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Purpose: Piezosurgical tools utilize high-frequency ultrasonic oscillations to selectively cut

mineralized bone and minimize damage to soft tissue and mucosa. The purpose of this study was

to directly compare outcomes in external dacryocystorhinostomy (DCR) using a piezoelectric

ultrasonic bone aspirator (UBA) versus a high-speed electric drill with a diamond burr.

Methods: A retrospective chart review was conducted on 145 consecutive patients who

underwent external DCR by a single oculoplastic surgeon between 2012 and 2017. Collected

data included baseline patient characteristics, presenting symptoms, operative details and

complications, and postoperative symptoms.

Results: One hundred and seventy-three primary external DCRs performed on 145 patients

were included in this study. In total, 61.3% of cases were performed with the UBA and

38.7% with the high-speed drill. Most patients were white (92.4%) and female (67.6%), with

a mean age of 57.6 years (range 1–93). Surgical success was achieved in 94.3% of patients in

the UBA group and 94.0% in the drill group, with no significant differences between the two

arms (p=0.36). Patients who experienced persistent nasolacrimal duct obstruction after

surgery underwent endoscopic revision. Operative time was shortened for cases utilizing

the UBA (38.9 mins) instead of the high-speed drill (44.7 mins; p=0.01). No significant

intraoperative complications occurred in either group.

Conclusion: The UBA offers comparable outcomes and complication rates to more con-

ventional surgical tools for external DCR. Excellent outcomes, ease of adoption, and

potential surgical time savings make the UBA an appealing option for both novice and

experienced surgeons.
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Introduction
Nasolacrimal duct obstruction (NLDO) is a congenital or acquired occlusion of the

lacrimal drainage system, resulting in chronic epiphora, mucus discharge, or

dacryocystitis.1,2 Congenital NLDO is caused by membranous obstruction or anatomic

stenosis within the lacrimal duct and frequently resolves with conservative manage-

ment within the first year of life.1 Acquired cases occur later in life, and may arise

idiopathically or secondary to precipitants such as infection, trauma, or prior sinonasal

or orbital surgery.2–4 Dacryocystorhinostomy (DCR) is the gold standard therapy for

patients with nasolacrimal duct obstruction, with reported success rates between 54%

and 95%.1–5 DCR restores continuity to the lacrimal drainage system through the

surgical creation of a fistula between the nasal cavity and lacrimal sac. External,

endoscopic, and transcanalicular approaches to DCR are all highly effective, with

each technique offering unique advantages and comparable outcomes.5–8 Given its
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high success rate and low risk of problematic scarring, the

external approach is preferred bymany oculoplastic surgeons

and can be performed in the outpatient setting under mon-

itored sedation.1,6

Historically, rongeurs, osteotomes, and electric drills

have been used during DCR to create a bony ostium through

the lacrimal sac fossa.1 While these tools remain effective,

they impart a risk of damaging underlying nasal mucosa

during the osteotomy.6 Piezosurgical devices utilize metal

cutting tips oscillating at ultrasonic frequencies (25-30kHz)

to selectively emulsify bone while displacing and preserving

adjacent soft tissue.7 Theoretically, these tools may preserve

delicate nasal mucosa during DCR and facilitate the creation

of lacrimal-nasal mucosal flaps. Furthermore, the ability to

simultaneously irrigate and aspirate the operative field

through the tip of the device may improve the surgeon’s

visibility, control, and precision.6–8

Given these potential advantages and the relative

dearth of existing literature, we sought to investigate the

value of piezosurgical devices in external DCR. The pri-

mary objective of this study is to compare surgical out-

comes for external DCR using a single piezosurgical

device (Sonopet Ultrasonic Aspirator®, Stryker Medical,

Kalamazoo, MI, USA) versus a high-speed drill with a

diamond burr. Our secondary objectives are to identify

patient risk factors and underlying characteristics asso-

ciated with surgical success, complications, and the like-

lihood of revision.

Methods
A retrospective chart review was conducted on 155 con-

secutive patients who underwent external DCR for con-

genital or acquired NLDO. All patients in this series

received care from a single attending oculoplastic surgeon

(SMC) at Washington University School of Medicine in

St. Louis between 2012 and 2017. A total of 145 patients

(173 eyes) were included in the final analysis. Ten patients

were excluded due to incomplete medical records, insuffi-

cient follow-up time, or a history of prior DCR.

Postoperatively, all patients were examined at 1 week, 4

weeks, and again at the time of stent removal between 6

and 12 weeks. Insufficient follow-up was defined as fewer

than these three necessary postoperative examinations.

Each patient in the study underwent primary external

DCR using a tear trough incision, performed under mon-

itored or general anesthesia. Only the tool utilized for the

osteotomy differed between the treatment groups: (1) the

Sonopet® UBA outfitted with the 360 Payner tip or (2) a

high-speed electric drill with a 3 mm diamond burr.

Anterior and posterior lacrimal sac-nasal mucosal flaps

were adjoined intraoperatively and periosteal closure was

obtained. All patients received bicanalicular silicone intu-

bation, which was removed 4 to 8 weeks postoperatively.

Ophthalmic antibiotic ointment was applied to the incision

site for 1 week postoperatively. At the time of their final

postoperative visit for stent removal, all patients were

counseled to call immediately or return to the clinic in

the event of symptom recurrence or other complications.

Patient medical records were reviewed for relevant

information including patient age, gender, prior ocular

history, NLDO etiology, and primary symptoms at presen-

tation. Operative and clinical notes were used to gather

data regarding surgical time, operative complications,

duration of follow-up, and postoperative symptoms.

Surgical success was based on postoperative patient-

reported epiphora and organized according to a four-level

ordinal scale: (1) complete symptom resolution; (2) >50%

improvement from baseline; (3) <50% improvement from

baseline; or (4) minimal or no improvement. Patients in

the final category who reported persistent epiphora without

another identifiable cause were considered surgical fail-

ures. Such patients were irrigated postoperatively and

underwent endoscopic revision surgery. Probing and irri-

gation were deferred for patients without complaints of

tearing postoperatively.

Discrete and continuous variables were analyzed using

Pearson chi-squared, Fisher’s exact, and Student’s t-tests,

respectively. Univariate and bivariate relationships with p

<0.05 were considered statistically significant. Statistical

analyses were performed using IBM SPSS Statistics (ver-

sion 23.0 for Windows; IBM Corp). This study was

reviewed and approved by the Washington University

Institutional Review Board. Patient confidentiality was

respected in accordance with the tenets of the

Declaration of Helsinki, and consent for chart review

was waived by the IRB under the common rule. Data

were collected using the electronic medical records sys-

tems at Washington University in St. Louis.

Results
Baseline Patient Characteristics
A total of 145 patients (173 eyes) were included in this

study—117 patients (80.7%) underwent unilateral DCR

and 28 patients (19.3%) received bilateral DCR. Ninety-

four procedures (54.3%) were performed on the left side,
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and 79 procedures (45.7%) were performed on the right.

The UBA was utilized in 88 patients (60.7%) and a high-

speed drill in the remaining 57 (39.3%). Most patients in

this sample were white (92.4%) and female (67.6%). The

mean patient age was 57.6 ± 23.6 years, and the median

age was 64.0 years. The average length of follow-up was

2.5 ± 1.8 months. Overall, 8 patients (5.5%) were diag-

nosed with congenital NLDO and 137 patients (94.5%)

presented with an acquired obstruction during adulthood.

There were no differences in the underlying characteris-

tics of the two treatment groups with respect to patient age

(p=0.44), sex (p=0.80), race (p=0.53), laterality (p=0.90),

NLDO etiology (p=0.61), or duration of follow-up (p=0.31)

(Table 1) In addition, no significant differences in baseline

risk factors for surgical failure were discovered between the

two treatment groups (p=0.19) (Table 2).

Surgical Outcomes
There was a statistically significant decrease in operative

time for cases utilizing the piezoelectric UBA (38.9 mins)

instead of the high-speed drill with burr (44.7 mins, p=0.01)

(Figure 1). Overall, 94.2% of patients reported a successful

outcome after DCR, defined as a symptomatic improvement

of epiphora without the necessity for revision surgery. There

were no significant differences in outcomes between the

UBA group (94.3% success rate) and drill group (94.0%;

p=0.36). Complete symptom resolution was reported by

77.4% of patients treated with the UBA, compared to

74.6% treated with the high-speed drill. In total, 6 patients

in the piezosurgery group (5.7%) and 4 in the drill group

(6.0%) experienced recurrence of their NLDO, requiring

endoscopic revision performed by the same surgeon

(Figure 2). No mucosal flap disruptions occurred in the

Table 1 Baseline Patient Characteristics

Variablea (n=88) (n=57) p value

UBA Drill

Age (mean ± SD) 58.8 ± 24.2 55.7 ± 22.6 0.44b

Sex

Male 27 (30.7) 20 (35.1) 0.80c

Female 61 (69.3) 37 (64.9)

Race

White 83 (94.3) 51 (89.5) 0.53c

Black 3 (3.4) 3 (5.3)

Other/Unknown 2 (2.3) 3 (5.3)

Laterality (n=173)

Left 58 (54.7) 36 (53.7) 0.90‡c

Right 48 (45.3) 31 (46.3)

NLDO etiology

Congenital 5 (5.7) 3 (5.3) 0.61c

Acquired 83 (94.3) 54 (94.7)

Follow-up timed (mean ± SD) 2.5 ± 1.6 2.8 ± 1.2 0.31b

Notes: aReported as number (%) unless otherwise specified. bStudent’s t-test.
cPearson chi-squared or Fisher’s exact test. dReported in months.

Table 2 Risk Factors For Surgical Failure

Patient Risk Factorsa (n=88) (n=57) p value

UBA Drill

None 55 (62.5) 28 (49.1) 0.19c

Periocular surgery 12 (13.6) 5 (8.8)

Periocular trauma 10 (11.4) 11 (19.3)

Previous probing/stenting 6 (6.8) 5 (8.8)

Other

Sarcoidosis 1 (1.1) 1 (1.8)

GPAb 1 (1.1) 1 (1.8)

Lymphoproliferative disease 0 (0) 1 (1.8)

Radioactive iodine treatment 2 (2.3) 5 (8.8)

Cicatricial pemphigoid 1 (1.1) 0 (0)

Notes: aReported as n (%). bGranulomatosis with polyangiitis. cPearson chi-squared

test.

Figure 1 Surgical time. Box and whisker plot demonstrates a statistically significant

reduction in operative time for patients treated with the UBA (38.9 mins) com-

pared to the high-speed drill group (44.7 mins; p= 0.01).
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UBA group. After stratifying patients by known risk factors

for surgical failure, we found no statistically significant

difference in surgical success between the no-risk and at-

risk groups (p= 0.36).

In this series, there were no episodes of intraoperative

hemorrhage, postoperative orbital hematoma, or canalicular

damage. Two patients in the drill group experienced post-

operative emphysema after accidentally blowing their noses

in the postoperative recovery unit. One patient in the UBA

treatment group experienced an episode of dacryocystitis

after DCR, with cultures demonstrating atypical mycobac-

terial growth. Stent prolapse occurred in three patients in

the UBA group and in two patients in the high-speed drill

group.

Discussion
The Sonopet® UBA is a piezosurgical device that com-

bines torsional and longitudinal oscillation to selectively

cut bone and minimize collateral damage to soft tissue.6,8

As the success of external DCR may correlate with soft

tissue preservation and flap management, removing bone

without injuring mucosa may potentially improve clinical

outcomes (Figure 3). This hypothesis is supported by

histopathologic studies in animal models, which have

shown that piezoelectric devices result in less direct

damage to bony structures and soft tissue compared to

traditional drills and oscillating saws.7 Furthermore, the

UBA’s specificity for calcified tissue may reduce thermal

injury to microvasculature and osteocytes by limiting the

cautery needed for hemostasis.7

Given these potential benefits, we compared the safety,

functionality, and efficacy of the UBA to a high-speed

electric drill during osteotomy in external DCR. All

patients were treated by a single oculoplastic surgeon

using the same surgical approach, and only the tool

77%
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stneitaplatotfotnecreP

Improvement in epiphora

UBA Drill

Figure 2 Surgical outcomes.

Figure 3 Osteotomy. (A) A completed bony ostium (O) through the left lacrimal fossa performed with the ultrasonic bone aspirator. The nasal mucosa (M) remains intact

given the UBA’s ability to cut bone while sparing underlying soft tissue. (B) A completed bony ostium (O) through the right lacrimal fossa performed with the high-speed

electric drill with a diamond burr. The nasal mucosa (M) demonstrates a small tear (T), an uncommon but potential complication of high-speed drilling.
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utilized to create the ostium differed between the UBA and

electric drill treatment groups. We included all patients

who presented for primary surgical correction of NLDO,

regardless of the etiology of their obstruction. We believe

this more accurately reflects the patient population

encountered by an oculoplastic surgeon in a tertiary care

setting and improves the external validity of this analysis.

Although anatomic patency is the most frequently used

marker of DCR success in the literature, we utilized

patient-reported epiphora as our primary outcome mea-

sure. We concur with others in the literature who have

found that anatomic patency does not necessarily correlate

with symptomatic improvement.4,5

We found that surgical outcomes with the piezosurgical

device were equivalent to those achieved with the high-

speed drill. Combining the two study arms, 94.2% of

patients reported surgical success after DCR, defined as

partial or total improvement of epiphora compared to the

initial presentation. Complete resolution of epiphora was

achieved in 76.3% of all patients, with no significant dif-

ference between the two treatment groups (p=1.00). These

findings fall within the range of outcomes in the literature,

whereby success rates between 54% and 95% are reported

for external DCR.4,5,9 There were no cases of mucosal flap

disruption in the UBA group, although these data were not

routinely recorded for all cases in the electric drill group.

We found no difference in surgical outcomes between

patients with historical risk factors for surgery (eg, trauma,

inflammatory disease) and those without (p=0.36). A study

of endoscopic DCRs from Murchison and colleagues found

a significant difference in outcomes between no-risk

patients (90.1% success rate) and at-risk patients (54.3%,

p<0.01).8 Unlike these authors, we did not routinely per-

form lacrimal sac biopsies to evaluate for histopathologic

factors influencing surgical outcomes, which may partially

explain the disparity in results.

A key finding of this study is a statistically significant

decrease in operative time when using the UBA instead of

the high-speed drill. Prior studies evaluating operative

time for external DCR using traditional tools have reported

mean times between 46.6 mins and 56.2 mins.5,10 We

report an average operative time of 38.9 mins with the

UBA, compared to 44.7 mins with the high-speed drill

(p=0.01). This finding validates earlier research from

Czyz et al, who suggested anecdotal improvements in

operative time when using a piezosurgical device.6 One

key difference between our study and that of Czyz et al is

our utilization of a single device and bone cutting tip with

the UBA, which facilitates direct comparison of these

tools. Although cross-study comparisons of operative

time are challenging given wide variability in anesthesia

protocols, surgical techniques, and individual surgeon pre-

ferences, the UBA objectively appears to shorten the sur-

gical time when other variables are held constant. Ali et al

reported no significant time savings during superior osteot-

omy when using the UBA compared to the mechanical

burr. These authors also used a single-surgeon, direct-

comparison study design, but examined only endoscopic

DCR procedures.11

Although endoscopic and transcanalicular DCRs are

generally faster procedures, our finding that piezosurgery

may decrease operative time by 5.8 mins remains relevant,

as the external approach remains the method of choice for

many oculoplastic surgeons.1,9 The exact cost-per-minute

of operative time varies substantially and is based on

factors such as region-specific prices of salaried labor,

equipment, and operating space. A study of 100 US hos-

pitals in 2005 found that operating room charges averaged

$62/min (range $22-$133/min) after excluding provider

fees and resources specific to a given procedure (eg,

sutures, implants).12 As such, while this time savings

may not initially appear to be clinically significant, this

gain in efficiency reduces patient time under anesthesia,

decreases total costs, and enables surgeons to perform

additional cases.

Ultimately, our study suggests that the UBA is a highly

useful tool for external DCR when implemented in the cor-

rect setting. It is the senior author’s opinion that the device is

relatively easy to learn and implement, requiring minimal

training time for both surgeon and support staff. Chappell et

al demonstrated that the mean surgical time using an UBA

decreased by approximately 36% after the first quartile of

cases, as the surgeon developed familiarity with the device.13

An ideal setting for this tool may be a high-volume, tertiary

care center where surgical time savings are valuable and the

device may be shared among surgeons from multiple spe-

cialties such as otolaryngology, oral and maxillofacial sur-

gery, and neurosurgery. Furthermore, given its potential

benefits to patient safety, a teaching hospital with residents

and fellows may be an ideal environment to implement this

tool. A potential limitation to its adoption in an oculoplastic

practice is the current high cost of the device (approximately

$100,000) and its disposable, single-use hardware ($350).13

This study was limited by its retrospective design and

small sample size, which influenced the power of statisti-

cal analyses. Furthermore, given the shorter length of
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postoperative follow-up in this study, late surgical failures

may not have been detected despite meticulous commu-

nication of return precautions with all patients. We were

further limited by utilizing patient-reported epiphora as

our outcome measure, as this may not necessarily correlate

with anatomic patency. Objective measures such as precise

osteotomy size or endoscopic evaluations of nasal ostia

were not routinely recorded. We did not routinely irrigate

patients postoperatively, unless they complained of persis-

tent epiphora without a known cause.

Conclusion
The ultrasonic bone aspirator is a safe and effective tool

for external DCR, offering comparable outcomes and com-

plication rates to more commonly used surgical modalities.

By reducing operative time and minimizing collateral soft

tissue injury, this device is an appealing option for both

novice and experienced surgeons.

Disclosure
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