was 43.49 G
2.00 D, the mean equivalent K was 43.78 G 1.97 D,
and the mean true net K was 42.31 G 2.13 D. Figure 1
shows the difference between the simulated K and au-
tomated K readings. The correlation coefficient was
0.97 (P!.001). However, the simulated K readings
were slightly lower than the automated K readings
in flat corneas and slightly higher in steep corneas.
Figure 2 shows the difference between the equivalent
K and the automated K readings. The correlation coef-
ficient was 0.94 (P!.001). However, the equivalent
K readings were slightly higher than the automated
K readings in steeper corneas. Figure 3 shows the
difference between the true net K and the automated
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Figure 1. Scattergram of the simulated K (SIM K) versus automated
K (AUTOK) readings (diopters). The solid line represents the regres-
sion line, and the dotted line represents the 1:1 line
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K readings. The correlation coefficient was 0.95
(P!.001). However, the true net K readings were con-
sistently lower than the automated K readings, with
a widening gap when the cornea flattened. Table 1
shows the difference between the Pentacam and auto-
mated K readings. The differences between mean sim-
ulated K and mean automated K (95% confidence
interval [CI], �0.17 to C0.17) and mean equivalent K
and mean automated K (95% CI, C0.05 to C0.53)
were not statistically significant (both PO.1). The dif-
ference betweenmean true net K andmean automated
K (95% CI, �1.42 to �0.82) was statistically significant
(P Z .015).

Table 2 shows the optimized constant values used in
this study for each IOL power calculation formula. It
also shows the adjustments needed when the Penta-
cam K readings were used instead of the automated
K values.

Table 3 shows the IOL prediction errors with each K
reading method. The MAEs with the simulated K and
equivalent K methods exceeded the MAE with the au-
tomated K method by 0.09 D (PO.1) and 0.24 D
(P!.01), respectively. The percentage of prediction er-
rors within G0.50 D and within G1.00 D was the
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Figure 2. Scattergram of the equivalent K versus automated K
(AUTO K) readings (diopters). The solid line represents the regres-
sion line, and the dotted line represents the 1:1 line

Table 1. Difference between Pentacam K readings and auto-
mated K readings.

Difference (D)

Parameter Mean G SD
Range
(D)

P
Value

SimK � auto K �0.0003 G 0.50 �0.95 to C0.95 O.1*
Equivalent K � auto KC0.29 G 0.69 �1.45 to C1.25 O.1*
True net K � auto K �1.17 G 0.71 �2.95 to C0.03 .015

Auto K Z automated K; SimK Z simulated K
*No statistically significant difference
J CATARACT REFRACT SUR
highest with the automated K method and simulated
K method and lowest with the equivalent K method.
All prediction errors were within G2.00 D irrespective
of the keratometric measurement method.

DISCUSSION

Automated keratometry is a clinically useful estima-
tion of the central corneal power in normal eyes that
have had no previous corneal surgery, and the gener-
ated K values are commonly used in current IOL
power calculations. Keratometers estimate corneal
power by reading 4 to 6 points of the central corneal
zone. This central zone varies from 2.25 to 4.00 mmde-
pending on the keratometer used and the corneal
flatness.

Simulated keratometry is an output from computer-
ized corneal topography systems, including the Penta-
cam system used in this study. It is obtained by
averaging power along the 3.0 mm central ring, con-
trary to manual and automated keratometry in which
only 4 to 6 points aremeasured. In our study, themean

Table 2. Optimized constants used in this study* and adjust-
ment needed to the constants when the Pentacam K readings
are used instead of the automated K values.

Optimized Constant (Adjustment)

K Reading
Method

Hoffer
pACD

Holladay
SF

SRK/T A
Constant

AutoK 4.96 1.21 118.17
SimK 4.94 (�0.02) 1.19 (�0.02) 118.11 (�0.06)
Equivalent K 5.23 (C0.27) 1.39 (C0.18) 118.46 (C0.29)

Auto K Z automated K; SimK Z simulated K
*In this study, axial length was measured with an immersion A-scan and
an acrylic IOL (SA60AT, Alcon Surgical, Inc.) was used during surgery.

y = 1.1523x - 7.7966
R2 = 0.9038

38

39

40

41

42

43

44

45

46

47

48

38 39 40 41 42 43 44 45 46 47 48

AUTO K

T
R
U
E
 
N
E
T
 
K

Figure 3. Scattergram of the true net K versus automated K (AUTO
K) readings (diopters). The solid line represents the regression line,
and the dotted line represents the 1:1 line
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Table 3. Intraocular lens prediction error.

Mean G SD Prediction Errors, n (%)

K Reading Method Arithmetic Error (D) Absolute Error (D) Range (D) Within G0.50 D Within G1.00 D

Auto K �0.001 G 0.49 0.41 G 0.27 �1.10 to 0.73 19 (59) 31 (97)
SimK 0.003 G 0.73 0.50 G 0.36 �1.27 to 1.38 19 (59) 29 (91)
Equivalent K �0.002 G 0.73 0.65 G 0.35 �1.40 to 0.70 11 (34) 28 (88)

Auto K Z automated K; SimK Z simulated K
simulated K values from the Pentacam were similar to
the mean automated K values. However, the individ-
ual differences ranged from �0.95 to C0.95 D. The
simulated K measurements were slightly lower than
the automated K measurements in flat corneas and
slightly higher in steep corneas. The MAE in IOL
power calculations using the simulated K values was
slightly higher than the MAE obtained with the auto-
mated K values (0.50 G 0.36 D versus 0.41 G 0.27
D); however, the difference was not statistically signif-
icant (PO.1).

In manual, automated, and simulated keratometry,
the keratometer measures the anterior radius of cor-
neal curvature in millimeters, which is translated
into diopters by considering the entire corneal power
to be at the anterior corneal surface. The relationship
between the keratometric readings (in diopters) and
the value of the anterior corneal radius (r in millime-
ters) is

D Z 1000 ðn� 1Þ=r (1)

where n is the keratometric index of refraction
The index of refraction (n) varies whether the kera-

tometer is measuring the corneal back vertex power or
the total corneal power.8,9 Original keratometers (Javal)
incorrectly assumed that the back and front corneal ra-
dii were equal and therefore used a tear-film index of
1.336. Later, to standardize the results, an arbitrary in-
dex of refraction of 1.3375 was used so that a radius of
7.5 mm would yield 45.0 D.8 According to Haigis,9 the
Javal index of 1.3375 can be deduced by calculating
the corneal back vertex power of the Gullstrand eye.

The Pentacam used in this study measures the pos-
terior corneal radius in addition to the anterior corneal
radius and also measures CCT. The computer soft-
ware uses the correct indices of refraction (1.376 for
the cornea, 1.336 for the aqueous humor, and 1.000
for air) to calculate the total corneal power. This mea-
surement of the total corneal power by the Pentacam is
called the true net power (true net K) and is different
from the corneal vertex power measured by auto-
mated and simulated keratometry. Holladay noted
that the true net K values are consistently lower than
the simulated K measurements (J.T. Holladay, MD,
J CATARACT REFRACT SURG
‘‘IOL Calculations After Refractive Surgery with the
Pentacam,’’ Cataract and Refractive Surgery Today,
2007, July Supplement, pages 11–13). Our study con-
firms these findings. We recorded a 1.17 D lower
mean true net K value than automated and simulated
K values. The same discrepancy was also reported by
Tang et al.,10 who measured corneal power with high-
speed optical coherence tomography (OCT). Themean
total corneal power obtained by OCT and topography
was significantly lower than the simulated K power
(mean difference �1.13 G 0.21 D) (P!.0001).

The total corneal power can also be deduced from
the anterior corneal radius measured by automated
K or simulated K and by substituting the Javal kerato-
metric index of 1.3375 with the Zeiss keratometric in-
dex9 of 1.3315 in equation 1. This measurement
should theoretically be identical to the total corneal
power (true net K) measured by the Pentacam. In an
average cornea with an anterior radius of 7.76 mm,
the difference between the corneal back vertex power
(n Z 1.3375 in equation 1) and the total corneal power
(n Z 1.3315 in equation 1) is 0.77 D. In our study, the
mean difference between the automated K readings
and the Pentacam true net K value was 1.17 G
0.71 D. This higher than expected difference in our
study suggests that the effective index of refraction
needed to measure the total corneal power solely
from its anterior curvature is actually closer to 1.329
than to the 1.3315 used in some keratometers. A simi-
lar index (1.329) was calculated by Dubbelman et al.11

in 114 eyes using Scheimpflug imaging of the anterior
and posterior corneal surfaces and by Fam and Lim12

(1.327) in a large population-based study of 2429 pa-
tients measured with the Orbscan II (Bausch & Lomb).

True net K is not usually recommended for routine
IOL power calculation because all commonly used
IOL power formulas require the corneal vertex power
based on a 1.3375 index of refraction. In an effort to
keep the standard that has been set for IOL power cal-
culation, the Pentacam unit was programmed to calcu-
late instead an equivalent K reading (ie, the Holladay
Report). The softwareof theunitused in this studyeval-
uated the measurements taken at the central 4.0 mm
corneal front surface, adjusting them to reflect the
- VOL 35, FEBRUARY 2009
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difference in the back-surface power of the cornea for
the mean of the population. In our series, the mean
equivalent K value was higher than the mean auto-
mated K and simulated K values by approximately
0.29 D (PO.1). When the equivalent K values were
used in our routine IOL power calculations, the A con-
stant had to be increased by 0.29 (Table 2). Despite op-
timization of the constants, the absolute IOL prediction
error was statistically signficantly higher with the
equivalent K method (0.65 G 0.35 D) than with the au-
tomated K method (0.41 G 0.27 D) (P!.001). Newer
Pentacam software allows measurements of the equiv-
alent K within 1.0 mm, 2.0 mm, 3.0 mm, and 4.5 mm of
the central cornea. Thesemeasurementswere not avail-
ablewith the unit used in this study, and therefore they
were not evaluated. The intent of the Holladay Report
with its equivalent K display is to reflect more accu-
rately the change obtained by refractive surgery in an
effort to improve IOLpower calculations in these cases.
However, a study by Savini et al.13 showed poor accu-
racy in laser in situ keratomileusis eyes using the
Pentacam Holladay Report equivalent K at the recom-
mended 4.5 mm zone.

Traditionally, routine IOL power calculation uses
manual, automated, or simulated K readings within
the formulas. In our small series, the Pentacam K read-
ings did not improve accuracy. Further studies with
the newer Pentacam software that provides increased
image resolution in a larger series are needed to better
evaluate these K readings in the context of routine IOL
power calculation.

REFERENCES
1. Ambrósio R Jr, Alonso RS, Luz A, Coca Velarde LG. Corneal-

thickness spatial profile and corneal-volume distribution: tomo-

graphic indices to detect keratoconus. J Cataract Refract Surg

2006; 32:1851–1859

2. O’Donnell C, Maldonado-Codina C. Agreement and repeatability

of central thickness measurement in normal corneas using ultra-

sound pachymetry and the OCULUS. Pentacam. Cornea 2005;

24:920–924

3. Barkana Y, Gerber Y, Elbaz U, Schwartz S, Ken-Dror G, Avni I,

Zadok D. Central corneal thickness measurement with the
J CATARACT REFRACT SUR
Pentacam Scheimpflug system, optical low-coherence reflec-

tometry pachymeter, and ultrasound pachymetry. J Cataract Re-

fract Surg 2005; 31:1729–1735

4. Nemeth G, Vajas A, Kolozsvari B, Berta A, Modis L Jr. Anterior

chamber measurements in phakic and pseudophakic eyes: Pen-

tacam versus ultrasound device. J Cataract Refract Surg 2006;

32:1331–1335

5. Hoffer KJ. The Hoffer Q formula: a comparison of theoretic and

regression formulas. J Cataract Refract Surg 1993; 19:700–712;

errata 1994; 20:677

6. Holladay JT, Praeger TC, Chandler TY, Musgrove KH,

Lewis JW, Ruiz RS. A three-part system for refining intraocular

lens power calculations. J Cataract Refract Surg 1988; 14:17–24

7. Retzlaff J, Sanders DR, Kraff MC. Development of the SRK/T

intraocular lens implant power calculation formula. J Cataract

Refract Surg 1990; 16:333–340; correction, 528

8. Shammas HJ, Shammas MC, Garabet A, Kim JH, Shammas A,

LaBree L. Correcting the corneal power measurements for intra-

ocular lens power calculations after myopic laser in situ kerato-

mileusis. Am J Ophthalmol 2003; 136:426–432

9. Haigis W. Corneal power after refractive surgery for myopia:

contact lens method. J Cataract Refract Surg 2003; 29:1397–

1411; erratum, 1854

10. Tang M, Li Y, Avila M, Huang D. Measuring total corneal power

before and after laser in situ keratomileusis with high-speed op-

tical coherence tomography. J Cataract Refract Surg 2006;

32:1843–1850

11. Dubbelman M, Sicam VADP, van der Heijde GL. The shape of

the anterior and posterior surface of the aging human cornea. Vi-

sion Res 2006; 46:993–1001

12. Fam H-B, Lim K-L. Validity of the keratometric index: large

population-based study. J Cataract Refract Surg 2007;

33:686–691

13. Savini G, Barboni P, Profazio V, Zanini M, Hoffer KJ. Corneal

power measurements with the Pentacam Scheimpflug camera

after myopic excimer laser surgery. J Cataract Refract Surg

2008; 34:809–813

First author:
H. John Shammas, MD

Department of Ophthalmology,
University of Southern California,
The Keck School of Medicine,
Los Angeles, California, USA
G - VOL 35, FEBRUARY 2009


	Scheimpflug photography keratometry readings for routine intraocular lens power calculation
	Patients and methods
	Results
	Discussion
	References


