
The use of topical nalbuphine in different concentrations to control pain after photorefractive keratectomy (Study protocol)
Introduction
Surface refractive corneal photoablation with Excimer laser is an effective and safe procedure for low and moderate refractive errors (1). The main side effect encountered after the procedure is ocular pain in the first few days that results from exposed corneal nerves, it typically improves after complete corneal epithelial healing (2). This problem has lowered the early postoperative patient satisfaction and limited the popularity of surface ablation procedures their relative simplicity and safety in comparison to flap procedures regarding both flap-related complications and the risk of ectasia (3, 4). Several anesthetics and analgesics were tried both topically and systemically with variable satisfaction rates (5, 6) 
Nalbuphine hydrochloride is a synthetic opioid agonist-antagonist analgesic of the phenanthrene series. It is chemically related to both the widely used opioid antagonist, naloxone, and the potent opioid analgesic, oxymorphone (7). It was originally synthesized in an attempt to provide analgesia without the undesirable side effects of the pure agonists including the respiratory depression, sedation, postoperative nausea vomiting, and pruritus(8).
The aim of this study is to evaluate different concentrations of topical nalbuphine hydrochloride solution as regards efficacy and safety in post-PRK pain control.

Research Question

 Is Nalbuphine hydrochloride effective in controlling pain in the first days after photorefractive keratectomy? 
Hypothesis
Topical nalbuphine hydrochloride eye drops relieve pain after photorefractive keratectomy and this effect is more with 2mg/ml concentration than with 1 mg/ml concentration.

Aim of the work
To evaluate different concentrations of topical nalbuphine hydrochloride solution as regards efficacy and safety in post-PRK pain control.
Outcome measures
 Primary outcome measure: 
pain is measured using a numeric rating scale (recording the maximum pain level) in the first three postoperative days

  Secondary outcome measures: 
1-Number of times of analgesic eye drops application in the first three postoperative days

2-Time needed for complete epithelial healing assessed by slit lamp examination daily in the first 8 postoperative days

3-Best corrected visual acuity (converted to LogMAR) measured by Landolt chart at the end of the third postoperative month

4-Refraction measured by autorefractometer at the end of the third postoperative month

                                       Patients and Methods
Before initiating this study, the protocol, the informed consent form and any other written information to be given to patients were reviewed and approved by the Research Ethics Committee of the Delta medical center.
The investigator will explain to the patients the nature of the study, its purpose, the procedure involved, the expected duration, the benefits involved and the  potential                 risks that may be caused.
Each patient will be informed that participation is voluntary, that he or she may withdraw from the study at any time and without giving reasons. The withdrawal will not affect the subsequent medical or conservative treatment or relationship with the treating surgeon.
Technical Design:

Setting: Delta Eye and Laser Center, Egypt.
Design:  Interventional study.
              Randomized controlled trial

Subjects: Participants are recruited from the refractive clinic at the Delta Eye center.
Sample size: 200 patients
Inclusion Criteria:
Participant inclusion criteria - Description: 1-Age: Above 20 years

2-Error of refraction is less than 4 D spherical equivalent

3-Minimum corneal thickness is more than 480 microns

4-Absence of collagen diseases

5-Absence of corneal surface abnormalities

6-Absence of ocular diseases other than the refractive error

7-No history of concurrent use of systemic or topical analgesics

Exclusion Criteria:
1-Age: below 20 years

2-Error of refraction is more than 4 D spherical equivalent

3-Minimum corneal thickness is less than 480 microns

4-Presence  of collagen diseases

5-Presence of corneal surface abnormalities

6-Presence of ocular diseases other than the refractive error

7-History of concurrent use of systemic or topical analgesics

· _ Operational Design :
Preoperatively, patients will have complete ophthalmic examination and investigations including uncorrected and best-corrected visual acuity, evaluation of refractive error, slit-lamp examination including tonometry along with posterior segment examination. All patients will also have preoperative topography and Scheimpflug corneal tomography with Sirius ® dual scanning tomography (Schwind eye-solutions, Germany).
            The patients will be randomized using computer-generated randomization tables to three groups: topical nalbuphine postoperative with a concentration of 2mg/ml (group A), topical nalbuphine with a concentration of 1 mg/ml (group B) and a control group receiving artificial tears only (group C). 
The operative technique for all the patients will be performed by the same surgeon . The reconstitution of nalbuphine eye drops will be performed by an authorized pharmacist on the same day prior to the refractive  procedure under aseptic conditions. The bottles will be similarly labelled as (analgesic bottles) with a special code to ensure that both patient and examiner will be blind to the true content of the analgesic bottle until the study is completed.

Patients will be asked to record their highest pain level at the end of the day for the first three days. Pain recording will be  done using a numeric rating scale where the patients subjectively rated their pain level on a numeric rating  scale (NRS) as follows
Patients will also be asked to record the number of eye drops instillation times used in each of these three days as well.
 Patients will be seen daily for the first 8 days and will be  examined for epithelial healing and signs of complications,/
Topical artificial tears (Tears naturale®)  and fluorometholone 0.1% (Flucon®, Alcon Laboratories Inc, USA) will be  continued for 3 months and patients will then be examined for final visual acuity, refraction and possible complications.

Follow up

Follow up will be first  by daily examination for the first 8 days to assess epithelial healing and to detect any complication.

Follow up will last for 3 months postoperatively to measure final visual acuity and spherical equivalent .
Results

The collected data will be entered to and analysed by computer using Statistical Package of Social Services, version 25 (SPSS) (IBM, 2017). Shapiro–Wilk test will be  used to determine the distribution characteristics of variables and variance homogeneity. Normally distributed data should be described using mean, SD and range, while heterogeneous data will be described using median and range. 

One way analysis of variance (ANOVA) and post hoc (LSD) tests will be  used to test differences between groups when variances are equal, while the Kruskal-Wallis test and Dunn’s multiple comparison test will be used when equal variances are not present. 

Repeated measures ANOVA will be used to test differences within groups when variances are equal, while Friedman’s test will be  used when equal variances are not present. 

Pearson’s chi-squared test will be used to analyse qualitative data. In all the tests, the P value of ˂ 0.05 will be taken as significant.
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