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Abstract : Dirofilaria immitis, the causative agent of canine heartworm disease, inhabits mainly in the
pulmonary arteries and the heart of dogs and cats, causing circulatory and respiratory disorders. Although
diagnosis of the disease is based on the presence of microfilaria in the peripheral blood or of specific antigens
released from the adult worms into the peripheral blood, the severity of the infection and the assesment
of disease progression are based on the clinical signs and radiographic image analysis. We analysed 12
mixed-bred Jindo dogs naturally infected with Dirofilaria immitis without any clinical signs and compared
the radiographic images of the heart and the lung with the number of adult worms at necropsy. The
dorsoventral radiographs of 12 infected dogs revealed that the right caudal lobar pulmonary arteries
(RCal.PA) were dialated in 66.7% of dogs, whereas the main pulmonary artery segment was enlarged in
50.3% of dogs. The cranial lobar pulmonary arteries (RCrLPA) were dilated or pruned in 33.3% of dogs.
All dogs displayed the interstitial lung pattern, while the vertebral heart size (VHS) was of normal range.
Although a range of 9 to 166 adult worms (av. 45.6) was found in the pulmonary arteries, in the heart
or in the vena cava, no correlation with the radiographic findings and/or with the clinical signs was observed.
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Fig 1. Diagram of lateral view of the thorax of a dog
illustrating the vertebral heart size measurement method.
The long axis (L) and short axis (S) heart dimensions are
transposed onto the vertebral column and recorded as the
number of vertebrae beginning with the cranial edge of T4.
These values are then added to obtain the vertebral heart
size. (T, trachea; CVC, caudal vena cava; Diagram and
notes are based on Buchanan & Biicheler [1995].)

Fig 2. Lateral thoracic radiograph of a heartworm-infected
3-year-old female dog without clinical signs. The maximal
diameter of the caudal vena cava (white arrows) was measured
below the 5th (black arrow) or 6th thoracic vertebra and
was compared to the length of the single vertebra. The
CVC/V of this dog was 1.11, which was dilated slightly.
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Fig 3. Lateral thoracic radiograph of a heartworm-infected
4-year-old female dog without clinical signs. The diameter
of the right cranial lobar pulmonary artery (white arrow)
and the vein (black arrow) at their intersection with the right
4th rib was compared to the narrowest diameter of the 4th
rib (black arrow heads). The ratio of the RCrLPA and the
narrowest diameter of the 4th rib (A/R) was 1.17. Which
meant that the RCrLPA was dilated slightly.
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Fig 4. Dorsoventral thoracic radiograph of a heartworm-
infected 3-year-old female dog without clinical signs. The
distended main pulmonary artery segment (black arrow) is
visible between the 12 and 2 o'clock positions on the left
heart border. The diameter of the right (white arrows) and
the left caudal lobar pulmonary artery at their intersection
with the 9th rib was compared to the diameter of the Sth
rib. The ratio of the RCal.PA and the diameter of the Sth
rib (RCaLPA/R) was 1.60.
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Table 1. Measurements of cardiovascular structures in thoracic radiographs of heartworm-infected dogs

Modified . Left lateral view Dorsoventral view
No Knott's Antigen Number of
test tst VHS CVC/V AV AR RCalPA/R LCaLPAR adult worms
1 - ; 840 100 080  L.00 1.00 075
2 - - 1030 094 100 083 0.60 0.60
Uninfected 3 - ; 840 076 100 100 1.00 1.00
CZ‘;‘TI 4 ; ; 890 089 100 071 1.00 0.80
® Mean 900 090 095 089 0.90 0.79
£SD £090 +010 +0.10 +0.14 020 £0.17
1 ; + 970 111 117 117 0.50 067 30
2 + + 950 100 120 120 1.00 0.80 12
3 + + 940 L11 120 0586 0.67 0.67 10
4 ; + 890 106 130  1.00 1.23 0.77 39
5 + + 990 111 088 117 1.14 0.57 9
6 + + 860 100 150 0.5 1.17 1.17 48
7 + + 950 117 100 086 1.17 1.00 14
Heartworm 8 + + 990 107 125  1.00 1.60 1.20 14
-infected 9 + + 940 083 100 067 1.60 2.00 27
dogs 10 + + 1030  1.00 1.25 1.00 1.40 1.40 104
11 + + 880 088 100 100 1.00 1.00 74
12 - + 950 083 133 114 133 1.00 166
Mean 945 101 117 099 115 1.02 46.18
£SD +£049 011 017 £0.17 %033 +0.40 +50.04
Positiverate 50 1000 00 500 417 333 66.7 333 100.0

(%)

+, positive; -, negative; VHS, vertebral heart size (vertebra, v); CVC/V, caudal vena cava/length of T5 or T6; A/V, diameter
of right cranial lobar pulmonary artery/diameter of right cranial lobar pulmonary vein; A/R, diameter of right cranial lobar
pulmonary artery/diameter of the 4th rib; RCaLPA/R, diameter of right caudal lobar pulmonary artery/diameter of the 9th rib;
LCaLPA/R, diameter of left caudal lobar pulmonary artery/diameter of the 9th rib; SD, standard deviation.
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Table 2. Pathologic changes of the pulmonary vascular structures and lung patterns in the thoracic radiographs of
heartworm-infected dogs

Modified Antigen Left lateral view Dorsoventral view Number of
No Knott's test Pulmonary artery Lung pattern  Pulmonary artery  Lung pattern adult
fest T P L I B A T P M I B A W
1 - + - - - + + - + - - + - - 30
2 + + + - - + + - - - - + - - 12
3 + + + - - + + - - - - + + - 10
4 - + + - - + + - - - + + - - 39
5 + + + - - + + - - - - + - - 9
6 + + + - - + + - - - - + - - 48
7 + + + - - + + - - - - + + - 14
8 + + + + - + - - - - + + - - 14
9 + + + - - + - - - - + + - - 27
10 + + + + - + - - - - + + - - 104
11 + + + - - + - - - - + + - - 74
12 - + + - - + - - - - + + - - 166
:::12;3 750 1000 917 167 00 1000 583 0.0 83 00 500 1000 167 00 1000

+, positive; -, negative; T, tortuousness; P, pruning; L, left pulmanary artery enlargement; I, interstitial pattern; B, bronchial
pattern with peribronchial cuffing; A, alveolar pattern; M, main pulmonary artery segment enlargement.

Table 3. Clinical signs of heartworm-infected dogs before and after exercise

Before Exercise After Exercise
No BW Sex Run time —
(kg) ET HR/min  RR/min (5 km/hr) E’T HR/min RR/min lemcal
0 (°0) signs
1 16 ? 38.0 126 42 16min  41.0 141 198  EL LB
2 17 3 39.4 141 36 10 40.1 144 153 LB
Uninfected 3 15 3 39.8 165 144 14 415 132 180  EL LB
control 4 17 2 37.9 96 36 30 40.6 156 189 NM
dogs 5 16 2 38.6 102 54 30 420 126 183  ELLB
Mean  16.20 3874 12600 6240  21.00 41.04 139.80  180.60
+SD  +084 +0.84 2838 +4620 1052 *074 +11.54 +16.89
1 17 ? 38.2 93 63 15min 395 108 132 EL,LB
2 15 2 39.3 140 51 30 403 141 132 LB
3 17 3 39.4 135 45 30 4038 120 132 ELLB
4 20 2 390 114 36 30 404 274 207 LB
5 16 2 39.0 165 24 23 40.1 69 27  ELLB
Heartworm 6 16 3 385 126 54 30 39.8 162 168 NM
-infected 7 19 9 385 % 27 30 402 156 169  ELLB
dogs 8 18 $ 386 90 39 30 406 156 186  NM
9 13 ¢ 39.2 123 45 30 403 168 186 LA
10 13 2 37.9 117 39 6 38.8 150 94  EILLB
Mean  16.40 3876 11990  42.30 26.61 4008 15040  143.30
+SD 232 +050 +2344 1195 +£802 2058 £5294 =£53.03

BW, body weight (kg); BT, body temperature (°C); HR/min, heart rates/min; RR/min, respiratory rates/min; EI, exercise intolerance;
LB, labored breathing; LA, loss of appetite; NM, not measured; Clinical signs of two heartworm-infected dogs were not measured.
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@ 7FsAE BYs BAIG o] Ade) Bk vhedl &
<5 T F 3tk o] AN E = U4y 24, &
Ab o) 39| ek M FAA ARgE A 165
o2l 68wiaE], dFh 97mleh)E Wit R 3l A4
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Aoz gAE ME FoM 34 2482 12vkElEl
3ulE], oAl gmlEhyet AAA anlEle] R XayE F
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stk 22lz FEE FA7NE o83l &5 A, &
o] JAEAM 9 §55 BAsl AAA vwEyo
o, 50 A9 459 23 2 29 29 55 g
AF F WAL EA A3 vlwste] g3 ke A3
g auth

Aol A7), FoFd RS F5 ol vlg, $-
AYu s SAGEAY A3 vlg, $HGHA Y
A 4 529 A Y vlg, SFAAEAS A 9
529 A4 AA9) H)E, AFPFus) A 9 529
A4 7R v 5F S8 S vag A4 A
AHoZ ZFAANMY A7} F718HAeh(p<0.05). 7
a4 1201 25 9AEAE UeRiA ggkont, ziz
o] ZAAEL WA ARRGIN 4-9717]2] WIsHA W
3E BYY £ EH FHE0] 66.7%E 7MY
=7 VERR 2 (p<0.05), FHEH TS §717F 50.0%,
$HGATYH A 4 5F9 ¥&o] 33.3%2 ek
o}, 2k BRAPY AR AG RS2 91.7%04
ARA o) e, 167%0 A Eo| 2l zokol UEl
Wtk Z4EA 12018 BN sdde] A wisht
Ve, 718 st HEHACH Rk AR A2
7l g2 12018 25 106 vertebra (v) ©]3F2 FA4t
olitt. ¥4 Az AFAMEE Aol 9-166vHe 7t A
2%, ol WA AlRle) Wshdat A4S
FFohe AoaAZE it
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