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Objective: To report the functional and anatomical outcomes including structural changes in 
corneal nerve density and morphology using in vivo confocal microscopy (IVCM) after corneal 
neurotisation in patients with neurotrophic keratopathy (NK), using a sural nerve graft.
Patients and Methods: Prospective study of patients undergoing corneal neurotisation for 
NK. Functional outcomes were measured through visual acuity, slit-lamp examination of 
corneal and conjunctival staining, tear production (Schirmer’s 1 test), tear film break-up time, 
tear film meniscus height, quality and osmolarity, central corneal thickness and corneal 
sensation using Cochet–Bonnet esthesiometry. Structural outcomes were assessed from 
changes in corneal nerve density and morphology with IVCM. Subjective outcomes were 
assessed using VFQ-25 and latest telephonic consultation.
Results: Between February 2016 and April 2018, 11 corneal neurotisations were performed 
on 11 patients (3 males, 8 females). Median age was 43 (range 25–62) years. Mean follow-up 
was 14.5 (range, 4–36) months. Snellen visual acuity improved in 6 patients, corneal and 
conjunctival staining decreased in 10, tear film breakup time increased in 9, tear meniscus 
height increased in 7, Schirmers test readings increased in 4, tear film osmolarity reduced in 
8 and central corneal thickness increased in 10 patients. Corneal sensation improved in nine 
patients. Complete IVCM data were available in five cases and demonstrated an improve-
ment of corneal nerve density and length at 12 months.
Conclusion: This series confirms the fact that the outcomes of this technique are reprodu-
cible and that corneal neurotisation surgery helps restore trophic nerve function more 
consistently than touch-related sensation.
Keywords: corneal neurotisation, neurotrophic keratopathy, sural nerve, corneal sensations

Introduction
The management of neurotrophic keratopathy is challenging due to an impaired 
blink reflex, abnormal epithelial healing complicated by recurrent epithelial break-
down, persistent epithelial defects, neurotrophic ulcers, chronic corneal scarring 
and corneal perforation.1–5 Targeted medical and surgical modalities have been 
proposed to halt the progression of the disease at early stages to prevent globe 
threatening complications. Therefore, improving underlying corneal anesthesia is of 
utmost significance in successful long-term management of neurotrophic 
keratopathy.
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Corneal neurotisation surgery aims at regaining the 
structure and function of corneal nerves, leading to regain-
ing corneal sensation and epithelial trophic functions.6–8 

Its concept was introduced by Samii in 1972 and described 
in his textbook in 1981.9 In 2009, Terzis et al described 
a novel surgical approach of direct corneal neurotisation 
using contralateral supratrochlear and supraorbital nerves 
in patients with unilateral facial nerve palsy.6 Elbaz et al in 
2014 evaluated the efficacy of corneal neurotisation utiliz-
ing sural nerve graft in bilateral cases of neurotrophic 
corneas.7 Minimally invasive techniques using direct 
nerve transfer is also emerging.10 A recent study compar-
ing the outcomes of direct corneal neurotisation (DCN) 
with indirect corneal neurotisation (ICN) confirmed com-
parable outcomes.11

In vivo confocal microscopy (IVCM) has been used 
extensively in analyzing corneal nerves in health and 
disease.12 The aim of this retrospective study was to eval-
uate the functional changes of the cornea and ocular sur-
face, and the IVCM structural changes in corneal nerve 
density and morphology after corneal neurotisation sur-
gery. We report herein the functional and anatomical out-
comes of 11 patients with neurotrophic keratopathy who 
underwent corneal neurotisation surgery.

Patients and Methods
A prospective, non-comparative, consecutive case series of 
patients with neurotrophic keratopathy undergoing corneal 
neurotisation surgery between February 2016 and 
April 2018 at Queen Victoria Hospital, East Grinstead, 
UK, was conducted. All patients operated during this 
period were included.

The study was approved as a prospective audit by the 
local institutional review board and adhered to the tenets 
of the Declaration of Helsinki. Surgery was performed by 
a multi-disciplinary team of corneal, oculoplastic and plas-
tic surgeons.

Patients who were selected and consented for corneal 
neurotisation were considered to have significant ocular 
morbidity secondary to irreversible neurotrophic keratopa-
thy, and had already undergone failed conservative medi-
cal and surgical treatments. All patients included in the 
study had episodes of recurrent persistent epithelial defects 
or corneal ulceration aggressively treated with conven-
tional therapy including temporary tarsorrhaphy, with cor-
neal neurotisation procedure performed once their ocular 
surface were stabilized. All patients had 0 corneal sensa-
tion on Cochet–Bonnet aesthesiometer before surgery and 

full corneal sensation in the contralateral eye. Objective 
evidence for worsening keratopathy despite conventional 
treatment modalities included reduced visual acuity, tear 
film breakup time (TFBT), tear meniscus height, tear film 
quality and osmolarity, corneal thickness and increased 
corneal and conjunctival staining.

The functional outcomes therefore included bilateral 
assessment of visual acuity, slit-lamp examination of cor-
neal and conjunctival staining using fluorescein sodium 
1% eye drops, tear production (Schirmer’s 1 test), tear 
film break-up time, tear film meniscus height, quality and 
osmolarity using TearLab®, CA, USA, central corneal 
thickness using Pentacam® HR scan, Oculus, WA, USA 
and measurement of corneal sensation using Cochet– 
Bonnet esthesiometer, Luneau Technology, France.

The structural outcomes were assessed for changes in 
corneal nerve density and morphology by IVCM. Both 
functional and structural outcomes were measured preo-
peratively and at early (1–3 months), intermediate (3–6 
months) and late (9–12 months and more) postoperative 
periods.

Subjective results were collected from patients using 
National Eye Institute visual functioning questionnaire 
−25 (NEI VFQ-25) version 2000.13 The questionnaire 
explored the general health, vision, difficulties with activ-
ities (near, distance, driving) and responses to vision pro-
blems (levels of disability, discomfort and psychosocial 
impact). Subjective outcomes were also assessed by 
a questionnaire survey of patients reporting frequency of 
lubricants, visits to the hospital up to 6 months after 
surgery and the frequency of corneal ulcers 2 years before 
and up to 6 months after surgery.

Surgical Technique
The surgical technique is clearly outlined in our review.10 

It is similar to that currently carried out and advised by 
Drs Borschel, Zuker and Ali.7,8 The sural nerve was har-
vested and then reversed, for grafting. It is harvested 
proximally to distally, using a nerve harvesting device 
placed around the nerve and passed distally, freeing the 
nerve from surrounding tissues. The length harvested was 
approximately 10 to 15 cm long, and the peroneal compo-
nent of the nerve was preserved. The supratrochlear nerve 
was accessed through a skin-crease incision (helps avoid 
a visible eyelid scar), extended medially, and pre-septal 
/sub-orbicularis dissection to expose the superior orbital 
rim to find the nerve as it exits the orbit through the 
supratrochlear notch. In some cases, the nerve may exit 
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from a bony foramen. If the supratrochlear nerve is con-
sidered too thin then the supraorbital nerve is located. The 
selected nerve is divided to allow end-to-end coaptation. 
Coaptation was performed using 10-0 nylon sutures and 
fibrin glue (Tisseel). In unilateral cases, the contralateral 
supratrochlear or supraorbital nerve was used, requiring 
tunneling of the reversed nerve graft over the nasal bridge 
to the perilimbal area of the cornea.

On the ipsilateral anesthetic cornea side, the orbital sep-
tum is dissected through a skin-crease incision to expose the 
post-septal space. By blunt dissection, a submuscular, pre- 
periosteal tunnel over the nasal bridge is made to connect 
both upper eyelid skin-crease incisions. A size 10 suction 
tube is passed through this tunnel. The reversed sural nerve 
end is placed into the orifice of the tube, and using suction 
from the anesthetic cornea end, it is atraumatically passed 
from the contralateral side for it then to be transferred to the 
conjunctival fornix via a supratarsal blepharotomy medial to 
levator palpebrae superioris.

Distally, under the ophthalmic operating microscope 
view, the epineurium was removed and the individual 
fascicles were separated. In order to minimize handling 
and trauma to fascicles, we handle the distal most tip of 
each fascicle when passing subconjunctivally. This tip is 
then trimmed off to leave a freshly cut end. The four to 
five fascicles are each inserted into pre-prepared cor-
neoscleral lamella tunnels around the entire limbal circum-
ference and secured with fibrin glue (Tisseel). Placement 
in these tunnels is an attempt to facilitate more direct 
nerve-to-nerve coaptation.

One or two fascicles are left in the perilimbal sub- 
Tenon’s space either at 3 or 9 o’clock, within the area of 
the palpebral aperture and secured with fibrin glue in an 
attempt to restore sensation to the bulbar conjunctiva in 
the region of the palpebral aperture.

Since our first eight cases, we have now begun wrap-
ping amniotic membrane around the coaptation of 
a reversed sural nerve graft to the supraorbital or supra-
trochlear nerve. The amniotic membrane is placed base-
ment-membrane face down around the nerve. Amniotic 
membrane has an abundance of neurotrophic factors, 
particularly NGF, which may also contribute to promot-
ing nerve regeneration.

We do not use lateral tarsorrhaphies and simply pad the 
anesthetic eye overnight. Topical lubricants and chloram-
phenicol drops were prescribed in all cases.

Surgical time has gradually been reduced from up to 5 
hours to 3 hours, largely thanks to two surgeons 

concurrently harvesting the sural nerve and exposing the 
supratrochlear and supraorbital nerves and ipsilateral ble-
pharo-conjunctival route.

Technique for Nerve Regeneration 
Analysis via IVCM
IVCM was performed on the operated eye in five subjects 
by a single experienced observer (SH) with the HRT II/ 
RCM (Heidelberg Engineering GmbH, Dossenheim, 
Germany) confocal microscope following a Standard 
Operating Procedure. A sterile Tomocap (Heidelberg 
Engineering GmbH, Dossenheim, Germany) was mounted 
over the objective of the microscope and carbomer gel 
0.2% (GelTears, Bausch & Lomb UK Limited) was used 
as a coupling agent between the cap and the lens objec-
tive. A drop of topical anesthetic (proxymetacaine hydro-
chloride 0.5%, Bausch & Lomb UK Limited) and 
carmellose sodium (Celluvisc 1%, Allergan, Ireland) was 
instilled into the eye being examined. Ten non- 
overlapping images of the central cornea at the level of 
the sub-basal nerve plexus, that is, immediately at or 
posterior to the basal epithelial layer and anterior to 
Bowman’s layer at a depth of 40–60 µm, were obtained. 
A custom-made fixation target was used for maintaining 
fixation, using the unaffected contralateral eye, during 
image acquisition. To ensure the same part of the cornea 
was scanned at follow-up visit, the subject was asked to 
look at the same fixation target for each subsequent image 
acquisition appointment. A good quality image was 
defined as an image with the highest number of well- 
defined sub-basal nerves, with maximal contrast, and 
without any distortion or folds. Stromal nerves were not 
analyzed because of the variability in the way they appear 
in the stroma making accurate quantification of the nerves 
difficult. All the images were analyzed by an experienced 
confocal microscopy operator (SH). The sub-basal nerve 
fibre density was analyzed using the ACCMetrics corneal 
nerve fiber analyzer (CNFA) V.25,6 and the following 
nerve parameters were defined 7: nerve fiber density 
(CNFD) - number of main nerve fibers per mm2, nerve 
branch density (CNBD) - number of main branches 
per mm2, nerve fiber length (CNFL) – total length of all 
nerves in the image mm/mm2, and total branch density 
(CTBD) – total number of branch points per mm2. The 
wavelength of the laser employed in the HRT II/RCM is 
670 nm and the microscope provides en-face sections of 
the cornea. Each standard two-dimensional image consists 
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of 384×384 pixels covering an area of 400 μm x 400 μm 
with the lateral resolution of 1–2 µm/pixel and axial 
resolution of 4 µm.

Results
Corneal neurotisation was performed on 11 eyes of 11 
patients (3 males, 8 females). The cause of corneal neuro-
trophic keratopathy for each patient is shown in Table 1. 
Median age was 43 (range 25–62) years. Mean follow-up 
was 14.5 (range, 4–36) months.

Five patients received sural nerve graft from the con-
tralateral side and six patients from the ipsilateral side. 
Patient 4 had corneal neovascularization, patient 2 had 
corneal scarring and patients 7, 8 and 11 had superficial 
corneal scarring preoperatively. No other ocular co- 
morbidities were detected in any of the patients that 
could affect the final visual outcome. Figure 1 shows 
preoperative neurotrophic keratopathy demonstrated by 
scarring and punctate keratopathy improving to clear cor-
nea and improving corneal sensations in patient 6.

Variation in Sural Nerve Graft Coaptation
All patients underwent end-to-end nerve coaptation. Four 
patients had both supratrochlear and supraorbital nerves 
coapted, four had supraorbital nerve only and three with 
supratrochlear nerve only. In the last three cases of our 
series, amniotic membrane was also wrapped around the 
coaptation.

Functional outcome data are summarized in Table 2. 
Vision (Snellen acuity) improved in six patients, stabilized 
in three patients and deteriorated in two patients at the last 
follow-up compared to preoperative status. Corneal and 
conjunctival staining decreased in 91% of the patients 
(Figure 2). Tear film breakup time (TFBT) increased in 
82%, tear meniscus height increased in 64%, Schirmers 
test reading increased in 36% and remained stable in 64% 
of the patients, tear film osmolarity reduced in 73%, cen-
tral corneal thickness increased in 91% of the patients. 
Corneal sensation assessed by Cochet–Bonnet esthesiome-
try improved in 73% of the patients. Late recovery of 
corneal sensation was noted in one patient where corneal 
sensation improved from 0 to 10 at 24 months, having 
been recorded 0 at 6 and 12 months post corneal 
neurotisation.

No significant difference in either rate or extent of 
nerve function recovery was observed in the three cases 
who underwent wrapping of amniotic membrane over the 
nerve graft coaptation. Ta
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No intraoperative or post complications were observed 
in any patients at both donor and recipient sites.

Nerve Analysis
The IVCM nerve analysis was performed on five patients 
(patients 2, 3, 4, 5 and 7) (Table 3) who attended their 
scanning appointments. The remaining cohort did not 
manage to attend for the IVCM scan due to the long 
distance they had to travel to Moorfields Eye Hospital.

A scan was not performed on patient 5 at 12 months 
because she needed eyelid surgery for lagophthalmos. 
Apart from this patient, where the measurements seem to 
have decreased over time, the remainder of patients’ scans 
demonstrated a general improvement of nerve parameters, 
including corneal nerve density and length from preopera-
tively, with patient 7 demonstrating the greatest improve-
ment in corneal nerve parameters (Figure 2).

Table 4 and Figure 3 show the mean change in values 
compared to preoperatively and the nerve parameter show-
ing the biggest increase was CTBD. Apart from patients 5 
and 4, both CNFD and CNFL were higher in the other 
subjects at the 12 months compared to preoperatively.

Subjective Improvement
All these patients had total loss of corneal sensation before 
surgery. One patient had some corneal sensation restored 
at 6 weeks, one patient at 3 months, two patients at 6 
months, two at 9 months, two patients at 12 months and 
one at 18 months. Table 4 shows the frequency of 

lubricants use 6 months postoperatively, the frequency of 
hospital visits in the first 6 months, postoperatively and the 
corneal ulcer rate at 2 years before and 6 months post-
operatively. Three (27%) patients reported a reduction in 
their use of their ocular lubricants from hourly to 4-hourly 
following neurotisation, while the remainder reported no 
change in frequency from before neurotisation surgery. In 
five patients, the frequency of hospital visits reduced post-
operatively, but no change in frequency in the remainder 
except for one patient (patient 5) who had an increase in 
the number of their visits. No patient developed any 
further corneal ulcers following the procedure.

VFQ-25
The questionnaire explores the general health, vision, dif-
ficulties with activities (near, distance, driving) and 
responses to vision problems (levels of disability, discom-
fort and psychosocial impact).13 Eight patients completed 
the pre-neurotisation questionnaire and six patients com-
pleted both pre- and post-neurotisation. One patient out of 
six reported overall vision to remain poor; the remaining 
five reported it to be between fair and good, postopera-
tively. Despite neurotrophic keratopathy, all patients were 
reported to have moderate ocular discomfort, pre- 
operatively. Four improved to mild discomfort and three 
continued to experience moderate discomfort, postopera-
tively. Reading improved in four patients from being 
extremely and moderately difficult, preoperatively to no 
or mild difficulty, post-operatively. The remaining two 

Figure 1 Preoperative neurotrophic keratopathy demonstrated by scarring and punctate keratopathy with improvement in corneal sensations and clear cornea in patient 6.
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patients reported no change in difficulty reading. Two 
patients were reported to have given up driving due to 
visual reasons, preoperatively. This remained unchanged. 
Four patients reported no or mild difficulty with distance 
vision, postoperatively. All six patients reported discom-
fort, limitation of activities and psychosocial impact of the 
disease as most of the time, preoperatively. These all 
improved to none or some time, postoperatively.

Discussion
Neurotrophic keratopathy (NK) can present as a broad 
spectrum of changes at the level of ocular surface, ran-
ging from superficial punctate keratopathy to corneal 
melting and perforation.14 Based on the site and nature 
of the fifth nerve damage, some corneas still maintain to 

have trophic functions despite hypoesthesia and would 
not develop hallmark signs and symptoms of neuro-
trophic keratopathy described by Mackie.15 According 
to NK severity, the management can be followed in 
a step-wise approach starting from preservative free tear 
substitute to newer topical therapies like serum-derived 
agents and nerve growth factors, which in two trails 
published in 2018, have shown to incite and enhance 
nerve regeneration in corneas with moderate to severe 
NK.16,17 Cenegermin (recombinant form of human 
nerve growth factor) has been approved in Europe for 
treatment of NK but has not been declared cost effected 
by NICE (July 2018) and is not available in the UK. 
Surgical therapies to optimize lid closure and kerato-
plasty is reserved for much complex cases with their 

Figure 2 In vivo confocal microscopy images of the subbasal nerve plexus for patient 7 taken at 50µm depth- Pre op presence of one main nerve fibre (arrow) (A); one main 
nerve fibre (arrow) and nerve branches (dotted arrow) at 3 month (B); one main nerve fibre (arrow) and multiple nerve branches (dotted arrow) at 6 month (C); three 
main nerve fibres and multiple nerve branches at 12 month (D) after corneal neurotisation surgery (-: main nerve, –: nerve branches showing nerve regeneration).
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outcomes strongly influenced by the poor corneal sensa-
tions with them not addressing the root cause of the 
disease.18

We report the functional and anatomical outcomes 
through IVCM structural changes in corneal nerve density 
and morphology after corneal neurotisation surgery in 11 
patients with neurotrophic keratopathy, using a sural nerve 
graft with end-to-end coaptation to the contralateral supra-
trochlear and supraorbital nerves. This represents the sec-
ond largest series to date, the largest in the UK and second 

only to that recently reported by the original authors of this 
particular technique,19 and a larger number of IVCM out-
comes following corneal neurotisation. Our series con-
firms that outcomes of this technique are reproducible 
and that restoration of trophic nerve function is more 
consistent than touch-related sensation.

In this study, corneal sensation assessed by Cochet– 
Bonnet aesthesiometer readings improved in 9 of the 11 
patients. This finding is consistent with previous studies 
reporting an improvement in corneal sensation as the 

Table 4 Nerve Parameters (Mean Change of Nerve Parameters) for the Five Patients at Different Postperative Time Points

3 Months 6 Months 12 Months

NFD NBD NFL TBD NFD NBD NFL TBD NFD NBD NFL TBD

Patient 2 4.1 10.4 4.9 20.8 4.7 6.3 7.6 20.3 3.1 4.7 8.1 21.9

Patient 3 0 0 3.2 3.1 4.7 7.8 6.3 21.8 6.2 1.6 6.3 15.6

Patient 4 0 0 2.2 0 1.6 0 2.2 0 0 0 3.4 7.8

Patient 5 −6.2 −26.5 −3.5 −34.3 −7.8 −26.5 −3.7 −20.3 NA NA NA NA

Patient 7 10.9 4.7 8.1 15.6 −3.2 18.7 6.5 53.1 10.5 19.2 6.9 55.2

Abbreviations: NFD, nerve fibre density per mm2; NBD, nerve branch density per mm2; NFL, nerve fibre length in mm/mm2; TBD, total branch density per mm2; NA, not 
available.

Figure 3 Nerve parameters (nerve fiber density, nerve fiber length, nerve branch density and total branch density) in patients 2, 3, 4, 5 and 7 improving from preoperative 
to early (3 month), intermediate (6 months) and late (12 months) postoperative follow-up.
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primary outcome measure. Two patients (patients 4 and 8), 
did not show any improvement in corneal sensations 
despite the improvement in visual acuity and ocular sur-
face parameters. This interesting finding can be explained 
by the hypothesis that corneal neurotisation surgery 
improves corneal trophic functions independent of corneal 
sensations through nerve growth factors. Outcomes of 
TFBT showed improved in 9 patients, tear meniscus height 
improved in 7 patients, Schirmer’s test reading improved 
in 4 patients and remained stable in 7 patients, tear film 
osmolarity improved in 8 patients, while central corneal 
thickness improved in 10 patients. To the best of our 
knowledge, improvement in tear film quality and corneal 
thickness after corneal neurotisation has not been pre-
viously studied. Amniotic membrane is widely used in 
cases of severe and ocular surface diseases due to the anti- 
inflammatory effect and the presence of neurotrophic 
factors.20,21 Three patients in our series received amniotic 
membrane to wrap the nerve graft coaptation. No signifi-
cant difference in either rate or extent of nerve function 
recovery was observed in these cases. However, a larger 
series is required to reliably draw any conclusions whether 
there is any benefit in the use of amniotic membrane and 
its influence on nerve growth factors in corneal neurotisa-
tion surgery in humans.22,23

In vivo confocal microscopy is currently the mainstay 
for real-time examination of the human cornea and con-
junctiva at a cellular level.24,25 We were able to scan and 
analyze corneal nerves in five patients. Apart from one 
of the subjects who needed surgery at 12 months, all the 
other subjects demonstrated a general improvement in 
nerve parameters including sub-basal nerve density and 
length, with subject 7 demonstrating the greatest 
increase. The confocal images of patient 5 however 
showing an overall reduction in all corneal nerve para-
meters from preoperative stage to 6 months postopera-
tive stage could imply that the corneal neurotisation 
process has not occurred in this patient. Fung et al25 

showed growth of corneal nerves in two cases in their 
study for the first time using IVCM. Ting et al26 also 
used IVCM to assess corneal nerves postoperatively with 
only one of his study subjects who had detectable sub- 
basal and stromal corneal nerves. Despite encouraging 
improvement in nerve parameters starting at 3 months 
postoperative stage, the rate of increase seems to have 
plateaued, especially with NFD, with no further increase 
seen at 12 months. While our observation of one patient 
(patient 8) regaining sensation (as assessed by Cochet– 

Bonnet esthesiometry) at 18 months suggests that nerve 
growth continues to occur beyond 12 months, further 
longitudinal studies are needed to establish whether 
nerve growth is maintained beyond 1 year as well as 
long-term survival of these nerves, given that return of 
complete corneal anesthesia at 2 years despite earlier 
recovery, post-corneal neurotisation has been reported.26

No complications were observed in our series. Terzis 
et al6 reported one patient developing a subgaleal hema-
toma requiring evacuation and an asymptomatic subcon-
junctival neuroma. Ting et al26 reported recurrence of 
complete corneal anesthesia 2 years postoperatively in 
one of their patients. With visual acuity of light perception, 
the eye was eviscerated due to persistent ocular pain and 
poor cosmesis. Through a histological assessment of 
excised corneoscleral disc, they were able to show normal 
sized central corneal nerves not connected structurally to 
peri-limbal nerve bundles. They explained the paracrine 
neurotrophic support from peri-limbal transplanted nerve 
fascicles playing a possible role in regeneration and main-
tenance of corneal nerves after corneal neurotisation.

Longer term follow-up is required in order to identify 
any recurrence of complete corneal anesthesia and also, 
ultimately, the outcomes of keratoplasties following neuro-
tisation. Catapano et al19 reported full re-epithelialization 
and improved sensation in four eyes of children who under-
went keratoplasties after neurotisation surgery.

Our study is also one of the first to establish patient 
reported outcomes using VFQ-25 and helps to provide 
valuable data to evaluate the health economics benefit for 
this procedure. Overall, the results are promising with 
improvement in vision, limitation of activities and psycho-
social impact on life with neurotrophic disease.

In conclusion, this series with up to 36 months follow- 
up with one of the patients confirms that the outcomes of 
this technique are reproducible, corneal neurotisation sur-
gery helps restore trophic nerve function more consistently 
than touch-related sensation and touch-sensation may take 
up to 24 months to return.

Ethics Approval and Informed 
Consent
The study was approved as a prospective audit by the 
local institutional review board at Queen Victoria 
Hospital and adhered to the Declaration of Helsinki. 
All participants provided informed consent for participa-
tion in the study.
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