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INTRODUCTION



Nasolacrimal duct obstruction (NLDO), is a common disorder which presents
clinically with epiphora and/or infection. Medical management with systemic
antibiotics leads to resolution of the infection and addresses the symptoms. However,
definitive management constitutes a surgical approach in which the patency of the

nasolacrimal duct system is restored leading to improved lacrimal outflow. (1)

Dacryocystorhinostomy (DCR) is a surgical procedure to restore the drainage of tears
into the nasal cavity from the lacrimal sac when the nasolacrimal duct does not
function due to fibrosis following chronic infection. (2) The aim is to bypass any
blockage in the nasolacrimal duct through creation of a bony ostium, allowing
communication between the inferior meatus of the nose and the lacrimal sac. There
are two ways of performing this - either by making a cut on the outside of the nose
(external approach) or by operating from inside the nose under endoscopic guidance

(endonasal endoscopic approach). (3)

Dacryocystorhinostomy has been done by an external approach since its first
description in 1904 by Italian surgeon Addeo Toti. (4) In this an external vertical
incision is made around 1 cm away from the medial canthus region protecting the
angular vessels and reducing the risk of scars. The lacrimal sac is exposed by removal
of the overlying bones of the lacrimal fossa, generally by a Kerrison bone punch. The
lacrimal sac and nasal mucosa are then incised and opened longitudinally to establish
patency of the lacrimal outflow passage. This approach has a high predictability and
helps in direct visualization of the relevant anatomy. It also facilitates accurate
anastomosis between the lacrimal sac mucosa and nasal mucosa. However, it carries
some disadvantages also like facial scarring, lacrimal pump dysfunction due to

disruption of the orbicularis oculi muscle fibres and medial canthal structures. (5)

The endonasal approach has gained popularity over the past two decades. Advantages
include avoidance of an external incision, shorter operative duration, faster recovery
periods, and avoiding disruption of the medial canthus or orbicularis oculi muscle
thereby preserving the function of the lacrimal pump. (6) The endoscopic approach
also helps in evaluating the intranasal anatomy, and thereby in diagnosing and
managing the associated conditions, like a deviated septum causing blockage of the

lacrimal outflow passage, disease in the paranasal sinuses and turbinate hypertrophy.

(5)



The orbital walls are embryologically derived from the neural crest cells. Ossification
of the orbital walls is complete by birth except at the orbital apex. The lesser wing of
the sphenoid initially cartilaginous, develops via intramembranous ossification, unlike
the greater wing of sphenoid and other orbital bones. The lacrimal excretory system is
surrounded by membranous bones, which are well developed at 4 months of
embryological age. They are seen to ossify by birth. The lacrimal gland begins
development as a solid epithelial bud arising from the ectoderm of the superolateral
conjunctival fornix (7). Mesenchymal condensation occurs around these buds, which

forms the secretory lacrimal gland. Canalization of the epithelial buds forms the ducts.

The lacrimal gland, a bilobed gland, is located in the lacrimal fossa of the frontal bone
in the supero-lateral quadrants of the orbits. The developing levator palpebrae
superioris tendon, around the 10th week of development, bisects the lacrimal gland,
into two lobes: a small palpebral part, continuous with the inner eyelid, and a larger

orbital part. (8) The lacrimal gland continues to grow around 3 to 4 years after birth.

(9). (10)

The excretory system starts development earlier, at the 7mm embryo stage. A
depression called the naso-optic fissure develops, which is bordered by the lateral
nasal process superiorly and by the maxillary process inferiorly. This fissure or
groove gradually shallows, as the structure surrounding it gradually begins to grow
and coalesce. Along the floor of this rudimentary fissure, there persists a thickened
strand of surface epithelium, extending from the orbit to the nose. The thickened cord
of epithelium becomes buried and forms a rod-like structure, connected to the surface
epithelium at only two surfaces, the orbital and nasal ends. The superior part of this
rod enlarges to form the lacrimal sac, which gives off two columns of cells, growing

into the eyelid margins. This thereby forms the canaliculi. (11), (12), (13)

The lacrimal glands are responsible for emotional as well as reflexive tear secretion.
The accessory lacrimal glands are located under the eyelids, which are responsible for
secretion of the basal tears. These basal tears provide continuous nourishment and

protection to the conjunctiva and cornea. (14)

The tear film is made of three layers: the inner mucin layer, the middle aqueous layer,

and the outer lipid layer. The lacrimal glands secrete a large fraction of the aqueous



component of the tears. (15) The major component of the human tears consist of
water, electrolytes (sodium, potassium, chloride, bicarbonates, and lower levels of
magnesium and calcium), proteins (lysozyme, lactoferrin, lipocalin, secretory IgA) —
albumin, 1gG (leakage from conjunctiva), lipids (meibomian glands, lipocalin-
associated), mucins (epithelial membrane-anchored type, soluble goblet-cell type)
defensins, collectins, other small molecules. There may be certain additional
components in various disease states like inflammatory mediators, cytokines, growth
factors, white blood cells, antigens, signalling molecules, complement components

and remodelling enzymes. (16)

The tear film is reflexively secreted by the “lacrimal functional unit” comprising of
the ocular surface tissues (cornea and conjunctiva, goblet cells and meibomian
glands), the lacrimal glands (main and accessory), and their interconnecting sensory
(cranial nerve V) and autonomic (cranial nerve VII) innervation. This is initiated by

subconscious stimulation of the highly innervated ocular surface epithelia. (17)

The part of the ocular globe exposed to the external environment is covered by the
pre-ocular tear film. The maximum change in the refractive index of light occurs at
this interface. Hence the cornea, which is the most powerful refractive medium in the
eye (45 to 47 dioptres), derives the majority of its refractive power from the
precorneal tear film. The tear film therefore provides an optically high-quality surface
to the cornea and adequate lubrication to the eyelids during its blinking motion. (18)

Tears from the conjunctival sac pass through the upper and lower lacrimal puncta
located in the upper and lower eyelids respectively to drain into the upper and lower
lacrimal canaliculi, common canaliculi and then into the lacrimal sac, located in the
lacrimal fossa. From the lacrimal sac, the tears empty into the nasolacrimal duct
(NLD) along the lateral wall of the nose to open at the inferior meatus. Any
obstruction occurring anywhere along this drainage pathway can result in excessive

watering from the eyes (epiphora) as well as recurrent infections. (3)

The lacrimal passage consists of a bony passage and a membranous lacrimal passage.
The bony lacrimal passage or the lacrimal fossa is formed by the thick frontal process
of the maxillary bone anteriorly (anterior lacrimal crest) and the thin lacrimal bone

posteriorly (posterior lacrimal crest). (19), (20)



The removal of the thick bone overlying the lacrimal sac, a critical step in the
operation, may be accomplished by using a variety of instruments including powered
(drills, microdebriders and lasers) or unpowered (curettes, rongeurs, hammer and
chisel). (21) (22), (23) All of these conventional tools risk injury to adjacent mucosal
surfaces and deeper elements of the lacrimal apparatus. Because bone removal occurs
in the narrow confines of the axilla of the middle turbinate, even minor mucosal

trauma can often lead to unwanted scarification and contribute to surgical failures.

(24)

The Kerrison Bone Punch (Figure 1, 2) has been conventionally used in various
surgeries to safely and effectively remove bone. It has a shaft, a blade for holding and
cutting the bony tissue and a guard, which protects the underlying vital structures.
They are available in various sizes with varied additional features. The Kerrison bone
punch has been used in removal of the thick bony lacrimal passage covering the
lacrimal sac in dacryocystorhinostomy operations for years. The make of the
instrument facilitates its use in the narrow confines of the intra-nasal anatomy. The
handle can be held comfortably for delivery of a controlled force for osteotomy of the
specified area. (25) The mechanism of removal of the bone from inside-out helps in

preventing damage to the important structures beneath. (26)



Figure 1: Kerrison’s bone punch — Downturned



Figure 2: Kerrison’s bone punch - Upturned



Ultrasonic Aspirators (UA) utilize ultrasonic frequency vibrations generated by a
piezoelectric element in the handpiece to remove tissue. Continuous irrigation
emulsifies dissected particles, and simultaneous aspiration removes fragments and
liquid resulting in a comparatively clean surgical field. Minimal pressure is necessary,
which makes tissue dissection better controllable and less traumatic compared to the
use of standard drills. Advances in ultrasonic aspirator technology now permit in situ
bone emulsification, which is respectful of nearby soft tissues. (24) There are several
different tips available that allow selective dissection of soft or bone tissue and

facilitate bone removal, smoothing and re-shaping.

The handpieces come in various configurations, allowing the surgeon to operate with
confidence during procedures requiring the removal of a variety of tissue types. For
soft tissue applications, the 35 kHz handpieces are used as the higher frequency
produces lower power and allows for more controlled and precise dissection. This
control is critical when removing tissue around or near critical structures. The 23 kHz
handpieces are efficient in the removal of hard tissue (calcified or dense, for example
— bone). The bone tips can be used to address targeted bone removal, requiring precise
and selective control near important structures. They implement a longitudinal-
torsional movement as opposed to the rotating motion of a drill preventing excess
frictional heat. They fragment bone using localized ultrasound stress and cavitation
instead of mechanical abrasion alone. This mechanism of action minimizes the heat
generated at the surgical site and may help the surgeon avoid bone char and
unintended damage to surrounding tissue. The tips feature a 90-degree cutting surface
comprised of helically arranged pyramids. The relief angles of adjacent surfaces
maximize the area exposed to ultrasonic energy and thus minimize resistance along

the cutting path. This enhances bone fragmentation efficacy.

The straight or angled make of the tips, optimize tip visualization for the operating
surgeon. Simultaneous cooling by the irrigation fluid emerging from the tip prevents
heat injury of adjacent delicate structures. Use of the ultrasonic aspirator has been
reported for various surgical procedures, including ear, nose, and throat,
maxillofacial, orbital, oculoplastic, and open neurosurgical procedures. In rhinology,
extra-long thin tips allow for trans nasal access through narrow surgical corridors.

(27), (28) The temperature in the surrounding bone does not become high due to the



cool-controlled irrigation fluid used in the ultrasonic aspirators. Overall, the use of the

ultrasonic aspirators is found to be safe, effective and simple. (29)

There are various models of ultrasonic aspirators which are currently being used in
clinical practice widely, like the CUSA Excel/Clarity (Integra®, Plainsboro, New
Jersey, USA), Sonopet (Stryker®, Kalamazoo, Michigan, USA), or Séring (Soring
GmbH, Quickborn, Germany). (30)

In our institute, we have been using the SonaStar Ultrasonic Aspirator by Misonix
(acquired by Bioventus® - October 29, 2021), which is comprised of a fully self-
contained console with built-in irrigation, aspiration and vibration functions. (Figure
3) Two types of handpieces are available — a curved extended handpiece and a short
straight handpiece. The handpiece can be connected to a microprocessor-based
console, which works as a unit to provide precise surgical tissue ablation and removal.
An infrared (IR), multi-pedal, wireless footswitch communicates, via infrared signals,
with two integrated IR receivers mounted on the SonaStar console and an optional
remote IR receiver. Together they facilitate wireless communications in the standard
operating room environment. (Figure 4) There are two footswitch pedals for vibration

and for flushing of irrigation fluid (saline). (31)



Figure 3: Cavitron Ultrasonic Surgical Aspirator (CUSA) machine used in our

institute showing the three different modes — Irrigation/ Aspiration/ Vibration
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Figure 4: Cavitron Ultrasonic Surgical Aspirator (CUSA) machine with wireless
footswitch used in our institute
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Surgical dissection can also be performed with lasers where it is used to ablate the
nasal mucosa, bone of the lacrimal fossa and the lacrimal sac underneath. Argon,
carbon-dioxide, potassium titanyl phosphate (KTP) as well as holmium-YAG lasers
can all be used for DCR operation. They have the added advantages of better

intraoperative haemostasis, reduced patient morbidity and early recovery.

The procedure is performed under endoscopic guidance and with a video camera. A
20-gauge fibreoptic light probe is passed through a canaliculus into the lacrimal sac.
The light probe, then trans illuminates the lateral nasal wall, marking the area of the
lacrimal sac. The area of maximal brightness corresponds with the posterior end of the
lacrimal sac where the overlying bone is the thinnest. The area of the nasal mucosa is
then ablated followed by vaporising the underlying bone (5-7mm in diameter) with
laser, creating a rhinostomy of nearly 5mm diameter. The medial wall of sac which is
then exposed, can be removed with laser. This procedure is known as endoscopic
laser dacryocystorhinostomy (32), (33). The rhinostomy site is more inferior and
posterior than those performed in conventional external approaches. (34) However,
the cost effectiveness with lasers can be a drawback in some cases.

Multidiode lasers have also been used in trans canalicular, laser assisted
dacryocystorhinostomy. In this a diode laser fibre optic probe is used. The probe is
introduced into the lacrimal sac through both the upper and lower canaliculi. The
transillumination from the beam, occurring lateral and superior to the middle turbinate
was observed via the nasal endoscope. The diode laser is applied to make an

osteotomy, approximately 8-10 mm in diameter under endoscopic guidance.(35)

Endocanalicular,  high  pressure, 5mm  balloon catheter  endoscopic
dacryocystorhinostomy has also been used in some cases to treat acquired
nasolacrimal duct obstruction. In this a 3-4 Bowman probe is passed through the
superior canaliculus to enter the lacrimal sac. Under nasal endoscopic guidance, the
probe is pushed posteroinferiorly to puncture the medial sac wall, adjacent fossa and
reach into the nose. A few additional entrances (three or four) are fashioned in a
similar manner. A 5-mm balloon catheter is then introduced through the superior
canaliculus upto the opening in the nose. The balloon is then inflated via a saline-
filled inflation device to 8 atm for 90 seconds and repeated until the size of the ostium

becomes satisfactory. It has shown to be effective and simple with shorter operative
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durations and lesser adverse events like bleeding and synechiae formation. (36)

Studies have also been performed with 8mm or 9mm balloon catheters. (37), (38)

Hence, the DCR surgery has undergone a massive evolution over the years, in terms
of the wide variety of equipments used to re-create the nasolacrimal drainage
pathway. Many studies have been done over the world, comparing these instruments
to one another, in terms of their surgical outcomes and efficacy in DCR. However,
there has been no study done so far, specifically comparing the kerrison bone punch
with the cavitron ultrasonic surgical aspirator (CUSA) in endonasal
dacryocystorhinostomy. With this idea in mind this study was selected in order to
compare the two modalities and understand the superiority of one over the other, if

present.

The wide variety of tools used in endoscopic dacryocystorhinostomy surgery, make it
difficult to determine the best approach. Hence comparison of the available
techniques seemed to be an important area of research to gain insight into the

advantages and disadvantages of using each equipment. (22)

With the advent of each new modality of performing the surgery, it is important to
take into consideration the learning curve involved and the challenges faced by the
operating surgeon. It is possible to assess and quantify the surgical learning curve for
a single surgeon, operating in a consistent environment over a period of time.
However, the difficulty arises when comparison is to be done between different
surgeons working in different institutions. This is due to variability of the surgical
techniques among each surgeon with varied setups of instruments, nursing staff and
operating room conditions. In the event of multiple cases being performed
sequentially in a hospital per day, there may be bias in the results due to familiarity of

the surgeons or the staff with the instruments and technical details. (39), (40).

However, no research has yet been conducted about the surgeon’s experience in using
the Kerrison’s bone punch versus CUSA. The current study was devised with this

goal in mind as well.
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The ancient Egyptians documented the lacrimal sac infections in the Ebers Papyrus
(1500 BC). They recommended a mixture of antimony, wood powder, myrrh, and
dried honey which they rubbed into the eyes for four days for treatment of the
condition. Hippocrates (460 BC-377 BC) thought that old age was the cause for
watery eyes. In case the discharge turned thicker, he recommended a mixture of dried
juice of the white grapes with copper sulfate. (41) Another old evidence of lacrimal
surgery dates back to 1706 BC in the Codex of Hammurabi, which contained a
reference to surgical treatment of a lacrimal sac abscess and lacrimal fistula. (42)

The Greeks also documented significant contributions to lacrimal surgery. Celcus (25
BC-50 AD) advocated red-hot cautery to cure ‘fistules’, i.e. the diseases of the
lacrimal system. (43) Claude Galen (129-200 AD), after one century, also advocated

using hot iron to achieve charring of the ‘fistules’, thereby finding a cure. (44)
Galen’s description of the causes of epiphora was remarkable:

““A canal goes from the eyes to the palate and empties there the secretion formed in
the eye. Watering may have three causes; either this canal is blocked, or the secretion

is excessive, or a scar at the nasal canthus. The latter most is incurable’’. (43), (45)

Later descriptions started coming from other Greek and Roman texts. (46) Pauli
Eginetoein (47) in his Chirurgie in the seventh century also wrote about performing
plunging of cautery into the nose through the lacrimal bone.

The lacrimal bone was previously thought to be the seat of the disease process.
Probably the first observations on the physiology of the lacrimal drainage apparatus
were made by Fallopius (48) in 1584. He noted that tears and pus could be made to
flow from the puncta by making pressure over the dilated sac, and concluded that at

least a part of the lacrimal fluid came from the sac.

A true understanding of the lacrimal passages awaited the work of Antoine Maitre
Jan. In 1701 this observer wrote that lacrimal tumors were caused by a coagulation of

tears resulting from obstruction of the nasal duct. (49)
In 1713 Dominique Anel recommended probing and irrigation of the duct. (50)

In the 18th century, the technique of Woolhouse began to be followed. In this the

lacrimal sac was lifted from its bed, extirpated and the lacrimal bone was perforated.
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A drain was then inserted and was later replaced by a gold, silver, or lead cannula.

Frequent irrigation was performed through the cannula. (50)

In 1836, Montaigne described a new technique. In this the lacrimal sac was opened
through a skin incision and a hole punched into the nose through the sac. Through this
a gut drain was put in which was changed daily and the sac irrigated. After around ten
to twenty days, the external wound was left to heal. (51)

Bowman introduced his probes in 1851, paving the way for dilatation of the duct.
Thus, operations for forming an artificial passageway into the nose were temporarily
abandoned. (52)

Andrew in 1883, suggested slitting the canaliculus after punching through the lacrimal

bone with insertion of a lead stylet through the pathway. (53)

Killian in 1899, performed an intranasal procedure by resecting the anterior portion of

the inferior turbinate, opening the nasal duct from the nose. (54)

In 1904, Addeo Toti, the famous Italian rhinologist of Florence, laid the foundation of
dacryocystorhinostomy. He exposed the area overlying the lacrimal sac with an
external incision of 35mm and opened the lacrimal sac on the medial side. After
punching out a piece of bone in the lacrimal fossa, he resected the corresponding area
of nasal mucosa. The success rate was only 10-15 per cent. (55) West in 1910 and
Polyak in 1911 also described intranasal methods but with unsatisfactory results. (56),
(57)

A French surgeon, Dupuy-Dutemps, in 1920, was working as the Chief Ophthalmic
surgeon at the Saint Louis Hospital and at the Rothschild Foundation in Paris where
he worked in a modern environment with up-to-date equipment. He along with
colleague Bourguet adopted an approach which was entirely from the outside, which
they termed as “Plastic dacryocystorhinostomy”. They advocated preservation of the
intact lacrimal sac; maintenance of the patency of the newly-made drainage pathway
and preventing the formation of granulations, which would defeat an otherwise
successful surgery. The suturing of the nasal mucosa to the lacrimal sac with 000
catgut sutures, helped in formation of a new lacrimal drainage canal. (58) This

brought about great improvement in the results. In 1925, with over 500 operations,
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they reported relief in over 97% cases, which was an unusually high percentage of
cure rate. (59), (60)

Mosher in 1923, advocated an external operation following unfavourable experiences
with intra-nasal operation. It was done with a straight skin incision (nearly 10 mm
from the inner canthus) followed by removal of the anterior tip of middle turbinate
and anterior ethmoid cells. High deviated nasal septum, if present, was corrected. The
bony and membranous inner wall of the nasolacrimal duct were removed, up to the
upper border of the inferior turbinate. Nasal mucous membrane was flushed with the

edges of the opening in the bone. (61)

In 1936, Chandler performed hundred dacryocystorhinostomy operations in three
series: 53 operations by Mosher's technique, with 70 percent success; 25 operations as
per Ohm-Depuy-Dutemps-Bourguet technique, with 80 percent success; and lastly 22
operations by the new technique of anastomosing lacrimal sac with nasal mucous

membrane, all of which were successful. (50)

In 1938, H. Arruga, an ophthalmologist in Barcelona, Spain, improved the technique
further to ensure proper anastomosis. He exposed the lacrimal sac by cutting the
medial palpebral ligament and removing the lacrimal fossa bone by cylindrical
trephines operated by a dental motor. The medial wall of the sac was incised
vertically and its edges sutured with the nasal mucosa. He used Silk (no. 0 or no. 00
silk) preferably to catgut for the suturing. With this technique there was 80-96
percent success. However, in 1961, another ophthalmologist, Foster reported only 55
percent success. The cause of failure was attributed to the high tendency of the sac to
undergo cicatrisation and the canaliculi being clogged by the cicatrix due to cutting of
the medial palpebral ligament. There were also reports of stenosis and closure of the

bony opening due to granulations and osteoblastic reaction. (62)

Iskander H. Girgis, Lecturer of Otolaryngology, at Kasr EI-Eini Hospital, Cairo
University, modified this technique by avoiding the two points causing failure. The
medial palpebral ligament was not cut and the periosteum was incised just medial to
the attachment of the ligament. The lacrimal sac with the periosteal covering was
retracted to give wide exposure of the lacrimal fossa. Using dental drill, a 1.6 x 2cm
wide bony opening was made. The sac was transected at its lower end and the nasal

mucoperiosteum was incised with an ‘H’ incision to make tough flaps. The flaps were
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sutured together using silk 4-0 sutures and fine needles, making all the knots remain

inside the lumen. (63)

External DCR was largely considered as the gold standard in the treatment of
acquired nasolacrimal duct obstruction with success rates of more than 90% till the
early 20" century. (19), (64), (65) It was generally performed by the
ophthalmologists.

The DCR surgery was grossly divided into two types, endoscopic endonasal and
external. In 1893 Caldwell first introduced endonasal DCR but it had a poor success
rate due to low visibility. (66) However, with the advent of nasal endoscopes (67),
and evolution of functional endoscopic sinus surgery in the early 1990s (68), a
renewed interest was observed in endoscopic endonasal DCR. (69) A thorough
understanding of the endoscopic and surgical anatomy of the nose became crucial in
order to gain skilled usage of these surgical devices. However, Ophthalmologists
lacked familiarity with the use of such devices. Nasal endoscopy was popularised in
India around that time itself in various conferences being held on rhinology. In 1989
endonasal DCR in its present form was introduced by McDonogh (70) . The reported
success rate for endonasal DCR ranges from 63% to 96%. (1), (71), (72)

In 1990, Massaro et al, introduced endonasal laser-assisted DCR in a cadaveric study.
In this, the intranasal dacryocystorhinostomy fistulas were created using a high-
powered blue-green argon laser, coupled to a 300-microns quartz fiberoptic catheter,

in fresh-frozen cadaver heads. (33)

Levin and Stormogipson (73), brought about endocanalicular laser-assisted DCR in
cadavers followed by Silkiss et al (74) and Michalos and Pearlman (75). They used
the Nd:YAG laser or a “thulium-doped or holmium-doped” laser. Endocanalicular
laser DCR had many advantages like laser energy being directed away from the globe,
familiarity of instruments with the ophthalmologist, short duration of procedure, use
of local anesthetic, and rapid healing. (76)

The first clinical trial of endonasal laser-assisted DCR was introduced by Gonnering
et al. (34) They used carbon dioxide (CO2) and potassium titanyl phosphate (KTP)/
neodynium-yttrium-garnet (YAG) laser for the bone removal. These reported a
success rate of 100 percent initially. However, CO2 laser had poor coagulation

properties and its delivery process was seen to be cumbersome. (77)
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Woog et al discussed the use of holmium:YAG laser in the bone ablation part of
DCR. (1), (32) This laser caused efficient bone ablation, good hemostasis, and
minimal collateral damage. Flexible fiberoptic delivery system was also applicable
here. (76) Success rate was about 82%. (19)

Javate et al (78) introduced a radiofrequency unit for incision of the nasal mucosa and
bone in endonasal DCR. This utilised cutting and coagulation simultaneously with
minimal surrounding thermal damage. They also used the Kerrison rongeur to enlarge
the bony osteotomy. Mitomycin-C and silicone stents were also used to prevent

closure of the ostium.

Conventionally endonasal DCR was based on the principle of creating a fistula
between the lacrimal sac and the nasal cavity without the preservation of the nasal
mucosa. (79) However, failure was commonly seen due to varied reasons like re-

closure of the stoma created by granulation tissue, fibrosis or synechiae. (80)

Another school of thought is that the preservation of nasal mucosal flaps can help
reduce failure rates by reducing incidence of post-operative re-stenosis. (81) Several
authors have described different techniques of nasal mucosal flap creation and
preservation like U-shaped (82), L-shaped mucosal flap (83) , free nasal mucosal flap
(84) or preservation of the whole nasal mucosal flap (85).

The reported incidence of congenital NLDO is 5-20%. (86) It is higher in children
with craniofacial anomalies and Down syndrome. (51) Persistent epiphora, matting
and crusting of eyelashes, persistent infection with presence of excoriated skin along
eyelid margins most commonly lead to a diagnosis of NLDO in the pediatric age
group. (87) In almost 20% of infants, failure of canalization of the nasolacrimal duct,
predominantly at the valve of Hasner, leads to a persistent membrane at the distal end
of the nasolacrimal duct. Any bony obstruction, or mucosal hypertrophy of the
neighbouring nasal mucosa can also cause narrowing of the duct’s opening in the
inferior meatus.Approximately 90% of the cases resolve spontaneously or with

minimal treatment. (88)

It is generally managed conservatively at first, followed by syringing, probing, using
balloon dacryoplasty, and applying topical antibiotics. Only on failure of these

conservative modalities, DCR is considered.
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Congenital dacryocystocele, a variant of congenital NLDO, involves sterile cystic
dilatation of the lacrimal sac with expansion of this cyst intranasally. So, in cases of
bilateral NLDO, it may lead to an emergency condition where the neonate has
respiratory distress due to nasal obstruction because neonates are obligate nasal
breathers. Such a situation, thus warrants early surgical intervention in these neonates.
(87)

The Kerrison’s bone punch is an instrument which holds and cuts bone. It has a blade,
a guard for saving the underlying structures, a shaft and a handle facilitating its use in
smaller areas by application of a controlled force. This is used commonly in pediatric
surgeries, neurosurgeries and cardiac surgeries. It was Dr. Robert Masters Kerrison,
an English physiologist and physician who first designed this instrument, and it took
more than 100 years to modify the original design of the instrument to bring it to its

current form with a purpose to make it more effective and operator friendly. (25)

Philip D. Kerrison, born in Charleston, South Carolina, in 1872, was practising as an
assistant surgeon and professor of aural diseases at NYU around 1908. During this
period, Kerrison presented the rongeur in The Laryngoscope and described its
usefulness in chronic suppurative otitis media treatment, which required bone removal
from the area overlying the descending portion of the facial nerve. The Kerrison bone
punch has the advantage of allowing bone removal from inside-out, rather than
outside-in, so that deeper structures like the facial nerve could be protected with its
blunt distal end plate. Previously, these procedures were being performed with a

hammer and chisel. (26)

In 1880, the piezoelectric effect was first discovered by French physicists Jacques and
Pierre Curie. They observed that applying mechanical stress or pressure to certain
materials resulted in a shift of positive and negative charges, and generation of an

external electric field.

Thus, mechanical energy gets converted to electrical energy. The reverse also holds
true where applying an external electric field to a piezoelectric material causes its
rapid compression and expansion and thereby creates ultrasonic vibrations. Ultrasonic
aspirators are based on the principle of harnessing this inverse piezoelectric effect.
(89), (90)
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The Cavitron Ultrasonic Surgical Aspirator (CUSA) is a device that generates
ultrasonic waves in the frequency of 23 kHz and with an adjustable stroke of 0-300
microns for the removal of dense calcified tissues like bone. It has a handpiece, with a
hollow titanium tip driven by a magnetostrictive transducer. The tip vibrates along its
axis longitudinally with the frequency of 23 kHz. Another handpiece is available in

some models which vibrates at a frequency of 35 kHz for soft tissue emulsification.

The hand-piece contains a stack of tubular piezoelectric crystals or discs which when
exposed to an external electric field causes the attached bit to vibrate against the target
tissue. These high frequency ultrasonic waves induce formation of cavitations, that is
formation, expansion and subsequent implosion of small vapor bubbles within the
tissue. It is a process of boiling in a liquid as a result of pressure reduction rather than
heat addition. This leads to tissue denaturation by breakdown of the hydrogen bonds
and the emulsified tissue is subsequently removed by continuous suction and

irrigation.

Soft tissue ultrasonic aspirators have a longitudinal motion, cutting tissue on the
downstroke and emulsifying it through cavitation in the upstroke. Bone-cutting
aspirators emulsify with a grinding mechanism by longitudinal or torsional

movement, or a combination of both. (91), (92)

When placed in contact with the target tissues, this tip emulsifies the tissue depending
on its collagen and water content, which are irrigated and removed through an in-built
suction system. Vessels with diameters more than 0.5mm, nerves and fibrous tissue
capsules have higher collagen content. Thus they rebound with ultrasonic waves
generated by the CUSA, and are thereby left unaffected by CUSA. (93)

The removal of the thick bone overlying the lacrimal sac is a critical step in DCR
operation which can be accomplished by powered (drills, microdebriders and lasers)
or non-powered (curettes, rongeurs, hammer and chisel) instruments. All these
conventional instruments risk injury to the underlying mucosa and lacrimal apparatus
which can further lead to surgical failure. The advent of the ultrasonic aspirators help
in in-situ bone emulsification thereby respecting the surrounding soft tissue structures.
(24)

The bone-cutting capability of the ultrasonic aspirators has been used in various other

specialties. (28), (92) Piezosurgery has been reported to be used in various otologic
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surgeries like stapedotomy, atticoantrostomy, classical intact canal wall
mastoidectomy, posterior tympanotomy, facial nerve decompression and excision of
middle ear tumors like glomus tympanicum tumors and primary B-cell lymphomas of
the middle ear. (94), (95)

Ultrasonic aspirators were first used in endoscopic DCR by Anitsdel and colleagues.
They performed 16 procedures and reported about 12 subjects with respect to the ease
of using the device in creating the bony rhinostomy. Even on inadvertent contact with
nearby mucosal surfaces, no instances of damage or unexpected penetration into the
lacrimal sac were seen. With a mean follow-up of 20 months, postoperative
endoscopic assessment showed wide open rhinostomy sites without any synechiae
formation. (24)

Salami and colleagues performed a similar study with 20 subjects with a follow-up at
12 months post-operatively. The aspirator was used to completely remove all the
overlying maxillary bone and widely expose the lacrimal sac. Postoperatively, all
patients had complete recovery from epiphora, with no evidence of dacryocystitis or
granulation or synechia formation at the neo-ostium. Histologic studies showed
improved bone healing in terms of better and more rapid bone formation as compared

to the use of drills for osteotomies. (2)

In a retrospective review, Steele and colleagues compared endoscopic DCR by
ultrasonic aspirators and microdrill. Out of the 63 study subjects, 29 underwent DCR
by microdrill and 34 by ultrasonic bone aspirator. No statistical significance was
noted in the success rates of the two, although ultrasonic procedures reported a

slightly higher success rate of 94.1% as compared to 86.2% by micro drills. (6)

Another retrospective study by Murchison et al, involving 123 subjects, showed
79.7% success rate in those undergoing ultrasonic endoscopic DCR against 81.3% in
subjects not undergoing ultrasonic endoscopic DCR. However, this was also not
statistically significant. (96)

A prospective trial was performed in 2014 comparing the surgical time of endoscopic
DCR with a mechanical drill to that by using an ultrasonic aspirator. It included 29
subjects in the drill group and 26 in the piezosurgery group. No significant operative
time difference was noted (3.71 min vs 4.12 min, P 5.17). (97)
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The use of anti-proliferation agent, mitomycin C (MMC), topically to the osteotomy
site during dacryocystorhinostomy surgery has been shown to increase the surgical
success rates in multiple studies. (98), (99), (100), (101), (102), (103), (104) MMC is
a cytotoxic agent which acts by inducing DNA strand cross-links. This leads to arrest
of DNA replication and triggers apoptosis which further suppresses granulation
reactions during wound healing. This reduces closure rates of the osteotomy. It was
applied with a mean concentration of 0.02—1.0 mg/ml for a duration of around 2—-30

minutes.

Multiple studies have been done on endonasal DCR with or without the use of
silicone stenting which have collectively implicated that there is no statistically
significant difference in outcomes of endonasal DCR with or without using stents.
(105), (106), (107), (108).

A study done by Mohamad et al. on 89 patients showed success rate at six months
follow-up to be 70% in the stent group and 97% in the non-stent group. (109) Stent
placement can be associated with a number of complications like prolapse of the stent,
damage to the puncta, granuloma formation, damage to the canalicular system with
false passage formation or infection. (110) Another study stated that stenting was
beneficial for cases with a tight common canaliculus as observed intra-operatively.
(111)

A study conducted by Lee et al, advocates that a novice surgeon when beginning to
learn endoscopic endonasal DCR should perform the surgery on at least 30 eyes until
he or she becomes adept with the necessary surgical skills, including using the
endoscope and allied instruments for obtaining a broader visualization of the
operative site. This is the single most important learning step which can ensure a
higher surgical success rate. (40) It was a retrospective review of the records of 386
eyes of 337 patients operated for DCR by three surgeons at three tertiary hospitals to
ascertain the learning curve for DCR. All three surgeons showed a significant increase
in their surgical success rates after operating the first 30 eyes (p < 0.05).

In 2014, Chappell reported that the use of the ultrasonic aspirator (Sonopet) for
endoscopic DCR surgery involves a significant learning curve and high cost efficacy.
Appropriate selection of the handpiece tip and getting acquainted with the machine’s
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adjustment settings are extremely crucial for successful adoption of this technology

and avoidance of complications. (39)

In 2003, Peter John Wormald and Angelo Tsirbas opined that excellent collaboration
between the ear, nose, and throat surgeon and the ophthalmologist, where both were
present in all surgeries, allowed the learning curve effect that may have been present,

to be significantly ameliorated. (112)
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AIM AND OBJECTIVES

25



AlIM:

To compare the outcomes in Endoscopic Endonasal DCR performed by using CUSA

and with Kerrison’s bone punch in adult patients.

OBJECTIVES:
1. To assess the outcomes of using CUSA with those of using Kerrison’s bone punch.

2. To assess surgeon’s perspective about using the two instruments.

RESEARCH QUESTION:

Does the use of Cavitron Ultrasonic Surgical Aspirator (CUSA) provide a better
outcome in patients with chronic dacryocystitis undergoing Endonasal Endoscopic

Dacryocystorhinostomy than with the use of the Bone punch?

Null Hypothesis:

The use of Cavitron Ultrasonic Surgical Aspirator (CUSA) does not provide a better
outcome in patients with chronic dacryocystitis undergoing Endonasal Endoscopic

Dacryocystorhinostomy than with the use of the Bone punch.

Alternate hypothesis:

The use of Cavitron Ultrasonic Surgical Aspirator (CUSA) provides a better outcome
in patients with chronic dacryocystitis undergoing Endonasal Endoscopic

Dacryocystorhinostomy than with the use of the Bone punch.
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MATERIALS AND METHODS
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The study was carried out in the Department Otorhinolaryngology at All India
Institute of Medical Sciences, Jodhpur, after approval from the Institutional Ethics
Committee (IEC Reg. No. AIIMS/IEC/2019-20/982) and registration with Clinical
Trail Registry - India (CTRI Registration No. CTRI1/2020/03/024297).

STUDY DESIGN: Randomized Controlled Trial.

STUDY SETTING:

The study was conducted in the Department of Otorhinolaryngology in conjunction
with the Department of Ophthalmology, at a tertiary care institute i.e. All India

Institute of Medical Sciences, Jodhpur (Rajasthan).

DURATION OF STUDY:

The study was done over a period of 20 months, following the procurement of the
CTRI Registration number in March 2020.

SAMPLE SIZE:

e As there was a lack of studies comparing the outcomes between CUSA and

Kerrison’s bone punch, this pilot study was devised.

e Sample size was taken as time bound, based on the previous hospital records of
approximately 30 cases of endoscopic endonasal dacryocystorhinostomy being
done in a duration of 2 years in the Department of Otorhinolaryngology, AIIMS
Jodhpur. Hence, sample size was initially kept as a total of 34 cases (including
10% attrition rate). However, with the advent of the crisis situation of COVID-19
pandemic, all elective surgical procedures were kept at a halt for more than a

year. Thus, a sample size of only 20 subjects was feasible
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INCLUSION CRITERIA:

All patients more than 18 years of age diagnosed with Naso-Lacrimal Duct
Obstruction (NLDO), undergoing Endoscopic Endonasal Dacryocystorhinostomy in
the Department of Otorhinolaryngology at AIIMS Jodhpur.

EXCLUSION CRITERIA:

1. Patients with age less than 18 years

2. Patients with congenital dacryocystitis

3. Patients with common canalicular block

4. Patients with multiple co-morbidities like tuberculosis or malignancy
5. Revision cases

6. Presence of nasal pathologies like atrophic rhinitis or nasal polyps

BLINDING:

Double blinded study.

The observer as well as the patient was blinded to the instrument used (CUSA or
Kerrison’s bone punch) in the procedure (Endoscopic endonasal

dacryocystorhinostomy).

Observer evaluated the patient pre-operatively as well as post-operatively for all

the outcome variables.

The patients gave subjective responses to the outcome variables and were therefore

blinded to the procedure that was undertaken.
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RANDOMIZATION:

e Thirty-four (34) randomised numbers were generated by a computerised random
number generator system.

e All odd numbered patients underwent the procedure with CUSA and were placed
in Group A.

e All even numbered patients underwent the procedure with the Kerrison’s bone

punch and were placed in Group B.

ALLOCATION CONCEALMENT:

o Allocation concealment was done by opaque sealed envelopes, which
contained the information of the random number generated with the name of
the instrument (CUSA OR Kerrison’s bon punch) to be used in the procedure.

. One envelope was randomly selected and opened by the operating surgeon,
just before starting the procedure, after shifting of the patient to the operation
theatre.

o Surgeon then used the instrument (CUSA OR Kerrison’s bon punch) as per the
information in the envelope, for the procedure.

. Surgeon then filled his ‘Per-operative surgeon’s perspective’ questionnaire
which was kept separately in a file inaccessible to both the observer and the
patient.

FUNDING:

No fund was received from any source for the completion of this study.
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PRE-OPERATIVE WORKUP

Patients were subjected to a detailed clinical assessment, general physical
examination and routine workup. A detailed history was taken and a complete

physical examination was performed for all patients included in the study.

Obijective evaluation done by the Blinded observer, who was not a part of the

study, based on the following parameters:

1. Syringing |- To confirm diagnosis and rule out common canalicular block

Method: The patient was placed in a supine position and a topical anaesthetic (4%
lignocaine) instilled in the eye. The lower punctum was dilated (if required) with a
punctum dilator; a blunt lacrimal cannula (Figure 5) connected to a 5cc syringe
(containing normal saline) was inserted into the inferior canaliculus and irrigation
done to look for any reflux of fluid or discharge from the upper or the lower
canaliculus (Figure 6). The patient was then asked whether the fluid had reached the
pharynx.

If syringing could not be performed through the inferior canaliculus, the superior

canaliculus was utilized.
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Figure 5: Lacrimal cannula used for syringing
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Figure 6: Syringing being performed on a patient through the lower canaliculus.

Reflux through the upper punctum suggests obstruction at the common

canaliculus or more distal structures
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2. [Probing | To rule out common canalicular block

Method - After topical anaesthetic was instilled, the punctum was dilated. An
appropriately sized lacrimal probe (Figure 7) was advanced into the canaliculus. First
the probe was passed vertically through the punctum and then horizontally with the
eyelid on a stretch until it encountered the lacrimal bone or met the canalicular
obstruction. (Figure 8)

If the probe encountered the lacrimal bone, when advanced into the canaliculus, the
feeling was called “hard stop”, i.e., the probe passed into the lacrimal sac following
which it touched its medial wall, and the common canaliculus was thus patent. If there
was a reflux through the opposite punctum in syringing, a “hard stop” suggested an
obstruction of the sac or duct. If there was a canalicular block, then the length of the
advanced probe was measured. This length was suggestive of the patent proximal part

of canaliculi, i.e. the distance between the punctum and obstruction was measured.

If there was an obstruction close to the lacrimal sac and the probe was not negotiable
into the lacrimal sac to feel the lacrimal bone, a “soft stop” was experienced. This
spongy feeling suggested that the obstruction was probably within the common
canaliculus and the lacrimal probe was pressing the common canaliculus and the

lateral wall against the medial wall of the sac. The probing was done very gently.

It was important to notice the inner canthus while one was advancing the probe
towards the hard stop. If there was a medial shift of the inner canthus on advancing
the probe towards the lacrimal bone, it indicated that the probe was dragging the
common canaliculus medially towards the bone and the lacrimal bone was not yet

reached. Hence it was seen in “soft stop”.
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Figure 7: Bowman Probes used for probing
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Figure 8: Diagnostic probing being done in a patient
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3. |ROPLAS (Regurgitation on pressure over the Lacrimal Sac) —

A positive ROPLAS test required neither irrigation nor probing as it has a very high
specificity (99.3%) with a negative predictive value of 99.2%. (113), (20)

Method — The inferior orbital margin was traced medially and superiorly till the
anterior lacrimal crest was identified. The index finger was then directed behind the
crest and pressure was applied on the sac area in an upward and medial direction so as
to express the contents of the lacrimal sac onto the conjunctiva. Any reflux of fluid or
mucopurulent material from the puncta was noted and the ROPLAS test was said to

be positive in such a case.

4. |Diagnostic Nasal Endoscopy|—

Method - The nasal mucosa was topically decongested and anaesthetized with a spray
or pledges soaked with anaesthetics. Diagnostic nasal endoscopy was performed with
a rigid endoscope of 4-mm diameter, 0 or 30° viewing angle. The endoscope was
directed above the inferior turbinate to examine the lacrimal ridge and view the area
of the axilla of the middle turbinate. Endoscopy of the inferior meatus was also done

to visualize the ostium of the nasolacrimal duct.

Assessment was done for any anatomical abnormalities which could potentially affect
the proposed lacrimal surgery (nasal cavity extent, septal deviation, hypertrophic

turbinate, previous nasal surgery).

Assessment for any co-existing nasal pathologies causing lacrimal symptoms (tumor,

Wegener’s granulomatosis, etc.) was also done.
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5. Schirmer’s test |- Schirmer’s test was done for assessing and ruling out dry eye.

Method — White Whatman filter paper No. 41 in 35x5-mm strips was folded 5 mm
from one end and placed into the inferior fornix at the junction of the medial two-

thirds and lateral one-third of the lower eyelid. (Figure 9)

In semi-darkened room, the patient, without any eye drops, and without any verbal
stimulation, was asked to blink normally for 5 minutes. The amount of wetting to the

paper was measured from the fold along its length after the paper was removed.

Interpretation -

Normal being >15 mm wetting of the paper after 5 minutes
Mild: 14-9 mm wetting of the paper after 5 minutes

Moderate: 8-4 mm wetting of the paper after 5 minutes

I

Severe: <4 mm wetting of the paper after 5 minutes
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Figure 9: Schirmer’s test being performed in a patient
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6. [Fluorescein-dye disappearance test (FDDT) |-

This is a physiological test based on the evaluation of residual fluorescein in the eye
following instillation of one drop of fluorescein into the unanaesthetised conjunctival

sac to check for normal lacrimal flow.

Method — One drop of 0.125-2% fluorescein was instilled into the unanaesthetised
lower fornix of each conjunctival sac. After 5 minutes, the thickness of the
fluorescence of the tear meniscus was measured under slit lamp with the help of
cobalt blue filter. (Figure 10, 11). The tears normally drain down the lacrimal system
in 5 minutes. However, in case there was a residual fluorescein stained tear film
present in the lower conjunctiva, after 5 minutes, the test was considered as positive.
(Figure 12)

Interpretation - The fluorescein dye test grading scale is as follows:

0 = no fluorescence in the conjunctival sac
1 = thin fluorescing marginal tear strip persists
2 = more fluorescein persists, between | and 3

3 = wide, brightly fluorescing tear strip

Grades 0 and 1 are considered to be normal, i.e., the drainage function is good. Grades
2 and 3 are considered to be abnormal i.e., the lacrimal drainage system is not

functional.

40



S

A
ay
=

Figure 10: Fluorescein dye instilled into the eye
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Figure 11: Fluorescein-dye disappearance test being performed in a patient
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Figure 12: Fluorescence of the tear meniscus is measured under slit lamp with

cobalt blue filter
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Subijective evaluation from the Blinded patient based on the following

parameter:

7. |Lacrimal Symptom Questionnaire (LAC-Q)- It takes into account the following

problems faced by the patient in the last eight weeks:

e Social and lifestyle impact of tear duct problem — One point for each problem

faced (Maximum score - 5)

o

o

(@]

Friends and family commenting about the watery eye problem

Causing embarrassment in company

Interference with everyday activity (Reading, Driving, Wearing make-up,
Wearing glasses, Hobbies, other activity)

Blurring of vision

Taken medical attendance (visiting family doctor hospital eye clinic)

e Problems with each eye separately — First 3 problems graded from 0 to 4,

swelling graded from 0 to 2, as described by the patient about the problem in the

last 8 weeks — (Maximum score — 14 for each eye)

o

Watery eye — No watery eye problem, occasional watering, especially
outdoors, Troublesome watering some days or most days or every day.

Pain in or around the eye; soreness of eyelids — No pain, some pain but not
sought treatment, used prescription eyedrops, painful or swollen (lacrimal
abscess) requiring antibiotics or surgical drainage

Sticky eye — No sticky eye problem, sometimes sticky, everyday sticky, sticky
throughout the day, fistula formation

Swelling or lump at medial canthus (mucocoele) — No swelling/ lump,

intermittent swelling, swelling present at all times.
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POST-OPERATIVE WORKUP

Objective evaluation done by the Blinded observer based on following
parameters:

1. Schirmer test

2. Fluorescein Dye Disappearance test (FDDT)

Subjective evaluation obtained from the Blinded patient based on the following

parameters:

3. Pain assessment using:
a. Visual Analogue Scale
b. Faces pain rating scale

4. Lacrimal Symptom Questionnaire (LAC-Q)

5. Epiphora (Present/ Absent)
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SURGICAL TECHNIQUE

Under GA, patient was positioned.

Under all aseptic precaution, parts were painted and draped.

The nasal cavity on the side to be operated was decongested with 2% lignocaine
and 1:2 lac adrenaline.

DNE was done to make note of the pre-operative findings.

Local infiltration given over anterior part of axilla of middle turbinate. (Figure
16)

Incision made on the lateral wall of nose starting 3mm above the axilla of the
middle turbinate.

Another incision made above the level of the upper border of inferior turbinate.
The two incisions are joined by vertical incision.

Posterior based flap elevated just anterior to axilla and frontal process of maxilla
and lacrimal bone visualized. (Figure 17)

Bone removed using the allotted instrument — CUSA ((Figure 18) or Kerrison’s
bone punch (Figure 19).

Lacrimal sac visualized. Sac incised using keratome and medial wall of sac
debrided. (Figure 20)

Mucopurulent discharge was seen to be coming out of the sac in 18 cases out of
the 20.

Syringing done and free flow of fluid confirmed by syringing and patency of
nasolacrimal duct established. (Figure 21)

Haemostasis achieved. Merocel nasal packing done. Bolster applied.
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Figure 13: Bone tip of CUSA used in the CUSA group of the study
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Figure 14: Punctum dilators of different sizes

Figure 15: Keratome used for opening the lacrimal sac
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Figure 16: Local infiltration being given on the area anterior to the axilla of
middle turbinate (Left)
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Figure 17: Frontal process of maxilla and lacrimal bone exposed after elevating

nasal mucosal flap (Right)
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Figure 18: CUSA with the bone tip in use intra-operatively (Right)
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Figure 19: Kerrison’s bone punch in use intra-operatively (Right)
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Figure 20: Lacrimal sac exposed (Right)
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Figure 21: Free flow on syringing confirming patency of nasolacrimal duct being
established
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Figure 22: Consolidated Standards of Reporting Trials (CONSORT) figure

representing the enrolment and analysis of data:

ENROLLMENT

Assessed for eligibility

(n=20)

Excluded (n=0) ‘
\

Randomized (n=20)

ALLOCATION

Allocated to intervention - CUSA
(n=12)

Recieved allocated intervention (n=12)
Did not recieve allocated intervention

(n=0)

Allocated to intervention - Kerrison's Bone
Punch (n=8)

Recieved allocated intervention (n=8)
Did not recieve allocated intervention (n=0)

Lost to follow up (n=0)

Discontinued intervention
(n=0)

Analysed (n=12)

FOLLOW-UP
Lost to follow up (n=0)
Discontiued intervention
(n=0)
ANALYSIS

Analysed (n=8)

Excluded from analysis (n=0) Excluded from analysis (n=0)
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STATISTICAL ANALYSIS

All data collected was tabulated in an excel spread-sheet and was analysed using
Statistical Package for Social Sciences (SPSS) IBM software version 23 (IBM SPSS
Advanced Statistics, Chicago, IL, USA). Results of the categorical measurements

were presented in numbers, or ratio

Results of quantitative variables were presented as median (95% confidence interval)
or mean = SD.Mann-Whitney U test was applied for comparing qualitative
(categorical) data, and Unpaired Student’s t test was applied for comparing

quantitative (continuous) data.

Level of significance was taken as 5% with p value < 0.05, being considered as

significant.

ETHICS APPROVAL

Approval to conduct this study was taken from the Institution Ethics Committee
(IEC), AIIMS, Jodhpur (IEC Reg. No. AIIMS/IEC/2019-20/982 — attached in
Appendix-A) and registration was done with Clinical Trail Registry - India (CTRI
Registration No. CTRI1/2020/03/024297 obtained on 27/03/2020). Informed and
written consent in a language the patient understands was obtained from the subjects
before their participation in the study. There were reasonable ethical implications in

this study:

1. All subjects had provided a written informed consent (attached as Appendix B).
2. There were no added costs to the patient.

3. Patient had to meet the aforementioned study inclusion criteria.

REQUIREMENTS

Schirmer test strips and Fluorescein dye were required for the study which were made
available with the help of Department of Ophthalmology and utilized for routine

follow up of patients in our department.
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RESULTS
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GENDER DISTRIBUTION:

Figure 23: Gender distribution in the study population:

GENDER DISTRIBUTION

m MALE

FEMALE = 16 FEMALE
(80 %)

The above figure depicts the gender-wise distribution of the included subjects. There
was a female preponderance with percentage of females included being 80.0% and
males 20.0%.

Table 1: Comparison of gender distribution between the study groups:

Kerrison’s bone
CUSA (n=12)
Gender punch (n=8) p-value
n (%)
n (%)

Male 2 (16.67%) 2 (25.0%)
0.648077

Female 10 (83.33%) 6 (75.0%)

The above table shows the gender distribution of patients between CUSA and
Kerrison’s bone punch groups. There were 2 (16.67%) males and 10 (83.33%)
females in the CUSA group vs 2 (25.0%) males and 6 (75.0%) females in the
Kerrison’s bone punch group. The chi-square test was applied and the corresponding
p-value was 0.6480; which was statistically non-significant i.e., both the study groups

were comparable with respect to the gender of patients enrolled.
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AGE:

Table 2: Comparison of mean age between study groups:

] Kerrison’s bone
Age (in years) CUSA (n=12) p-value
punch (n=8)
Mean + SD 48.83 + 13.89 4488 + 17.16 0.576

The Mean age in CUSA group and Kerrison’s bone punch group was (48.83 + 13.89)
years and (44.88 + 17.16) years, respectively (p-value = 0.576).

The unpaired student ‘t” test was used to compare the age between study groups,
which showed a p-value of 0.576, which was statistically non-significant i.e., both the

study groups were comparable with respect to the age. (Table 2)
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EPIPHORA:

Table 3: Comparison of post-operative epiphora in the study population:

POST CUSA KERRISON’S
OPERATIVE (n=12) BONE PUNCH p-value
EPIPHORA n (%) (n=8) n (%)
Present 1(8.3%) 0 (0.0%)
POD- 0 (n=20) 1.000
Absent 11 (91.7%) 8 (100.0%)
POD- 1 Present 1(8.3%) 0 (0.0%)
- 1.000
WEEK (n=20) Absent 11 (91.7%) 8 (100.0%)
POD- 4 Present 2 (16.7%) 1 (12.5%)
WEEKS 1.000
(n=20) Absent 10 (83.3%) 7 (87.5%)
POD- 12 Present 1 (8.3%) 1 (12.5%)
WEEKS 1.000
(n=20) Absent 11 (91.7%) 7 (87.5%)
Fisher's Exact Test was used

The above table shows the absence of epiphora in majority of the patients in the

post-operative period. The difference was not statistically significant (p-value —

1.000)

= At post-operative day 0 and 1 week, recurrence of epiphora was seen in 1
patient (8.3%) in the CUSA group. The Kerrison’s bone group showed no
recurrence up to 1 week post-operatively.

= At 4 weeks post-operative day, recurrence of epiphora was seen in 2 patients
(16.7%) with CUSA and in 1 patient (12.5%) with Kerrison’s bone punch.

= At 12 weeks post-operative day, there was persistence of recurrence in 1 patient
(8.3%) in the CUSA group and also 1 patient (12.5%) in the Kerrison’s bone

punch group.
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PAIN:

Table 4: Comparison of post-operative pain by the Visual Analogue Scale in the

study population:

BY VISUAL ANALOGUE SCALE (VAS)

CUSA KERRISON’S
POST CI)DZEIEAT'VE (n=12) BONE PUNCH | p-value
n (%) (n=8) n (%)
POD-0 | MILD PAIN (Scores 1,2) | 10 (83.3%) 8 (100.0%) 0,495
(n=20) NO PAIN (Score 0) 2 (16.7%) 0 (0.0%)
POD-1 | MILD PAIN (Scores 1,2) | 2 (16.7%) 0 (0.0%)
WEEK 1.000
(n=20) NO PAIN (Score 0) 10 (83.3%) 7 (87.5%)
POD-4 | MILD PAIN (Scores 1,2) | 2 (16.7%) 1 (12.5%)
WEEKS 1.000
(n=20) NO PAIN (Score 0) 10 (83.3%) 7 (87.5%)
POD-12 | MILD PAIN (Scores 1,2) | 1 (8.3%) 1 (12.5%)
WEEKS 1.000
(n=20) NO PAIN (Score 0) 11 (91.7%) 7 (87.5%)

Fisher's Exact Test was used

The above table shows the comparison of post-operative pain in terms of the Visual

analogue scale scores as experienced by the patients on post-operative day 0, 1 week,

4 weeks and 12 weeks which is comparable in both the groups (p-value = 0.495 and
p-value = 1.000).

= On post-operative day 0, majority of the patients reported mild pain — 83.3%

patients in the CUSA group and 100.0% patients in the Kerrison group.

= However, there was no pain in majority of the patients in both the groups on

follow-up.

61




Table 5: Comparison of post-operative pain by the FACES Scale in the study

population:
BY FACES SCALE
POST CUSA KERRISON’S
OPERATIVE (n=12) BONE PUNCH p-value
PAIN n (%) (n=8) n (%)
Hurts little bit - 0 0
POD-0 | Hurts little more 8 (66.7%) 7 (87.5%) 0.603
(n=20) No hurt 4 (33.3%) 1 (12.5%)
Hurts little bit -
POD- 1 0 0
WEEK |_Hurts little more 2 (16.7%) 1 (12.5%) 1.000
(n=20) No hurt 10 (83.3%) 7 (87.5%)
POD- 4 Hurts little bit - 0 0
WEEKS | Hurts little more 1 (8.3%) 1(12.5%) 1.000
(n=20) No hurt 11 (91.7%) 7 (87.5%)
POD- 12 Hurts little bit - 0 0
WEEKS | Hurts little more 1(8:3%) 1(12.5%) 1.000
(n=20) No hurt 11 (91.7%) 7 (87.5%)

Fisher's Exact Test was used

The above table shows the comparison of post-operative pain in terms of the FACES

scale as experienced by the patients on post-operative day 0, 1 week, 4 weeks and 12

weeks which is comparable in both the groups (p-value = 0.603 and p-value = 1.000).

= On post-operative day 0, majority of the patients reported pain as “Hurts little bit”

to “Hurts little more” — 66.7% patients in the CUSA group and 87.5% patients in

the Kerrison group.

= However, majority of the patients reported that there was “No hurt” in both the

groups on follow-up.
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LACRIMAL QUESTIONNAIRE SCORE (LAC-Q SCORE):

Table 6: Comparison of Lacrimal questionnaire scores in the study population:

LAC-O SCORES CUSA KERRISON’S
O SR (n=12) BONE PUNCH value
- n (%) (n=8) n (%)
PRE-OPERATIVE |  15.92 +0.289 15.88 + 0.354 0.776
POD-0 (n=20) 4.42 + 0515 438 + 0.518 0.862
POD- 1 WEEK 0.25 + 0.452 0.13 + 0.354 0.519
(n=20)

POD'(If:\%')EEKS 0.25 + 0.622 0.38 + 1.061 0.742
"D aey | 0581443 0.63 +1.768 0.954

Independent ‘t’ test was used

The above table shows the comparison of the lacrimal questionnaire scores in pre-
operative versus post-operative day 0, 1 week, 4 weeks and 12 weeks as experienced
by the patients.

There has been reduction in mean LAC-Q scores in the post-operative period as
compared to the pre-operative scores, from (15.92 + 0.289) to (4.42 £+ 0.515) in the
CUSA group and from (15.88 * 0.354) to (4.38 + 0.518) in the Kerrison’s group on

post-operative day 0.

The scores have reduced to <1 on follow-up.
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SCHIRMER’S TEST:

Table 7: Comparison of Schirmer’s Test in the study population in the pre and

post-operative period:

TEST OPERATIVE | (n=20) WEEK | WEEKS | WEEKS
((n=20) (n=20) (n=20)
NORMAL
(>15 mm) 19 19 19 19 19
MILD (14-9mm) 1 0 0 0 0
MODERATE (8- 0 . ) . .
4mm)
SEVERE (<4mm) 0 0 0 0 0

The above table shows the comparison of pre and post-operative Schirmer’s test in the

patients on post-operative day 0, 1 week, 4 weeks and 12 weeks.

Schirmer’s test was found to be normal (>15mm) in 19 patients, pre-operatively and

post-operatively. Only one patient had moderate wetting of the Schirmer’s test strip.
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FLUORESCEIN DYE DISAPPEARANCE TEST (FDDT):

Table 8: Comparison of post-operative Fluorescein dye disappearance test in the

study population between the study groups:

FDDT GRADES (Cnlffg KERRISON'SBONE |
- - — (o) =
(0-3) n (%) PUNCH (n=8) n (%)

POD-1 Normal 2 (16.7%) 1 (12.5%)

WEEK 1.000
(n=20) Abnormal 10 (83.3%) 7 (87.5%)

POD- 4 Normal 3 (25.0%) 3 (37.5%)

WEEKS 0.642
(n=20) Abnormal 9 (75.0%) 5 (62.5%)

POD- 12 Normal 4 (33.3%) 2 (25.0%)

WEEKS 1.000
(n=20) Abnormal 8 (66.7%) 6 (75.0%)

Fisher's Exact Test was used

The above table shows the FDDT grades as observed on post-operative day 1 week, 4

weeks and 12 weeks.

= Pre-operatively, all the patients had Abnormal FDDT grade (Grades 2, 3)
suggestive of abnormal lacrimal drainage function.

=  On follow-up, at POD- 1 week and at POD-12 weeks, the CUSA group shows to
have normal lacrimal drainage (Grades 0,1) in higher number of patients (16.7%
and 33.3% patients respectively) as compared to the Kerrison’s group (12.5% and
25.0%).

However, the difference is not statistically significant.
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ROPLAS:
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Figure 24: Comparison of ROPLAS pre-operatively in both the study groups.

ROPLAS was found to be positive in 58.3% (n=7) patients and negative in 41.7%

(n=5) in the CUSA group. It was positive in 50% patients in the Kerrison’s bone

punch group pre-operatively.

On subsequent follow-up, at 12 weeks post-operatively, 1 patient in each group was

found to be having ROPLAS positive; that is recurrence of symptoms.
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INTRA-OPERATIVE DURATION:

Table 9: Comparison of mean intra-operative duration between the study
groups:

INTRA- )
DURATION (in (in mins) L
. (in mins)
mins)
Mean = SD 119.17 + 33.496 106.38 £ 37.992 0.438°
. 117.7 (102.5, b
Median (Q1, Q3) 138.75) 114.00 (76.25, 132.00) 0.487
®Independent ‘t’ test b Mann-Whitney U test

The above table shows the comparison of Mean + SD for the time taken for the
surgery using the two instruments CUSA and Kerrison’s bone punch. The mean + SD
of the intra-operative duration in the CUSA group and Kerrison’s bone punch group
was 119.17£33.496 minutes and 106.38+£37.992 minutes, respectively. The unpaired
student ‘t’ test was used to compare intra-operative duration between the study
groups, which showed a p-value of 0.438, which was statistically non-significant, i.e.,
both the study groups were comparable with respect to time taken for the operation
between the study groups.

The median of the intra-operative duration in the CUSA group and Kerrison’s bone
punch group was 117.5 minutes and 114.0 minutes, respectively. The Mann-Whitney
U test was used to compare intra-operative duration between the study groups, which
showed a p-value of 0.487, which was statistically non-significant, i.e., both the study
groups were comparable with respect to time taken for the operation between the

study groups.
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PER-OPERATIVE ADEQUACY OF LACRIMAL SAC
EXPOSURE:

There was adequate exposure of the lacrimal sac in all the subjects operated (100%)

using both the CUSA or the Kerrison’s bone punch.

EASE OF USING EACH OF THE INSTRUMENTS:

Table 10: Comparison of ease of using the two instruments in the surgical
procedure:

Ease of use of CUSA (n=12) KERRISON SPONE
instrument (1-10) n (%) PUNCH (n=8) p-value
n (%)
EASY (1-3) 1 (8.3%) 1 (12.5%)
MODERATE (4-7) 8 (66.7%) 4 (50.0%) 0.723
TOUGH (8-10) 3 (25.0%) 3 (37.5%)

Mann Whitney U test was used.

The above table shows the ease of using the two instruments CUSA and Kerrison;s
bone punch in terms of grades marked by the operating surgeon after performing the
surgery with either of the instruments. They are divided into 3 groups as Easy (grade
1-3), Moderate (grade 4-7), Tough (grade 8-10). In majority of the cases (60.0%) the
surgeons had Moderate difficulty with either of the instruments. Using the CUSA, in
66.7% cases the surgeons experienced Moderate difficulty whereas only 50% of the

surgeons graded similar difficulty using the Kerrison’s bone punch.
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Figure 25: Comparison of Ease of using the instrument in the surgical

procedure:

EASE OF USE

80.00%
()]
5 70.00% 8 (66.70 %)
o)
= 60.00%
o 4 (50.00 %)
L 50.00%
:) 0,
2 40.00% 3(37.50 %)
2 30.00% 3(25.00 %)
=2
£ 20.00%
I ] o
§ oo L (830%™ 1(1250%) l

. ]

£ 0.00% ]
< EASY MODERATE TOUGH

EASE OF USE OF THE INSTRUMENT USED

B CUSA mKERRISON'S BONE PUNCH

The above figure shows the comparison of the ease of using the individual

instruments CUSA versus Kerrison’s bone punch in the surgery.
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INDIVIDUAL SURGEON’S EXPERIENCE WITH EACH
INSTRUMENT:

Table 11: Comparison of time and ease of use with each instrument group
between the operating surgeons in the study:

Instrument KERRISON’S
parameters Surgeon No. CUSA BONE PUNCH p-value
T'M',E:géKEN SURGEON1 | 108.57 +39.13 99.00 + 36.29 0.925
SURGERY | SURGEON?2 | 132.00+20.80 | 113.75+43.66 0.539
(in minutes)
EASE OF USE | SURGEON 1 457 +1.51 450 +1.91 1.000
(1-10) SURGEON 2 6.80 + 1.79 7.50 + 1.00 0.558
Mann-Whitney U Test was used

The above table shows the individual experiences of the surgeons with each of the
instruments. Overall, more time was taken for the surgery on operating with CUSA as
compared to that taken with the Kerrison’s bone punch by each individual surgeon,
that is (108.57 = 39.13) minutes with CUSA as compared to (99.00 + 36.29) minutes
with Kerrison, by Surgeon 1; and (132.00 £ 20.80) minutes with CUSA as compared
to (113.75 +£43.66) minutes with the Kerrison by Surgeon 2.

Both CUSA and Kerrison’s bone punch showed similar Ease of use in case of
Surgeon 1 (4.57 + 1.51 with CUSA and 4.50 £1.91 with Kerrison’s bone punch)
CUSA showed a slightly better Ease of use (6.80 + 1.79) than Kerrison’s bone punch
(7.50 £ 1.00) in Surgeon 2.

However, there was no statistical difference between the two groups (p-value> 0.05)

70




INTRA-OPERATIVE COMPLICATIONS:

Table 11: Comparison of complications faced with each of the two instruments in

the surgical procedure:

Intra-operative complications CUSA (n) KEE {IPHUSI\I(él\'I_'S(rgONE
Difficulty in removal of superior 0 1
part of bone
Difficulty in identifying sac 3 0
External skin wound inferior to 3 0

medial canthus

The above table shows the comparison of the complications faced by the surgeons
intra-operatively with each of the instruments.

o With CUSA there was difficulty in identifying the sac and external skin wound at
the area of the medial canthus in 3 patients each.

o In 1 patient being operated with the Kerrison’s bone punch there was difficulty in

removal of the superior part of the bone.

There was requirement of septoplasty in 1 patient in each group.
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SURGICAL SUCCESS RATES:

The operation was classified as successful by the subjective disappearance of patient

symptoms (absence of epiphora/ ROPLAS negative) at 3 months follow-up.

Table 12: Comparison of Surgical success using the two instruments in
endoscopic endonasal DCR:

KERRISON’S
CUSA (n=12) | BONE PUNCH p-value
(n=8)
SURGICAL YES 11 (91.7%) 7 (87.5%)
1.000
SUCCESS NO 1 (8.3%) 1 (12.5%)

Fisher's Exact Test was used

Both CUSA and Kerrison’s bone punch groups showed recurrence of symptoms
(presence of epiphora and ROPLAS positive) and thereby failure of surgery in 1
patient each.

So endoscopic endonasal DCR using CUSA demonstrated a success rate of 91.67%
(successful in 11 out of 12 patients) whereas endoscopic endonasal DCR using
Kerrison’s bone punch showed a success rate of 87.5% (successful in 7 out of 8
patients). However, the results were not statistically significant. (p-value = 1.000)
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DISCUSSION
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Nasolacrimal duct obstruction (NLDO) prevents the drainage of tears from the eye to
the nose, leading to epiphora. It could range from an occasional trickle to chronic
overflowing of tears. Hence there is a disruption of the balance between tear
production and drainage. Permanent obstruction of the nasolacrimal duct constitutes

Chronic Dacryocystitis. (5)

Conservative treatments only aid in temporary relief of symptoms. Hence, surgery is
considered as the treatment of choice for patients with nasolacrimal duct obstruction.
Dacryocystorhinostomy (DCR) is a surgical procedure wherein the drainage of tears
is established by creating a bypass between the lacrimal sac and the nasal cavity.
(114)

Numerous studies have emphasized the benefits of endoscopic endonasal
dacryocystorhinostomy technique as compared to the external
dacryocystorhinostomy. There have been excellent results due to significant advances
in technique, instruments and deeper understanding of endoscopic surgical anatomy.
(71) Absence of external skin incision and scar, protection of the pumping mechanism
of the orbicularis oculi muscle, shorter operative duration and the wider knowledge of
the endoscopic nasal anatomy are among few of the advantages of endoscopic DCR
as compared to the external DCR. (115), (116) The principles of endoscopic sinus
surgery in endonasal endoscopic DCR are targeted towards the minimalist goal of
restoring the function of the area primarily responsible for the presenting symptoms.
(117)

In our research, we aimed at comparing the outcomes of using two different
instruments (Cavitron Ultrasonic Surgical Aspirator, CUSA versus Kerrison’s bone
punch), in performing endoscopic endonasal DCR in adult patients with nasolacrimal
duct obstruction. We also assessed the surgeon’s perspective regarding use of each of
the two instruments for performing the surgery. Our key purpose was to decipher if
the use of CUSA provided a better outcome than the outcomes with the Kerrison’s
bone punch in patients with chronic dacryocystitis undergoing Endonasal Endoscopic

Dacryocystorhinostomy.
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Tests of normality were used to assess the distribution of the data. According to the
Shapiro-Wilk test the variables of age and intra-operative duration were normally

distributed (p-value > 0.05) while rest of the data were not normally distributed.

In our study, gender distribution showed that most of the patients (n=16) were
females i.e. 80% of the study population, while only 20% were males (n=04). Each of
the study groups showed a female preponderance too. In the CUSA group, there were
10 (83.33%) females and 2 (16.67%) males. In the Kerrison’s bone punch group there
were 6 (75.0%) females and only 2 (75.0%) males. The chi-square test was applied
and the corresponding p-value came as 0.6480. This was statistically non-significant
and hence both the study groups were comparable with respect to the gender of
patients enrolled. This finding was comparable to the study done by Gur. et al, (118)
in which 89.1% of all cases included in the study were females. This finding was also
similar to the study performed by David et al (64) which had 81.2% females
undergoing endonasal DCR. Female preponderance was also observed in the study
done by Ingale et al. in 2018. (119)

The mean age of the patients enrolled in the study was (48.83 + 13.89) years in the
CUSA group and (44.88 £+ 17.16) years in the Kerrison’s bone punch group, which
was comparable (p-value-0.576) as calculated using the unpaired student ‘t’ test. This
finding was consistent with the study done by Herzallah et al. (22) where the mean
age of the study population was 45 years. This was also similar to the study done by
David et al. (64) which showed the mean age in patients undergoing endonasal

dacryocystorhinostomy to be (41.9 + 15.8) years.

Epiphora was found to be absent in the majority of the patients post-operatively. At
post-operative day 0 and 1 week, recurrence of epiphora was seen in 1 patient (8.3%)
in the CUSA group while the Kerrison’s bone group showed no recurrence up to 1
week post-operatively. At 4 weeks post-operative day, recurrence of epiphora was
seen in 2 patients (16.7%) with CUSA and in 1 patient (12.5%) with Kerrison’s bone
punch. At 12 weeks post-operative day, there was persistence of recurrence in 1
patient (8.3%) in the CUSA group and also 1 patient (12.5%) in the Kerrison’s bone
punch group. However, there was no statistically significant difference between the
two groups as assessed by the Fisher’s exact test. The presence of post-operative

epiphora could be attributed to the fact that few patients had improper compliance to
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alkaline nasal douching, which was evident by post-operative diagnostic nasal
endoscopy of the surgical site showing presence of crusting blocking the operated

area.

At post-operative week 12, on follow-up, intra-nasal synechiae formation was seen on
nasal endoscopy at the operated site in 1 patient in each group, who were having
recurrence of symptoms, that is 8.3% patients in the CUSA group compared to 12.5%
patients in the Kerrison’s bone punch group. This could also be attributed to the fact
that the CUSA group had more number of subjects as compared to the Kerrison’s
bone punch group. The synechiae formation could also be a cause leading to
persistence of epiphora. Among the 3 patients with post-operative recurrence of
symptoms, one patient underwent septoplasty along with DCR, which could have also

led to synechiae formation.

Comparison of post-operative pain in terms of the Visual Analogue Scale (VAS)
scores as experienced by the patients on post-operative day 0, 1 week, 4 weeks and 12
weeks was comparable in both the groups (p-value = 0.495 and p-value = 1.000) as
assessed by the Fisher’s exact test. On post-operative day 0, the majority of the
patients reported “Mild pain” — 83.3% patients in the CUSA group and 100.0%
patients in the Kerrison group. However, there was “No pain” in the majority of the
patients in both the groups (83.3% patients to up to 91.7% patients in the CUSA
group and 87.5% patients in the Kerrison’s bone punch group) on follow-up.

The post-operative pain in terms of the FACES scale as experienced by the patients
on post-operative day 0, 1 week, 4 weeks and 12 weeks, was comparable in both the
groups (p-value = 0.603 and p-value = 1.000) by the Fisher’s exact test. On post-
operative day 0, the majority of the patients reported pain as “Hurts little bit” to
“Hurts little more” as per the FACES scale — that was 66.7% patients in the CUSA
group and 87.5% patients in the Kerrison group. However, on post-operative day 1
week and 4 weeks, the majority of the patients i.e 83.3% patients and 91.7% patients
respectively in the CUSA group and 87.5% patients in the Kerrison’s bone punch
group reported that there was “No hurt” on follow-up. Hence, immediate post-
operative pain is slightly more in patients undergoing surgery with the Kerrison’s

bone punch as compared to the CUSA (p-value = 0.603). However, the difference is
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not statistically significant. No similar studies have been found comparing these two

instruments in terms of their post-operative pain, earlier.

Comparison of the lacrimal questionnaire scores in pre-operative versus post-
operative day 0, 1 week, 4 weeks and 12 weeks as experienced by the patients show
that there has been reduction in the mean LAC-Q scores in the post-operative period
as compared to the pre-operative scores. Pre-operative LAC-Q score of (15.92 +
0.289) reduced to (4.42 = 0.515) in the CUSA group and from (15.88 + 0.354) to
(4.38 £ 0.518) in the Kerrison’s group on post-operative day 0. On subsequent follow-
up at post-operative 1 week, 4 weeks and 12 weeks, the scores were reduced to <1 in
both the groups. However, the difference in either group is not statistically significant
(p-value > 0.05) as obtained by applying the independent ‘t’ test. Previously studies
have been done to show the reduction in post-operative LAC-Q scores as compared to
the pre-operative scores. (120), (121) However, no studies have been done previously
to compare these two instruments in terms of their surgical outcomes using the

Lacrimal questionnaire.

Schirmer’s test was done to rule out the component of dry eye leading to increased
lacrimation in the patients. >15mm wetting of the Schirmer’s test strip was considered
Normal. 14-9mm was Mild, 8-4mm was Moderate and <4mm was Severe dry eyes.
In 19 patients in both pre-operative and post-operative period, the Schirmer’s test was
normal ruling out the possibility of dry eye in those patients. Only one patient had
moderate wetting of the Schirmer’s test strip but had successful surgical outcome on

follow-up.

The Fluorescein dye disappearance test (FDDT) was done in the study population
both pre and post-operatively to assess improvement in the lacrimal drainage function.
Pre-operatively, all the patients had abnormal FDDT grade (Grade 2, 3) suggestive of
abnormal lacrimal drainage function. On follow-up, at POD- 1 week and at POD-12
weeks, the CUSA group shows to have normal lacrimal drainage (Grades 0,1) in
higher number of patients (16.7% and 33.3% patients respectively) as compared to the
Kerrison’s group (12.5% and 25.0%). However, the difference is not statistically

significant (p-value > 0.05) as assessed by the Fisher’s exact test applied.
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ROPLAS was found to be positive in 58.3% (n=7) patients and negative in 41.7%
(n=5) in the CUSA group pre-operatively while it was positive in 50% of the patients
in the Kerrison’s bone punch group. ROPLAS positivity before the operation has been
considered as a good prognostic sign since old times. The presence of lacrimal
regurgitation through the punctum by pressure on the sac indicates patency of the
canaliculi and presence of a dilated non-shrunken sac which indicates better
prognosis. (63). Post-operatively on follow up at 12 weeks, ROPLAS was found to be
positive in 2 patients (1 in each group), signifying recurrence of symptoms. Among

these two patients, one had ROPLAS positive pre-operatively also.

Among the two patients undergoing septoplasty along with DCR in the study, the one
with ROPLAS positive finding pre-operatively, had no recurrence and was operated
with CUSA. However, the other patient who had ROPLAS negative finding pre-
operatively, ended up with recurrence after septoplasty with DCR with Kerrison’s

bone punch.

The mean + SD of the intra-operative duration in the CUSA group and Kerrison’s
bone punch group was (119.17+33.496) minutes and (106.38+37.992) minutes,
respectively. The intra-operative duration between both groups were comparable (p-
value - 0.438) by the Independent ‘t’ test. On the contrary, a study done by Herzallah
et al.(22) has shown the mean operating time as 75 minutes using Kerrison's bone
punch. . Mean surgery time for unilateral complex cases using Sonopet Ultrasonic
aspirator was 85.1 minutes in a study by Chappell et al. (39) Hence, in our study the
results of intra-operative duration were more as compared to the studies done
previously which could be attributed to the fact that the surgeons in training and often

wearing personal protective equipments (PPEs) performed the surgeries.

There was adequate exposure of the lacrimal sac in all the subjects operated (100%)
using both the CUSA or the Kerrison’s bone punch. However, the surgeons reported
facing difficulty in identifying the lacrimal sac in 3 patients in the CUSA group, while
none in the Kerrison’s bone punch group. This could be attributed to the fact that

surgeon’s had lesser previous experience in using the ultrasonic aspirator.
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The ease of use with either instrument, from the surgeon’s perspective, was divided
into 3 groups: Easy (grade 1-3), Moderate (grade 4-7) and Tough (grade 8-10). In the
majority of the cases (60.0%) the surgeons had Moderate difficulty with either of the
instruments. Using the CUSA, in 66.7% cases the surgeons experienced Moderate
difficulty whereas only 50% of the surgeons graded similar difficulty in using the
Kerrison’s bone punch. Using the Mann Whitney U test in either group, the ease of
use was found to be comparable as there was no statistically significant difference. (p-
value=0.723)

On comparing the individual experiences of the surgeons with each of the
instruments, overall, more time was taken for the surgery on operating with CUSA as
compared to that taken with the Kerrison’s bone punch by each individual surgeon,
that is (108.57 = 39.13) minutes with CUSA as compared to (99.00 + 36.29) minutes
with Kerrison, by Surgeon 1; and (132.00 £ 20.80) minutes with CUSA as compared
to (113.75 +43.66) minutes with the Kerrison by Surgeon 2. Both CUSA and
Kerrison’s bone punch showed similar Ease of use in case of Surgeon 1 (4.57 £ 1.51
with CUSA and 4.50 £1.91 with Kerrison’s bone punch) whereas CUSA showed a
slightly better Ease of use (6.80 + 1.79) than Kerrison’s bone punch (7.50 + 1.00) in
Surgeon 2. However, there was no statistical difference between the two groups (p-
value> 0.05). Previously no studies have been done comparing these two instruments

from the surgeon’s point of view.

There were increased number of intraoperative complications reported with the
CUSA group like- difficulty in identifying sac (n=3) and external skin wound
occurring inferior to the medial canthus (n=3). There was requirement of septoplasty
in one patient in the CUSA group which was assessed pre-operatively using nasal
endoscopy. In the Kerrison’s bone punch group, there was a requirement of
septoplasty and difficulty in removal of the superior part of the bone in 1 patient
unlike that in the CUSA group. The difficulty faced in removing the superior part of
the bone using Kerrison’s bone punch is consistent with the study done by Chappell et
al., (39) which states that conventional rongeurs are difficult to use in the superior
part due to limited working space and tight angulation within the nose.
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The surgical success rates were determined and operation was classified as
successful by the subjective disappearance of patient symptoms (absence of epiphora/
ROPLAS negative) at 3 months follow-up. This was taken as the end point of primary
treatment by us. Similar end-points have been used in other studies such as the one by
Ragab et al (36). Both CUSA and Kerrison’s bone punch groups showed recurrence
of symptoms (presence of epiphora and ROPLAS positive) and thereby failure of
surgery in 1 patient each.

So endoscopic endonasal DCR using CUSA demonstrated a success rate of 91.67%
(successful in 11 out of 12 patients) whereas endoscopic endonasal DCR using
Kerrison’s bone punch showed a success rate of 87.5% (successful in 7 out of 8
patients). However, the results were not statistically significant using the Fisher’s

exact test. (p-value = 1.000)
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CONCLUSION
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Nasolacimal duct obstruction (NLDO) leading to chronic dacryocystitis in patients, is
more commonly seen in middle aged females. The CUSA and the Kerrison’s bone
punch are comparable instruments for use in endoscopic endonasal DCR as evident

from the assessment of their surgical outcomes.

However, since our study is pilot study with a relatively small sample size, the results
are limited in reaching at a generalization. As none of the variables had statistical
significance, further randomised controlled trials with a larger sample size and longer

duration are advisable for establishing a significant correlation.

There is need for more multi-centric trials before reaching any conclusion.
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STRENGTHS AND LIMITATIONS
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Strengths of the study:

1. All patients underwent DCR by the endoscopic endonasal technique at an apex

institution.
2. Only two surgeons were the primary surgeons performing DCR.

3. Same pre-operative, intra-operative and post-operative protocol was followed in

all.

4. The pre-operative and post-operative assessments were done using a single

blinded observer who was not a part of the study.

5. The patients were blinded in the study and hence subjective evaluation from the

patients could be considered as unbiased.

6. All the patients were under regular follow- up.

Limitations of the study:

1. Small sample size — Due to by the ongoing COVID-19 Pandemic because of

which the elective operations were put on hold.

2. Short duration of study- We propose a longer duration of the study with follow up

for further validation of our points or to look for any contrasting evidence.
3. Blinding of the surgeon was not possible.

4. Single-centre study.
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PATIENT INFORMATION SHEET

TITLE: Surgical Outcomes following the use of Cavitron Ultrasonic
Surgical Aspirator (CUSA) versus the use of Kerrison’s bone punch in
patients with chronic dacryocystitis undergoing endoscopic endonasal
dacryocystorhinostomy

This study requires your detailed information for the assessment to be done to proceed
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the Centre at mentioned follow up accordingly. You are expected to attend to all the
questions put in front of you in depending on the mutual comfort of you and the
investigator. There are no obvious, expected or known adverse effects to the patient
due to this study. You have been invited to take part in a study, which will help us in
better understanding the effects of your surgery/procedure. You are free to withdraw
from the study at any time and this will not have any negative implication on

you/your ward’s future treatment in the hospital.
Contact Person for further queries:

Dr.Sanchari Nandi
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Department of Otorhinolaryngology

All India Institute of Medical Sciences, Jodhpur

INITIAL EVALUATIONS

A. PATIENT DETAILS:

1.

2
3
4.
S)

Name:

. Age:

. Sex:

Occupation:

. Address:

Contact no.:

Date of examination:

HISTORY:

. PAST HISTORY:

. PERSONAL HISTORY:
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E. CLINICAL EXAMINATION:

GENERAL EXAMINATION:
Built:

Weight:

Height:

Pulse rate:

Blood pressure:

Temperature:

SYSTEMIC EXAMINATION:
Cardiovascular System:
Central nervous system:
Gastrointestinal system:

Respiratory system:

F. OTHER RELEVANT POINTS:
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Department of Otorhinolaryngology
All India Institute of Medical Sciences, Jodhpur

PRE-OPERATIVE ASSESSMENT

1. Schirmer’s Test (pre-operative):

2. ROPLAS: Positive / Negative

3. Syringing:

4. Lacrimal symptom questionnaire (LAC-Q):

L&G'Q - The Lacrimal Symptom Questionnaire  Name: Number: Date:
Social and lifestyle impact of tear duct Probl ith earh e fel
problem

. ) ) For each of the four problems (watery eye, pain, sticky eye or swelling), put a tick in the box
::::::h ":lh:w five 5ta1emm::s- “t:"r atluml next to the statement which best describes the situation over the last eight weeks.
e e probiem overT in fhe e Use the left hand column for the left eye. and the right hand column for the night eye.

+ Swelling or lump at the medial canthus (mucocoele)
Mo swelling or lump 0

(Scoring: score one point for each box ticked, Swwelling prescat, bt culy inkermiticatly .

maximum score =3)

Swelling present all the time:

eight weeks?
Please tick the box next 1o any true statement. « Watery eye Left  Right
No watery ble [Te[]
+ Friends or family have commented ? \.\alcr}. e pre -m , . ) -
bout the walery éyc pochlens |:| The eye waters occasionally, mainly outdoors |
a4 - : Troublesome watering of the eye, indoors and oudoors. some days | le | |
* The watery eye problem has caused D Troublesome watering of the eve most days EN
embarrassment in company . Troublesome walening of the eye every day L 14 |
» The watery / sticky eye problem has + Pain in or around the eye; soreness of evelids
interfered with everyday activity, for No pain Mol |
cxample {underline cach that applies): Some pain or soreness, but has not sought medical advice or treatment HERE
Reading .. Dnving .. Wearing make-up Pain or soreness, has used prescription eyedrops : 2 :
Wearing glasses .. Hobbies ] Painful and swollen (lacrimal abscess), requiring antibiotics ar surgical drainage 4
Other activity (specify): . -
’ ’ * Sticky eye -
» The vision 15 sometimes blurred because D No problem with sticky eye i]
of the watery / sticky eye problem. The eye is sometimes sticky in the momings : 1 :
* Medical attendance: visit to the family The cye is sticky every day in the mornings L 12 |
doctor's surgery, or the hospital eye The eye has sticky or mucous discharge throughout the day HEN
clinic, because of tear duct problem. D There 15 nfected discharge leaking through the skin of the lower eyelid { istula) EY

Total score for social impact: I:l (Scoring: use numbers in central column) Total scores for each eye: D

Lac-() score (sum of three total scores):
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Department of Otorhinolaryngology

Appendix-F

All India Institute of Medical Sciences, Jodhpur

PER-OPERATIVE ASSESSMENT

(SUREGON’S PROFORMA)

Surgeon’s Post-operative Experience:

Evaluations

Surgical Approach By

CUSA

KERRISON’S BONE
PUNCH

Intra-Operative
duration

(from time of incision
to packing in minutes)

Per-Op adequacy of
lacrimal sac exposure

Adequate/ Inadequate

Adequate/ Inadequate

Ease of use

Easiest

Toughest
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POST- OPERATIVE ASSESSMENT

Subjective Assessment:

1. Pain:
a) Visual Analogue Scale:

b) “Faces” Pain Rating Scale:

Visual Analogue Scale
Choose a Number from 0 to 10 That Best Describes Your Pain

No Distressing Unbearable
Pain Pain Pain

I t t t t t t t ' t {

0 1 2 3 4 5 6 7 8 9 10

ASK PATIENTS ABOUT THEIR PAIN
INTENSITY—LOCATION —ONSET —DURATION—VARIATION —QUALITY

“Faces” Pain Rating Scale

~~ o IR P o
(09 ©9) €0 S 20 A~
\\-’/ ~’ . LS 4 H
N—r —— g % {9
0 1 2 3 4 5
NO HURT HURTS HURTS HURTS HURTS HURTS
LUTTLEBIT LUTTLE MORE EVEN MORE WHOLE LOT WORST

2. Epiphora: Present / Absent
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Lac-Q - The Lacrimal Symptom Questionnaire  Name:

3. LAC-Q questionnaire (post-operative)

Number:

Date:

Social and lifestyle impact of tear duct
problem

‘Which of these five statements is true about
the tear duct problem overall in the last
eight weeks?

Please tick the box next 1o any true statement.

* Friends or family have commented
about the watery eye problem. |:|

* The watery eye problem has caused
embarrassmenl in company. D
* The watery / sticky eye problem has
interfered with everyday activity, for

example (underline each that applies):

Reading .. Driving .. Wearing make-up

Wearing glasses .. Hobhies |:|
Other activity (specify):

» The vision is sometimes blurred because

of the watery / sticky eye problem. |:|

* Medical attendance: visit to the family
doctor's surgery ., or the hospital eye
clinic, because of tear duct problem. |:|

(Scoring: score one point for each box ticked,
maximum score =5)

Total score for social impact: D

Problems with each exe IEDIﬂdEh

For each of the four problems (watery eye, pain, sticky eye or swelling), put a tick in the box
next to the statement which best describes the situation over the last eight weeks.

Use the left hand column for the left eye. and the right hand column for the nght eye.

 Watery eye

No walery eye problem

The eye waters occasionally, mainly outdoors

Troublesome watering of the eye, indoors and ouldoors, some days

Troublesome watering of the eye most days

Troublesome watening of the eye every day

+ Pain in or around the eye; soreness of eyelids

No pain

Some pain or soreness, but has not sought medical advice or treatment

Fain or soreness, has used prescription eyedrops

Painful and swollen (lacrimal abscess), requiring antibiotics or surgical drainage
= Sticky eye

Mo problem with sticky eye

The eye is sometimes sticky in the momings

The eye is sticky every day in the momings

The eye has sticky or mucous discharge throughout the day

There is infected discharge leaking through the skin of the lower eyelid (fistula)

+ Swelling or lump at the medial canthus (mucocoele)
Mo swelling or lump
Swelling present, but only intermittently
Swelling present all the time

(Scoring: use numbers in central column)

Total scores for each eye: D

Left

W R - o

B by o= o

B W R o= O

Right

Lac-(Q) score (sum of three total scores):
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Objective Assessment:

1. Schirmer’s Test (post-operative):

2. Fluorescein Dye Dependent Test (FDDT):
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Appendix-H

OUTCOME VARIABLES:
1 MONTH 3 MONTH
POST POST
VARIABLES | POD-0 POD-7 OPERATIVE | OPERATIVE
PERIOD PERIOD
VAS: VAS: VAS: VAS:
Pain/ discomfort | o \oes | FACES | FACES pain | FACES pain
in the operated . . . . . ) . )
site pain rating | pain rating | rating scale: rating scale:
scale: scale:
SUBJECTIVE
ASSESSMENT Epiphora Present/ Present/ Present/ Absent | Present/ Absent
pip Absent Absent
LAC-Q
questionnaire
Schirmer Test
OBJECTIVE
ASSESSMENT | Fluorescein Dye

Dependent Test
(FDDT)
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