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Purpose. To evaluate efficacy and safety of novel tricyclic corneal stroma injection (TCSI) voriconazole for the treatment of fungal
keratitis. Methods. 3is retrospective cohort study included data of 57 patients (57 eyes) with fungal keratitis. 3e TCSI group
consisted of 27 patients (27 eyes) who were injected voriconazole once via TCSI procedure within one week after enrollment, in
addition to conventional antifungal treatment. 3e control group consisted of 30 patients (30 eyes) who were treated using
conventional antifungal treatment modalities.3e outcomemeasures consist of the 3-week and 3-month best-corrected visual acuity
(BCVA) values and size of infiltrate or scar, time to re-epithelialization, corneal perforation rate and/or therapeutic penetrating
keratoplasty (TPK) requirement, the preoperative and post-TCSI corneal endothelial cell density (ECD), and the intraocular pressure
(IOP) of the treated eye and the respective contralateral eye.Results.3ere were no significant differences in the baseline demographic
and clinical characteristics between the two groups. 3 weeks and 3 months after enrollment, the TCSI group exhibited an increase in
visual acuity (P< 0.05), and there was no significant difference in the size of infiltrate or scar between two groups (P> 0.05). Time to
re-epithelialization was shorter in the TCSI group than in the control group (P< 0.05).3ere was no statistically significant difference
between corneal ECD on the day before and 7 days after TCSI and the IOP of treated and contralateral healthy eyes on the day before
and 1 day, 3 days, 7 days, and 1 month after TCSI (P> 0.05). 3e difference in the risk of perforation and/or TPK requirement was
not statistically significant between two groups (P> 0.05). Conclusion. Localized injection of voriconazole using TCSI may be a
minimally invasive, safe, and effective adjuvant treatment modality for fungal keratitis.

1. Background

Fungal keratitis is one of the most serious infectious diseases
of the eye that usually leads to blindness. Trauma, indis-
criminate use of corticosteroids and antibiotics, and pro-
longed contact lens use have resulted in a tremendous
increase in the ocular morbidity of fungal keratitis, especially
in developing countries [1–4]. Two classes of antifungal
agents are currently used for treating fungal keratitis:
polyenes (natamycin, amphotericin B) and azoles (vor-
iconazole) [5–7]. However, the antifungal effect of these
drugs in the treatment of fungal keratitis is compromised
owing to the poor penetration into the corneal stroma,
which is usually responsible for delayed ulcer healing, re-
currence of fungal infection, corneal scar formation, chronic

local inflammation, and progressive thinning of the corneal
stroma or even perforation [8–10]. 3erefore, most patients
with fungal keratitis eventually need corneal transplantation.
Paradoxically, the scarcity of corneal donors, high cost of
corneal transplantation surgery, and poor or nonadherence
to immunosuppressive medication post-transplantation
limit its application in developing countries [11]. Hence, it is
important to find a new effective strategy to combat fungal
infections, alleviate stromal inflammation and scar forma-
tion, and ultimately avoid emergency keratoplasty. Vor-
iconazole, a second-generation triazole agent, has been used
to treat aspergillosis and S. apiospermum and Fusarium spp.
infections [12]. It exhibited a higher permeability in the
corneal stroma than other antifungal agents, but its ability to
reach the corneal tissue is still limited secondary to ocular
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drug delivery challenges [13]. Especially, it cannot effectively
destroy the fungi growing in the deep corneal stroma, which
ultimately results in prolonged treatment and high recur-
rence [12–15]. Several researchers implemented the corneal
stroma injection procedure to increase the local drug con-
centration in the corneal lesion and observed its efficacy to
solve the issue of poor penetrability of antifungal agents into
the corneal stroma. Although studies have reported that
intrastromal voriconazole injection could increase the drug
concentration in the cornea stroma, they lacked consensus
on its efficacy for treating fungal keratitis [16–20]. 3ese
differences may be attributed to the lack of uniformity in the
injection method used in various studies, which resulted in
variable drug concentration and distribution in the corneal
stroma. At the same time, some studies have suggested that
intrastromal injections were dangerous and increased the
risk of corneal perforation [21]. 3us, the tricyclic corneal
stroma injection (TCSI) procedure was designed for
intrastromal injection of voriconazole to overcome this
dilemma.3is study aimed to evaluate the efficacy and safety
of localized injection of voriconazole with the TCSI pro-
cedure for the treatment of fungal keratitis.

2. Methods

2.1. Participants and Design. 3is retrospective cohort study
included data from 57 patients (57 eyes) with fungal keratitis
who were enrolled at the Qilu Hospital of Shandong Uni-
versity between February 2015 and December 2019. 3e
TCSI procedure was designed in June 2018. Between Feb-
ruary 2015 and June 2018, all patients who met the inclusion
criteria were treated with conventional antifungal treatment
only, as the control group. Between June 2018 and December
2019, all patients whomet the inclusion criteria were injected
voriconazole once via TCSI procedure within one week after
enrollment, in addition to receiving treatment with con-
ventional antifungal treatment, and these patients were
classified as the TCSI group. 3e TCSI group consisted of 27
patients (27 eyes), while the control group consisted of 30
patients (30 eyes).

3e inclusion criteria for this study were as follows: (1)
patients who tested positive for fungal infections on corneal
smear examination or in vivo confocal microscopy (IVCM)
[4]; (2) corneal infiltration area measuring less than 10mm
in diameter; and (3) follow-up for 3 months or more after
discharge. 3e exclusion criteria for this study were as
follows: (1) mixed keratitis; (2) corneal perforation or
impending perforation; (3) corneal lesions involving the
sclera; (4) concomitant endophthalmitis; (5) presence of
other ocular diseases, such as glaucoma and iridocyclitis; and
(6) history of corneal transplantation.

2.2. Interventions and Outcome Measures. 3e TCSI pro-
cedure was designed such that the cornea was divided into
three circular areas as shown in Figure 1: the needle-entry
area (zone 1), injection area (zone 2), and “needle-entry
prohibited” area (zone 3).

3e annular area adjacent to the corneal limbus mea-
suring 2mm in width was designated as zone 1. 3e area
with a diameter of 5–6mm at the center of the cornea was
designated as zone 3, while the area between zones 1 and 3
was designated as zone 2. A 0.5mg/mL solution of vor-
iconazole (provided by Jincheng Haisi Pharmaceutical Co.,
Ltd., reconstituted with lactated Ringer’s solution) was
prepared before the procedure. 3e needle of a 29-G syringe
was bent at 90° perpendicular to the barrel, with the needle
bevel upward. 3e bent needle was inserted slowly to 50% of
the depth of the corneal stroma at an angle of 15° to the
corneal surface in zone 1 and cautiously inserted parallel to
the cornea lamella in zone 2 followed by slow injection of the
drug solution into the corneal stroma, until the corneal
stroma around the lesion appeared to be swollen and cloudy.
3e procedure should be performed in the 4–6 different
regions with 0.1–0.15mL administered at each point to
ensure that the entire corneal stroma around the lesion was
swollen and cloudy. For eccentric lesions, the needle-entry
area remained in zone 1.3e needle-entry point selected was
close to the lesion, and the surgeon appropriately increased
the injection pressure to make sure that the entire corneal
stroma around the lesion was swollen and cloudy. TCSI was
performed after surface infiltration anesthesia in the oper-
ating room by the same operator (who was not involved in
data and statistical analysis).

3e control group was treated by conventional methods
including topical voriconazole 10mg/mL (every 2 h) (pro-
vided by Jincheng Haisi Pharmaceutical Co., Ltd., recon-
stituted with lactated Ringer’s solution) and topical
natamycin 50mg/mL (every 2 h) (provided by North China
Pharmaceutical Co., Ltd).

3e TCSI group was treated by conventional methods in
addition to TCSI with voriconazole once within one week
after enrollment.

3e healing of keratitis was considered the complete re-
epithelialization with the complete resolution of the corneal
infiltrates and no hyphae growth in IVCM examination at
the same time. And topical antifungal therapy was continued
4 times a day for 2 weeks after the healing.

3e baseline demographic characteristics, clinical
characteristics, microbial culture results, and treatment
outcomes of the control and TCSI groups were evaluated
and compared. 3e demographic characteristics included
age, sex, occupation, affected eye, presence/absence of sys-
temic disease, and use of medication before enrollment. 3e
initial clinical characteristics included symptom duration,
lesion location, size of the infiltrate or scar and the epithelial
defect, depth of infiltration, presence of hypopyon, and
preoperative best-corrected visual acuity (BCVA) [expressed
in logarithm of the minimum angle of resolution (Log-
MAR)]. 3e duration of symptoms was defined as the in-
terval between the onset of symptoms and the initial visit.
3e corneal ulcers were classified into central or peripheral
lesions based on the half radius of the cornea [22].3e size of
the infiltrate/scar and epithelial defect size were calculated by
geometric mean of longest diameter and longest perpen-
dicular, respectively [23]. 3e depth of infiltration divided
into three categories: 0% to 33%, 33% to 67%, and 67% to
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100% [24]. Visual acuity was recorded using the interna-
tional standard Snellen visual acuity chart and converted
into LogMAR for statistical analysis. Light perception, hand
movement, and counting fingers were designated as 2.6, 2.4,
and 2.0 LogMAR, respectively [25]. 3e treatment outcomes
were evaluated using the 3-week and 3-month BCVA values
and size of infiltrate or scar, time to re-epithelialization, rate
of corneal perforation, and/or therapeutic penetrating
keratoplasty (TPK) [20, 24]. Re-epithelialization was defined
as the absence of an epithelial defect on fluorescein staining
(fluorescein sodium stain strips were provided by Liaoning
Meizilin Pharmaceutical Co., Ltd) [26]. To evaluate the
safety of TCSI procedure, the preoperative and post-TCSI
corneal endothelial cell density (ECD) were evaluated in
patients with a relatively mild edema. 3e ECD was mea-
sured at the same position for each case using IVCM (HRT-
3, Heidelberg, Germany). Moreover, the preoperative in-
traocular pressure (IOP) and 1-day, 3-day, 7-day, and 1-
month post-TCSI IOP of the treated eye were compared with
that of the respective contralateral eye. IOP was measured
using a noncontact tonometer (NF-510; Nidek, Japan) in
patients with a relatively clear cornea.

2.3. Statistical Analysis. 3e baseline characteristics of the
two groups were compared using Fisher’s exact test for
categorical variables and Wilcoxon’s rank-sum test for
continuous variables. Multiple linear regression was used to
analyze BCVA and size of the infiltrate or scar measured at 3
weeks and 3 months after treatment with pretreatment
measurements as covariates. 3e time to re-epithelialization
was analyzed using multiple linear regression with epithelial
defect size as the covariate. Paired t-tests were used to
compare the ECD recorded on the day before and 7 days
after TCSI. Independent t-tests were used for comparing the
IOP of the treated and contralateral healthy eye before and 1
day, 3 days, 7 days, and 1 month after TCSI. A Cox pro-
portional hazards regression model was generated with
covariates for the group and baseline infiltrate depth to
assess the odds of corneal perforation and/or TPK. P< 0.05
(two-tailed) was considered statistically significant.

3e last BCVA observed was carried forward or was
considered to be 1.7 LogMAR if there were no “last ob-
servation” data available, in case the BCVA measured after
TPK was missing. 3e last observation (before TPK) was

carried forward, in case of missing data on the infiltrate or
scar resulting from TPK [24].

All analyses were conducted using SPSS 19.0 statistical
software.

2.4. Ethical Approval. 3e Ethics Committee of Qilu Hos-
pital of Shandong University granted ethical to this study,
which was performed according to the principles of the
Declaration of Helsinki (NO :KYLL-2020-620). All study
participants provided written informed consent.

3. Results

Fifty-seven patients with fungal keratitis were included in
this study. 30 patients (30 eyes) were placed in the control
group, and 27 patients (27 eyes) were placed in the TCSI
group. All participants were enrolled at the Qilu Hospital of
Shandong University. No major differences were identified
between the baseline demographics, clinical characteristics,
and microbial culture results of the two groups, which are
outlined in Table 1.

Although the patients have tested positive for fungal
infections on corneal smear examination or IVCM, the
microbiological culture results were different. Organisms
isolated from baseline cultures are described in Table 2.
Eighteen culture samples (32%) tested positive for the
Fusarium species, 5 (9%) for Alternaria Nees, 3 (5%) for the
Aspergillus species, and 3 samples (5%) tested positive for
other fungi. 3e culture results were negative in 28 samples
(49%). In total, 28 negative samples, 20 were confirmed by
both cornea smear examination and IVCM, 7 were con-
firmed only by IVCM, and 1 was confirmed only by corneal
smear examination. 3ere was no significant difference in
the kind of fungal strain that patients infected between the
two groups (P � 0.24).

We compared the BCVA of the control (30 eyes) and
TCSI (27 eyes) groups. 3e mean 3-week visual acuity was
0.91± 0.87 LogMAR in the TCSI group and 1.33± 0.85
LogMAR in the control group. 3e mean 3-month visual
acuity was 0.81± 0.84 LogMAR in the TCSI group and
1.28± 0.91LogMAR in the control group. Multiple linear
regression was used to analyze BCVA. Compared with the
control group, the TCSI group had 0.13 LogMAR better
visual acuity at 3 weeks after controlling for baseline visual
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Figure 1: 3e diagram of TCSI procedure.
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acuity (95% CI, −0.40 to −0.05 LogMAR; P � 0.01) and had
0.16 LogMAR better visual acuity at 3 months after con-
trolling for baseline visual acuity (95% CI, −0.49 to −0.07
LogMAR; P � 0.01).

We compared the infiltrate or scar size of the control (30
eyes) and TCSI (27 eyes) groups. Multiple linear regression
models also found a 0.12 mm and 0.07 mm reduction in the

infiltrate or scar size after 3 weeks (95%CI, −1.11 to 0.11mm;
P � 0.10) and 3 months (95% CI, −0.86 to 0.35mm;
P� 0.40), respectively, in the TCSI group compared with the
control group after controlling for baseline values. 3is
difference was not statistically significant.

We compared the time to re-epithelialization of the
control (30 eyes) and TCSI (27 eyes) groups. 3e mean time

Table 1: Baseline demographic and clinical characteristics.

Characteristics
Study group

TCSI group (n� 27) Control group (n� 30) Total (n� 57) P valuea

Gender, no.
Male 20 16 36 0.17Female 7 14 21
Age, median (IQR), y 55 (49–65) 54 (45–62) 54 (47–65) 0.63
Occupation, no.
Agriculture 22 24 46 1.00Nonagricultureb 5 6 11
Medication use at enrollment, no.c 16 19 35 0.79
Etiology, no.
Plant trauma 14 11 25

0.16Othersd 8 6 14
None 5 13 18
Affected eye, no.
Right 12 14 26 1.00Left 15 16 31
Visual acuity, median (IQR), LogMAR 0.90 (0.5–2) 1.1 (0.6–2.4) 1.0 (0.60–2.00) 0.37
Infiltrate or scar size, median (IQR), mm 3.9 (2.7–4.7) 3.8 (3.3–5.6) 3.8 (2.9–5.1) 0.44
Ulcer location, no.
Central 24 25 49 0.71Peripheral 3 5 8
Hypopyon, no.
None 22 25 47

0.88<0.5mm 2 1 3
≥0.5mm 3 4 7
% of depth, no.
>0–33 16 20 36

0.91>33–67 9 8 17
>67–100 2 2 4
Epithelial defect, median (IQR), mm 2.5 (1.6–3.5) 2.6 (2.0–3.6) 2.5 (1.8–3.5) 0.55
Duration of symptoms, median (IQR), d 20 (7–45) 17.5 (10–30) 20 (10–30) .80
Systemic disease, No.e 8 6 14 .54
IQR, interquartile range. a3e count data were analyzed with Fisher’s exact test; the continuous data were analyzed with Wilcoxon’s rank-sum test. bIncludes
unemployed, retired, etc. cIncludes topical ocular antifungals, systemic antifungals, topical antibiotics, lubricating eyedrops. dIncludes dust, finger, fingernail,
sand, insect, iron rod. eIncludes diabetes mellitus, hypertension, hyperthyroidism, asthma, pulmonary heart disease.

Table 2: Microbiological culture resultsa.

Organism TCSI group (n� 27) Control group (n� 30) Total (n� 57)
Fusarium species 8 10 18
Aspergillus species 0 3 3
Aspergillus flavus 0 1 1
Aspergillus fumigatus 0 1 1
Aspergillus niger 0 1 1
Alternaria Nees 1 4 5
Penicillium 1 1 2
Yeast 1 0 1
Fungal culture negative 16 12 28
aComparing species, P � 0.24 by Fisher’s exact test.
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to re-epithelialization was 17.67± 10.27 days in the TCSI
group and 25.10± 11.42 days in the control group. 3e TCSI
group exhibited a 0.27-day reduction in the time to re-
epithelialization after controlling for baseline epithelial
defect size (95% CI, −10.75 to −1.30 days; P � 0.01).

3e ECD and IOP were examined during treatment to
evaluate the biosafety of the TCSI procedure. In eight pa-
tients with a relatively mild edema in the TCSI group, ECD
values were measured using IVCM and the preoperative and
postoperative ECD at the same position for each case were
compared. 3ere was no significant difference between the
preoperative and postoperative ECD [2231.88± 649.02 mm2

and 2189.50± 639.20 mm2 (P � 0.90), respectively]. More-
over, the IOP of 5 cases with a relatively clear cornea was
measured using a noncontact tonometer. 3e mean IOP
before, 1 day, 3 days, 7 days, and 1 month after the TCSI
procedure were 15.18± 2.72, 14.2± 3.06, 14.34± 3.11,
14.04± 3.14, and 15.60± 2.89mmHg in the treated eye and
14.82± 2.76 (P � 0.84), 15.18± 2.60 (P � 0.60), 13.80± 3.01
(P � 0.79), 13.94± 2.70 (P � 0.96), and 15.50± 2.62 (P � 0.96)
mmHg in the contralateral healthy eye, respectively. 3ere
was no statistically significant difference between the pre-
operative and postoperative IOP (1 day, 3 days, 7 days, and 1
month after TCSI) (P≥ 0.05) of the treated and contralateral
eyes.

In the TCSI group, six patients received two or more
intrastromal injections, including one patient who was in-
jected two times, four patients three times, and one patient
four times. All patients’ corneal edema disappeared within
24 h in each case. 3e healthy corneal tissue around the
lesion area appeared transparent after repeated injections
and showed no abnormalities compared with patients
treated with a single injection.

Two patients (4%) from the control group experienced
full-thickness corneal perforation. 3ree patients (5%) from
the control group eventually required TPK including the two
patients who experienced full-thickness corneal perforation.
3ere was no adverse event in the TCSI group. 3e Cox
proportional hazards model revealed that patients in the
TCSI group were less likely to have perforation or trans-
plantation after controlling for baseline infiltrate depth, but
this difference was not statistically significant (odds
ratio� 0.002; 95% CI, 0 to 33.03; P � 0.21).

We found swelling, broken, and dissolved hyphae in the
corneal stroma of the TCSI group using IVCM examination
3 days after TCSI (Figures 2 and 3), which nearly had no
change after 5 days of conventional antifungal treatment. At
the same time, we observed significant improvement of
clinical signs 3 days after TCSI.

4. Discussion

Voriconazole is a triazole antifungal agent that induces
fungal death by inhibiting lanosterol 14α-demethylase in the
fungal cell membrane, which interrupts the conversion of
lanosterol to ergosterol, thereby affecting the stability of the
fungal cell membrane. It is used to treat several fungal in-
fections caused by Aspergillus, Candida, and Fusarium and
fungi resistant to fluconazole, itraconazole, or amphotericin

B. Voriconazole is a kind of concentration-dependent drug,
which means that the higher the concentration reaching the
lesion, the stronger the antifungal effect [12, 14, 15]. At the
same time, the concentration cannot cause adverse effects on
the cornea. Although voriconazole exhibits higher perme-
ability in the cornea stroma than other antifungal agents, but
its ability to reach corneal tissue is still limited secondary to
ocular drug delivery challenges. 3is ultimately results in
prolonged treatment and high recurrence [13]. Chronic
inflammatory cells and cytokine infiltration induced by
fungal infection usually lead to scar formation in the stroma,
progressive corneal thinning and perforation, or even fungal
endophthalmitis. Several researchers implemented the
corneal stroma injection procedure to increase the local drug
concentration in the corneal lesion and observed its efficacy
to solve the issue of poor penetrability of antifungal agents
into the corneal stroma. Although studies have reported that
intrastromal voriconazole injection could increase the drug
concentration in the cornea stroma, the therapeutic efficacy
was controversial [16–20]. 3ese controversies may be at-
tributed to the lack of uniformity in the injection method
used in various studies, which resulted in variable drug
concentration and distribution in the corneal stroma. At the
same time, some studies suggested that intrastromal injec-
tions may increase the risk of corneal perforation in fungal
keratitis [21]. 3us, the tricyclic corneal stroma injection
(TCSI) procedure was designed for intrastromal injection of
voriconazole to overcome this dilemma.

In other studies, intrastromal injection was defined as
administering around the infiltrate to surround the entire
circumference of the lesion [16–20]. In the TCSI procedure,
we chose zone 1 as the needle-entry area, which was the
peripheral cornea adjacent to the limbus, an annular-shaped
region with a width of 2mm and depth of 0.7–1mm. 3is
region is the thickest part of the cornea that might not easily
be penetrated (such as the central cornea). Moreover, needle
insertion in this area has little effect on visual acuity. 3e
diameter and thickness of the center of the cornea are
5–6mm and 0.50–0.59mm, respectively. It was designated
as the “needle-entry prohibited area” because it is the corneal
optical center, which is most vulnerable to fungal infection
and thus progressive stromal thinning. Needle insertion in
this region is accompanied by a high risk of perforation, drug
leakage into the anterior chamber, or even the trauma to the
lens since the diameter of the 29-G needle (0.33mm) is
similar to the thickness of the thinned stroma. Moreover, the
act of piercing the central cornea could damage the stromal
lamellae, induce scar formation, and lead to further dete-
rioration in vision. At the same time, the TCSI procedure
could ensure complete diffusion of the drug from the corneal
periphery to the lesion and significantly improve the efficacy
of stromal injection. In China, the majority of fungal ker-
atitis cases are caused by Fusarium [3]. Fusarium grows and
extends parallel to the corneal lamellae within the corneal
stroma. 3e drugs only injected around the lesion cannot
spread to all the hyphae growing in the stroma equally and
are unable to destroy the fungi in the deep stroma [27].
During the TCSI procedure, the bevel of the needle mea-
suring 1.68 mm in length should be facing upward and
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(a) (b) (c) (d)

(e) (f ) (g) (h)

(i) (j) (k) (l)

Figure 2: Case 1. (a, e) Anterior segment photograph at enrollment. (b, f ) Anterior segment photograph before TCSI (after 5-day
conventional antifungal treatment). (c, g) Anterior segment photograph 3 days after TCSI. (d, h) Anterior segment photograph when the
patient has been healed. (i) IVCM examination at enrollment. (j) IVCM examination before TCSI (after 5-day conventional antifungal
treatment). (k) IVCM examination 3 days after TCSI. (l) IVCM examination when the patient has been healed.

(a) (b) (c)

Figure 3: Continued.
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inserted into the stroma at a depth that is approximately half
of the corneal thickness. 3e needle should be controlled
with an angle of 15° to the corneal surface before the first
insertion to avoid the risk of perforation during this process.
For eccentric lesions, the needle-entry area remained in zone
1. A needle-entry point was selected, which was close to the
lesion, and the surgeon appropriately increased the injection
pressure to make sure that the entire corneal stroma around
the lesion was swollen and cloudy.

3e injection concentration of voriconazole was 0.5mg/
mL in our study. Previous studies reported that an intra-
stromal injection of voriconazole 0.5mg/mL would not
result in toxic complications in the cornea [28, 29]. We
found that stromal edema was transient and disappeared
within 24 hours of the injection. And our study confirmed
that there was no change in ECD during the follow-up
period. According to the literature, this injection concen-
tration achieved the minimum inhibitory concentration for

(d) (e) (f )

(g) (h) (i)

(j) (k) (l)

Figure 3: Case 2. (a, e) Anterior segment photograph at enrollment. (b, f ) Anterior segment photograph before TCSI (after 5-day
conventional antifungal treatment). (c, g) Anterior segment photograph 3 days after TCSI. (d, h) Anterior segment photograph when the
patient has been healed. (i) IVCM examination at enrollment. (j) IVCM examination before TCSI (after 5-day conventional antifungal
treatment). (k) IVCM examination 3 days after TCSI. (l) IVCM examination when the patient has been healed.
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90% (MIC90) of the most fungi including Aspergillus species
and Candida species, along with many other organisms
[30, 31].

Fungal invasiveness is facilitated by the ability of the
fungus to produce enzymes that degrade physical barriers
and antimicrobial proteins [32]. Mycotoxins can be pro-
duced to promote fungal survival in the host [33]. Lectins
can inhibit host cell growth and weaken the physical in-
tegrity of epithelial cells [34]. Consequently, early elimi-
nation of the hyphae present in the corneal tissue is critical to
the patient’s prognosis. In our study, patients in the TCSI
group were injected voriconazole once via TCSI procedure
within one week after enrollment. We increased the anti-
fungal drug concentration of the corneal stroma during the
early stage of fungal keratitis to kill the fungus quickly,
manage the conditions of patients with fungal keratitis,
reduce inflammation, promote corneal epithelial healing,
rearrange corneal stroma collagen, reduce scar formation,
and improve the prognosis of BCVA. We found swelling,
broken, and dissolved hyphae in the corneal stroma of the
TCSI group using IVCM examination 3 days after TCSI.
3ese features were unchanged after 5 days of conventional
antifungal treatment. We simultaneously observed a sig-
nificant improvement in clinical signs 3 days after TCSI.
3ese findings may support the efficacy of TCSI for the
medical treatment of fungal keratitis.

Our study showed that the TCSI procedure could im-
prove the 3-week and 3-month BCVA and shorten the time
for re-epithelialization while treating fungal keratitis by
multiple linear regression analysis. 3ere was no significant
difference between the size of the infiltrate or scar between
the two groups. 3is further showed that TCSI of vor-
iconazole would not increase the infiltration/scar area.

In our study, we found that the patients in the TCSI
group were less likely to have perforation or transplantation
after controlling for baseline infiltrate depth, but this dif-
ference was not statistically significant. Furthermore, the
three patients requiring TPK were from the control group,
and there was no adverse event in the TCSI group. Although
the result was not statistically significant, it indicated that
TCSI was a safe procedure. If we enlarge the size of sample, it
may lead to a more meaningful result.

Studies have reported that voriconazole entered aqueous
humor circulation after intrastromal injection [35]. We were
worried that it would produce adverse reactions in the
aqueous humor circulation, resulting in abnormal IOP of
patients after TCSI of voriconazole. 3e preoperative IOP
and 1-day, 3-day, 7-day, and 1-month post-TCSI IOP of the
treated eye were compared with those of the respective
contralateral eye. 3is difference was not statistically sig-
nificant, which proved that this method was safe and would
not impact the IOP.

3e pharmacokinetics of voriconazole injected into the
corneal stroma is unknown. One study showed that vor-
iconazole injected into the corneal stroma would not remain
there for a long time [35]. 3us, repeated injections are
required for treating fungal keratitis. Tu suggested that re-
peated injections of voriconazole into the human corneal
stroma were well tolerated, without long-term ocular

toxicity [36]. In our study, 6 eyes received two or more
intrastromal injections and showed no abnormalities
compared with patients treated with a single injection.
However, the pharmacokinetics of voriconazole injected
into the stroma should be studied further to determine the
requisite frequency of corneal stroma injections.

3e limitations of this study are as follows: It was a
single-center study with a small sample size, and the study
was not prospective. More clinical data are required to
validate and analyze the efficacy and safety of TCSI. We did
not include patients with >10mm diameter corneal infil-
trates and corneal lesions involving the sclera. If the size of
the infiltrate was >10mm, we had to inject the antifungal
drug near the lesion. We believe that injecting antifungal
drugs near the lesion increases both the corneal pressure and
the risk of corneal perforation. Corneal lesions involving the
sclera indicate that the sclera has been infected by fungus.
And injection of antifungal drugs into the cornea will not kill
the fungus in the sclera. At the same time, we have not
performed statistical analysis on fungal keratitis derived
from different strains.

However, from this retrospective data, localized injec-
tion of voriconazole using TCSI could improve the visual
acuity or accelerate the epithelial healing of fungal keratitis
and exhibited the potentiality to be used for treatment of
fungal keratitis. In addition, we did not see any significant
difference in change of ECD, IOP, and risk of corneal
perforation after stromal injection comparing with the
control group. Hence, TCSI might be a minimally invasive
and safe adjuvant therapy strategy for fungal keratitis.
Multicenter, randomized, prospective trial will be carried
out to further validate the efficacy and safety of this pro-
cedure in future.
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