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Abstract
Objective: To determine the outcome and prognostic variables associated with
long-term survival and complications in dogs undergoing hepatic lobectomy of the
central division.
Study design: Multi-institutional retrospective case series.
Animals: Sixty-one client-owned dogs with central division masses.
Methods: Medical records of dogs undergoing hepatic lobectomy of the central
division from January 1, 2000 to January 1, 2015 were reviewed for signalment,
clinical signs, preoperative staging, preoperative cytology or biopsy results, date of
procedure, location of mass, surgical technique, whether cholecystectomy or chole-
cystopexy was performed, complications, histopathologic diagnosis and margin
evaluation, date of local recurrence or detection of metastatic disease, and survival.
Results: Hilar resection was associated with increased intraoperative and postoper-
ative complications. Intraoperative complications occurred in 29 dogs, with 20 dogs
experiencing intraoperative hemorrhage. Nineteen dogs required transfusions.
Immediate postoperative complications occurred in 20 dogs. Perioperative mortal-
ity rate was 11%, and 2-week mortality rate was 14.7%. The median survival time
for dogs with hepatocellular carcinoma (HCC) was not reached. The 1- and 3-year
censored survival rates for dogs with HCC was 82.1% and 82.1%, respectively.
Margin status did not impact survival time.
Conclusion: Hepatic lobectomy of the central division was associated with hemor-
rhage in approximately 33% of dogs, but there was a relatively low perioperative mor-
tality rate. Hepatic lobectomy for HCC resulted in long-term survival, regardless of
margin status.
Clinical significance: Surgeons should anticipate the requirement for blood products
in dogs that may require hepatic lobectomy of the central division. Long-term survival
can be expected after surgical treatment of HCC, regardless of margin status.

1 | INTRODUCTION

Primary hepatic tumors account for 0.6%–1.3% and 1.5%–
2.3% of all cancers in dogs and cats, respectively.1–4 Hepato-
cellular tumors account for the majority of primary hepatic

tumors in dogs, with hepatocellular carcinoma (HCC) occur-
ring more often in dogs.3,4 The pathogenesis of canine HCC
remains unclear, although an association between vacuolar
hepatopathy and HCC in Scottish terriers has recently been
proposed.5 Surgical excision offers long long-term survival
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for dogs and cats with massive HCCs and adenomas.6,7 The
prognostic value of surgical margins is not well documented
for HCC in dogs.6,8 Two studies reported perioperative mor-
tality rates of 4.8%–11.9% after resection of HCC in dogs.6,9

These 2 studies included tumors of the central division in
8 of 48 and 27 of 89 dogs. Although there were no intra-
operative deaths noted in the study by Liptak et al,6 the peri-
operative mortality for the central division was not discussed
in the Kinsey et al9 study. In the latter study,9 the outcome
was not influenced by the surgical method of lobectomy
(use of a stapling device, suture mass ligation, finger frac-
ture, or mattress suture technique). Instead, poor prognostic
indicators include elevated alanine aminotransferase, aspar-
tate aminotransferase, location of tumor (right vs left divi-
sion), preoperative lethargy, and eupnea.6,9

Surgical intervention is the treatment of choice for solitary
liver tumors in dogs.1,2,6 Left division hepatectomies are usu-
ally technically simpler than those of the right or central divi-
sion because of the anatomy of the liver. The vascular supply
of the liver was originally described by Sleight and
Thomford10 and was recently studied by multiple authors.11,12

The location and the length of the central hepatic vein11

prompted recommendations for en bloc removal of the central
division when attempting hepatectomy in this location. This
strategy allows deeper resection of the right medial and quad-
rate liver lobes11 but may require cholecystopexy or cholecys-
tectomy. There is limited information regarding the outcome
for dogs treated with central division resection.

The objective of this study was to determine the outcome
and prognostic variables associated with hepatic lobectomy
of the central division. We hypothesized that hepatic lobec-
tomy involving the central division would have a relatively
low perioperative mortality but that this rate would be higher
than that reported by Liptak et al6 after left hepatic lobec-
tomy. Furthermore, we hypothesized there would be no dif-
ference in complications between the surgical methods used
to perform liver lobectomy of the central division. Finally,
we hypothesized that survival and recurrence rates for HCC
of the central division would not be different than those
reported for other locations.

2 | MATERIALS AND METHODS

2.1 | Study design

This study was a multi-institutional retrospective case series.
Medical records were obtained from 7 contributing institu-
tions. The study period ranged from January 1, 2000 to
January 1, 2015 and included dogs diagnosed with and sur-
gically treated for tumors of the central division. Collected
data collected from the medical records included breed, age,
sex, weight, clinical signs at the time of diagnosis, preopera-
tive staging tests, preoperative cytology or biopsy results,
date of surgical procedure, location of the mass, surgical

technique used, whether cholecystectomy or cholecystopexy
was performed, intraoperative complications, immediate
postoperative complications (0–48 hours), short-term post-
operative complications (2–14 days), long-term postopera-
tive complications (>14 days), histopathologic diagnosis,
surgical margin evaluation, date of local recurrence or detec-
tion of metastatic disease, and date/cause of death. Method
of surgical resection was defined as hand dissection (hilar
resection), circumferential ligature, use of a vessel sealing
device, or use of a stapling device. Degree of hepatic re-
section was defined as complete liver lobectomy when the
entire liver lobe was excised or partial liver lobectomy when
a portion of the lobe was excised. Tumor size was deter-
mined from the surgical report or the histopathologic report.
If only 2 dimensions were recorded, cubic size was esti-
mated by multiplying these 2 dimensions by their mean
value. Dogs were excluded from analysis when masses were
identified in any lobe other than the central division or when
multiple masses were present within the individual liver
lobes of the central division.

2.2 | Statistical analysis

Descriptive statistics for signalment and weight are reported
as median and range. Results of preoperative complete blood
counts, biochemistry panels, urinalysis, and coagulation pro-
files were generated and are reported as median and range.
Outcome measures included whether a case had periopera-
tive complications. For dogs with HCC, disease free interval
(DFI) and survival time (ST) were evaluated. When periop-
erative complication was the outcome of interest, Fisher's
exact test was calculated. Surgical technique and degree of
hepatic resection (complete vs partial liver lobectomy) were
compared by their perioperative complications. The relation-
ship between tumor size and surgical complications was
determined by logistic regression. Outcome measures
included DFI and ST for dogs with HCC. Disease-free inter-
val was defined as the time from diagnosis to the date of first
evidence of local tumor recurrence or detection of distant
metastasis. Survival time was defined as the time from diag-
nosis to date of death or euthanasia because of tumor pro-
gression. Dogs that were lost to follow-up or died from
nontumor related disease were censored from survival data.
Tumor-related causes of death included local recurrence,
metastases, and treatment-related deaths. Disease-free inter-
vals and survival times for dogs with HCC are reported as
medians. Median survival times (MST) were estimated from
Kaplan–Meier survival curves for all dogs with HCC. For
survival analyses, a log-rank test was used to compare sur-
vival curves among dogs with incomplete and complete
surgical margins. P ≤ .05 was considered statistically signif-
icant. All analyses were performed in SAS 9.4 (SAS, Cary,
North Carolina).
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3 | RESULTS

3.1 | Signalment

Sixty-one dogs met the inclusion criteria. Median body weight
was 21.8 kg (range, 4.5–48.3), and median age at the time of
diagnosis was 10.5 years (range, 4.5–14.3). There were 2 intact
male dogs, 18 neutered male dogs, and 8 male dogs whose
reproductive status could not be determined from the medical
records. There were 27 spayed female dogs and 6 intact female
dogs. Breeds were mixed (12), husky (5), Labrador retriever
(4), golden retriever (4), cairn terrier (3), beagle (3), border
collie (3), dachshund (2), Australian shepherd (2), German
shorthaired pointer (2), and 1 each of rat terrier, Korean jindo,
chow chow, Welsh corgi, Pekingese, Jack Russell terrier, spitz,
bichon frise, Boston terrier, miniature schnauzer, greyhound,
West Highland white terrier, Maltese, Yorkshire terrier, Dober-
man pinscher, Airedale terrier, Tibetan terrier, vizsla, boxer,
miniature pinscher, and English springer spaniel.

3.2 | Clinical signs

The most common clinical signs were lethargy (13), vomi-
ting/diarrhea (12), hyporexia/anorexia (9), abdominal disten-
sion (8), abdominal pain (6), weakness (6), and weight loss
(6). A central division hepatic mass was identified incidentally
in 15 dogs.

3.3 | Preoperative diagnostic tests

Data from serum biochemistry, hematology, and coagulation
panels were available in 58, 55, and 40 dogs, respectively.
Serum biochemistry abnormalities included increased alkaline
phosphatase in 47 dogs (855.5 U/L (range, 179–5579; refer-
ence range [RR], 13–151)), increased alanine transferase in
36 dogs (327.5 U/L (range, 126–10 540; RR, 13–125]), and
increased aspartate transaminase in 16 dogs (145.5 U/L
[range, 66–7267; RR, 18–55]). Hematologic abnormalities
included anemia in 13 dogs (32% [range, 10%–36.2%; RR,
38.7%–59.2%)), thrombocytosis in 6 dogs (804 μL (range,
463–1067; RR, 152–450 × 103]), thrombocytopenia in 2 dogs
(72 μL [range, 18–128 × 103]), leukocytosis in 7 dogs
(21.1 μL [range, 19.5–28.6; RR, 5.1–17.4 × 103)), neutrope-
nia in 1 dog (4.67 × 103 μL; RR, 5.1–17.4 x 103). Coagula-
tion abnormalities included a prolonged prothrombin time in
2 dogs (14.1 seconds (range, 10.2–18.0; RR, 7.4–9.1]), pro-
longed partial thromboplastin time in 5 dogs (21.6 seconds
[range, 18–117; RR, 11.6–14]), and hyperfibrinogenemia in
4 dogs (360.7 mg/dL [range, 252.0–446.2; RR, 101–156]).
Thoracic radiographs were performed in 39 dogs, and no dog
had evidence of pulmonary metastasis.

3.4 | Liver lobectomy

Tumor size was available for 22 dogs. The median tumor
size was 729 cm3 (range, 8–4488). The central division was

approached by ventral midline abdominal approach in all
dogs. Caudal sternotomy (3) was performed at the discretion
of the attending surgeon. Partial liver lobectomy (24) of either
the quadrate (9) or the right medial (15) liver lobe was per-
formed, depending on tumor location and the discretion of the
surgeon. Partial liver lobectomy was performed with a stapling
device (thoracoabdominal [TA] stapler; Medtronic, Minneapo-
lis, Minnesota) in 16 dogs, vascular sealing device (LigaSure;
Medtronic) in 3 dogs, or a circumferential ligature in 3 dogs.
Complete liver lobectomy (37) of the right medial (17), quad-
rate (9), or entire central division (11) was performed by using
the TA stapler in 26 dogs, hilar resection in 6 dogs, a vascular
sealing device in 3 dogs, or circumferential ligature in 1 dog.
Cholecystectomy was performed in 21 dogs, and the gallblad-
der was left in situ in the remainder. In 3 cases, the method of
surgical resection was not recorded in the surgical report.

3.5 | Surgical complications and outcomes

Intraoperative complications were reported in 23 (37.7%)
dogs (Table 1), most commonly consisting of hemorrhage
(20 dogs) and injury to the extrahepatic biliary system
(3 dogs). Nineteen (31.1%) dogs required transfusions, with
6 dogs receiving fresh whole blood, 11 dogs receiving
packed red blood cells, and 6 dogs receiving frozen fresh
plasma. Immediate postoperative complications (0–48 hours)
were reported in 20 dogs and included anemia in 7 dogs; car-
diac arrhythmias in 4 dogs; coagulation abnormalities in
4 dogs; hypoglycemia in 2 dogs; and uncontrollable hemor-
rhage, respiratory distress secondary to pneumothorax, and
anuric renal failure in 1 dog each (Table 2). Short-term
postoperative complications were diagnosed in 12 (19.7%)
dogs and included aspiration pneumonia (2); continued hem-
orrhage (2); incisional infection/inflammation (2); and hyper-
glycemia, perforated duodenal ulcer with secondary septic
peritonitis, incisional dehiscence, multiorgan dysfunction
syndrome, pancreatitis, and incisional seroma in 1 dog each
(Table 3). Long-term postoperative complications consisted
of postoperative pancreatitis in 2 dogs (Table 4). The periop-
erative mortality rate was 11%: 2 dogs were euthanized dur-
ing surgery because of presumed poor prognosis. Two dogs
died immediately after surgery, 1 due to uncontrollable
hemorrhage and the other due to disseminated intravascular
coagulopathy. Three dogs died of surgical complications
shortly after surgery due to anuric renal failure, multiorgan
dysfunction syndrome, and duodenal perforation presumed

TABLE 1 Intraoperative complications of central division liver lobectomy

Technique
Total
cases, n

Hemorrhage,
n (%)

Biliary
injury, n (%)

TA stapler 42 12 (28.5) 1 (2.3)

Hilar resection 6 5 (83.3) 2 (33.3)

Vessel sealing device 6 0 0

Circumferential ligature 4 2 (50) 0

TA, thoracoabdominal.
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secondary to nonsteroidal anti-inflammatory use. At 2 weeks,
the overall mortality rate was 14.7%. The median duration of
hospitalization for all dogs was 2 days (range, 1–10).

Surgical methods influenced the outcome; dogs with
liver tumors removed via hilar resection were more likely to
have an intraoperative (P = .050) and short-term postopera-
tive complication (P = .010); the use of a TA stapler was
less likely to result in long-term postoperative complications
(P = .005). There was no difference in the incidence of
intraoperative complications between complete and partial
liver lobectomies (P = .053). Dogs with liver lobectomies of
the right medial liver lobe were more likely to have an
intraoperative complication (P = .010), but there was no dif-
ference in short-term postoperative complications
(P = .060). Dogs with removal of the quadrate liver lobe
alone were less likely to have an intraoperative complication
(P = .015). There was no association between tumor size
and intraoperative surgical complications (P = .625).

3.6 | Histopathologic diagnosis

Histopathologic examination was performed on all resected
liver masses. Hepatocellular carcinoma was diagnosed in
35 dogs; hepatic adenoma in 12 dogs; hemangiosarcoma in
2 dogs; sarcoma in 2 dogs; massive coagulative necrosis
in 2 dogs; and nodular hyperplasia, bile duct carcinoma, hepa-
tocellular vacuolization, chronic cholestasis, hepatic abscess,

bridging fibrosis with cholestasis, and a neuroendocrine tumor
in 1 dog each. A diagnosis was unable to be obtained with his-
topathology in 1 dog. For dogs with HCC, the histopathologic
margin was able to be obtained from the medical record in
24 dogs. Among dogs with HCC, 17 dogs had a complete his-
topathologic margin and 7 had an incomplete histopathologic
margin. The local recurrence rate for dogs with HCC and
complete histopathologic margin was 5.9% and 0% for those
with incomplete margins. There was no difference between
the survival times for dogs with HCC with incomplete histo-
pathologic margins (range, 0–1784 days) and dogs with com-
plete histopathologic margins (range, 0–1741 days; P = .169).
The DFI for the 1 dog with local recurrence was 280 days.
Because of the low frequency of local recurrence, the effect of
histopathologic margins on local recurrence could not be
determined.

3.7 | Clinical outcome

Twenty-eight dogs were lost to follow-up. The median time
of follow-up was 292.5 days (range: 0–1784). At the time of

TABLE 2 Immediate postoperative complications of central division liver lobectomies

Technique
Total
cases, n

Hypoglycemia,
n (%)

Coagulopathy,
n (%)

Anemia,
n (%)

Arrhythmia,
n (%)

Anuric renal
failure, n (%)

Respiratory
distress, n (%)

Hemorrhage,
n (%)

TA stapler 42 1 (2.3) 3 (7.1) 5 (11.9) 2 (4.7) 0 0 0

Hilar resection 6 0 0 1 (16.6) 1 (16.6) 0 1 (16.6) 0

Vessel sealing device 6 0 1 (16.6) 1 (16.6) 1 (16.6) 1 (16.6) 0 1 (16.6)

Circumferential ligature 4 0 0 0 0 0 0 0

TA, thoracoabdominal.

TABLE 3 Short-term postoperative complications

Technique
Total
cases

Hemorrhage,
n (%)

Incisional
complication, n (%)

Hyperglycemia,
n (%)

Aspiration
pneumonia, n (%)

Perforated
duodenal ulcer, n (%)

MODS,
n (%)

Pancreatitis,
n (%)

Surgical stapler 42 2 (4.7) 0 1 (2.3) 0 1 (2.3) 0 0

Hilar resection 6 0 3 (50.0) 0 1 (16.6) 0 1 (16.6) 0

Vessel sealing device 6 0 1 (16.6) 0 1 (16.6) 0 0 1 (16.6)

Circumferential ligature 4 0 0 0 0 0 0 0

MODS, multi-organ dysfunction syndrome.

TABLE 4 Long-term postoperative complications of central division liver
lobectomy

Technique Total cases Pancreatitis, n (%)

Surgical stapler 42 1 (2.3)

Hilar resection 6 1 (16.6)

Vessel sealing device 6 0

Circumferential ligature 4 0

FIGURE 1 Kaplan–Meier survival curve for dogs with a diagnosis of
hepatocellular carcinoma
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last follow-up, 15 dogs were still alive. Metastatic disease
was detected at the time of surgery in 2 dogs with massive
HCC. Local recurrence was suspected in 1 dog with an HCC
280 days postoperatively. One dog with HCC developed
metastatic disease 1507 days after surgery. There were
5 tumor-related deaths for dogs with HCC. The MST for
dogs with HCC was not reached, with 17.9% of dogs dying
secondary to their disease (Figure 1). The censored 1- and
3-year survival rates for dogs with HCC were 82.1% and
82.1%, respectively. There was no difference in ST between
dogs with elevated and normal liver enzymes (P = .089).
No other variables were associated with ST.

4 | DISCUSSION

The objective of this study was to describe the outcome and
prognostic indicators for dogs after hepatic lobectomy of the
central division. The majority of dogs in this study had diag-
noses of HCC. In our study, 11% of dogs with tumors of the
central division died perioperatively, which is consistent
with previous reports of dogs with massive HCC (up to
11.9%). This mortality rate is higher than that reported for
left and central division HCC resections.10 In the study by
Liptak et al,6 the only intraoperative mortalities were those
undergoing right divisional resection. Although there were
2 intraoperative mortalities in this study, both of these dogs
were euthanized because of perceived poor prognosis. The
first dog was euthanized because of a nonresectable tumor
after initial dissection was started. The second dog was
euthanized because of suspected metastasis at the time of
surgery. The remainder of the perioperative deaths occurred
secondary to complications associated with surgery and
anesthesia. Hepatocellular carcinoma is the most common
primary canine liver tumor, with the massive morphology
representing the majority of cases.1,2 These tumors are
reported to have a low metastatic rate2 (4.8% in one study6)
and a low risk for local recurrence (0% in one study6). These
findings are similar to those in the present study; 53% of
dogs had diagnoses of massive HCC, with only 1 dog suc-
cumbing to local recurrence and 3 dogs succumbing to meta-
static disease. The MST was not reached for dogs with HCC
in this study.

Complete and partial liver lobectomies can be performed
with multiple techniques: hilar resection, preformed suture
loops, surgical staplers, and vascular sealing devices.7,13 The
method of dissection chosen is influenced by the tumor loca-
tion within the hepatic lobe. Tumors near the hilus often
require more extensive resection, whereas more peripheral
lesions are comparatively easier to remove with stapling
devices. In this study, intraoperative and postoperative com-
plications were more common when hilar resection was per-
formed. This finding is likely related to tumor position and
the complex vascular arrangement of the hilus of the central
division. In addition, hilar resection of tumors involving the

central division often requires en bloc removal of the entire
central division and concurrent cholecystectomy4 because of
the shared vascular supply of the right medial and quadrate
liver lobe. In the present study, the use of a surgical stapling
device was associated with a lower likelihood of complica-
tions, which was likely a result of tumor location rather than
surgical technique. However, one could argue that a surgical
stapler may improve hemostasis because it would crush the
hepatic parenchyma and associated vascular and biliary
branches without the requirement for identifying and ligating
individual vessels. These results are in contrast to those of a
previous study in which use of a surgical stapling device
often resulted in the requirement for supplemented hemosta-
sis after partial liver lobectomy in cats.14

The 2 most common surgical complications associated
with central division liver lobectomy were intraoperative
clinically significant hypotension and hemorrhage. The high
frequency of transfusions (31.1% of dogs) in our study
reflects the complex nature of most liver lobectomies and is
consistent with previous reports of intraoperative bleeding as
the most common complication.10 The high percentage of
dogs requiring transfusions in this study may relate to the
greater technical challenge associated with central division
hepatic lobectomy compared to left division liver lobectomy.
The hepatic veins of the central division are short (approxi-
mately 1 cm in length),11 wide, and often covered in hepatic
parenchyma. Exposure of the hepatic hilus of the central
division requires dissection through the hepatic parenchyma,
which can result in substantial hemorrhage. Preoperative
blood typing and/or cross-matching and availability of blood
products are recommended in dogs with suspected central
division liver lobe masses.

The relevance of histopathological margins of resected
hepatic tumors has been explored in multiple studies.6,8

In one study, the completeness of resection did not impact
local recurrence or survival for dogs with HCC.6 However,
other reports have described studies in which dogs with
diagnoses of HCC with incomplete margins have shortened
progression-free and overall survival times.8 The results of
this study provide evidence that the margin of excision did
not have a significant impact on overall survival time.
Because only 1 dog with HCC in the present study had
recurrence at the surgical site, the impact of complete surgi-
cal margins on DFI could not be evaluated. However, it is
interesting to note that the dog with local recurrence had a
complete histopathologic excision, and none of the 11 dogs
with an incomplete histopathologic excision had documen-
ted local tumor recurrence.

The limitations of the present study are those inherent to
a multi-institutional retrospective study. There was no stan-
dardization of either surgical procedure or postoperative
care. In addition, medical records were sometimes incom-
plete. The size and cartridge used for the TA stapler was
often not available in the surgery report. Therefore, the
impact of cartridge size could not be evaluated separately.
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Also, follow-up care was not standardized for dogs in the
present study. However, at one of the authors' institution,
follow-up for dogs with hepatic masses typically includes
3-view thoracic radiographs, abdominal radiographs, and
abdominal ultrasound every 3 months. Because of the lack
of standardization for follow-up and patients lost to follow-
up, the rate of local recurrence and/or distant metastasis may
have actually been higher than recorded in our study. The
authors acknowledge that the designation of “complete”
lobectomy is somewhat subjective. The central division fre-
quently shares a parenchymal hilus with the left division of
the liver. The work presented here is retrospective in nature,
and the terminology listed in the medical record was used in
this article.

In summary, the overall perioperative mortality rate of
dogs undergoing hepatic lobectomy for tumors of the central
division was similar to those of other studies but higher than
the perioperative mortality rate reported for resection of
tumors of the left hepatic division. The most common intra-
operative complications associated with tumors of the central
division were hypotension and hemorrhage, with approxi-
mately one-third of dogs requiring blood products. The MST
for dogs with HCC of the central division was not reached in
this study. Although use of surgical staplers seemed associ-
ated with a lower rate of perioperative complications, this
finding was likely associated with tumor location rather than
surgical technique.
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