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INTRODUCTION

When assessing recent changes in modern catachatteaocular implant (IOL) surgery,
arguably, the single most pressing challenge fatmdgy’'s phacoemulsification (phaco) surgeon
is the need to achieve predictable and accuratactefe outcomes. Surgeons and patients alike
have come to largely measure the success of tingjersy by the refractive outcome, and one of
the leading causes for litigation in this fieldhe “refractive surprise™ In addition, the
refractive lens exchange has become an importampopent of the refractive surgeon’s
armamentariuni. As such, the fields of cataract and refractivgisty have merged to form an
amalgam without distinct borders. Improved retkecresults have come about by way of
improvements in both surgical technique as welidisances in technology. Spherical results,
for example, have become more predictable becdusereased attention to biometry
technique, as well as breakthrough technology ssqbartial coherence interferometry.

No less important is the astigmatic componenhefrefractive equation. At one time
during the evolution of small incision surgerywias the surgeon’s goal to not induce
astigmatisnf. Today, in order to fully embrace the conceptrefractive cataract surgery,” one

must be able to address and reduce significankiste®y cylinder.
PATIENT SELECTION AND CONSIDERATIONS

Estimates of the incidence of significant, natiyratcurring astigmatism vary widely

from 7.5% to 759%. It is thought that 3% to 15% of eyes may have tore diopters (D) of



astigmatisn?. In light of recent experience gained in the fiefdefractive surgery, many
surgeons would agree that astigmatism of greaser @5 D will lead to symptoms of ghosting
and shadows. Although the older cataract patiexyt Ioe more tolerant of cylinder, the
ambitious refractive cataract surgeon should lilegdgroach an implant patient with the same
high goals that he or she might with a youngertoeedractive candidate. Indeed, successful
cataract practices are now aiming for both sphksicd astigmatic outcomes of +/ — 0.5 D.

When considering astigmatism correction, one rals into account the location of the
cylinder, age of the patient, and status of thiefekye. Since most patients will drift against-
the-rule (ATR) over their lifetime—for example, tavd plus cylinder at 180 degrees—many
surgeons advocate a less aggressive approach rtedilngtion of with-the-rule (WTR) cylinder.
Some authors have suggested that residual WTRvesiggn may favor better uncorrected
distance acuity given that most visual stimuli i@ vertical naturé. Similarly, it has been
contended that ATR cylinder may improve uncorrectedr visior. The tenet that residual
(myopic) WTR astigmatism is a desirable goal ineoridb enlarge the conoid of Sturm and hence
optimize depth perception has, however, recentyntmalled into questiolf. Currently, with
recent refinements in surgical technique, a spakgoal may be most desirable for the majority
of patients undergoing implant surgery.

TREATMENT OPTIONS

The first decision faced by the surgeon is whetb@ddress preexisting astigmatism at
the time of cataract and IOL surgery, or to defet txeat the cylinder separately. One could
reasonably argue that for optimal accuracy, swfictime for wound healing should be allotted
and a stable refraction ought to be documented fariastigmatic correction. This consideration
had been more germane with the earlier use of mgpgdants and larger incisions. Currently,
most surgeons are utilizing foldable 10Ls and stadiave well documented the nearly neutral

astigmatic effect that these incisions bear wheat &kor near 3.0mm, as well as their early



refractive stability’**>** As such, many surgeons feel that concomitantriresat of preexisting
astigmatism is a more efficient approach and istew since it will likely save the patient from
having to undergo a second procedure.

The next major decision is whether to treat thggamtism through a lenticular approach,
that is, to employ a toric IOL, or to utilize a kévrefractive technique. From a theoretical
perspective, it is hard to argue against the usetofic implant and their effectiveness has been
widely reported? This option has the potential to avoid induceegular astigmatism from
corneal manipulation, and provides the option gérsibility. In the United States the first toric
IOL to have received FDA approval was the singkeepiplate haptic design manufactured by
Staar Surgical. The implant is available in twoa@owers of 2.0 and 3.5 D. Propitious
outcomes have been obtained with this device evénminimal experience by community-
based surgeorls. For surgeons using this particular toric impléens rotation is a recognized
problem; Sun and coworkers reported a need torrétuthe operating room for repositioning in
9.2% of case$! Ruhswurm further reported axis rotation of ast€26 degrees in 18.9% in their
series® According to Euclidean geometry, an axis deviatb5, 10 or 15 degrees will result in
17%, 33% and 50% reduction, respectively, in effe€ptimal timing of the IOL repositioning
would appear to be between one and two weeks foitpunplantation as capsular fibrosis is
underway, and may serve to permanently fixatedhe tlevice in the proper meridian. Some
surgeons have avoided this particular implant beead its plate haptic design and for the first-
generation silicone elastomer from which it is coisgd. More recently, the FDA has approved
the single-piece AcrySof toric IOL. This hydrophohcrylic device is available in three toric
powers of 1.5, 2.25 and 3.0 diopters which are logpaf correcting 1.03, 1.55 and 2.06 diopters
respectively at the corneal plane. These newegmiesvould appear to offer better rotational

stability and will likely therefore see increasesku



The notion of reducing astigmatism by way of adjiue keratorefractive surgery,
specifically astigmatic keratotomy, dates backi®mid-1980's-"*# Throughout the 1990's a
number of authors recognized the advantages ofmgaorneal astigmatic relaxing incisions
peripherally toward the limbuf8:??* These so called limbal relaxing incisions (LRiaye
become the most popular way to manage astigmatisie aime of cataract surgery and will be
addressed in detail below.

Another viable option to decrease astigmatism imanipulate the cataract incision by
first placing it upon the steep corneal meridiard ghen by varying its size and design, affect a
desired amount of wound flattening, and hence aedse in cylinde?® Specifically, one can
increase or decrease the amount of wound flattdmyngcreasing or decreasing the size of the
incision. Similarly, wound flattening may be enbad by moving closer to the visual axis, or by
creating a more circum-parallel incision to thebims. Also, a perpendicular component, or
groove, may be added to the incision to furtheraase wound flattening and “against-the-
wound” astigmatic drift* This approach, however, presents logistical ehaks including
movement around the surgical table, often produaimgward hand positions. In addition,
varying surgical instrumentation may be neededagleith a dynamic mindset, and this
approach is only effective for relatively small degs of preexisting cylinder. For these reasons,
this technique has largely been supplanted bys$keotia consistent and essentially neutral
phaco incision, typically located temporally fotigmatic stability, and then adding
supplemental relaxing incisions (LRIs). A recenidy by Kaufmann, et al. concluded that LRIs
in combination with a temporal clear corneal inmmsprovided superior astigmatic outcomes to
that of “on-axis” surger{”

Several other options to reduce astigmatism deseention. Lever and Dahan have
suggested the novel use of opposing clear corneions to address preexisting cylindern

this technique, a second opposite penetrating claaeal incision is placed over the steep



meridian 180 degrees away from the main incisibhis approach is technically simple and
requires no additional instrumentation; howeveseeond substantial penetrating incision is now
present, possibly increasing the risk of wound le@a&ven infection. In addition, single-plane
beveled incisions are known not to be as effecfimea given arc length, at flattening the cornea
as are more conventional perpendicular relaxinipioes?’?* Yet another important and
increasingly popular alternative is that of “Biaystj” a technique originally described to address
residual refractive error following implantation wifyopic phakic IOL’s, but one that is just as
useful in the setting of pseudophakic lens surg&fy>° In this approach, one exploits the
advanced technology and exquisite accuracy ofxtberer laser. In a staged manner, one may
treat both residual spherical as well as astigneatior following implant surgery. In Zaldivar's
original description, a LASIK flap was created prio the implant procedure, and then as
necessary, the flap was lifted and residual rafracrror was corrected with the laser. Today,
most surgeons prefer to perform both the flap asdr ablation concurrently following cataract
surgery, as needed, thus reducing the number @oassary flaps that would otherwise be
created. It has been our experience that LASIK beagerformed safely following IOL surgery
at six weeks, perhaps earlier. Of course, woualbllgly and healing must be confirmed, along
with a stable refractive error. It might be funtladegued that custom wavefront-guided ablation
would be particularly well suited in the pseudophadye since the dynamic lens component no
longer exists, though obtaining a reliable abertoymeading may be difficult with some lens
designs, i.e. refractive multifocal optit’s For most refractive cataract surgeons, Bioptics has
become an integral part of the preoperative disonssith the patient, and in our experience its
use is required in approximately 10 percent of gadepending upon the patient’s preop
refractive error. Finally, conductive keratoplassed in an off-label fashion has also recently
been described as a means by which residual hyjpesiod hyperopic astigmatism may be

effectively reduced following cataract surgéfty.



LIMBAL RELAXING INCISIONS

The first description of the astigmatic effecinoin-penetrating incisions placed near the
limbus dates back to 1898 and is credited to theetDaphthalmologist L.J. Laris. As noted,

LRIs have become the most popular techniqgue emgltmaay to reduce preexisting astigmatism
at the time of implant surgery, though the usedttimplants is currently increasing.

Although our preference is to utilize a temporabse-plane clear corneal phaco incision, one
may utilize LRIs with any type of cataract incisias long as the astigmatic effect is known and
factored into the surgical plan. LRIs offer seVadvantages over astigmatic incisions placed
within the cornea, at smaller optical zones. Theseld include less chance of causing a shift in
the resultant cylinder axis. This presumably is ttua diminished need for precise centration
upon the steep meridian. More importantly, therkess of a tendency to cause irregular corneal
flattening, and hence less chance of inducing ilggastigmatism. Technically, LRIs are easier
to perform and more forgiving than shorter and noanetral corneal astigmatic incisions, and
patients generally report less discomfort. Anothgortant advantage gained by moving out to
the limbus involves the “coupling ratio” which debes the amount of flattening that occurs in
the incised meridian relative to the amount of péeegng that results 90 degrees away. It has
been our experience that paired LRIs (when kept ahder 90 degrees of arc length) exhibit a
very consistent 1:1 ratio, and therefore elicitdicthange in spheroequivalent, obviating the need
to make any change in implant power.

Admittedly, these more peripheral incisions ass lpowerful, but are still capable of
correcting up to 3-4 diopters of astigmatism in ¢htaract-age population. One must keep in
mind that the goal is to reduce the patient’'s dgdin without overcorrecting or shifting the
resultant axis. To achieve a given amount of ctior, these peripheral intralimbal incisions
must be longer in total arc length than more cégtpdaced corneal astigmatic incisions;

however, unlike longer radial keratotomy incisiotigy appear to be stable with regard to



refractive effect, and show little sign of inducipgpblems such as dry eye syndrome or other
pejorative effects from corneal denervatforiTheir stability may be due in part to the proximi
of well-vascularized limbal tissue, as well as diféering histologic tissue pattern that exists at
this intralimbal location as compared to the cdrtoanea. There are, of course, potential
complications with any surgical technique and theeeaddressed below.

The Plan:

Perhaps the most challenging aspect of astigmatisgery involves the determination of
the quantity and exact location of the cylindet ikdo be corrected, and thereby formulating a
surgical plan. Traditionally, most authors haveoramended correcting astigmatism based upon
keratometry measurements only, assuming any ogfiective components would be lenticular
in nature and eliminated by cataract extractiohave found, however, that it is helpful to study
as many preoperative parameters as is possibleortunately, such preoperative
measurements—keratometry, refraction, corneal tigpiy and newer modalities such as the
Pentacam—do not always correlate. Lenticular asitgsm may indeed account for some of this
disparity, particularly in cases where there isidewariance between refraction and corneal
measurements; however, some discrepancies arg tikelto the inherent shortcomings of
traditional measurements of astigmatism. Stankeratometry, for example, measures only two
points in each meridian at a single optical zonapgroximately 3 mm.

When confounding measurements do arise, one nmpromise and average the
disparate readings; for example, if refraction sh@D of astigmatism and keratometry reveals
only 1 D, it would be reasonable to correct for ,%especially if the cataract were not too dense
and the refraction was reasonably reliable, drware based upon a historical refraction
obtained prior to cataract formation. Alternativef pre-operative calculations vary widely, one
may defer placing the relaxing incisions until abé¢ refraction post-implantation is obtained,

and then correct, as needed, any remaining asigmdtRIs may be safely performed in the



office in an appropriate treatment-room settingarr@al topography can be very helpful when
refraction and keratometry do not agree, andirtdeeasingly becoming the overall guiding
measurement upon which the surgical plan is bafegography is also helpful in detecting
subtle corneal pathology such as keratoconus fuusieh would likely negate the use of LRIs,
or subtle irregular astigmatism such as that cabgezpithelial basement membrane dystrophy.
Nomograms:

Once the amount of astigmatism to be correctedbes determined, a nomogram must
be consulted to determine the appropriate arc eofgthe incisions. A number of popular
nomograms are currently availaBfe Our nomogram of choice originated from the wokbo
Stephen Hollis and incorporates concepts taugl@gancer Thornton, M.D., particularly his age
modifiers?* As seen in the nomogram, a patient is considerée “spherical” if they have up
to 0.75 D of with-the-rule or 0.50 D of against-tlude astigmatism, in which case a single-plane
temporal clear corneal incision is used withoutitilgal wound manipulation (Table I). If the
patient has more than this amount of cylinder, @gtermines whether it is WTR (45 -135
degrees) or ATR (0 - 40 or 140 -180 degrees) aed tlonsults the appropriate section of the
nomogram. One aligns the patient’'s age with thewarhof preoperative cylinder to be corrected
and finds the suggested arc length that the intgsshould subtend.

Paired incisions are preferred to optimize symimeworneal flattening and are expressed
in degrees of arc rather than chord length. Thdone in order to diminish over and under
corrections for unusually small or large corneas;escorneal diameter may significantly impact
the relative length of the arcuate incision andesultant effect (Fig. 1). This nomogram, which
has been designed specifically for the cataractmiais based upon the use of an empiric blade
depth setting of 600 microns. Individual surgeechhique and blade style may impact results,
and thereby require adjustment of the nomograns Hy design conservative in nature with the

intent of substantially decreasing a patient’sgaséitism, but also avoiding overcorrection. This



has been borne out by clinical stifdy*® A second, slightly more aggressive nomogram (NAPA)
is now being used more frequently, particularlyhia setting of refractive lens exchange surgery
and when presbyopia-correcting IOLs are used, #sasén conjunction with LASIK for the
correction of higher levels of astigmatism (Tab)e In this setting where optimal precision is
mandated, pachymetry is performed over the entaréeagth of the intended incision site, and a
diamond blade with an adjustable micrometer i2s80% of the thinnest reading obtained. The
NAPA nomogram, pachymetry, and adjusted blade degitings may certainly be used with the
“routine” cataract patient, but some surgeons ttegl the small compromise that is made in
using an empiric blade depth setting is acceptalieis older patient population in light of
increased OR efficiency.

Once again, refinements to the blade depth sedtidighomogram adjustments are often
necessary depending upon individual surgeon teaenitpe instruments used and, in particular,
the style of the blade. As a final note, in eyes have previously undergone radial keratotomy,
the length of the incisions should be reduced pr@pmately 50%, and in eyes that have
undergone “significant” prior keratotomy surgetymay be best to avoid additional incisional
surgery and employ a toric IOL or laser technologpyead.

Surgical Technique:

Some surgeons prefer to perform LRIs at the cammfuof surgery in the event that a
complication occurs necessitating a modificatioth phaco incision. For routine cases,
however, our preference is to place these relaxicigions at the outset of surgery in order to
minimize epithelial disruption. The one exceptiorthis rule occurs in the case of high ATR
astigmatism wherein the nomogram calls for a telpacuate incision of greater than 40
degrees of arc. Since the temporal arc will beesoposed upon the phaco incision, if it is
extended to its full arc length at the start ofgeuy, significant gaping and edema may result

secondary to intraoperative wound manipulationthia setting, the temporal incision is first



made by creating a two-plane grooved phaco inci@d600 microns or to a depth as
determined by pachymetry). Following IOL implamatand prior to viscoelastic removal,
while the globe is still firm, the relaxing incisias extended to its full arc length as dictated by
the nomogram. When an LRI is superimposed upopliaeo tunnel, the keratome entry is first
accomplished by pressing the bottom surface okénatome blade downward upon the outer or
posterior edge of the LRI. The keratome is theraaded into the LRI at an iris-parallel plane.
This angulation will promote a dissection that sagéace at mid-stromal depth which will help
assure adequate tunnel length and a self-sealsgre.

Proper centration of the incisions over the stapeal meridian is of utmost
importance. Increasing evidence supports the nahiat significant cyclotorsion may occur
when assuming a supine positiinAs previously noted, an axis deviation of onlydEgrees
may result in a 50% reduction of surgical effecThis reduction in effect holds true for both
relaxing incisions and toric IOLg=or this reason, most surgeons advocate placimgi@ntation
mark at the 12:00 or 6:00 limbus while the patisnh an upright position. This is particularly
important when employing injection anesthesia winewapredictable ocular rotation may occur.
| personally prefer placing multiple radial marksng a dedicated marking instrument to assure
proper orientation. An additional measure that i@gmployed to help center the relaxing
incisions is to identify the steep meridian (plyBraler axis) intraoperatively using some form
of keratoscopy. The steep meridian over whichrhisions are to be placed corresponds to the
shorter axis of the reflected corneal mire. A daripand-held device such as the Maloney
(Storz, Katena) or Nichamin (Mastel Precision) kesaope works well, or a more robust and
well-defined mire may be obtained through an elateomicroscope-mounted instrument such as
the Mastel Ring of Light (Mastel Precision). Ohert utilizes a Mendez Ring or similar degree
gauge which is aligned with the previously pladetbhl orientation mark, and the desired

meridian over which the incisions are to be centé&saletermined and marked.
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The LRI should be placed at the most peripheradrdof clear corneal tissue, just inside
of the true surgical limbus. This holds true ipestive of the presence of pannus or blood
vessels. If bleeding occurs, it may be ignoredaiticcease spontaneously. One must avoid
placing the incisions further out at the true staglimbus in that a significant reduction of etfec
will likely occur due to both increased tissue Kmess and a variation in tissue composition;
these incisions are, therefore, reatliya-limbal in nature. In creating the incision, it is
important to hold the knife perpendicular to theneal surface in order to achieve consistent
depth and effect. Good hand and wrist supporhortant, and the blade ought to be held as if
one were throwing a dart such that the instrumeayt be rotated between thumb and index
finger as it is being advanced, thus leading toatmarcuate incisions. Typically, the right hand
is used to create incisions on the right side efglobe, and the left hand for incisions on the lef
side. In most cases it is more efficient to plod blade toward oneself, as opposed to pushing it
away. A lightly moistened corneal surface willihnéd prevent epithelial disruption, but may
mask an unintentional perforation.

The extent of arc to be incised may be demaraatedveral different ways. One simple
method makes use of a modified Fine-Thornton forating (The Nichamin Fixation Ring and
Gauge, available from Mastel Precision, Storz, RiMedical). This instrument serves to fixate
and position the globe in order to optimize inasplacement, as well as to delineate the extent
of arc to be incised. One visually extrapolatesiftbe limbus to marks on the surface of the
ring. Each incremental mark is 10 degrees apadtpbald hash marks (180 degrees) opposite to
each other serve to align and center the inciswan the steep meridian. This approach obviates
the need to ink and physically mark the cornean# desires, particularly when first gaining
experience with LRIs, a two-cut R.K. marker mayuled to place ink marks upon the cornea to
show the exact extent of arc that is to be incigedpnjunction with the fixation ring/gauge (Fig

2). Alternatively, various press-on markers arailable, such as those made by Rhein Medical
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(Dell-Nichamin Marker, Nichamin-Kershner Markertbe Ruminson Marker). ASICO and
other instrument companies offer a full line of dated markers, rings and blades for
performing LRI’s.

As noted, in the setting of concomitant cataracgjery, an empiric blade depth setting of
600 microns has been traditionally employed. Merently, adjusted blade depth settings based
upon pachymetry are favored for optimal precisidarious knives have been designed
specifically for this application, ranging from pgasable steel blades to exquisite gemstone
diamond knives. Synthetic diamond materials age alailable and vary in quality from nearly
perfect single crystal materials that rival natwedurring gemstones, but are often yellow in
color, to less expensive polycrystal fused matetiaht are typically less durable and whose
edges are laser cut which may yield less precigagicharacteristics. Some of these less
expensive designs are intended for limited re@er. preference is for high quality diamond
blade technology which incorporates a single saradl arced footplate for enhanced
visualization at the limbus. Two models are alddaone with a pre-set depth of 600 microns,
and the other with an adjustable micrometer hafMbestel Precision) (Figures 3A & 3B).
Similar designs are available from Rhein Medic#ébrs ASICO and other manufacturers (Fig.
4).

Another less common method of creating periph@&laking incisions is to use a device
such as the Terry/Schanzlin Astigmatome (Oasis déwhich circumvents the need to make a
“free-hand” incision. This trephine-like device Haeen designed to create consistent and
symmetric peripheral arcuate corneal relaxing inoss. It utilizes a vacuum speculum that
mates with various reusable templates that areteeldased upon the amount of astigmatic
correction that is desired. The incision is crddig simply rotating a disposable steel blade unit
that fits inside of the template.

Complications:

12



As discussed, LRIs are proving to be a safer amek forgiving approach to managing
astigmatism as compared to more central cornemliams. Nonetheless, as with any surgical
technique, potential complications exist, and sa@vare listed in Table lll. Of these, the most
likely to be encountered is the placement of imeisiupon the wrong axis. When this occurs, it
typically takes the form of a 90 degree error wadsitioning upon the opposite, flat meridian.
This, of course, results in an increase and likelybling of the patient’s preexisting cylinder.
Compulsive attention is required in this regardhe Burgeon ought to consider employing safety
checks to prevent this frustrating complicatiomiroccurring such as having a written plan that
is brought into the OR and is kept visible and prbporiented. Incisions are always placed
upon the plus (+) cylinder axis, and opposite ®rthinus (-) cylinder axis.

Although very rare when utilizing a blade deptttiag of 600 microns, corneal
perforation is possible. This may be due to impragetting of the blade depth, or as a result of a
defect in the micrometer mechanism. This lattebfgm may arise after repeated autoclaving
and many sterilization runs. Periodic inspectind aalibration is therefore warranted, even with
preset single depth knives. When encounteredkeindidial microperforations, these
circumferential perforations will rarely self-sesadd will likely require placement of temporary
sutures.

Enhancement Techniques:

As mentioned, LRIs lend themselves well to inadfitouch-ups.” Although some
surgeons will place or extend incisions at thelahtp, it is our preference to use a small
operating microscope and to perform the proceditt@wa dedicated treatment room. It has
been our experience that this provides far bettagical control as well as patient comfort. In
the case of residual astigmatism without priorsianal correction, one uses the same technique

and nomogram as described above.
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In the case of an under-correction following poes LRIs, one should inspect the length
and positioning of the incisions. As indicatedagadment of the incisions too far out into the true
surgical limbus and beyond clear cornea will ofesad to under-correction. If the arc length and
location appear to be adequate, one ought to sugc¢he patient has an unusually thick
cornea. This occurs most frequently in hyperogese In this situation, pachymetry should be
performed and the incisions may be re-deepenegtenged. When faced with an
overcorrection, one should resist the temptatiopldce additional incisions in the opposite
meridian. This can lead to an unstable cornea wnfiredictable refractive results, or worse,
induce irregular astigmatism. Rather, one shoattsitler non-incisional modalities such as
PRK or LASIK. We also have had good results is #etting using conductive keratoplasty, off-
label, particularly if the over correction involvagperopic astigmatisrit.

To correct unusually high levels of astigmatisR]4.may be used in conjunction with a
toric IOL or excimer laser surgery (bioptics). skeveral rare cases we have combined all three

modalities and safely corrected up to 9 D of prstaxg astigmatism!
Cases Studies

Case 1. A 68-year-old male presented for right cataracgsry. His refraction was —1.00 +2.25
x 80, and was recorded as reliable, consistent gimodest cataract density. Keratometry
readings were 44.75 x 75 and 43.00 x 75. Cormogalgraphy confirmed slightly more than 2.00
D of regular and slightly oblique cylinder. Cortsud) the standard cataract nomogram, a plan
was devised for a pair of LRIs to be centered ¢iver75 degree axis, with each incision
delineating 45 degrees of arc. A single-plane phiacision was used and maintained at a size
of under 3.2mm.

Case 2. This is a 79-year-old woman who presented witkrg dense left cataract. Her
refraction was recorded at —2.25 +2.75 x 125 withffecult end point. Her manual keratometry

and topography measurements were consistent aadleelvslightly less than 1.75 D at 120
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degrees. Because of the questionable refractreatey value was placed on the corneal
measurements. Based upon the standard cataraogremm the plan was for paired LRIs of 40
degrees to be placed over the steep 120 degree axis

Case 3. A 48-year-old bilateral hyperope presented fogfeactive surgical consultation. The
refraction in his left eye was found to be +3.25761x 85. Keratometry was somewhat flat but
confirmed WTR cylinder as did corneal topograpBased upon the patient’s age, refraction
and somewhat shallow anterior chambers, the decvgas made to proceed with a refractive
lens exchange. The NAPA nomogram called for LRE%60 degrees with intraoperative

pachymetry. Intraoperative keratoscopy confirnfexidteep 85 degree meridian.
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Table |

Intralimbal Relaxing Incision

Nomogram for Modern Phaco Surgery

Empiric blade-depth setting of600 microns
Louis D. “Skip” Nichamin, M.D. ~ Laurel Eye Clinic,Brookville, PA

SPHERICAL
(up to +0.75 X 90 or +0.50 X 180)

Incision Design  “Neutral” temporal clear corneal incision (ie., 3.5mm. or less, single plane, just anterior to vascat arcade)

AGAINST-THE-RULE
(Steep Axis 0-44°/136-180°)

Paired Incisions in Degrees of Arc*

30-40 41-50 51-60 61-70 71-80 81-90 91+
PRE-OP CYLINDER yrsold yrsold yrsold yrsold yrsold yrsold yrs old
Nasal limbal arc only* 35°

+0.75to +1.25

55° 50° 45° 40° 35°
+1.50 to +2.00 70° 65° 60° 55° 45° 40° 35°
+2.25t0 +2.75 90° 80° 70° 60° 50° 45° 40°
+3.00 to +3.75 90° 90° 85° 70° 60° 50° 45°

0.z=8mm 0.z.=9mm

Incision Design The temporal incision, if greater than 40° of &anade by first creating a two-plane, grooved phac
incision (600 p depth), which is then extendethe appropriate arc length at the conclusioruojery.

WITH-THE-RULE
(Steep Axis 45°-135°)

Paired Incisions in Degrees of Arc

PRE-OP CYLINDER cll) el el el el el e
+1.00 to +1.50 50° | 45° | 40° | 35° | 30°
+1.75 10 +2.25 60° | 55° | 50° | 45°| 40°| 35°|  30°
+2.50 t0 +3.00 70° | 65° | 60° | 55°| 50°| 45°|  40°
+3.251043.75 80° | 75° | 70°| 65°| 60°| 55°| @ 45°

Incision Design “Neutral” temporal clear corneal along with thelésling peripheral arcuate incisions

When placing intralimbal relaxing incisions followig or concomitant
with radial relaxing incisions, total arc length islecreased by 50%
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Table Il

Louis D. “Skip” Nichamin, M.D. ~ The Laurel Eye Clinic, Brookville, PA

The “NAPA” Nomogram
Nichamin Age & Pachymetry-Adjusted

Intralimbal Arcuate Astigmatic Nomogram

WITH-THE-RULE

PREOP CYLINDER

(Diopters)

0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00

(Steep Axis 45°-135°)

Paired Incisions in Degree$ Arc

20-30yo 31-40yc 41-50yo 51-60yo 61-70yo 71-80
40 35 35 30 30
45 40 40 35 35 30
95 50 45 40 35 35
60 95 50 45 40 40
65 60 55 50 45 45
70 65 60 55 50 45
75 70 65 60 55 50
80 75 70 65 60 55
85 80 75 70 65 60
90 90 85 80 70 65

AGAINST-THE-RULE
(Steep Axis 0-44°/136-180°)

PREOP CYLINDER

(Diopters)

0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00

Paired Incisions in Degrees of Arc

20-30yo 31-40yo 41-50yc¢ 51-60yo 61-70yo 71-80
45 40 40 35 35 30
50 45 45 40 40 35
55 55 50 45 40 35
60 60 55 50 45 40
65 65 60 55 50 45
70 70 65 60 95 50
75 75 70 65 60 55
80 80 75 70 65 60
85 85 80 75 70 65
90 90 85 80 75 70

Blade depth setting is at 90% of the thinnest pactstry
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Table 11l

Potential Problems

Infection

Weakening of the globe

Perforation

Decreased corneal sensation

Induced irregular astigmatism
Misalignment/axis shift

Wound gape and discomfort

Operating upon the wrong (opposite) axis!
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Figure 1

Figure 2
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Figure 3A

Figure 3B
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Figure 4

23



