ORIGINAL ARTICLE

Management of Anterior Stromal Necrosis
After Polymethylmethacrylate ICRS:
Explantation Versus Exchange With Corneal
Allogenic Intrastromal Ring Segments
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Alain Saad, MD; Nada S. Jabbur, MD; Shady T. Awwad, MD

ABSTRACT

PURPOSE: To evaluate management of keratoconic eyes with
anterior stromal necrosis overlying the intracorneal ring seg-
ment (ICRS), by either ICRS explantation alone or exchange
with corneal allogenic intrastromal ring segments (CAIRS).

METHODS: Among 643 Intacs SK (Additional Technology, Inc)
inserted at one institutional center, 16 eyes (15 patients) with
overlying spontaneous anterior stromal necrosis were identi-
fied. Data included size of stromal defect and refractive and
topographical findings before ICRS insertion, before anterior
stromal necrosis, and 6 months after intervention.

RESULTS: The 10-year incidence of anterior stromal necrosis
after femtosecond laser-assisted ICRS insertion was 5.5%.
Eight eyes underwent ICRS removal only and 8 eyes had ICRS
exchanged with CAIRS. In the first group, CDVA worsened
from 0.14 before melt to 0.28 logMAR after removal (P = .10),
simulated keratometry (SimK) and maximum axial keratom-
etry (Kmax) increased from 44.73 to 46.34 diopters (D) (P =
.14) and from 49.23 to 52.26 D (P = .14), respectively, and coma

tially introduced for the treatment of myopia, but
are currently better used in treating ectatic diseas-
es of the cornea, predominantly keratoconus.'® ICRS
improve vision and regularize the corneal surface by
decreasing the curvature gradient between the ectatic

Intrastromal corneal ring segments (ICRS) were ini-

worsened from 0.87 to 1.52 D (P = .02). In the CAIRS group,
CDVA of 0.16 before melt improved to 0.11 logMAR postopera-
tively (P > .99), and topographic indices stabilized with SimK,
Kmax, and coma mildly altering from 45.31 to 45.44 D (P >
.99), from 49.25 to 49.64 D (P > .99) and from 0.87 to 0.81 D
(P > .99], respectively. Whether the ICRS were explanted or
exchanged, the visual and topographic mean values were bet-
ter than those reported before ICRS implantation, whereas
higher order aberrations in eyes without CAIRS regressed to
levels before ICRS insertion. At the site of melt, thinnest re-
sidual stromal thickness averaged 327 pum with ICRS removal
and 490 um with CAIRS. Eyes with larger melt areas resulted
in less optimal results with CAIRS implantation.

CONCLUSIONS: Early experience in the management of ante-
rior stromal necrosis by exchange of polymethylmethacrylate
ICRS with CAIRS seems to avoid stromal thinning and confer
better visual and topographic results, which were more pro-
nounced with thicker segments. The benefit of CAIRS in large
stromal melts needs to be investigated.

[J Refract Surg. 2022;38(4):256-263.1

and central cornea, thus reducing the spherocylindri-
cal error and corneal higher order aberrations.*> Intacs
SK (Additional Technology, Inc) are one type of ICRS
that have an elliptical cross-section and are designed
to be placed at an optical zone of 6 mm.%” Although
safe and effective, complications have been reported
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after insertion of these synthetic implants.?*° These in-
clude segment migration, perforation, and dislocation
into the anterior chamber resulting in corneal hydrops,
extrusion, stromal thinning,"* corneal melt (especially
with shallow implantation or constant eye rubbing),*?
corneal neovascularization, and infectious keratitis.’®
We present the management of 16 eyes present-
ing with ICRS intolerance from spontaneous overly-
ing melt. All eyes had their polymethylmethacrylate
(PMMA) ring removed, with a subset (8 eyes) having
corneal allogenic intrastromal ring segment (CAIRS)
insertion in the same setting. We report their visual,
refractive, and corneal topographic parameters before
and after Intacs SK insertion and after intervention.

PATIENTS AND METHODS

A retrospective chart review of patients with kerato-
conus who underwent ICRS insertion at the American
University of Beirut Medical Center between Febru-
ary 2010 and December 2020 was performed. All eyes
were implanted with the Intacs SK. The aim was to
identify patients who subsequently developed spon-
taneous anterior stromal necrosis over the implanted
ICRS. The study was approved by the American Uni-
versity of Beirut Institutional Review Board (Protocol
Number BIO-2020-0156), and adhered to the tenets of
the Declaration of Helsinki.

SURGICAL PROCEDURE

Intacs SK Insertion. All Intacs SK insertion and re-
moval procedures were performed by the same expe-
rienced refractive surgeons (14 by STA and 2 by AS)
using the same protocol previously published by the
authors.#® For ICRS insertion, the tunnels were cre-
ated using the LDV femtosecond laser (Ziemer Group
AG), and the incisions were created at the steepest me-
ridian. The default parameters set by the femtosecond
laser manufacturer for implantation of Intacs SK ring
segments at 6 mm were used, and the corneal vertex
was used for tunnel centration. The tunnel depth was
set at an average of 75% of the thinnest area within the
tunnel and ranged from 380 to 410 pm in depth.

Intacs SK Removal and CAIRS Insertion. Using a
diamond blade, a stromal incision was performed right
at the edge of the affected ICRS at a graduated depth
matching the documented depth of the procedure and
confirmed by optical coherence tomography (OCT). Dis-
section of the tunnel followed, with subsequent intro-
duction of a Sinskey hook to hitch the inlet of the cor-
neal ring and externalize it. If no CAIRS were planned,
a contact lens was inserted in the eye and the patient
was given 0.5% moxifloxacin eye drops four times a
day until closure of the epithelial defect, and 1% pred-

Journal of Refractive Surgery ¢ Vol. 38, No. 4, 2022

nisolone acetate eye drops four times daily for 1 week
with intensive lubrication with hyaluronic acid for 2
weeks. If CAIRS were to be implanted, a donor cornea
denuded from the endothelium and epithelium was
trephined with dedicated double-bladed Jacob CAIRS
trephines (Madhu Instruments), producing segments
of 500 or 750 pm. These were either inserted as such
or cut in half by a 15-degree sharp blade with one of
the segments inserted into the preexisting tunnel. The
first series of patients (5 eyes) had segments of 375 or
500 pm, to match the size of previously inserted ICRS
(350 and 450 pm, respectively) and segments of 750 pm
were used in the last 3 eyes. The 10-0 nylon sutures
were applied over the site of the melt to bolster the
CAIRS and prevent its herniation. The first 8 cases of
anterior stromal necrosis (cases 1 to 8) only underwent
ICRS explantation. The next 8 cases (cases 9 to 16) also
underwent exchange with CAIRS because the surgeons
had acquired experience in CAIRS surgery by that time.

FoLLOW-UP EVALUATIONS

Clinical variables assessed comprised a complete
ophthalmologic evaluation including slit-lamp bio-
microscopy, assessment of uncorrected distance vi-
sual acuity (UDVA), corrected distance visual acuity
(CDVA), manifest refraction, and anterior and poste-
rior segment. These variables were taken before initial
ICRS implantation, at the last visit before the corneal
melting was identified, and up to 6 months after ICRS
removal with or without CAIRS implantation. All pa-
tients had corneal tomography using the Galilei Dual
Scheimpflug-Placido system (Ziemer Group AG) and
anterior segment OCT (AS-OCT) using the MS-39 AS-
OCT (CSO Italia) at every visit to evaluate the simulat-
ed keratometry (SimK), maximum axial keratometry
(Kmax), and corneal regularity indices including cor-
neal higher order aberrations at a 4-mm optical zone.
The latter was chosen to avoid artifacts from the ICRS
and CAIRS edges at the 5- and 6-mm zones.

STATISTICAL ANALYSIS

Clinical data were analyzed using GraphPad Prism
version 9.0.1 for Mac software (GraphPad Software,
www.graphpad.com). Descriptive analysis with means,
medians, and ranges were reported. Analysis of vari-
ance for matched non-parametric data (Friedman test)
was used to compare the change in visual and topo-
graphic outcomes before ICRS insertion, before melt,
and after intervention for patients who underwent In-
tacs SK removal with versus without CAIRS insertion.
Analysis of variance with Geisser-Greenhouse correc-
tion was used for refractive results. For every outcome
(visual, refractive, and topographic), the mean at one
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Figure 1. Cumulative incidence of anterior stromal necrosis (ASN) to
anterior stromal according to follow-up since intrastromal corneal ring
segments (ICRS) insertion.

time-point was compared with the mean of every other.
A P value of less than .05 was considered statistically
significant. Cumulative incidence and Kaplan-Meier
graph were performed on GraphPad Prism version 9.0.1
software using the survival curve as a model.

RESULTS

A total of 643 eyes were identified; these underwent
Intacs SK insertion for keratoconus from February 2010
to December 2020. Of those, 16 eyes (15 patients) had a
linear epithelial defect with underlying anterior stromal
necrosis. The calculated 10-year cumulative incidence
of anterior stromal necrosis according to follow-up time
since ICRS insertion was 5.5% (Figure 1). Most (80%)
of the patients (12 of 15) were men and the mean =+ stan-
dard deviation (SD) age at time of melt detection was 32
+ 7.3 years (range: 23 to 56 years).

Twelve of 16 eyes (75%) had corneal cross-linking
(CXL) after ICRS insertion, with 3 of them having
combined topography-guided photorefractive kera-
tectomy with CXL without concomitant mitomycin C
use (Table A, available in the online version of this
article). On the other hand, 65% (421 of 643) of eyes
initially implanted with ICRS had subsequent CXL.
Ten patients and 11 eyes (68.8%) presenting with
anterior stromal necrosis had a documented history
of marked meibomian gland dysfunction and bleph-
aritis for which they were treated. Eight patients (8
eyes) reported a history of frequent eye rubbing even
after ICRS implantation.

In all cases, patients presented with irritation, for-
eign body sensation, and often tearing. Examination of
the cornea demonstrated a linear epithelial defect over
the temporal ring in 14 eyes (87.5%), and often midway
along the ring length, with underlying anterior stromal
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necrosis. The stromal thinning and the epithelial de-
fect did not improve despite intensive lubrication, topi-
cal steroids, and topical antibiotics. Among the 5 eyes
(31.3%) with 2 ICRS inserted, anterior stromal necrosis
solely involved the nasal ring in 1 eye (case 4) and sole-
ly the temporal ring in the remaining eyes.

The length of the linear anterior stromal necrosis
ranged from 1 to 3.2 mm in all cases. Its width was less
than 0.5 mm in 13 cases and ranged from 0.5 to 0.75
mm in the remaining 3 cases (cases 9, 11, and 12). Six
cases had delayed removal of the ICRS due to late pre-
sentation after onset of symptoms. This was manifested
by corneal neovascularization in cases 4 (Figures AA-
AB, available in the online version of this article), 7, 8
(Figures AC-AD), and 10 (Figures AE-AG) and wider
stromal defect in cases 9, 11, and 12 (Figure AH).

The ICRS were removed in all cases. Eight of 16 eyes
(50.0%) underwent ICRS removal without CAIRS inser-
tion. As compared to the visual acuity before anterior
stromal necrosis, CDVA and UDVA worsened 6 months
after ICRS removal (Table 1). Despite this deterioration
in vision, values after ICRS removal were more favor-
able than those before ICRS insertion. After ICRS re-
moval, both astigmatism and manifest refraction spher-
ical equivalent regressed compared to before anterior
stromal necrosis but remained more favorable than be-
fore ICRS insertion. Topography changes also mirrored
visual variations, with recorded SimK and Kmax worse
than their values before anterior stromal necrosis but
better than their values before ICRS insertion. On the
other hand, coma and total higher order aberrations re-
gressed to their values before ICRS insertion.

Eight of 16 (50.0%) eyes underwent ICRS removal
combined with CAIRS insertion in the same tunnel of
the explanted ICRS. The area over the melt was su-
tured to allow it to heal and to avoid CAIRS extru-
sion, and the sutures were removed 1 month later.
After CAIRS insertion and suture removal, CDVA and
UDVA improved, whereas astigmatism and manifest
refraction spherical equivalent regressed compared
to visual acuity before anterior stromal necrosis. Al-
though SimK, Kmax, and coma were preserved with
CAIRS insertion compared to the baseline after ICRS
insertion, total higher order aberrations worsened.
Unlike the aberration indices in the first intervention
group, those with CAIRS remained more favorable
than their values before ICRS insertion (Table 1).

The group without CAIRS insertion showed worse
baseline manifest refraction spherical equivalent com-
pared to those with CAIRS, most prominent in cases
14, 15, and 16 (Table 1). This is likely due to axial
myopia, because the topographic indices (SimK and
Kmax) were similar in both groups.
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In eyes that had ICRS explan-

tation without CAIRS insertion,
the time to full epithelialization at
the melt area ranged from 14 to 21
days. The site of the melt remained
thin, with a thinnest stromal thick-

In case 12, a 750-pm CAIRS was

by OCT, with overlying scarring
and significant epithelial thick-
ening and remodeling (Figures
BA-BD, available in the online ver-
(case 2), this scarring actually im-
proved the topography from that
after ICRS removal, with UDVA
implanted foralarge inferior stromal

and CDVA returning to values be-
to 5 days and stromal thickness

at the site of the melt averaged

490 ym (Figures BE-BI).
of +9.31 D at 90° (Figures 3A-3B).

After suture removal, the anterior
part of the CAIRS slightly bulged

forward (Figure 3E), resulting in a
marked shift in topographic cylin-

der, which became against-the-rule
(+12.67 D at 180°) (Figure 3C). Six
months later, the CAIRS incorpo-

rated back into the cornea (Fig-
ures 3F-3H), and the topographic

cylinder decreased to +7.03 D at
160° (Figure 3D). The topographic

cylinder 6 months after CAIRS in-
sertion was higher than that before
melt detection, but it became more
ing in an improvement in CDVA
to 0.27 logMAR (Table A). Of note

was that the inferior steep area on
ed and away outside of the central

ness averaging 327 pm as assessed
sion of this article). In one patient
fore ICRS removal (Figure 2 and
Table A). Alternatively, in eyes
that had CAIRS insertion, full epi-
thelialization time ranged from 3
melt with a length of 3.2 mm and a
width of 0.75 mm with concomitant
suture application at the site of the
melt (Figures AH-A]J), causing sig-
nificant with-the-rule astigmatism
regular (Figures 3A and 3D), result-
the topography was at the site of the
melt where the CAIRS was insert-
4-mm optical zone.
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Figure 2. Slit-lamp photographs of case 2 during melt and after intracorneal ring segment (ICRS) explantation, and serial tangential curvature
topography from before ICRS insertion to after implantation then after explantation. (A) Linear defect on the body of the temporal ring segment
and (B) the scarring at the melted area, a few months after ICRS removal. [C-F) Anterior instantaneous curvature using the absolute scale by
Galilei dual Scheimpflug-Placido system (Ziemer Group AG) (C) before ICRS insertion, (D) before melt detection, (E) after ring removal but before
scarring, and (F) and after scarring. Galilei G1 and Gé were used for (C) and (D-F), respectively.

DISCUSSION

ICRS have been associated with up to a 30% inci-
dence of postoperative complications.’ ICRS extru-
sion, notably with Ferrara rings (AJL Ophthalmic), or
Kerarings (Mediphacos, Inc), has been well described
in the literature as the most common cause of explan-
tation with incidences ranging from 2% to 30%.%5"”
Shallow ICRS insertion, creation of tunnels by manual
dissection with accompanying depth differences, bio-
chemical stresses imparted by the segment on the stro-
ma, and disturbances in the tear film or other forms
of ocular surface disease are the main risk factors for
extrusion.®!® These trigger an anterior stromal tensile
strain and focal thinning overlying the deployed seg-
ment, resulting in an anterior stromal necrosis.

In our study, a femtosecond laser was used in all
cases, including those presenting with anterior stro-
mal necrosis. The femtosecond laser provides a more
precise and even stromal implantation depth. In ad-
dition, the ICRS were inserted at least 380 pm deep,
as documented on anterior segment OCT (AS-OCT).
These interventions ought to minimize the risk of
overlying corneal melt.
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A recently published case series by Abad et al?° es-
timated the cumulative incidence of long-term anteri-
or stromal necrosis over Intacs SK to be 7.32% over 10
years and 9.18% over 12 years. They reported 9 cases
of anterior stromal necrosis developing over mechani-
cally inserted Intacs SK rings. In 7 eyes, hexagonal In-
tacs SK rings were used. These theoretically can cause
more anterior lamellar compression than Intacs SK
rings, which has an oval cross-section shape. In our
study, the slightly lower cumulative incidence of an-
terior stromal necrosis of 5.5% over 10 years could be
attributed to the use of Intacs SK rings and their deep
implantation via femtosecond laser, as opposed to the
microkeratome used in the abovementioned study.

The strong history of meibomian gland dysfunction
and blepharitis in the involved patients suggests the
importance of ocular surface integrity in prevention
of anterior stromal necrosis. Corneal melt has been
described in patients with ocular rosacea.?'*? In fact,
matrix metalloproteinases and other proinflammatory
endopeptidases highly concentrated in tear films of
patients with ocular rosacea have been implicated in
melting and stromal loss.?* Excessive matrix metallo-

Copyright © SLACK Incorporated
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Figure 3. Serial tangential curvature topography of an eye with large melt (case 12] from before development of stromal necrosis, then after
allogenic segment insertion with sutures, then after suture removal and subsequent slight segment herniation. (A-D) Topography with the MS-39
(CSO0) showing case 12 (A) before stromal necrosis detection, (B) with sutures after corneal allogenic intrastromal ring segments (CAIRS] insertion
corresponding to slit-lamp photograph in Figure Al. (C) Against-the-rule astigmatism (gray box) with topographical changes showing flattening
(black arrow) and corneal protrusion corresponding to CAIRS anterior herniation early after suture removal. (D) Topography 6 months after suture
removal as CAIRS incorporated back into the cornea as demonstrated by tomography below. Note the change in topographic cylinder (gray box,
A-D): (B) with sutures, (C) with herniation, and (D) reincorporation. (E] Early melt detection; a bandage contact lens can be seen. (F] Tomography
shows anterior bulging of CAIRS after suture removal and its progressive reincorporation into the cornea (G) 3 and (H) 6 months after its insertion.

proteinase secretion was found to be a causative fac-
tor in delayed corneal surface wound healing, reepi-
thelialization, and corneal ulceration due to its role
in degrading type IV and VII collagen of the corneal
epithelial basement membrane.?

Twelve of 16 eyes (75%) included in this study had
CXL after ICRS insertion. However, because most of
the patients who underwent ICRS insertion later had
CXL (421 of 643), no statistically significant relation-
ship between CXL and corneal melt can be elucidated.
In theory, CXL should decrease the risk of corneal melt,
especially because it aims to increase biochemical ri-
gidity, stability,25?8 and resistance against collagen-
digesting enzymes,?® such as matrix metalloproteinase.
Furthermore, its effect on biomechanical rigidity might
hypothetically explain the stability of topography after
ICRS removal, as seen in several patients in our series.
Preserved topographic changes in patients with kera-
toconus have been reported following removal of ICRS

Journal of Refractive Surgery ¢ Vol. 38, No. 4, 2022

and same day CXL.3° This can reflect an ongoing re-
modeling effect of CXL that may have allowed mainte-
nance of the structural configuration derived from ICRS
insertion despite its explantation.

CAIRS might be a good therapeutic alternative fol-
lowing ICRS removal secondary to anterior stromal
melt. Jarade et al®! first described the use of biologic
stromal ring segments to heal the melting while pre-
serving the optic effect of the previously implanted
PMMA rings. Although ICRS insertion requires suf-
ficient corneal stroma above the synthetic implant to
prevent erosion and extrusion, and thus deep stromal
insertion, CAIRS offer the possibility of a wide range
of insertion depths with less risk of complication.™
Unlike their synthetic counterparts, CAIRS are non-
rigid, pliable, and soft. These properties allow CAIRS
to affect the anterior corneal curvature, via a spacer
effect, when inserted at mid-stromal depth.* In our
cases, we inserted CAIRS in the previous tunnel of the
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ICRS they were replacing, deeper than primary CAIRS
insertion depth. We chose to insert the allogenic seg-
ments in the same session of ICRS explantation. Post-
poning the CAIRS implantation to a later date would
leave the melt with no structural support and would
make it hard to find the preexisting tunnel. Addition-
ally, creating a new tunnel would be difficult with
the scarring and structural changes incurred by the
stromal melt. To maintain the CAIRS spacer effect at
depth, we also needed to account for their thickness.
We started with a CAIRS thickness of 375 and 500 pm
to match the previously inserted Intacs SK rings (350
and 450 pm) and for our last 3 cases (12, 13, and 16), a
thickness of 750 ym was chosen. Our results showed
that thicker CAIRS (750 um) lead to better visual and
topographic values (Table A). Considering the low
number of cases, the authors acknowledge the low sta-
tistical power as a limitation in this study.

When compared to before anterior stromal necrosis,
topographic parameters remained stable in patients
who had CAIRS inserted and worsened in patients who
only had ICRS explantation. This was despite the bias
in our data: 3 of 8 eyes where CAIRS were inserted ini-
tially presented with a large anterior stromal necrosis
(cases 9, 11, and 12). Management of eyes with ICRS
explantation only led to a regression in aberrations and
keratometry indices as compared to before anterior
stromal necrosis. Unlike aberrations, mean keratometry
values remained better than before ICRS insertion. This
seems to suggest some preservation of the ICRS effect
despite its removal and corneal structural modification
induced by melt. Of note, larger melt sizes may pose
a challenge to the CAIRS incorporation into the host
tunnel, with risk of herniation. Leaving the sutures for
a longer time might be help mitigate this risk, but this
is accompanied by a longer visual recovery due to the
astigmatism induced by the sutures.

Anterior stromal necrosis after femtosecond laser—
assisted Intacs SK insertion has a relatively low an-
nual incidence. The postoperative visual and refrac-
tive results are variable, and corneal topography does
not necessarily regress to status before ICRS implanta-
tion when the ICRS is explanted. ICRS exchange with
CAIRS seemingly leads to better topographic and vi-
sual results than simple explantation, especially when
larger CAIRS sizes are used. Most importantly, CAIRS
bolsters the cornea at the site of the melt, because the
melted stromal roof overlying the ICRS typically col-
lapses on explantation of the latter, leading to focal cor-
neal thinning. This is a vital safety issue in these ectatic
eyes with potential concomitant eye rubbing. Further
studies will need to further evaluate the role of CAIRS
in the management of anterior stromal necrosis.
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Figure A. Slit-lamp images of eyes during anterior stromal necrosis detection and comparison between Intacs SK (Additional Technology, Inc) removal alone
(A-D) and removal coupled with allogenic segment insertion (E-J). (A) Case 4, note the oval-shaped thinning (arrow) above the nasal ring with neovascular-
ization toward the area and (B) the track (arrow) of the explanted ring 2 weeks after removal. (C) Case 8, anterior stromal necrosis (arrow] of temporal ring
seen with (D) persistence of the epithelial defect and fluorescein uptake 2 weeks after ICRS removal. (E) Case 10, localized thinning above the nasal ring with
inflammatory halo around the tunnel; (F) 3 days following corneal allogenic intrastromal ring segments (CAIRS) insertion with nylon sutures over the lamel-
lar implant at the site of anterior stromal necrosis and (G) 1 month after CAIRS insertion, after suture removal. (H) Case 12, fluorescein uptake extending
deep into the anterior stroma over the temporal ring; (1) thick (750 pm) CAIRS insertion with nylon sutures (applied over the wide stromal defect that resulted
from explantation of the ring) to secure the allogenic graft and avoid its herniation through the defect; (J) CAIRS after removal of sutures, a scar can be seen
around the area of the previous stromal defect with good incorporation of the lamellar graft into host incorporation.



Figure B. Anterior segment optical coherence tomography scans of eyes during anterior stromal necrosis detection after either (A-D) intracorneal
ring segent (ICRS) explantation alone or (E-J) removal coupled with allogenic segment insertion. (A) Case 7, tomography with the MS-39 (CSO) show-
ing corneal melt overlying the ring; (B) tomography at the area of melt, after ICRS removal showing scarring at the depth of the tunnel (as measured
at 391 um) with epithelial thickening up to 268 pm (red arrow) and stromal thinning. (C) Case 8, patient in Figure AC at time of stromal necrosis; (D)
tomography corresponding to Figure AD showing epithelial thickening 355 pm (red arrow) almost to the depth of the explanted ICRS, at the area of
melt. (E) Case 10, corresponding to Figure AE with necrosis above the ring. (F) Note here the epithelial thickening of approximately 200 pm (red arrow)
at the area of necrosis after corneal allogenic instrastromal ring segments (CAIRS] insertion. (G) proximal to the melt, the stromal void is filled with
CAIRS. (H) Case 13, tomography corresponding to stromal necrosis directly above the ring and (I} CAIRS incorporation into the stroma at the site of
the melt.



Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.



