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Abstract

:

Purpose: To investigate the response to gabapentin treatment in patients with dry eye (DE) accompanied by features of neuropathic ocular pain (NOP), and to analyze the differences between clinical manifestations of the groups according to treatment response. Methods: We retrospectively reviewed the records of 35 patients with DE accompanied by NOP features and obtained information on their medical history and previous ocular history. The patients underwent clinical examinations of the tear film, ocular surface, and meibomian gland and completed the Ocular Pain Assessment Survey (OPAS). One month after treatment with topical eye drops, add-on of gabapentin treatment was determined according to the Wong–Baker FACES Pain Rating Scale (WBFPS). A reduction of 2 points or more on the WBFPS was considered a positive treatment response. Enrolled patients were divided into three groups according to the treatment response: topical treatment response group (group 1, n = 11); gabapentin response group (group 2, n = 13); and gabapentin non-response group (group 3, n = 11). The medical history, clinical parameters, and OPAS scores were compared between groups. Results: The incidence of systemic comorbidities was higher in group 2 than in other groups. The corneal staining scores were lower in groups 2 and 3 than in group 1. Among the treatment response groups, group 2 showed improvements in OPAS scores of ocular pain severity, pain other than eyes, and quality of life, while group 1 showed improved OPAS scores of ocular pain severity and ocular associated factors. Group 2 exhibited lower scores of pains aggravated by mechanical and chemical stimuli than group 3. Conclusions: Gabapentin could be effective in patients who have systemic comorbidity and less pain evoked by mechanical and chemical stimuli for the treatment of DE patients with NOP, which is refractory to topical treatment.
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1. Introduction


Dry eye (DE) is a multifactorial disease of the ocular surface characterized by a loss of homeostasis of the tear film and accompanied by ocular symptoms [1]. The prevalence of DE has increased considerably worldwide over the last three decades [2]. Some patients with DE experience severe pain that reduces their quality of life (QoL) with minimal ocular surface signs [1,3]. Their manifestations include a variety of unpleasant spontaneous ocular sensations, such as burning, aching, and photoallodynia [1,3]. A neurobiological mechanism is known to underline the ocular symptoms of DE [3].



The classification of pain is based on the underlying etiology: nociceptive, neuropathic, and mixed [4]. The primary approach to treating severe ocular pain is to target potential nociceptive factors [5]. Topical treatment could be attempted to lower tear osmolarity and reduce inflammation [6]. If the pain cannot be resolved with the primary approach, neuropathic pain could be considered [5,7,8]. In DE, persistent damage to the ocular surface and nerve endings induced by tear film instability and inflammation can cause peripheral neuronal sensitization. Moreover, repeated peripheral nerve injury can lead to central neuronal sensitization [9,10,11,12].



DE and neuropathic pain share several common features, including frequent discordance between the symptoms and signs, abnormal somatosensory testing, accompanying comorbidity, and anatomic nerve injury or somatosensory nerve sensitization [9,13]. Ocular pain symptoms disproportionally outweighing the clinical signs are suggestive of an underlying neuropathic etiology that requires systemic pain management [9,13].



Oral gabapentin is the first-line agent for the treatment of chronic systemic neuropathic pain [14]. Especially, gabapentin could reverse elements of central sensitization in patients with chronic pain [15,16,17]. This agent has been studied as a therapy for ocular pain after refractive surgery and painful DE [7,18,19,20]. However, central nervous system (CNS) depression may occur as a side effect [15], and the therapeutic efficacy of gabapentin for neuropathic ocular pain (NOP) has not been verified. Hence, ophthalmologists are less likely to use gabapentin for treating NOP which is refractory to topical agents. In this study, we aimed to investigate the response to gabapentin treatment in DE patients with NOP features and compare the clinical parameters and ocular pain assessment survey (OPAS) scores between groups according to the treatment response.




2. Methods


Ethical approval was obtained from the Chonnam National University Hospital Institutional Review Board, and the study protocol adhered to the guidelines of the Declaration of Helsinki. Data were collected by retrospective review of the patients’ medical charts and recorded using electronic case report forms.



2.1. Study Population


Patients with DE accompanied by NOP features, who underwent evaluation between January 2018 and February 2020, were included in the analysis. DE was diagnosed at the first visit, based on an ocular surface disease index (OSDI) score ≥ 13 and tear break-up time (TBUT) ≤ 10 s. The inclusion criteria were as follows: (1) chronic ocular pain lasting for more than 3 months, which was unresponsive to topical lubricants (e.g., sodium hyaluronate, carboxymethylcellulose sodium, carbomer, lanolin ointment, etc.); (2) discordance between the painful DE symptoms and signs; (3) specific descriptors, including spontaneous burning, stinging, photosensitivity, and allodynia; and (4) Wong–Baker FACES Pain Rating Scale (WBFPS) score ≥ 6. The exclusion criteria were as follows: (1) topical anti-inflammatory drug use, including steroids and cyclosporin; (2) use of systemic medications that alter the pain and mood status, including analgesics, antidepressants, and antiepileptics; (3) systemic comorbidities that contraindicate the use of gabapentin, including chronic kidney disease; and (4) follow-up duration of less than 2 months.




2.2. Measurement of Clinical Parameters


The OSDI score, TBUT, Schirmer score, corneal stain score (CSS), and meibomian gland (MG) parameters were evaluated by the same investigator (K.C.Y.). Only the “worse” eye was assessed as follows: (1) eyes with severe CSS, or (2) the right eye if the CSS was the same in both eyes.



The OSDI questionnaire was used to quantify the vision-related QoL and included the following subscales: (1) ocular symptoms (OSDI symptoms); (2) vision-related activities of daily living (OSDI visual function); and (3) environmental triggers (OSDI trigger). The total OSDI score and each subscale score, which ranged from 0 to 100, were analyzed [21].



TBUT was assessed using a moistened fluorescein strip (Haag-Streit, Koeniz, Switzerland), and the time interval between the last complete blink and the first appearance of a dry spot or disruption of the tear film was recorded in seconds. This examination was performed thrice, and the mean TBUT value was used for the analysis. CSSs were obtained through a white light and cobalt blue filter, using the area-density index, scoring area and density of the superficial punctate corneal lesion and multiplying the area and density score [22]. Schirmer score was measured using a calibrated sterile strip (Color Bar Schirmer Tear Test; Eagle Vision Inc., Memphis, TN, USA) under topical anesthesia (0.5% proparacaine chloride). The sterile strips were placed at the lateral canthus away from the cornea and left for 5 min with the eyes closed. Schirmer scores were represented as the length of wetting in millimeters for 5 min.



The MG quality score was graded using a scale ranging from 0 to 3 as follows: grade 0, normal, clear oil expressed; grade 1, opaque, diffusely turbid, normal viscosity; grade 2, opaque, increased viscosity; and grade 3, inspissated (thick, toothpaste-like appearance) meibum or non-expressible glands. The MG expressibility score was graded by counting the central eight expressed MG orifices of the lower lid as follows: grade 0, all glands are expressible; grade 1, 3–4 glands are expressible; grade 2, 1–2 glands are expressible; and grade 3, no gland is expressible [23].




2.3. Assessment of Ocular Pain


The WBFPS was chosen to screen pain severity in patients with DE. We explained to the patients that each face represented a person who had no pain, had some pain, or had severe pain. Patients chose the face that best depicts the pain they were experiencing at that moment [24].



All patients completed the OPAS, which is a validated questionnaire for neuropathic pain that combines patient responses regarding ocular and non-ocular pain intensity, impact on QoL, aggravating factors, associated factors, and symptomatic relief [25]. The questions were divided into sections for analysis: questions 4–9 pertained to eye pain intensity (0 to 60); questions 10–11, pertained to non-eye pain (0 to 20); questions 13–19 (0–10, total score 0 to 60) assessed the QoL (reading and/or computer use; driving and/or watching TV; general activity; mood; sleep; and enjoying life/relations with other people); questions 20–21 (each score 0–1, total score 0 to 2) assessed aggravating factors (mechanical and chemical stimuli); and questions 22–25 (each score 0–1, total score 0 to 4), assessed associated factors (redness; burning; sensitivity to light; and tearing). The section on symptomatic relief was excluded, and only questions 4–25 were analyzed in this study.




2.4. Protocol of Treatment and Grouping


At the first visit, all patients were instructed to instill preservative-free sodium hyaluronate 0.15% (Hyaluni eye drops 0.15%®, Taejoon Pharmaceutical Co., Ltd., Seoul, Korea) 6 times a day, and loteprednol 0.5% (Lotemax®, Bausch & Lomb, Rochester, NY, USA) and cyclosporin A ophthalmic nanoemulsion 0.05% (Cyporin N®, Taejoon, Seoul, Korea) twice a day. After 1 month of treatment, an add-on of gabapentin 600 to 1200 mg/day (Neurontin cap®, Pfizer, New York, NY, USA) was determined according to the WBFPS score. The topical treatment was continued without gabapentin if the WBFPS score decreased by more than 2 points. If not, the add-on gabapentin treatment was administered for 1 month.



Patients were divided into three groups according to the treatment response: group 1 comprised patients who experienced symptomatic relief only with eye drops (topical treatment response group, n = 11); group 2 comprised patients who experienced symptomatic relief after the administration of gabapentin (gabapentin response group, n = 13); and group 3 comprised patients who were unresponsive to both treatments (gabapentin non-response group, n = 11; Figure 1).




2.5. Statistical Analysis


Statistical analyses were conducted using Statistical Package for the Social Sciences, version 22.0, for Windows (SPSS Inc., Chicago, IL, USA). The normality of distribution for all variables was assessed using the Shapiro–Wilk test. Fisher’s exact test was used for categorical data. Variables satisfying normal distribution were analyzed using the one-way analysis of variance and independent t-test, and those with non-normal distribution were analyzed with the Mann–Whitney U test. Post hoc analysis was performed after multiple comparison analysis using Tukey’s honestly significant difference test and Bonferroni adjustment. The symptom scores obtained before and after treatment were compared using the Wilcoxon signed-rank test, with differences corrected using the Benjamini–Hochberg procedure using false discovery rates of 0.25. p-values less than 0.05 were considered statistically significant.





3. Results


This study included 35 patients with DE accompanying NOP features. The mean age was 55.6 ± 11.7 years, and 27 patients (77.1%) were women. There were no differences in baseline characteristics according to sex (data not shown). Only 1 of the 24 patients treated with gabapentin experienced a side-effect (mild tremor).



Table 1 shows the demographics and medical history of the patients enrolled in this study. There was no history of systemic comorbidity, ocular surgery, and trauma in group 1. Systemic comorbidities including rheumatologic, neurologic, and phycological disorders were more frequent in group 2 than in group 3 (p = 0.034). No differences were observed between the previous ocular histories of groups 2 and 3.



Table 2 presents the comparisons of the clinical DE and MG parameters of the three groups. The CSS of groups 2 and 3 were lower than those of group 1 (p = 0.048 and p = 0.033). There were no differences between the CSS and other clinical parameters of groups 2 and 3.



Table 3 shows the changes in the OPAS scores of groups 1 and 2. Improved OPAS scores of ocular pain severity and associating factors were noted after treatment in group 1 (both p = 0.026). Group 2 exhibited improved OPAS scores of ocular pain severity, pain other than eyes, and QoL (p = 0.011, p = 0.026, and p = 0.011, respectively).



The comparisons of the OPAS scores between groups 2 and 3 are presented in Table 4. The scores of “enjoying life/relations with other people” associated with the QOL and pain aggravated by mechanical and chemical stimuli were lower in group 2 than in group 3 (p = 0.019, p = 0.003, and p = 0.004, respectively).




4. Discussion


Pain is an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described with respect to such damage, and can be classified into nociceptive and neuropathic pain [26]. Nociceptive pain is caused by actual or threatened damage to tissue due to the activation of nociceptors. In contrast, neuropathic pain is caused by a lesion or disease of the somatosensory nervous system. Repeated peripheral nerve injury can lead to peripheral sensitization, and prolonged peripheral ectopic pain initiates central sensitization [13,26].



DE is a multifactorial disease of the ocular surface, which is accompanied by ocular symptoms [1]. At times, patients experience ocular pain that affects their QoL. The discordance between the ocular symptoms and signs suggest an underlying neuropathic pain etiology; in such cases, ocular pain could be refractory to conventional topical DE treatment [5,8,13]. Gabapentin is the first-line treatment for systemic neuropathic pain in conditions such as fibromyalgia, postherpetic pain, and diabetic neuropathy [14]. It is an anti-convulsant drug that reduces the release of multiple excitatory neurotransmitters by acting on the α2δ subunit of the voltage-gated calcium channels, thus decreasing central sensitization [7,15].



However, limited data are available to support the use of systemic neuropathic pain medication for NOP associated with DE. A prospective, placebo-controlled study demonstrated that gabapentin reduced postoperative pain after photorefractive keratectomy [27]. However, a recent randomized pilot study showed that pregabalin, which has a similar mechanism with gabapentin, failed to prevent DE symptoms after laser-assisted in situ keratomileuses [28]. Ongun et al. [19] showed that gabapentin was more effective for the treatment of severe DE with NOP compared to topical treatment. In the present study, we aimed to analyze the differences in the clinical manifestations between groups according to treatment response in patients with DE accompanied by NOP features.



Our results showed that the frequency of other comorbidities such as rheumatologic, neurologic, and psychological disorders was higher in the gabapentin response group. Gabapentin has pharmacologic characteristics, binding to voltage-sensitive calcium channels at the α2δ subunit, affecting their function as well as influencing receptor trafficking [15]. It can secondarily influence gamma-aminobutyric acid and glutamate tone and activity via this mechanism [15]. Therefore, gabapentin can relieve not only neuropathic pain but also general systemic symptoms, such as mood, sleep, vasomotor symptoms, etc. [15,29]. This explanation corresponds to the results seen in Table 4, i.e., the significant improvement in non-ocular pain and QoL.



In contrast, the topical treatment response group had no ocular history including surgery and trauma, with more severe CSS compared to the other groups. The sensory neurons of the ocular surface and nociceptors could actually be injured in patients who had ocular surgery and trauma leading to neuroinflammation associated with peripheral and central sensitization [5,8,13]. Topical anti-inflammatory agents such as topical steroids and cyclosporin could decrease the release of proinflammatory neuropeptides and cytokines from injured nerves, affecting nociceptive pain and peripheral sensitization [9]. However, improvement of corneal nerve morphologic status and central sensitization has not been demonstrated. Therefore, patients with previous ocular history, including surgery and trauma, may not respond to topical treatment and require systemic NOP treatment.



The evoked pain in response to chemical and mechanical stimulation tended to be greater in the gabapentin non-response group than in the gabapentin response group. Evoked pain, including allodynia and hyperalgesia, is provoked or increased pain in response to stimulation [26]. These manifestations are common clinical characteristics of neuropathic pain; however, their underlying mechanisms are complex and diverse depending on the provoking stimulus [30]. The efficacy of gabapentin for the alleviation of systemic neuropathic pain was proven by several randomized, double-blind placebo-controlled studies [14]. Nevertheless, few studies have specifically focused on the treatment of evoked pain. Furthermore, one study showed that mechanical allodynia was a negative predictor of the overall effect of pregabalin in patients with postherpetic neuralgia [30,31].



Dieckmann et al. [9] suggested the proparacaine challenge test for differentiating between peripheral and central neuropathic pain and proposed a corresponding treatment strategy for DE patients with neuropathic pain etiology. The results of our study showed that the treatment response was related not only to the degree of central sensitization before treatment, but also to the patients’ systemic comorbidity, ocular history, ocular surface status, and presence of evoked pain. Gabapentin can cause side effects including CNS depression (drowsiness, dizziness, headache, etc.) and mood problems; thus, consultation with a neuropsychiatrist may be needed [15]. In this study, only one patient experienced a mild tremor as a side-effect for gabapentin treatment. Therefore, we believe gabapentin may be tolerable in DE patients associated with NOP. In addition, our results will help clinicians predict in which DE patients associated with NOP gabapentin treatment will be more effective.



Our study had some limitations. First, it was designed retrospectively and the sample size was small. Patients were recruited from a single tertiary center; thus, the findings may not be representative of the general DE population. Further prospective and longitudinal studies with a large sample size are required in the future. Second, the threshold value for determining the group classification may not have been a representative value. We classified patients with an improvement of 2 or more points on the WBFPS as the treatment response group; however, this might be not a standardized cut-off value. Moreover, we did not analyze the results of the proparacaine challenge test. It was difficult to classify the enrolled patients based on the central or peripheral phenotype of pain, since the majority of participants showed a mixed phenotype. Third, the extent of actual nerve damage was not measured using in vivo confocal microscopy. However, to the best of our knowledge, this was the first study to analyze the differences in the clinical manifestations between groups according to treatment response in DE patients with NOP features.



In conclusion, gabapentin could be successful for the treatment of DE patients with NOP features who have systemic comorbidities including rheumatological, neurological, and psychological disorders, and less evoked pain in response to mechanical and chemical stimuli. Topical treatment for DE with NOP features could be successful for patients who have a corneal staining and no ocular history including surgery and trauma.







Author Contributions


Conceptualization, K.C.Y.; methodology, H.-J.Y., J.K.; software, H.-J.Y.; validation, H.-J.Y., K.C.Y.; formal analysis, H.-J.Y.; investigation, H.-J.Y.; resources, H.-J.Y., J.K.; data curation, H.-J.Y., J.K.; writing—original draft preparation, H.-J.Y.; writing—review and editing, H.-J.Y., K.C.Y.; visualization, H.-J.Y.; supervision, K.C.Y.; project administration, K.C.Y.; funding acquisition, K.C.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by a grant of the Korea Health Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health and Welfare, Republic of Korea (HR20C0021050020) and the Chonnam National University Hospital Biomedical Research Institute (BCRI 20072).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Craig, J.P.; Nichols, K.K.; Akpek, E.K.; Caffery, B.; Dua, H.S.; Joo, C.-K.; Liu, Z.; Nelson, J.D.; Nichols, J.J.; Tsubota, K.; et al. TFOS DEWS II Definition and Classification Report. Ocul. Surf. 2017, 15, 276–283. [Google Scholar] [CrossRef] [PubMed]

	



Stapleton, F.; Alves, M.; Bunya, V.Y.; Jalbert, I.; Lekhanont, K.; Malet, F.; Na, K.-S.; Schaumberg, D.; Uchino, M.; Vehof, J.; et al. TFOS DEWS II Epidemiology Report. Ocul. Surf. 2017, 15, 334–365. [Google Scholar] [CrossRef] [PubMed]

	



Belmonte, C.; Nichols, J.J.; Cox, S.M.; Brock, J.A.; Begley, C.G.; Bereiter, D.A.; Dartt, D.A.; Galor, A.; Hamrah, P.; Ivanusic, J.J.; et al. TFOS DEWS II pain and sensation report. Ocul. Surf. 2017, 15, 404–437. [Google Scholar] [CrossRef] [PubMed]

	



Nicholson, B. Differential Diagnosis: Nociceptive and Neuropathic Pain. Am. J. Manag. Care 2006, 12, 7. [Google Scholar]

	



Dermer, H.; Lent-Schochet, D.; Theotoka, D.; Paba, C.; Cheema, A.A.; Kim, R.S.; Galor, A. A Review of Management Strategies for Nociceptive and Neuropathic Ocular Surface Pain. Drugs 2020, 80, 547–571. [Google Scholar] [CrossRef] [PubMed]

	



Jones, L.; Downie, L.E.; Korb, D.; Benitez-Del-Castillo, J.M.; Dana, R.; Deng, S.X.; Dong, P.N.; Geerling, G.; Hida, R.Y.; Liu, Y.; et al. TFOS DEWS II Management and Therapy Report. Ocul. Surf. 2017, 15, 575–628. [Google Scholar] [CrossRef] [PubMed]

	



Small, L.R.; Galor, A.; Felix, E.R.; Horn, D.B.; Levitt, R.C.; Sarantopoulos, C.D. Oral Gabapentinoids and Nerve Blocks for the Treatment of Chronic Ocular Pain. Eye Contact Lens 2019. [Google Scholar] [CrossRef]

	



Galor, A.; Levitt, R.C.; Felix, E.R.; Martin, E.R.; Sarantopoulos, C.D. Neuropathic ocular pain: An important yet underevaluated feature of dry eye. Eye 2015, 29, 301–312. [Google Scholar] [CrossRef]

	



Dieckmann, G.; Goyal, S.; Hamrah, P. Neuropathic Corneal Pain. Ophthalmology 2017, 124, S34–S47. [Google Scholar] [CrossRef]

	



Baron, R.; Binder, A.; Wasner, G. Neuropathic pain: Diagnosis, pathophysiological mechanisms, and treatment. Lancet Neurol. 2010, 9, 807–819. [Google Scholar] [CrossRef]

	



Kalangara, J.P.; Galor, A.; Levitt, R.C.; Felix, E.R.; Alegret, R.; Sarantopoulos, C.D. Burning Eye Syndrome: Do Neuropathic Pain Mechanisms Underlie Chronic Dry Eye? Pain Med. 2016, 17, 746–755. [Google Scholar] [CrossRef] [PubMed]

	



Peirs, C.; Seal, R.P. Neural circuits for pain: Recent advances and current views. Science 2016, 354, 578–584. [Google Scholar] [CrossRef] [PubMed]

	



Galor, A.; Moein, H.-R.; Lee, C.; Rodriguez, A.; Felix, E.R.; Sarantopoulos, K.D.; Levitt, R.C. Neuropathic pain and dry eye. Ocul. Surf. 2018, 16, 31–44. [Google Scholar] [CrossRef] [PubMed]

	



Attal, N.; Cruccu, G.; Baron, R.; Haanpää, M.; Hansson, P.; Jensen, T.S.; Nurmikko, T. European Federation of Neurological Societies EFNS guidelines on the pharmacological treatment of neuropathic pain: 2010 revision. Eur. J. Neurol. 2010, 17, 1113-e88. [Google Scholar] [CrossRef] [PubMed]

	



Kukkar, A.; Bali, A.; Singh, N.; Jaggi, A.S. Implications and mechanism of action of gabapentin in neuropathic pain. Arch. Pharmacal. Res. 2013, 36, 237–251. [Google Scholar] [CrossRef] [PubMed]

	



Castel, A.; Vachon, P. Gabapentin reverses central pain sensitization following a collagenase-induced intrathalamic hemorrhage in rats. J. Pain Res. 2013, 7, 5–12. [Google Scholar] [CrossRef] [PubMed]

	



Gottrup, H.; Juhl, G.; Kristensen, A.D.; Lai, R.; Chizh, B.A.; Brown, J.; Bach, F.W.; Jensen, T.S. Chronic oral gabapentin reduces elements of central sensitization in human experimental hyperalgesia. Anesthesiology 2004, 101, 1400–1408. [Google Scholar] [CrossRef] [PubMed]

	



Michael, R.; Jeffers, J.V.; Messenger, W.; Aref, A.A. Gabapentin for presumed neuropathic ocular pain. Am. J. Ophthalmol. Case Rep. 2020, 19. [Google Scholar] [CrossRef]

	



Ongun, N.; Ongun, G.T. Is gabapentin effective in dry eye disease and neuropathic ocular pain? Acta Neurol. Belg. 2019. [Google Scholar] [CrossRef]

	



Woreta, F.A.; Gupta, A.; Hochstetler, B.; Bower, K.S. Management of post-photorefractive keratectomy pain. Surv. Ophthalmol. 2013, 58, 529–535. [Google Scholar] [CrossRef]

	



Schiffman, R.M.; Christianson, M.D.; Jacobsen, G.; Hirsch, J.D.; Reis, B.L. Reliability and validity of the Ocular Surface Disease Index. Arch. Ophthalmol. 2000, 118, 615–621. [Google Scholar] [CrossRef] [PubMed]

	



Miyata, K.; Amano, S.; Sawa, M.; Nishida, T. A novel grading method for superficial punctate keratopathy magnitude and its correlation with corneal epithelial permeability. Arch Ophthalmol. 2003, 121, 1537–1539. [Google Scholar] [CrossRef] [PubMed]

	



Tomlinson, A.; Bron, A.J.; Korb, D.R.; Amano, S.; Paugh, J.R.; Pearce, E.I.; Yee, R.; Yokoi, N.; Arita, R.; Dogru, M. The international workshop on meibomian gland dysfunction: Report of the diagnosis subcommittee. Investig. Ophthalmol. Vis. Sci. 2011, 52, 2006–2049. [Google Scholar] [CrossRef] [PubMed]

	



Wong-Baker FACES Foundation. Available online: https://wongbakerfaces.org/ (accessed on 20 October 2020).

	



Qazi, Y.; Hurwitz, S.; Khan, S.; Jurkunas, U.V.; Dana, R.; Hamrah, P. Validity and Reliability of a Novel Ocular Pain Assessment Survey in Quantification and Monitoring of Corneal and Ocular Surface Pain. Ophthalmology 2016, 123, 1458–1468. [Google Scholar] [CrossRef]

	



Loeser, J.D.; Treede, R.-D. The Kyoto protocol of IASP Basic Pain Terminology. Pain 2008, 137, 473–477. [Google Scholar] [CrossRef]

	



Pakravan, M.; Roshani, M.; Yazdani, S.; Faramazi, A.; Yaseri, M. Pregabalin and gabapentin for post-photorefractive keratectomy pain: A randomized controlled trial. Eur. J. Ophthalmol. 2012, 22 (Suppl. 7), S106–S113. [Google Scholar] [CrossRef]

	



Galor, A.; Patel, S.; Small, L.R.; Rodriguez, A.; Venincasa, M.J.; Valido, S.E.; Feuer, W.; Levitt, R.C.; Sarantopoulos, C.D.; Felix, E.R. Pregabalin Failed to Prevent Dry Eye Symptoms after Laser-Assisted in Situ Keratomileusis (LASIK) in a Randomized Pilot Study. JCM 2019, 8, 1355. [Google Scholar] [CrossRef]

	



Rowbotham, M.; Harden, N.; Stacey, B.; Bernstein, P.; Magnus-Miller, L. Gabapentin for the treatment of postherpetic neuralgia: A randomized controlled trial. JAMA 1998, 280, 1837–1842. [Google Scholar] [CrossRef]

	



Jensen, T.S.; Finnerup, N.B. Allodynia and hyperalgesia in neuropathic pain: Clinical manifestations and mechanisms. Lancet Neurol. 2014, 13, 924–935. [Google Scholar] [CrossRef]

	



Stacey, B.R.; Barrett, J.A.; Whalen, E.; Phillips, K.F.; Rowbotham, M.C. Pregabalin for postherpetic neuralgia: Placebo-controlled trial of fixed and flexible dosing regimens on allodynia and time to onset of pain relief. J. Pain 2008, 9, 1006–1017. [Google Scholar] [CrossRef]








[image: Jcm 09 03765 g001 550] 





Figure 1. Flowchart of treatment protocol and grouping. 
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Table 1. Demographics and personal history of patients with dry eye accompanied by neuropathic ocular pain features.
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Topical Treatment (n = 11)

	
Gabapentin Treatment

	
p-Value




	
Response (n = 13)

	
Non-Response (n = 11)






	
Demographics

	

	

	

	




	
Age (years)

	
59.4 ± 11.7

	
52.5 ± 10.3

	
55.5 ± 13.2

	
0.367




	
Sex (M:F)

	
3:8

	
3:10

	
2:9

	
0.879




	
Comorbidities, n

	
0

	
7

	
1

	
0.010




	
Rheumatologic disease

	
0

	
3

	
0

	




	
Neurologic disorder

	
0

	
2

	
1

	




	
Psychological disorder

	
0

	
2

	
0

	




	
Previous ocular history, n

	
0

	
6

	
6

	
0.014




	
Cataract

	
0

	
2

	
1

	




	
LASIK/LASEK

	
0

	
1

	
3

	




	
Ocular trauma

	
0

	
1

	
1

	




	
Eyelid surgery

	
0

	
2

	
1

	




	
Number of previously used topical agents, n

	
1.55 ± 0.69

	
1.77 ± 0.60

	
1.82 ± 0.75

	
0.603








M, male; F, female; LASIK, laser-assisted in situ keratomileusis; LASEK, laser-assisted sub-epithelial keratectomy. Compared using Fisher’s Exact test.
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Table 2. Clinical parameters in patients with dry eye accompanied by neuropathic ocular pain features according to the treatment response.
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Topical Treatment

(n = 11)

	
Gabapentin Treatment

	
p-Value

	
Post Hoc Analysis




	
Response (n = 13)

	
Non-Response (n = 11)

	
Group 1 vs. 2

	
Group 1 vs. 3

	
Group 2 vs. 3






	
OSDI

	
71.9 ± 7.34

	
69.2 ± 35.3

	
74.48 ± 19.1

	
0.959

	
0.993

	
0.994

	
0.956




	
Tear film and ocular surface parameters

	

	

	

	

	

	

	




	
TBUT (sec)

	
4.73 ± 2.28

	
4.62 ± 1.94

	
4.00 ± 1.27

	
0.621

	
0.988

	
0.640

	
0.707




	
Schirmer test score (mm)

	
6.73± 5.31

	
5.85 ± 1.41

	
7.91 ± 2.98

	
0.369

	
0.814

	
0.712

	
0.336




	
CSS (0–9)

	
1.09 ± 1.04

	
0.31 ± 0.75

	
0.27 ± 0.47

	
0.031

	
0.048

	
0.033

	
0.994




	
MGparameters

	

	

	

	

	

	

	




	
MG quality (0–3)

	
0.91 ± 0.83

	
0.85 ± 0.69

	
0.82 ± 0.75

	
0.959

	
0.977

	
0.957

	
0.996




	
MG expressibility (0–3)

	
0.55 ± 0.69

	
0.77 ± 0.60

	
0.69 ± 0.79

	
0.712

	
0.711

	
0.811

	
0.988








All values are presented as mean ± SD. OSDI, ocular surface disease index; TBUT, tear break-up time; CSS, corneal staining score; MG, meibomian gland. Comparison using one-way analysis of variance, and post hoc analysis using Tukey’s honestly significant difference test with Bonferroni adjustment.
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Table 3. Changes in the Ocular Pain Assessment Survey score in the topical treatment and gabapentin response groups.
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Pre

	
Post

	
p-Value






	
Topical treatment response group




	
 Eye pain intensity (0–60)

	
41.0 (22.0–60.0)

	
29.5 (21.0–38.0)

	
0.026




	
 Non–eye pain (0–20)

	
6.0 (5.0–7.0)

	
13.5 (9.0–18.0)

	
0.063




	
 Quality of life (0–60)

	
37.5 (14.0–60.0)

	
34.8 (23.0–46.6)

	
0.113




	
 Aggravating factors (0–2)

	
1.30 (1.00–1.60)

	
1.35 (0.80–1.90)

	
0.459




	
 Associated factors (0–4)

	
2.85 (2.50–3.20)

	
2.20 (1.60–2.80)

	
0.026




	
Gabapentin response group




	
 Eye pain intensity (0–60)

	
38.0 (22.0–38.0)

	
26.0 (21.0–35.0)

	
0.011




	
 Non–eye pain (0–20)

	
13.0 (10.0–19.0)

	
8.0 (6.0–16.0)

	
0.026




	
 Quality of life (0–60)

	
43.0 (31.0–53.0)

	
20.0 (12.0–47.0)

	
0.011




	
 Aggravating factors (0–2)

	
0.60 (0.20–1.40)

	
0.90 (0.80–1.30)

	
1.000




	
 Associated factors (0–4)

	
1.50 (1.40–2.60)

	
0.80 (0.30–3.20)

	
0.122








All values are presented as median (interquartile range). Comparing using Wilcoxon signed-rank test.
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Table 4. Comparison of the Ocular Pain Assessment Survey score between the gabapentin response and non-response groups.
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Gabapentin Treatment

	
p-Value




	
Response (n = 13)

	
Non-Response (n = 11)






	
Eye pain intensity (0–60)

	
39.0 (15.0–40.0)

	
35.0 (19.5–44.5)

	
0.722 †




	
Non–eye pain (0–20)

	
8.0 (0.0–10.0)

	
4.0 (0.75–11.75)

	
0.249 †




	
Quality of life




	
 Reading and/or computer use (0–10)

	
0.0 (0.0–8.0)

	
7.0 (4.25–9.75)

	
0.254 †




	
 Driving and/or watching TV (0–10)

	
6.67 ± 1.97

	
6.20 ± 2.94

	
0.674 *




	
 General activity (walking, etc.) (0–10)

	
5.00 ± 3.30

	
5.40 ± 3.57

	
0.788 *




	
 Mood (0–10)

	
1.0 (0.0–7.0)

	
6.5 (3.25–9.0)

	
0.456 †




	
 Sleep (0–10)

	
5.0 (5.0–6.0)

	
5.0 (0.0–10.0)

	
0.381 †




	
 Enjoying life/relations with other people (0–10)

	
4.67 ± 3.06

	
7.60 ± 2.17

	
0.019 *




	
Aggravating factors

	

	

	




	
 Mechanical stimuli (0–1)

	
0.42 ± 0.24

	
0.78 ± 0.28

	
0.003 *




	
 Chemical stimuli (0–1)

	
0.40 ± 0.28

	
0.76 ± 0.22

	
0.004 *




	
Associated factors

	

	

	




	
 Redness (0–1)

	
0.50 ± 0.35

	
0.45 ± 0.32

	
0.628 *




	
 Burning sensation (0–1)

	
0.50 ± 0.32

	
0.45 ± 0.42

	
0.381 *




	
 Sensitivity to light (0–1)

	
0.60 ± 0.17

	
0.45 ± 0.33

	
0.080 *




	
 Tearing (0–1)

	
0.4 (0.4–0.5)

	
0.3 (0.03–0.88)

	
0.123 †








* Compared using independent t-test. † Compared using Mann–Whitney U test.
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