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ABSTRACT

Introduction: Transient dry eye symptoms
have been reported following laser in situ ker-
atomileusis (LASIK). Very rarely, patients may
present with debilitating symptoms of dry eye
syndrome (DES) with limited or no evidence of
ocular surface disease. These patients are diag-
nosed with a form of DES known as neuropathic
corneal pain (NCP).
Patients and Methods: This study is a retro-
spective medical record review of a case series of
18 patients who developed NCP post-LASIK
over the years 1996–2021. All patients who

developed severe ocular pain following LASIK
consistent with NCP were included. Patients
with severe ocular pain who had evidence of
severe ocular surface disease or other oph-
thalmic etiology to explain their debilitating
symptoms were not included.
Results: The average age of patients in our
study was 39.5 years. The majority of our
patients were female (72.2%) and of Caucasian
ancestry (83.3%). The average onset of symp-
toms was 9.6 months post-LASIK. Patients had
past medical histories significant for neuropsy-
chiatric conditions (50%), functional pain syn-
dromes (22.2%), autoimmune diseases (33.3%),
and hypothyroidism (27.8%), and the occur-
rence of these was higher than the national
prevalence of these diseases. Symptoms were
consistent with the severity and characteristics
defining NCP. Treatment was multimodal,
involved topical and systemic therapies, and
was unique to each patient. Overall, the
majority of patients had clinical improvement
in symptoms following treatment with regular
follow-up.
Conclusion: Although rare, the 26-year preva-
lence of NCP post-LASIK in our study was
roughly 1 in 900 cases. The mean time to onset
after surgery was delayed at 9.6 months. Certain
risk factors such as neuropsychiatric conditions,
history of functional pain syndromes, history of
autoimmune conditions, and hypothyroidism
may predispose patients to the development of
this condition. Patients benefited from proper
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diagnosis and a multimodal approach to treat-
ment.

Keywords: Cornea; Corneal neuralgia; Dry eye;
Eye pain; Laser in situ keratomileusis; LASIK;
Ocular neuropathic pain syndrome; Refractive
surgery

Key Summary Points

Why carry out this study?

The prevalence of neuropathic corneal
pain (NCP) following LASIK has not been
documented, and our study identifies 18
patients out of roughly 16,000 LASIK
patients seen over 26 years. The study
discusses demographics, past medical
history, symptoms and signs, clinical
presentation, and treatments for these 18
individuals to contrast the current
knowledge of this disease following
LASIK.

What was learned from this study?

The prevalence of NCP post-LASIK from
the years 1996 to 2021 was estimated at 1
in 900 patients. Our population
emphasized that patients often present
with a variety of symptoms and risk
factors and require a unique, multimodal
therapeutic approach to improve
symptoms.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14697312.

INTRODUCTION

Laser in situ keratomileusis (LASIK) is one of the
most common procedures performed world-
wide, and around one million Americans will
undergo LASIK each year [1–3]. Studies have
shown that roughly 95% of patients will report
dry eye symptoms characteristic of dry eye
syndrome (DES) immediately after treatment
[4–6], and this number diminishes to 28% at
around 3 months [7]. DES post-LASIK is better
described as a spectrum of disease that includes
tear dysfunction, neurotrophic keratopathy,
and dysesthetic cornea [8]. A subset of patients
with DES post-LASIK have reported persistent,
disabling symptoms of pain, spontaneous
burning, light sensitivity, sensitivity to air,
soreness, and achiness in the setting of either
limited or lack of clinical signs of dry eye, and
have limited response to conventional dry eye
therapies alone [9, 10]. The presentation of this
subset of patients has come to be known as
corneal neuralgia, ocular neuropathic pain, or
neuropathic corneal pain (NCP) [11]. This is an
extremely rare condition, and previous studies
have only reported cases of NCP post-LASIK and
have not been able to identify the incidence of
this condition after refractive surgery. The aim
of this study is to present a 26-year case series in
an ophthalmologist’s clinic where LASIK was
performed on 600–700 patients annually. We
discuss the demographics, relevant past medical
history, onset of symptoms following LASIK,
symptoms at presentation, clinical exam find-
ings, and treatments tried within this
population.

METHODS

This study followed the tenets of the Helsinki
Declaration of 1964 and its later amendments.
The study was Health Insurance Portability and
Accountability Act of 1996 (HIPAA)-compliant
and was approved by the institutional review
board (IRB) of the Biomedical Research Alliance
of New York (BRANY, Lake Success, NY, USA) in
accordance with research standards and state
law. This study is a retrospective case series of 18
patients with NCP following LASIK that was
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performed by a single surgeon at two tertiary
eye care centers on 16,000 patients during the
years 1996–2021. The LASIK flap was created
with either a femtosecond laser or mechanical
microkeratome, and there were no postopera-
tive complications for any of the patients
identified in the case series. All of the patients
were from the Intermountain West region. Any
patient who presented with symptoms of NCP
following LASIK and a slit-lamp examination
(SLE) of the cornea that was either normal,
lacking in any corneal pathology, or was limited
to mild ocular surface disease (mild to moderate
meibomian gland dysfunction, tear breakup
time less than 10 s and a Schirmer’s test of less
than 10 mm) was included in this case series.
The key unifying symptom was severe ocular
pain, present in all patients. This symptom was
measured subjectively and was assessed from
chart records in which patients had described
their surface eye pain with modifiers such as
‘‘extremely sensitive,’’ ‘‘severe,’’ or ‘‘constant.’’ In
addition to the treatments prescribed following
diagnosis of NCP, all patients were treated with
a topical third- or fourth-generation fluoro-
quinolone four times per day and a topical
steroid four times a day for 1 week following
LASIK. Data extracted from the medical records
included patient demographics, past medical
history, onset of symptoms post-LASIK, symp-
toms at presentation, clinical evaluation, and
treatments utilized.

RESULTS

A summary of the patient demographics can be
found in Table 1. The patients’ symptoms and
clinical presentation are documented in
Tables 2 and 3, respectively. Table 4 discusses
the different treatment modalities employed for
each of the 18 patients. Three out of the 18
cases are discussed in more detail.

Case 1

A 28-year-old African American man with a past
medical history of meibomian gland dysfunc-
tion (MGD), DES, soft contact lens use, anxiety,
depression, attention-deficit/hyperactivity

Table 1 Demographics and backgrounds of patients with
neuropathic corneal pain post-LASIK

Demographics

Mean age (range) 39.5 years

(22–62 years)

SD 11.4

Gender

Female (n = 13) 72.2%

Male (n = 5) 27.8%

Ethnicity

Caucasian (n = 15) 83.3%

Hispanic (n = 1) 5.6%

African American (n = 1) 5.6%

Asian (n = 1) 5.6%

Past medical history

Neuropsychiatric condition (n = 9) 50.0%

Depression (n = 7) 38.9%

Anxiety (n = 2) 11.1%

Bipolar disorder (n = 1) 5.6%

Panic disorder (n = 1) 5.6%

ADHD (n = 1) 5.6%

Functional pain syndromes (n = 4) 22.2%

Fibromyalgia (n = 2) 11.1%

Chronic fatigue syndrome (n = 1) 5.6%

Chronic back pain (n = 1) 5.6%

Autoimmune conditions (n = 6) 33.3%

Hypothyroid disease (n = 5) 38.5%

LASIK flap type

Femtosecond laser (n = 15) 83.3%

Mechanical microkeratome (n = 3) 16.7%

Onset of symptoms

Median onset 6 months

Mean onset (range) 9.6 months

(2–24 months)

Ophthalmol Ther (2021) 10:677–689 679



disorder (ADHD), and panic disorder underwent
LASIK surgery with a femtosecond laser flap
created with a superior hinge, thickness of 100
microns and diameter of 8.8 mm for the cor-
rection of -6.50 D with ?1.00 D of oblique
astigmatism in both eyes. Following the proce-
dure, the patient’s uncorrected distance visual

acuity (UDVA) was 20/20 in both eyes. The
procedure was uncomplicated, and the postop-
erative course was unremarkable. The patient
presented to the clinic 6 months after the LASIK
procedure with excruciating ocular pain, burn-
ing sensation, and photophobia. Clinical eval-
uation revealed normal SLE with no flap or
tomography issues, lack of fluorescein staining,
and presence of MGD. He was treated with a
soft bandage contact lens, preservative-free
dexamethasone eye drops, cyclosporine eye
drops, preservative-free artificial tears, and
punctal plugs. He was under treatment for his
neuropsychiatric conditions with sertraline and
amphetamine salts prior to LASIK. The patient
felt the most benefit from bandage contact
lenses and had significant improvement in his

Table 1 continued

SD 7.3

n = 18 adults; ADHD attention-deficit/hyperactivity
disorder

Table 2 Symptoms and signs for patients with neuropathic corneal pain post-LASIK

Cases Severe ocular pain Dryness Burning Irritation FBS Light sensitivity Air sensitivity Blepharospasm

1 4 4 4

2 4 4 4 4

3 4 4 4

4 4

5 4

6 4

7 4 4 4

8 4 4

9 4 4 4

10 4 4 4

11 4 4

12 4

13 4 4

14 4 4

15 4 4 4

16 4 4

17 4 4 4

18 4 4 4

Totals 18 5 1 2 3 7 4 2

FBS foreign body sensation
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symptoms from the multimodal treatment.
Following improvement in his symptoms, he
completed a bachelor’s degree in computer sci-
ences from an Ivy League school.

Case 3

A 22-year-old Caucasian man with a past med-
ical history of depression with suicidal ideation
underwent LASIK surgery. The LASIK flap was

created with a mechanical microkeratome with
a superior hinge and flap thickness of 160
microns for the correction of -2.00 D in the
right eye (OD) and -1.75 D in the left eye (OS).
The procedure was uncomplicated, and the
immediate postoperative course was unremark-
able. His post-procedure UDVA in both eyes was
20/15. The patient presented to the clinic 6
months after LASIK with symptoms of ocular
pain, photophobia, and foreign body sensation
in both eyes. Clinical examination revealed

Table 3 Clinical presentation and characteristics of patients with neuropathic corneal pain post-LASIK

Cases Corneal
staining

Conjunctival
staining

MGD Tear breakup time
(in s)a

Schirmer’s test I (in
mm)b

Tetracaine
challenge testc

1 0 0 Mod

2 0 0 Mild [ 10 [ 10 Neg

3 0 0 None \ 10 [ 10

4 Trace 0 Mild

5 Trace 2? Mod \ 10 [ 10 Pos

6 0 0 None

7 0 0 Mild

8 0 0 Mild

9 Trace 0 Mild

10 0 0 None

11 Trace Trace Mod [ 10 [ 10 Pos

12 0 1? Mod [ 10 [ 10 Pos

13 1? 1? Mild [ 10 [ 10

14 Trace Trace Mod Neg

15 0 0 Mild \ 10 [ 10 Neg

16 0 0 Mild Neg

17 0 0 Mild Neg

18 0 0 Mild

MGD meibomian gland dysfunction, Mod moderate, Neg negative, Pos positive. Blank cells indicate that the test was not
performed and/or not documented
Staining was graded on a standard grading system where 0 is no staining and 4? is severe staining
a,b Tear breakup time (TBUT) and Schirmer’s test I are diagnostic tools for dry eye. TBUT greater than 10 s is considered
normal, and greater than 10 mm is considered normal for the Schirmer’s test I
c The tetracaine challenge assesses the peripheral versus central sensitization of pain, and a positive result is when there is a
reduction in pain after application of tetracaine drops
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normal SLE, lack of fluorescein staining, and
normal corneal tomography and topography.
There was no evidence of MGD. The patient was
treated with cyclosporine, preservative-free
artificial tears, topical steroids, gabapentin, and
a tricyclic antidepressant (TCA). The patient was
first diagnosed with depression in high school,
and he had a history of suicidal ideation prior to
surgery. He was also under treatment for his
depression with fluoxetine and other psy-
chotropic medications before having LASIK.
Despite the initiation of various treatments, he
did not notice any improvement in his ocular
symptoms after treatment initiation and com-
mitted suicide prior to the 1-year follow-up
post-LASIK.

Case 18

A 36-year-old Caucasian woman with a past
medical history of asthma underwent an
uncomplicated LASIK procedure with a fem-
tosecond laser flap created with a superior
hinge, thickness of 115 microns, and a diameter
of 8.3 mm and correction of -5.50 D OD and
-5.75 D OS. Her postoperative course was
unremarkable, and post-procedure UDVA in
both eyes was 20/20. She reported to the clinic 9
months after her LASIK procedure with symp-
toms of stabbing ocular pain, sensation of dry-
ness, irritation, blurry vision, sensitivity to
moving air, and severe headaches. She noted
difficulty sleeping and performing daily tasks as
a result of her ocular pain. Clinical examination
at this point revealed unchanged visual acuity,
normal SLE, normal corneal staining, and mild
MGD. In vivo confocal microscopy (IVCM) of
the cornea was obtained on initial presentation
and showed decreased nerve density, increased
nerve beading, and presence of microneuromas
(MNs). Following the diagnosis of NCP, she was
treated using loteprednol eye drops, fluo-
rometholone eye drops, preservative-free artifi-
cial tears, autologous blood serum (ABS), and
punctal plugs. Treatment with nortriptyline, a
TCA, was also recommended, but the patient
refused. She was followed in the clinic regularly
and started noticing improvement in her

symptoms 5 months after initiation of
treatment.

Demographics
Out of the approximately 16,000 cases of LASIK
performed by a single surgeon from January
1996 to April 2021, we were able to identify 18
instances of NCP that occurred post-procedure.
The occurrence of NCP is 0.0011% or approxi-
mately 1 in every 900 LASIK cases from our
sample. All of these patients underwent an
uncomplicated LASIK procedure. The mean age
of the patients was 39.5 years (range 22–-
62 years), with a female-to-male ratio of 13:5. Of
the 18 cases, 15 (83.3%) individuals identified as
Caucasian, one identified as African-American
(5.6%), one identified as Hispanic (5.6%), and
one as Asian (5.6%). The mean time to onset of
symptoms was 9.6 months (range 2–24 months)
post-LASIK. The median time to onset of
symptoms post-LASIK was lower, at 6.0 months.
(Table 1).

Past Medical History
All patients had uncomplicated LASIK surgeries
with optimal visual outcomes; three underwent
mechanical microkeratome LASIK (16.7%) and
the rest had LASIK performed via femtosecond
laser (83.3%). Prior to undergoing LASIK, three
(16.7%) individuals had been diagnosed with
DES, nine (50.0%) patients had a history of
neuropsychiatric disorders, four (22.2%)
patients had been diagnosed with functional
pain syndrome, six (33.3%) patients had a his-
tory of an autoimmune condition, and five
(27.8%) had a history of hypothyroidism. Of the
nine individuals with a neuropsychiatric his-
tory, one had anxiety; six had only depres-
sion diagnosed; one patient had depression,
anxiety, ADHD, and panic disorder; and
one patient had a diagnosis of depression and
bipolar disorder. Out of the four individuals
diagnosed with functional pain syndrome, two
had fibromyalgia, one had chronic fatigue syn-
drome, and one had chronic back pain. Of the
six individuals with a history of autoimmune
conditions, two had Hashimoto’s, one had dia-
betes and psoriasis, two had arthritis, and one
had alopecia. It is important to note that all
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patients who presented with comorbid systemic
or neuropsychiatric conditions were being
actively treated by another physician for these
conditions. For example, all patients with a
history of depression were actively managed by
another physician for that condition (Table 1).

Clinical Presentation
On initial presentation, 14 patients (77.8%)
reported experiencing multiple symptoms. All
patients complained of severe ocular pain, five
(27.8%) had a sensation of dryness, one (5.6%)
reported burning sensation, two (11.1%) repor-
ted irritation, three (16.7%) had a foreign body
sensation in their eyes, seven (38.9%) reported
photophobia, four (22.2%) reported sensitivity
to air, and two (11.1%) reported new-onset
blepharospasm (Table 2).

All patients underwent fluorescein staining,
conjunctival staining, and meibomian gland
functional studies corneal staining. The lack of
fluorescein staining was noted in 12 (66.7%)
individuals, trace fluorescein staining was noted
in five (27.8%) individuals, and 1? fluorescein
staining was noted in one (5.6%) individual.
Conjunctival staining showed that 13 (72.2%)
individuals had a lack of staining, two (11.1%)
individuals had trace staining, two (11.1%) had
1? staining, and one (5.6%) had 2? staining.
Meibomian gland studies showed that three
(16.7%) individuals had no MGD, ten (55.6%)
had mild MGD, and five (27.8%) had moderate
MGD. Tear breakup time was performed in
seven (38.9%) patients and found to be abnor-
mal in three of them (\10 s). Schirmer’s test I
was performed in seven (38.9%) patients and
was found to be normal in all of them
([10 mm). A tetracaine challenge was con-
ducted in eight (44.4%) individuals, three of
whom noted improvement in pain, while five
did not. (Table 3) UDVA in both eyes post-
LASIK was 20/20 or better in five patients, 20/30
or better in two patients, and 20/50 in one
patient. The best-corrected visual acuity was
20/20 or better for both eyes in all patients.

Treatment
All patients used preservative-free artificial tears
and topical steroids (loteprednol or

preservative-free 0.1% dexamethasone), eight
(44.4%) used ABS 20%, two (11.1%) used ABS
33%, one (5.6%) used ABS 50%, 13 (72.2%) used
cyclosporine, four (22.2%) used gabapentin,
four (22.2%) used TCA, four (22.2%) used
lifitegrast, three (16.7%) used naltrexone, two
(11.1%) were given botox for management of
blepharospasm, eight (44.4%) used punctal
plugs, five (27.8%) utilized bandage contact
lenses, and two (11.1%) used scleral lenses
(three [16.7%] individuals also refused this
treatment option) (Table 4).

Not shown in Table 4: two (11.1%) individ-
uals were treated with albumin 5%, one (5.6%)
tried trigeminal nerve ganglion ablation, one
(5.6%) was managed with intense pulsed light
(IPL) for MGD, and four (22.2%) were managed
with an electronic heating device such as Lipi-
Flow� for MGD. Additionally, three of the nine
individuals with a neuropsychiatric history
were also treated for their condition with med-
ications such as sertraline, fluoxetine, amphe-
tamine salts, and trazodone. Finally, ten
(55.6%) patients reported that the therapy
combination used to treat their ocular pain led
to improvement in their symptoms (Table 4).

DISCUSSION

While it is an exceptionally uncommon condi-
tion, some patients may present post-LASIK
with refractory dry eye symptoms characteristic
of NCP. Our study identified 18 patients seen by
a single surgeon over the course of 26 years
presenting with persistent and severe symptoms
of DES out of proportion to their clinical
examination. Treatment for these patients
consisted of a combination of dry eye therapies,
anti-inflammatory medications, pain control,
anticonvulsants, and management of comorbid
neuropsychiatric conditions. Of the 18, ten
patients reported alleviation of their symptoms,
two did not, and six were lost to follow-up.
There is a paucity of data regarding the inci-
dence of NCP post-LASIK treatment. From this
case series, the prevalence of NCP post-LASIK is
approximately 1 in every 900 cases, making it
an extremely rare condition following LASIK
surgery.

684 Ophthalmol Ther (2021) 10:677–689



Risk factors associated with the development
of DES could also play a role in the development
of NCP [8]. Multiple studies have shown that
women are at an increased risk of developing
DES post-LASIK [5, 12, 13], and this was con-
sistent with what we observed in our case series.
Asian ethnicity has also been associated with
increased risk of developing DES after LASIK
[5, 14]. Interestingly, only one patient in our
case series was of Asian ethnicity, and we
observed that 83.3% of individuals who devel-
oped NCP post-LASIK identified as Caucasian.
The population demographics of the region in
which these individuals were diagnosed and
treated are primarily Caucasian (72.8%), with
only 5.4% Asian [15]. This difference could
explain why we observed that most individuals
who developed NCP following LASIK were
Caucasian.

Neuropsychiatric conditions such as depres-
sion, anxiety, and post-traumatic stress disorder
(PTSD) have also been associated with an
increased risk of developing DES [10, 16–19].
We noted that 50.0% of the patients in our case
series had a history of neuropsychiatric condi-
tions. Studies have also found worsening of
neuropsychiatric conditions as a result of NCP
[2, 20], and another study has also reported rare
cases of suicide following laser refractive surgery
[21]. Although worsening of symptoms of neu-
ropsychiatric conditions was not measured in
our patients, one individual (case 3) with a
history of depression committed suicide within
1 year of onset of symptoms of NCP post-LASIK.
Previous studies in patients with NCP post-
LASIK have not documented the prevalence of
neuropsychiatric disease in their studies. How-
ever, a study of 181 patients diagnosed with
neuropathic ocular pain showed that 43.6%
were on an antidepressant and 40.9% were
taking an anxiolytic [2]. Another study of 59
patients with NCP documented that 16.7% of
their patients had depression and 10% had
anxiety [22]. The US Centers for Disease Control
(CDC) reports that the percentage of adults
above 18 years of age that report feelings of
depression in the US population is 4.7% and the
percentage that reports frequent feelings of
anxiety is 11.2% [23]. Our study results, in
conjunction with existing literature, further

support the hypothesis that the presence of
neuropsychiatric conditions can predispose
individuals to the development of NCP.
Understanding that underlying neuropsychi-
atric conditions may predispose the patient to
NCP should prompt physicians who diagnose or
suspect this condition to ask additional ques-
tions. The physician should inquire about a past
medical history of neuropsychiatric disorders,
confirm that these patients have a provider who
is actively managing these conditions, and refer
the patient to the appropriate psychologist or
psychiatrist if they are indeed not being actively
managed.

Fibromyalgia, other functional pain syn-
dromes, autoimmune diseases, and thyroid
diseases are some of the other systemic diseases
shown to be linked to NCP [24]. Of the patients
in our study, 22.2% had a diagnosis of func-
tional pain syndrome, 33.3% had an autoim-
mune condition, and 27.8% had
hypothyroidism. Other studies have shown the
occurrence of autoimmune diseases in patients
with NCP at 16.7%, hypothyroid disease at
16.7%, and fibromyalgia at 6.7% [22]. Of the
patients with hypothyroid disease, two were
known to have Hashimoto’s thyroiditis. In the
United States, fibromyalgia affects about 2% of
the adult population [25], hypothyroidism is
seen in 4.6% of the population 12 years and
older [26], and autoimmune disease is present
in 5–8% of the population [13]. There is no
consensus in the literature regarding the
prevalence of comorbidities in individuals with
NCP, but the occurrence here is higher than the
prevalence of the general US population.

The symptoms of NCP are nonspecific and
can be similar to those seen with DES [13]. The
literature reveals that those individuals with
NCP report symptoms such as ocular pain, irri-
tation, itchiness, dryness, grittiness, burning,
aching, light sensitivity, soreness, and foreign
body sensation [9, 13, 24, 27, 28]. Our case
series is consistent with previous literature
regarding symptoms associated with NCP.
Ocular pain is the only consistent symptom we
observed among our patients. Additionally, the
literature shows that SLE of the cornea in indi-
viduals with NCP post-LASIK tends to be normal
and will occasionally show dryness [13, 24, 27].
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In our study, 15 (83.3%) individuals had evi-
dence of MGD and three (16.7%) individuals
had tear breakup time test results indicative of
DES on clinical evaluation. Although most
individuals in our study did have some evidence
of minimal DES on clinical evaluation, the
severity of the symptoms reported was out of
proportion to what was seen on examination.

IVCM of the cornea may also be helpful in
the diagnosis of NCP [9, 10, 13, 24, 27]. Studies
have reported that this test tends to demon-
strate the presence of MNs, increased nerve
tortuosity and beading, decreased nerve fiber
density, and a larger dendritic cell population in
individuals with NCP [9, 24, 27]. IVCM of the
cornea obtained on one of the patients (case 18)
in our study at the time of diagnosis also
showed decreased nerve density, increased
nerve beading, and presence of MNs. However,
it is worth noting that a recent study published
demonstrated that only 16 out of 63 individuals
with features of neuropathic pain had MNs on
IVCM. Additionally, 10 out of 55 individuals
with no features of neuropathic pain also had
MNs on IVCM. Finally, the same study also
found that the presence of MNs on IVCM
among individuals with and without dry eye
symptoms was not statistically significant [29].
This indicates that although the presence of
MNs on IVCM may be helpful in the diagnosis
of NCP, their absence does not rule out this
condition.

Studies have previously shown that testing
the changes in pain level after applying a topi-
cal anesthetic on the cornea can be used to
differentiate between peripheral and central
sensitization of pain in individuals with NCP
[10, 13, 24, 27]. The application of a topical
anesthetic should reduce the transmission of
peripheral pain. Therefore, patients who expe-
rience complete or partial resolution of pain
suffer from peripheral pain or mixed peripheral
and central pain, respectively. Individuals who
do not notice any improvement in their symp-
toms suffer, at least in part, from central pain
[13, 24]. In our study, eight patients were eval-
uated with a topical tetracaine challenge test. Of
these patients, five reported no improvement in
their symptoms and three had complete but
transient resolution of pain post-anesthetic

application. This indicates that of those eight
patients, five had a component of central sen-
sitization of pain and three had either periph-
eral or mixed sensitization of pain. Utilizing this
test to determine the etiology of NCP, central
versus peripheral, can help guide treatment
decisions [13, 24].

Variability in symptoms, along with a benign
clinical examination, makes NCP a difficult
condition to diagnose. It should be included in
the differential diagnosis for any individual
who reports severe ocular pain, burning, irrita-
tion, light and air sensitivity, and foreign body
sensation with minimal or no evidence of ocu-
lar surface disease post-LASIK. Although symp-
toms of NCP overlap with those of DES, the
severity reported by patients can point towards
a diagnosis of NCP. In addition, the risk factors
listed above may help raise clinical suspicion for
the disease if other corneal diseases have been
ruled out.

Literature suggests that the treatment
approach of this condition should be multi-
modal [13]. Studies have reported successful
management of NCP with artificial tears, ABS,
anti-inflammatory agents (topical steroids,
cyclosporine, anakinra, tacrolimus), antide-
pressants (TCAs, selective serotonin reuptake
inhibitors [SSRIs], and serotonin–nore-
pinephrine reuptake inhibitors [SNRIs]), anti-
convulsants (gabapentin, carbamazepine, and
pregabalin), pain medications (naltrexone or
tramadol), contact lenses (scleral or soft ban-
dage), vitamins (B12 and D), omega-3 fatty
acids, exercise, and even electrical stimulation
of the trigeminal ganglion [13, 24, 27, 30–35].
Each patient in our study had a unique multi-
modal treatment plan involving many of the
treatments listed. Since all patients reviewed
here were managed with more than one ther-
apy, the relative contribution of each modality
in improving the symptoms of ocular pain
cannot be assessed. We believe that there is no
single treatment approach, and most patients
will require several modalities to achieve sig-
nificant improvement of symptoms. Of the
patients who were assessed, 83.3% had
improvement in their pain symptoms following
multimodal treatment. Although these symp-
toms can be extraordinarily debilitating,
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especially when left untreated, most patients
have significant improvement with regular fol-
low-up. It is critical to recognize the validity of
these patients’ symptoms, despite there being
limited or no evidence of corneal pathology
related to dry eye, and begin treatment with
regular follow-up. The majority of the patients
presented with debilitating symptoms but were
then able to return to normal activities of daily
living following treatment.

While the data presented here today repre-
sents one physician’s experience over a 26-year
career performing LASIK, our study has some
limitations. As with all retrospective analyses,
there are limits in standardization. As the
knowledge of best practices for treatment and
diagnosis evolved, so did the diagnosis and
treatment for the patients in this study. For this
reason, and due to the rarity of the condition
and the multimodal treatment approach for the
disease, the treatment regimen could not be
standardized amongst the patients. This lack of
standardization included the lack of a pain scale
such as the visual analog scale (VAS) or ocular
pain assessment survey (OPAS). Because of the
rarity of this disease, we suggest that future
studies, especially any prospective studies,
include a standardized pain scale in the assess-
ment of ocular pain in the workup or diagnosis
of NCP. The tetracaine challenge was performed
on some patients for somatosensory assessment,
but we realize that there are additional assess-
ments of this nature available. Corneal esthe-
siometry measured with a device such as the
Cochet–Bonnet contact esthesiometer was not
done but would be suggested for future studies.
As with other retrospective studies, we did not
have controls. Additionally, there was incom-
plete data in some of the patients’ charts and
not all the data gathered was comparable
between the cases. We attempted to estimate
the prevalence of post-LASIK NCP over the
26 years, but this is based on the assumption
that patients with NCP returned for follow-up
outside the immediate postoperative period.
The mean onset of symptoms in our patient
population was 9.6 months, with the lower
limit being 2 months; thus, the delay in onset
could have led to increased loss of follow-up.
Despite these limitations, the knowledge

presented helps to elucidate general statistics
regarding NCP in the post-LASIK population
that have otherwise not been documented.

CONCLUSION

Dry eye symptoms are commonly reported after
LASIK. NCP, however, is a rare presentation of
debilitating, persistent dry eye symptoms with
limited or no clinical evidence of dry eye. The
pathophysiology of this condition remains
unclear, but there appear to be risk factors
related to demographics and past medical his-
tory that may predispose patients to this con-
dition. The prevalence of NCP following LASIK
over 26 years was roughly 1 in 900. With early
identification, regular follow-up, and multi-
modal treatment, most patients have significant
improvement and go on to lead functional lives
during which they manage the otherwise
debilitating symptoms of NCP.
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