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Introduction
Feline injection site sarcoma (FISS) is a neoplasia of mes-
enchymal origin that manifests as a subcutaneous mass 
at a site of injection1–3 that is usually a vaccination but 
chemotherapy administration and microchip applica-
tion have also been described.4,5 These tumours typically 
exhibit locally aggressive behaviour but have a relatively 
low metastatic rate.1 They occur most commonly at fre-
quent injection sites (interscapular, lateral thoracic wall 
or abdominal wall). The current literature shows that 
FISS can occur between 4 months and 2–3 years after 
injection.2

The literature reports recurrence rates in the range of 
26–59% after surgical excision, attributed to infiltration of 
local tissues.6–9 The current recommended treatment com-
prises radical or wide surgical excision with 5 cm  

lateral margins and two fascial planes deep.6,10 Local 
recurrence is a negative prognostic indicator and is 10 
times more likely if the neoplasm was incompletely 
excised.6 In one study, 3% of FISSs were removed with 
incomplete margins, all of which were grade III fibrosar-
comas. Of the cats, 14% had local recurrence after excision 
with 5 cm lateral margins and no adjunctive treatment, 
including 1/3 patients with incomplete margins.10
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Abstract
Case summary A cat aged 12 years and 7 months was referred to a multidisciplinary hospital for investigation 
of feline injection site sarcoma (FISS) on the left thoracolumbar region. A CT examination of the mass revealed a 
multi-lobulated mass affecting the body wall, extending from the level of lumbar vertebrae L2 to L4. The mass was 
excised with 5 cm lateral margins, including resection of the 13th left rib, the caudal edge of the latissimus dorsi 
(LD) muscle, full-thickness abdominal wall and sections of the lumbar epaxial muscles. To reconstruct the defect, 
a combination of muscle flaps was used. This included diaphragmatic advancement and lateralisation, rotation 
of the LD, and creation of transposition flaps from the internal abdominal oblique and external abdominal oblique 
muscles, ensuring closure without tension. Skin closure required mobilising an inguinal flank fold flap. The cat was 
discharged from hospital 3 days postoperatively. Histopathology confirmed a diagnosis of FISS with clean wide 
margins. A gradual return to normal activity and complete healing of the surgical site was reported on follow-up, 
with one minor complication related to the skin flap (bruising at the base of the inguinal flank fold flap).
Relevance and novel information This report describes the use of the aforementioned combination of muscle flaps 
to close a major abdominal wall defect in a cat with an excellent outcome. Practitioners can consider this technique 
when planning tissue reconstruction after FISS resection.
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Various muscle flaps have been described for the clo-
sure of large abdominal defects in dogs, but there is a lack 
of literature in cats. Large abdominal defects are common 
after the excision of infiltrative masses. Internal (IAO) 
and external abdominal oblique (EAO) muscle flaps, dia-
phragm advancement and latissimus dorsi (LD) muscle 
flaps have been described in dogs, resulting in good to 
excellent outcomes.11–14 Complications typically reported 
in muscle flap reconstruction techniques include wound 
dehiscence and necrosis.15 The use of polypropylene 
mesh has been described with a caudal superficial epi-
gastric axial pattern flap in six cats with radical excision 
of fibrosarcoma, with good to excellent outcomes in all 
cats and no evidence of local recurrence.16 Griffin et al17 
described closure after hemipelvectomy without the use 
of native muscular tissue and reported good outcomes in 
these cases. In one case, polypropylene mesh was used.17

The objective of this case report was to describe the 
use and outcome of a combination of IAO and EAO 
muscle flaps, LD muscle flap, and diaphragmatic 
advancement and lateralisation to close a large body 
wall defect in a cat.

Case description
A 12-year-old domestic shorthair cat was referred for 
management of a soft tissue mass on the left lateral 

thoracolumbar region. The cat was previously diagnosed 
with diabetes mellitus, and at the time of writing, was cur-
rently in remission with no treatment for 2 years. The 
mass was first noticed 2 months before referral, and was 
described as a large, multi-lobulated, firm, indiscrete, 
ulcerated soft tissue mass. Fine-needle aspiration (FNA) 
cytology was suggestive of a sarcoma, with areas of necro-
sis. Two simultaneous incisional biopsies were performed 
by the referring veterinary surgeon 1 month after the ini-
tial presentation, revealing a fibrosarcoma compatible 
with a FISS. After diagnosis, the patient was referred for 
wide surgical excision.

On presentation, the cat was bright, alert and respon-
sive, weighing 6.97 kg with a body condition score of 
6/9. Thoracic auscultation and abdominal palpation 
were unremarkable. There was a firm, non-mobile mass 
on the left lateral thoracolumbar region measuring 
approximately 39 × 45 × 32 mm. Mild serous discharge 
from the previous biopsy sites was present. A CT analy-
sis of the thorax and abdomen was performed, using a 
64-slice helical scanner (SOMATOM go.All; Siemens), 
which revealed a mixed soft tissue and soft tissue-fluid 
attenuating, well-defined, multi-lobulated mass in the 
subcutaneous tissues and muscle layers of the left  
dorsolateral abdominal wall extending from vertebra  
L2 to L4 measuring 48 L × 31 W × 42 H mm (Figure 1). 

Figure 1 Multi-planar reconstruction CT images of the abdomen and thorax, showing the mass in the left dorsolateral 
abdominal wall, compatible with a  feline injection site sarcoma (red arrow). Images are post-contrast and displayed in a soft 
tissue window: (a) sagittal, (b) transverse and (c) frontal
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The mass was in contact with the deepest aspect of the 
left paraspinal muscles (longissimus lumborum and ili-
ocostalis lumborum), causing deviation of these mus-
cles and the adjacent abdominal wall but no obvious 
infiltration. There was a thick linear extension arising 
from the periphery of the deepest portion of the mass on 
the lateral side. The superficial cervical, deep cervical, 
axillary and accessory axillary lymph nodes were 
enlarged. No overt metastases were noted. Other inci-
dental findings included a thymic remnant, subcutane-
ous nodules in the left lateral thoracic wall and lateral 
right thigh, a mild diffuse bronchial lung pattern, non-
specific splenopathy, nephrolith/dystrophic mineralisa-
tion of the left kidney and diffuse dermal changes. FNA 
cytology of the enlarged lymph nodes evidenced reac-
tive changes and no metastatic characteristics. Cytology 
of the subcutaneous nodules diagnosed benign kerati-
nising lesions, and the owners declined concurrent exci-
sion of these nodules.

Wide surgical excision of the mass was recommended, 
which was performed 21 days later for client-related rea-
sons. The patient was pre-medicated with medetomi-
dine 0.035 mg IV and methadone 1.40 mg IV. Anaesthesia 
was induced with propofol to effect (30 mg IV)  
and maintained with isoflurane inhalant and oxygen. 
The patient was positioned in right lateral recumbency. 
The skin was incised around the mass with 5 cm lateral 
margins (Figure 2).

The underlying tissues were resected with 5 cm lateral 
margins, including resection of the 13th left rib, the cau-
dal region of the LD muscle, full-thickness abdominal 
wall and part of the epaxial muscles of L2 and L3 (Figure 
3a). A thoracostomy drain was placed under direct visu-
alisation (MILA Guidewire Chest Tube 12 G × 20 cm; 
DMS Veterinary) and secured to the skin using a non-
absorbable monofilament suture (size 2-0 nylon) in a 
Roman sandal friction pattern. Reconstruction of the tho-
racic and abdominal wall involved diaphragmatic 

advancement and lateralisation, by incising the serosa of 
the concave surface of the diaphragm and suturing this 
to the 12th rib using a combination of simple interrupted 
and simple continuous circumcostal sutures (absorbable 
monofilament polydioxanone, size 2-0). The dorsal fascia 
of the LD was incised, and the flap was rotated ventrally. 
A flap was also created caudally by incising the ventral 
fascia of the IAO muscle and rotating the flap dorsally 
and cranially. The IAO muscle flap was sutured to the 
free edge of the diaphragm and to the LD cranially 
(Figure 3b), to the remaining fascia of the transversus 
abdominis ventral to the epaxial muscles dorsally and to 
the remaining IAO fascia ventrally. The remaining EAO 
muscle was then brought dorsally and sutured to the 
ventral edge of the LD flap cranially, and to the IAO flap 
dorsally (completely covering the underlying IAO flap 
sutures). This combination of muscle flaps resulted in 
complete closure without tension (Figure 3c).

The iatrogenic pneumothorax was drained via thora-
costomy drain. Closure of the skin without tension 
required transposition of an inguinal flank fold flap. 
Subcutaneous tissues and skin were tacked with multi-
ple simple interrupted sutures of absorbable monofila-
ment material (absorbable monofilament polydioxanone, 
size 2-0). The subcutaneous layer was closed with  
simple continuous absorbable monofilament suture 
(poliglecaprone 25, size 3-0) and the skin was closed 
with skin staples (Figure 4). The resected tissue was 
inked and submitted for histopathology.

The cat recovered uneventfully from anaesthesia and 
was hospitalised receiving intravenous fluid therapy 
and a constant rate infusion of ketamine (range  
14–35 µg/min). Medications consisted of meloxicam oral 
suspension (0.69 mg PO q24h for 14 days), gabapentin 
tablets (50 mg PO q8h for 14 days) and cefalexin (150 mg 
PO q12h for 10 days). The chest drain was removed  
1 day postoperatively. The cat was discharged 3 days 
postoperatively.

Figure 2 (a) Feline injection site sarcoma (FISS) present on left flank with sterile surgical pen markings around palpable edges 
of mass (inner continuous line) and 5 cm lateral margins (outer dotted line). (b) Body wall defect after excision of the FISS with 
5 cm lateral margins
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Histopathology confirmed the diagnosis of a fully 
excised sarcoma compatible with FISS. The narrowest 
histological tumour-free distances from the surgeon-cut 
margins (in relation to the anatomical location of the 
neoplasm) were 6 mm deep, 32 mm cranial, 40 mm dor-
sal, 13 mm caudal and 48 mm ventral. The plane forming 

the deep margin was the second deeper fascial plane. 
The sections of bone (rib) included in the sample did not 
show pathological changes.

Good progress was reported on telephone follow- 
up 9 days postoperatively. The cat presented to the 
referring practice for staple removal 14 days postopera-
tively. Good wound healing was reported, with a patch 
of dry dermatitis over the left stifle (suspected clipper 
rash), with no signs of dehiscence or necrosis. At 16 
days postoperatively, photographs were sent by the 
owner (Figure 5), and it was reported that the cat was 
very active and back to its normal self. A small area of 
superficial skin bruising next to the inguinal skin flap 
donor site (left stifle) was apparent, which was compat-
ible with the area of skin rash reported by the referring 
veterinarian and was managed conservatively. The 
owner was pleased with the outcome of the surgery. A 
follow-up physical examination at the referring prac-
tice 36 weeks postoperatively reported the surgical site 
had completely healed, with no palpable body wall 
defects or signs of local recurrence. Verbal and photo-
graphic follow-up 47 weeks postoperatively (Figure 6) 
confirmed the cat remained its normal self with no loss 

Figure 4 Skin closure with transposition of an inguinal flank 
fold flap

Figure 3 (a) Abdominal wall defect after wide excision of the mass. The lumbar epaxial muscles (1) and remnants of the 
transversus abdominis (5) are dorsal to the defect. Stay sutures are placed on the latissimus dorsi (LD) (2) caudal edge of 
the diaphragm (4) and internal abdominal oblique (IAO) (3). (b) The IAO muscle flap (3) was sutured cranially to the free 
edge of the LD (2) and diaphragm, and dorsally to the transversus abdominis (5). Stay sutures are placed on the external 
abdominal oblique (EAO) (6) and ventral remnants of the IAO muscle. (c) The EAO muscle (6) was sutured dorsally to the 
IAO muscle (3) and cranially to the LD (2) and to the remnants of the IAO muscle. This allowed complete closure of the 
defect
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of function and no obvious cosmetic changes as a result 
of the procedure.

Discussion
A combination of diaphragmatic lateralisation and 
advancement, and LD, IAO and EAO muscle flaps were 
used for body wall reconstruction after wide resection of 
a FISS in the case described. Complete healing was 
achieved with no major complications. A minor local skin 
complication occurred at the inguinal skin flap donor 
site, which resolved without intervention.

Abdominal wall resection and reconstruction of large 
defects have been previously reported in the veterinary 
literature, including a variety of muscle flap techniques. 
Other previously reported muscle flaps were also con-
sidered in this case, such as a cranial sartorius or rectus 

abdominis muscle flaps, but these were deemed less 
appropriate owing to the location of the defect.15,16,18,19 
The specific combination of reconstructive techniques 
used in this patient employed the most accessible options 
given the location and size of the defect without need for 
further separate incisions or patient repositioning. In 
this case, the use of a synthetic mesh was considered as a 
backup option, should primary reconstruction prove 
unfeasible. The use of mesh has been reported in human 
and veterinary literature for closure of large defects, 
with a wide range of materials available, most com-
monly polypropylene.12,19-22 Complications include 
repair failure and infection, and autologous tissue is pre-
ferred when possible.23

In the current case, wide excision resulted in signifi-
cant loss of abdominal and thoracic wall tissue. Closure 
exclusively with subcutaneous tissues and skin has been 
previously reported to provide successful closure of 
large defects after a hemipelvectomy procedure.17 That 
option was ruled out in this case as a result of the size  
of the defect and the need to achieve a reliable hermetic 
closure of the thoracic cavity.

The recommended treatment for FISS involves radi-
cal or wide surgical excision including 5 cm from the 
palpable lateral edges of the mass and two fascial 
planes deep.24 Marginal resection and incomplete mar-
gins carry a higher risk of recurrence.10 Adjuvant or 
neoadjuvant radiation therapy has also been described 
for local management, particularly in cases where wide 
clean surgical margins were not achieved or when 
tumour size reduction was preferable before surgical 
excision.9,24,25 In the current case, radiation therapy 
was not administered as the mass was completely 
excised with wide clean histological margins. No sig-
nificant difference in disease-free intervals has been 
found with adjuvant multimodal chemotherapy treat-
ment vs surgical treatment alone.8,25–29 However, the 
majority of these studies are underpowered; there-
fore, caution is advised when drawing conclusions. 
Wide or radical surgical excision is still considered 
the first treatment of choice in the current veterinary 
literature.

The use of the terms ‘wide’ and ‘radical’ excision has 
been inconsistent in the veterinary literature. In the pre-
sent case, the term wide excision has been used, based 
on the Enneking surgical dose descriptions by the 
Musculoskeletal Tumor Society (MSTS). The MSTS 
defines radical margins as the removal of all normal soft 
tissue included in the anatomical compartment(s) 
involved with the mass, and wide margins as intracom-
partmental en-bloc excision of the mass with a cuff of 
normal soft tissue (irrespective of margin length or 
depth). Considering that in this case, strictly speaking, 
radical excision would imply resection of the entire 
extent of all body wall muscles infiltrated by the mass, 

Figure 5 Photographs submitted by the owner 16 days 
postoperatively

Figure 6 Photographs submitted by the owner 47 weeks 
postoperatively
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from origin to insertion, we think ‘wide excision’ more 
accurately represents this procedure, since any remnants 
of muscle beyond 5 cm from the mass were preserved.

Complications of muscle flaps include surgical  
site infection, dehiscence and seroma formation.14,18,30 
Closure of such large defects can lead to tension and 
increase morbidity.12 In this case, multiple tissues were 
incorporated in the reconstruction, with the aim to 
achieve tension-free closure. However, if incomplete 
margins were reported or local recurrence occurred, all 
tissues involved would potentially be seeded with neo-
plastic cells. In such cases, revision surgery would lead 
to increasingly aggressive resections with minimal 
autologous tissue remaining for closure. This limitation 
should be considered when planning primary autolo-
gous reconstruction.

Another limitation of this report is that it describes a 
single case. Despite the outcome being considered excel-
lent in this patient, larger studies would be needed 
before drawing any conclusions about the techniques 
used. Lastly, most of the follow-up available for this case 
relied on the physical examinations performed at the 
referring veterinary practice and on verbal and photo-
graphic updates provided by the owners via telephone 
and via email. Re-examination at the referral hospital 
would have been desirable for the purpose of this case 
report; however, this was not possible owing to the own-
ers having relocated and declining travel.

Conclusions
This case report describes the use of a combination of 
IAO and EAO muscle flaps, LD muscle flap, and dia-
phragmatic advancement and lateralisation after major 
body wall resection in a cat, with an excellent outcome. 
This combination could be considered a viable option in 
the reconstruction of major body wall defects in cats.

Conflict of interest The authors declared no potential  
conflicts of interest with respect to the research, authorship, 
and/or publication of this article.

Funding Linnaeus Veterinary Limited supported the costs of 
the open access publication charges.

Ethical approval The work described in this manuscript 
involved the use of non-experimental (owned or unowned) 
animals. Established internationally recognized high standards 
(‘best practice’) of veterinary clinical care for the individual 
patient were always followed and/or this work involved the 
use of cadavers. Ethical approval from a committee was there-
fore not specifically required for publication in JFMS Open 
Reports. Although not required, where ethical approval was still 
obtained, it is stated in the manuscript.

Informed consent Informed consent (verbal or written) 
was obtained from the owner or legal custodian of all animal(s) 
described in this work (experimental or non-experimental 

animals, including cadavers, tissues and samples) for all 
procedure(s) undertaken (prospective or retrospective studies). 
No animals or people are identifiable within this publication, 
and therefore additional informed consent for publication was 
not required.

ORCID iD Kiren Kooner  https://orcid.org/0009-0002-
0594-6105 
Carlos Rubiños  https://orcid.org/0000-0002-7570-7663

References
 1 Martano M, Morello E and Buracco P. Feline injection-site 

sarcoma: past, present and future perspectives. Vet J 2011; 
188: 136–141.

 2 Srivastav A, Kass PH, McGill LD, et al. Comparative vac-
cine-specific and other injectable-specific risks of injec-
tion-site sarcomas in cats. J Am Vet Med Assoc 2012; 241: 
595–602.

 3 Couto SS, Griffey SM, Duarte PC, et al. Feline vaccine-asso-
ciated fibrosarcoma: morphologic distinctions. Vet Pathol 
2002; 39: 33–41.

 4 Martano M, Morello E, Iussich S, et al. A case of feline 
injection-site sarcoma at the site of cisplatin injections.  
J Feline Med Surg 2012; 14: 751–754.

 5 Dean RS, Pfeiffer DU and Adams VJ. The incidence of 
feline injection site sarcomas in the United Kingdom. 
BMC Vet Res 2013; 9: 17. DOI: 10.1186/1746-6148-9-17.

 6 Giudice C, Stefanello D, Sala M, et al. Feline injection-site 
sarcoma: recurrence, tumour grading and surgical margin 
status evaluated using the three-dimensional histological 
technique. Vet J 2010; 186: 84–88.

 7 Davidson EB, Gregory CR and Kass PH. Surgical excision  
of soft tissue fibrosarcomas in cats. Vet Surg 1997; 26:  
265–269.

 8 Bregazzi VS, LaRue SM, McNiel E, et al. Treatment with 
a combination of doxorubicin, surgery, and radiation 
versus surgery and radiation alone for cats with vaccine-
associated sarcomas: 25 cases (1995–2000). J Am Vet Med 
Assoc 2001; 218: 547–550.

 9 Kobayashi T, Hauck ML, Dodge R, et al. Preoperative 
radiotherapy for vaccine associated sarcoma in 92 cats. Vet 
Radiol Ultrasound 2002; 43: 473–479.

 10 Phelps HA, Kuntz CA, Milner RJ, et al. Radical excision 
with five-centimeter margins for treatment of feline 
injection-site sarcomas: 91 cases (1998–2002). J Am Vet Med 
Assoc 2011; 239: 97–106.

 11 Cronin A and Hall JL. A novel internal abdominal oblique 
muscle flap to close a major abdominal wall defect. J Small 
Anim Pract 2019; 62: 55–58.

 12 Alexander LG, Pavletic MM and Engler SJ. Abdominal 
wall reconstruction with a vascular external abdominal 
oblique myofascial flap. Vet Surg 1991; 20: 379–384.

 13 Huang Y, Wang P, Hao J, et al. The external oblique mus-
cle flap technique for the reconstruction of abdominal 
wall defects. Asian J Surg 2023; 46: 730–737.

 14 Gilman O and Ogden D. Lateralization of the diaphragm 
for thoracic wall reconstruction in a dog. J Am Vet Med 
Assoc 2021; 258: 85–88.

 15 Feng YC, Chen KS and Chang SC. Reconstruction with 
latissimus dorsi, external abdominal oblique and cranial 

https://orcid.org/0009-0002-0594-6105
https://orcid.org/0009-0002-0594-6105
https://orcid.org/0000-0002-7570-7663


Kooner and Rubiños 7

sartorius muscle flaps for a large defect of abdominal wall 
in a dog after surgical removal of infiltrative lipoma. J Vet 
Med Sci 2016; 78: 1717–1721.

 16 Lidbetter DA, Williams FA, Krahwinkel DJ, et al. Radical 
lateral body-wall resection for fibrosarcoma with recon-
struction using polypropylene mesh and a caudal superfi-
cial epigastric axial pattern flap: a prospective clinical study 
of the technique and results in 6 cats. Vet Surg 2002; 31: 57–64.

 17 Griffin MA, Altwal J, Culp WTN, et al. Modified hemipel-
vectomy techniques in dogs and cats appear well toler-
ated with good functional outcomes. J Am Vet Med Assoc 
2023; 261: 1–9.

 18 Mejía S, Boston SE and Skinner OT. Sartorius muscle  
flap for body wall reconstruction: surgical technique 
description and retrospective case series. Can Vet J 2018; 
59: 1187–1194.

 19 Gregory CR, Gourley IM, Koblik PD, et al. Experimental 
definition of latissimus dorsi, gracilis, and rectus abdomi-
nus musculocutaneous flaps in the dog. Am J Vet Res 1988; 
49: 878–884.

 20 Luce EA, Hyde G, Gottlieb SE, et al. Total abdominal wall 
reconstruction. Arch Surg 1983; 118: 1446. DOI: 10.1001/
archsurg.1983.01390120066017.

 21 Cady B and Brooke-Cowden GL. Repair of massive 
abdominal wall defects: combined use of pneumoperi-
toneum and marlex mesh. Surg Clin North Am 1976; 56: 
559–570.

 22 Mori N, Takano K, Miyake T, et al. A comparison of pros-
thetic materials used to repair abdominal wall defects. 
Paediatr Surg Int 1983; 94: 392–398.

 23 Bowman K, Birchard S and Bright R. Complications  
associated with the implantation of polypropylene 
mesh in dogs and cats: a retrospective study of 21 cases  
(1984–1996). J Am Anim Hosp Assoc 1998; 34: 225–233.

 24 Zabielska-Koczywąs K, Wojtalewicz A and Lechowski R. 
Current knowledge on feline injection-site sarcoma treat-
ment. Acta Vet Scand 2017; 59: 47. DOI: 10.1186/s13028-017-
0315-y.

 25 Hendrick MJ and Brooks JJ. Postvaccinal sarcomas in the 
cat: histology and immunohistochemistry. Vet Pathol 1994; 
31: 126–129.

 26 Martano M. Surgery alone versus surgery and doxoru-
bicin for the treatment of feline injection-site sarcomas:  
a report on 69 cases. Vet J 2005; 170: 84–90.

 27 Cohen M, Wright JC, Brawner WR, et al. Use of surgery and 
electron beam irradiation, with or without chemotherapy, 
for treatment of vaccine-associated sarcomas in cats: 78 
cases (1996–2000). J Am Vet Med Assoc 2001; 219: 1582–1589.

 28 Bray J and Polton G. Neoadjuvant and adjuvant chemo-
therapy combined with anatomical resection of feline 
injection-site sarcoma: results in 21 cats. Vet Comp Oncol 
2014; 14: 147–160.

 29 Poirier VJ, Thamm DH, Kurzman ID, et al. Liposome-
encapsulated doxorubicin (doxil) and doxorubicin in 
the treatment of vaccine-associated sarcoma in cats. J Vet 
Intern Med 2002; 16: 726–731.

 30 Jones CA and Lipscomb VJ. Indications, complications, 
and outcomes associated with subdermal plexus skin flap 
procedures in dogs and cats: 92 cases (2000–2017). J Am Vet 
Med Assoc 2019; 255: 933–938.


