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Abstract

Background: Reflux and aspiration in people are associated with respiratory disease,
whereas approximately 50% of healthy adults microaspirate without apparent conse-
qguence. In dogs, analogous information is lacking.

Hypothesis: Healthy dogs commonly have gastroesophageal reflux and a proportion
of these dogs will have laryngopharyngeal reflux with silent aspiration.

Animals: Twelve healthy, client-owned dogs.

Methods: Prospective study: Dogs were free-fed a meal containing (111 MBq) colloi-
dal ?“m-technetium phytate. Dynamic-scans were performed 5 and 30 minutes post-
ingestion. Time-activity curves, reflux margination, volume, frequency, and duration
were evaluated over 7 regions of interest in dorsal * left-lateral recumbency. Static
scans (dorsal recumbency) were performed 2 and 18 hours postfeeding to detect
aspiration. Reflux and aspiration were defined as counts 2200% background
activity + decreased gastric counts. Between-group comparisons were performed by
Wilcoxon rank-sum test or one-way ANOVA on ranks with significance of P < .05.
Results: In this study, reflux of variable magnitude was detected in 12/12 dogs. No
significant differences in outcome parameters were detected with recumbency
(P > .05). Margination to the pharynx and proximal, middle, and distal esophagus was
identified in 5/12, 2/12, 3/12, and 2/12 dogs, respectively. Median (IQR) reflux fre-
quency and duration were 2 events/5 minutes (1-3.3 events/5 minutes) and 6 sec-
onds (4-9 seconds) respectively. No dog had detectable aspiration.

Conclusions and Clinical Importance: Nuclear scintigraphy can document reflux in
dogs. Reflux, but not aspiration, is common in healthy dogs and must be considered

when interpreting results in clinically affected dogs.
KEYWORDS
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1 | INTRODUCTION

Reflux, inclusive of gastroesophageal and laryngopharyngeal reflux, is a
known source of acute and chronic respiratory disease in people.!™ Reflux

and microaspiration occur in healthy adult humans without obvious clinical
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consequence.*¢ Clinically silent microaspiration highlights the importance
of normative data before ascribing clinical significance to reflux, micro-
aspiration, or both in the pathogenesis of respiratory disease in dogs.
Repetitive microaspiration is a strong contributor to respiratory disease in
people.””? Importantly, treatment of gastroesophageal reflux (GER) and
laryngopharyngeal reflux (LPR), reflux extending beyond the esophagus
into the laryngopharynx, reduces frequency of disease exacerbations and
slows the rate of decline in lung function in people with asthma, chronic
obstructive pulmonary disease, and idiopathic pulmonary fibrosis.* As in
people, a relationship between reflux, microaspiration, and respiratory dis-
ease is suspected in dogs based on a few clinical studies, case reports, and
studies in animal models.’>Y” However, the frequency of reflux and
microaspiration in healthy dogs has not been clearly established. The prev-
alence of gastroesophageal reflux (GER) in healthy, free-feeding dogs is

).1® However,

41% as detected by videofluoroscopic swallow study (VFSS
this technique lacks the sensitivity to detect reflux associated with micro-
aspiration. The ability to document reflux and microaspiration in dogs with
respiratory disease has the potential to open doors for novel avenues of
therapeutic intervention. As such, characterizing reflux and aspiration in
normal dogs, and subsequently in dogs with aspiration associated respira-
tory disease (AARS), is an area of significant clinical relevance.

Current diagnostic methods for reflux and aspiration in dogs lack sen-

sitivity and specificity because of intermittent reflux events, variable client
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vigilance, small volumes of refluxate, and the presence of nonacidic
refluxate, which can account for as many as 90% of events in people.}?23
Nuclear scintigraphy has potential to address many of these limitations
and has been used successfully to detect reflux and aspiration peo-
ple.2428 This technique has been used to safely evaluate pulmonary aspi-
ration in medically fragile human infants.?*?°> In dogs, this technique is
postulated to be able to detect reflux events missed by owner observa-
tion and that might be missed by VFSS because of small volume, detect
nonacidic reflux events, broaden effective time of data collection by
looking at additive radio-nuclide activity in several anatomic regions, and
help establish the normative data necessary to determine the significance
of positive results obtained in clinical patients.?*2® Nuclear scintigraphy
might therefore represent a novel and sensitive means to help in the diag-
nosis of elusive reflux and AARS in dogs.

The objectives of this study were to evaluate the utility of
nuclear scintigraphy for detection of reflux in dogs, characterize
and determine the prevalence of reflux and aspiration events in
healthy mesocephalic dogs, and to obtain clinically relevant norma-
tive data to allow further exploration of nuclear scintigraphy as a
diagnostic tool for dogs with suspected reflux and AARS. We
hypothesize that healthy dogs will commonly have GER and a pro-
portion of these dogs will have LPR with silent aspiration into their

respiratory tract.

FIGURE 1 AB, Regions of interest (ROI) are drawn over dynamic images collected in A, dorsal and B, left-lateral recumbency 30-minutes
postingestion of a meal containing (111 MBq) colloidal *°m-technetium phytate (Tc-phytate). Lung ROI were not collected for dogs in lateral
recumbency because of summation of the right and left lung fields. Position markers at the level of the mandible and stomach are denoted by the
large gold arrows. Distal esophageal (E1) and pharyngeal (P) reflux are denoted by blue arrows in panels A and B, respectively. Distal third of the
esophagus (E1), middle third of the esophagus (E2), and proximal third of the esophagus (E3), pharynx (P), right lung field (RL), left lung field (LL),
gastric (G)
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2 | MATERIALS AND METHODS Camera standardization was performed by a cobalt-57 sheet source

with uniformity flooding for 3 million counts. The matrix dimensions were
2.1 | Animals 256 by 256. Motion correction was not used in this study to maximize the

number of evaluated frames. During data collection, noninvasive tempo-
Twelve clinically healthy, adult, mesocephalic companion dogs were rary markers were placed at the level of the mandible and stomach to
enrolled with informed consent (University of Missouri Animal Care and ensure regions of interest (ROI) were maintained in the area of detection.
Use Committee, #9871). Dogs were determined to be healthy based on Images were collected by a gamma camera with 140 keV parallel hole colli-
normal physical examinations and the absence of clinical respiratory and mator (Equistand, Middlesex, New Jersey) with Mirage computer system
Gl disease within the preceding 6 months. Brachycephalic breeds and (Medical Imaging technologies, Akron, Ohio) at 2 seconds/frame (frame
dogs receiving prokinetic medications were excluded. duration).2?%° Dynamic studies were collected over 5 minutes (150 frames;

1 frame/2 seconds) in left-lateral and dorsal recumbency (n = 6) or in dorsal
recumbency alone (n = 6). Data were collected 5- and 30-minutes post-
2.2 | Reflux scintigraphy ingestion of Tc-phytate. Static studies were collected for all 12 dogs in dor-
sal recumbency in order to visualize both lung fields (right and left). Static
After a 12-hour fast, dogs were free-fed a standardized meal data were collected over 2 minutes (60 frames; 1 frame/2 seconds) at

impregnated with (111 MBq) colloidal ?’m-technetium phytate 2 and 18 hours postingestion of Tc-phytate. No abdominal pressure was

(Tc-phytate) (Mid-America Isotopes, Ashland Missouri). The test applied. Dogs were housed in accordance with University of Missouri Envi-
meals consisted of 1/4 to 1/2 of a 13 0z can of a commercially ronmental Health and Safety regulations between scans. All studies were
available maintenance dog food. Volume was tailored by body size. performed without anesthesia or sedation.

Diets were formulated to meet AAFCO standards. The fat content

for each diet was between 17.3% and 18.2% on a dry matter basis.

Each meal was followed by water (10-20 mL) to ensure clearance of 2.3 | Data analysis

radioactive material from the pharynx and esophagus. Additional

food was withheld for the remainder of the study. Water was avail- Data analysis was performed by 3DSlicer (version 4.10.1) and Fiji
able ad libitum. (imageJ)®! analysis software. For dynamic and static studies performed
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in dorsal recumbency, ROl were drawn over the pharynx; proximal, mid-
dle, and distal esophagus; stomach; and right and left lung fields
(Figure 1A). For dynamic studies performed in left-lateral recumbency,
lung ROI were not evaluated because of summation of the right and left
lung fields (Figure 1B). For dynamic studies, time-activity-curves(TAC),
maximal reflux margination, volume, frequency, and duration were eval-
uated for each ROI.2° Reflux events (displayed on TAC) were defined as
counts 2200% background activity with a concurrent decrease in gastric
counts (Figure 2).2* Reflux TAC were subcategorized as rising (ie,
repeated reflux events with failure of clearance), flat (ie, no reflux or
reflux events with return to baseline between events) or falling (ie,
reflux with delayed clearance) (Figure 3).24 Dogs with rising TAC were
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FIGURE 3 Representative reflux time-activity-curves (TAC) from

the esophagus (rising and falling) and pharynx (flat) are depicted
above. Reflux TAC are classified as 1 of the following: rising
(reflecting repeated reflux events with failure of clearance), flat

(no reflux or reflux events with return to baseline between events) or
falling (reflux with delayed clearance)
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determined to have cumulative reflux events even if an exact number
could not be quantified provided cumulative counts exceeded 200% of
background (calculated from paraesophageal soft tissue). Maximal reflux
margination was recorded as the maximal distance traveled (ie, most
distal ROI from the stomach) by reflux for each dog. Reflux volume was
calculated as previously described.3? Reflux volume was depicted as the
percent of gastric counts refluxed during each event. Reflux frequency
was calculated as the number of discrete events occurring over the
5-minute collection period. Reflux duration was determined by the
number of seconds counts remained >2200% background. Static studies
were used to confirm complete clearance of reflux after feeding (ie,
baseline), persistent ROl contamination and aspiration. Aspiration was
defined as counts 2200% baseline though a concurrent a drop in gastric

counts were not considered necessary for diagnosis.2*

24 | Statistical evaluation

Statistical analysis was performed by SigmaPlot (version 14.0) data
analysis software. Descriptive statistics were applied where appropri-
ate. Between groups comparisons were made by a one-way ANOVA
on Ranks or Wilcoxon signed-rank test with a P <.05 significance
level. Post hoc analysis (Dunn's analysis for multiple comparisons) was
performed where appropriate.

3 | RESULTS

3.1 | Animals

Twelve healthy companion dogs were enrolled with informed consent.
Breeds represented included mixed breed (n = 3), Beagle (n = 2), Lab-
rador Retriever (n = 2), and 1 each for miniature Dachshund, Jack
Russel terrier, Brittany spaniel, Feist terrier, and West Highland white
terrier. Seven dogs were castrated males and 5 were spayed females.
Ages ranged from 3 to 13 years with a median (IQR) age of 9.5 years
(6-10.25 years). Weights ranged from 7.1 to 26.0 kg with a median
(IQR) weight of 9.6 kg (8.2-20.4 kg). Body condition score (9-point
scale) ranged from 4 to 6 with a median (IQR) BCS of 5 (5).

TABLE 1 Median (IQR) reflux volume displayed for esophageal
(E1-E3) and pharyngeal (P) regions of interest (ROI). Volume is
displayed as a percent of gastric counts.3? The volume of refluxate in
the E1 ROI was significantly increased compared to E2, E3, and P ROI

Region of interest (ROI) Median (IQR)

P 1.2% (0.6%-1.6%)
E3 0.8% (0.5%-0.9%)
E2 0.7% (0.6%-1.0%)
E1° 14.4% (7.7%-27.4%)

Abbreviations: E1, distal third of esophagus; E2, middle third of esophagus;
E3, proximal third of esophagus.
Statistical significance.
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TABLE 2 Median (IQR) counts per region of interest (ROI) for the baseline, 2-hour, and 18-hour static scans are provided

Region of interest (ROI) Median (IQR) baseline Median (IQR) 2 h Median (IQR) 18 h
P 442 (344-508.5) 437 (403-461) 554 (473-598)
E3 667 (528-857) 722 (570-830) 726 (687-1125)
E2 684 (591-850) 704 (614-849) 945 (815-1160)
E1l 683 (545-786) 680 (656-765) 837 (752-837)
Left lung field 2143 (1695-2865) 2457 (2058-2735) 2625 (2392-3312)
Right lung field 2324 (1735-2861) 2350 (2057-3016) 3122 (2292-3731)

Note: Aspiration was not detected in any dog as denoted by counts 2200% of background.
Abbreviations: E1, distal third of esophagus; E2, middle third of esophagus; E3, proximal third of esophagus; P, pharynx.

3.2 | Scintigraphy

Baseline scans demonstrated complete clearance of Tc-phytate from
the pharynx and esophagus at the start of the study. Reflux events
were detected in all 12 dogs by reflux scintigraphy. A total of
144 TAC were further characterized as rising (n = 27), flat (n = 105),
and falling (n = 12). No significant differences were detected for
demographic data (age, weight, or BCS), recumbency (left-lateral or
dorsal), collection time (5 or 30 minutes), or ROI for TAC subcategory,
maximal reflux extension, reflux frequency (events/5 minutes), or
reflux duration (sec) (P > .05 for all). As such, groups were combined
for further evaluation. Thirty-three discrete esophageal and 6 pharyn-
geal reflux events were identified. Pharyngeal reflux was identified in
5/12 dogs. Reflux marginated maximally to the pharynx (5/12 dogs),
proximal esophagus (2/12 dogs), middle esophagus (3/12 dogs), and
distal esophagus (2/12 dogs). The total number of discrete reflux
events identified within the esophageal ROI were 4/33, 6/33, and
23/33 for the proximal, middle, and distal esophagus respectively. The
median (IQR) reflux volumes for esophageal and pharyngeal ROl are
displayed in Table 1. Distal esophageal reflux volume was significantly
greater than for pharyngeal reflux volume (P < .001). Reflux events
detectable in the middle and proximal esophagus were not signifi-
cantly greater in volume than pharyngeal reflux (P > .05). Median (IQR)
frequency of reflux was 2 events/5 minutes (1-3.25 events/5 minutes).
Median (IQR) duration (seconds) of reflux was 6 seconds (4-9 seconds).
Static scans showed no evidence of persistent contamination (counts
>200% of background) within the pharyngeal or esophageal ROI for
any dog regardless of time point (2 or 18 hours). Likewise, lung ROI
showed no evidence of pulmonary aspiration for any healthy dog
regardless of time point (2 or 18 hours). Median (IQR) counts for the

baseline, 2- and 18-hour static scans are provided in Table 2.

4 | DISCUSSION

In this study, reflux scintigraphy was used to successfully identify and
characterize reflux events in clinically healthy mesocephalic dogs.
Contrary to our hypothesis, reflux (GER and LPR) but not pulmonary
aspiration was a common finding in healthy dogs. This provides nor-

mative data allowing further investigation into the role of reflux in the

pathogenesis of respiratory disease. Investigating the relationship
between reflux and aspiration might open new avenues of therapeutic
intervention in affected dogs with a variety of respiratory disorders.

People both reflux and aspirate without apparent clinical conse-
quence because of the presence of functional protective and clear-
ance mechanisms.*%3 Reflux is associated with the pathogenesis and
progression of respiratory disease in human medicine with a preva-
lence of 50% in patients with chronic cough, asthma, COPD, and pul-
monary fibrosis.>> Therefore, the development of disease is likely
dictated by frequency, margination, volume, duration and content of
reflux, and aspiration rather than the presence or absence of such
events. As such, data documenting the prevalence of reflux and aspi-
ration in normal dogs and objective characterization of these events is
necessary before ascribing clinical significance to reflux and aspiration
in clinically affected dogs.

Airway-associated reflux can be subcategorized into GER and
LPR. Laryngopharyngeal reflux is considered a supraesophageal mani-
festation of GER with a demonstrated correlation between the sever-
ity of GER and prevalence of LPR.3* Laryngopharyngeal reflux also
increases risk of macro- and microaspiration, laryngeal dysfunction
and exacerbation of pulmonary pathology.3*3> Treatment of GER and
LPR reduces the frequency of disease exacerbations and slow the rate
of decline in lung function in people with airway and pulmonary
parenchymal disease.® Treatment for reflux before brachycephalic air-
way surgery resulted in decreased postoperative complications in
brachycelphalic dogs.’® Treatment for GER and LPR might therefore
reflect a potential avenue of therapeutic intervention for dogs with
AARS. Unfortunately, studies evaluating the relationship between
GER, LPR, aspiration, and the development of respiratory disease are
conspicuously absent in the veterinary literature. This due in part
because diagnostics capable of identifying dogs with naturally occur-
ring GER, LPR, and microaspiration are lacking.

In this study, reflux was identified in all dogs, compared with
41% in healthy dogs evaluated by VFSS.'® This might be attributed
to the increased sensitivity of scintigraphy compared to fluoroscopy
for small volume reflux as well as the longer collection period of
scintigraphy compared to VFSS.3¢ Increased intragastric pressure
during recumbency might also be contributory and clinically relevant
in that it is common for a dog to lay down after eating). There are

decreased numbers of transient lower esophageal sphincter
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relaxations in dogs and people in supine compared to upright pos-
ture.3”* As such, increased frequency of transient lower esopha-
geal sphincter relaxations, because of dorsal and lateral recumbency
are unlikely to contribute to the increased number of dogs with
reflux observed in this study. The majority of dogs in this study had
an ideal or near ideal body condition score that was similar to the
population of dogs evaluated in the VFSS study.'® As such, body
condition is unlikely to contribute to the increased prevalence of
reflux noted with scintigraphy. In both the study by fluoroscopy to
document reflux'® and in the current study, dogs were fed a com-
mercially available wet food. Further, the polar surface areas for Tc-
phytate and iohexol are 202 A% and 200 A2, respectively.'®4° As
such, particle sizes are considered unlikely to contribute to the dif-
ference in the prevalence of reflux between these 2 techniques.
The presence of detectable reflux in 100% of healthy dogs evalu-
ated by reflux scintigraphy highlights the need for additional param-
eters to discriminate between healthy dogs and those with clinically
significant reflux.

The use of TACs allows for quantification of repeat reflux events
and are routinely evaluated in reflux scintigraphy studies in peo-
ple.2**! The presence of a rising TAC is considered supportive of
cumulative reflux events though individual reflux events cannot nec-
essarily be visualized because of superimposition. Further motion cor-
rection was not performed to increase the number of usable frames.
Individual reflux events were determined by counts >200% with con-
current drops in gastric counts (Figure 2). Corresponding drops in gas-
tric counts help decrease the likelihood that reflux events were the
result of motion artifact. Reflux events were not always traceable to
their maximal extent in each ROI (eg, reflux events detectable in ROI
E1 and E3 but not E2). This was likely attributable to rapid transit
times compared to sampling rate. Similarly discontinuous tracings may
be seen in people with reflux detected by impedance manometry as
well as scintigraphy.*?>*® Such discontinuous tracings precluded corre-
lation of total reflux volume with extent of margination. As such,
reflux volume was calculated according the volume calculated within
each ROI. A higher frame rate might improve detection of individual
reflux events and additional studies in dogs are needed to establish a
correlation between severity of GER and the presence of LPR as is
seen in people.??3%3* Despite this limitation, the frame rate selected
for this study is otherwise considered sufficient. Sampling rates 1 to
6 seconds/frame are used for pediatric gastric scintigraphy studies.
Esophageal pH studies demonstrate that increased sampling rate does
not correlate with increased acid exposure time, and it has been pos-
tulated that brief reflux events are less likely to be clinically relevant
than prolonged esophageal contact with refluxate.?”3%444> As a rising
TAC curve is indicative of esophageal exposure to gastric contents,
the sampling rate in this study is not considered a significant limita-
tion. In this study all TAC subcategories (rising, flat, and falling) were
represented. The presence of LPR in this study was not associated
with a rising TAC as has been demonstrated in some studies in people
though the influence of type 2 error cannot be ruled out.?* Studies in
clinically affected dogs are needed to determine the clinical signifi-

cance of flat and falling TAC.

N

Pharyngeal reflux (ie, LPR) was identified in nearly 42% (5/12) of
dogs representing approximately 15% of total discrete reflux events
detected. This mirrors findings in people where LPR events were
detectable in 10% to 30% of asymptomatic adults evaluated by imped-
ance manometry.*¢ Laryngopharyngeal reflux, is clinically important as
laryngeal structures are susceptible to damage by acid and digestive
enzymes.*”* In the esophagus, up to 40 reflux episodes per day is con-
sidered normal in people; however, as few as 3 reflux episodes reaching
the larynx are sufficient to cause detectable damage.*® In dogs without
LPR, maximal esophageal margination for the proximal, middle, and dis-
tal esophagus was approximately 16.7% (2/12), 25% (3/12), and 16.7%
(2/12) accounting for 70% (23/33), 18% (6/33), and 12% (4/33) of
detected individual esophageal reflux events, respectively. This is a
departure from VFSS where the majority of reflux events appeared to
be contained within the distal esophagus.® The frequency of distal
esophageal reflux may explain the soft tissue opaque structure in the
distal esophagus frequently observed on left-lateral thoracic radio-
graphs.50 In healthy adults, proximal esophageal reflux was identified in
34% of upright reflux events by esophageal impedance pH monitoring.
Additional studies evaluating the reflux margination in people with gastro-
esophageal reflux disease and laryngopharyngeal reflux disease, suggest
that symptomatic patients have a higher median proximal margination of
reflux events, larger reflux volumes, and longer reflux durations than
healthy controls.>?

The volume of refluxate is considered important as it reflects the
total amount of potentially damaging substances. Absolute quantification
of reflux volumes is technically challenging but may be performed by cal-
culating the percent of gastric counts that are detected in the esophagus
during reflux events. Large-volume reflux events (>4%) were occasionally
detected in this population. The volume of reflux in the distal esophagus
was considerably greater than in the other esophageal and pharyngeal
ROI suggesting decreasing volumes of refluxate with increased margin-
ation from the stomach. Frequency and duration of reflux events were
able to be characterized by reflux scintigraphy suggesting utility in clinical
patients; however, controlled studies comparing objective parameters in
healthy and clinically affected dogs are needed.

Aspiration was not identified in any healthy dog, which is contrary
to the human literature. Species differences might account for this
variation, however type 2 statistical error cannot be ruled out and fur-
ther studies are needed. Lack of sensitivity for detecting aspiration is
considered unlikely. Computer acquisition of data demonstrated that
as little as 0.1 MBq of activity aspirated into the lungs can be detected
by the gamma camera.>2 This suggests that microaspiration is likely to
be detected where present.

Limitations of this study include small sample size. Further, not all
dogs were evaluated both in left-lateral and dorsal recumbency.
Importantly, no differences were identified with recumbency, which is
important as dorsal recumbency allows independent visualization of
the right and left lung fields. Ultimately these do not alter the conclu-
sion that reflux scintigraphy represents a viable adjunctive diagnostic
for dogs with reflux and AARS especially when repetitive micro-
aspiration is suspected. Finally, only mesocephalic dogs were evalu-

ated in this study.
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