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Methods: The evaluated preoperative variables were the signalment, clinical
signs, presence of underlying diseases, blood test results (e.g., hematocrit), and
computed tomography (CT) findings (mass location, maximum diameter, mass

Correspondence , . volume, and distance between the mass and the caudal vena cava [CVC]). The
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Hospital, Faculty of Agriculture, evaluated intraoperative variables were the surgical time, procedure details
University of Miyazaki, 1-1 Gakuen (e.g., surgical techniques), presence of intraoperative hypotension and hypox-
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Email: yasuyuki-kaneko@cc.miyazaki-u. severe postoperative complications (including mortality) and those with mild

emia, and blood transfusion. Comparisons were made between dogs with

acjp or moderate complications. Univariable logistic regression was performed,
and significant variables were used to construct multivariable models by
combining them.

Results: Severe postoperative complications were observed in 17 dogs (17.7%),
including six deaths (6.3%). Multivariable logistic regression analyses identified
the presence of underlying diseases (OR: 2.703; p = .007), corrected distance
from the mass to the CVC (OR: 0.666 per 0.1 cm/kg increase; p = .017), and
intraoperative hypotension (OR: 3.589; p = .019) as risk factors for severe post-
operative complications.

Conclusion: Among preoperative variables, both the presence of underlying
diseases and the corrected distance from the mass to the CVC were associated
with severe postoperative complications.

Clinical significance: Preoperative CT evaluation of the distance between
the hepatic mass and the CVC, along with screening for underlying diseases,

may contribute to improve the prediction of surgical risk.
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1 | INTRODUCTION

Hepatic masses in dogs include primary, metastatic, and
non-neoplastic masses such as hematomas and abscesses.
Primary liver tumors account for 0.6%-1.3% of all tumors
in dogs, with hepatocellular carcinoma being the most
common primary tumor."” Hepatocellular carcinoma is
classified morphologically into massive, nodular, and
diffuse types.! Surgical resection is recommended for
massive tumors, and it has been reported to have good
long-term outcomes if the perioperative period is success-
fully managed.> Because other malignant tumors and
benign tumors are known causes of spontaneous
hemoabdomen,”* cases where the hepatic mass is present
should be carefully evaluated, and surgical intervention
should be considered when appropriate. In cases where
the hepatic mass is confined to a single liver lobe, surgi-
cal resection is generally recommended.

The surgical outcomes of hepatic mass resection in
dogs have been reported, with a postoperative mortality
rate of 5.6%-1.5% and a complication rate of 6.0%-28.7%
within 2 weeks postoperatively.”® Identified risk factors
for perioperative mortality and complications include re-
section of right divisional masses, liver lobectomy includ-
ing hilar resection, extension of the laparotomy incision
to the thorax, and perioperative anemia.>®° However, in
some studies, resection of right divisional masses was not
considered a risk factor for postoperative complica-
tions.>® These reports suggest that the anatomical prox-
imity of right divisional masses to the caudal vena cava
(CVC) contributes to an increased risk of perioperative
complications. Additionally, the complexity of the vascu-
lar structures in the hilus of the central divisional lobes is
related to the challenges associated with liver lobectomy.
On the basis of our own clinical experience, masses at the
edges of the liver lobes are typically easier to resect than
those located near the hilus. However, in previous
studies,>>° the actual distance between the mass and the
CVC was not measured. Therefore, in the present study,
we quantitatively measured the distance between
the mass and the CVC on computed tomography
(CT) images. We hypothesized that the proximity of this
distance is a risk factor for postoperative complications
and aimed to identify the risk factors for poor outcomes
within 2 weeks following hepatic mass resection.

2 | MATERIALS AND METHODS
2.1 | Criteria for inclusion

In this retrospective study, medical records were
reviewed and data were extracted from cases of canine

hepatic mass resection at University of Miyazaki from
April 2010 to January 2024. One author read through the
surgical and anesthesia records to identify cases of
hepatic mass resection and gathered detailed data on
these cases from electronic and paper medical records.
The evaluated information comprised the signalment
(breed, age, sex, weight), clinical signs, underlying dis-
eases, blood test results, CT findings, anesthesia records,
surgical records, and postoperative outcomes. A total of
115 dogs underwent hepatic mass resection during the
study period. Among them, one dog that simultaneously
underwent thoracic surgery (lung lobectomy) and 18 dogs
that did not undergo CT or had insufficient contrast
enhancement or unclear vascular structures on CT
images were excluded. Consequently, 96 dogs were
included in the final analysis.

2.2 | Preoperative evaluation

Age and weight were recorded on the day before surgery.
Clinical signs were based on the owner's report and
included lethargy, anorexia, gastrointestinal signs (diar-
rhea, vomiting), respiratory signs (coughing), and poly-
uria/polydipsia. Blood tests were conducted on the day
before surgery or the day of surgery to measure the hemat-
ocrit, alanine aminotransferase concentration (ALT),
aspartate aminotransferase concentration, alkaline phos-
phatase concentration (ALP), gamma-glutamyltransferase
concentration (GGT), glucose concentration, albumin con-
centration, total bilirubin concentration, prothrombin time
(PT), activated partial thromboplastin time (APTT), fibrin-
ogen concentration (FIBC), D-dimer concentration, and
fibrin degradation product (FDP) concentration. However,
some blood tests were not conducted for all cases. As of
April 2021, the method for measuring ALP was changed
from the Japan Society of Clinical Chemistry to the Inter-
national Federation of Clinical Chemistry standard
method; therefore, ALP values measured before this date
were converted to the ALP values calculated using the
new method.!° As the reference values for PT, APTT, and
FIBC vary depending on the measuring device used, the
values were recorded as multiples of the upper limit of the
reference values. Underlying diseases were recorded at the
time of admission and included endocrine diseases (hyper-
adrenocorticism, hypoadrenocorticism, hypothyroidism),
cardiovascular diseases (mitral valve insufficiency, tricus-
pid valve regurgitation), respiratory diseases (tracheal col-
lapse, hypoxemia, hypercapnia), hypoglycemia, and
disseminated intravascular coagulation (DIC; defined by
the presence of at least three coagulation abnormalities'").
All CT scans were performed under general anesthesia, in
sternal recumbency while maintaining end-expiration. On
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the CT images, the maximum diameter of the mass in the
axial view, volume of the mass, divisional location of liver
masses, and shortest distance from the mass to the CVC
(the junction of the right and left hepatic veins) were mea-
sured (Figure 1). The distance from the mass to the CVC
was recorded as the actual distance, while the value
obtained by dividing the actual distance by the bodyweight
(kg) was referred to as the corrected distance. Mass volume
was measured using AZE Virtual Place (Canon Medical
Systems, Japan). For divisional location, the left lateral lobe,
left medial lobe, and papillary process of the caudate lobe
were categorized as the left division; the quadrate lobe and
right medial lobe were categorized as the central division;
and the right lateral lobe and caudate process of the caudate
lobe were categorized as the right division. A combination
of left and central divisional masses was defined as the

axial

sagittal

central division, while combined central and right divisional
masses were defined as the right division.” If masses were
located independently in different hepatic lobes and both
were resected, the mass closer to the CVC and its corre-
sponding liver division were selected for statistical analysis.

2.3 | Anesthesia and anesthesia
monitoring

The anesthesia protocol varied between cases. Preanesthetic
medications included atropine (0.04 mg/kg), morphine
(0.5 mg/kg), ketamine (5 mg/kg), fentanyl (5 pg/kg), and
midazolam (0.2 mg/kg), either individually or in combina-
tion. Induction was performed with propofol (1-6 mg/kg)
or alfaxalone (1-4 mg/kg). Inhalant anesthetics such as

FIGURE 1 Shortest distance from the caudal vena cava (junction of the left and right hepatic veins) to the hepatic mass. Measurement
methods. (1) Identify the caudal vena cava (junction of the left and right hepatic veins) on the axial view (A). (2) Using the caudal vena cava
as the reference point, explore the sagittal (B) and coronal (C) views to find the view in which the mass is closest to the caudal vena cava,
and measure the distance from the mass to the caudal vena cava. (D) Mass at the edge of the liver lobe. (E) Mass at the hilus of the liver
lobe. Blue circle, caudal vena cava (junction of the left and right hepatic veins); red circle, mass; yellow line, shortest distance from the mass

to the caudal vena cava.
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isoflurane or sevoflurane were used for maintenance, and
fentanyl (24-42 pg/kg/h) alone, remifentanil (5 pg/kg/h)
alone, or combinations of fentanyl (24-42 pg/kg/h) and
ketamine (5 pg/kg/min) or remifentanil (5 pg/kg/h) were
administered via continuous intravenous infusion. Brady-
cardia or hypotension during anesthesia was managed with
atropine, dopamine, dobutamine, norepinephrine, vasopres-
sin, or epinephrine as needed. The variables monitored dur-
ing anesthesia were the mean arterial pressure (MAP) using
invasive arterial pressure measurements, and the percutane-
ous oxygen saturation (SpO,) using a pulse oximeter. Hypo-
tension (MAP <60 mmHg) and hypoxemia (SpO, < 95%)
were recorded if the condition persisted for more than
5 min during the procedure.

2.4 | Surgery

Complete hepatic lobectomy (including hilar resection)
or partial liver lobectomy was performed by two sur-
geons. The method of resection was chosen at the discre-
tion of the surgeon. For complete lobectomy, the hilar
vessels were first identified, and the Glissonean pedicle
(including the portal vein, hepatic artery, and bile duct)
was dissected and ligated en masse. The hepatic vein was
subsequently exposed and ligated individually. Ligation
methods included sutures, vascular clips, or vessel-
sealing devices. The surgical time was measured from
skin incision to wound closure. If other non-thoracic
abdominal surgeries were performed simultaneously,
excluding liver biopsy from different lobes, these were
recorded. In cases where thoracotomy (e.g., median ster-
notomy or diaphragmatic incision) was performed to
obtain access to the mass, this was recorded as thoracot-
omy. Cases in which whole blood or component blood
transfusion was performed pre-/intra-/postoperatively
were recorded as having a blood transfusion. The
resected masses were subjected to histopathologic
examination.

2.5 | Postoperative outcomes

Postoperative complications and death within 2 weeks
were defined as postoperative complications and postop-
erative death, respectively. On the basis of the Accordion
severity grading system, complications were classified as
level 1 (mild), level 2 (moderate), level 3 (severe), or level
4 (death).'” To account for potential bias due to increased
surgical proficiency over time, cases were stratified into
two periods: before and after August 2018. The cutoff
point was set as July 2018, which resulted in an approxi-
mately equal distribution of cases in each period.

2.6 | Statistical analysis
For statistical analysis, clinical signs, underlying diseases,
intraoperative hypotension, and hypoxemia, surgical pro-
cedures (simultaneous surgery, thoracotomy), and blood
transfusion were treated as dichotomous variables based
on their presence or absence. Sex, liver division, and
lobectomy technique were considered individual vari-
ables. Age, bodyweight, preoperative blood test results
(hematocrit, ALT, AST, ALP, GGT, glucose, albumin,
total bilirubin, PT, APTT, fibrinogen, D-dimer, and FDP),
CT findings (maximum diameter, tumor volume mea-
sured using image analysis software, the shortest distance
from the mass to the caudal vena cava measured at the
junction of the right and left hepatic veins), and surgical
time were analyzed as continuous variables. Dogs were
classified into two groups; the relevant group (levels
3 and 4 using the Accordion severity grading system) and
the non-relevant group (levels 1 and 2). For continuous
variables, data are expressed as median (interquartile
range [IQR]). Logistic regression analysis was performed
to identify risk factors associated with postoperative com-
plications. Initially, univariable logistic regression was
performed for all variables, and those with p < .05 were
considered statistically significant and selected for further
evaluation. To prevent overfitting due to the limited
number of events, multivariable logistic regression
models were constructed by combining two significant
variables at a time from the univariable results. Multiple
models were generated based on different combinations
of variables, and the top five models with the lowest
Akaike information criterion (AIC) values were pre-
sented. ORs and 95% CI were calculated using logistic
regression, with the following reference categories:
female (for sex), absence (for dichotomous variables), and
left liver division (for liver division). In addition, the
accuracy of distinguishing between the relevant and non-
relevant groups using the actual distance from the mass
to the CVC was assessed by receiver operating character-
istic (ROC) analysis, with the optimal cutoff value deter-
mined by the Youden index.

Statistical analysis was performed using JMP Pro
17 (SAS, Cary, North Carolina).

3 | RESULTS

3.1 | Signalment
A total of 17 dogs (17.7%) experienced severe postopera-
tive complications, including six deaths (6.3%).

The most common pure breeds among the 96 included
dogs were Miniature Dachshund (n =12, 12.5%), Toy
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Poodle (n =10, 10.4%), Beagle (n = 7, 7.3%), Shih Tzu
(n =6, 6.3%), and Chihuahua (n = 6, 6.3%). Additionally,
17 dogs (17.7%) were classified as mixed breed.

3.2 | Preoperative evaluation

The presence of underlying diseases was associated with
postoperative complications in univariable logistic regres-
sion analysis (OR: 2.821; 95% CI: 1.504-5.291; p = .001;
Table 3).

The PT was associated with postoperative complica-
tions (OR: 1.105 per 1.01 times increase; 95% CI: 1.025-
1.191; p = .009; Table 3), although its values remained
within the normal range (Table 1).

Of the liver divisions, the left division was most com-
monly affected (53 cases), followed by the right division
(22 cases) and the central division (20 cases) (Table 2).
Univariable logistic regression analysis showed no associ-
ation between liver division and postoperative complica-
tions. The ORs for the central and right divisions, relative
to the left division, were 1.061 (95% CI: 0.458-2.460;
p=.890) and 1.249 (95% CIL. 0.562-2.775; p = .586),
respectively (Table 3).

Clinical signs and underlying diseases were recorded
in 89 cases. Clinical signs included lethargy and reduced
appetite (n = 27), gastrointestinal symptoms (n =29),
lethargy alone (n=8), polyuria/polydipsia (n = 7),
reduced appetite alone (n = 3), respiratory symptoms
(n = 1). Some dogs exhibited more than one clinical sign.
A total of 30 dogs presented with 35 comorbidities,
including hyperadrenocorticism (n = 8), mitral valve dis-
ease (n=6), hypoglycemia (n=7), hypothyroidism
(n = 6), tracheal collapse (n = 2), hypoxemia (n = 2),
DIC (n = 1), tricuspid regurgitation (n = 1), hypercapnia
(n = 1), and hypoadrenocorticism (n = 1).

3.3 | Anesthesia and intraoperative
monitoring

Intraoperative hypotension (OR: 4.000; 95% CI: 1.421-
11.259; p =.009) and intraoperative hypoxemia (OR:
2.143; 95% CI: 1.215-3.781; p = .009) were associated
with postoperative complications (Table 3).

Anesthetic agents were documented in 87 cases. The
premedication and induction agents included propofol
(45 cases), alfaxalone (27 cases), midazolam -+
propofol (5 cases), midazolam + alfaxalone (3 cases),
morphine + alfaxalone (3 cases), ketamine + propofol
(2 cases), midazolam + ketamine + alfaxalone (1 case),
morphine + propofol (1 case), and ketamine alone (1 case).
Inhalation anesthetics included isoflurane (76 cases) and

sevoflurane (11 cases). Intraoperative analgesic agents
included fentanyl alone (76 cases), fentanyl + ketamine
(9 cases), fentanyl + remifentanil (1 case), and remifentanil
alone (1 case). Vasopressors used included dopamine alone
(70 cases) and combinations of dopamine with norepineph-
rine, vasopressin, or epinephrine (14 cases).

Intraoperative hypotension was observed in 54 dogs,
and intraoperative hypoxemia in 20. These events were
managed with appropriate interventions, including the
administration of vasoactive agents for hypotension and
mechanical ventilation for hypoxemia.

34 | Surgery
No dogs died intraoperatively, and all 96 dogs survived
the surgical procedure.

Thoracotomy was not associated with postoperative
complications (OR: 1.700; 95% CI: 0.944-3.061; p = .077).

There were 42 cases in which abdominal surgeries
were performed simultaneously with liver mass resection,
with 53 procedures comprising splenectomy (n = 8), cho-
lecystectomy (n =8), subcutaneous nodule excision
(n = 5), castration (n = 4), adrenalectomy (n = 3), ovar-
iohysterectomy (n = 3), cystolithotomy (n = 3), pancre-
atic biopsy (n = 3), mammary tumor excision (n = 3),
gastrotomy (n = 3), bile duct lavage (n =2), gastric
tumor excision (n = 2), congenital portosystemic shunt
ligation (n = 2), colonic tumor excision (n = 1), nephrec-
tomy (n = 1), mesenteric tumor excision (n=1), and
bladder tumor excision (n = 1).

Thoracotomy was performed in 25 cases. Histopatho-
logic diagnoses were obtained for 94 cases and comprised
hepatocellular carcinoma (n = 43), hepatocellular ade-
noma (n = 27), nodular hyperplasia (n = 11), hemangio-
sarcoma (n=3), bile duct cystadenoma n=1),
adenocarcinoma (n = 1), cholangiocarcinoma (n = 1), bile
duct adenoma (n = 1), undifferentiated sarcoma (n = 1),
myxoid liposarcoma (n = 1), extraskeletal osteosarcoma
(n = 1), metastatic tumors (fibrohistiocytic nodule, fibro-
sarcoma) (n = 1), and hemangioma (n = 1).

3.5 | Postoperative outcomes

There were 17 dogs in the relevant group classified as
level 3 (severe complications, n = 11) and level 4 (death,
n = 6). The non-relevant group comprised 79 dogs classi-
fied as level 1 (mild complications, n = 72) and level
2 (moderate complications, n = 7). The cause of death
was DIC/suspected thrombotic events (3 dogs), hemor-
rhage (2 dogs), and hypotension (1 dog). Severe complica-
tions were acute kidney injury (AKI; 4 dogs), jaundice of

85U8017 SUOWIIOD BAEa.D 8|qed![dde 8Ly Aq pausenob ae ssjpie YO ‘8sn JO Sa|nJ Joj A%eiq)T8UlUO A1 UO (SUORIPLOD-PUR-SWBIAL0D A8 |1 AeIq 1 el |UO//SdNY) SUORIPUOD PUe SWie 1 8y} 89S *[9202/60/LT] U0 AkeiqiaulluO AB|IM ‘@iruLIIB A 8[EUCTIEN 81003 AQ 0200 NSATTTT OT/I0P/W00 A3 |1M ARe.d 1 |puluo//Sany Wwoly pepeojumod ‘T ‘9202 ‘X0S6ZEST



Complete

Partial

57 (80.3)
14 (19.7)
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TABLE 1 Descriptive statistics for all factors in the entire study population.
Factors Missing data
Signalment
Age (month), median (IQR) 144 (121.8-160.5) -
Sex, n (%) -
Female 14 (14.6)
Female (spayed) 41 (42.7)
Male 12 (12.5)
Male (castrated) 29 (30.2)
Weight (kg), median (IQR) 7.3 (4.9-12.9) -
Clinical signs, n (%) 7 (7.3%)
Present 47 (52.8)
Absent 42 (47.2)
Underlying diseases, n (%) 7 (7.3%)
Present 30 (33.7)
Absent 59 (66.3)
Blood test results
Hematocrit (%), median (IQR) 40.5 (35.3-45.1) -
ALT (U/L), median (IQR) 121 (51-393) 5 (5.2%)
AST (U/L), median (IQR) 66 (39-193) 7(7.3%)
ALP (U/L), median (IQR) 538 (221-1208) 6 (6.3%)
GGT (U/L), median (IQR) 12 (8.0-30.5) 11 (11.5%)
Glucose (mg/dL), median (IQR) 106 (95.5-117.0) 7 (7.3%)
Albumin (g/dL), median (IQR) 3.5(3.1-3.9) 27 (28.1%)
Total bilirubin (mg/dL), median (IQR) 0.3 (0.2-1.2) 84 (87.5%)
PT (per 1x upper limit), median (IQR) 0.8 (0.74-0.85) 1(1.0%)
APTT (per 1x upper limit), median (IQR) 0.81 (0.65-0.90) 1 (1.0%)
Fibrinogen (per 1x upper limit), 1.01 (0.78-1.25) 1(1.0%)
median (IQR)
D-dimer (pg/kg), median (IQR) 1.4 (0.5-3.8) 69 (71.9%)
FDP (pg/kg), median (IQR) 5.2 (0.9-12.7) 69 (71.9%)
Computed tomography imaging findings
Maximum diameter (cm), median (IQR) 7.06 (5.24-9.44) -
Volume (cm?), median (IQR) 147.9 (51.6-368.2) -
Actual distance (cm), median (IQR) 3.52(1.44-4.91) -
Corrected distance (cm/kg), median (IQR) 0.37 (0.21-0.64) -
Liver division, n (%) 1(1.0%)
Right 22(23.1)
Central 20 (21.1)
Left 53 (55.8)
Intraoperative factors
Surgical time (min), median (IQR) 127.5 (94.5-179.3) 10 (10.4%)
Lobectomy technique, n (%) 25 (26.0%)
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TABLE 1 (Continued)

Factors Missing data
Simultaneous surgery, n (%) 2(2.1%)
Present 42 (44.7)

Absent 52 (55.3)

Thoracotomy, n (%) 12 (12.5%)
Present 25(29.8)

Absent 59 (70.2)

Intraoperative hypotension, n (%) 3(3.1%)
Present 54 (58.1)

Absent 39 (41.9)

Intraoperative hypoxemia, n (%) 5(5.2%)
Present 20 (22.0)

Absent 71 (78.0)

Blood transfusion, n (%) 1 (1.0%)
Present 39 (41.1)

Absent 56 (58.9)

Abbreviations: ALP, alkaline phosphatase concentration; ALT, alanine aminotransferase concentration; APTT, activated partial thromboplastin time; AST,
aspartate aminotransferase concentration; ATIII, antithrombin III concentration; FDP, fibrin degradation product concentration; GGT, gamma-

glutamyltransferase concentration; IQR, interquartile range; PT, prothrombin time.

Number of masses, complication rate, mortality rate, and corrected distance by liver division.

Corrected distance (median [IQR] [cm/kg])

TABLE 2
Liver Total Complications
division cases (n) (n, %) All dogs
Left 53 8 (15.1)
Central 20 4 (20.0)
Right 22 5(22.7)

0.418 (0.255-0.744)
0.254 (0.050-0.514)
0.396 (0.219-0.668)

Relevant group

0.324 (0.200-0.404)
0.045 (0.020-0.135)
0.237 (0.199-0.458)

Non-relevant group
0.565 (0.281-0.787)
0.277 (0.107-0.538)
0.483 (0.238-0.661)

Note: IQR, interquartile range; relevant group, dogs with levels 3 or 4 complications using the Accordion severity grading system within 2 weeks after hepatic

mass resection; non-relevant group, dogs with levels 1 or 2 complications.
Abbreviation: IQR, interquartile range.

suspected liver failure (3 dogs), hypoxemia of unknown
cause (2 dogs), suspected pulmonary thromboembolism
(1 dog), and hypoglycemia (1 dog).

3.6 | Multivariable analysis
Multivariable logistic regression analysis was performed
using combinations of two variables selected from those
that showed statistical significance (p < .05) in univari-
able analysis. The following variables were used to con-
struct the models: presence of underlying diseases, PT,
corrected distance, surgical time, intraoperative hypoten-
sion, intraoperative hypoxemia, and blood transfusion.

A total of 28 models were constructed, and the five
models with the lowest AIC values are presented in
Table 4. The best-fit model (AIC = 61.513) included

underlying diseases (OR: 2.703; 95% CI: 1.316-5.551;
p =.007) and surgical time (OR: 1.011; 95% CI; 1.000-
1.022; p = .052). Other variables included in these models
were intraoperative hypotension, corrected distance, PT,
and surgical time. Corrected distance was incorporated in
the third-best model (AIC = 65.182; OR: 0.666 per 0.1 cm/
kg increase; 95% CI: 0.476-0.930; p = .017). Multicollinear-
ity was assessed using the variance inflation factor (VIF).
All VIFs were below 2.0, indicating that there was no multi-
collinearity among the selected variables.

3.7 | ROC analysis

ROC analysis was performed using the measured actual
distance from the mass to the CVC, with complications
defined as positive. The area under the ROC curve was
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TABLE 3 Univariate logistic regression analysis for risk factors associated with postoperative complications.

Factors OR (95% CI) p-value

Signalment
Age (month) 1.005 (0.987-1.023) .590
Sex (male vs. female) 1.113 (0.658-1.884) .690
Weight (kg) 0.931 (0.841-1.031) 171
Clinical signs 1.411 (0.789-2.534) 244
Underlying diseases 2.821 (1.504-5.291) .001

Blood test results
Hematocrit (%) 1.013 (0.939-1.092) 742
ALT (U/L), per 100 U/L increase 1.044 (0.974-1.118) 221
AST (U/L), per 100 U/L increase 1.079 (0.971-1.199) 159
ALP (U/L), per 100 U/ L increase 0.944 (0.961-1.027) .708
GGT (U/L), per 100 U/L increase 1.119 (0.926-1.353) 244
Glucose (mg/dL) 0.997 (0.975-1.020) 792
Albumin (g/dL) 0.521 (0.179-1.522) 233
Total bilirubin (mg/dL) 0.984 (0.245-3.941) 981
PT (per 1x upper limit), per 1.01 times increase 1.105 (1.025-1.191) .009
APTT (per 1x upper limit), per 1.01 times increase 0.991 (0.964-1.019) .525
Fibrinogen (per 1x upper limit), per 1.01 times increase 1.002 (0.987-1.017) 792
D-dimer (pg/kg), per 0.1 pg/kg increase 0.995 (0.944-1.049) .857
FDP (pg/kg) 0.953 (0.765-1.186) 663

Computed tomography imaging findings
Maximum diameter (cm) 0.942 (0.799-1.110) 475
Volume (cm?), per 10 cm? increase 0.993 (0.976-1.010) 404
Actual distance (cm) 0.672 (0.494-0.913) .011
Corrected distance (cm/kg), per 0.1 cm/kg increase 0.741 (0.583-0.942) .014
Liver division (central vs. left) 1.061 (0.458-2.460) .890
Liver division (right vs. left) 1.249 (0.562-2.775) .586

Intraoperative factors
Surgical time (min) 1.015 (1.005-1.025) .002
Lobectomy technique 1.960 (0.677-5.674) 217
Simultaneous surgery 0.892 (0.509-1.565) .691
Thoracotomy 1.700 (0.944-3.061) .077
Intraoperative hypotension 4.000 (1.421-11.259) .009
Intraoperative hypoxemia 2.143 (1.215-3.781) .009
Blood transfusion 1.809 (1.045-3.131) .034

Note: Reference categories: Female (for sex), absence (for dichotomous variables, e.g., underlying diseases, hypotension), left (for liver division).
Abbreviations: ALP, alkaline phosphatase concentration; ALT, alanine aminotransferase concentration; APTT, activated partial thromboplastin time; AST,
aspartate aminotransferase concentration; ATIII, antithrombin IIT concentration; FDP, fibrin degradation product concentration; GGT, gamma-
glutamyltransferase concentration; PT, prothrombin time.

0.751 (95% CI: 0.608-0.892; p = .003). The optimal cutoff = and specificity were each set to 90%, the cutoff values
value determined using the Youden index was 1.43cm  were 5.02 cm (sensitivity: 0.882, specificity: 0.253) and
(sensitivity: 0.647, specificity: 0.835). When the sensitivity 1.18 cm (sensitivity: 0.471, specificity: 0.899), respectively.
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TABLE 4 Top five multivariable

No. Factor OR (95% CI) p-value AIC
logistic regression models with ) )
lowest AIC. 1 Underlying diseases 2.703 (1.316-5.551) .007 61.513
Surgical time (min) 1.011 (1.000-1.022) .052
2 Underlying diseases 2.704 (1.389-5.263) .003 64.381
Intraoperative hypotension 3.589 (1.236-10.421) .019
3 Underlying diseases 2.935 (1.500-5.744) .002 65.182
Corrected distance (cm/kg), 0.666 (0.476-0.930) .017
per 0.1 cm/kg increase
4 PT (per 1x upper limit), 1.107 (1.017-1.205) .019 67.885
per 1.01 times increase
Surgical time (min) 1.015 (1.005-1.026) .004
5 Underlying diseases 2.739 (1.428-5.253) .002 68.916
PT (per 1x upper limit), 1.093 (1.004-1.189) .040

per 1.01 times increase

Note: Reference categories: absence (for underlying diseases, intraoperative hypotension, PT).
Abbreviations: AIC, Akaike information criterion; PT, prothrombin time.

4 | DISCUSSION

The postoperative mortality rate in the present study was
6.3%, and the postoperative complication rate was 17.7%.
These results are consistent with previous reports, which
indicate postoperative mortality rates ranging from 5.6%
to 11.5% and postoperative complication rates ranging
from 6.0% to 28.7%.>"*

As hypothesized, a shorter distance between the mass
and the CVC was identified as a risk factor for postopera-
tive complications following hepatic mass resection. The
distance in the present study represented the shortest dis-
tance between the mass and the CVC, using the base of
the mass as the reference point. This metric likely reflects
the distance between the vessels requiring surgical
manipulation during the procedure and the CVC. When
the mass is in close proximity to the CVC, the vessels
requiring ligation or sealing become shorter, which
increases the risk of inadvertent CVC injury during dis-
section. The difficulty in securing these vessels may lead to
a prolonged operative time, greater parenchymal and sur-
rounding tissue damage, and greater risk of hemorrhage, all
of which could contribute to a higher incidence of postoper-
ative complications. Previous studies have identified re-
section of right divisional masses as a poor prognostic factor
or a risk factor for intraoperative complications during
hepatic mass resection. This has been attributed to the ana-
tomical proximity of the right divisional to the CVC.>>°
These findings align with our results, which suggest that a
shorter distance from the mass to the CVC is a significant
risk factor for postoperative complications.

Factors previously reported as risk factors for postop-
erative complications, such as hilar resection or

thoracotomy,”® were not associated with complications
in the present study. Hilar resection is generally per-
formed when the mass is located at the hilus of the liver
lobe and is used to improve surgical exposure.® The prox-
imity of the mass to the CVC indicates its location at the
hilus of the liver lobe. In the present study, hilar re-
section was performed in many cases. However, it is
plausible that masses located closer to the hilus of the
liver lobe might pose a higher risk of complications, even
with the same surgical approach. Thoracotomy, including
median sternotomy and diaphragmatic incision, is used
when the visualization of the mass base vasculature can-
not be secured through caudal or ventral retraction of the
mass."”> This procedure improves exposure. A previous
report indicated that these procedures are more fre-
quently required for right divisional masses.” However,
in the present study, 25 cases involved thoracotomy for
left divisional masses (7 cases), central divisional masses
(7 cases), and right divisional masses (11 cases). This sug-
gests that securing adequate visibility may be challenging
not only for right divisional masses but also for masses
situated at the liver lobe hilus. These findings support the
conclusion that a shorter distance from the mass to
the CVC contributes to the onset of postoperative compli-
cations. The distance from the mass to the CVC is a pre-
operative finding obtained by CT imaging and may be a
useful variable in assessing the surgical difficulty.

In addition, the presence of underlying diseases was
identified as a risk factor for postoperative complications.
In the present study, most of the dogs categorized as hav-
ing underlying diseases were likely to be classified as
American Society of Anesthesiologists (ASA) physical sta-
tus III or higher. An increase in ASA class is known to be
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associated with higher odds of anesthesia-related mortal-
ity in dogs and cats.'* Therefore, the finding that underly-
ing diseases contributed to the onset of postoperative
complications is consistent with previous evidence and
appears to be a reasonable result.

Intraoperative hypotension was also identified as
being associated with postoperative complications. To the
best of our knowledge, no previous reports have directly
evaluated the association between measured intraopera-
tive hypotension and perioperative complications and
mortality in dogs undergoing hepatic mass resection. In
humans, intraoperative hypotension is observed in 85%
of patients undergoing hepatic mass resection and is
influenced by blood loss and surgical techniques.'>™"’
Manipulation of the mass during canine hepatic mass re-
section has been reported to alter venous return,'® and
our clinical experience suggests that mass manipulation
often induces hypotension. When a mass is located near
the CVC, the manipulation of the mass may be more
extensive, which could potentially lead to the induction
of greater hypotension.

Hypotension may also be attributed to anesthesia. In
dogs, intraoperative hypotension is a common anesthetic
complication.’” In human medicine, a MAP of below
80 mmHg for more than 10 min increases the risk of
organ dysfunction, with the risks escalating with further
decreases in MAP.* Moreover, hypotension is a recog-
nized risk factor for postoperative AKI following hepatic
mass resection in humans.”’ Given the frequency of
hypotension in our study population, further studies are
warranted to assess whether blood pressure monitoring
could help minimize the risk of undetected hypotension
and its associated complications.

The present study had several limitations. First, as a
retrospective study, missing records are inevitable. Addi-
tionally, given the small sample size of the complications
group in this study, the possibility of a type II error can-
not be ruled out. Although our comprehensive approach
allowed for the generation of hypotheses, the large num-
ber of variables assessed introduces a greater risk of spu-
rious associations, and the potential for false associations
is increased compared to more conservative analysis. Fur-
thermore, the definitions of underlying diseases and com-
plications were based on existing records without
standardized diagnostic criteria. Regarding imaging,
although CT scans were performed under standardized
conditions, the measurement of distance may have been
influenced by the positions of adjacent organs and the
movement of the liver lobes, which could not be fully
controlled. Furthermore, although we used the shortest
distance from the mass to the CVC as a surrogate mea-
sure of anatomical proximity, this linear measurement
may not fully capture the three-dimensional vascular

path or account for intraoperative tissue mobility. The
directionality of the mass relative to the CVC and
the extent to which the mass can be mobilized during
surgery may affect the actual impact on vascular
manipulation and risk. The measurement method used
in the present study may be particularly affected in
dogs with caudate lobe masses because some masses
may be adjacent to the CVC but distant from the junc-
tion, potentially impacting accuracy. On the basis of
the intraoperative records, it was difficult to assess
bleeding, which is a major intraoperative complication
during hepatic mass resection, and it is possible that
small to moderate bleeding was not recorded. How-
ever, there were no records of major vessel injury, and
no dogs received blood transfusions due to significant
bleeding. Additionally, the anesthetic protocols varied
and potentially influenced the outcomes, particularly
with respect to the incidence of intraoperative hypo-
tension. Regarding the variability in results between
the two surgeons, statistical analysis showed no signifi-
cant difference in complication rates due to standardi-
zation within the same institution (Fisher's exact test;
p = .108). The present findings require confirmation in
future prospective studies that consider these study
limitations.

In conclusion, the present study suggests that a
shorter distance between the mass and the CVC may be
associated with an increased risk of postoperative compli-
cations after canine hepatic mass resection. Intraopera-
tive hypotension and underlying diseases may also
contribute to the onset of complications. Preoperative CT
evaluation of the proximity of the mass to the CVC
appears to be an important factor for prognosis that war-
rants further investigation for clinical application.
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