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Abstract
PURPOSE: To evaluate the impact of adjuvant human amniotic membrane transplantation(hAMT) in
patients with infectious ulcerative keratitis on wound healing without waiting for the sterile phase of the
infectious keratitis.

METHODS: A retrospective cohort study based on medical records of patients who underwent hAMT
procedure over a 2-year period (2020-2021) was conducted at Ege University Hospital, Turkey.
Cryopreserved hAM was used. Best corrected visual acuity (BCVA) was measured with the Snellen chart.
Detailed ophthalmological examination was performed at all visits. Treatment success was de�ned as
complete healing including disappearance of corneal in�ltrates, epithelial defect closure, reduction of
anterior segment reaction.

RESULTS: A total of 13 eyes of 12 patients who were diagnosed with ulcerative keratitis between 2020-
2021. The mean age was 60.9 years and 66.6% of the patients were male. Average ulcer horizontal
diameter was 9.7 (4.5–12) mm. A single layer human amniotic membrane (hAM) was transplanted 92.3%
of eyes. Overlay technique was used in all patients for hAMT. The mean residence time of the amniotic
membrane on the ocular surface was 13.3 (5-40) days. The mean time from the �rst presentation to the
hAM transplantation was 9.8 (3-30) days. The average hospitalization time of all patients was 15 (3-46)
days, pre- hAMT was 10.2 days and post hAMT was 4.8 days. The mean follow up time was 3 months.
Recovery response was positive in 76.9%. Average healing time was 32.1 (6-57) days.

CONCLUSIONS: hAMT was effective in the treatment of infectious ulcerative keratitis by accelerating
wound healing and supporting the ocular surface biochemically and mechanically. Performing hAM
transplantation at the early stages of the disease and prolonged residence of membrane on the ocular
surface increase the success of the treatment and moreover abbreviates hospitalization time.

Introduction
The human amniotic membrane (hAM) is the deepest layer of the fetal membranes and consists of three
parts: epithelium, basement membrane and stroma. The aids of the hAM are based on its anti-
in�ammatory, anti-microbial, anti-angiogenic properties and depends on not stimulating immune
mechanisms. [1], [2]. It is known that the hAM is an excellent biological substrate by reducing water loss
and apoptosis, containing several growth factors, facilitating to maintain normal epithelial cell
morphology, promoting wound healing and new cell growth. It also contains multiple antiangiogenic
proteins, which inhibits neovascularization [3].

Besides the prominent physical advantages, general availability of the tissue for grafting and low immun
response are unique specialties of the hAM [4]. Required surgical procedure is relatively easy with
minimal postoperative complications [5].
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hAMT is a common surgical procedure for the treatment of ocular surface pathologies such as
autoimmune persistent corneal epithelial defects, vernal keratoconjunctivitis, limbal stem cell de�ciency,
bullous keratopathy and conjunctival reconstruction. [6] Infectious keratitis is one of the further
indications of hAMT due to its antimicrobial nature. Also, surface material effect is advantageous for
severe infectious keratitis cases in order to prevent progression of corneal melting to perforation. [7] In a
recent metanalysis, it was stated that hAMT usage tends to be reserved as a second-line therapy in
infectious keratitis, mainly to promote cornea healing in non-healing ulcer after the sterilization phase.
Thus, the value of using AMT in addition to antimicrobial treatment during the active phase of infectious
keratitis remains still uncertain.

In the present study, it is aimed to evaluate the impact of adjuvant hAMT in infectious keratitis on wound
healing without waiting for the sterile phase of the infectious keratitis.

Methods
Patients who were admitted to Ege University Department of Ophthalmology between the years of 2020–
2021 with infectious keratitis who underwent hAMT were included. Medical records of patients including
age, gender, causative microorganism, applied medical therapy, clinical features of keratitis from onset to
�nal visit, healing response and complications after hAMT procedure were reviewed.

Reduction of in�ammation, restoration of ocular surface epithelial integrity and improvement of anterior
chamber reaction were de�ned as effective treatment �ndings. hAMT was performed under local
anesthesia by using overlay technique in all patients by same surgeon (OBS). Patients who underwent
other types of surgical intervention rather than the hAMT during the initial management were excluded.

Statistical analysis for the data obtained from the study was performed using SPSS v.20.0 (IBM Co.
Armonk, NY, USA).

Results
A total of 13 eyes of 12 patients with infectious keratitis who underwent hAMT procedure were included
in the study (Fig. 1). The mean age was 60.9 years and 66.6% of the patients were male.

Causative factors were proven in 3 patients. Staph aureus growth was seen in cultures of a patient who
underwent immunosuppressive treatment. Achantamoeba was demonstrated with the aid of confocal
microscopy in a patient with contact lens wear (Fig. 2). Fusarium solani was isolated in one patient with
ocular trauma history. In 4 patients, ocular examination �ndings were consistent with herpetic keratitis.
Patients with known causative agents received appropriate antimicrobial treatment and rest of them
received empiric antimicrobial treatment. There was no sign of endophthalmitis in any patient at the
presence and none of the patient’s infection was progressed to endophthalmitis during the follow up.
Excluding one patient with absolute glaucoma diagnosis, ocular pressure values were in normal limits.
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Predisposing factors including topical steroid use (4) and surgical trauma (4; penetrating keratoplasty,
phacoemulsi�cation, trabeculectomy), poorly controlled diabetes mellitus presence (2) and chemotherapy
use (1; oropharyngeal squamous cell carcinoma) were observed in 11 patients.

Average ulcer horizontal diameter was observed as 9.7 (4.5–12) mm. Total corneal staining was
observed in 7 eyes and four of them had anterior chamber reaction accompanied by hypopyon.
Characteristics of the ulcers are shown in Table 1.

A single layer hAMT procedure was performed with the overlay technique 92.3% of eyes and two layers
were performed in only one patient.

The mean time between �rst presentation and hAMT was 9.8 (3–30) days. The average hospitalization
time of all patients was 15 (3–46) days, pre- hAMT was 10.2 days and post hAMT was 4.8 days. Six
patients who underwent hAMT in 7 days or less from the �rst presentation, the average recovery time was
29 days, and if it is over 14 days, it was extended to 41 days. The mean follow up time was 3 months.

The mean remaining time of the hAM on the ocular surface was 13.3 (5–40) days, and the cause of
premature separation from the ocular surface was suture rupture in 7 eyes. Three patients with premature
separation underwent multiple hAMT procedures due to the absence of ulcer healing and the hAM
remaining time were calculated separately for each procedure.

Baseline BCVA of the patients ranged between no light perception and 1 meter.

Recovery response was positive in 76.9% (10 eyes) with an average healing time of 32.1 (6–57) days.
One patient (2 eyes) who did not respond to treatment was receiving aggressive chemotherapy. The other
nonresponding patient (1 eye) with Fusarium solanii keratitis underwent therapeutic keratoplasty twice
after failure of intensive medical treatment (Fig. 3). Recovery �ndings are summarized in Table 2.

Discussion
hAMT in infectious disease are generally based on the antimicrobial and anti-in�ammatory advantages
of hAM. Antimicrobial activity is associated with the presence of several components in the amniotic
�uid, including lysozyme, transferrin, and immunoglobulin [1]. Additionally, studies have shown that hAM
can act as an effective reservoir of antimicrobials and provide sustained medication in compiled
treatment [9]. Anti-in�ammatory function of hAM ensues through regulation of T cell function and anti-
in�ammatory secretion [10].

In the literature, microbial keratitis due to several causative microorganism has been reported to be
treated with hAMT. Herpetic keratitis is one of these infectious keratitis categories. In herpetic keratitis,
associated neurotrophic keratopathy, causes delay in corneal healing [11] [12] .Therefore, hAMT serves as
a useful adjunctive therapy by inducing corneal epithelial regeneration in this clinical situation. Although
the bene�ts in herpetic keratitis have not been established in randomized controlled trials, a high rate
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(94%) of complete corneal healing was demonstrated [13]. In the present study, healing response was
reported to be 100% in herpes keratitis patients.

Resistant bacterial keratitis is another indication for hAMT. In previous studies, successful results as
immediate pain relief and epithelial recovery in patients with bacterial keratitis who were treated by
topical antibiotics and hAMT was reported [7]. In the present study, patients with proven causative agents
received appropriate treatment, while patients with unknown causative agents were treated with empirical
antibiotic therapy, and the majority showed a recovery response to combined antimicrobial and hAMT
treatment. Both eyes of one patient, who was receiving immunosuppressive treatment for terminal stage
oropharyngeal squamous cell cancer, hAMT was unsuccessful.

In fungal keratitis, in which pathogens usually in�ltrates deep layers of cornea, hAMT may not be
effective. In such cases, antifungal treatment may also be insu�cient due to the minimal corneal stromal
penetration of topical antifungal medications[14]. Chen et al [15] showed that in fungal corneal ulcers,
amniotic membrane lysis was prominent and 25% of the cases required keratoplasty. In the present study,
in one fungal (Fusarium solani) keratitis patient, who had a history of organic based trauma, combination
of hAMT and antifungal therapy were ineffective. Patient underwent two therapeutic keratoplasty surgery
in order to control infection.

Acanthamoeba infection is one of the most feared keratitis types especially in contact lens wearers.
hAMT was reported to be effective in patients with Acanthamoeba keratitis [13] [16] [17]. In the present
study, one patient with Acanthamoeba keratitis had an absolute recovery response after hAMT
additionally to appropriate medical therapy.

There are several factors such as ulcer size and in�ammation grade, effecting the hAMT success in
infectious keratitis beside the causative microorganism. Abdulhalim et al [18] and Chen et al [15] reported
the success rates as 90% and 83%, in average ulcer sizes of 5.45 ± 1.73 mm and 5.43 ± 2.61 mm,
respectively. In the present study, hAMT success rate was observed to be 76.9% with an average ulcer size
of 9.7 (4.5–12) mm, which is consistent with the estimated e�ciency according to the previous reports in
a larger average ulcer size.

Another factor that may affect the hAMT success in infectious keratitis is the time duration between the
presentation and hAMT intervention. It was emphasized that in clinical practice, hAMT usage tends to be
reserved as a second-line therapy in infectious keratitis, mainly to promote cornea healing in non-healing
ulcer after the sterilization phase. Thus, the value of using hAMT in addition to antimicrobial treatment
during the active phase of infectious keratitis remains still uncertain [13]. In the present study, it was
aimed to evaluate the antimicrobial effect of hAM on wound healing without waiting for the sterile phase
of the infectious keratitis. In this direction, the cases in which hAM application was performed in the �rst
7 days of the presentation tends to be successful in order to control the infection and promote wound
healing than the cases in which hAMT was performed after the 7 days of presentation. Moreover, average
recovery time was prolonged after hAMT which was performed after the �rst 7 days of presentation. This
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observation reveals that an initial hAMT within 2 weeks of the therapy may probably support decrease
in�ammation, induce healing of infectious ulcers.

The facilitating effect of antimicrobial agent maintenance and its tectonic features are also prominent for
the hAMT usage in infectious keratitis. Although, the more prolonged residency of hAM on ocular surface
may provide better results in especially in�ammatory situations, membrane dissolvement becomes faster
due to the increased proteolytic features of the ocular surface[19] [20]. Kheirkhah at al [21] revealed the
amniotic membrane lysis time as 5.8 ± 1.2 days (range, 4 to 8 days) in microbial keratitis. In the present
study, the residence time of the amniotic membrane on the ocular surface was a slight longer with 13.3
days of average. The higher success rate of the present study may be attributed to this longer the
amniotic membrane residence time on the ocular surface. Also, in severe cases of keratitis, it may be
necessary to repeat hAMT in order to provide extended properties of hAM on healing time [7]. In the
present study, average hAMT surgery was 1,46 for each eye.

Additionally, hAM has reported to be have an effect of shortening the healing time with 4.08 days of
average in microbial keratitis[13]. Zeng et al. [22] showed that the average healing time was statistically
shorter in the hAMT group (6.89 ± 2.98d), compared to the control group (10.23 ± 2.78d). In the present
study average healing time of 32.1 (6–57) days with hAMT was found to be consistent with the previous
literature.

Moreover, there is a pain relief advantage of hAMT. This relief has been attributed to the biological patch
feature and anti-in�ammatory effects of the membrane [23]. In the present study, the mean
hospitalization time was shortened after hAMT. hAM facilitates outpatient follow up of the patient by
acting as a biological bandage for tectonic purposes, which may prevent the patient form additional
resistant hospital-based infections, maintain the antimicrobial agent presence on the ocular surface and
relieving the pain.

In conclusion, hAM application in infectious keratitis can be performed in the early period without waiting
for the sterile phase following antimicrobial treatment with relatively higher success possibility. Its
antimicrobial, and anti-in�ammatory features facilitate the control of the disease. Also, hAMT usage in
infectious keratitis shortens the healing and hospitalization time.
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Table 1.

Variable 

 

n (%) N=13

Ulcer features   

  Location   

     Central 4 (30.7)

     Paracentral 2 (15.3)

     Total 7 (53.8)

  Hypopyon 4 (30.7)

  Size   

    4-9mm 5(38.4)

    >9mm 8 (61.5)
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Table2.

hAMT  outcomes

 

        n(%)

Outcomes, n(%)  

Success  Failure

Risk factor (n=12)*      

Topical steroid use 4(30.7) 4(100) -

Non surgical trauma 1(7.6) - 1(100)

Surgical trauma 4(30.7) 4(100) -

Contact lens use 1(7.6) - 1(100)

Immunosupression and chemo 2(15.2) - 2(100)

Poor controlled diabetes mellitus 2(15.2) 2(100) -

Antiglaucomatous use 2(15.2) 2(100) -

       

Etiology (n=8)      

Achantamoeba 1(12.5) 1(100) -

Herpes  virus 4(50) 4(100) -

Fusarium solani 1(12.5) - 1(100)

Staph aureus 2(25) - 2(100)

       

Ulcer location and size (n=13)      

Central  4(23)    

4-9 mm 3(75) 3(100) -

9-12 mm 1(25) 1(100) -

Paracentral  2(15.3)    

4-9 mm 2(100) 2(100) -

Total  7(53.8) 5(71.4) 2(28.5)

       

Time to �rst presentation to hAMT(n=13)      

≤7 days 6(46.1) 6(100) -

7-14 days 6(46.1) 3(50) 3(50)

>14 days 1(7.6) - 1(100)
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Ham duration on ocular surface(n=19)**      

≤7 days 6(31.5) 3(50) 3(50)

7-15 days 10(52.6) 5(50) 5(50)

>15 days 3(15.7) 2(66.6) 1(33.3)

 

 

* Two eyes had multiple predisposing factors

**Repeated hAMT were also included and all applications with early separation from the ocular surface
were evaluated as failure

 

Figures

Figure 1
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Demonstration of hAMT surgery as an adjuvant treatment in ulcerative microbial keratitis. Total corneal
ulcerative keratitis, melting (A) and �uorescein staining (B) was observed in slit lamp examination. hAMT
was performed (C). An absolute recovery response (D, E) was achieved.

Figure 2

Illustration of Achantamoeba keratitis case. Slit lamp examination (A) and �uorescein staining (B) of 28-
year-old female who wore soft contact lenses, revealed a central stromal in�ltrate with hypopyon. hAMT
was performed (C). Then, epithelialization was completed (D) and was negative for �uorescein staining
(E). 
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Figure 3

A 59-year-old male patient had an organic based trauma, suffered from keratitis caused by Fusarium
solani. At presentation, a central dense stromal in�ltrate was noted (A, B). hAMT was performed (C). After
patient underwent two therapeutic keratoplasty surgery, the infection was under control (D, E)


