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SUMMARY
A three-year-old recently calved, dual-purpose cow
(Brown Swiss/zebu) presenting with signs of inappetence
was examined. The udder was hot and painful. The left
hide teat appeared black in colour and was cold to the
touch with a bloody discharge evident on stripping the
teat. The other teats had a normal appearance and a
few drops of watery milk were coming. A gangrenous
mastitis was diagnosed. The histopathology showed the
presence of coagulative necrosis and fibrosis. Given the
cow’s commercial value and udder condition, a total
mastectomy was performed. Induction and maintenance
of anaesthesia was provided by a constant rate infusion
of ketamine-xylazine and a regional block was
performed. Laboratory cultures were positive for
Pseudomonas. Ciprofloxacin was provided for 10 days,
and topical treatment with a commercial bee honey
product was applied covering all the open wounds. After
45 days, the wound granulated; the cow successfully
bred and a healthy calf resulted.

BACKGROUND
Gangrenous mastitis in cows is an acute and serious
condition with frequently fatal consequences.
Partial mastectomy is indicated when the other
quarters are unaffected and still functional (Phiri
and others 2010). Amputation of the complete
mammary gland, although less frequent, can be a
good alternative. Factors considered to carry out a
total mastectomy include duration of illness,
general health status at physical examination,
clinical-pathological findings, genetic value of the
animal and costs. Several infectious agents are
involved in gangrenous mastitis. The most common
and primary cause of bovine mastitis is
Staphylococcus aureus, which has been found in
gangrenous mastitis (Scott and others 2011). Other
causes of gangrenous mastitis include Proteus (Phiri
and others 2010), Pseudomonas aeruginosa
(Crossman and Hutchinson 1995), Clostridium
perfringens type A and Escherichia coli
(Schoonderwoerd and others 1990). Radical mast-
ectomy is a safe and effective procedure and is well
tolerated in ruminants. However, during surgery, a
swift, aseptic procedure and haemostasis are
important for prompt recovery (Cable and others
2004). Postoperatively, treatment may be based on
the isolation of the pathogen and testing of its anti-
biotic sensitivity.
This case describes the anaesthetic management,

surgical approach and postsurgical therapy of a

total mastectomy in a cow due to gangrenous
mastitis.

CASE PRESENTATION
A three-year-old recently calved, dual-purpose cow
(Brown Swiss/zebu) presenting with signs of
inappetence was examined. The appearance of the
udder was normal, but it was hot and painful to
touch. The left-hind quarter with a black colour
(Fig 1) and a continuous bloody discharge were
observed on stripping the quarter. A few drops of
watery milk were drawn from the other quarters,
which appeared normal. The cow’s mobility was
normal; fever and anorexia were present. A gan-
grenous mastitis was diagnosed. The calf was
removed from the pen and nursed with a commer-
cial milk replacer. Partial mastectomy was an
option, but, due to the physical examination find-
ings (developing of toxaemia), udder condition
(rapid development of oedema, change of colour,
damp and cold to the touch) and genetic value of
the cow, a total resection of the udder (mastec-
tomy) was performed. After surgery, histopathology
showed a mammary tissue with coagulative multi-
focal necrosis and fibrosis surrounded with abun-
dant collagen fibres, multifocal necrosis, fibrosis
and severe neutrophilic infiltration.

INVESTIGATIONS
A blood sample was taken from the jugular vein to
perform a complete blood count, and samples of
milk were taken for microbiological culture and for
antimicrobial sensitivity testing. Complete blood
count results are shown in Table 1. A mild normocy-
tic anaemia was present. The white blood cell values
showed an increase in band neutrophils. In the milk
culture, Pseudomonas was isolated. The antibiotic
sensitivity test showed susceptibility to ciprofloxacin,
oxytetracycline, norfloxacin and cephapirin.

TREATMENT
The cow was initially sedated with xylazine
(0.03 mg/kg intramuscularly) (Procin 2%, PISA,
Mexico). After 15 minutes, the skin over both
jugular veins was clipped and an intravenous cath-
eter (Introcath 16 ga Bencton & Dikinson,
Mexico) was placed into each jugular vein. The
skin area over the right and left transverse process
of the lumbar vertebrae and the sacrococcygeal
joint were also clipped, washed and aseptically pre-
pared. A Farquharson’s paravertebral regional
anaesthesia technique involving the second, third
and fourth lumbar vertebrae was used to desensitise
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both lateral aspects of the mammary gland. A total dose of
10 ml per site of 2 per cent lidocaine (Pisacaina, PISA, Mexico)
was injected between the transverse processes of the second–
third and third–fourth lumbar vertebra. A caudal sacrococcygeal
epidural anaesthesia was also performed by using xylazine
(0.05 mg/kg) (Procin 2%) in order to desensitise the caudal
aspect of the mammary gland. Once the cow was in lateral
recumbency on a previously padded pen’s floor, the skin area
over the udder was clipped, cleaned and surgically prepared.
General anaesthesia was induced with pentobarbital (1 mg/kg
intravenously) (Pentobarbital 6.5%, Aranda, Mexico) followed
by ketamine (2 mg/kg intravenously) (Ketamina 10%, PISA,
Mexico) and xylazine (0.01 mg/kg intravenously) (Procin 2%).
Immediately after induction of anaesthesia, a cuffed endo-
tracheal tube (18 mm) was inserted. The cow remained on its
right lateral side on a padded floor. Oxygen was supplied at a
flow rate of 15 l/minute during the entire anaesthetic procedure
and recovery. Ten minutes after induction of anaesthesia, a con-
stant rate of infusion of ketamine (4 mg/kg/hour intravenously)
and xylazine (0.02 mg/kg/hour intravenously) was administered
for maintenance of anaesthesia.

Initially an elliptical incision around the left half of the udder
was made in order to preserve enough skin for an appropriate
closure of the surgical wound. At the time of incision, lack of

blood perfusion of the skin close to the right half of the udder
was noticed. The skin colour of the mammary gland had
changed from red to violet.

Once the elliptical incision was finished, the subcutaneous
tissue was manually dissected using gauzes, and the haemor-
rhage was controlled by haemostat angiotripsy and ligation
sutures. The initial approach began from the lateral aspect of
the udder, running from the cranial to the ventral aspect of the
mammary gland. When major blood vessels appeared (external
pudendal artery and vein, ventral perineal artery and vein and
caudal superficial epigastric vein), they were clamped and
double ligated before transection. After ablation of the
mammary gland and its skin attached, the right and left borders
of the surgical wound were sutured to the external layer of the
external abdominal obliquus muscle. Because a large amount of
damaged skin was seen after udder separation, it was removed
and part of the surgical wound was left open to let the wound
close by second intention. Just before suturing, a thorough rinse
with 0.1 per cent iodine solution was performed, then, a latex
drain was placed at each side of the surgical wound.
Macroscopic examination of the udder tissue revealed the whole
hind mammary gland’s tissue was gangrenous (Fig 2). Once the
surgery was finished, the cow received atipamezole (0.02 mg/kg
intramuscularly) (Antisedan 0.5%, Zoetis, Mexico). Twenty
minutes later, the patient adopted a sternal position but was
unable to stand until 40 minutes after atipamezole administra-
tion. Recovery was calm and uneventful. Total surgery time
lasted 210 minutes, and the time from induction of general
anaesthesia to standing position was 265 minutes. The anti-
microbial drug therapy consisted of ciprofloxacin (2.5 mg/kg
intramuscularly) (Primecin 7.5%, Lapisa, Mexico), once a day
for 10 days. Inflammation and pain management consisted of a
reduced dose of flunixin meglumine (1 mg kg intramuscularly)
(Napzin 5%, PISA, Mexico) once a day for three days, followed
by meloxicam (0.3 mg kg intramuscularly) (Metacam 2%,
Boehringer Ingelheim, Mexico) for four days. Local wound treat-
ment consisted of saline solution rinses once a day and topical
administration of commercial bee honey for 30 days. A total of
45 days elapsed between surgery and total wound healing; no
postsurgical complications were observed during this period.

FIG 1: Mammary gland of a cow with gangrenous mastitis. Notice
the black colour and bloody discharge from the left hind teat of the
udder’s left side. The teat was cold and damp on palpation

TABLE 1: Complete blood count in a cow with gangrenous
mastitis

Reference interval

Red blood cells (×106/μl) 5.30 5–10
Haemoglobin (g/dl) 6.99 8–15
Packed cell volume (%) 26 24–46
Mean cell volume (fl) 49 40–60
Mean cell haemoglobin concentration (%) 27 26–34
Platelets (×103 mm3) 450,000 100–800
White blood cells (mm3) 9300 4–12
Band neutrophils (mm3) 465 0–240
Mature neutrophils (mm3) 2883 600–4000
Lymphocytes (mm3) 4278 1800–9000

Monocytes (mm3) 465 80–840
Eosinophils (mm3) 1209 80–2400
Basophils (mm3) 0 0–240

FIG 2: Open ablated mammary gland showing gangrenous
parenchyma in the entire left gland; oedema and moderate diffuse
subcutaneous emphysema that extend to the mammary parenchyma is
evident. A process of liquefaction is present delimited by extensive
haemorrhages in necrotic areas
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OUTCOME AND FOLLOW-UP
Thirty days post surgery, a good granulation tissue bed was
observed and skin covered most of the surgical wound (Fig 3).
The cow became pregnant three months after the surgery and
successfully calved a healthy male calf nine months later.

DISCUSSION
Gangrenous mastitis in cows is an acute and serious condition
with frequently fatal consequences. In the present case,
Pseudomonas infection was associated with the mammary
gland gangrene. During its replication and tissue damage,
Pseudomonas may release endotoxins, provoking tissue coagula-
tive multifocal necrosis and fibrosis of the mammary tissue.
Clinical signs including agalactia seen in the cow were as a con-
sequence of the release of endotoxins and the inflammatory
process. However, septicaemia was rapidly resolved by the anti-
inflammatory, antimicrobial and fluid therapy. Partial mastec-
tomy is indicated when the other quarters are unaffected and
still functional (Phiri and others 2010). Amputation of the com-
plete mammary gland, although less frequent, can be a good
alternative depending on factors such as health status, genetic
value of the animal and costs. Radical mastectomy when prop-
erly performed is a safe procedure used in ruminants with a
good success rate; during surgery, a rapid, aseptic procedure and
haemostasis are important for prompt recovery (Cable and
others 2004). Physiological mastectomy has been described to
reduce the blood supply to the mammary gland, leading to
eventual tissue atrophy in cows. This method, as the total mast-
ectomy, is considered as a salvage procedure (Allen and others
2008). However, due to the lack of experience in such proce-
dures, a radical mastectomy was performed.

Anaesthesia and trans-surgical pain management are funda-
mental for a good surgery; in this case, regional blocks provided
good pain relief and the induction and maintenance protocols
used were simple, effective and inexpensive mainly based on
xylazine and ketamine, which are widely used in ruminants
(Thurmon and Benson 1993, Valverde and Doherty 2008, Lin
2015). During surgery, some skin areas adjacent to the
mammary gland were cold and friable with evidence of necrosis;
consequently, the tissue was removed, leaving a wide open
wound. Recovery of anaesthesia was quick due to the use of ati-
pamezole, a specific α2 adrenergic receptor antagonist (Valverde

and Doherty 2008). The pain and inflammatory response were
managed with flunixin meglumine and meloxicam. NSAIDs
proved to be useful by promoting comfort during recovery and
the immediate postoperative period. The use of bee honey as a
wound dressing was chosen because of its properties, capable of
moisturising injured tissue, arresting microbial infections, sooth-
ing inflammation and preventing gauze sticking to wounds
(Molan 2006); it is also capable of promoting granulation,
angiogenesis and epithelisation (Molan 2001). In the present
case and due to the extended open wound, bee honey was the
treatment of choice. Bee honey was very effective, promoting
granulation and healing without further infections. However,
since antimicrobial and anti-inflammatory drugs were also admi-
nistrated, the granulation and healing process cannot be solely
attributed to the honey treatment and results should be taken
with reservation.

Several infectious agents are involved in gangrenous mastitis.
The most common and primary reservoir of bovine mastitis is S
aureus (Scott and others 2011), but other agents such as Proteus
(Phiri and others 2010), P aeruginosa (Crossman and
Hutchinson 1995), C perfringens type A and E coli
(Schoonderwoerd and others 1990) have also been found in
gangrenous mastitis. P aeruginosa is commonly present in dairy
cattle with high levels of contamination in milking parlour wash
water and associated with atypical P aeruginosa mastitis (Mushin
and Ziv 1973). Clinical mastitis in dual-purpose cow has been
associated with the absence of calf suckling after milking, where
P aeruginosa have been detected (González-Sedano and others
2010). In the present case, the origin of P aeruginosa gangren-
ous mastitis was not determined but contamination of the
milking parlour is suspected; no other case of mastitis was
detected in the herd. Increased hygiene and disinfection proce-
dures were subsequently employed, particularly in the milking
facilities.
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