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Abstract
Aims To evaluate bilateral morphometric changes of
corneal sub-basal nerve plexus (CSNP) occurring after
unilateral cataract surgery by in vivo confocal microscopy
(IVCM) images analysed with automated software.
Methods IVCM was performed before (V0) and
1 month after surgery (V1) in both operated eyes (OEs)
and unoperated eyes (UEs) of 30 patients. Thirty age
and sex-matched subjects acted as controls. Corneal
nerve fibre density (CNFD), corneal nerve branch density
(CNBD), corneal nerve fibre length (CNFL), corneal nerve
total branch density (CTBD), corneal nerve fibre area
(CNFA), corneal nerve fibre width, corneal nerve fractal
dimension (CNFrD) and dendritic cells density were
calculated.
Results Mean CNFD, CNBD, CNFL, CTBD, CNFA
and CNFrD significantly decreased at V1 versus V0 in
both eyes (respectively, 15.35±7.00 vs 21.21±6.56 n/
mm2 in OEs and 20.11±6.69 vs 23.20±7.26 in UEs;
13.57±12.16 vs 26.79±16.91 n/mm2 in OEs and
24.28±14.88 vs 29.76±15.25 in UEs; 9.67±3.44 mm/
mm2 vs 13.49±3.42 in OEs and 12.53±3.60 vs
14.02±3.82 in UEs; 22.81±18.77 vs 42.25±24.64 n/
mm2 in OEs and 38.06±20.52 vs 43.93±22.27 in
UEs; 0.0040±0.0021 vs 0.0058±0.0020 mm2/mm2 in
OEs and 0.0049±0.0016 vs 0.0057±0.0019 in UEs;
1.418±0.058 vs 1.470±0.037 in OEs and 1.466±0.040
vs 1.477±0.036 in UEs; always p<0.049).
Conclusion Patients undergoing cataract surgery
exhibit bilateral alterations of CSNP. This finding could
have broad implications in the setting of sequential
cataract surgery.

microscopy (IVCM) studies showed that the injured
nerves degenerate after surgery resulting in reduced
sub-
basal nerve plexus (SNP) density and reflectivity and increased beading in the operated eye.3 4
Recently, the contralateral subclinical impairment of SNP has been detected by means of IVCM
in unilateral herpetic keratitis thanks to incidental
control observations obtained by Hamrah and
collaborators in eyes that did not present any abnormality when examined by conventional slit-
lamp
biomicroscopy.5 Thereafter, the increasing evidence
provided from the same research group pointed out
the presence of bilateral coordinated interaction
between the nervous and the immune systems of
affected and unaffected eyes in other ocular diseases,
including neurotrophic and microbial keratitis.6–8
Additionally, unilateral 360° full-thickness cornea
incision during keratoplasty has been demonstrated
to induce a sympathetic response that permanently
abolishes immune privilege of subsequent corneal
allografts, even in the opposite eye.9
Taking into account the nervous interdependence between both eyes, we hypothesise that
microincisional cataract surgery may determine
contralateral corneal nerves changes as well. Therefore, the purpose of this work was to evaluate the
morphometric analysis of corneal SNP in both eyes
of patients undergoing unilateral cataract surgery
using a fully automated software for the analysis of
IVCM images (‘ACCMetrics’). To the best of our
knowledge, this is the first IVCM study describing
the sympathetic effect of unilateral cataract surgery
on contralateral corneal nerves.

Introduction

Material and methods
Subjects

Modern cataract surgery has reached high standards of safety and visual performance. However,
patient’s satisfaction after surgery is not always
consistent with these advances. The main reason is
related to ocular discomfort symptoms that patients
frequently report in the operated eye, particularly
in the early postoperative period. Although the
pathophysiological mechanisms underlying cataract surgery-induced dry eye are multifactorial, the
full-thickness nerves transection at the site of the
wound represents a chore mechanism of this type
of iatrogenic dry eye.1 2 Previous in vivo confocal

This prospective study conducted between April
2019 and February 2020 enrolled volunteers scheduled to undergo phacoemulsification and intraocular lens implantation at the University Eye Clinic
of Genoa, Policlinico San Martino, Department
of Neuroscience, Rehabilitation, Ophthalmology,
Genetics, Maternal and Child Health, Genoa, Italy.
Healthy sex-
matched and age-
matched subjects
acted as controls. Inclusion criteria were visually
significant senile cataract (NC2–NC5 regarding
Lens Opacities Classification System III)10 in at least
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one eye, corrected distance visual acuity decreased by minimum
to 0.1 logMAR in the affected eye, and willingness to volunteer for the study after giving written informed consent. The
exclusion criteria for both groups included corneal and ocular
surface diseases (including dry eye), glaucoma, pseudoexfoliation syndrome, zonular weakness, history of ocular surgery,
active or past inflammations, reduced compliance, age younger
than 50 years, any usage of eye drops or participation in another
clinical study within 1 month prior to study initiation. In addition, patients suffering from other predisposing conditions for
peripheral or central neuropathy, in particular diabetes, multiple
sclerosis, ischaemic stroke and neurodegenerative diseases were
also excluded.

Surgical technique and postoperative treatment

Cataract surgery was performed in one eye of each patient by a
single experienced surgeon (CET) at the Eye Clinic, S. Martino
University Hospital of Genoa (Italy) under topical anaesthesia.
The primary steps of the surgery were a self-sealing two-step
temporal limbal microincision (2.2 mm), phacoemulsification in
the capsular bag using the Infiniti surgical system (Alcon Novartis,
Fort Worth, USA), and implantation of a foldable hydrophobic
aspheric intraocular lens. Data regarding the microscope-light
exposure time, the phacoemulsification time, the total volume of
balanced salt solution used and the cumulative dissipated energy
(CDE) were recorded at the end of all surgeries. Topical levofloxacin eye drops (Oftaquix, Santen Pharmaceutical Co, Osaka,
Japan) were administered three times daily for 5 days postoperatively. Additionally, dexamethasone 1 mg/mL eye drops (Dexamono, Laboratoires Thea, Clermont Ferrand, France) were
administered four times daily for the first postoperative week,
after which the dosage was gradually tapered over the following
4 weeks.

In vivo confocal microscopy

IVCM (Heidelberg Retina Tomograph with the Rostock Cornea
Module, Heidelberg Engineering, Heidelberg, Germany) was
performed in all patients undergoing cataract surgery at baseline (visit 0 (V0); 7±1 days preoperatively) and 1 month after
surgery (visit 1 (V1); 30±3 days postoperatively). In the control
group, IVCM was performed during one routine eye examination (V0) and after 30±3 days (V1). Corneal SNP was evaluated by means of IVCM at the level of the corneal apex, as
previously described.11–13 Digital images were recorded with the
sequence mode at a rate of three frames per second, including
100 images per sequence. A total of six to eight sequence scans
of non-overlapping areas were recorded focusing on the SNP
layer, typically at a depth of 50 to 80 µm. All IVCM examinations were performed by a single experienced examiner (RS).
Three most representative images of corneal SNP were selected
by two masked examiners (DS and LDC) based on optimal
contrast, presence of in-
focus nerves and absence of motion
artefacts. Dendritic cells (DCs) density (cells/mm2) was measured
using the cell count software (Heidelberg Engineering GmbH) in
the manual mode by identifying bright individual dendritiform
structures with cell bodies in each image at the level of SNP.
None of the patients instilled eyedrops within 2 hours before the
ophthalmological measurements were performed.

Image analysis with ACCMetrics

IVCM images of corneal SNP were analysed with ACCMetrics
(MA Dabbah, Imaging Science and Biomedical Engineering,
Manchester, UK), which is a fully automated image analysis
2

Figure 1 (A) Representative in vivo confocal microscopy image of
corneal sub-basal nerve plexus obtained from the central cornea of a
patient before surgery. All images are in the scale of 400×400 µm. (B)
Automated image analysis using ACCMetrics software: main nerve
fibres are indicated in red, nerve branches in blue and branch points in
green.
software, employing a machine-learning method.14–16 The software was previously validated in the setting of corneal neuropathies comparing its performance with those obtained by both
manual (CCMetrics) and semiautomated (NeuronJ) methods.17
Representative IVCM images of one patient collected at V0 and
analysed with ACCMetrics are shown in figure 1A,B.
The following seven parameters were calculated thanks
to the automated software: (1) corneal nerve fibre density
(CNFD), the total number of nerves/mm2; (2) corneal nerve
branch density (CNBD), the number of branches emanating
from major nerve trunks/mm2; (3) corneal nerve fibre length
(CNFL), the total length of all nerve fibres and branches (mm/
mm2); (4) corneal nerve total branch density (CTBD), the total
number of branches/mm2; (5) corneal nerve fibre area (CNFA),
the total nerve fibre area (mm2/mm2); (6) corneal nerve fibre
width (CNFW), the average nerve fibre width (mm/mm2); and
(7) corneal nerve fractal dimension (CNFrD), a measure of the
structural complexity of corneal nerves.18
The image analysis was applied to each of the three selected
images by a trained masked examiner (FB). The average of the
three values obtained for each parameter was used for statistical
analysis.

Corneal sensitivity

Corneal sensitivity was evaluated in the central corneal region
with the Cochet-Bonnet aesthesiometer (Luneau Ophthalmologie, Chartres, France) and values were recorded in millimetres
per nylon filament length. All measurements were performed by
the same investigator (DS) on all patients at V0 and V1 in both
eyes.

Statistical analysis

The SPSS statistical software (SPSS) was used for data analysis. Values are expressed as mean±SD. The non-
parametric
Wilcoxon test was used to compare the seven IVCM parameters provided by the software ACCMetrics as well as the DCs
density and corneal sensitivity at V0 and V1 in both operated
and unoperated eyes. The correlations among IVCM parameters
of corneal SNP, DCs density and corneal sensitivity values were
evaluated using the Spearman’s correlation analysis. The Bonferroni correction for multiple comparisons was used to confirm
possible significance. A p value<0.05 was considered statistically
significant.

Results

Overall, 33 patients fulfilling the inclusion/exclusion criteria
underwent cataract surgery during the study period. Of these,
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Table 1

In vivo confocal microscopy parameters before (V0) and 1 month after cataract surgery (V1) in the surgery and fellow eye
Operated eye

Parameter

V0
2

Unoperated eye
V1

P value

V0

V1

P value

CNFD (n/mm )

21.21±6.56

15.35±7.00

0.004

23.20±7.26

20.11±6.69

0.005

CNBD (n/mm2)

26.79±16.91

13.57±12.16

<0.001

29.76±15.25

24.28±14.88

0.006

CNFL (mm/mm2)

13.49±3.42

9.67±3.44

0.001

14.02±3.82

12.53±3.60

0.005

CTBD (n/mm2)

42.25±24.64

22.81±18.77

0.002

43.93±22.27

38.06±20.52

0.049

CNFA (mm2/mm2)

0.0058±0.0020

0.0040±0.0021

0.002

0.0057±0.0019

0.0049±0.0016

0.009

CNFW (mm/mm2)

0.0209±0.0013

0.0207±0.0016

0.464

0.0205±0.0013

0.0206±0.0011

0.501

1.470±0.037

1.418±0.058

0.001

1.477±0.036

1.466±0.040

0.020

CNFrD

Bold typeface denotes p<0.05.
CNBD, corneal nerve branch density; CNFA, corneal nerve fibre area; CNFD, corneal nerve fibre density; CNFL, corneal nerve fibre length; CNFrD, corneal nerve fractal dimension;
CNFW, corneal nerve fibre width; CTBD, corneal nerve total branch density.

30 patients (20 men and 10 women; mean age 74.7±8.6 years)
completed successfully the study and their data were included in
the final analysis. The remaining three patients were excluded
because of loss to follow-up (n=2) and poor quality of IVCM
images (n=1). Thirty age and sex-matched healthy subjects (18
men and 12 women; mean age 75.9±10.2 years) were included
as controls.
All the surgeries of the patients included in the study were
uneventful and surgical parameters showed a low variance among
the operated eyes (always, p>0.05). In particular, the mean
phacoemulsification time was 37.22±9.32 s, the mean balanced
salt solution used was 94.76±27.39 mL, the mean CDE value
was 8.49±2.89 s and the mean microscope-light exposure time
was 11.03±3.03 min. Furthermore, no postoperative complications occurred over the 1-month follow-up.
Corneal sensitivity threshold did not differ significantly at V1
versus V0 in both eyes (respectively, 54.1±1.6 vs 54.8±0.9 mm
in the operated eyes and 54.3±1.6 vs 54.7±1.2 in the unoperated eyes).
The mean values of the seven IVCM parameters of corneal
SNP in patients undergoing cataract surgery collected at V0 and
V1 and analysed with the software ACCMetrics are reported
in table 1. Of these, CNFD, CNBD, CNFL, CTBD, CNFA and
CNFrD significantly decreased 1 month after surgery compared
with baseline values in both operated and unoperated eyes
(always, p<0.049). Conversely, the mean value of CNFW did
not change significantly from V0 to V1 in both operated and
unoperated eyes (respectively, p=0.464 and p=0.501). No
significant changes from V0 to V1 were found for any of the
IVCM parameter in control subjects (always p>0.05). Representative IVCM images collected from both eyes of the same patient
at V0 and V1 are shown in figure 2A–D .
Figure 3 shows the distribution of the patients according to
the number of IVCM parameters that worsened after surgery in
the unoperated eye.
The DCs density did not differ significantly at V1 compared
with V0 in both operated and unoperated eyes (respectively,
21.6±18.2 cells/mm2 at V1 vs 26.5±24.4 at V0, p=0.269 and
24.3±23.6 at V1 vs 20.9±19.0 at V0, p=0.182) as well as
in control subjects (25.6±10.4 at V1 vs 26.2±11.6 at V0,
p=0.515).
No significant correlations among IVCM parameters of
corneal SNP, DCs density and corneal sensitivity values were
found (always, p>0.05).

Discussion

In the current study, we demonstrated that patients undergoing
unilateral microincisional cataract surgery exhibit bilateral

changes of corneal SNP 1 month postoperatively. These changes
were subclinical and were detected only by IVCM examinations,
while postoperative corneal sensitivity did not show significantly
worse values in both operated and unoperated eyes compared
with preoperative ones. The automated software employed in
this study allowed a comprehensive morphometric analysis of
all the characteristics of the corneal SNP. All IVCM parameters
worsened significantly after cataract surgery compared with

Figure 2 Representative in vivo confocal microscopy images of
corneal sub-basal nerve plexus obtained from the central cornea
of a patient before (A, B) and 1 month after surgery (C, D) in the
operated eye (A, C) and in the contralateral unoperated eye (B, D). (A)
ACCMetric analysis conducted at V0 in the operated eye calculated
the following parameters: corneal nerve fibre density (CNFD)=37.5 n/
mm2; corneal nerve branch density (CNBD)=93.7 n/mm2; corneal nerve
fibre length (CNFL)=19.1 mm/mm2; corneal nerve total branch density
(CTBD)=137.5 n/mm2; corneal nerve fibre area (CNFA)=0.011 mm2/mm2;
corneal nerve fibre width (CNFW)=0.021 mm/mm2; corneal nerve fractal
dimension (CNFrD)=1.51. (B) ACCMetric analysis conducted at V0 in
the unoperated eye calculated the following parameters: CNFD=18.7 n/
mm2; CNBD=50.0 n/mm2; CNFL=14.7 mm/mm2; CTBD=68.7 n/mm2;
CNFA=0.008 mm2/mm2; CNFW=0.021 mm/mm2; CNFrD=1.45. (C)
ACCMetric analysis conducted at V1 in the operated eye calculated
the following parameters: CNFD=12.5 n/mm2; CNBD=12.5 n/
mm2; CNFL=5.9 mm/mm2 ;CTBD=6.2 n/mm2; CNFA=0.004 mm2/
mm2; CNFW=0.020 mm/mm2; CNFrD=1.38. (D) ACCMetric analysis
conducted at V1 in the unoperated eye calculated the following
parameters: CNFD=6.2 n/mm2; CNBD=12.5 n/mm2; CNFL=12.5 mm/mm2;
CTBD=31.2 n/mm2; CNFA=0.005 mm2/mm2; CNFW=0.019 mm/mm2;
CNFrD=1.46.
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Figure 3 Column chart showing the distribution of the patients
according to the number of in vivo confocal microscopy parameters that
worsened 1 month after surgery in the unoperated eye.
baseline values in both operated and unoperated eyes, with the
exception of CNFW. The measure of this parameter is of recent
introduction and its value has been demonstrated to be higher in
patients with dry eye and small fibre diseases, such as diabetic or
sarcoidosis-associated neuropathies,19 20 all conditions that were
excluded in our study.
A previous study that evaluated SNP parameters in 30 healthy
subjects with a mean age slightly lower compared with the
present study reported better values of CNFD, CNFD, CNFL
and CTBD compared with the results of the present study.11 This
finding confirms the evidence that corneal SNP is negatively
affected by ageing, as reported by previous studies that reported
a linear decline in subbasal nerve density ranging from 0.25% to
0.9% per year.21 22
One major limit of the use of IVCM for the detection of longitudinal changes after such treatment or surgery is related to the
poor topographic reproducibility and the difficulty of ensuring
the exact same location tested during follow-up examinations
due to the lack of an active real-time eye-tracking system. This
function would be able to eliminate the need for subjective operator placement in the desired sector of the cornea, thus increasing
clinician ability to detect ‘true’ change over time rather than
repeatability artefacts resulting from alignment error. In order
to try to overcome this ineradicable drawback, we enrolled
healthy matched control subjects who did not undergo surgery
and examined them longitudinally. No significant changes from
V0 to V1 were detected in any IVCM parameter for control
subjects, thus suggesting a good reproducibility of IVCM examinations during follow-up imaging.
The topical treatment administered after cataract surgery may
have influenced SNP changes occurring after surgery. Previous
studies that investigated SNP in dry eye patients treated with
topical corticosteroids showed a significant improvement of the
morphology of sub-basal nerve fibres.23 24 In the present study,
despite the use of corticosteroids, a significant worsening of
almost all IVCM parameters was detected in the operated eyes
as a result of the detrimental effect of cataract surgery on SNP.
Unlike corticosteroids, to the best of our knowledge, the effects
of fluoroquinolones on corneal SNP are not known while a
recent IVCM study described alterations at the level of corneal
epithelium and stroma.25
The nervous interdependence between the two trigeminal nerves is not eye-specific and following peripheral nerve
lesions in other regions of the body well-documented events
that affect the opposite side non-lesioned structures have been
described. These contralateral effects are qualitatively similar to
those occurring at the ipsilateral side but are usually smaller in
4

magnitude and have a briefer time course.26 It is unclear whether
these findings are an epiphenomenon or serve a biological
purpose, but in either case the existence of these effects implies
the presence of signalling mechanisms that link the two sides of
the body at a central and/or peripheral level.27
To date, the presence of nervous and immune interdependence
of affected and unaffected eyes has been described in the setting
of neurotrophic and microbial keratitis.5–8It has been hypothesised that contralateral corneal nervous impairment could be
related to neurogenic inflammation that occurs due to the local
release of proinflammatory neuropeptides by afferent dysfunctional neurons.5 28
The bilateral effects on corneal SNP of unilateral surgery,
herein demonstrated for the first time, open a new fascinating
scenario to be explored in the setting of sequential cataract
surgery with broad implications in the routine practice.
First, the integrity of corneal nerves is critical in maintaining
the protective function of the cornea. Since corneal nerves influence signal transduction cascades involved in epithelial wound
healing and homeostasis through the release of neurotrophic
factors, their surgically induced impairment causes epithelial
alterations and adversely affects the wound healing process.29 30
In a health ocular surface system like that one of patients included
in this study, these nervous alterations remain subclinical and
detectable only by IVCM with no further detrimental effect on
ocular surface. On the contrary, particular attention should be
paid to patients at high risk for impaired wound healing such as
diabetic ones, who represent a significant proportion of patients
undergoing cataract surgery. However, it should be pointed out
that in our study we excluded patients with diabetes or other
central/peripheral neuropathies. A recent study showed that
after cataract surgery patients with diabetes exhibited worse
corneal nerve parameters in the operated eyes compared with
patients without.4 Although it is reasonable to hypothesise that a
similar pattern could be detected also in the contralateral unoperated eye of patients with diabetes, future longitudinal studies
in this subset of patients are required to confirm these findings.
Second, a common observation among ophthalmic surgeons
is that patients with bilateral cataract undergoing sequential
surgery often report a more unpleasant experience with their
second surgery. The most accredited cause of this finding is
usually attributed to psychological factors, such as mental stress,
that contribute to the higher degree of pain reported by patients
during the second eye surgery.31
The sympathetic alterations of corneal nerves of the unoperated eye detected in this study 1 month postoperatively (the
most common interval time usually waited between first and
second cataract surgery) may provide an organic cause for this
phenomenon. In fact, it has been recently demonstrated in mice
models that corneal injury determines an increase in ciliary nerve
activity and may be responsible for ocular pain.32
Furthermore, it has been showed that the status of corneal
nerve fibres influences the success rate of pharmacological
therapy with anaesthetics in the setting of fibromyalgia. In
particular, the subset of patients who presented corneal nerve
abnormalities were found to show a poor analgesic response to
anaesthetics.33 We speculate that this scenario may occur also
during the second cataract surgery, when the presence of corneal
nerves abnormalities determined by the first operation may be
responsible for the greater unpleasant experience and the higher
discomfort symptomatology experienced.
Third, the contralateral eyes are usually used as controls in
clinical practice and research studies, or as the so-called independent eyes to measure outcome parameters. The present

Giannaccare G, et al. Br J Ophthalmol 2020;0:1–6. doi:10.1136/bjophthalmol-2019-315449

Br J Ophthalmol: first published as 10.1136/bjophthalmol-2019-315449 on 3 April 2020. Downloaded from http://bjo.bmj.com/ on May 2, 2020 at Universita degli Studi di Milano. Protected by
copyright.

Clinical science

findings indicate that this practice should be rethought, because
the comparison between affected and unaffected eyes may lead
to confounding results.
Surprisingly, we did not find a significant increase of DCs in
both operated and unoperated eyes 1 month postoperatively, and
the DCs density remained within the wide physiological range
described in the literature.34 Corneal neuroimmune crosstalk
links nervous dysfunction and inflammation activation through
the anterograde nerve degeneration and the release of neuropeptides that increases the immune response of corneal tissue,
thereby generating mature DCs. This phenomenon has been
described in various chronic ocular surface conditions, such as
infectious and inflammatory diseases.35 36
Several explanations can be made to support the discrepancy between nervous damage and inflammation activation
found in our study. First of all, the distribution of DCs is
uneven over the entire cornea and their density is reported to
be maximum at the limbus, less in the peripheral cornea and
least in the central cornea, the only region examined in our
study by IVCM.33 Second, it has been demonstrated that the
recruitment of DCs happens as early as 24 hours after nerve
injury; subsequently, the mature DCs migrate to the draining
lymph nodes to activate effector lymphocytes. Therefore, as
demonstrated also in other studies, the DC density returns to
baseline values within 1 month after an acute injury.35–37 Lastly,
a possible confounding factor is related to the usage of topical
corticosteroids in the operated eye in the first postoperative
week since it has demonstrated that these therapies are able to
reduce the density of DCs.23 24 It can be speculated that, though
not significant, the decrease of DCs density in the operated eyes
could be caused by the effect of postoperative treatment with
corticosteroids. Conversely, the not significant increase of DCs
density in the unoperated eyes could be related to the sympathetic effect of cataract surgery in eyes that did not receive any
anti-inflammatory therapy.
The corneal sensitivity threshold did not change significantly
1 month after surgery, in agreement with others that demonstrated its rapid decrease in the early postoperative period
followed by a gradual improvement within 1 month postoperatively in healthy patients.38
The main limitation of this preliminary study is related to
the small sample size and the limited follow-up that prevented
us to assess the persistence or resolution of these changes over
time as well as the long-term implications of the contralateral
sympathetic nervous response. However, a recent research paper
reported that the reduced number of ipsilateral sub-basal nerve
fibres returned to normal values within 8 months after cataract
surgery,2 and this time interval could be considered reasonable
also for the bilateral changes. The identification of the exact
timeframe for the resolution of nerve abnormalities may help to
suggest the most appropriate time interval to be waited between
the first and the second operation in the setting of sequential
cataract surgery. In addition, the postoperative treatment of the
unoperated fellow eye with tear substitutes enriched with nutrients for nerves could be taken into account in order to support
corneal nerve recovery.
In conclusion, patients undergoing cataract surgery exhibit
bilateral subclinical alterations at the level of corneal SNP
1 month postoperatively. These alterations are likely caused by
the sympathetic inflammatory response occurring at the level
of the unoperated eye in the early postoperative period. If
confirmed in larger subsets, this finding could have significant
implications in the setting of sequential cataract surgery.

Acknowledgements The authors thank R.A. Malik and colleagues for the
software ACCMetrics, developed and validated by the University of Manchester for
the analysis of sub-basal nerve plexus in corneal confocal microscope images.
Contributors GG, VS and AV designed the study. FG and FT recruited the
patients. DS evaluated corneal sensitivity. RS made the in vivo confocal microscopy
examination. DS and LDC selected the images. CET and RS did cataract surgery
procedures. FB analysed the images with ACCmetrics. MP and CS did the statistical
analysis. PV and CET supervised the work. GG wrote the draft. All the authors
reviewed the manuscript.
Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.
Competing interests None declared.
Patient consent for publication Not required.
Ethics approval The study was carried out in accordance with the Declaration of
Helsinki and received approval of the Ethics Committee of the S. Martino University
Hospital (Genoa, Italy).
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request. The
data that support the findings of this study are available from the corresponding
author (GG), upon reasonable request.
ORCID iDs
Giuseppe Giannaccare http://orcid.org/0000-0003-2617-0289
Marco Pellegrini http://orcid.org/0000-0002-6419-6941
Aldo Vagge http://orcid.org/0000-0002-9346-9267

References

1 Dell SJ, Hovanesian JA, Raizman MB, et al. Randomized comparison of postoperative
use of hydrogel ocular bandage and collagen corneal shield for wound protection and
patient tolerability after cataract surgery. J Cataract Refract Surg 2011;37:113–21.
2 Gomes JAP, Azar DT, Baudouin C, et al. TFOS DEWS II iatrogenic report. Ocul Surf
2017;15:511–38.
3 De Cillà S, Fogagnolo P, Sacchi M, et al. Corneal involvement in uneventful cataract
surgery: an in vivo confocal microscopy study. Ophthalmologica 2014;231:103–10.
4 Misra SL, Goh YW, Patel DV, et al. Corneal microstructural changes in nerve fiber,
endothelial and epithelial density after cataract surgery in patients with diabetes
mellitus. Cornea 2015;34:177–81.
5 Cruzat A, Schrems WA, Schrems-Hoesl LM, et al. Contralateral clinically unaffected
eyes of patients with unilateral infectious keratitis demonstrate a sympathetic immune
response. Invest Ophthalmol Vis Sci 2015;56:6612–20.
6 Hamrah P, Cruzat A, Dastjerdi MH, et al. Unilateral herpes zoster ophthalmicus
results in bilateral corneal nerve alteration: an in vivo confocal microscopy study.
Ophthalmology 2013;120:40–7.
7 Yamaguchi T, Calvacanti BM, Cruzat A, et al. Correlation between human tear
cytokine levels and cellular corneal changes in patients with bacterial keratitis by in
vivo confocal microscopy. Invest Ophthalmol Vis Sci 2014;55:7457–66.
8 Giannaccare G, Pellegrini M, Taroni L, et al. Longitudinal morphometric analysis of
sub-basal nerve plexus in contralateral eyes of patients with unilateral neurotrophic
keratitis. Curr Eye Res 2019;44:1047–53.
9 Paunicka KJ, Mellon J, Robertson D, et al. Severing corneal nerves in one eye induces
sympathetic loss of immune privilege and promotes rejection of future corneal
allografts placed in either eye. Am J Transplant 2015;15:1490–501.
10 Chylack LT. The lens opacities classification system III. Arch Ophthal 1993;111:831–6.
11 Giannaccare G, Pellegrini M, Sebastiani S, et al. In vivo confocal microscopy
morphometric analysis of corneal subbasal nerve plexus in dry eye disease using
newly developed fully automated system. Graefes Arch Clin Exp Ophthalmol
2019;257:583–9.
12 Giannaccare G, Pellegrini M, Bernabei F, et al. In vivo confocal microscopy
automated morphometric analysis of corneal subbasal nerve plexus in patients
with dry eye treated with different sources of homologous serum eye drops. Cornea
2019;38:1412–7.
13 Patel DV, McGhee CNJ. Mapping of the normal human corneal sub-Basal nerve
plexus by in vivo laser scanning confocal microscopy. Invest Ophthalmol Vis Sci
2005;46:4485–8.
14 Dabbah MA, Graham J, Petropoulos IN, et al. Automatic analysis of diabetic peripheral
neuropathy using multi-scale quantitative morphology of nerve fibres in corneal
confocal microscopy imaging. Med Image Anal 2011;15:738–47.
15 Dabbah MA, Graham J, Petropoulos I, et al. Dual-model automatic detection of nerve-
fibres in corneal confocal microscopy images. Med Image Comput Comput Assist
Interv 2010;13:300–7.
16 Chen X, Graham J, Dabbah MA, et al. An automatic tool for quantification of
nerve fibers in corneal confocal microscopy images. IEEE Trans Biomed Eng
2017;64:786–94.

Giannaccare G, et al. Br J Ophthalmol 2020;0:1–6. doi:10.1136/bjophthalmol-2019-315449

5

Br J Ophthalmol: first published as 10.1136/bjophthalmol-2019-315449 on 3 April 2020. Downloaded from http://bjo.bmj.com/ on May 2, 2020 at Universita degli Studi di Milano. Protected by
copyright.

Clinical science

17 Dehghani C, Pritchard N, Edwards K, et al. Fully automated, semiautomated, and
manual morphometric analysis of corneal subbasal nerve plexus in individuals with
and without diabetes. Cornea 2014;33:696–702.
18 Chen X, Graham J, Petropoulos IN, et al. Corneal nerve fractal dimension: a novel
corneal nerve metric for the diagnosis of diabetic sensorimotor polyneuropathy. Invest
Ophthalmol Vis Sci 2018;59:1113–8.
19 Szalai E, Deák E, Módis L, et al. Early corneal cellular and nerve fiber pathology
in young patients with type 1 diabetes mellitus identified using corneal confocal
microscopy. Invest Ophthalmol Vis Sci 2016;57:853–8.
20 Brines M, Culver DA, Ferdousi M, et al. Corneal nerve fiber size adds utility to the
diagnosis and assessment of therapeutic response in patients with small fiber
neuropathy. Sci Rep 2018;8:4734.
21 Parissi M, Karanis G, Randjelovic S, et al. Standardized baseline human corneal
subbasal nerve density for clinical investigations with laser-scanning in vivo confocal
microscopy. Invest Ophthalmol Vis Sci 2013;54:7091–102.
22 Niederer RL, Perumal D, Sherwin T, et al. Age-related differences in the normal
human cornea: a laser scanning in vivo confocal microscopy study. Br J Ophthalmol
2007;91:1165–9.
23 Villani E, Garoli E, Termine V, et al. Corneal confocal microscopy in dry eye treated
with corticosteroids. Optom Vis Sci 2015;92:e290–5.
24 Matsumoto Y, Shigeno Y, Sato EA, et al. The evaluation of the treatment response in
obstructive meibomian gland disease by in vivo laser confocal microscopy. Graefes
Arch Clin Exp Ophthalmol 2009;247:821–9.
25 Kovoor TA, Kim AS, McCulley JP, et al. Evaluation of the corneal effects of topical
ophthalmic fluoroquinolones using in vivo confocal microscopy. Eye Contact Lens
2004;30:90–4.
26 Hökfelt T, Zhang X, Wiesenfeld-Hallin Z. Messenger plasticity in primary sensory neurons
following axotomy and its functional implications. Trends Neurosci 1994;17:22–30.
27 Koltzenburg M, Wall PD, McMahon SB. Does the right side know what the left is
doing? Trends Neurosci 1999;22:122–7.

6

28 Chiu IM, von Hehn CA, Woolf CJ. Neurogenic inflammation and the peripheral
nervous system in host defense and immunopathology. Nat Neurosci
2012;15:1063–7.
29 Kowtharapu BS, Stahnke T, Wree A, et al. Corneal epithelial and neuronal interactions:
role in wound healing. Exp Eye Res 2014;125:53–61.
30 Versura P, Giannaccare G, Pellegrini M, et al. Neurotrophic keratitis: current challenges
and future prospects. Eye Brain 2018;10:37–45.
31 Yu J-G, Ye T, Huang Q, et al. Comparison between subjective sensations during first
and second phacoemulsification eye surgeries in patients with bilateral cataract. J
Ophthalmol 2016;2016:6521567.
32 Joubert F, Acosta MDC, Gallar J, et al. Effects of corneal injury on ciliary nerve fibre
activity and corneal nociception in mice: a behavioural and electrophysiological study.
Eur J Pain 2019;23:589–602.
33 van de Donk T, van Velzen M, Dahan A, et al. Cornea nerve fibre state determines
analgesic response to tapentadol in fibromyalgia patients without effective
endogenous pain modulation. Eur J Pain 2019;23:1586–95.
34 Mobeen R, Stapleton F, Chao C, et al. Corneal epithelial dendritic cell density in the
healthy human cornea: a meta-analysis of in-vivo confocal microscopy data. Ocul Surf
2019;17:753–62.
35 Hamrah P, Seyed-Razavi Y, Yamaguchi T. Translational immunoimaging
and neuroimaging demonstrate corneal neuroimmune crosstalk. Cornea
2016;35:S20–4.
36 Lee HK, Kim KW, Ryu JS, et al. Bilateral effect of the unilateral corneal nerve
cut on both ocular surface and lacrimal gland. Invest Ophthalmol Vis Sci
2019;60:430–41.
37 Mastropasqua L, Nubile M, Lanzini M, et al. Epithelial dendritic cell distribution
in normal and inflamed human cornea: in vivo confocal microscopy study. Am J
Ophthalmol 2006;142:736–44.
38 Park Y, Hwang HB, Kim HS. Observation of influence of cataract surgery on the ocular
surface. PLoS One 2016;11:e0152460.

Giannaccare G, et al. Br J Ophthalmol 2020;0:1–6. doi:10.1136/bjophthalmol-2019-315449

Br J Ophthalmol: first published as 10.1136/bjophthalmol-2019-315449 on 3 April 2020. Downloaded from http://bjo.bmj.com/ on May 2, 2020 at Universita degli Studi di Milano. Protected by
copyright.

Clinical science

