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- 14	dogs	
- Clinical	signs:	acute-subacute	(7h-7days),	vomiting	observed	in	12/14,	abdominal	pain	

8/14,	tenesmus	only	4/14.		
- Patient	population:	young-middle	aged	(mean	age	5.2	years	old)	with	increased	

prevalence	in	male	dogs	(71%)	of	medium	and	large	breeds	(100%)	
- 64%	of	dogs	had	prior	GI	dz	hx,	36%	had	prior	gastropexy.	Majority	had	mild,	

nonspecific	GI	signs		
o Suspicion	for	colonic	torsion	should	be	increased	in	patients	with	intermittent	

Cx	and/or	prior	hx	of	GZ	disease,	GDV,	or	prior	sx		
- 64%	confirmed	to	be	colonic	torsion	at	time	of	sx.	Remaining	cases	had	grossly	

abnormal	colons	with	evidence	of	congestion	at	time	of	sx		
o Suspect	to	have	dynamic	colonic	torsion	and	torsed	b/w	time	of	imaging	to	time	

to	sx	
- Limitations:	time	from	imaging	to	sx	was	lacking,	not	a	case-matched	study,	surgical	

database	from	a	single	referral	institution,	lack	of	surgical	confirmed	dx	of	colonic	
torsion	in	all	cases			
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Abstract
Colonic torsion is a life-threatening condition in dogs and radiographic findings for this condition

have not beenwell described. The purpose of this retrospective case series was to describe radio-

graphic findings and clinical signs in a group of dogs with colonic torsion. Inclusion criteria were

dogs presenting during the period of 2006 and 2016, and that had abdominal radiography and

a surgically confirmed or presumed diagnosis of colonic torsion. For each dog, clinical data were

recorded from medical records and imaging findings were recorded from retrieved plain radio-

graphs and positive contrast radiographs in which barium enema was performed. Fourteen dogs

met inclusion criteria. Of these, nine dogs had colonic torsion confirmed at surgery, with five dogs

having surgical confirmation of colonic congestion or mesenteric torsion. Radiographic findings

included segmental distention of the colon (14/14), focal narrowing of the colon (11/14), displace-

ment of cecum (11/14), displacement of descending colon (14/14), and mild to no small intestinal

distention (14/14). In caseswhere bariumenemawas performed, focal narrowing of the colon and

longitudinal striations that course in a helical pattern were identified, termed the “torsion sign.”

Vomiting was the most common clinical sign observed (12/14), followed by abdominal pain in a

small majority of cases (8/14). Severe abdominal pain and hypovolemic shock were uncommon in

the patients reported (3/14). Colonic torsion should be considered as a differential diagnosis for

dogs with radiographic segmental colonic distention with displacement of the descending colon

and cecum. Barium enema is recommended for more definitive diagnosis.

K EYWORD S

canine, radiography, small animal, torsion sign

1 INTRODUCTION

Intestinal torsion and volvulus are life-threatening conditions that can

cause ischemia and necrosis of intestinal segments leading to sepsis,

circulatory shock, and death.1–3 Rapid identification is vital in order to

initiate surgical intervention. Intestinal torsion is the pathologic twist-

ing of bowel along its longitudinal axis, while intestinal volvulus is the

twisting of bowel around its mesenteric pedicle.1,2 The twisting that

occurs in either torsion or volvulus can result in partial or complete

luminal obstruction depending on the degree of malpositioning. Pro-

gressive twisting results in venous and lymphatic compression, vas-

cular engorgement, mural edema of the intestine, ischemia, and ulti-

mately necrosis of the affected intestinal segments.3 Mural ischemia

and hypoxia of the intestine results in loss of the mucosal barrier and

bacterial endotoxins can then diffuse through the damaged mucosal

wall into the systemic circulation, resulting in endotoxemia, circulatory

shock, and death.3

Compared to dogs, intestinal volvulus occurs more commonly in

humans, horses, cattle, and swine.2,4 Risk factors associated with

intestinal torsion or volvulus in humans include anatomical varia-

tions resulting in increased mobility of the gastrointestinal tract, prior

surgery, high fiber intake, chronic constipation, colonic obstruction,

hyperperistalsis, and colonic distention.5 Prior reports and case series

of colonic torsion and volvulus have been described in a total of 17

dogs, occurring primarily in young to middle-aged, medium, and large

breed dogs.2,6–11 Preexisting or concurrent gastrointestinal disease

in these reports include gastric dilatation-volvulus, prior resection

and anastomosis of small intestine for foreign body removal, exocrine

pancreatic insufficiency, and lymphoplasmacytic enteritis.3,4,11 Addi-

tionally, a retrospective study found entrapment and strangula-

tion around gastropexy sites in three dogs as a cause of colonic

torsion.9

Based on the literature, it is unclear if torsion or volvulus of the

colon occurred separately or in conjunction with each other in the
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276 GREMILLION ET AL.

F IGURE 3 Close-up view of right lateral and ventrodorsal radiographs of the abdomen of the same patient in Figure 2 post-barium enema. The
longitudinal, helical striations consistent with the “torsion sign” are seen (arrow heads)

Exploratory laparotomy was performed in all dogs. Colonic torsion

was confirmed at surgery in nine of 14 cases (64%). Six of nine cases

had colonic torsion with a grossly normal, viable colon with no evi-

dence of congestion or necrosis. Two of nine cases had colonic tor-

sion with organ entrapment within their prior gastropexy site, with

one case having entrapment of both the torsed colon and spleen in the

prior gastropexy site, and the other case having entrapment of spleen

in the gastropexy site without involvement of the torsed colon within

the gastropexy site.One case had colonic torsionwith extensive necro-

sis of the colon and was euthanized during surgery. One case had gas-

tric foreign material in conjunction with colonic torsion at surgery. Of

the eight of nine cases that survived surgery, left colopexy was per-

formed in seven cases. The remaining case hadentrapment of the colon

in adhesionspresumed tobe secondary toprior surgery.Manual break-

down of the adhesions was performed in this case without concurrent

colopexy. Gastrotomy was performed in the case in which gastric for-

eignmaterial was identified.

In the five of 14 cases in which colonic torsion was not confirmed

at time of surgery, all of the patients had marked gross colonic abnor-

malities suspicious for prior torsion and four of five of these cases

were euthanized or died intra-operatively secondary to their under-

lying colonic pathology. In one case, the colon was hemorrhagic, con-

gested, and severely gas distendedwith thrombosis of the vasculature.

This patientwas euthanized intra-operatively due to the extent of non-

viable colon. In another case, the cecum and majority of the colon was

hyperemic and markedly gas-distended; subtotal colectomy was dis-

cussed with the client intra-operatively and euthanasia was elected.

One patient at surgery had hyperemic and congested colonic mesen-

tery but the colonicwall appeared viable; left colopexywas performed.

In an additional patient, the colon was markedly distended and con-

tained black striations and this patient died intra-operatively. The final

casehadnecrosis of the colon in conjunctionwithmesenteric torsionat

the time of surgery andwas euthanized intra-operatively due to exten-

sive necrosis of bowel. Necrosis of the colon was considered atypical

for mesenteric torsion in this case. This patient was initially stable on

presentation and acutely decompensated after radiography, develop-

ing signs of hypovolemic shock. Prior to decompensation, abdominal

radiographs did not show evidence of small intestinal distention com-

patible with mesenteric torsion, but rather showed segmental disten-

tion of the colonwith displacement of the cecum and descending colon

consistent with other cases of colonic torsion.

4 DISCUSSION

Colonic torsion has been previously reported in young to middle-aged

dogswith ameanageof 5.2 years (6months to10years)with increased

prevalence in male dogs (12/17; 71%) of medium and large breeds

(17/17;100%).1,2,6–11 This study supports those findings, as ameanage

of 7 years (2.5 to 10 years) was identified, 86% (12/14) were males,

and 98% (13/14) were medium to large breed dogs. In prior studies,

Great Danes were overrepresented (5/17, 29%)2,7,9 compared to this

study where Labrador retrievers (5/14; 36%) were overrepresented.

However, the overall breed distribution was similar to a prior case
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F IGURE 2 Right lateral and ventrodorsal radiographs of the abdomen of a patient with surgically confirmed colonic torsion pre- (A and B) and
post-bariumenema (C andD). Segmental distention, focal narrowing of the distal descending colon (white arrow), anddisplacement of the descend-
ing colon (DC) and cecum (CE) is seen on pre-contrast images. Post-barium enema, longitudinal, and helical striations are visible in the narrowed
section of descending colon (arrow head), termed the “torsion sign”

(Figure 2C and D). In three of these patients, colonic torsion was con-

firmed at time of surgery. In one of these patients, colonic torsion was

not identified at surgery, but the mesentery was hyperemic indicative

of prior congestion.

3.6 Surgical intervention and treatment

Time from presentation to surgery and time from imaging to surgery

was available in six of 14 cases. Time from presentation to surgery

ranged from 2 to 20 h (mean 9 h, median 5.5 h). Radiographs at two

different time points were performed in two cases. Time from ini-

tial radiographic study to surgery ranged from 2 to 18 h (mean 7.6 h,

median 4 h). In one of the patients in which radiographs were acquired

at two different time points, plain radiographywas repeated 15 h after

the first study and surgery was performed 3 h following the second set

of radiographs. In the second case in which radiographs were acquired

at two different time points, a barium enemawas performed 10 h after

plain radiographs with surgery subsequently performedwithin 7 h.
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F IGURE 1 Right lateral radiographs of the A, cranial and B, caudal abdomen and a ventrodorsal radiograph (C) of the abdomen of a patient with
surgically confirmed colonic torsion. Note the segmental distention of the colon with focal narrowing of the distal descending colon (arrow head).
The cecum (CE) is displaced to the left of the vertebral column and the descending colon (DC) is displaced to the right of the vertebral column in the
ventrodorsal view

3.4 Plain radiography

Abdominal radiography was performed in all dogs. Technical param-

eters used for radiography were not available in the medical records

and were not included in the metadata at the time of image reviews.

Abdominal radiographic views included right lateral, left lateral, and

ventrodorsal projections in 10/14 cases and right lateral and ven-

trodorsal projections in four of 14 cases. The cecum was identifiable

in 11/14 cases, and was displaced in all 11 cases in which it was visi-

ble (Figure 1C and Figure 2B). The ascending colon was unable to be

clearly identified in 11/14 cases and was displaced in the remaining

three cases in which it was visible. The transverse colon was unable

to be identified in eight out of 14 cases, but was displaced in the six

caseswhere it could be discerned. The descending colonwas displaced

in all cases (14/14; Figure 1C and Figure 2B). Segmental distension

of the colon was also identified in all cases (14/14; Figure 1A–C and

Figure 2A–B). Colonic fecal content was variable, with small volume

(4/14), moderate volume (8/14), and large volume (2/14) noted. Focal

narrowing of the descending colon was present in 11/14 cases (Figure

1BandFigure2A). Small intestinal diameterwas normal in themajority

of dogs, with two dogs havingmild small intestinal distention.

3.5 Positive contrast radiography

A positive contrast barium enema was performed in four of 14 dogs

(Figures 2 and 3). Barium enema was performed in one of these

patients using 60% (w/v) barium sulfate suspension (Bracco Diagnos-

tics Inc., Monroe Township, NJ) diluted 1:1 with water administered

per rectum at a total dose of 3 ml/kg; radiographs were performed

immediately following administration. Other recorded doses included

6, 5, and 10 ml/kg per rectum diluted to 20%. Barium concentration

was not recorded for these patients. Focal narrowing of the descend-

ing colon with longitudinal striations coursing in a helical pattern

was evident in all four cases in which barium enema was performed



	
- Prospective	experimental	design.			
- 8	healthy	research	Beagles	were	used		
- TXR	and	CT	were	performed	pre-BAL,	immediately	after	BAL,	and	at	2,4,	6,	8	,12	and	24	

hours	post-BAL		
- Standardized	BAL	protocol	used	in	all	8	dogs	with	a	well	described	scoring	system		
- Conclusion:	pulmonary	CT	or	TXR	should	be	performed	at	least	24	hours	after	BAL	for	

interpretation	w/o	lavage-associated	disturbances	
o CT	more	sensitive	to	detect	pulmonary	changes	than	TXR	
o BAL	site	recommended	in	veterinary	patients	are	the	right	middle	lung	lobe	and	

the	caudal	segment	of	left	cranial	due	to	their	ventral	position		
- Limitation:	lack	of	cytological	and	histological	evaluation,	small	sample	size,	lack	of	

concurrent	pulmonary	pathology	(pathology	may	affect	fluid	clearance	time),	different	
volumes	of	infusion	not	tested	
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Abstract
Bronchoalveolar lavage is a common diagnostic test for dogs with suspected pulmonary disease,

however there is no published information on whether this procedure could affect the imaging

characteristics of the lungs. Aims of this prospective experimental study were to describe com-

puted tomography (CT) and radiographic features of the lungs after bronchoalveolar lavage in

a sample of healthy dogs. Thoracic CT and radiographic images of eight healthy Beagles were

acquired at the following time points: before bronchoalveolar lavage, immediately following

bronchoalveolar lavage, and at 2, 4, 8, 12, and 24 h following bronchoalveolar lavage. Lung

consolidation or interstitial patterns were seen in CT and radiographic images immediately after

the procedure. Radiographic lung patterns resolved within 2 h and CT patterns resolved within

24 h. Resolution of the CT pulmonary patterns in the ventral areas of the lungs was delayed

compared to the dorsal areas. Mean CT imaging scores differed over time (P< 0.001), while mean

radiographic imaging scores did not differ over time. This study suggests that thoracic radiography

and CT imaging assessments should precede bronchoalveolar lavage procedures if possible, or be

performed at least 24 h afterward.

K EYWORD S

airway, fluid distribution, fluid infusion, pulmonary changes, serial computed tomography scans

1 INTRODUCTION

Bronchoalveolar lavage is awell-tolerated andminimally invasive diag-

nostic procedure widely used in human and veterinary medicine.1–6

With this procedure, lower respiratory tract specimens canbe sampled

by infusion and aspiration of saline solution.1 Since its introduction in

the early 1980s,2 bronchoalveolar lavage protocols have been consis-

tently developed in both veterinary1,3–5 and human medicine,2,6 but

the gold-standard protocol is not firmly yet standardized.

Computed tomography (CT) is a sensitive diagnostic tool to local-

ize lung lesions7,8 because of its high spatial resolution without super-

imposition. Because it provides information on airway structure and

lung parenchyma, CT use to investigate respiratory symptoms has

been increasing in veterinarymedicine.8 In humanmedicine, one study

described evidence of thoracic radiographic changes following bron-

choalveolar lavage,9 another on the effects of bronchoalveolar lavage

on quantitative multi-detector CT,10 and one on abnormalities on

pulmonary ventilation/perfusion scans have been published.11 Those

studies demonstrated that retained lavage fluid is correlated with

lung opacity on immediate post-bronchoalveolar lavage images, but

resolved within 24 h. In veterinary medicine, only a few studies have

observed the radiographic changes after lavage.12,13 To the best of our

knowledge, no thoracic CT imaging study after bronchoalveolar lavage

has been reported in dogs.

Thepurposes of this studywere todescribe theCTand radiographic

features after bronchoalveolar lavage in a sample of healthy dogs, and

to evaluate time effects for these features. We hypothesized that CT

would detect more lung abnormalities than radiography, and that lung

changes would resolve within 24 h, similar to human studies.

2 MATERIALS AND METHODS

The study was a prospective experimental design. Eight healthy Bea-

gles were selected from a research colony. All procedures were

approved by the Institutional Animal Care and Use Committee of the

College of Veterinary Medicine, Chonbuk National University. The

sample size was determined based on the maximum number approved

by the Animal Care and Use Committee. The dogs had no under-

lying disease, and were clinically healthy on physical examination,
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F IGURE 1 Thoracic computed tomography images corresponding to each computed tomography image score. The images were scored from 0
to 3: (A) 0, normal; (B) 1, mild ground glass opacity (GGO) with distinct vascular margins; (C) 2, moderate GGO without vascular obscuration; and
(D) 3, consolidation with vascular obscuration

2–5 years), and the mean body weight was 10.93 ± 0.97 kg (range,

9.45–12.05 kg). Bronchoscopy did not reveal any abnormal findings

of the airways. The entire procedure including first follow-up CT

scan and radiographic study lasted less than 10 min in each dog, and

bronchoalveolar lavage fluid instillation took approximately 5 s. The

bronchoalveolar lavage procedure was well tolerated by all dogs.

One dog experienced a transient and mild cough after the pro-

cedure. No post-bronchoalveolar lavage evidence of fever was

observed.

All pre-bronchoalveolar lavage imaging studies were scored as nor-

mal (Supporting Information 1 and 2). For the CT images (Supporting

Information 1), lung consolidation (a score of 3) was observed near

the bronchoalveolar lavage injection site in all dogs immediately after

fluid infusion. Mean dorsal and ventral lung CT image scores differed

over time (P < 0.001, Supporting Information 1). The pulmonary

parenchyma of the dorsal area in CT images returned to normal within

8–12 h after the procedure, but that of the ventral area resolved more

slowly, within 12–24 h. Mean image scores of the ventral and dorsal
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F IGURE 4 Thoracic CT images of the left caudal lung lobe with time in Dog 3: (A) immediately after bronchoalveolar lavage, (B) 2 h, (C) 4 h,
(D) 8 h, (E) 12 h, and (F) 24 h postprocedure

in our study, multiple lung opacity changes after fluid delivery were

observed. Therefore, authors believe that pulmonary assessment via

CT within 24 h after bronchoalveolar lavage needs to be performed

with caution.

Computed tomography detected more small pulmonary changes

than radiography. Radiographic changes were most likely not as

notable as CT changes because of a small amount of fluid instilled in

the present study. Radiographic lung changes following bronchoalve-

olar lavage in dogs after instillation of a large amount of fluid have

also been described in previous studies.12,13,21 In the scintigraphic and

radiographic changes after delivering a huge volume of fluid, 1850 ml

(about 62 to 103 ml/kg, but 95% of the instilled fluid was retrieved),

via bronchoalveolar lavage in dogs,21 increased lung opacities in eight

of nine dogs cleared within 24 h, and cleared completely within 4 to

10 h in five dogs. In an unguided bronchoalveolar lavage study,12 using

mean fluid volumes of 53ml (to 13 small, 43middle-sized, and 13 large

dogs) and 82ml (to 18 small, 75middle-sized, and 17 large dogs), radio-

graphic lung opacity scores decreased significantly from 0 to 3 h and

5 to 7 h after bronchoalveolar lavage. In a pathophysiologic sequelae

study using a large volume of fluid (about 30ml/kg), almost all morpho-

logic and physiologic changes resolved within 24 h, and no evidence of

chronic sequelae associated with lavage procedures was found after

1 week.13

The bronchoalveolar lavage procedure has not been

standardized.1,3,19,20,22,23 There are many factors affecting

variation1,2,22,23: the type of endoscope,3,4,19 total or each fluid

volume instilled,3,5,22 the number of aliquots,5 retrieval technique

such as retrieving manually or using suction machine,3–5 the interval

between fluid collection and laboratory examination,3,22 the manner

of processing samples,5 and the level of skill and experience among

operators. Great technical variation exists for the different steps of

the bronchoalveolar lavage procedure. According to recent studies in

veterinary medicine, use of a weight-adjusted bronchoalveolar lavage

technique5 with suction pump aspiration3,4 is recommended to obtain

sufficient3,4 and uniform epithelial lining fluid5 for analysis. In recent

bronchoalveolar lavage studies, 1 ml/kg of an aliquot, at least two

washes, were recommended,3–5,20 and the mean fluid retrieval rate

was about 40–60% in dogs.3,5,20,24 This study was designed with one

aliquot (1ml/kg) without fluid retrieval to reduce potential variation in

retained fluid.

In humans, the middle lung lobe or the lingula (the most anterior

segment of the left upper lung lobe) are the standard bronchoalveo-

lar lavage sites because they are readily accessedwith a bronchoscope

and fluid is recovered better than in the other lobes.23 The most rec-

ommended lung sites are the rightmiddle lung lobe and the caudal seg-

ment of the left cranial lung lobe in the veterinary literature because

of their ventral position.25 Bilateral caudal lung lobeswere used in two

veterinary studies on the bronchoalveolar lavage technique.3,5 The left

caudal lung lobewas selectedas thebronchoalveolar lavagearea in this

study because it is large enough to maximize visibility of pulmonary

changes.

The bronchoalveolar lavage procedure is considered to be safe, but

a decrease in arterial oxygen pressure in dogs,3,4,13,20 coughing,10,11

acute transient pyrexia,10,26,27 and bronchospasm26,27 were reported

in humans. In the current study, no complication was observed except

for a mild cough in one dog. This is probably because a very small

amount of fluid was applied, and all Beagles were clinically healthy.

Some changes in oxygenation status may have occurred, but were not

measured in this study during the recovery period.

A limitation of this study was the lack of cytology and histol-

ogy. However, the healthy status of the dogs and the absence of any

anomaly on the pre-bronchoalveolar lavage imaging studies made it

highly unlikely that the dogs were affected by a concurrent pulmonary

pathology that may have induced lung changes on imaging. Another

limitation was that various volumes of fluid infusion were not tested.

Clearance time and pulmonary changes according to the volume of
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F IGURE 2 Thoracic radiographic images corresponding to each radiographic image score. The images were scored from 0 to 3: (A) 0, normal;
(B) 1, mild interstitial pattern (barely perceptible); (C) 2, moderate interstitial pattern with blurred bronchial and vascular markings; and (D)
3, severe interstitial pattern that almost obscures pulmonary vessels

F IGURE 3 Thoracic computed tomography image scores with time.
The recovery of the lung changes of the ventral area was delayed com-
pared to the dorsal area, and at post 4 h, post 8 h, and post 12 h were
statistically different

areas were significantly different 4, 8, and 12 h post-bronchoalveolar

lavage (Figures 3 and 4).

No lung changes were detected in dorsoventral and lateral radio-

graphic images, therefore radiographic lung scores were based pri-

marily on ventrodorsal views. Mild areas of increased radiographic

opacity were detected immediately post-bronchoalveolar lavage and

up to 2 h post-bronchoalveolar lavage in some dogs. Mean radio-

graphic lung scores did not differ over time (P = 0.089, Supporting

Information 1).

4 DISCUSSION

In the CT images of the current study, pulmonary changes induced

by bronchoalveolar lavage fluid infusion returned to normal within

24 h after the procedure, similar to human studies.9–11 This study sup-

ports previous studies suggesting that pulmonary CT imaging evalua-

tions should be performed at least 24 h after bronchoalveolar lavage

for interpretation without lavage associated disturbances. The ground

glass lung attenuation observed in the present study and a previous

human study10 was considered to indicate aspiration of water, based

on the lung changes described in a postmortem CT study after drown-

ing in human medicine.18 The lung consolidation at the fluid-infusion

site likely represents replacement by fluid in the airways with less or

no preserved visibility of vascular markings. However, because a small

amount of fluid was instilled in the designated lung lobe for about 5 s

in our study, unlike that associated with drowning, the associated lung

patterns were temporary.

The reason for the observed increase in lung attenuation in the ven-

tral portion of the left caudal lung lobe in the CT images was consid-

ered most likely to be fluid accumulation, however gravity-dependent

atelectasis could not be completely excluded. The fluid could havebeen

gravitationally pulled from the dorsal to the ventral area because the

diameter of bronchuswas not equal to the tip size of the bronchoscope

in the current study; that is, the bronchoscope was not firmly wedged

in the bronchus,3,13,19,20 the dogs were positioned in sternal recum-

bency, and the tertiary bronchus mainly branches into dorsal and ven-

tral portions at the target site. Fluid spilling over into the lower lung

lobe was also reported in a human CT study.10 The later recovery of

the lung pattern in the ventral portion is probably because of gravity-

dependent redistribution of fluid on account of natural sternal recum-

bency during recovery, which is related to fluid redistribution due to

body posture, as mentioned in a previous investigation.10 Spilling into

adjacent segmental bronchi during bronchoalveolar lavage or redistri-

bution of residual lavage fluid after the procedure was also mentioned

as a reason for scintigraphic abnormalities in multiple lung segments

when lavagewas performed in a single segment.21 Although lung opac-

ity was not quantified and fluid redistribution was not strictly proven



	
	
	

- 48	canine	patients	presenting	w/	acute	abdomen	were	recruited		
o Assuming	50%	sensitivity	for	all	study	questions,	powering	a	study	for	an	odds	

ratio	increase	of	1.75	when	having	the	third	view,	we	found	that	272	data	points	
had	a	statistical	power	of	0.901	for	logistic	regression	analysis.	Therefore,	
approximately	34	patients	needed	to	be	recruited	(power	0.9,	alpha	0.05).		

o They	initially	retrospectively	recruited	16	patients	only,	so	had	to	prospectively	
recruit	an	additional	32	cases	for	a	total	of	48	cases		

- Recruiters	determine	if	10	predetermined	findings	were	present	w/o	knowing	clinical	
history	(normal	abdomen,	focal	SI	dilation,	diffuse	DI	dilation,	SI	plication,	GI	wall	
thickening,	gastric	dilation,	hepatomegaly,	loss	of	abdominal	serosal	detail,	opaque	GI	
foreign	body,	and	mass	effect)	

- Answer	submitted	based	on	degree	of	certainty	or	confidence	that	finding	was	present	
using	a	Likert		

- Results:	
o No	significant	difference	in	greater	accuracy	of	3-view	vs	2	view	by	DACVR	or	GP	
o No	specific	areas	where	GP	were	statistically	significantly	more	confident	if	a	3-

view	was	available	in	their	review	
- Conclusion:	3-view	AXR	did	not	have	perceived	or	statistically	significantly	increased	

diagnostic	utility	in	correctly	identifying	key	abnormalities	w/in	the	images	or	
determining	whether	surgical	intervention	was	needed,	and	this	was	true	for	both	
DACVR	and	GPs	
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Abstract
There are clear differences in the normal radiographic appearance of the abdominal organs

between a left lateral vs. a right lateral view. While a few veterinary academic institutions have

transitioned to a three-view abdominal radiographic study protocol, obtaining only two views of

the canine abdomen remains the current standard in veterinary medicine. In this combined retro-

spective and prospective, case-controlled study, 48 canine patients presenting with signs of acute

abdomen were recruited. Four board-certified veterinary radiologists and four general practice

veterinarianswith greater than3 years of experience in small animal practicewere asked to deter-

mine if 10 predetermined findings were present within the set of images and if surgery was rec-

ommended based on those findings. Image readers were unaware of the clinical history. Three-

view studies did not yield statistically significantly greater accuracy than two-view studies when

evaluating all readers together. No statistically significant associations between the availability of

the third view and increased accuracy or confidence were found in evaluations of general practi-

tioners specifically. Evaluation of three-view radiographic examination, as compared to two-view

examination, did not have perceived or statistically significantly increased diagnostic utility. Based

on our findings, there is no statistically increased utility to justify a standard three-view abdom-

inal radiographic examination over a two-view study for canines presenting with signs of acute

abdomen.

K EYWORD S

abdomen, abdominal radiographs, dog, ileus, mechanical obstruction, X-ray

1 INTRODUCTION

Abdominal radiography is a useful tool to aid in the diagnosis of

patients presenting with clinical signs of acute abdominal disease

(vomiting, inappetence, anorexia, diarrhea, constipation, and abdom-

inal pain). While three-view radiography of the thorax has been

accepted as having increased utility in diagnosis of disease,1 the typi-

cal convention for imaging the canine abdomen involves a ventrodor-

sal projection and single orthogonal view.2 A collection of seven case

studies involving canine and feline patients with various gastroin-

testinal diseases demonstrated the utility of obtaining both right and

left lateral abdominal radiographs to aid in obtaining an accurate

diagnosis.3

There are clear differences in the normal appearance of the abdom-

inal organs between a left lateral vs. a right lateral view. This is in part

due to the effect gravity has on the fluid and gas within the gastroin-

testinal tract. Gas within the gastrointestinal tract provides negative

contrast for evaluating the mucosal and intraluminal characteristics

of these structures and will locate in different areas of the stomach

and intestines in the left lateral vs. right lateral projections. Variabil-

ity in the appearance of the stomach and particularly the pylorus with

regard to laterality of the acquired images has been demonstrated.4,5

A recent publication demonstrated that the order inwhich radiographs

are obtained also changes the typical distribution of gaswithin the gas-

trointestinal tract and hence would be implied to affect the ability to

identify lesions and arrive at a correct diagnosis.6 Differences in the

appearance of organs, such as the spleen, have also been noted. The

spleen is closer to the X-ray detector in a left lateral resulting in amore

accurate depiction of the size and shape of the organ when compared

to the right lateral view.

While a few veterinary academic institutions have transitioned to a

standard three-view abdominal radiographic study protocol (personal

communication with veterinarians familiar with imaging sections at

University of Florida, University of Georgia, University of Illinois, and

others), obtaining only two views of the canine abdomen remains the

most common abdominal protocol in veterinary practices. The authors

Vet Radiol Ultrasound. 2018;59:381–386. c⃝ 2018 American College of Veterinary Radiology 381wileyonlinelibrary.com/journal/vru
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- Prospective	study	performed	on	purpose-bred	laboratory	cats	in	Greece	
- 10	DSH	–	5	females,	5	males	–	were	included		
- Cats	were	anesthetized	with	standard	protocol	and	2	full-thickness	wounds	were	

created	on	left	and	right	trunk;	first	wound	has	hydrocolloid	dressing	as	contact	layer	
and	second	wound	served	as	control		

	
- They	were	subjectively	evaluated	daily	by	the	same	DVM		

o Edema,	absence	of	separation	of	cells/collagen,	collagen	density,	angiogenesis,	
and	epidermal	thickness	were	scored	histologically		

- Results:	
o All	dressing	remained	in	place	until	changing		
o No	significant	differences	were	found	in	planimetry	variables	b/w	hydrocolloid	

vs	control	

ORIGINAL STUDIES

The Effect of a Hydrocolloid Dressing on Second
Intention Wound Healing in Cats
Vassiliki Tsioli, PhD, Pagona G. Gouletsou, PhD, Apostolos D. Galatos, PhD, DECVAA, Dimitra Psalla, PhD,
Antonios Lymperis, DVM, Aikaterini I. Sideri, PhD, Lyssimachos G. Papazoglou, PhD

ABSTRACT

The objective of the present study was to evaluate the effect of a hydrocolloid dressing on second intention wound healing

in cats. Two full-thickness skin wounds, measuring 2 3 2 cm, were created on both sides of the dorsal midline of 10 cats;

bilaterally, one randomly selected wound was bandaged with a hydrocolloid dressing and the second one (control) with a

semiocclusive pad. Subjective clinical evaluation of granulation tissue formation, of the quantity and nature of wound

exudate, and planimetry were performed on the right-side wounds, and histological examination on the left. No significant

differences in subjective clinical evaluation or in planimetry were observed between the hydrocolloid-treated wounds

and controls. Most wounds had serous or absence of exudate (41.25% and 25%, respectively), whereas purulent exudate

was observed in 7.5% of wounds. Edema was significantly increased in the hydrocolloid-treated wounds compared

with controls on day 7 but no significant differences in the other histological variables were observed.

(J Am Anim Hosp Assoc 2018; 54:125–131. DOI 10.5326/JAAHA-MS-6604)

Introduction
Open wound management is routinely performed in small animal

practice. Protection and moisturization of a wound creates an op-

timal microenvironment and enhances the healing process.1,2 Hy-

drocolloids are a type of occlusive dressing consisting of adhesive,

absorbent (carboxymethylcellulose), and elastomeric (gelatin, pec-

tin) ingredients that form a gel by interacting with wound fluid.3

Their main properties are the prevention of desiccation or abrasion

of the wound, the maintenance of a moist environment, and the

advancement of autolytic debridement.4–6 Hydrocolloid dressings

enhance epithelialization and granulation tissue formation.7 They

are easily applied, and dressing changes are painless and the interval

between them prolonged (performed every 2–7 days). Furthermore,

because of their occlusive nature, they can be applied even in areas

subject to contamination by urine and feces.5 Their disadvantages

include predisposition to growth of anaerobic organisms, higher

cost, and inability to inspect the wound daily.3,5,7

Hydrocolloid dressings may be applied to acute or chronic,

partial- or full-thickness wounds with a low-to-moderate quantity of

exudate, where granulation or epithelialization is needed.3,5 However,

they are contraindicated in cases of infected and ischemic wounds,

especially in anaerobic wound infections because they are imper-

meable to oxygen. Their use is also contraindicated in cases of

wounds producing large amounts of exudate, because of the danger

of maceration.3

Studies have evaluated the effects of hydrocolloid dressings on

wound healing in horses, pigs, and dogs, but there are no reports on

their efficacy in cats.6,8–10 Studies performed on other species cannot

be directly adapted to cats, because it is well-established that cuta-

neous healing is slower in cats, at least when compared with dogs.11
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Planimetry was performed on days 0, 7, 14, and 21. Digital

photos of the wounds and computer softwarei were used to estimate

the area of the initial wound and that covered by the advancing

epithelium. The area within the margin of advancing epithelium was

the open or unhealed wound area. The percentage of epithelializa-

tion, wound contraction, and total wound healing were calculated

for each wound according to formulas reported by Bohling et al.11

Histological evaluation was performed on specimens obtained

on days 7, 14, and 21; as already mentioned, the animals were under

general anesthesia during biopsies. The excised skin on day 0 served

as control. A 6-mm biopsy punch was used and the specimens were

obtained from the wounds’ corners along with 1–2 mm of sur-

rounding normal skin. The dorsal and cranial corner was used for

the first biopsy while the other specimens were collected by rotation

in a clockwise fashion. Specimens were placed in 10% neutral-

buffered formalin, routinely processed, and stained with hematox-

ylin and eosin. The pathologist was unaware of the dressing material

corresponding to each specimen. Stained sections were microscop-

ically evaluated to assess the degree of inflammatory cell infiltration,

edema, acute hemorrhage, necrosis, collagen density, and angio-

genesis, in 10 high-power fields (3400) per section. The degree of

cellular infiltration was evaluated by scoring the number of infil-

trating neutrophils, eosinophils, lymphocytes, plasma cells, macro-

phages, and mast cells as follows: ,3 cells/field was considered

normal [0], 3–10 cells/field mild [1], 11–30 cells/field moderate [2],

and .31 cells/field substantial increase [3].13 Edema, acute hem-

orrhage, and necrosis were also scored as normal [0], mild [1],

moderate [2], and substantial increase [3]. Absence of separation of

cells and collagen by nonstained or poorly stained acellular material

was considered normal [0], slight separation was considered mild

edema [1], a separation of 30–50 mm moderate edema [2], and a

separation of .50 mm substantial edema [3].14 Sparsely scattered

extravasated erythrocytes or necrotic cellular debris were considered

a mild increase in acute hemorrhage or necrosis, respectively,

whereas focal-dense accumulations of each of these components in

wound tissue were considered a moderate increase, and massive

hemorrhage or extensive necrosis that involved the surrounding

tissue were considered a substantial increase for each of these var-

iables, respectively.15 Collagen density was scored as follows: no

collagen [0], scant collagen bundles slightly separating fibroblasts

[1], dense accumulations of collagen between fibroblasts [2], and

extensive separation of fibroblasts by collagen [3].13 Scoring of an-

giogenesis was as follows: ,3 blood vessels, capillary buds, or ac-

tivated fibroblasts/field [0], 3–10 [1], 11–30 [2], and .30 [3].15 The

thickness of epidermis (in mm) was also evaluated on day 21 in 10

random points per sample under a micrometer scale, and the mean

was compared with the thickness of normal epidermis of excised

skin on day 0 (control) and was assigned to a score of 0 (thickness

similar to that of normal epidermis), 1 (slightly increased), 2

(moderately increased), or 3 (substantially increased).16

Statistical Analysis
The normality of data distribution was assessed with the Shapiro-

Wilk test. Continuous data following normal distribution are pre-

sented as mean 6 standard deviation. Qualitative data are presented

as frequency and percentage. For comparisons in variables of sub-

jective evaluation between groups, the Mann-Whitney U test was

used. The Student t test was used for group comparisons in

planimetry and histological variables. The level of statistical signi-

ficance for all comparisons was set at 5% and all the calculations and

tests were performed using commercial software j.

Results
The cats always had an uneventful recovery from anesthesia and

showed a normal appetite and behavior and no signs of pain.

Complications related to surgical or biopsy procedures were not

observed.

Subjective Clinical Evaluation
Hydrocolloids were easily applied and in almost all cases remained in

place until changing. Hydrocolloid dressings were partially detached

in only two wounds. In one occasion, detachment was observed on

day 4 on a right-sided wound, whereas in the other occasion, de-

tachment was observed on day 5 on a left-sided wound. Crusts

developed on the control wounds. Mean time to first appearance of

granulation tissue was 4.4 days for treatment protocol Ce and

4.9 days for treatment protocol Mf. Mean time to coverage of the

bottom of the wound by granulation tissue was 6.7 and 7.9 days for

FIGURE 1 Representative open wounds on days 7 (A, D), 14 (B,

E) and 21 (C, F) treated with a hydrocolloid dressing (treatment C)

and with a semi-occlusive dressing (treatment M).

Hydrocolloid Dressing in Cats
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o Did	not	significantly	promote	granulation	tissue	formation,	epithelization,	
contraction	or	total	wound	healing		

o No	difference	in	amount	of	exudate	b/w	treatments		
- Well	tolerated	by	cats,	may	be	able	to	be	performed	by	owners,	and	may	be	more	cost-

effective	than	wet-to-dry	dressings	
- Future	research	needed	to	see	if	hydrocolloid	dressings	have	different	effects	on	acute	

feline	wounds	vs	chronic/indolent	wounds		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
- Prospective	clinical	trial		
- Goal	of	study	to	evaluate	the	incidence	of	adverse	effect	during	HBOT	in	a	population	of	

cats	and	dogs	with	a	variety	of	naturally	occurring	diseases.	Hypothesized	that	HBOT	
would	be	well	tolerated	and	rate	of	adverse	effect	would	be	low		

o Minor:	caused	minimal	patient	distress	and	were	unlikely	to	cause	persistent	
morbidity	(i.e.	intermittent	head	shake,	ear	flick,	or	vocalization	classed	as	minor	
if	duration	<	2	min	and	occurred	<5	times	in	a	single	tx)	

o Major:	contributed	to	mortality	or	persistent	morbidity,	caused	significant	
distress	or	required	emergency	decompression		

- Privately-owned	canine	and	feline	patients	with	HBOT	as	part	of	their	treatment	
protocol	were	eligible	for	inclusion	in	this	prospective	clinical	trial	performed	between	
July	2013	and	May	2014	at	Brisbane	Veterinary	Specialist	Centre	

o 12	cats	and	78	dogs	were	enrolled		
- Treatment	regimens	were	either	a	single	60-min/24	hr	or	two	45-min/24hr	treatments	
- Results/conclusion:	0%	incidence	of	major	adverse	effects.	55	minor	adverse	effects	in	

60-min	tx,	and	21	minor	adverse	effect	in	45-mins	tx.		
o They	considered	this	inconsequential		

- Limitations:	low	#	of	feline	patients,	assessment	of		minor	adverse	effects	is	fairly	
subjective	(e.g.	no	neurological	or	otoscopic	exam),	small	sample	size,	referral	caseload	
bias	

- Future	studies	should	assess	therapeutic	benefit	of	HBOT	in	various	disease	states		
	

ORIGINAL STUDIES

Safety and Tolerability of Hyperbaric Oxygen
Therapy in Cats and Dogs
Gemma L. Birnie, BVSc, Darren R. Fry, MA, VetMB, Matthew P. Best, MA, VetMB

ABSTRACT

This prospective clinical trial was designed to evaluate the safety of hyperbaric oxygen therapy (HBOT) in a population of

cats and dogs with a variety of naturally occurring diseases. Seventy-eight dogs and twelve cats with various naturally

occurring disease conditions, who had the potential to benefit from HBOT, were enrolled in the study. These patients were

treated with HBOT in a monoplace hyperbaric oxygen chamber at 2 air pressure absolute for a treatment length of either

45 min or 60 min. There were 230 hyperbaric oxygen treatments performed during the study period. No major adverse

effects were observed. There were 76 minor adverse effects recorded, which were not considered to be of clinical

significance. Hyperbaric oxygen therapy was well tolerated and there were no major adverse effects recorded during

treatment. (J Am Anim Hosp Assoc 2018; 54:188–194. DOI 10.5326/JAAHA-MS-6548)

Introduction
Hyperbaric oxygen therapy (HBOT) is the therapeutic use of oxygen

inhaled inside a chamber pressurized above atmospheric pressure.1–3

In HBOT, the pressure used is expressed in multiples of atmospheric

pressure at sea level, which is 1 atmosphere of air pressure absolute

(ATA).2–4 One hundred percent oxygen at 2 or 3 ATA can result in

arterial oxygen tension in excess of 2,000 mm Hg and oxygen ten-

sion in tissues at approximately 400 mm Hg.2 The dissolved oxygen

concentration in blood at these pressures approaches 60 mL/L of

plasma, which is almost sufficient to supply the resting total oxygen

requirement of many tissues without the contribution of oxygen

bound to hemoglobin.1 This hyperoxia has many potential benefits

and is the basis of HBOT.1,2,4

Currently, the Undersea and Hyperbaric Medical Society lists

14 indications for HBOT in humans: air or gas embolism, carbon

monoxide poisoning, clostridial myositis and myonecrosis, crush

injury or other acute trauma ischemia, decompression sickness,

arterial insufficiencies, severe anemia, intracranial abscess, necro-

tizing soft tissue infections, refractory osteomyelitis, delayed radia-

tion injury, compromised skin flaps or grafts, and idiopathic sudden

sensorineural hearing loss.5 The Cochrane reviews are a key resource

in evidence-based medicine in the human literature.6–12 They form a

database of systemic reviews and meta-analyses with a focus on

reporting results of well-conducted and controlled trials.6–12 There

are several Cochrane reviews on the use of HBOT. In the following

conditions, HBOT was considered to improve outcomes or reduce

the risk of mortality: traumatic brain injury, late radiation tissue

injury, acute idiopathic sudden sensorineural hearing loss, tumor

sensitization to radiotherapy, skin grafting, skin trauma, acute mi-

graines, and Bell’s palsy.6–12 As such, HBOT is considered a prom-

ising adjunctive therapy for a variety of surgical and medical

disorders.

There are several proposed mechanisms for the reported

physiological benefits of hyperbaric oxygen:

1. Plasma oxygen carriage. The high level of dissolved oxygen in

the patients’ plasma during treatment allows tissues to pref-

erentially use the oxygen in the plasma rather than the oxy-

gen bound to hemoglobin, which helps to relieve hypoxic

stress.1,5 This is particularly advantageous in the treatment of

severe anemia and carbon monoxide poisoning.1,5

2. Tissue hyperoxia. Normal wound healing proceeds through

an orderly sequence of steps.5 The main stages of wound
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- Goal	of	study:	describe	complication	and	GDV	recurrence	rate	in	patients	who	
underwent	a	modified	belt-loop	gastropexy	after	derotation/decompression	of	stomach	
after	GDV.		Hypothesized	that	his	technique	would	have	minimal	or	no	intraoperative	
complications,	can	be	rapidly	performed,	and	would	create	a	stable	adhesion	b/w	
gastric	antrum	and	right	abdominal	wall		

- Descriptive	prospective	cohort	study	performed	in	Italy	
- 100	dogs	evaluated,	followed	up	for	1-year	post-operative		
- No	statistics	performed.		No	conclusions	can	really	be	made,	but	they	reported	0	

complications	associated	with	the	technique	perioperatively	and	0	recurrence	of	GDV	
	

ORIGINAL STUDIES

A Prospective Evaluation of a Modified Belt-Loop
Gastropexy in 100 Dogs with Gastric
Dilatation-Volvulus
Luca Formaggini, DMV, Matteo Tommasini Degna, DMV, DECVS

ABSTRACT

Gastropexy is a surgical technique performed to prevent and decrease the recurrence rate of gastric dilatation and

volvulus (GDV). The objective of this prospective, a descriptive cohort study on 100 client-owned dogs who were pre-

sented with GDV, is to describe a modified belt-loop gastropexy and determine its intraoperative complications and

long-term efficacy.

The transversus abdominis muscle was used to make an oblique belt-loop. A seromuscular antral fold, instead of a

seromuscular antral flap, was passed through the belt-loop, and then, the passed portion of the antral fold was sutured to

the dissected edge of the abdominal wall. Intraoperative complications related to gastropexy were recorded, and the

incidence of GDV recurrence was determined a minimum of 1 yr postoperatively via telephone with the referring veteri-

narians and the owners. There were no intraoperative complications related to the modified belt-loop gastropexy tech-

nique. Based on follow-up conversations, none of the dogs presented signs of GDV recurrence during the follow-up

period. Based on the results, there is strong clinical evidence that a modified belt-loop gastropexy prevents recurrence

of GDV in dogs surviving an acute episode. (J Am Anim Hosp Assoc 2018; 54:239–245. DOI 10.5326/JAAHA-MS-6596)

Introduction
Gastropexy is the surgical fixation of the stomach wall to the inner

abdominal wall by the formation of a permanent adhesion at the

gastropexy site. Indications for gastropexy include the prevention of

occurrence of gastric volvulus in predisposed breeds and decreasing

the reoccurrence of acute gastric dilatation and volvulus (GDV) after

derotation/decompression of the stomach. It is also part of the

treatment protocol for hiatal hernia. Failure to perform a right-sided

gastropexy is associated with recurrence rates of up to 80%.1–3 A

number of gastropexy techniques have been described.4–16 Incisional

gastropexy, circumcostal gastropexy, belt-loop gastropexy, tube

gastropexy, and laparoscopic-assisted gastropexy are the most

commonly performed techniques.6–9,12,17 Incisional gastropexy is

technically simple and associated with few complications; however,

there is a risk of gastric mucosal perforation. Circumcostal and

belt-loop gastropexy are more difficult to perform than incisional

gastropexy but may result in stronger adhesions.18 Although specific

data on incidence of complications are not available for circumcostal

and belt-loop gastropexy, gastric mucosal perforation is an intra-

operative risk in both of techniques, while rib fracture and iatro-

genic pneumothorax are potential intraoperative complications of

circumcostal gastropexy.11,12,16

The aim of this paper is to describe the complications and

incidence of GDV recurrence in client-owned dogs who underwent

a modified belt-loop gastropexy technique after derotation/

decompression of the stomach following GDV. We hypothesized

that this technique would have minimal or no intraoperative

complications, could be rapidly performed, and would create a

stable adhesion between the gastric antrum and the right ab-

dominal wall.
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- Goal:	to	evaluate	&	compare	the	differences	in	bacterial	identity	and	susceptibility	in	

samples	obtained	from	the	peritoneal	surface	on	initial	entry	(prelavage)	and	after	
evacuation	and	lavage	(postlavage)	in	dogs	and	cats	who	underwent	exlap	for	septic	
peritoneal	effusion		

- 2nd	objective	to	assess	empirical	broad-spectrum	antimicrobial	selection	in	comparison	
w/	bacterial	culture	results	w.r.t.	effect	on	short-term	survival		

- Prospective	study	at	AMC	Jan	2011-	Dec	2015	
- 35	patients	met	criteria,	29	dogs	and	6	cats	included		
- Results:		

o Source	of	contamination	was	GI	(68.5%),	urogenital	(20%),	and	hepatobiliary	
(11.4%)	

o 71%	of	them	treated	w/	ABX	prior	to	transfer	to	Sx		
o Microbiological	growth	occurred	in	74.3%	of	sample	prelavage,	and	74.3%	post-

lavage.		Growth	(pre-	or	postlavage)	occurred	in	88.6%	of	patients		
o Overall	survival	rate	74.3%	
o No	significant	difference	in	survival	based	on	having	a	+ve	vs.	-ve	prelavage	or	

postlavage	culture		
o 3	ABX	most	commonly	effective	vs	cultured	isolates	include	Cefotaxime,	

Ceftazidime,	and	Imipenem		
§ ABX	selection	was	appropriate	in	53.8%	of	cases	
§ Survival	for	patients	with	appropriate	vs	inappropriate	ABX	selection	

was	not	significantly	different,	based	on	prelavage	and	postlavage	
susceptibility	results	

- Discussion:	
o Lack	of	significant	difference	may	be	due	to	small	sample	size	
o Most	common	isolates	were	E.	coli,	then	Enterococcus	sp.	à	recommend	

empirical	ABX	based	on	these	results		

ORIGINAL STUDIES

Comparison of Initial and Postlavage Bacterial
Culture Results of Septic Peritonitis in Dogs
and Cats
Sarah Ruth Kalafut, DVM, DACVS-SA, Pamela Schwartz, DVM, DACVS-SA, CCRP, Rachael Leigh Currao, DVM,
Andrew Scott Levien, BVSc (Hons), PgCertVS, MANZCVS, DACVS-SA, DECVS, George E. Moore, DVM, MS, PhD

ABSTRACT

Septic peritonitis is a common, life-threatening condition encountered in dogs and cats. Efficacy of peritoneal lavage has

not been proven in veterinary studies. Our objective was to evaluate differences in bacterial identity and susceptibility in

samples obtained pre- and postlavage in animals who underwent laparotomy for treatment of septic peritonitis and to

assess the effect of empirical antimicrobial selection on survival. Culture samples were collected from the peritoneal

surface pre- and postlavage from dogs and cats treated surgically for septic peritonitis. Culture results were compared for

each patient with regard to bacterial isolates and bacterial susceptibility profiles. Survival to discharge was evaluated.

Microbial growth occurred in at least one culture in 88.6% of patients. There was no significant difference in bacterial

isolates or susceptibility profiles pre- versus postlavage. Positive culture pre- or postlavage and appropriate antimicrobial

selection did not significantly affect survival. For individual animals, culture results differed between pre- and postlavage

samples, although no definitive effect of peritoneal lavage was seen for the population as a whole. Antimicrobials most

commonly effective against isolates were Cefotaxime, Ceftazidime, and Imipenem. If prompt surgical source control is

employed, antibiotic choice may not affect clinical outcome. (J Am Anim Hosp Assoc 2018; 54:257–266. DOI 10.5326/

JAAHA-MS-6651)

Introduction
Septic peritonitis is a common, life-threatening condition encoun-

tered in dogs and cats. Mortality rates have been reported to be as

high as 68% with surgical intervention.1,2 The recommended

mainstay of treatment for septic peritonitis includes resuscitation

and cardiovascular support, prompt treatment with broad-spectrum

antimicrobials, and surgical debridement and source control.3,4

Surgical treatment of septic peritonitis involves surgical de-

bridement, correction of the septic source, and copious saline lavage

of the abdomen, with or without employing either open or closed

abdominal drainage techniques.4–11 Despite being a mainstay of

treatment, the efficacy of peritoneal lavage on clearance of bacteria

from the abdominal cavity has not been proven, nor has it been

shown to significantly impact survival in veterinary studies. A 2012

study by Swayne et al. evaluating the effect of peritoneal lavage on

bacterial cultures in dogs with suspected septic peritonitis did not

find a statistically significant number of dogs with a decrease in

bacterial concentration postlavage, nor did they find a significant

effect on survival for dogs with a change in pre- to postlavage

cultures.12 However, this study found positive prelavage cultures in

only 14 of 33 cases (42%), which is lower than reported in other

studies ranging from 82 to 100%.5–8,10,12,13

Treatment of septic peritonitis often involves initiation of broad-

spectrum antibiotic therapy prior to obtaining results of peritoneal
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o Confounding	factors	that	may	have	influenced:	
§ Bacterial	virulence	–	e.g.	endotoxin	associated	w/	greater	morbidity	

regardless	of	susceptibility	
§ Host	immunocompetence		
§ Multiple	ABX	may	have	synergistic	effects	leading	to	increased	efficacy	
§ In	vitro	susceptibility	do	not	consistently	predict	in	vivo	efficacy	(e.g.	DQ	

for	treatment	of	enterococcal	infections)		
o 5	cases	w/	-ve	prelavage	but	+ve	postlavge	culture	results	–	maybe	they	had	

walled	off,	localized	source	of	peritonitis	that	was	then	spread	with	lavage,	or	
maybe	due	to	inappropriate	sample	handling	in	the	prelavage	sample			

- Limitations:	small	sample	size,	lack	of	standardization	of	surgical	techniques,	lack	of	
standardization	of	ABX	protocol,	lack	of	standardization	of	amount	of	fluid	used	for	
lavage		

- Future	study:	assess	if	clinical	outcome	is	affected	by	only	obtaining	culture	pre-	or	post-
lavage,	or	by	treating	with	empirical	ABX	not	based	on	culture	results	for	cases	of	septic	
peritonitis		


