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Wiriny recent vears the advance in our knowledge of the functions
of the spleen and 1ts role in certain diseases of the blood have justified
the operation of splenectomy ax a recognised treatment in certain
forms of anaemia 1 human medicine: removal of the spleen s no
longer confined (o casex of splenic {rauma.

In the lower animals the speration of splenectomy, as a curative
measure, has heen undertaken only in the dog in the case of traunmatic
injury and in =plenic newerowths.  There is lLittle doubt that the use
of the operation can be successfully extended and will be in ihe
future, with {he progress of swrgery in the lower anitmals.  The
operation would save the lives of dogs that sufler trom spontanecous
splenic rupture, which sometimes oceurs as w sequel to canine pivo-
plasmosic.  However, splenectomy in canine medicine 1z confined to
velerinary specialists and has not vet become a general practice,

The operation of splenectomy in veterinary nmedicine has been
mostly of an experimental nature. or {his purpose it has been
carried out on dogs i many countries. De Kock and Quinlan (1926)
operated successtully on horses, catile, sheep, and goats. The litera-
ture appears scani{y in reference to the operation except in the dog.
Warthin (19031 published 1he vesults of splencctomy in sheep and
goats.  1his results were not satisfactory, as 50 per cent. of the
animals operated upon died from shock. T this connection Warthin's
results are swrprizing, as shock following the operation has heen a
rare occurrence in over ninety splenectomies performed by one of us
(1)) in the conduction of a series of experiments on piroplasmosis,
theileriosis, epervthrozooniasis, anaplazmosis, and trypanosomiasis.
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Removal of the spleen was first introduced at this Tostitution to
study the nature of the reticulo-endothelial system. in which one of
us (de Kopowas interested. 1t was heeun on horses and was followed
by such tmportant results that 1t was extended to cattle,  eep, goats,
and antelopes with equally fmportant <sequelae (de Kock and Quinian,
1926y,

Nince the publication of the abovementioned work the use of the
operation has been extended wr this ITnstitution ax a means of
rendering animals susceptible to certain protozoal diseases and alzo to
demonstrate whether they were carviers of infection. For this purpose
it is highly successtul.

The operation has been applied in the study of the Tife evele of
cevtain blood parasites. 1t has bheen used in the diagnosis and the
study of susceptibility and immunity to diseases such as ansplasmosis,
prroplasmosis, trypanosomiazis, and eperythrozooniasis. wrther the
value of spleneciomy in the study of the distruction of ervihroeyies,
the metabolism of the pigment of the blood, and the reticulo-
endothelial syvstem has heen appreciated,

The vesults of compleied <tudies have already been published 1n
the Reports of the Director of Veterinary Services and  Animal
Industey and in the Onderstepoort Journal, The experimenial work
now in progress will be published lTater in the Ondersiepoort Hurnal.

Spleneciomy has been sucresstally performed on horses, cattle,
sheep, goats, pigs, dogs, and u few South African antelopes, viz.:
the bleshok (Damaliscus albifronsy and the dwiker (Nylvicapra grimi
grinimi 1.y,

Since de Kock and Quinlan (19261 published thewr paper sonie

other workers. usine  almost <imilar  -perative  fechnigue, have
splenectomized bovines (Meissner. 1931, ees. 1933, nese are the

only references that can be traced in the lTiteraiure to the operation
i the Targer domestic animals, However, it appears Likely, now that
the operation has heen pertormed extensively and successtully, that
1t will facilitate the fask of vesearch workers in tropical and sub-
tropical countries.

In this paper it is not intended to recapitulate in deta the results
of removal of the spleen in the Tower antmals as already »oblished by
de Kok and Quinlan (1926, 1927 de Koek (1929, du ot (1931,
Meisstner (1931, Rees (19350, Netiz and du Tort (1932, The object
of the paper is {o give an account of the operative technigue and the
methods of anaesthesin used, as well as o <ummary of the result
obtained in animals splenectomized subsequent to the first publication
ol de Koek and Quinlan (19269,

GENErRAL Ruvanks,

In the case of equines it 15 advizsable to select young and snall
aninials as the operation 1s very difficult even i medium-sized lorses.
The first operation performed wax on an adult mave of small size with
a wide open *° coupling 7. The operation was sucees<ful, hut it was
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extremely tedious and tirvesome and, as will afterwards he pointed out
1 the paragraph on operative technique, the danger of peritonitis is
very real, because of the protracted manipulations which are
necessary within the abdonien.  Atter this first experience immature
animals were uxed, when <election was possible, that is horses wider
two vears and cattle under eighteen months. o one case an ox
weighing seven hundred pounds wax operated upon. Such an opera-
tion requires considerable physical strength as well as fechnieal skill
and should vot be undertaken by surgeons with a fragile constitution.,
The best surgical results can be obtained with very small animals as
the operation can be carrvied out expeditiously aml <hort abdominal
manipulation only i3 necessary.

The subjects, wherve selection ix possible. <hould be in good hard
condition.  Obesity ix undexirable. while very poor animals may show
shock.  Tn the case of the smaller animals such as sheep, goals, pigs,
and dogs obesity ix objectionable asx the subcutaneous anmd intra-
abdomimal fat somewhat impede laparotomy.  This, however, is the
only objection.

AL T Operarioy 1x TTorses,
Preparation .

The following precautions are tuken before bringing the animals
imto the operatine  theatre.  The preparation includes  dieting,
purging, and starving with the object of reducing as far ax possible
the volume of the stomach and ntestines. The horses are put on a
concentrated non-bulky diet eight days prior to the operation,  The
et consistx of oats and bran with a few pounds of green lucerne
datlyv. Waler is eiven ad Libidwn . 1Food and water are withheld and
a mild purgative adiministered 36 hours hefore the operation.  The
horses are clipped and washed the day previovs to operating and a
large area over the left flank shaved and paimnted with fincturve of
iodine.  From this time sterilized Ledding onlyv is used in the box.

Nnaesthesia.

General anaesthesia is adopted. Liloral hydraie 1n a solution of
10 per cent. with normal saline 1s wsed 1n company with chloroform
inhalation. The dose given vavies from 28 to 3 grams per 100 pounds
body-wetght.  Tois given inlraveneousiyv at the rate of 50-75 c.e. per
minute.  Deep anaesthesia 1s produced by chloroform inhalation
following the injection of e¢hloral hydrate.  The chlorotform s
administered through an open mask.

This method of anaesthesia for equines has been used af this
[ustitution for a number of years with complete success.  In no case
was there the slightest cause for auxiety as 1o the weltare of the patient
during the operation. The horses vecovered rapidly from the effecis
of the anaesthetic and did not show symptoms ot crative shoek.

Techuique.

The patient 1s placed on its vight side on the operating table.
The fore limbs and head are fived in the most convenient poxition,
while the hind limbs, with the joinisx extended, are drawn slightly
backwards so as to make the region of the flank as approachable as
possible.
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row of sulures is latd on uniting the gastro-splenic and the greater
omentum along the entire length trom the apex {o the hilus of the
spleen until the splenic vessels arve reached. The sitachment is divided
hetween the double row of ligatures by means of a long blunt-pointed
seissors. The suspensory higament is then treated in a similar manner
until the spleen 1s attached ounly by the splenic vessels and nerves.
A last double Heature ix passed around the vessels and nerves at the
hilus.  The spleen is then detached with the scissors close 1o e
dixtal ligature and withdrawn,

In ligating, the close connection of the stomach with the snleen
must be remembered and the organ protected from imjury. "hile
Ligating the splenic vessels care must be exercised that too much
tenston s not applied as the splenic vein may rupture and cause
conxiderable haemorrhage.,  To obviate this acel mt 1be vessels arve
first clamped with a long forceps and then ligatured. his method
facilitates the application of a reinforeing licature for extra sty
after the spleen lias been removed.

The abdominal incision is then closed in three lavers without
drainage.  Chromatized catgul 15 used for the peritonewm und the
muscles and silk for the skin, At first two tape tension sutures as
well as as small gauze drain were used, but they appear +~ be un-
necessary and have a disadvantage 1n that there is more 1 hood of
suppuration.  The wound i sealed with collodion and todotorm awd
covered with gauze and mastisol.

The operation is completed by the application of a sterile pro-
fective handage.

[n small horses the operation is net so diffict as a large portion
of the spleen can he withdrawn throug  the abdominal ineision, and
the application of many of the ligatures can be ne under direct
observation. An incision 15 em. in length is sudficient, since it i
necessary to introduce only one hand “»#o the abdominal cavity. |
foals the apex of the spleen can be with  awn and most ot the omental
ligatures as well as those on the suspensory ligament can he applied
outside the abdominal cavity. Tn this way {he organ can be consider-
ably mobilised. Then the left hand is introduced and the remaining
attachments—small portion of the gastro-splenic and great omentum
and the suspensory lgament surrounding the splenic vessels—are
pressed together and caught in a strong forcens. A silk lhigature 1s
applied on the compressed tissuwes and the =1 en removed with the

SCISI0TS,

Outside this small technical change the operation in both =mall
and large horses 1s identical.
Difficulties.

These are chiefly concerned with the applicetion of the ligatures in
large horses, as the intra-abdominal manipr tions -re not under

direct observation. The mobilisation of the organ suld be com-
pleted as far as possible before attempting withdrawal, as 1t very
eastly ruptures and causes unpleasant haemorrhage. he operation

causes considerable fatigue on account of the slight elasticity of the
thoracic wall and the position which necessarily has to he assumed
by the operator.
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B, Toe Overariox 18 (CATTLE.

The preparation, anaesthesia, and the laparotomy are similar to
what hasx been described for horses. A <hight modification s, how-
ever, necessary with the position of the cutaneous incision, which is
made parallel (o the last rib and about 5 cm. posterior o it. Tt ix
begun as high up as possible in the angle between the posterior rib
and the transverse processes of the lumbar vertebrae: o leneth of 15
to 20 em. ax sufficient.

The lefi hand is introduced into the abdonien hetween the rumen
and the visceral surface of the spleen.  Beginning at the antero-
mferior aspect of the wrea of attachient the peritoneum is perforated
along the line of its reflection from the rumen to the spleen ard the
connective tissue broken down by caretnl blunt dissection. hen
difficulty is experienced 1n breaking  rough the tissue with the
fingers, as is 2ometimes the case o adalt animals, it ix eut through
with a lone-handled scissors.  Proceeding by aeans of blunt dis-
section the detachment is completed over the face of the rumen and the
adjacent tace of the reticulum, as well as over the left crus of the
diaphragm, until it remains attached only by the splenie vessels and
nerves at the hilus.  The spleen is then withdrawn and the vessels
caught in a strong forceps. X double ligature is placed on the vessels
about 2 1o 3 cem. from the hilus and the spleen 1s detached by cutting
between the Houtures with a seissors. The forceps is opened slowly (o
observe whether the ligature has complet orcluded the s essels before
releasing the stwinp.

Intra-abdominal manipulation should be gentle and careful ax
rupture of the capsule of the spleen will cause profuse and trouble-
some haemorrhage.

The abdominal wound is clozedd by suturing the perttoncum and
muscles with cateut and the skin with silk.  Post-operative protection
of the wound 1s carried out as in equines.

Fig. 3. Bovine 94, 3 weeks after operation.
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C. Tur OrrrarioNn I8 THE SHEEP, (G0AT, AND ANTELOPE.

~ The technigue of the operation in the sheep, goat, ar antelope
differs little from that described in bovines. The oral administration
of ¢hloral hydrate for anaesthesia, which was used in the commence-
ment, was later superceded by intravenous injection. The laparotomy
is done in the same situation. The left hand is inserted into the
abdomen and passed over the parietal surface of the spleen. The at-
tachment between this surface and the diaphragm 1s first broken down
by blunt dissection. Then beginning at the most inferior portion of
its attachment to the dorsal “curvature of the rumen the tissue i
hroken down up to the hilus. So as to prevent stripping of the
peritoneum from the surface of the rumen a long curved scissors is
used as an ald to blunt dissection with the hngers. Small  ortions of
peritoneum and fibrous tissues are isolated and cut through. The
remaining attachment to the left crus of the diaphragm 1s broken
down in a similar manner proceeding cranially. The detachment of
the spleen is carried out in a similar way to that described in the
bovine. The wound in the abdominal w all is also closed in a similar
manner. Post-operative protection is carried out as in equines.

The capsule of the spleen in sheep and goats is very easily rup-
tured. If such an accident occurs there is profuse haemorrhage, con-
sequently dissection of the splenic attachments must be carried out
with gentleness and patience.

Fig. 12.—Ovines 28498 and 23578, nine months after splenectomy.
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Fig. 26.—Canines 10404, 1113, 8) months after operation.

Arrer-rrREATENT.

After the operation the omimals ave placed in heves 1 whi
stevilized bedding ix used. ¢opears to be a ousehr  precaution,
espectally for equines in whieh the tendency to wound infection
appears to be far greater than in the other species of animals operated
upon. The precaution was not taken entively with a view to obtaining
healing of the wound per priwane Jnlentionem, hut olso 1o ensure
against the possibility of tick infection, which would ave rendeved
the experiments which were heing conducied with tick-porne diseases
unsatisfactory.

The food following operation consisted of a Light Taxative vation.
composed chiefly of small quantities of crushed oats with bhran and

oreen lucerne for horses, and maize moal wit ran and green lucerne
for cattle, sheep, gonts. and ant  pes. tter was allowed  ad
Lilicaim.

Dogs and pigs were ted on i and maize me. porrvidee, with
the addition of beef-extract mn the case of dogs.

The wounds were inspected daily and the dressings renewed. T
the case of catile, sheep, eoats, pigs. and dogs there was no trouble
with the wounds.  They invaviably healed per primam tulenlionem.
The cutaneous sutures were removed on the <eventh or eighth day
following ihe operation.

I the case of equines the wounds did not heal by fivst intention.
Probably the difliculiy did not lie in the wound itself b+ vather in the
nature of the disease which occurred as a sequel 1o 2 removal of
the spleen, where changes in the blood were suffic | to prevent
healing.  Toven 1n thaze cases the ineisions in the peritoneum and
the internal oblique nmusele Lad united, but there wasx no adhesion
bhetween the meised lips of the external obl e muscle or the skin.
These structures were healing under granulavon when the animals

died of the concurrent dizease.  In one horse which was free from
Nuttallia equi infection, and which recovered, the 1 ner two-tl
of the wound healed by first intention hut the skin ov ol
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third suppurated. IHowever, this portion of the wou=-' he
under granulation. The resulting cicatrix was xcare - vi 1

the animal died four monils later ax a result of an imtravenous injec-
tion of haemolytic serum.

SUMMA Y OF EF

De Kock and Quinlan published the r~ults of their fivst series of
experiments on splenectomised horses, cat -, sheep,and goats in | 6.
Ninee then observations have been continued and extended {0 efber

spectes of donesticated animals as well as to wild antelopes. he
results of the later splenectomies have heen published wostly as
olated  papers o various subsequent Reports of the rector of

Veterinary Services,  (De hock and Quinlan, 1927 de kock, 129,
du Toit, 1931: Neitz and du Toit, 19320

orses.,

Of the four horses splenectomized three were tmmune ©° corriers
of Nattallia equi and all three showed fatal velapres of Nutta  osisin
from 3 to 8 davs after the operation. The fourth animal was 2 voung
foul, not a carrier of Nuttalliosiz,  [1 was kept under tick  ee con-
ditions for four months following the operation when it was killed by
injections of haemolyiic serun.

Cuttle.

Iive animals were observed by de Kock and  vinlan (1926 report)
and their findings may be swmarised brieflv as rollows:- -

(1) Relapses of Theileviosis (Theilerin mutans), anaplasinosis,
and piroplasimosis (2. bigeminemy ocewrred in Immune S carriers
of these parasites. Prroplasmosis relapses were in these  cases
particulariy severe

(2) These discazes in splenectomised antmals asswmed a chronie
course purticularly with regard to the  lood ¢hanges.

A total of 23 bovines were splenectomized of which 20 recovered
from the operation.  Oune animal died three dayvs afterwar , and on
post mortem no apparent canse of death could be established:  one
died ax a result of haemorrhage and one from surgical <shock.

Nome of the antmals were used in Fast Coast fever fransmission
experiments amd two animals which had recovered from Fast (foaxd
fever were splencectomized inoorder 4+ ey and break down their
immunity (du Port, 1930, Removal « e spleen was found to huave
no effect on the course of (his diseaxe or on the immunity.

Two bovines were splencciomised for torithier study of ihe blood
changes 1n auvaplasmosis.  One animal, No. 4627, infected with the
mild 1. contrale strain, reacted so severe’ after splenectomy that 1t
died as the rvesult of the extensive blood « anges.

Two calves, Nos. 4658 and 2676, susceptible {o anaplesmasic and
piroplasmosis, were injected with  hlood  trom  she
anaplasma oris and then splenectomise 1o see whe er th
oris would appear in the calves’ blood, or whether the
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