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Current Surgical Options for
Mammary Tumor Removal in
Dogs

Abstract

Mastectomy remains the primary treatment of mammary tumors
in dogs. The type of mastectomy seems not to have any effect
on survival. Surgery aims at complete tumor removal with clean
histological margins by using the simplest technique. Unilateral
mastectomy is currently recommended for the prevention of second
tumor development associated with a regional mastectomy. Dead
space elimination and management of tension in the incision line are
the most important issues concerning mastectomy closure and may
be accomplished using different techniques. Ovariohysterectomy
seems to affect survival if performed in less than 2 years time or at the
same time with mastectomy. Analgesia is an important part of the
postoperative management of patients undergoing mastectomy.
Most common complications associated with mastectomy include
seroma/hematoma, wound infection, dehiscence of the incision, hind-
limb edema, and tumor recurrence.

Introduction

Surgical resection is the current gold standard therapy for
mammary gland tumors in dogs and considered to be the single most
effective method to attain local tumor control with the exception of
inflammatory carcinoma or presence of distant metastases [1-6]. As
long as the type of surgical resection in dogs seems not to affect survival
surgery is aiming at entire tumor removal with clean histological
margins using the simplest technique [1-3]. Determination of the
extent of surgical excision and choice of the type of surgery are
better individualized for each patient and are based on the size of the
primary tumor, its location, adherence and fixation to the underlying
tissues, its possible extension, through the lymphatic routes, to
regional lymph nodes, total number of lesions and the probability to
achieve local tumor control [1-3,5,6].

Types of surgical tumor removal

Surgical options may include: lumpectomy or nodulectomy,
simple (single) mastectomy, regional mastectomy, unilateral or
bilateral mastectomy [1-3,7]. Surgical techniques based on lymphatic
drainage alone are now regarded as an oversimplification since
anatomic variability in lymphatic drainage was reported in both
normal and neoplastic mammary tumors [8-10].

Lumpectomy or nodulectomy implies removal of benign, small
< 0.5-1cm in diameter, firm and non adherent or fixed to the skin
or underlying tissues nodules [1-3,5]. Lumpectomy is performed
by incising the skin over the nodule, which is grasped and separated
bluntly from the surrounding parenchyma using mosquito hemostats
or scissors (Figure 1 and Figure 2). Excisional biopsy may also be
performed by utilizing this technique. Lumpectomy of malignant
masses almost always leads to tumor recurrence and should be
avoided [2] (Figure 3). In case of malignancy wider clean margins
of 2cm in all planes are required along with an elliptical incision
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Figure 2: The nodule is grasped with forceps and freed from surrounding
tissues.
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around the overlying skin fixed to the tumor [2]. Following control of
hemorrhage the skin is closed with simple interrupted sutures. Simple
or single mastectomy is the removal of a single mammary gland and
is indicated for large tumors having a central location within the
gland and fixed to the overlying skin or the underlying tissues [1-
3,5]. An elliptical skin incision, with 2cm margins of normal tissue,
is made around the gland (Figure 4 and Figure 5). The abdominal
muscle fascia or underlying muscle or abdominal wall should be
excised en block if involved. Simple mastectomy performance may
be depended on the distinct anatomy of the individual mammary
gland. It may be more convenient to remove glands 4 and 5 and
glands 1, 2 and 3 en block rather than trying to divide merging
mammary parenchyma between adjacent glands [5,11]. Regional
mastectomy is indicated when large mammary tumors are located in
consecutive glands or a tumor is located between two glands (Figure Figure 5: Skin deficit following simple mastectomy of Figure 4.
6 and Figure 7). Regional mastectomy is based on the concept that
glands sharing venous and lymphatic drainage may be removed
as a unit together with the ipsilateral local lymph nodes [1-3,10].
Thus, glands 1 to 3 and glands 3 to 5 are removed en block along
with the ipsilateral inguinal lymph nodes. Lymph node excision is
for staging purposes since the presence of positive lymph nodes may
affect prognosis of canine mammary carcinomas [3]. Lymph node
accessibility and an enlarged node as detected by palpation may help

Figure 6: Regional mastectomy. Tumor located between gland 4 and 5 may
be removed by regional mastectomy of glands 3, 4 and 5.

Figure 3: Malignant tumor recurrence following multiple lumpectomies-A
unilateral mastectomy is required to revise recurrences.

Figure 7: Skin deficit following regional mastectomy of Figure 5.

in intraoperative decision making [12]. Thus, removal of the local
lymph nodes applies only to superficial inguinal lymph nodes that
are excised en block with the gland 5 since they are embedded in the
fat attached to this gland. Axillary lymph nodes are removed only if
Figure 4: Simple or single mastectomy for removal of a centrally located they are enlarged, adherent and fixed to the underlying tissues or if
W, they are cytologicaly or histologicaly invaded by tumor cells [5,11].
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However, mapping of the sentinel lymph nodes in canine mammary
tumors has been recently reported using lymphography [10] (Figure
8). Sentinel lymph node mapping may detect which lymph nodes
are draining tumor lymph and be at risk of metastasis [10,12] (Table
1). These findings may help surgeons to decide which nodes should
be removed intraoperatively along with the mammary tumor using
small incisions and the metastatic route of certain histological types
of mammary tumors [10]. This technique is especially applied for
the not easily accessible axillary lymph node. Sentinel lymph node
mapping however, is not considered at the moment as prognostic
indicator for canine mammary tumors. Unilateral mastectomy
implies removal glands 1 to 5 of a chain as a unit [1-3]. Unilateral
mastectomy is indicated for tumors occurring in multiple glands of
a chain because sometimes may be quicker and easier to perform
than multiple simple mastectomies [11]. When multiple tumors are
located in both chains either staged unilateral mastectomies, in a four
to six week period, or a simultaneous bilateral mastectomy may be
performed at one stage in selected flat-chested animals with loose and
pendulous mammary skin [7]. In contrast, in deep-chested dogs a
staged unilateral technique may be recommended [13].

Some surgeons favor unilateral mastectomy to prevent recurrence
or development of new malignant tumors in young intact dogs with
benign atypic lesions [11,14]. In contrast, prophylactic bilateral
mastectomy to prevent any tumor development is not recommended
since it is a very invasive procedure for a healthy animal [15]. Instead,
early diagnosis by regular re- examinations and immediate surgical
intervention for any new lesion to achieve local tumor control may

Figure 8: Ventrodorsal lymphograph of a dog with an adenocarcinoma of the
gland 3 (white arrow). Lymphatics (black arrows) from this gland proceeded
caudally to the superficial inguinal lymph nodes (arrowhead).

Table 1: Lymph drainage of neoplastic mammary glands in the bitch as shown
by indirect lymphography [10].

Mammary gland Lymph node

1st Axillary, sternal

2nd Axillary, sternal

3 Axillary, inguinal medial iliac

4 Inguinal, axillary

5t Inguinal, popliteal, lymphatic plexus of the thigh

be a more realistic option [15]. A recent study reported that 58% of
intact dogs having regional mastectomy for a single tumor removal,
exhibited development of a new tumor in the remaining ipsilateral
mammary chain after initial surgery that was malignant in 74%
of the dogs [16]. Dogs with an initial malignant tumor were more
likely to develop a second malignant tumor ipsilaterally [16]. Based
on these findings a unilateral mastectomy is recommended in the
hope to prevent a second tumor development [16]. Limitations of
this study include that all dogs were intact and might have influenced
the possibility of developing a new tumor; in addition, 42% of dogs
of the study population did not develop recurrence and may have
undergone an unnecessary second unilateral mastectomy [16].
Authors’ recommendations for choosing mastectomy type depending
on tumor location and extent are presented in Table 2.

Mastectomy technique

For mastectomy an elliptical incision of the skin and subcutaneous
tissue around the mammary glands involved, with 1-2cm margins of
healthy tissue, down to the pectoral musculature, abdominal oblique
or rectus fascia is made. The medial border of the incision should
be the ventral midline. The cranial portion of the skin is elevated
and traction is applied caudally; Skin elevation may be assisted by
the use of electrosurgery. If the underlying muscle or fascia is not
involved and the glands are loosely adherent the mammary chain is
stripped from the tissues only by gentle traction. However, excision
of the glands 1 and 2 may involve sharp and blunt dissection of the
pectoral musculature, whereas glands 3-5 are loosely adherent to the
fascia making dissection easier. In case of tumor invasion or fixation
to the underlying tissue the plane of dissection should be directed
to the next healthy muscle or fascia. Hemorrhage is controlled by
electrosurgery. Large vessels that are ligated as encountered include
the cranial superficial epigastric and internal thoracic vessels at the
level of glands 1 and 2, the caudal superficial epigastric vessels (Figure
9) at the level of the gland 5 and the external pudendal vessels that
connect the gland 5 caudally with the perivulvar tissues. Surgical
wound lavage with warm saline solution should be performed
following excision.

Closure of the surgical wound after mastectomy may be the most
challenging part of the surgical procedure and can be accomplished by
using various techniques. Dead space obliteration and management of
tension in the incision line are the most important issues concerning
mastectomy closure [17]. Closure using the conventional technique
may be accomplished by absorbable sutures to decrease dead space
and tension [17]. Skin edges are undermined and advanced to the
center of the wound with simple interrupted or continuous walking
sutures using an absorbable monofilament suture material followed
by a continuous subcuticular pattern using a similar suture material.
Skin closure may be achieved by placement of simple interrupted
or cruciate sutures using monofilament nylon or staples. Active or
passive drains may be used for the management of dead space.

Skin only closure technique is accomplished by inserting an active
suction drain within the surgical wound and by closing the skin with
widely placed tension relieving mattress sutures using monofilament
nylon; these sutures are preplaced in the skin along the total length of
the incision and are tightened following placement [17] (Figure 10).
Absorbable walking or subcutaneous sutures are not used with this
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Table 2: Guidelines for choice of type of surgical excision for canine mammary
tumors depending on location and extent [1-3, 5-7, 11, 13, 16, 27].

Tumor location Type of surgical excision

Single benign tumor <0.5-1 cm Lumpectomy or nodulectomy

Unilateral/ regional mastectomy-
staged or concurrent bilateral
mastectomies
Regional/unilateral mastectomy-
staged or concurrent bilateral
mastectomies

Multiple benign or malignant tumors
<0.5-1 cm in one or both chains

Multiple large tumors in one or both
chains

Single large tumor in one gland Regional or unilateral mastectomy

Single large tumor with central
location in one gland with distinct
anatomic boundaries

Malignant tumor adhered to underlying | Regional or unilateral mastectomy
tissues incorporating muscle/fascia
Tumor/tumors in adjacent glands or
between glands

Simple mastectomy/regional or
unilateral mastectomy

Regional or unilateral mastectomy

Regional mastectomy of glands 1-3

+ axillary node removal or unilateral
mastectomy

Regional mastectomy 3-5 + inguinal
node removal or unilateral mastectomy

Tumors located in or between glands
1,2and3

Tumors located in or between glands
3,4and 5

Figure 9: Caudal superficial epigastric vessels are isolated under a hemostat.

technique [17]. Simple interrupted, cruciate sutures or staples that
are placed inside each mattress suture are used to complete the skin
closure [17]. The drain exit is close to the incision and is secured to
the skin with a Chinese finger trap suture pattern. If a drain is used
the incision is covered by a soft pad secured in place with a stockinette
bandage placed around the thorax, abdomen and inguinal region for
the protection of the incision and drain device [17]. The reservoir bag
of the active drain is secured under the stockinette bandage.

In case of large mastectomy wounds created mainly after bilateral
excisions or following large tumor excision in the medial thigh or
sternum bilateral or unilateral skin fold flaps may be used respectively
to cover these defects [18] (Figure 11 and Figure 12).

After mastectomy the whole resected tissue should be submitted
for histopathological examination to provide tumor classification
since many different tumor types (malignant vs benign) may be
encountered in the same surgical specimen. Histopathological
examination is also necessary for surgical margin evaluation.

Although early ovariohysterectomy (OHE) in dogs has been
definitely demonstrated to prevent the risk of tumor development,
the role of concurrent or post mastectomy OHE is still unclear
[19,20]. In one study concurrent or post mastectomy OHE had
no effect on survival [21]. However, other authors demonstrated
improved survival when OHE is performed in less than 2 years before
or at the same time with mastectomy [3,22].Young animals may be

Figure 10: Only skin closure technique following regional mastectomy in a
dog. Widely preplaced horizontal mattress nylon sutures held with hemostats
were put under an active drain.

Figure 11: Mammary tumors in glands 3 and 5 in a bitch.

Figure 12: Closure of regional mastectomy performed in dog of figure 11 by
the aid of a unilateral skin fold flap (black arrow).
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benefit from concurrent OHE to prevent development of new benign
tumors and to achieve a decrease of active mammary tissue allowing
for an easier later mastectomy [23].

Analgesia with opioids should be provided in all dogs undergoing
mastectomy incisions [17]. Pre-emptive administration of meloxicam
(0.2 mg/kg sc) or postoperative administration of ketamine (700 pg/
KG iv) followed by a 6 hour ketamine (10 pg/kg) at a constant rate
infusion seem to provide adequate analgesia postmastectomy in dogs
[24,25]. Mastectomy wound infiltration with bupivacaine in one
preoperative dose or as a continuous wound infiltration may show
promise in providing postoperative analgesia in dogs as it has been
demonstrated in laparotomy incisions [26].

In a recent study we compared dogs with only skin closure
technique with a drain versus dogs with conventional closure with
a drain and dogs with conventional closure without a drain; it was
demonstrated that duration of surgery was significantly shorter for
dogs with only skin closure technique, fluid collected in the drain
reservoir bag and duration of drainage was not different between the
groups and duration of hospitalization was not significantly different
for the dogs of all groups [17] (Table 3). Bandage changes may be
performed at regular intervals [17]. Active drains are removed within
1 -3 days after surgery as soon as the fluid collection in the reservoir
bag is minimal [17]. All sutures are removed 10 days after surgery
[17].

Complications

Postmastectomy related complications may include seroma
formation, wound infection, dehiscence of the incision, ischemic
necrosis, self-mutilation, hemorrhage, hind limb edema, and tumor
recurrence [2,16,17,27-29]. Seroma or hematoma formation is not
uncommon and is associated with inadequate dead space elimination
or problematic drainage [17]. Drains may incite fluid formation as
much as 50 ml depending on the drain size and wound size created
[30,31]. Postoperative acute hemorrhage was also reported in dogs
following active drain placement [32]. The effect of dead space
obliteration on seroma formation in mastectomy wounds in humans
was studied and it was reported that fluid collection was significantly
diminished when active drains were used compared to a control
group [33]. In a recent study, in order to identify the necessity of

Table 3: Comparison of conventional mastectomy closure with closed suction
drainage (CMC), skin-only closure with closed suction drainage (OSC) and a
conventional closure group without any drain placement (CNDC) in 60 dogs
underwent regional or unilateral mastectomies for the management of mammary
tumors. Data are presented as mean = SD [17]. Asterisk denotes significant
differences.

CMC

29.30 +10.12
(median 27.50;
range, 15 to 60)

Parameters OsC CNDC

2255+7.62* 28.7 + 8.56
(median 20; range, (median 26.5;
15 to 40) range, 20 to 45)

Duration of
procedure (min)

Volume of fluid

19.00 + 16.40 41.50 + 46.416
collected h .
X . (median 15; range, (median 20; range, -
in the reservoir 110 60) 2 to 160)
bag (mL)
Duration of 1.55+0.51 1.45 +0.60
drainage (days) |(range, 1to 2) (range, 1 to 3)
Egé?i't‘;’iz(:ﬁon 2.15+0.74 2.15 + 0.87 1.2 +0.41 (range,
(days) (range, 1 to 3) (range, 1 to 4) 1to2)

active drain placement in mastectomy wounds, a group of dogs that
had a conventional mastectomy closure without drain placement
was compared to a conventional mastectomy group with a drain
and with an only skin closure group with a drain [17]. Based on the
findings of this study it was demonstrated that when the conventional
mastectomy closure is used and provided that Halsted’s principles are
followed and dead space is obliterated with sutures use of a drain is
not necessary [17]. In the same study it was found that the type of
mastectomy (regional vs unilateral) had no effect on the amount of
fluid collected in the reservoir bag [17].

Dehiscence of the incision line associated with tension may be
seen in bilateral or unilateral or regional mastectomies especially
in the inguinal region [17]. With minimal dehiscence the wound
is allowed to heal by second intention. Development of secondary
irreducible malignant lymphedema located in the hind limbs was
documented in dogs after having mastectomy for a malignant tumor.
Lymphedema formation was attributed to lymphatic obstruction by
neoplastic cells following mastectomy incision [34].
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