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SUMMARY

The arterial blood supply and venous drainage of
the diaphragm in goat was conducted on sixteen
specimens. The results revealed that the arterial
supply of diaphragm in goat mainly come from
the musculophrenic and dorsal intercostal arter-
ies in addition to small twigs from the cranial ep-
igastric, lumber and celiac arteries. The results
dlso revealed that the venous drainage of the dia-
phragm drained mainly to the caudal vena cava
through right and left phrenic veins in addition
to small tributaries to musculophrenic and crani-
al epigastric veins. The distribution of arteries
and veins in diaphragm were described in detail

and results were discussed with that of the other
domesjc animals.
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importance of the diaphragm as the main muscle
of respiration, there is a lack of descriplive
knowledge about its blood supply. These reasons
encourage us to investigate in detail the distribu-
tion of the blood vessels of the diaphragm hoping
that the findings obtained will be of value and

add some new anatomical and surgical informa-

tion.
MATERIAL AND METHODS

The research was carried out on sixteen healthy
goats of different age and sex from the farm of

the Faculty of Veterinary Medicine Beni-Sucf.

The goats were treated by an intravenous injec-
tion of 5000 IU sodium heparin (Declampo and
Ginther, 1973) to avoid blood coagulation and
then after the animals cauthanatized and bled "
through the common carotid artery. The blood
vessels thoroughly flushed with warm normal sa-

line.
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The injection mass used adopted by (Tomsett
and Wakely, 1965) as follows: 60 % gum milk
latex emulsion in ammonium hydroxide, colored
red (with carmine) for arteries, and blue (with ul-

tramarine blue) for veins.

Six specimens injected through the common ca-
rotid artery (after ligation of the abdominal aorta
at the level of 4th lumber vertebra) for studying
the arteries. Four specimens injected through the
caudal Vena cava by canulation after its exit
from the diaphragm for studying the veins. The
rest of the specimens was injected through both
previous routes for demonstration the arteries

and veins of the diaphragm.

Injection was done by hand syringes till both ar-

teries and veins does not accept any more mass.

The specimens were preserved in 10 % forma-

line before dissection was performed.

The nomenclature used in the following descrip-
tion is that adopted by Nomina Anatomiea Vete-
rinaria (1994) as well as Ragab (1980).

RESULTS

f

I. ARTERIES

A. Musculophrenica:
The musculophrenic artery (1/1, 2/1 - 3/1) arises

from the internal thoracic artery at the level of
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costochondral junction of the Sth rib a5

two terminal branches. It directs cq o ne of i
O-laygy,
a|

between the diaphragm and thoracijc wal|
til] the

level of cranial border of the §h rib wh

tl‘e
forates the costal part of the thoracic SUrface

the diaphragm and then runs cayd,. dorsan ¢l
its ai Jlominal surface medial and paralle]  y,
cost~" arch till the caudal border of (he 10th
whe it continues dorsally as 10th veny intey

costal artery.

The musculophrenic artery releases 4-7 Rr phren.
ici, only 3-4 of them are fairly large branches g
rceted dorso-medially in the pars costalis of the
diaphragm terminate at the musculo-tendinous at-
tachment, while the rest are short branches and
arborised in the ventral aspect of the pars coslali
of the diaphragm without reaching the musculo

tendinous attachment.

A. Epigastrica cranialis: |
The cranial epigastric artery releases phren¢
branch (1/3 — 2/3) at the level of the sternal &
tachment of the costal cartilage to the 7th b
The phrenic branch passes caudo-medially to?

borise in the sternal part of the diaphragm

Aa. Intercostales dorsales: p )
26 -
The dorsal intercostal arteries (1/6 ?ﬂ,

anches (

release 4 (rarcly 3) phrenic br o

€08
al in :
3/5) from the last two or threc dors dOrTII

| costo?
arteries as well as from the dorsa rﬂnch

en l
nal artery (2/8 — 3/4). Each PN
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m the dorsal intercostal artery at its
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th; and passes dorso-medially in the

costalis of the diaphragm
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(exture of the pars

where it distributes in its uppe

A Phrenica caudalis:

The caudal phrenic artery represented by many
branches of different origins and grouped into

dorsal and ventral.

1. Dorsal caudal phrenic Aa. (4B/9):

The artery represented by two or three fine twigs
originated from the 1st and/or 2nd right lumber
arteries in addition to a small twig from the celi-
ac trunk. It passes cranio-ventrally to be distrib-
uted to the lumber attachment of the diaphrag-
matic crura and the dorsal extension of its

tendinous center.
2 Ventral caudal phrenic A.(4B/5):

:;:SC:;:CW two branches originate either from
"fSpcc[iVelor f;om bOll.l celiac and left gastric Aa
il r:; h'he main branch (4B/5) directed
the diaPhrag,cn ing l'O.thc abdominal surface of

to divide into dorsal (4B/6) and

Vcn[ral (4B
n .
iy, ) rami. The R. dorsalis distributed
€ dorsg)

hile Part of the diaphragmatic crura.

* Ventrylig

N of
the rj
Royg, 8ht crus around the hiatus oesopha-

Passes ventrally to the left

vV
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II- VEINS

V. Phrenica dextra:

The right phrenic vein (5/2 - 6/2) originates from
the right side of the vena cava caudalis where it
passes inside the cavel formen, at the level of
caudal border of the 8 rib. It proceeds laterally
across the central tendinous part of the right side
of the diaphragm till the musculo-tendinous junc-
tion where it inclines dorso-laterally in the costal
part of the right side of the diaphragm to anasto-
mose with the 10th dorsal intercostal vein. Dur-
ing its course the right phrenic vein gives off me-
dial and lateral sets of branches. The lateral set
(5/9 - 6/9) are 5-7 long veins passed ventro-
laterally and anastomosed with the ventral inter-
costal veins from 7th _ oth_ The medial set (5/10)

are 2-3 small and short branches drain the area

dorsal to the right phrenic vein.

In two out of the examined cases the right phren-
ic vein, as reaches the musculo-tendinous junc-
tion at the level of the 8t rib, it divides into
strong dorsal branch (1/9) and smaller ventral
one (1/10). The dorsal branch behaves as that of
the undivided right phrenic vein. The ventral
branch passes cranioventrally to anastomose with
the costo-sternal branch. During its course the
ventral branch gives two lateral branches to drain
the ventral area of the right costal part and anas-

tomosc with the 7lh ventral intercostal vein.
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R. sternocostalis dextra:

The right sternocostal vein is small branch origi-
nates from the right phrenic vein as it passes in
the central tendinous part (6/8). In three out of
the examined cases, the right sternocostal vein
originates from the ventral aspect of the right
side of the Vena cava caudalis (5/8). It proceeds
cranio-ventrally in the central tendinous and ster-
nal part of diaphragm to anastomose with the
cranial epigastric vein to drain the sternal part of
the diaphragm and adjacent tendinous & costal

parts.

Rurim medialium dextrum:

The right crural vein (1/12 - 5/4 - 6/4) originates
from the right side of the Vena cava caudalis
dorsal to the right phrenic vein either single or
represented by two branches originate indepen-
dently from the dorsal aspect of Vena cava cau-
dalis (6/4). The vein proceeds dorsally in the
right crus of the diaphragm passing to the left
crus dorsal to hiatus oesophagous to the anasto-
mosed withthe small left one. During its course,
it gives off 2-4 small branches to drain the right
crus. One of these branches directed dorsally to
be distributed inthe lumber part of the diaphragm
around the hitus aorticus and anastomoses with

the Rr. crucium lateralium.

V. phrenica sinstra :

The left phrenic vein (5/3 - 6/3) originates from
the left side of the Vena cava caudalis op 5 leve]

caudal and dorsal to the origin of the right one
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One, ;.
laterally crossing the centra] tending it pa&Ses
ou

The vein is weaker than the right o

fore reaching the left musculo. teng a"»be
ing

tion, where it divides into 3 large g S jung,
or.

Sa|
small ventral branch. ang

R. dorsalis :

The dorsal branch (5/5 - 6/5) directs iy
laterally reaching the musculo- -tendinoys junctg,
and then continues dorsally in the dorsal aspeg
of the left costal part where it anastomoges Wilh
the 10t or 11N dorsal intercostal vein. Duripg
its course, the dorsal branch gives off 3.5 latera]
branches (6/10) to the left costal part of the gis
phragm and they anastomose with 8th, gth 5
may be 10t ventral intercostal veins.

R. ventralis :

The ventral branch (5/6 — 6/6) is smaller than the
dorsal one. It passes in the musculo-tendinous
junction till reach to the st;:rnal part of the dia-
phragm where it distributes and anastomos
with a branch from the cranial epigastric vel
(Fig. 6). The vein releases 3-4 laterally sml
branches to the ventral aspect of the left cos?
part of the diaphragm.

In one case, the left phrenic vein (/11 Crosg;j
the central tendinous part, reaches the muscu”y
tendinous junction where it inclin

| bran
without division behaves as the dors? mcd

sC
. . prc
the divided vein. The ventral branch. tral ¥

. o, c v
by 3-4 tributaries, originates from dcn"" i

. [
pect of the parent vessel (1/1 1) indep
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Fig. (1) : Pholographic representation showing the arterial

supply and venous drainage of the diaphragm
of goat; (thoracic vicw).

E. csophagus .

AA. thoracica intcrnac (right & lcft).
1-A. m\liscu_lpphrcnica dcxtra.

2-A. cpigaslr}(‘:a{ranialis dextra.
3-A.R. sternalis.

4- A. cpigastrica cranialis.

5- A. musculophrenica sinistra,
6-Aa. intercostales dorsales.

7-Rr. phrenici.

8-Vcna cava caudalis.

9-R. dorsalis of V. phrenica dextra.
10-R. ventralis of V. phrenica dexlra.
11-V. phrenica sinistra.

12-R. crurium mcdialium sinistrum.
13-R. crurium medialium dextrium.

Fig. (2) : A closc up of the right sidc of photograph (1):
A.A. Thoracica internac (right & left).

1-A. musculophrenica.

2- A. cpigastrica cranialis.

3- R. sternalis.

4- Rr. phrenici A. musculophrenica.
5- Aa. intcrcostales dorsalcs.

6- Rr. phrenici.

7-A. costoabdominalis dorsalis.

293


https://v3.camscanner.com/user/download

Fig. (3) : A closc up of the left sidc of Photog
A. Thoracica interna, Braph (.
1-A. musculophrenica,
2-Rr. phrenici of (1),
3-Aa. intercostales dorsalcs,
4-A. costoabdominalis dorsaljs,
5-Rr. phrenici of (3).

Fig. (4A) : Photographic representation showing the arte-

. Fig. (4B) : A closc up of photograph (4A):
rial §upply of the crura of the diaphragm (ab- G. Hiatus aorticus
. I - . ° B '
dv:')mlna vicw) 1. Aorta abdominalis. ﬂcscnlﬂ"
H. Hiatus csophagus. 2. Common trunk of A. cclica and A. !
1. Aorta abdominalis. ) o
: cranialis. S
2. Common trunk of A. cclica and A, mescnlcrica 3.A. mesenterica cranialis.
cranialis. 4.A. "
3.A. mesenterica cranialis, 5' A ccl o8, dalis
i . hrenica cau .
4.A. ccelicu. P
S, R phirenics Ealidilos 6. dorsal branch of (5).
6. A, gastiica sinistra. 7. ventral branch of (5)-

7.A. musculophrenica, 8. Aa. lumbalcs.

8.Rr. phrenici of Aa. intercostales dorsalcs, 9. Rr. phrenici of (8).

00)
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Fig. (5) : Photographic representation showing the venous
drainage of the diaphragm in goat (thoracic
vicw).

H. Hiatus csophagus.
1. Vena cava caudalis.
2. V. phrenica dextra,
3. V. phrenica sinistra.
4. R. crurium mcdialium dextrum.
5. R. dorsalis of (3).
6. R. ventralis of (3).
7. R. crurium mcdialium sinistrum.
8. R. stcrnalis.
9. lateral branchcs of (2).
10. mcdial branches of (2).
11. V. musculophrenica.
12. V. cpigastrica cranialis.
13. Rr. Phrenici of (11).

Fig. (6) : Photographic rcprescntation showing the
venous drainage of the diaphragm in
goat (thoracic view).

H. Hiatus csophagus.
1. Vcna cava caudalis.
2. V. phrenica dextra.
3. V. phrenica sinistra.
4. R. crurium medialium dextrum.
5. R. dorsalis of (3).
6. R. ventralis of (3).
7. Rr. crurium medialium sinistrum.
8. R. sternalis.
9. lateral branches of (2).
10. lateral branches of (5).
1 1. Mcdial branchcs of (5).
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.- an 3 e ~ |clt CO-
be distnibuted in the ventral aspect of the left

stal part of the diaphragm.

R. Crurium medialium sinistrum :

The left crural vein (1/13= 5/7- 6/7) represented
by one or two small branches originate from the
left phrenic vein as it passes in the central tendi-
nous part of the left margin of the hiatus oesoph-
agous. It proceeds dorsally to be anastomosed
with a branch of the right medial crural vein.

The vein drains the ventral aspect of the left crus

of the diaphragm.

V. Musculophrenica :

The musculophrenic vein (5/11) gives off 4-5
phrenic branches originating either from the par-.
ent vessel or from the ventral intercostal veins
from 7™ to 9t or 10t (5/13). These branches
anastomose with the lateral branches of the
phrenic vein in the right side while in the left
side, the first two branches anastomose with
ventral branch and the last 2 or 3 branches anas-

tomose with the dorsal branch of the left phrenic

vein.
V. Epigastrica cranialis :

The cranial epigastric vein (5/ 12) releases small
twig just before it crosses the sternal part of the
diaphragm. This twig proceeds caudo-dorsally
in thc stermal part of the diaphragm where it

anastomoscs with the sternocostal vein of the

right side and with the ventral branch of the left
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N

phrenic vein,
Rr. Cruium lateralium :

Right and left small tributarieg arise
Tom th \,

¥

rally ing,
Whe

lumber vein. Each of them Passes vep,

corresponding crus of the diaphragm,

re

borises and anastomoses with (he i ity
e

crural vein. "

DISCUSSION

I. ARTERIES

In the present investigation the musculo-phresi
artery arises from the internal thoracic arter:
the level of the 5th intercostal space in conts
to the other observations. Raghavan and Chah
roo (1964) in ox; Getty (1975) in sheep and g»
and Selim (1979) in camel agreed that the mi
culo-phrenic artery originated at the level of
7th  costal cartilagé while Getty (1975) s
that the artery originated at the level of 7th et
costal space in ox and at the level of (" COSI:
cartilage in horse and dog. On the othe" ha;s
Ragab(1980) agreed with Georgy: Rege" o
man and Labib (1982) that the musculO‘Phr:

artery originated, in donkey and buml:m i
the internal thoracic artery at the fevel of

tercostal space.

: clcas
The cranial epigastric artery M7 g
the -
branch to the sternal part of Evn“‘

. tion
goat in agreement with observ?

000)
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asen (1979) 1 dog, Selim (1979) in cam-

e

t\v;df
) 3 Gorgy €t al. (1982) in buffalo,
¢

Our findings as well as that of Ghoshal (1975) in
dacp: goat and dog and Evans and Christensen

(1979) in dog stated that; the last 3 or 4 dorsal

suercostal arteries shared in the arterial supply
of the pars costalis of the diaphragm. In this re-
spect, the obscrvation of Ragab (1980) in don-
key and Georgy ct al. (1982) in buffalo passes in
e same line with some differences in the num-

ber and origin of these phrenic branches.

In our rescarch as well as in goat and shecp
(Ghoshal, 1975) and in buffalo (Georgy et al.,

1982). The pars lumbalis of diaphragm takes its

artenial supply through the caudal phrenic arter-
1es which grouped as dorsal (originated from the
lumber anteries) and ventral (originated from the
ccliac and left gastric). Our findings stated that
acither thoracic nor abdominal part of aorta
shares directly in vascularization of pars lumbal-
8 of the diaphragm in contrast to the observa-
Uea of Ghoshal, (1975) in dog and Ragab (1980)

2 cdonkey,

- VEINS

Review of he available literatures revealed that
i
Pieenic veins, which drained into the caudal

N Cayy i ,
S¥a, is considercd the main venous drain-

-

"Q:‘_ 5] "
Wditign 0 small tributaries from the in-

&m in different species of ani-

Yes .
-.Cu;n.Vol.nw.No.2l2000’

-

ternal thoracie vein as well as from the lumber
veins.

Our results as well as that of Ragab (1980) in
donkey; Ghoshal (1981) in ox and Shehata: Rag-
ab; Osman and Labib (1982) in buffalo stated
that, The right and left phrenic veins are tributar-
ies of the caudal vena cava as it passcs through
the caval foramen. In sheep (Ghoshal, 1981)
mentioned that the right and left cranial phrenic
veins originate from the caudal vena cava after it

enters the abdominal cavity.

In goat, the left phrenic vein, was stronger than
the right one and divided into dorsal & ventral
branches while the right one did not do that, it
gave medial and lateral sets of branches. Similar
observations were recorded in donkey and buffa-
lo by Ragab (1980) and Shehata et al., (1982) re-
spectively. On the other hand, Ghoshal, (1981)
mentioned that both right and left cranial phrenic
veins in horse divided into a dorsal and a ventral

branch, sometimes one of them only divides.

In our results, the sternal part of the diaphragm
drained mainly via cranial epigastric vein and
right stemocostal branch. Sometimes, additional
branch to the ventral division of the left phrenic
vein. These results are nearly similar to the ob-
servation of all the available litcratures in domes-
tic animals. The differences constricted in the or-
igin of the right sternal vein. In this connection,

our investigations agreed with that of Ghoshal,
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(1981) in goat, sheep and ox that the right ster-
nocostal vein detached from the right phrenic
vein. On the other hand, Ragab (1980) in don-
Key and Shehata et al., (1982) in buffalo men-

tioned that the right sternocostal branch arose

from the right face of the caudal vena cava a re-’

sult which observed in two out of our examined
specimens. All the aforementioned authors
agreed that the left sternocostal branch (which

inconstant in our results) arose from the left

phrenic vein.

The present investigation agreed with the obser-
vation of Ragab (1980) in donkey; Ghoshal,
(1981) in ox, sheep and goat and Shehata et al.,
(1982) in buffalo in that, the lumber part of the

diaphragm were drained mainly to the right and

left medial crural branches in addition to the Jat-
eral crural branches of the lumber veins. In goat
as well as in ox and sheep (Ghoshal, 1981), the
right medial crural vein arose from the caudal
vena cava and the left one arose from the left
phrenic vein. The later result differs from that of
Ragab (1980) in donkey and Ghoshal, (1981) in
goat. The former author stated that both right
and left medial crural vein arose from the left

phrenic vein while the latter author mentioned

that, the right and left crural veins arose from

the right and left phrenic veins respectively in
addition to another right branch from the caudal
vCIla caval

Our results agreed with the results of Ghoshal,

298
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(1981) in ox, sheep and goay, that (he

¢ late,
ral branches detached from (he first 1, e

o,
while in donkey (Ragab, 1980) i, - v,

)
second lumber vein and from the 34 om g,

lup,
vein in buffalo (Shehata et al,, 1982). U

With exception of our observation iy, addig,
that of Ragab, (1980) in donkey; Ghosha], (1981)
in dog and Shehata et al., (1982) i, buffalo
of available literatures did not declare the rule of
the musculophrenic vein in the venoys drainag,
of the diaphragm. In goat 4-5 phrenic brancp
detached either from the musculophrenic vejp
from the ventral intercostal veins,from 7th |
10th | which anastomosed with the branches of
right and left phrenic veins. Nearly the same
sults recorded by Ragab, (1980) in donkey, whit
in buffalo (Shehata et al., 1982) mentioned thi
the musclophrenic vein received 9-11 phren

rami during its course.
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