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Abstract

Background: Norwich terriers are affected by an upper airway syndrome (NTUAS)
but little is known about outcome in affected dogs.

Obijective: To determine outcome in dogs with NTUAS using owner questionnaires.
Animals: Thirty-four client-owned dogs.

Methods: At initial assessment, owners were questioned about respiratory noises
and exercise tolerance. A NTUAS score was prospectively constructed based on the
number and severity of obstructive lesions detected endoscopically (range, 0-25).
Owner questionnaires on respiratory noises, exercise tolerance, and quality of life
(QOL) were obtained 2.2-9.3 years (median, 4.2 years) after endoscopy.

Results: Dogs ranged from 0.5 to 10.7 years of age (median, 4.75 years) at initial
examination and no correlation was found between age and NTUAS score (median,
13; range, 1-25). Of 5 possible laryngeal abnormalities, 7 dogs had 1-2, 10 dogs had
3, and 17 dogs had 4-5 abnormalities (median, 3.5). Surgery was performed in
15 dogs, which had higher NTUAS scores (18.5 + 6.3) than dogs that did not have
surgery (7.7 £ 4.7, P < .0001). Scores for QOL ranged from O to 31 out of 40, with
higher scores indicating worse QOL. Owner surveys resulted in QOL scores of <3 in
25/31 dogs (81%), with worse scores in dogs that had surgery performed (median 5,
vs 0; P = .003). No correlation was noted between NTUAS and QOL scores, but age
at follow-up was weakly associated with worse QOL.

Conclusions and Clinical Importance: Despite variable severity of NTUAS scores,

owners reported excellent QOL for most Norwich terriers examined.
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1 | INTRODUCTION

Norwich terriers are affected by a genetic disorder of the larynx that
mimics some clinical features of classic brachycephalic obstructive air-
way syndrome (BOAS) but appears clinically distinct enough from this
syndrome to be considered its own entity.)* Some affected dogs can
be stertorous or stridorous or experience marked respiratory distress,
whereas others can appear relatively normal despite substantial morpho-
logic changes in the upper airway.? Although the primary abnormality is
unclear, the majority of affected Norwich terriers, unlike brachycephalic
dogs, have normal nares and palate but often have excessive supraglottic
tissue and a narrow key hole or V-shaped lumen in the immediate infra-
glottic region.?* Narrowing of the laryngeal opening increases resistance
to airflow, which could augment soft tissue swelling in the oropharynx.
A mutation in the gene for ADAMTS3 metallopeptidase enzyme, respon-
sible for promotion of lymphangiogenesis, could make Norwich terriers
predisposed to develop this exuberant soft tissue swelling because of
lymphedema.’

Treatment for classic BOAS relies on surgical amelioration of
structures causing airway obstruction and traditionally involves a
combination of alar fold resection or other rhinoplasty to widen the
nares, ventriculectomy (sacculectomy), and staphylectomy.®° In dogs
with classic BOAS, 30% to 90% improvement in clinical signs has been
reported after surgery.”®*! The role of ventricular resection in the
management of BOAS is controversial, with 1 retrospective study
reporting increased complications in dogs that had sacculectomy per-
formed as part of treatment.'? Ventricular edema and eversion can
persist or recur if the primary source of airway obstruction remains
unresolved.*®

Owners and breeders have been aware of NTUAS for decades,
but little is known about appropriate surgical intervention or outcome
in Norwich terriers with various forms of airway obstruction. A scor-
ing system was created to stratify the upper airway abnormalities
common to the Norwich terrier breed* (https://norwichterrierclub.
org/wp-content/uploads/2020/06/NTUAS-Score-Sheet-2020-05-
25-1.pdf) and there are ongoing efforts to identify appropriate breed-
ing pools that have minimal manifestations of NTUAS. Until this goal
has been achieved, affected dogs will continue to require medical and
often surgical intervention.

Our primary objective was to assess owner reports of long-term
outcome in Norwich terriers with upper airway syndrome. To accom-
plish this, owners of Norwich terriers that had undergone upper air-
way endoscopy over a 7-year period were asked to complete a
follow-up questionnaire describing respiratory noise and dysfunction
and to quantify quality of life (QOL), using a survey modified from a
previously validated assessment of QOL in dogs with cardiac dis-
ease.* We hypothesized that dogs with higher NTUAS scores on ini-
tial endoscopic evaluation would have poorer exercise tolerance,
increasing body weight with age because of poor exercise ability, and
higher scores on an abbreviated QOL survey, indicating worse QOL,
as reported by the owner. The role of surgical intervention also was
investigated and contrasted with endoscopic findings, surgery, and

postoperative management in typical brachycephalic breeds.
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2 | METHODS

Norwich terriers that had upper airway endoscopy performed between
2011 and 2018 at the University of California William R. Pritchard Vet-
erinary Medical Teaching Hospital were eligible for inclusion in the
study. Owners were asked to quantify the following clinical signs as
absent, rare (<1 time per week), occasional (a few times a week), inter-
mittent (1 time per day), frequently (several times daily), or all of the
time: respiratory noise (loud, raspy, or gurgly), difficult breathing,
excessive panting, coughing, gagging, collapse, and snoring. Exercise
tolerance was graded on a scale of 0-5, with a score of O indicating no
restrictions, 1: can run but has to sit, 2: walks well but has to sit, 3:
short walks but pants heavily, 4: will collapse on walks, 5: cannot exer-
cise at all. Dogs were excluded if the medical record was incomplete or
if a recording of endoscopy at initial evaluation was unavailable for
appropriate scoring of upper airway abnormalities.

All endoscopic procedures were performed in standardized fash-
ion by one of the authors (LRJ). Abnormalities in laryngeal structures
were noted including swelling of the dorsal pharyngeal wall obscuring
the corniculate processes, redundant supraglottic tissue with oblitera-
tion of the piriform recess, and narrowing of the infraglottic lumen into
a V or keyhole shape.? Laryngeal ventricular eversion (stage 1 laryngeal
collapse) and midline apposition or overlap of the cuneiform processes

)15 also were recorded for a total of 5 possi-

(stage 2 laryngeal collapse
ble laryngeal abnormalities (Figure 1). Findings were entered into a
NTUAS upper airway examination scoring sheet (Appendix 1) in which
points were assigned for the severity of abnormality noted. The
NTUAS score was created only at the initial visit. If previous

ventriculectomy had been performed, dogs were assigned the

FIGURE 1

Endoscopic view of the larynx illustrating several
abnormalities associated with NTUAS. 1: the dorsal pharyngeal wall is
normal in this case. 2: exuberant tissue obscures the piriform recess
bilaterally. 3: both cuneiform processes are deviated to the midline. 4:
ventricular edema and eversion is present. The infraglottic lumen is
not visible in this image


https://norwichterrierclub.org/wp-content/uploads/2020/06/NTUAS-Score-Sheet-2020-05-25-1.pdf
https://norwichterrierclub.org/wp-content/uploads/2020/06/NTUAS-Score-Sheet-2020-05-25-1.pdf
https://norwichterrierclub.org/wp-content/uploads/2020/06/NTUAS-Score-Sheet-2020-05-25-1.pdf
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maximum score for that abnormality. Possible NTUAS scores ranged
from O to 25, with higher scores reflecting worse obstruction. The type
of abnormalities identified in each dog and the number of abnormali-
ties per dog were recorded.

Age, weight, sex, and body condition score (BCS) on a scale 1 to
9 were recorded at the time of initial examination. Previous surgical
interventions were noted in addition to surgical or medical treatment
provided at the time of endoscopy or at any time up until follow-up.

Owners were contacted by phone and email to participate in
follow-up evaluation of outcome by use of questionnaires distributed
and collected electronically. If the dog was no longer alive, the circum-
stances of death were requested. Owners reported body weight, pres-
ence of other diseases, and use of supplements or medications.
Owners were queried about clinical signs and exercise tolerance as
described above and also were asked to complete a modified QOL
survey (Appendix ). A maximum score of 40 points was possible for

QOL, with higher scores reflecting worsened QOL.

3 | STATISTICAL ANALYSIS

Clinical data were assessed for normality using D'Agostino & Pearson
omnibus normality test. Normally distributed data are presented as
mean * SD and data that were not normally distributed are presented
as median with range. Statistical comparisons were made using a Stu-
dent's t test for normally distributed data and the Mann-Whitney
U test for nonparametric data. Linear regression was used to correlate
age at study entry with NTUAS score, and age at follow-up with QOL
score. Outliers were identified and excluded based on the method of
residuals. Exercise tolerance at study entry and at follow-up was com-
pared using the Wilcoxon matched-pairs signed rank test. Quality of
life and NTUAS scores were compared between dogs that did and did
not have surgery. All statistical analyses were performed using com-
mercially available software (GraphPad Prism v5.0f, San Diego, CA)

with a significance level of P < .05.

4 | RESULTS
Between 2011 and 2018, upper airway endoscopy was performed on
48 Norwich terriers. Clinical features of some of these dogs were
reported previously.? Twenty-nine dogs had been enrolled in a larger
study of NTUAS. 4 Two of these 29 dogs were lost to follow-up and did
not participate in the current study. An additional 19 dogs were pres-
ented to the University of California William R. Pritchard Veterinary
Medical Teaching Hospital for upper airway evaluation, 4 of which were
excluded because of nasopharyngeal disease and 1 because of a laryn-
geal polyp. In the remaining 14 dogs, 4 laryngeal examinations could not
be scored because of missing or inadequate capture of endoscopic
recordings, and 3 owners declined to participate, resulting in a total of
34 Norwich terriers in the present study, completed in September 2020.
Mean age of dogs at the time of initial examination was 4.3

+ 3.3 years, mean weight was 5.7 +0.8 kg, and mean body

condition score was 5+ 1 out of 9. The group consisted of
14 females (6 intact, 8 spayed) and 20 males (11 intact and
9 neutered). Two dogs had undergone ventriculectomy and 1 had
both ventriculectomy and staphylectomy performed by the refer-
ring veterinarian before evaluation. Increased respiratory noise
was reported on initial presentation in 20/34 dogs (59%), excessive
panting in 14/34 dogs (41%), and owners of 15/34 (44%) dogs indi-
cated that the dogs snored often or sometimes while sleeping.
Three of 34 dogs were reported to have difficulty sleeping. Nor-
wich terrier upper airway syndrome scores ranged from 1 to 25 out
of 25 with a median of 13. No correlation was found between age
at examination and NTUAS score (P = .2).

The most common laryngeal abnormality found in all dogs
(34/34) examined was ventricular eversion, which also was found in
3 dogs that had previously undergone ventriculectomy. The second
most common abnormality was excessive supraglottic tissue with
obliteration of the piriform recess in 28/34 dogs (82%), which was
moderate in 13 and severe in 15. Narrowing of the infraglottic lumen
was present in 24/34 dogs (71%) and stage 2 laryngeal collapse, char-
acterized by midline or overlapping cuneiform processes, was identi-
fied in 16/34 dogs (47%). Swelling of the dorsal pharyngeal wall
overlapping the corniculate processes was found in 14/34 dogs (41%).
Of the 5 possible laryngeal abnormalities listed above, 4 dogs had 1, 3
dogs had 2, 10 dogs had 3, 9 dogs had 4, and 8 dogs had 5 abnormali-
ties (median, 3.5 abnormalities per dog). One dog had mild elongation
of the soft palate characterized by 5-6 mm extension of the soft pal-
ate beyond the caudal pole of the tonsil; epiglottic entrapment was
not visualized in any dog.

Immediately after endoscopy, bilateral ventriculectomy was per-
formed in 10 dogs and unilateral ventriculectomy was performed in
3 dogs using endoscopic Metzenbaum scissors. One dog also had
removal of a subepiglottic cyst, and 1 dog had staphylectomy alone. Of
the 3 dogs in which unilateral ventriculectomy was performed, 1 had pre-
viously undergone laser excision of the ventricles with regrowth and pro-
trusion on the right, and 2 dogs had severe eversion on only 1 side, in
conjunction with other manifestations of NTUAS. The NTUAS score was
higher in dogs that had surgery performed (18.5 + 6.3) than in dogs that
did not (7.7 + 4.7; Figure 2, P < .0001). Dogs that had ventriculectomy
performed had a median of 5 laryngeal abnormalities detected (range,
1-5) in comparison to a median of 3 (range, 1-4) in dogs that did not have
ventriculectomy performed (P = .0006).

Postoperative corticosteroids were utilized in all dogs that had ventri-
culectomy performed and in 1 dog that did not have surgery. A tapering
dose of PO prednisone at anti-inflammatory dosages (0.5 mg/kg/day) was
administered over 1-2 weeks in 8 dogs, inhaled fluticasone (110 pg/puff)
was dispensed to 5 dogs for postoperative and intermittent use as
needed, and a combination was used in 1 dog. Four dogs with NTUAS
scores of 25, 14, 17, and 17 had a second ventriculectomy 6 or 9 months
and 3 or 4 years after the original surgery. One of these dogs (NTUAS
score, 14) also had redundant supraglottic tissue excised from the piriform
recess and the mucosa oversutured to improve the airway opening
6 months after sacculectomy, as did a second dog 5 years after its original

surgery (NTUAS score, 22). Both of these dogs had been reevaluated at
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FIGURE 2 The severity of NTUAS score was significantly higher
in dogs that had surgery performed (n = 15) than in those that did not
(n=19), *P <.0001

the hospital for complaints of marked respiratory distress and cyanosis
during excitement or exercise.

Follow-up information was obtained by owner questionnaires a
median of 4.2 years (range, 2.2-9.3 years) after the original visit. Mean
age at follow-up was 8.4 = 3.5 years. Two dogs had died at ages
14 and 15 and a third was euthanized at age 15 (46, 49, and
112 months after initial evaluation), and NTUAS scores in these dogs
were 14, 20, and 25. All of these dogs had undergone ventriculectomy
at the time of endoscopy. Follow-up surveys were completed on the
remaining 31 dogs. Median age at follow-up was 9.3 years (range,
2.75-15.3 years). Weight of dogs at follow-up (6.1 + 0.9 kg) was not
significantly different from weight at the original examination (P = .1).
Respiratory noise, snoring, and panting had continued or developed in
many dogs (Figure 3) regardless of whether or not surgery had been
performed. Difficulty sleeping was reported in only 1 dog at follow-up.

Exercise tolerance was not different at study entry (median, 0.5;
range, 0-4) compared to follow-up (median, 1; range, 0-3; P = 42),
although only 3 dogs had moderate to severe exercise restriction
(score, 2-4) at either time point. Exercise tolerance at study entry did
not differ between dogs that had surgery performed (median, 1;
range, 0-5) and those that did not (median, 1; range, 1-3; P = .44), and
surgical intervention did not play a role in changes in exercise toler-
ance, with a median score of 1 for dogs that did or did not have
surgery.

Quality of life scores at follow-up ranged from O to 31 out of a
total of 40, with a median value of 0, which was reported for 16/31
(52%) dogs. Scores ranging from 1 to 3 were calculated for an addi-
tional 9/31 (29%) dogs, and scores >5 were found in only 6/31 (19%)
dogs, all of which had surgery performed. Scores for QOL did not
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FIGURE 3 The percentage of Norwich terriers reported by
owners to have panting, snoring, and respiratory noise are presented
at initial exam (white bars) and at follow-up (gray bars)
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FIGURE 4 Quality of life (QOL) score showed a weak but
significant correlation with age at follow-up evaluation, P = .008,
r? = .23. The open circle represents an outlier

correlate with NTUAS score (P = .61) or with change in weight
(P = .91) but had a weak correlation with age (P = .007, r* = .23, Fig-
ure 4), indicating worse QOL with aging. Quality of life score at
follow-up was significantly higher (worse) in dogs that had surgery
performed (median, 5; range, 0-31) than in those that did not (median,
0; range, 0-3; P = .003, Figure 5).

5 | DISCUSSION

Our study was designed to assess exercise tolerance and QOL in Nor-
wich terriers with variable severity of upper airway syndrome, and we
also evaluated the effect of surgery on these outcome measures. The

most common clinical complaints at initial evaluation were respiratory
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FIGURE 5 Quality of life score at follow-up was significantly

higher (worse) in dogs that had surgery performed at initial evaluation
than those that did not, *P = .003

noises, excess panting, and snoring, which were also present at
follow-up, regardless of whether or not ventriculectomy or other sur-
gery had been performed. Up to 40% of owners of brachycephalic
dogs do not recognize stertor, stridor, or snoring as abnormal but
instead accept it as a breed standard.®*¢1” It is possible that a similar
situation also could play a role in the disease manifested by Norwich
terriers. Snoring and excess panting commonly persist postoperatively
in brachycephalic breeds” and findings in the Norwich terriers exam-
ined here were similar, despite a lack of nasal obstruction in this
breed. Although snoring was common, only a single owner reported
possible sleep-disordered breathing, a condition recognized in the
Cavalier King Charles spaniel,*® which is another breed of dog with
unusual manifestations of BOAS.

The NTUAS scores were higher in dogs that had surgery per-
formed, and these dogs had a higher number of laryngeal abnormali-
ties detected. It is likely that the severity of obstructive abnormalities
noted played a role in the decision to pursue surgery in an attempt to
alleviate some degree of airway obstruction with a relatively straight-
forward surgical procedure. Removal of everted laryngeal ventricles as
a sole procedure is not recommended in typical breeds of brachyce-
phalic dogs because alleviation of more rostral sources of airway obstruc-
tion (eg, stenotic nares, soft palate elongation) resolves clinical signs.®®
Also, removal of a single saccule is not sufficient to resolve edema or
eversion in the contralateral saccule.*® Laryngeal ventriculectomy is a
well-described procedure commonly performed in BOAS dogs, but

indications for its use in NTUAS have not been fully explored and further
studies are warranted.

Ventricular eversion is a common secondary complication of upper
airway obstruction in multiple brachycephalic breeds,®1%2 but the other
specific findings related to excessive tissue swelling found in Norwich
terriers are not. Therefore, it is curious that owners reported such good
QOL scores for most of the dogs examined in our study. Excessive sup-
raglottic tissue obscuring the piriform recess was frequently observed in
our study (82% of dogs). These abnormalities are not commonly
reported in other brachycephalic breeds, despite the fact that both
English and French Bulldogs also have a genetic mutation in the
ADAMTS3 metallopeptidase enzyme.®> Resection of the excessive and
redundant supraglottic tissue is more challenging, and 2 dogs in our
study had this intervention performed when they represented postoper-
atively with more severe and progressive clinical signs. This procedure
has not been well-described, and no previous studies of its therapeutic
benefit are available in dogs. Supraglottoplasty using debridement or
laser ablation has proven useful in management of redundant arytenoid
mucosa in children with congenital laryngomalacia.?”2° Also, early inter-
vention in affected infants resulted in resolution of signs as well as
improved QOL for children and caregivers.2®?! Additional study is
required to determine whether resection of redundant supraglottic tis-
sue earlier in the course of the disease would benefit affected Norwich
terriers, regardless of clinical signs of obstruction.

Narrowing of the infraglottic lumen (71% of dogs) and medial dis-
placement of the cuneiform processes (47% of dogs) also were com-
mon in this group of dogs. These obstructions can require aggressive

5,2223 guch as ventral

surgical procedures in dogs with classic BOA
laryngotomy, laryngeal stents, and permanent tracheostomy, none of
which were pursued in our study. It is surprising that these more inva-
sive procedures were not required given that the extent of obstruc-
tive lesions was severe in most Norwich terriers examined in our
study, with >3 of 5 possible laryngeal abnormalities visualized in
27/34 (79%) of dogs. This could be a reflection of the diligence of
Norwich terrier owners in maintaining ideal body weight and condi-
tion for their dogs and in managing activity levels when necessary.
Most dogs in our study lived in warm to hot environments, but the
low humidity in the region might have afforded some protection
against additional obstructive signs.

Ventriculectomy did not improve exercise tolerance at the time
of follow-up, but most dogs were not severely exercise-restricted
despite the extent of their obstructive lesions. It is likely that the
questions used in this study to assess exercise tolerance were not suf-
ficient to detect deficiencies. Norwich terriers are known for vigorous
activities in rodent hunting and agility trials, and only 3/34 dogs were
reported to have poor exercise tolerance in our cohort. The 3 or
6 minute walk tests have been used extensively to evaluate respira-
tory dysfunction in more typical brachycephalic dogs,?4?” and it is
likely that a similar evaluation would be more useful in assessing Nor-
wich terriers before and after interventions.

Age at the time of diagnosis did not play a role in the overall
severity of airway obstruction as reflected by the NTUAS score, with

severe manifestations of obstruction present in young as well as older
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animals. The effect of age on the severity of brachycephaly in typically
affected breeds is difficult to discern, yet in some studies, very young

2428 similar to

dogs have displayed severe manifestations of disease
what was observed in our study. The age at which brachycephalic
abnormalities should be surgically addressed remains controversial,
with younger age reported as a negative prognostic indicator in
1 study,?? although it also has been suggested that early intervention
might improve breathing later in life.?? Despite the fact that multiple
obstructive lesions were identified in most Norwich terriers examined
in our study, many dogs experienced extended survival over 9 years
after the initial evaluation, with only 3 dogs having died at ages
14 to 15.

Not surprisingly, QOL scores were worse at follow-up in dogs
that had undergone ventriculectomy or other surgery, likely reflecting
the severity of disease present originally, but most dogs in each group
were given very low QOL scores by owners, suggesting that they
believed their dogs enjoyed good QOL. Worsened QOL could be
related to other aging disorders that were not evaluated in our study
such as concurrent gastrointestinal, endocrine, or orthopedic prob-
lems. Other potential benefits of surgery likely were present, such as
a decrease in the stimulus for further soft tissue swelling related to
surgical alleviation of the ventricular component of airway obstruc-
tion. Future intubation efforts might have been facilitated by an
increase in the size of the laryngeal opening, and the possibility for
decreased risk of aspiration events in subsequent anesthetic episodes
should be considered, as has been reported in brachycephalic breeds
that have had corrective surgery performed.*° Long-term studies in
Norwich terriers are indicated to address the impact of breathing
abnormalities throughout life.

Our study had several limitations. Dogs were not reexamined at
follow-up, and therefore surveys relied on owner-reported signs and
scoring of both QOL and exercise tolerance. Most of the owners
remained in contact with the investigators over the course of the
study, but some owners did not respond to the invitation to partici-
pate in the study, which could have biased results. Therefore, conclu-
sions of our study might not apply to all Norwich terriers affected by
NTUAS. Many dogs in our study were recruited into a large scale
investigation of NTUAS, which might have selected for specific types
of dogs or owners. Although surveys were collected in real time, dif-
ferences in owner perceptions could have impacted results. Quality of
life was not assessed at study entry to allow comparison with follow-
up results, and effects of surgery on this variable could change over
time, as indicated by the worsened QOL scores associated with aging.
Finally, most scoring systems that are available for clinical studies
imply an equal contribution of each variable to the final score. The
NTUAS score and QOL survey are no exceptions and do not attempt
to weight 1 finding or response higher than another. It is possible that
the clinical impact of ventricular eversion varies from that of excessive
supraglottic tissue with obliteration of the piriform recess, but a linear
score cannot account for variable consequences of these different
types of obstruction.

Despite these limitations, results of our follow-up evaluation are

encouraging given the long term survival and good QOL scores in

most Norwich terriers despite the severity of airway obstruction
observed initially. Medial displacement of the cuneiform processes
(stage 2 laryngeal collapse) often results in debilitating signs in typical
brachycephalic dogs yet the dogs examined in our study apparently
coped well with the disorder. This might reflect the lack of nasal, pala-
tal, or glossal obstructions, which play a substantial role in airway
obstructive signs in typical brachycephalic breeds. It also could be
related to the lack of gastrointestinal abnormalities in Norwich ter-
riers, which appear to worsen or complicate disease in many dogs
with classic BOAS® as well as in children with laryngomalacia.?!
Finally, excellent long term results could be related to other conforma-
tional differences such as neck girth or length, or to the low rate of obe-
sity in the Norwich terriers compared to typical brachycephalic breeds.
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