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3-3) Figures and tables

Figure 1-1. Adipose tissue in the crest of the neck. 

(a) Normal adipose tissue. Bar = 10 cm. (b) Adipose tissue with hemorrhage (white arrow). 

Bar = 10 cm. 
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Figure 1-2. Adipose tissue with hemorrhage.

(a) Normal and overgrowth adipocytes with or without hemorrhage spots (arrow) can be seen. 

HE stain. Bar = 200 . (b) Lymphocytes are partially confirmed in the hemorrhaged stromal

cells. HE stain. Bar = 50 .
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Figure 1-3 Black-red hard nodular lesions of the lung 

Black-red hard nodules about 5mm in diameter were observed (arrow). 



15 

Figure 1-4  Gray hard nodular lesions of the liver 

Gray hard nodules about 2mm in diameter were observed (arrow). 
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Figure 1-5 Hemorrhagic adipose tissues of the crest of the neck

Hemorrhagic adipose tissues were observed on the longitudinal cut surface of the crest of the 

neck (arow). 
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Table 1-1. Outline of 54 slaughtered horses 

Sex Breed Origin 

M F Cast  HH LN FR CA DOM 

Group AH 0 0 5 5 0 3 1 1

Group NH 2 20 27 46 3 16 24 9

M: male, F: female, Cast: castration, HH: Heavy horse breeds, LN: Light horse, Group AH: 

group of adipose tissues with hemorrhage, Group NH: group of adipose tissues with no 

hemorrhage, FR: France, CA: Canada, DOM: domestic. 
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Table 1-2. Comparison of age, BCS, CNS, and weight according to presence or absence of 

hemorrhage in the crest of the neck 

Age (year) BCS CNS Weight (kg) 

Group AH 3.0±0.0 5.0±0.0a 4.6±0.5a 1,012.6±105.1a 

Group NH 3.3±2.4 4.2±0.7b 3.7±0.7b  919.8±140.5b 

AH group, horses having adipose tissues with hemorrhage; NH group, horses having adipose 

tissues without hemorrhage; age, years; BCS, body condition score (1 to 5); CNS, crest of the 

neck score (1 to 5); weight, kg. Values with different letters (a and b) are significantly 

different (P < 0.05). 



19 

Table 1-3. Blood biochemical test 

AH group NH group

TP (g/dl) 7.7 ± 0.2 7.9 ± 0.6 

Alb (g/dl) 3.5 ± 0.2 3.4 ± 0.3 

T-bil ømg/dl÷ 1.4 ± 0.4 1.7 ± 1.1 

GOT (IU/l) 368.0 ± 9.7a 462.0 ± 99.1b 

GPT (IU/l) 10 > 13.3 ± 4.0 

LDH øIU/l÷ 644.0 ± 141.6 773.7 ± 286.7 

T-cho (mg/dl) 98.8 ± 15.5 93.0 ± 15.4 

BUN (mg/dl) 13.0 ± 2.3 13.6 ± 2.8 

Values are presented as means  SE. AH group, horses having adipose tissues with 

hemorrhage; NH group, horses having adipose tissues without hemorrhage. Values with 

different letters (a and b) are significantly different (P < 0.05). 
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Table 1-4 Individual information of test horses and SAA values of VET-SAA

Mean± standtd deviation 

lung; group of parasitic diseases of the lung, liver; group of parasitic diseases of the liver, hemorrhagic; 

group of hemrrohagic adipose tissues of the crest of the neck. *P<0.05.

sex 
Weight

kg

Age 

year

SAA values of 

VET-SAA 

mg/L

male castration female

control 1 11 11 953.2±104.5 3.0±0.51 4.2±1.9 

lung 0 4 5 945.4±114.8 3.1±0.31 15.3±14.8*

liver 0 2 4 929.3±111.7 2.3±1.1 3.5±2.2 

hemorrhagic 0 6 1 1042.4±44.8 3.1±0.4 4.4±3.9
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4)

EZR Saitama Medical Center, Jichi Medical 

University, Saitama, Japan JMP Pro 14.00; SAS Institute Cary, North Carolina, 

USA NC

U

p<0.05
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3

1)

NC25% 121.8±7.6cm 113.3±6.1cm

p<0.05 Table 2-1
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p<0.05 Table 2-1 NC75% 170.4

5.9cm 161.4 6.9cm

p<0.05 Table 2-1
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Figure 2-2d

p<0.01 0.92 95%
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3)Figure and Tables

Figure 2-1. Monitoring of neck circumference (NC) measurement sites using ultrasound. 

The solid and dotted lines indicate the sites where the NC25%, NC50%, and NC75% values

were measured (left). The position indicated in the image by the ultrasonic probe above the

NC50% line denotes the area at which the diagnostic 5.0 MHz convex ultrasound transducer

should be applied (right).
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Figure 2-2. Histological and ultrasonography images of the nuchal crest adipose tissue.  

a. Histological image of normal adipose tissue. b. Ultrasonography image of normal adipose 

tissue. c. Histological image of hemorrhagic adipose tissues in the crest of the neck (red 

circle). d. Ultrasonography image of hemorrhagic adipose tissues of the crest of the neck (red 

circle). White linear high-echogenic images (white arrow) and black low-echogenic images 

(black arrow). Scale: 10 cm (a, c), 5 cm (b, d).  
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Table 2-1. Results of physical examination and the average neck circumference (NC) 25%, 

NC50%, and NC75% values 

Feature Control Hemorrhagic 

Weight (kg) 958.5 ± 81.5 996.7 ± 68.5 

Age (year) 2.5 ± 0.50 2.7 ± 0.47 

NC25% value (cm) 113.3 ± 6.1 121.8 ± 7.6* 

NC50% value (cm) 143.2 ± 5.8 150.5 ± 6.1* 

NC75% value (cm) 161.4 ± 6.9 170.4 ± 5.9* 

* < 0.05. The average NC25% value in the hemorrhagic adipose tissues group (121.8 ± 7.6 

cm) was significantly higher than that in the control group (113.3 ± 6.1 cm). The average 

NC50% value in the hemorrhagic adipose tissues group (150.5 ± 6.1 cm) was significantly 

higher than that in the control group (143.2 ± 5.8 cm). The average NC75% value in the 

hemorrhagic adipose tissues group (170.4 ± 5.9 cm) was significantly higher than that in the 

control group (161.4 ± 6.9 cm). NC: neck circumstance.
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Figure

Figure 3-1 Appearance of a heavy horse breed with hemorrhagic adipose tissues of the 

crest of the neck.

Dotted lines indicate the adipose tissues of the crest of the neck.
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Figure 3-2

Longitudinal view of the adipose tissues of the crest of the neck.

Scale: 10cm. The left temporal, right caudal, and dorsal view of the adipose tissues of the 

crest of the neck is shown. Hemorrhagic adipose tissue was seen within the red line.
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Figure 3-3 The adipose tissues of the crest of the neck (HE staining).

A: control group, B: hemorrhagic adipose tissue group. Arrows indicate collagen fibers. 

Hemorrhagic adipose tissue group, collagen fibers were observed diffusely, whereas in control
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Figure 3-4 Arteriovenous vessels in the red-lesion group. 

homogeneous structures in arteries (black arrowheads), while Acidophilic homogeneous 

structures in arteries were not stained by PTAH staining (black arrowheads). In addition, the 

arterial inner wall was not stained by PTAH staining (white arrow). Furthermore, there were 

accumulation of erythrocytes stained by PTAH staining in the vein (black arrow). HE, 

hematoxylin and eosin; PTAH, phosphotungstic acid and hematoxylin. 
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Figure 3-5 Vasculature in the adipose tissues (hemorrhagic adipose tissue group). 

the vessel. HE: hematoxylin and eosin 
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A                                           B 

Figure 3-6 Size and density of the adipocytes in the control and the hemorrhagic group 

HE staining. Bar: 1 A: control group, B: hemorrhagic group. 
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Figure 3-7 Pathogenesis of hemorrhagic adipose tissues in the crest of neck
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Table3-1 Results of size and density of the adipocytes in the control group and the 

hemorrhagic group.

*: p<0.05.
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Histopathological analysis of hemorrhagic adipose tissue in the crest of the neck of heavy 

horse breeds 

The adipose tissue in the crest of the neck of heavy horse breeds contains white adipose tissue 

and is eaten raw, like horse sashimi. Therefore, the adipose tissue in the crest of the neck 

Many horses at slaughterhouses in Kumamoto Prefecture, Japan have been fattened to 

increase their carcass weight, and therefore contain abdominal deposits. At the time of 

slaughter, hemorrhagic adipose tissue on the longitudinal cut surface in the crest of the neck is 

often observed in the horses, and these are disposed of, resulting in economic loss. Therefore, 

it is an important research project to clarify the pathogenesis of hemorrhagic adipose tissue in 

the crest of the neck for diagnosis, treatment, and prevention. The objective of this research 

project was to elucidate the pathogenesis of hemorrhagic adipose tissue in the crest of the 

neck of heavy horse breeds. 

1. Five horses with hemorrhagic adipose tissue in the crest of the neck were classified as the 

hemorrhagic group, and 49 horses with no hemorrhagic adipose tissues were classified as the 

control group in the slaughterhouse. The test horses were subjected to epidemiological 

surveys, blood biochemistry tests, body condition score (BCS), cresty neck score (CNS), and 

veterinary serum amyloid A (VET-SAA) levels were measured. The results of blood 

biochemistry tests showed that total bilirubin was higher in the control group than in the 

hemorrhagic group, and all other biochemical parameters were within their normal ranges; 

there were no significant differences in these parameters between the hemorrhagic group and 

the control group. The values for BCS and CNS were higher in the hemorrhagic group than in 



60 

the control group. Additionally, glutamic oxaloacetic transaminase was lower in the 

hemorrhagic group than in the control group. In this study, horses with hemorrhagic adipose 

tissue in the crest of the neck in the slaughterhouse were thought to be obese. Also, there is 

leakage of erythrocytes between adipocytes in the images of hemorrhagic adipose tissue. In 

this research, the VET-SAA value in the group with hemorrhagic adipose tissue in the crest of 

the neck was 4.4±3.9 mg/L, which was comparable to the control group. This indicates that 

the hemorrhagic adipose tissue in the crest of the neck is a non-inflammatory lesion. 

2. Our study investigated the effectiveness of ultrasound diagnosis of hemorrhagic adipose 

tissue in live heavy horse breeds at K farm in Kumamoto Prefecture, Japan. Twenty-two 

horses were classified into two groups, 10 horses (control group) without hemorrhagic 

adipose tissue and 12 horses (hemorrhagic group) with no hemorrhagic adipose tissue on the 

longitudinal cut surface of the dorsal fat of the clavicular ligament. Neck circumference (NC) 

was measured at the anterior 25% of the neck, stretching from the back of the head to the 

withers (NC25%), the middle 50% (NC50%), and the posterior 75% (NC75%). The neck fat 

at the dorsal nuchal ligament was evaluated using an ultrasound system the NC50% with a 

lateral view. The average NC25%, NC50%, and NC75% value in the hemorrhagic group was 

significantly higher than that in the control group (P<0.05). On ultrasound examination, 

images of the control group showed homogeneous echogenicity and images of the 

hemorrhagic group showed white liner increased echogenicity at depths of 5-10 cm. It was 

possible to evaluate hemorrhagic adipose tissues in heavy horse breeds by ultrasound. In 

addition, horses with linear increased echogenicity exhibit significantly higher percentages of 

pathological hemorrhagic adipose tissue in the crest of the neck than those observed in horses 

with homogeneous echogenicity. The sensitivity and specificity of ultrasonography were 0.92 

and 0.80, respectively. These findings suggest that the NC (25%, 50%, 75%) values in heavy 
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horse breeds can aid the diagnosis of hemorrhagic adipose tissue in the crest of the neck. 

Based on the above findings, ultrasound examination may facilitate an accurate depiction of 

hemorrhagic adipose tissue. 

3. The histopathological analysis was performed to demonstrate the pathogenesis of 

hemorrhagic adipose tissue in the crest of the neck of the heavy horse breeds. Thirteen 

slaughtered heavy horse breeds were used as test horses. After the adipose tissue in the crest 

of the neck was cut longitudinally, the horses were classified into two groups, horses with 

hemorrhagic adipose tissue (n=7) and horses without hemorrhagic adipose tissue (n=6). 

Adipose tissue was collected from the lesion sites and analyzed. Hemorrhagic adipose tissues 

showed no nuclear atypia in adipocytes, well circumscribed between surrounding tissues, 

fibrosis with collagen fibers diffusely present in the perivascular and interstitial areas, 

erythrocytes stained for phosphotungstic acid and hematoxylin staining in veins as thrombi, or 

vascular proliferation. Based on the above findings, hemorrhagic adipose tissue in the crest of 

the neck were diagnosed as angiolipoma, which is a lipoma variant. 

In summary, this research project revealed that hemorrhagic adipose tissue in the crest of the 

neck of heavy horse breeds is angiolipoma caused by obese and can be diagnosed while alive 

by ultrasound.
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