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Background: Refractive surgery is a common procedure, but may be associated with severe
post-operative pain.

Objectives: To describe studies addressing the use of opioids for control of pain after ocular
surgery, with an emphasis on refractive surgery.

Study Design: This is a narrative review of relevant articles on the physiology of corneal pain
and the use of opioids for its treatment after surgery.

Setting: Single tertiary center.

Methods: A PubMed search was conducted for studies published from January 1985 to May
2015 on the physiopathology of corneal pain and opioid treatment of post-refractive surgical
pain. Reviews, meta-analyses, and randomized clinical trials were included. Inclusion criteria
focused on photorefractive keratectomy (PRK) and laser in situ keratomileusis (LASIK).

Results: Authors found 109 articles through the search strategies. A total of 75 articles were
included based on the inclusion criteria.

Discussion: Pain after ocular surgery is likely to be a multifactorial phenomenon. A combination
of topical and systemic analgesics is used to treat post-operative pain after refractive surgery.
Pain may be severe during the first 72 to 96 hours, depending on the surgical procedure. No
studies were found that directly analyze the benefits of opioids after PRK, although they are
routinely prescribed in some centers.

Limitations: This is a narrative review in contrast to a systematic review and did not include
studies indexed in databases other than PubMed.

Conclusions: Although opioids are used for the short-term treatment of post-operative pain
in refractive surgery, their benefits and risks should be properly evaluated in randomized clinical
trials before their use can be safely advised.

Key words: Photorefractive keratectomy, in situ keratomileusis, pain, analgesia, opioid,
codeine, review
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he management of pain represents a major

challenge in ophthalmology. It is an important

symptom of inflammatory or traumatic
disorders affecting the anterior segment of the eye,
which includes the cornea, sclera, conjunctiva, and
uveal structures (1).

Several types of surgery directly damage the ocu-
lar sensory nerves at different points in their path (2).
Photorefractive keratectomy (PRK) is a common proce-
dure performed to efficiently and safely correct refrac-
tive errors (3-5). The number of patients who undergo
PRK, however, remains lower than those who undergo
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laser in situ keratomileusis (LASIK), even though LASIK
carries a risk of flap-related complications (6,7). The
2 primary reasons for the preference of LASIK over
PRK are reduced post-operative pain and faster visual
recovery.

The aim of this work is to review the literature re-
garding the mechanisms of pain after corneal refractive
surgery and the use of opioids in this setting.

METHODS

Data Extraction and Synthesis

Data pertaining to pain in ophthalmologic proce-
dures were extracted from reviews, meta-analyses, and
randomized trials, and they were described through
text or in tables according to the type of procedure,
number of patients, type of pain measurement, and
outcome results.

Literature Search Strategy
A search of literature published from January 1985

to May 2015 on the pathophysiology of eye pain, opi-

oid use in general and in ophthalmology, and PRK was
conducted using PubMed. The following search strate-
gies were used:

1. ((((((("physiopathology”[MeSH Subheading])
AND “cornea”[MeSH Terms] OR “cornea/
surgery”[MeSH Terms]))) AND photorefractive
keratectomy) OR laser in situ keratomileusis)) AND
((("2000"[Date - Entrez] : “3000"”[Date - Entrez]))
AND english[Language])) AND review[Publication
Typel).

2. ((((((((((("ophthalmology”[MeSH Major Topic]) OR
“ophthalmologic  surgical  procedures”[MeSH
Terms]) OR “ophthalmology”[MeSH Terms]))
AND (((("analgesia”[MeSH Terms]) OR
“pain”[MeSH Terms]) OR "analgesia”[MeSH
Major Topic]) OR “pain“[MeSH Major Top-
ic]))  AND (((("opiate alkaloids”[MeSH Terms])
OR "opioid peptides”[MeSH Terms]) OR “opi-
ate alkaloids”"[MeSH Major Topic]) OR “opi-
oid peptides”[MeSH Major Topic])) AND
Clinical Trial[ptyp] AND Humans[Mesh])) OR
(((((((((eye  AND  (((("analgesia”[MeSH Terms])
OR “pain”[MeSH Terms]) OR *"analgesia”[MeSH
Major Topic]) OR “pain”[MeSH Major Top-
ic])) AND (((("opiate alkaloids”"[MeSH Terms])
OR “opioid peptides”[MeSH Terms]) OR “opi-
ate alkaloids”"[MeSH Major Topic]) OR “opioid
peptides”[MeSH Major Topic]))) AND ((pain)

OR analgesia)) AND ((opioid) OR opiate))) AND
Clinical Trial[ptyp] AND Humans[Mesh])))) AND
(”1985"[Date - Entrez] : “3000”[Date - Entrez]).

REsuLTs

One hundred and nine articles were found through
both searches. Forty-nine articles were excluded,
whereas 15 additional articles were found through the
analysis of references and related articles in PubMed. A
total of 75 articles were included based on the inclusion
criteria.

Discussion

Pathophysiology

Empirical evidence indicates that corneal sensitivity
might be reduced after PRK, suggesting that pain and
dysesthesias after refractive surgeries might involve not
only functional, but also important molecular changes
that follow neural injury (8). Indeed, after peripheral
axotomy, both morphological aspects and functional
properties of corneal nerve fibers change considerably.
Specifically, when the central stumps of the cut axons
form microneuromas and start to regenerate; they pro-
duce sprouts, which grow and intersect the scar tissue
to infiltrate into the denervated area (9). As soon as
the nerve signal is triggered, pain perception occurs in
the somatosensory cortex of the brain (10). However,
the somatosensory cortex is not the only area respon-
sible for pain perception in humans. Indeed, many oth-
er brain areas are thought to be involved, particularly
emotion-related areas, such as the thalamus, cerebel-
lum, and cingulate gyrus (11).

Different surgical approaches, such as PRK, LASIK,
and laser-assisted subepithelial keratectomy (LASEK)
have been employed to correct refractive errors. All of
these procedures cause functional and morphological
alterations in stromal and epithelial corneal nerves,
varying with the extent of the lesion. In all conditions,
nonetheless, the recovering cornea is re-invervated
by sprouting from pre-existing, undamaged neurons,
which, weeks later, is followed by the regeneration of
axons in the damaged nerves (12-14).

A myriad of factors are thought to be involved in
the mechanism of pain after PRK (15). The inflammato-
ry cascade initiated after the surgery generates inflam-
matory mediators that stimulate the nerves sensitive
to chemical stimulation and also lower the sensitivity
threshold of other types of nerve fibers (16,17), thereby
impacting post-surgery pain and discomfort. Indeed,
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stimulation of nerve endings in inflammatory condi-
tions tends to produce more pain than in non-inflam-
matory environments (18).

While the exact mechanisms for this phenomenon
are not completely understood, experimental evidence
supports the notion that damaged keratocytes release
pro-inflammatory cytokines, which stimulate the migra-
tion of both resident ocular cells and activated leuko-
cytes into the cornea. In addition, there is a direct and
indirect stimulation of nerve fibers. (17,19). Direct stim-
ulation involves the binding of inflammatory mediators
to the voltage-gated ion channels on the nerve fibers,
thereby inciting Ca2+influx , ultimately leading to neu-
ronal firing (20).

Inflammatory mediators also bind to the transient
receptor potential (TRP) family of cation channels, so-
called transducers. Once activated, transducers evoke
pain through voltage-gated ion channels in the nerve
membranes (21). The magnitude of stimuli needed to
activate transducers during the early post-operative pe-
riod after PRK (<48 hrs.) is typically smaller than the cor-
respondent intensity in undamaged corneas.

Successful penetration of the injured corneal tis-
sue is only achieved by a portion of the regenerated
stromal nerves, which is typically accomplished through
the edge of the flap, as in LASIK (22), or via the corneal
transplant (23). Experiments based on confocal micros-
copy have shown that the time for complete morpho-
logical recovery of corneal nerve fibers after both PRK
and LASIK may be longer than one year (9,24,25). As a
result, patients may still have some level of sensory im-
pairment even after 12 months (26,27).

In a study comparing LASIK and PRK, patients sub-
mitted to PRK displayed corneal mechanical thresholds
with a decreased sensitivity in the center of the cor-
nea. The sensitivity threshold began to rise 7 days af-
ter surgery and increased slowly to reach values close
to normal about 3 months later. However, incomplete
recovery was still observed in some patients between 6
months and one year after surgery (28).

Both conventional histological techniques and “in
vivo” confocal microscopy experiments provide evi-
dence for a negative correlation between sensitivity and
reduction in innervation density following photorefrac-
tive surgery (9,24,25). By the same token, there seems to
be a positive correlation between the regeneration of
corneal nerves and corneal sensation (25).

Following refractive surgery, there is a possibil-
ity of spontaneous acute and chronic pain sensations,
although the degree of pain is difficult to predict and

may be highly heterogeneous from patient to patient.
While peak discomfort after PRK occurs at 3 hours and
may persist at moderate or low levels for at least 7
days, pain is typically noticeable within a short window
of 30 to 60 minutes after PRK, reaching severe inten-
sity between the 4th and 6th post-operative hour (29).
Evidence indicates that pain following PRK may remain
at severe levels for the first 24 hours, but can continue
for up to 4 days until the early phase of the corneal
wound healing process is accomplished by the re-estab-
lishment of the first epithelial barrier in the previously
exposed area. Although of a lower intensity compared
to PRK, pain is also reported after LASIK for a period of
up to 3 days (30).

Up to 40% of patients experience significant levels
of ocular discomfort after LASIK or PRK, including for-
eign body sensation, dry eyes, and intense pain. How-
ever, the discomfort after PRK appears to be not only
more frequent and intense, but also longer in duration
compared to LASIK (31).

Opioid Use for Pain Treatment

Opioids have been used to treat pain since early
history (32). These compounds mimic endogenous an-
algesics (endorphins) and interact with endogenous
receptors (mu, kappa, delta, and sigma), which are dis-
tributed in specific areas of the brain (32,33). Opioids
are considered potent and appropriate analgesics for
moderate to severe acute and chronic pain (34).

The so-called pure opioid agonists, the most po-
tent analgesics, such as morphine, hydromorphone,
and fentanyl, bind more avidly to mu receptors and
display a higher intrinsic activity at the cellular level
compared to partial opioid agonists (e.g., buprenor-
phine and pentazocine). Unfortunately, the high rate
of adverse events limits their use in practice, especially
for regimens consisting of augmented doses (32).

Among the currently available arsenal of opioids
for pain control, we have codeine, oxycodone, hydro-
morphone, buprenorphine, tramadol, fentanyl, remi-
fentanil, pethidine, meperidine, and methadone (35).

All of them, with a few differences, present a
range of both adverse events and side effects related
to their mechanism of action. Nausea, constipation, se-
dation, addiction, and respiratory depression, among
other reactions, are common and can be quite severe
(32,36) depending on the dose and half-life. Addiction
is of great concern because of inapropriate prescrip-
tions, especially for patients at risk (37). Tolerance, the
lowering of analgesic effects over time for the same
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dose, is one of the mechanisms related to addiction,
and it can develop after acute and chronic administra-
tion of opioids (32).

Codeine was first isolated in 1832, and it is consid-
ered the prototype of weak opioid analgesics, with ap-
proximately 50% of the analgesic potency of morphine
(38). Codeine derives its analgesic properties through
its conversion into morphine (39), as 5 - 10% of oral
doses are o-demethylated to morphine by cytochrome
P450 2D6 (CYP2D6), an enzyme whose gene is highly
polymorphic in humans. Polymorphisms in the CYP2D6
may cause important interindividual differences not
only on the metabolism and clinical efficacy of codeine,
but also of tramadol (40). Empirical evidence demon-
strates that doses of codeine may be increased up to
90mg, although the largest proportion of studies have
employed 60 mg, as shown by a systematic review of
studies of single dose codeine for acute postopera-
tive pain in adults (41). Typically associated with other
non-opioid analgesic drugs, such as acetaminophen
(paracetamol), aspirin or ibuprofen, codeine is found
in a wide range of different preparations and over-
the-counter medicines for pain control (42). Besides its
utilization in pain relief, codeine has also been widely
used as the active ingredient in cough suppressants and
anti-diarrhoeal mixtures (43,44). Most published studies
using codeine and other opioids originate from areas
such as dentistry (45), oncology (46), and orthopedics
(42).

In a recent umbrella review (47) of single dose oral
analgesics for post-operative pain, codeine 60 mg dem-
onstrated the highest number necessary to treat (NNT)
of all the studied drugs, which improved considerably
if it was associated with NSAIDs such as paracetamol
(from 12 to 3.9). Compared to placebo, the relative risk
for a clinical benefit, defined as the achievement of
least 50% pain relief over 4 — 6 hours, was 2.6 for co-
deine 30 mg plus paracetamol 600/650 mg, and 6.3 for
codeine 60 mg plus paracetamol 1000/800 mg.

A recent survey of prescribing habits of maxillofa-
cial surgeons in the United States and Canada showed
that codeine was the most prescribed opioid drug in
Canada, while hydrocodone was preferred in the US
(48).

Opioids are routinely used in orthopedics, partic-
ularly in the treatment of chronic back pain, where it
may be effective for short-term relief (49). Other uses
in this therapeutic area include pain control after ar-
throscopic surgery, with good results, as described in a
study of tramadol/acetaminophen (paracetamol) use

versus placebo (50). In contrast, a review of 2 different
studies has shown that celecoxib may be superior to a
combination of hydrocodone/acetaminophen for these
patients (51).

Opioid use is extremely common for the treatment
of cancer pain (46), which is typically a chronic condi-
tion. A Cochrane meta-analysis of 15 studies showed
that codeine is effective for cancer pain control com-
pared to placebo, but with higher risks of adverse
events (46), similar to studies with other opioids, such
as morphine (52), oxycodone (53), hydromorphone (54),
methadone (55), and tramadol (56). In this population,
morphine, oxycodone, and hydromorphone seem to
have similar efficacy and tolerability (57).

For the control of break-through pain (i.e., exac-
erbation of pain in a patient already taking analgesics)
in cancer patients, several formulations can be used. A
systematic review of this subject found that transmuco-
sal fentanyl produced a greater level of pain relief in a
shorter time frame than oral morphine (58).

Use of Opioids in Ophthalmology

Studies about the effects of opioids in ophthalmic
surgery date back at least 6 decades (59). Fentanyl and
morphine have been evaluated as adjuncts to anesthe-
sia in randomized studies on post-operative pain and
have been found to have varying efficacy. Table 1 lists
all the articles retrieved from PubMed and those found
in a search of the references that evaluated post-opera-
tive pain in relation to opioid use (60-69).

Three studies assessed the use of fentanyl versus
sub-Tenon'’s block with local anesthetics in children. The
use of IV fentanyl was similar to sub-Tenon’s block for
pain control 2 hours after squint surgery in the study of
Ramachandran et al (60).

In a retrospective case series, fentanyl, given by
patient-controlled analgesia (PCA), was compared to IV
ketorolac in patients submitted to enucleation or evis-
ceration (61). The mean pain score on day 0 was signifi-
cantly lower in the fentanyl group, but there were no
differences in the following 2 days. Fentanyl’s analgesic
effect was significantly stronger in the enucleated pa-
tients than in the eviscerated group.

In children undergoing strabismus surgery, the use
of IV morphine was evaluated in 2 studies. No differ-
ence in the pain assessment until discharge was found in
comparison to IV ketorolac or rectal diclofenac (61,62).

Peribulbar lignocaine alone was compared to per-
ibulbar lignocaine plus morphine for pterygium sur-
gery in adults (63). While pain scores at 24 hours post-
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Table 1. List of studies evaluating opioid treatment in ophthalmic surgery post-operative period.

Pain Scale/
Author Year N am seate Topical/Local Systemic Outcome
Outcome
?gg;lachandran 2014 67 CHEOPS Sub-Tenon block Fentanyl No difference
Ghai 2009 (64) 114 Num.ber of Sub-Tenon block Fentanyl Fewer pt§ in the sub-Tenon ,blOCk
patients required rescue analgesia
Chhabra 2009 (65) 200 AIIMS Sub-Tenon block Fentanyl L s S;f;z;n i otz
Kim 2013 (69) 82 VAS na Fentanyl vs Ketorolac Fentanyl m(;l;isffictlve on day
Munro 1994 (61) 42 nd na Morphine vs Ketorolac No difference
Wennstrom 2002(62) 50 FACES na Morphine vs diclofenac No difference
Wishaw 2000 (63) 20 VAS Perlblulbar hgnocalr.le vs na Lower pain scores in morphine
peribulbar morphine group at 24 hours
. Both morphine groups required less
Hemmerling 2000 (66) 36 NRS Retrobul?;;i‘:orp hine, SC morphine, saline rescue pain medication during the
first 3 hours
Kaufmann 2004 (67) 35 AUC na CROvs tra.m adol/ Higher AUC in CRO group
metamizol
Ko 2009 (68) 29 VAS na Tramadol vs placebo No difference

CHEOPS - Children’s Hospital of Eastern Ontario Pain Scale; AIIMS - All India Institute of Medical Science Pain Scale; VAS - Visual Analog
Scale; FACES - Wong and Baker Pain Rating Scale; NRS — Numeric Rating Scale; CRO - controlled-release tramadol; AUC - area under the curve
for quality of analgesia; na - not applicable; nd - not described. *** retrospective study

operatively were significantly lower in the morphine
group, both interventions resulted in similar sedation
levels as well as the proportions of patients experienc-
ing side-effects.

In a study by Ghai et al (64), IV fentanyl use result-
ed in a larger number of patients requiring analgesia
for the 24 hours following cataract surgery. Chhabra et
al (65) found the same result for vitreoretinal surgery.

The efficacy of retrobulbar or subcutaneous mor-
phine was also studied in adult patients who had un-
dergone antiglaucomatous cyclodestructive or vitreo-
retinal surgery (66). Both groups received less local
anesthetic (mepivacaine) than the saline group for the
12 hours following surgery.

Opioids, such as oxycodone and tramadol, have
been studied in adults in the post-operative setting
of retinal surgery (67). Controlled release oxycodone
significantly outperformed IV tramadol/metamizol in
adult patients during the first 24 hours after surgery,
with fewer side effects and an overall greater patient
satisfaction. In another study, the authors failed to
demonstrate any benefits of tramadol compared to pla-
cebo in diabetic patients undergoing panretinal pho-
tocoagulation, most likely because of the small sample
size of the study (68).

Commonly Reported Adverse Effects of
Opioids in Ocular Surgery

Adverse events were not reported consistently in
the reviewed studies (Table 2). As expected, the most
important reported adverse events included nausea
and vomiting (32). Overall, approximately 50% (95%
confidence interval = 31% to 69%) of patients under
opioid therapy reported either nausea or vomiting.
Among the evaluated studies, severe vomiting and nau-
sea were managed with anti-emetics. No serious or fatal
adverse events related to the use of opioid medications
were reported. No study reported incidence of opioid-
induced hyperalgesia, sleep disturbances, constipation,
dry mouth, somnolence, or dysgeusia. However, Ghai et
al (64) pointed out that hypoapnea or apnea requiring
intraoperative ventilatory support was observed in 18
(32%) children in the fentanyl group compared to none
in the sub-Tenon block group.

One study reported itching in one out of 10 pa-
tients treated with morphine (63), whereas mild se-
dation (4 hrs. post-surgery) was observed in 3 out of
19 patients (16%) that received tramadol (67). One
study reported lack of adverse events due to mor-
phine (66). Finally, no information on side effects
was described in the trial by Ko et al (68) that inves-
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Table 2. Commonly reported complications and adverse effects of opioids for pain conirol after ocular surgery*.

Chemical class

Opioid

Reported adverse events

Reference

Morphine Phenanthrenes

Vomiting and nausea
Severe vomitingt
Postoperative itching

(61,62,63)

Fentanyl Phenylpiperidines

Intraoperative hypoapnea or apnea.
Vomiting.

Severe vomiting

Severe nausea requiring antiemetics.

(60,64,65,69)

Oxycodone Phenanthrenes

Vomiting and nausea (67)

Tramadol# Phenylpropyl Amines

Vomiting and nausea.
Severe vomiting? (67)
Sedation 4h after surgery

* Adverse effects of specific opioids (such as codeine and meperidine/pethidine) not investigated in the reviewed studies are described in detail

elsewhere (32).
t Defines as >1 episodes of vomiting.
$In combination with metamizol.

tigated the analgesic properties of tramadol during
panretinal photocoagulation.

Use of Systemic Opioids in Refractive Surgery

Although several methods have been used to pro-
vide pain relief after PRK, including bandage contact
lenses (16), topical non-steroidal anti-inflammatory
drugs (NSAIDs) (70), dilute topical anesthetics (71), and
gabapentinoids (gabapentin and pregabalin) (72,73),
refractive surgeons are still searching for the best com-
bination of analgesics to treat post-operative pain. Few
studies in the ophthalmology literature addressed the
use of systemic opioids for pain treatment after refrac-
tive surgery (74).

In a study by Saleh and Almasri (75), the dominant
eyes of 14 patients were either randomized to PRK or
LASIK, using topical anesthetics, a benzodiazepine, and
codeine associated with paracetamol for post-operative
pain. The study was not designed to evaluate the ef-
fect of the analgesic association and concluded that
patients reported less pain at 2 hours post-surgery, but
there was no difference at 12, 24, and 48 hours.

Magone et al (76) treated 60 patients, with one
eye randomly receiving epi-LASIK with flap amputation
and the other eye receiving automatic epithelial brush
treatment. Similar to the previous study, the main ob-
jective of the trial was to compare surgical techniques,
not the effect of drug treatments to manage pain. The
patients received 800 mg ibuprofen orally twice a day,

one tablet of oxycodone — a semisynthetic opioid — ev-
ery 4 hours as needed, and no more than one drop of
nonpreserved tetracaine HCl (0.5%) every 2 hours as
needed. The conclusion was that the flap group showed
a statistically, but not clinically significant advantage in
the pain scores, however there was no difference in the
epithelial healing times between the 2 groups.

ConcLUSION

In conclusion, the paucity of studies in the litera-
ture focusing on the use of opioids for pain treatment
after refractive surgery is concerning because, as these
studies suggest, these drugs may be commonly used in
some centers (74) without confirmed evidence of their
effectiveness.

Opioid use is common in some other specialties,
but it carries risks of severe adverse reactions (32) and
addiction (33). Serious adverse reactions include death,
respiratory depression, severe vomiting, and bowel
obstruction (35). Other, less severe reactions, include
nausea, immunologic effects, hormonal changes, hy-
peralgesia, sedation, sleep disturbances, psychomotor
alterations, bladder dysfunction, and cardiac effects,
among others. (32)

Although they are used for the short-term treat-
ment of post-operative pain in refractive surgery, their
benefits and risks must be properly evaluated in ran-
domized clinical trials before their indication can be
safely advised.
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