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A B S T R A C T

Purpose: To describe a case of well-documented corneal stroma transparency improvement following the intra
stromal implantation of autologous adipose-derived mesenchymal stem cells (ADASC) in a keratoconic patient 
with established stromal scars.
Observations: ADASC were isolated by elective liposuction, and a solution composed of 3x106 ADASC contained 
in 1mL saline was used to soak a corneal intrastromal pocket created with femtosecond laser at mid-depth. No 
signs of inflammation or rejection were observed. One year after surgery, we observed a complete restoration of 
the pre-existing corneal stroma scars, observed both clinically and by anterior segment OCT. The rest of the 
visual and topographic parameters did not show relevant changes except for the patient’s refractive sphere. OCT 
showed a thin new layer of neocollagen deposited at the surgical plane. Total stroma optical density (OD) 
improved from 51.5 to 41.2 GSU, anterior stroma OD improved from 55.9 to 42.8 GSU, and posterior stroma OD 
improved from 46.9 to 39.6 GSU.
Conclusions and importance: This clinical case provides new clinical evidence supporting the use of intrastromal 
mesenchymal stem cell implantation to solve or alleviate established corneal scars.

1. Introduction

Preclinical studies have demonstrated the ability of stem cells (SC) to 
improve corneal transparency and thickness in animal models for 
corneal dystrophies.1 The mechanism of action is not fully understood 
but is assumed to be related to the promotion and acceleration of the 
corneal stromal remodeling. The natural turnover of the collagen 
lamellae appears to be promoted either through the direct differentia
tion of the implanted stem cells into adult keratocytes, a host keratocyte 
activation by some paracrine effect from secreted extracellular vesicles, 
or a combination of both.2,3

In 2017, our group published the first clinical trial assessing the 
safety and efficacy of autologous adipose-derived adult stem cell 
(ADASC) implantation within the corneal stroma of patients with 
advanced keratoconus.4 In that study, we described for the first time a 

case of a patient with documented corneal scarring improvement after 
autologous ADASC implantation within the corneal stroma. In a later 
study, we demonstrated that this approach induces a progressive 
improvement in the optical density of the anterior corneal stroma, 
observed for up to 36 months, a parameter that is directly linked to 
corneal transparency.5

In this report, we present the second clinical case of well- 
documented corneal stroma transparency improvement following the 
corneal intrastromal implantation of autologous ADASC.

2. Case report

We present a case of a 39-year-old female patient with bilateral 
keratoconus. Her right eye unaided distance visual acuity (UDVA) was 
0.15 (decimal), and the corrected distance visual acuity (CDVA) was 
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0.36. Best corrected vision with rigid contact lens was 0.6. Refraction of 
-4D of sphere and − 6 at 55◦ of cylinder. Topography (MS-39, CSO) of her 
right eye showed the following parameters: SimK1 44.13D, SimK2 
48.71D, corneal cylinder − 4.58D, thinnest 474 μm, and Kmax 58.62D. 
Central and anterior corneal stroma haze was observed (Fig. 1 preop).

Autologous ADASC injection was recommended to improve corneal 
transparency. This case was performed in strict adherence to the tenets 
of the Declaration of Helsinki and in the context of a registered clinical 
trial (clinicalTrials.gov identifier: NCT05279157(www.clinicaltrials. 
gov. Patients gave informed written consent for the procedures.

ADASC were isolated by elective liposuction from her hips, following 
our previously published protocol.4A solution composed of 3 × 106 

ADASC contained in 1mL saline was used to soak a corneal intrastromal 
pocket created with femtosecond laser (Visumax 500, Zeiss) at 200 μm 
and 9.2mm diameter under topical anesthesia.

Preoperative corneal transparency was restored after 24 hours, and 
we did not observe any intraoperative or postoperative complications 
during the observation period of 12 months. No signs of inflammation or 
rejection were observed. One year after surgery, we observed a complete 
restoration of the pre-existing corneal stroma scars (Fig. 1 postop), 
observed both clinically and by anterior segment OCT. However, the rest 
of visual and topographic parameters did not experience relevant 
changes, except for the refractive sphere: UDVA 0.15 (decimal), CDVA 
0.34, best corrected vision with rigid contact lens of 0.6, refractive 
sphere of -1D, refractive cylinder of − 6.5D at 55◦, SimK1 44.31D, SimK2 
49.2D, corneal cylinder − 4.9D, and Kmax 59.5D. By corneal anterior 
segment OCT, a thin new layer of neocollagen was deposited within the 
surgical plane, as observed in our previous studies (Fig. 1 postop).4

Corneal volume changed from 47.1mm3 preoperatively to 47.7 at 1 
month and 47.4 mm3 at 3 months, remaining stable thereafter (differ
ences up to one year postop of ±0.2 mm3). A similar pattern was 
observed with the corneal thinnest point and the corneal stroma thinnest 
point, changing from 474/435μm (respectively at preop) to 475/433 at 
1 month, and 480/440μm at 3 months, remaining stable thereafter 

(differences up to one year postop of ±3μm).
To objectively assess changes in corneal stroma transparency, optical 

density (OD) through the follow-up visits were studied, as in previous 
studies by our group.6,7 We used ImageJ.JS (online applet, National 
Institutes of Health) for the analysis of the AS-OCT images obtained with 
MS-39 (CSO, Italy). The Region of Interest Manager (ROI Manager) tool 
was used to delineate the corneal stroma at the central 7mm area, 
excluding Bowman’s and Descemet’s layers (Fig. 2). The corneal stroma 
was divided into two halves: one anterior, which included the surgical 
plane where the pocket was created (as the opacities were mainly 
anterior and the stem cells were implanted), and the another posterior. 
where mainly healthy stroma was present. Next, the OD of the three 
areas (total and halves) were determined in gray scale units (GSU), 
automatically generated by the software, ranging from 0 (white) to 255 
(black). Thus, OD serves as a surrogate for corneal backscatter. Total 
stroma OD improved from 51.5 to 41.2 GSU, anterior stroma OD 
improved from 55.9 to 42.8 GSU, and posterior stroma OD improved 
from 46.9 to 39.6 GSU.

Fig. 1. Anterior segment OCT image (left) and slit lamp photograph (right) before and 6 month after autologous ADASC implantation within a corneal stroma femto- 
pocket dissected at 200 μm. Please observe the new layer of neo-collagen deposited at the surgical plane seen by OCT imaging postoperatively. The arrow points the 
location of the preoperative corneal haze at the slit lamp photo.

Fig. 2. Delineation and division of the corneal stroma in the central 7mm area, 
excluding Bowman’s and Descemet’s layers, to study the optical density of the 
corneal stroma. The anterior half includes the surgical plane.
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3. Discussion

Cellular therapy of the corneal stroma has gained interest in recent 
years, since recent clinical evidence supports findings observed previ
ously in animal models regarding the ability of mesenchymal stem cells 
to prevent or alleviate pre-existing corneal scars.1,4 We previously 
demonstrated that the intrastromal implantation of these cells within 
the cornea of real patients induces a progressive improvement of the 
optical density of the corneal stroma.5 We also demonstrated that this 
improvement coincides with a progressive increase in keratocyte density 
within the corneal stroma, as measured by confocal microscopy after the 
SCimplantation.8 We hypothesize that mesenchymal SC implantation 
within the corneal stroma induces a keratocyte cellular density increase 
by the direct differentiation of the autologous SC into an adult kerato
cyte, and possibly also due to a SC paracrine activation of the host 
corneal stroma stem cells with keratocyte migration. This increase in 
keratocyte density seems to promote the corneal stroma remodeling, 
accelerating the natural turnover of the collagen fibres. This leads to an 
enhanced optical density and improved corneal stroma transparency.

Despite the large evidence from animal models, clinical evidence is 
still limited. Ramin et al. described a case of herpes keratitis scarring 
with CDVA of hand movements. Using the same approach as our pre
vious studies (autologous ADASC injected into a corneal stroma femto- 
pocket) they report a CDVA visual improvement to 20/60 at 6 
months.9 However, they did not provide corneal OCT or densitometry 
evidence to support their findings.

In the current article, we describe a second case with evidence of 
corneal scarring improvement after intrastromal autologous mesen
chymal SC implantation demonstrated clinically (Fig. 1), by anterior 
segment OCT (Fig. 1) and by objective corneal stroma optical density 
measurement. However, we could not demonstrate a relevant objective 
visual improvement secondary to the corneal scarring resolution, likely 
because of underlying ectasia and subsequent corneal irregularity. Up to 
one year of follow-up, corneal ectasia demonstrated morphological 
stability. Finally, the potential impact of the SC-deposited layer of new 
collagen (consistently observed in all cases of intrastromal ADASC im
plantation in previous series)4,10 in the natural progression of the ectatic 
disease remains unclear.
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