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EXPERIMENTALLY INDUCED TORSION OF SPLEEN AND ITS
TREATMENT IN CANINES

INTRODUCTION

Spleen is the laxgsst lymphoid organ in the body and
it forms part of the reticuloendothellal system. In dogs,
it serves as a resexvoir of bloocd. It is regarded as a
gravayard for ageing ezythrocytes. However, spleen 45 not
eseentdal for life, as its functions are taken up by liver,
lymphnodes and bone marrow -in its absence,

Splenomegaly is aszsociated with bacterial infections,
protozoan diseases, tumours and abscess of the spleen, splenic
torsion and gastric dllatation~volvulus syndrome. Splenic
torcion is comparatively a rave condition. It is most often
described és part of a gastricsvolvulus syndrome, although
- it may occur independently (Stevenson gt g:_t;.. 1981). The
incidence is more in large, deepechested breeds of dogs such

&8 Great Dane, St-. Bernard, Alsatian and others.

Etiology of torsicn of the spleen is unknown. Usually
1t occurs after a heavy meal followed by exercise. Most of
the reports on splenic torsion are based on clinical cases.
The condition 1s usually £atal due to gbsence of pathogno-
monic clinical symptomgd making it Alfficult to diagnose the

condition,

Hence the present work was taken up to study the patho-
physiology and clinical manifestations of torsion of spleen



induced in axperimental dogs. It was alss contemplated to
evaluate the efficacy of the two mothods of treatment vic.,
(1) detorsion of the spleen and (11) splenectomy.
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REVIEYW OF LITERATURE

McNish et al. (1967) reported a case of splenie torsion
in a 12 month-0ld female Deerhound. The animal had been fed
a few hours before the onset of the symptoms and had a
previous history of gaégriq dilatation and torsion. The
animal wae dull and.in a state of shock with a painful
guelling in the middle of the abdoemen. On exploratory lapa-
rotomy stomach was found to ba tympanitic. The dog vomited
during manipulation of the stomach. The spleen was found to
ba grossly enlarged and the spleénie pedicle twisted. The
torsicn was corrected and the spleen was rémoveda The

1

recovery was uneventful.

Jubb and Kennedy (1970) stated that torsion of the splecn
cecurrad in dogs in association with toraion of the stomach.
There was severe congestion and haemorrhagic infarcgion a&é
to occlusicn of the vein. When the artery was occluded, the
organ became necrotic. When the distal portion was twisted,
only the veins were ogeluded, causing haemorrhagic infarction

and congestion,

Maxie gt al., (1970} reported three cases of torsion of
spleen in Great Dane, Anorexia, vdmitiné and splenodynia
with paipable splenomegaly werae observed in two cases while
polyuria and polydipsia wera observed in the other. Neutro-
philia.hnemoﬁlob;nuria and increased serum alkaline phospha=-
tage were detected in all the threa cases. Radiographically

detectable splencmegaly was observed in twe cases. The
\



diagnostic interval varied from f£iva days to 11 days. All
the andmals survived after splenectomy.

Orman and Lorenz (1972) reported a vase of the torsion
of the sgplenic pedicle in a male Great Dane aged 18 months,
with the previous history of vonmiting. The animal was
deprassed, waak, anorectic, with grey mucous membrane, but
¢the rectal temperature was normals The abdomen was teonder
when palpatea:and ravealed an énlargeﬂ spleen. Laucocytosis
and retlculocytogls were detected in blood smears. A large
homogenous masé was vigible in zadiographs of the mid-abdominal
region. Exploratory laparotomy revealed an enlarged, dark
red, congosted spleen covered with gastrosplenic omentum that
was thickened, dark red and £lrm. Torsion of the splenic
pedicle with thrombosis of splenic vessels was seen. The
stalk was untwisted and splenic artery, ﬁein and omental
vessels proximal to the leveld of the thrombosis were ligated.
~ Splenectomy and gastropexy were performed. After surgery,
the dog was bright and alert, mucous membrane was pink ard
the caplllary rofilling time improved. The animal recovered

uneventfully.

Brodie (1974) reported a case of splenic torsioﬁ ina
i2 month ©ld female Alsatian dogs. The animal was shoulng
symptoms of acute abdominal discomfort and was stretching
its body. The dog had a rectal temperature of 102°F. The
mucous membrane was normal, but the pulse and yespiration rates

vere Increased. The abdominal muscles were reloxed and a



large £irm mass was palpsble £rom the costal margin to the
pelvie inlet. Exploratory laparotomy revealed that the
spleen was twisted 180° on its pedicle-and had a horse-shoe
shepa. The organ was congested and £irm with splenic veins
grossly engorged. The spleen vas remgveﬂ. There was no
avidence of anaemia or hacmoperitoneum. The dog made an

uneventful recovery.

Kipnis (1974) reported torsiﬁn of the splenic pedicle
and gastric volvulus in an eight-year-old geméle German
shephered dog., The dog had an acﬁte eplsode of ﬁetching and
progressive abdominal distension. The rectal temperature was
39°C, mucous membrane was dark and capillary refilling time
was slow. A soft tissue mass Wwas palpable in the ventral
portion of the abdcmen in 1evellwith the umbilicus.. Heart
and respiratory rates were normal and the pulse waé recular
and strongs A lateral abdomlnal radi&graph showed dilatation
of the stomach énd bowel. Exploratory laparctomy ravealed
serosanguinecus £luid in the peritoneal cavity. The spleen
was rounded and congested and the splenic mesentery was twisted
around the gplenic vessels. The spléen was removed after
untwistiné the sglenib pedicle, The abdominal cavity was
£lushed with physiologlc saline solution. Immedliately after
-surgery..the capillary re€illing time was normal and mucous

membrana was pink. The recovery was uncamplicated.

Howensteln gt al. (1975) reported a case of torsion of

the splenic pedicle in a four-year-old, male St. Bernard dog.



The dog was whining and avoiding sternal recumbency and had

a history of. emesis. The dog was alert, with a roctal
temperature of 102°F and nomal mucous membranc. The abdomen
wag very f£irm and palpation elicited signs of dlgcomfort.
Lateral and ventrodorsal radlographs of the abdonen ravealed

a large mass in the left cranial aspect of the abdomen.
Exploratory laparotomy revealed an enlarged, congested spleen,
tulsted on itg pedlcle several times in a counter=clockwise
direction. The gastrosplenic omentum was thickened, congested,
twicsted and adherent. The splenic vessels were engorged and
contained clots and hence splenectomy was performed. Recovery
was satlsfactory. Sections of the splaen, the omentum and

splenic pedicle revealed congestion and haemorrhage.

Iverson (1976) reported a case of torsion of splenic
pedicle and complote splenic separation in a twowandea=half-
year-old female St. Bernard dog. The animal was initislly
presented for lethargy, loas of appatite and diarrhosa. The
rectal temperature was 105°F, 1In splte of treatment the dog
continued to have poor appetite. A week later tho rectal
temperature was 103,5°F, mucous membrane was pale, hematocrit
value was 23 and total white cell count was 48,000 with a left
shift in the differential cell count. Radiographs gave evi-
dence of fluid in the poritoneal cavity. Exploratory laparoe
tomy revealed large volume of serosanguineocus fluld in the

poritoneal cavity. A normal-sized, degenerated spleon without



attachment Lo any other structure was removed from the
abdomen, and a necrotic splenic pedicle, apparently rotated
720° was excleed. The abdomen was dralned of the £luld.

The dog recovered without serious complications.

Idpowitz et al. (1977) reported splenic torsion in a
six-yoar-old intact male Chesapeee Bay Retriever., The dog
had a history of lethargy, anorexia and emesls. Symptomatic
treatment gave good results but there was recurrence. The
white blood cell count was 16,700/mm°, packed cell volums
was 32 per cent, créatinine 0.5 mg/dl, SGPT 7 IU/L and blowd
glucose 85 mg/dl. The rectal tomperature was 39.1°C, respi-
ration 20/minute and heart rate was 84/minute. Oral mucous
membrane was pale. Packed cell volume,hacmoglobin content,
red blood cell count and white blood gsll count decreased
during hoepitalization. Differential lesucocytic count showed
increase in segmented neutrophils and eocsinophils, whereas
non-segmented neutrophils and lymphocytes decreaseds. There
was ne change in monocyte count. Scrum sodium, potéssium.
creatinine and total protein values were within normal limits.
Radiography revealed two poorly demsrcated soft-tissue masses
in the abdomen, cne in the caudal mid-abdomen end the other
in the cranlzal right cquadrant. A large £irm mass was readily
palpable in the cranial portion of the zbdomen. Exploratory
laparctamy revealed greatly enlarged spleen with its vascular
and maesenteric padicle twisted.  The splenic velins appoared
_to ba thrombhosaed. The splenic pedicle was untwisted and



splencctomy was performed. Recovery was satisfactory. In a
similar case of gplenic torsion presented earlier, vascular

embarrassment to the intestine was cbserved on necr0ps§a

Barton (1981) stated that torsion of spleen produced
congestive splenomegaly. The condition oécurred either as
an acute surglcal emergency as part of the gastric dilatation-
volvulus complex or a subacute debilitating disease with vague
gastrolntestinal signs like anorexia and emesis. Ahdcminal
pain was variable. ranging from excruciating pain in the
cranial abdomen in acute casgs to a virtual absenca of pain
on palpa;ion in more chronic cases. Prognosis after splenec-
tqmy vas dependgnt on the degree of vasculaf cmbarrassment.
in the other abdominal organs such as intéstine._ Thrombosis

of hilar splenic vessels was a constant £inding.

Morcau and Henley (1981) reported a £atal case of
clostridial splenitis secondary to splenic torsion in a
three-and=a~half year old, spayed female Great Danz. The dog
had a histery of depresslon, anorexia, emeslz and loss of
welght. The dog was ancrectic but normal bowel movements
were observed. The rectal temperature was 41°C, heart rate,
148/minute and respirakory rate, 32/minuté. The dog was in
lateral recumbency and dehydrated. Mucous membrang was pale
and capillarxy ref£illing time was prolonged. Abdomen was soft,
doughy and distended without detectable paln or tympany.
Results of the haamogram indicated anemia, marked leusocytosis

with a ragenerative left shift. Splendmegaly was appreclable



in radiograph., On exploratory laparotomy hrownishe-black
peritoneal £luid was seen in the sbdominal cavity. The splecn
was found to be congasted, greatly enlargad, necrotlic and
yotated 360° about its pedicle. Splenectomy was performed
and Guring the procedure, thrombi were seen in splenic
vessels. The dog died, eight hours after splenectomy.
Microscopic examination of the sploen revealed necrosis

and many colonies of bacteria.

Stevenson et al. (1981) reported the incidence of sélenic
. torsion in seven dogs aged three to 12 years. The clinical
signs included anorexia (6/7) and vomiting (5/7). Two dogs
had blood in urine and one had passed very dark coloured urine.
Abdominal pain-was detected by palpation or by postural galt.
Splenomegaly or enlargement of an intxa—ébﬁ&mingl stxucture
was detected upon initlal physical examinétion in six of the
seven cases, but a definite radlographic diagnosls of splenic
torsion was offered in only one case. Pallor of the mucous
membrane was noted initially in two cases and five éags devew
loped detectableé pallor later. Hicmograms revaaled neutro-
philia (6/7} and anemia initially in two cases and after
hospitalization in f£ive. Serum sodium and potassium revealed
little abnormality. Laparotomy was perﬁorﬁed in all the
animals. fhe spleen was left twiéted and the vessels doubls
clamped and ligated with 2-0 silk. The spleen was ramoved.
Two of the dogs survived anﬁ the remaining dled during the
post-oparative period.
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Stead et al. (1983) described clinical and radiagraphic
signs of torsion of the sgplenic pedicle in‘three Gexrman
Shepherd dogs. Vomiting, dullness, anorexia, restlecencss
and pallor of mucous membrane'were chserved in two cases
whereas vomiting and dlarrhoea were seen in one case. One
of these animals was recumbent and another had a history of
gasttic torsion. Pulse was elevated in two cases., Disten-
sion of abdcmen and pain on pélpation of the abdomen were
noticed in two cases. on raéiograbhic-examination spleno-
megaly with distinct edges vas a characteriséic £inding in
the thres dogs. Splenic veins were thrombosed and splenic
artery was patent in two cases whereas in the third case the
splenic velns were onlylpartially blocked, In cach case the
spleen lay along the mld-abdominal £loor causing displacement
of adjacent viscera. Splenecteomy was performed in all the
three cases. Two dogs survived and the third died during

surgical procedure..

George gt al. (1984) reported gplenic torsion in a
seven-and-a~half-year-old male Alsatlan dog presented with
the history of anorexia, frequent emesils and depression of
one woek ‘duration. The animal had congested conjunctival
mucous membrana aﬁd ﬁucoPurulent discharge f£rom beth the
eyes. The abdomen was distended. Plain and contrast radio-
graph did not reveal any specific dlagnostic lesion. Urina~
lysis :evéalea the presence of bile pigments (4+++). Hoemogran

shoued increased total leucocyte counte Differential
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leucooyte count revealed increase in number of band calls.

At autopsy, the spleen was found to ba enlarged, congested

and covered with thick gastr&plenic omentum. Four complete
twists of the splcenic pedicle could be noticed without involve~-

ment of the stomach.

0'Neill (1985) reported splenic torsion in a thres-year-
~old gpayed Great Dang presented with the history of depression
and anorexia., A large, £irm mass was palpable in the anterior
abdomen. Radicgraph revealed the presence of a nass which
displaced the intestine caudally. The packed cell volume was
28 per cent. Esxploratory laparotomy revealed an enlarged
gpleen and a mesentery'withﬁaemérrhagic-necrotic foel. Normal
blood vessels were difficult to identlify. Splensctomy was
performed and the recovery was uncventful. The spleen and
adherent tissue weighed approximatcly cight pounds. Histo-
‘pathoiogical examination revealed arterial and venous thrombosis
with extensivenacmorrhage of the mesenterys Congastlon and

infarction of the _spleen were also found,

Wright and Callahan (1987) rsported splenic torsion in
a six-year-old spayed Blood hound with the history of emesis
and listlessness. The mucous membrane was pale and the bedy
temperature was 100.8°F. Listlessness and dehydration werc
noted. A large, palnless, mid-abdominal mass waé palpated.
Radiegraph revealed a uniformly enlarged splecn. The white
blood cell count was 7300/ul. The packed cell volure, plasma

protein and differential leucocyte count were normal., There
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was a thrombocytopenia and a rapid sedimentation rate and'
rouleaux formation. Exploratory laparotomy revéaled 120°
torsion of the spleen gbout ite pedicle and.the spleen was
saven times its normal size, The capsule was seen ruptured.
Splenectomy was performed and the abdomen was lavaged to
remove blood clots. Histopathology indicated lymphoid deple-
tion, lympholysis and extramedullary hematcpoiesiss The

recovery was- uncventful.
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MATERIALS AND METHODS
Experimental animals

Efghteen apparently healthy dogs of either sex, aged
one t;) £ive years and weighing 10-~15 kg were used for the
study. All the dogs wore dewormad and examined for tha
bprezence of blood parasites if any. They wore housed sepaw-
rately in cages under identical conditions of f£eeding and
management and kept under observetion for 10 days before the

experiment.

The animals wera divided into two groups as detailled
balows

Croup Ay co_nsisting of sixX animals nmumbered serially,
viz., A1), A(2), A(3), A(4}, A(S) and Al6)
and

~Group Bi  consisting of 12 animels divided into two
subgroups of six animals each and numbered
serially, viz., B1{1), Bi(2), B1(3), B1{4), B1(S)
and B1{6} =nd B2(1}, B2(2), B2(3), B2(4), B2(S)
and B2(6).

In the animals of group A, laparotomy was poerformed and
torsion of the spleen was hrought about,

The observations made in this group serveds
1) to assess the clinico-pathological changes, and

i1) to arrvive at appropriate time for the commencement of
traatment in group B.
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In the animale of group B, offectiveness of treatment,
f£ollowing expaerimentally induced tovsion of spleen vas
studled; 1In the subgroup Bl, detorsion of the spleen was
done; while in the subgroup B2, oplencctomy was performed.

f-‘oo& and water were withheld for 12 hours prior to the
experinents The left mid-gervieal region and the midevantral
akdominal reglion were prepared for aseptlc surgery by clipping,
shaving and painting with Tr. Iodine.

Procedure

The animals were controlled in richt lataral mcwnbangy.'
Local anassthesia of the left mldecervical region was brought
about by linear inflltration of 3-5 ml of two per cent ligno-
caine hydrochloride* solution for catheterization of the
carotid artery and the jugular vein, A cutansous inaision,
4 cm long, was made at the inferlor border of the juqgular
gurrow. The left carctid artery and the left Jugular vein
were extoriorised by blun£ dissection. ’ A polythene catheter
was intreduced into the carctid artery and f£ixed in gitu by
ligation. The cathster was connected to an anercld manomater
by means of a’three-w_a_y valve, for measuring the arterial
blood pressure. another polytheons catheter was introduced
into the anterior venacava through the Jjugular vein and £ixed
in situ by ligstion: The cathoter was connected to a water
manometer by meané of a threg=-way valve, for recording central

* Gooplcoain - SG Pharmaceuticals, Baroda.
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venous pressure, aﬁminispraticn cf anasesthetic solution and
collection of blcod samples (Fig, 1 & 2). After a pericd of
stabilization (20 minutes) the initial velues were recorded
and the blood samples were collected, '

Five per cent solutlon of thicpentene éodium* at’the'rate
of 15 mg/kg body weight was administered intravenously through
the venous catheter, Local anaesthesila of the mid-ventral
ebdominal reglon was brought about by linear infiltration of
5-10 ml of two per cent lignocaine hydrochloride solution.

The animals were secured in dofsal recumbency.

Group &, .

A 8~10 cm long mid-ventral laparctomy incislon was made
between xiphoid cartilage -and the umbilicus, incising through
skin, subcutaneous tissue, linea alba and peritoneum. The
spleen was exterlorisad (Fig. 3)., The gross measurements of
the spleen‘were recorded, The'splenic pedicle was isolated
and two complete twlists (720°) were made in the clock-wise
direction (Figa 4 & 5) and the cpleen was roturned to the
abhdominal caéity. The leparotomny wound was closed by suturing
the peritoneun, linea_alba and subcutaneous tissue by simple
cantinuous'sﬁtures using 2-0 chromic catgut, The cutaneous
inciéion was closed by horizontal-ﬁattress'sutures using mono-
fllament nylon., The wound was dressed Qitthr. Ben=oin,
Subgroup Bl,

| In the six animals of the subgroup Bl, toréion of the

¥ Intraval sodium - May and Baker (India) Ltd,, Bombay.
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spleen was brought about as in group A. Detorsion of tha
splecn was the treatment adopted in thie subgroups. The timo
for commencing the treatment was £ixed on the basis of the
obhssrvations on group A, Five per cent solution of thiopen=-
tone sodium was administered through the venoues catheter and
the 1apafotomy wound was opened agaln by removing the sutures.
The spleen was exteriorised (Fig. 6),cértected and returned
£0 the abdominal cavity. The laparotomy wound was closed,
Five per cent solution of dextrose-saline at the rate of

10 ml/kg body welght with 4.0 mg betamethasone sodium phos-
phata* was adninistered intravenously throuch the vencus
cathoter and repeated at six and 12 hours after detorsion.
Chloramphépicol sodiﬁm succinate** was administered intra-
venously at the rate of 30 mg/kg body welght dally for three

consecutive days after detorsion.

Subgroup B2.

In the six animals of the subgroups B2, torsion of the
'apleen was brought about as in group A. Splencctomy was the
treatment adopted in this subgroup, The time for commencing
the treatment was f£ixed on the basis of thé observations in
group A, Five per cent solution of thiopantone sodium was
administered through the vencus catheter and the laparoctomy
wound was opened by removing the sutures, The spleon was

exteriorised and sgplenectomy was performed after ligating tho

* DBatnesol - Glaxe Laboratories, Bombay.
*% Chlorotin - Sterfil) Loboratories, Bombay.
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splenic pedicle, using 20 chromic catgut. The lagparoctomy
wound was closed in the routine manner, Administ;ation of'
dextrose-saline, betamethasone and chloramphenicol was done
in the animale as in subgroup Bl.

Administration of £fluids and antibictic was continucd in
all the animals under subgroups Bl and B2 t1ll the abdeminal
wound healed up or-till death, whichever was earlier. The
animals which survived were sacrificed on the tenth post-

operative day and autopsy was donG.

Blood samples were collected just before bringing about
torsion of the spleen and afterwards at intervals of three
hours, till 72 hours or until death of the animals in group A.
Other clinical obéerVaticné were recorded at the same inter-

_ vals, In subgroups Bl and B2, blood samples were collected
Just before bringing about torsion of the spleen and after-
watds at intervals of three hours till the treatment was
gtarted. After the commencement of the treatment,; blood
samples were collected and the dbsarv?tions wvere recorded
at six, 12, 18, 24, 48, 96 and 168 hours. The acterial and
venous catheters were withdrawn after 24 hours In all the
animals and the vessels were ligated to arrest haemorrhage.
Tho cutaneous incision was closed by simple interrupted suturas
using monoflilament nylon. After the withdrawal of the
catheters, blood samnlas were collected f£rom the perilphoral

vains.
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The following parameters were studied,

1, Clinical signs, vize,
Behavioural  change
Colour of mucous menmbrane
Capillary re€iliing time
Temperature
Hloart rate

Resplration rate

2e Haemcadynanﬁc factors Viﬂ..
Arterial blood pressure

Central venous pressura
3« Electrocardiogram (ECG)

4. Haemogram viZ.,
Erythrocyte sedimentation rate
Packed cell volume
Haemoglobin content

Diffarential leycogyte count

5. Serum constituents vic.,
Total serum protein
Serum sodium

Serum potsssium

6. Radlographic stulies
7. Pexriod of survival
8. Autopsy £indings

9. Morphological and histopathologlcal studies of the
eplcen
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Methods.
1, Clinical signs.

Behavicur of the animals was observed post-operatively.
Conjunctival mucous membrane was observed for any change in
its colour. Capillary refilling time was studicd by pressing
the gums/tongue and the time reqguired £or reappearance of the
original colour was recoxded. The rectal tgmperature was
recorded using a clinicsl thermometer. Heert rate and res-

piration rate weras recorded by auscultation.
2. Haemodynamlc f£actors.

a) Arterial blcod pressure: The systollc pressure (SP)
and dlastolic pressure (DP) were recorded directly from tho

anerold mancmebker,

Mean arterial pressura (MAP = (§_g_+_§2__D_P_)) and pulga

prassure (PP = (SP=DP} were derived from the recorded values

of arterial blood pressure,

b) Central venous pressure: The central venous pressure
was recorded from the water manometer calibrated f£rom =150 to

+ 300 nmm.
3. EBlectrocardicgrem (ECT).

ECG was recorded using a base apex lead system, at a -
paper speed of 25 mm per second at three hours after torsion
in all the animals of group A and B, In subgroups Bl and B2,

ECG was again recorded. at three hours aifter the treatment.



20

4+ Hacmogram.

Erythrocyte scedimentation rate and packed cell volume
were estimated following the mathod of Wintrobe {(1961).
Hacmoglobin content and differential leukccyte count were
estimated as per the technique described by Schalm (1975).

5, Serum constituents. .

Total sérum protein was eatimated using Biurct method
of Inchiosa (1964). Serum sodium and potassium wersc doter-

mined by flame photometry (Oser, 1571),.
6. Radlographic studies,

Lateral radiographs of the abdomen were taken 12 hours

after the induction of torsion in group A.
7. Paricd of survival,

The time of death was recorded and the period of survival

was calculated.
8 - Autopsy-

Autopsy was performed on all the animals which died during
the study. The animals vwhich survived were sacrificed on the
tenth post-operative day and autopsy was done. The organs wera

examined and gross leslions i1f any, were recorded.
9, Morphological and histopathological studies of the spleen.

The gross measurements of the spleen were recorded bafore
bringing about torsion of the spleen in all the animals, at
the time of detorsion and splenectomy in subgroups Bl and B2
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ragpectively and at the time of autopsy in group A and cub-
group Bl. The spleen was weighed in group A and subgroup Bl

at the time of autopsy and in subgroup B2 atter the splenectomy.

Representative samples of the spleen vere collected and
£ixed in 10 per cent buffered neutral formallin and were ﬁro—
cassed by routine paraffin cmbedding technique (Armed Forces
Institute of Pathology, 1968). Paraffin sections of four
micron thickness were stained with hematoxylin and eosin
method {Sheehan and Hrapchak, 1980).

Statistical analysis

Mean values vwere compared using student's 't' test

{Snedecor and Cochran, 1967).
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Fig. 1 & 2. Animal prepared for the experiment with
. the Arterial and venous catheters secured

in situ.

Fig. 3. - Normal spleen, when exteriorised after laparotomy.
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Fige. 4 & 5. Spleen - After induecing torsion.

Fig. 6. Enlarged spleen ~ Immediately after detorsion.
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RESULTS
Group A

The'average body'WG1ght of the animais in this'groupl
was 12,92 & 0.74 kg. The recovery from anaegthesia was
uneventful In all the animals. The observations are pre-
sented in tables 1 to:- 4.

Clinical sioms.
After torsion.

Within threes hours atfter tbrsion of the spleen, there
was apprecizble abdominal distension in all the animals except
in one animal (A5). Pain on abdominal palpation was noticed
in 21l the animals except in two animals (A2 and A3). Strain-
ing was observed in three animals,{A3, AS and A8), Mucocus
membrane wag pale in four animals (Al, A2, A3 and A4) and
light pink in two animals (AS and A6). The capillary refilling
time was prolonged in all the animals.

Wwithin six hours, all the animals were dull and recumbent.
Extremities were cold in all the animals except in two animals
(Al and A6). Blood was dark and thick in two animals (A5 and
A6). 2bdominal dilstensicn reduced in two animals (Al and A2).
one animal (A6) vomited and showed signs of dehydration.
Mucous membrane was pals in 211 the animals except in one
animal (A1) which had light pink mucous membrane. The copl-~
llary raefilling time was prolonged in all the animals.

Within nine hours, all the animals were dull and
recumnbents. Extremities were cold in all the animals. Si¢ms
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of dehydration were observed in two animals (AS and a6).
Heart beat was feeble and pulse was weak in one animal (A3)
and this animal died by the eighthhour. Caplllary refilling
timer was prolonged in all the animals.

Within 12 hours all the animals were recumbent and did

not show any variation in clinical signs.

The animals which éurvived atter 12 hours remained
recumbent till death., By 16th hour, the animal number A4
died., By 2lst hour.\the animal number Al died, Animal number
A5 died by 22.45 hoursf The animal nunber A6 passed light-
brown urine and died by 23.30 hours. Animel number A2 died
by 38.45 hours. |

Rectal temperature (°F) was 101.57 + 0.16 at O h,
102.10 £ 0.26 at 3 h, 100,91 % 0,45 at 6 h, 101.00 + 0.52 at
9 h, 101.40 & 0.64 at 12 h, 101.48 % 0.66 at 15 h, 101.45 +
0.73 at 18 h and 102.00 + 0.00 at 21 h. In the animal. (A2)
which survived after 21 h, it was 102.00 at 24 h, 102.00 at
27 h, 102,40 at 30 h, 102.80 at 33 h and 101.80 at 36 h. It
showed a slight reductlon at 6 h followed by a gradual increasc,

The values were within the normal range and not significant.

Heart rate (per min.) was 108.00 * 5.24 at O h, 133.33 *
9.33 at 3 h, 127.33 + 12.57 at 6 h, 149,60 % 5.46 at 9 h,
163.20 % 8.98 at 12 h, 154,00 % 6.87 at 15 h, 167.50 + 10.01
at 18 h and 162,67 & 10.41 at 21 he In the animal (A2) which
survived after 21 h, it was 135.00 at 24 h, 150.00 at 27 h,
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134.00 at 30 h, 136.00 at 33 h and 122,00 at 36 h. It
showed a gradual increase and the increase was significant

(p<0,05) at 3h, 9h, 12 h, 15 h, 18 h and 21 h,

Respiration rate (per min.) was 22.67 + 1.43 at O h,
19,83 + 1.45 at 3 h, 20.67 % 0.95 at 6 h, 20.00 + 1.41 at 9 h,
20.60 * 2.18 at 12 h, 20.20 # 1.36 at 15 h, 24.00 x 0.82 at
18 h and 27.00 # 3.51 at 21 h. In the andmal (A2) which sur-
vived after 21 h, it was 24,00 at 24 h and 27 h, 23.00 at
30 hy 33 h and 36 h. It showed a slight reduction at 3 h,
followed by 8 gradual dncrease. The valuss were within the

normal range and the varia?.ions ware not signiflecant,

Hicmodynamic factors,

The systolic pressure (mmig) was 132,50 + 5.44 at 0 h,
111.67 i 13,03 at 3 h, 108,67 i 8.89 at 6 h, 85,40 + 10,79
at 9 h, 83.20 # 13.40 at 12 h, 70.60 + 8,85 at 15 h, 71.75 +
7:62 at 18 h and 74.67 * 6436 at 21 h.' In the animal (A2)
which survived after 21 h, it was 64.00 at 24 h, 60,00 at
27 hy B4:,00 at 30 h, 80.00 at 33 h and 70.00 at 36 h. It
showed a gradual decrease and the decrease wap significant

The dlastolic pressure (mnllg) was 112.17 + 2.95 at O h,
101.67 % 13.03 at 3 h, 98.67 + 8.29 at 6 h, 77.80 + 11.39 at
2 I, 74.80 % 12.78 at 12 h) 61,60 & 8,07 at 15 h, 61.25 +' 7.18
at 18 h and 66.00 + 4.00 at 21 h. In the animal (A2) which
survived after 21 h, it was 60.00 at 24 h, 55.00 at 27 h,
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80.00 at 30 h, 70,00 at 33 h and 60.00 at 36 h. It showed
a gradual decreass and was signlficant (P <£0.05) at 9 h, 12 h,
15 h, 18hanc"121h._

The mean arterlal precsure (mmilg) was 113.39 * 6.46 at
0 h, 104.50 # 13.05 at 3 h, 102,00 % 8.48 at- 6 h, 50.33 %
11.16 at 9 h, 77.60 # 12.97 at 12 h, 64,60 + 8432 at 15 h,
64.75 % 7.33 at 18 h and 68.89 + 4,78 at 21 h, In tho animal
(A2) vhich survived after 21 h, it was 61.33 at 24 h, 55.67
at 27 h, 81.33 at 30 h, 73.33 at 33 h and 63,33 at 36 h. It
showed a gradual deérease and the decrease was significant

(r<0.03) at 9 hy, 12 h, 15 h, 18 h and 21 h,

The pulse pressure (mmilg) was 20.33 + 4,91 at O h,
10.00 + 0.00 at 3 h, 10.00 £ 0.89 at 6 h, 7.60 + 1,60 at 9 h,
8.40 + 1,60 at 12 h, 10,00 x 0+63 at 15 h, 10.50.& 0.50 at
18 h and "8,6"1 + 2,40 at 21 h. .In,t‘:he Mimal (A2) wvhich ocur-
vived after 21 h, it was 4,00 at 24 h, 5.00 at 27 h, 4.00 at
30 hy, 10.00 at 33 h éﬁd 10.60 at 36 h. I% showed a gradual
decrease and the decrease was signifilcant, (P<0.05) at 9 h.

* The caontral venous pressure (mm H,0) was 28.30 % 8.60,
at 0 h, =2,30 % 12.70 at 3 h, =4.10 + 13,10 at 6-h, =24.00 *
530 at 9 h, =26.00 + 6.60 at 12 h, =30,00 % 6.30 at 15 h,
~28.80 & 8,50 at 18 h and,-2_3.30_j;'6.00 at 21 h, It showed
a graéual decx"ease and the decrease was significant (P< 0.03)
at  h, 12 h, 15 h, 18 h and 21 h,

Electrocardiogram.
Electrocardiogram showed tachycardia after torsion in
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all the animals. Spiking of P-wave was seon in onc animal
" (A3), One animal {A6) showaed invorted P-wave. One animal
(A5) developed sinus arrhythmia In the baginning, the TP
interval incrcased and P=-wave was biphasic in later stagas.
Spiking of Tewave wvas seen in three animals (A4, AS and As)
and increased amplitude of T-wave was seen in two animals

(A3 and A8) (Fig. 7).

RAgmogran, ’
Ewthro&yte sedimentation rate (m/l h) was 10,00 & 2.77
at O h, 10:67 + 2,19 at 3 h, 8483 + 2,29 at 6 h, 11.60 + 3.22
at 9 h, 11,40 i 4.08 &t 12 h, 10.60 % 6415 at 15 h, 14.00
9.35 at 18 h and 12.00 % 14.00 at 21 h.. In the anﬁal (A2)
.which survived after 21 h, it was 4.00 at 24 h, 3.00 at 27 h
.and 2.00 at 30 h, 33 h and 3% he It showed a decrease upto
6 h folloved wy a gradual increase upto 21 he The' variations

were not sicnificant.

Packed cell volume (%) _ﬁas 38.67 % 1.91 a;t O h, 36.83 %
1.56 at 3 hy 36433 £ 1476 at 6 h, 37.00 % 2410 at 9 h, 37.40 &
1,60 at 12 h, 38.20 % 2.13 at 15 h; 36.50 % 3.48 at 18 h and
32,00 & 2.52 at 21 h. In the animal (A2) whil.ch survived after
21 h, it was 37.00 at 24 h, 39.00 at 27 h, 41.00 at 30 h and
33.h and 40.00 at 36 h. The values remained within the normal

ranga and the wvariations were not significant.

Haemoglobln content (g/dl) was 10.93 % 0.70 at O h,
9420 % 0,55 at 3 hy 9.28 + 0,40 at 6 h, 9.08 * 0.33 at 9 h,
9.02 # 0,53 at 12 h, 9.04 & 0,69 at 15 h, 8.40 # 0.53 at 18 h
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Electrocardiogram, three hours after torsion.

Tachycardia, spiking of T-wave, increased
amplitude of T=-wave.

Tachycardia, spiking of T- wave
Tachycardia, biphasic P-wave, arrhythmia.'
Tachycardia, biphasic P-wave

Tachycardia, inverted P-wave.
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and 8413 + 0,47 st 21 h. In the animal (A2) which survived
after 21 h, it was 9,80 at 24 h, 9.80 at 27 h, 10,20 at 30 h,
11,20 at 33 h and 11,6 at 36 h. It showed a gradual decrease
and the decrease was significant (P {0.05) at 18 h and 21 h.

Segmented neutrophll count (%) was 70.80 % 4.50 at O ﬁ,
81,33 # 4.16 at 3 h, B81l.67 & 2.27 at 6 h, 81.60 % 5.41 at 9 h,
77420 £ 2.99 at'12 h, 77.00 4 1.95 at 15 h, 78.23 4 4.37 at
18 h and 71.33 + 12.44 at 21 h. In the animal (A2) which
survived after 21 h, it was 83.00 at 24 h, 85,00 at 27 h and
30 h, 79.00 at 33 h and 80,00 at 36 h. It shoved an increase
.upto 9 h, followed by a decrease upto 21 h, The variations

vere not significant.

Band cell count (35} ‘was 0433 £ 0.33 at C h,:1.50 % 1.15
at 3 h, 6,50 & 2.64 at 6 h, 7.20 % 2.40 at 9 h, 10,20 * 3.87
at 12 h, 11.00 % 3,33 at 15 h, 8.75 & 4.78 at 18 h and 12.33 4
6.49 at 21 he In _t-.ﬁe animal (A2) which survived after 21 h
it was 3.00 at 24 h and 27 h,.5:00 at 30 h, 4.00 at 33 h,
7.00 at 36 h. It showed a2 gradual increase and the dncrease
was significant (PL 0.05) at 9 h, 12 h, 15 h and 21 h,
Lymphocyte count (%) was 26.83 4 4.39 at O h, 14.83 +
4.32 a8t 3 hy 10.,17 * 3.69 at 6 hy, 10.80 % 1.43 at 9 h,
15.80 + 2,27 at 12 h, 10,60 % 2:06 at 15 h, 11.25 + 1.65 at
18 h and 14,33 + 7.83 at 21 h. In the animal (A2) vhich sur-
vived after 21 h, it was 11.00 at 24 h, 12.00 at 27 h, 10,00
at 30 h, 15.00 at 33 h and 13.00 at 36 h. It showed a decrease
and the decrease was significant (P<0.05) at 6 h, S h, 15 h
and 18 h., |
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Eosinophil count (%) was 2.67 & 0.95 at O h, 1.17
0,40 at 3 h, 0.50 % 0.34 at 6 h, 0.20 % 0.20 at 9 h, 0.60 %
0,40 at 12 h, 1,00 % 0.55 at 15 h, 0.75 + 0.25 at 18h and
2400 # 2.00 at 21 h. In the animal (A2) which survived after
21 h, cosinophils could not he detected. Xt showed a decroase

and the decrease was significant (P<0.05) at 9 h.
Serum constituents.

Total serum protein (g/dl) was 5.55 & 0.37 at O h,
5,07 + 0,32 at 3 h, 5.23 % 0.37 at 6 h, 5.49 & 0.23 at 9 h,
5.61 + 0.19 at 12 b, 5.85 + 0.22 at 15 h, 5.76 4 0.27 at 18 h
and 5.44 + 0,17 at 21 h. In the animal (A2) which survived
after 21 h, it was 4.57 at 24 h, 5.65 at 27 h; 5.51 at 30 h,
5.24 at 33 h and 4,29 at 36 h. The valuss were within the

normal range and not gignificant.

Serum sodium (meq/L) was 140.87 & 7.54 at O h, 133.45 %
9.75 at 3 h, 135.00 % 8.90 at 6 h, 139,22 + 9.23 at 2 h,
134.52 + 8.80 at 12 h, 139.39 % 7.51 at 18 h, 128,52 + 6.31
at 18 h and 130.58 % 16,58 at 21 he In the animal (A2) which
survived after 21 h 1t was 134.78 at 24 h, 142,89 at 27 h,
136.42 at 30 h, 151.G66 at 33 h and 144.35 at 36 h, The varia-
tlons were marginal except at 18 h (125.52 % 6.31) and 21 h
(130.58 # 16.58) when it showed a decrease. The variations

were not significant.

Serum potassium (meg/L) was 5.57 # 0417 at O h, 6.83
0.36 at 3 hy, 7.45 £ 0.56 at 6 h, 7.32 £ 0.64 at 9 h, 7.01 +

0.70 at 12 h, 7.32 £ 0.81 at 15 h, 7.06  0.51 at 18 h and
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7.31 + 1,00 at 21 h. In the animal (A2) which survived after
21 h 1t was . 5,64 at 24 h and 27 h, . 5.72 at 30 h, 5.98 at 33 h
an® 36 h. It showed a. gradual increase and. the increase was

Radlographic studies.
Radiograph revealed a dense shadow with distinet borders
rapresenting the spleen in the anterior part of the abdomen

{(rig. 8).
paricd of survival.

The'maximum and tﬁe ninihum survivai périod in thiz
group wasa 38 45 hours and 8.00 hours regpactively. The

average survival perioa was 21 53 + 4,10 hours.

Autopsy findinas,

Dark coloured f£luid (S0-200 ml) was dotected in tha
peritoneal cavity in all the animals except in one animal
(a2), Spleen was enlarged and dark in all the animals except
in one animal (A2), where it was reddish~grey, The spleen
was ruptured, fragmented and separated in one animal (A4).
Small focl of rupture were noticed in twe other animals
(Al and A5), Congestion of splenic pedicle, splénic vessels
and blood clots In the splenic vassels were seen in three
animals (Al, A4 and AG) whereas blood clots alone were saen
in two animals (Al and A3). Intestine and stomach were
distended and pale in three animals (A1, AB and 26). In one

animal (AS) stomach alone vas distended. Congestion df
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Fig. 8, Skiagram of the abdomen - 12 hours after
inducing torsion of the spleen.

The mass occupying the anterior part of
abdomen has distinct borders (arromation).



Fid. 8,
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| gastric mucosa along with dark coloured f£iuid in the stomach
was observed in-one animal (A2).. Congestion of the liver,
lungs and kidneys was noticed in three animals (Al, A2 and AS5).
About S0 ml of light-brown urine was detected in urinary '
bladder in one animal (A6).

Morphological and histopathological studies of the opleen.

' spleen was £irm in consistency and was dark-red in threa
animals (Al, A2 and A3} and bright-red in the other thres
animals (A4, A5 and Ad) befére torsicn.. On autopsy, the
spleen was found to be dark in all the animals exgent in one
animal (A2} vwhore it was redﬁishugrey. The consistency was
goft in three animals (A2,.A3 and AS), very soft in two
animals (Al and A6) and in one animal (A4), the spleen was

found to be ruptured, fragmented and saparated.

The length (cm) of the spleen was 21.57 + 1.39 before
torsion and 24,50 + 1,70 at the time of autopsy. There was

an increase in the length kut the increase was not significant.

The maximum width (cm) of the spleen was 8,83 + 0,62
befoxe torsion and 10422 4 0.89 at the time of autopsy. Thera
was an increase in the maximum width but the increase was not

significant.

The minimum width (cm) of the spleen was 4.87 + 0.40
before torsion and 6.76 & 1l.41 at the tims of autopsy. There
was an increase in the minimum width but the incrcase was

not significant,
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The averace weicht of the splean at autopsy vwas

232,00 + 21.54 grams.

Histopatholegical changaes in the spleen 1nc1ﬁded
eﬁtensive congastion, hacmorrhage and thrombi in the vessels.
There was hyalinization and necrosis of the trabeculae,
lymphoid depletion and the lymphold tissue was replaced with
red blocd celle. - '

The animals became dull and recumbent by six hours after
the experimentally induced torslcon of the spleen. They
remained recumbent till death. The mucous membrane was pale
and the capillary refilling time was found to be prolonged.

A significant (P<0,05) increase in the héart rate, band ccil
count and serum potassium and a significant (P {0.05) decrease
in systolie pressure, dlastolic pressurae, mean arterial pre-
ssure, pulse pressure, central venous pressure, lymphocyte
count: and eosinophil count was observed by the nintn hour

after tprsion.

From the abova observations, it gould be seen that the
pexlod f;om the sixth to the ninthw hour after torsion of
the splecn would be critical. Hence the appropriate time to

aommence the treatmont was €ixed as siy hours after worsion.
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Length, maximm width, minimum width snd physical characters of the spleen,
before torsion and at the time of autopsy (Mean + S.E), n=6

Table 2.

Animal Body

Before torsion

At the {ime of autopsy

No, weight Colour Iengeh Width (cm) Consis- Colour Length Width (cm) Consig- 'Weight
(ka) (cm) Max.  Min., CoOcy ()  Max, Win, ©CONCY (o)
Al 10.50 Dark 25.40 10.60 6.30 Fimm Dark 28450 950 7.30 Very 300
red ' 8oft
a2 12.00 Dark 20.00 750 4.30 Firm Reddish 21.50 7.60 4,50 Soft 220
red grey : :
A3 15,00 bark 21.00 7.50 5.00 Filrm Dark 26400 11,00 5.50 Soft 180
red . .
Ad 13.00 Bright 19,50 B8.60 4.60 PFirm  Dark Spleen rupturaed, fragmented and
red . separated.
AD 15,00 Bright 26.00 10.50 5.50 ¥irm Dark 27.00 13.00 12.00 Soft 260
red :
A6 12,00 Bright 17.50 8.00 3.50 Pirm Dark 19.00 10.00 4.50 Vexry soft 200
read
Moan 12.92 21,57 B.83 4.87‘ 24,50 10.22 6476 232,00
+5.B.  10.74 £1.39  30.62 0.40 21,70  £0.89 +1.41 421,54

1315
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Group B
Subgroup Bl.

Tha avorage body welcht of the animals in this sub-
group was 12.33 4 0.80 kg. The recovery £rom anaesthasla
was uneﬁentful.in all the animals. In thase animals,
dotorsion of the spleen was done six hours after splenic

" torsion. The observations axe presented in tableg 5 to 8.
Clinical signs.
After toreion,

Within three hours after torsicn of ‘the spleen, thera
was appreciable abdominal dilstension and pain on abdominal
palpation in three animalg“(ﬁl(i), B1(3) .and B1(5). Strain-
ing was observed In three animals (B1(1), B1(4) and Bi(6).
Extremitiés were cold in ong animal (B1(2). Two animals
(B1{4) and B1(6) wera recumbent. Retching and staring at
the f£lank region was observed in one animal (Bl{6). The
mucous membrane was pale in’three animale (B1{(1), Bl(2) and
31(4). light-pink in Bi(3), pink in B1(S) and congested in
Bl(é). The capillary xefilling time wae prolonged In all the
animals. -

wWithin six hours, all the animals were dull and recum=
ﬁent. Extremities were cold in two animals (B1(1) and B1(3).
Blood was dark and thick in three animals (D1(2), B1(3) and
B1(4), Three animals (B1{1), B1(2) and B1(6) vomited. Signo
of dehydration were seen in two animals (B1l{3) and Bi(6).
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. The mucous membrane was pale In all the animais except one
animal (B1(5) which had pink mucous membrane. The caplllary
refilling time was prolonged in all the animals.

After detorsion,

All the animals were recumbent oxcept one enimal{Bi(l)

which wag &ble to stand up witljxin one hour., Two animals

. {B1(3) and BL{S) were able to stand up within six hours.
| Extremitics remained cold in all the animszls throughout the
period of observation, but in'one animal (B1(1) 'the extremi-
ties returncd to normelcy agter 24 hours, Blood was dark
and thick in two aniﬁ!ais (B1(1) anad Bi(4),., All the animals
ware dull and did not take food and water, except two animals
(B1(1) and B1(5) vhich ctarted feeding.sftér 24.hours. One
animal (B1(3) vonited by 96 hours and on the sixth day and
one animal (Bi(5) paased dark-ye:flloe: ur:!.ne by 48 hours. ‘One
animal, (Bi(2) showed - ‘hiccups by one-and—-a-half—hours and
died. There was no change in t.he colour of the:-nucous mem=
brane of all the an;l.mals except in twa animals. Bl(B) uhich
was pink initially, becme pa‘o lai.er ana in B} (1) it was
light pink, The cap.;.llary Lef:!.lling ime was pro].onged in
all the enimals excam; in one animal (Bl(l) which showed

improvement after 24 hours.

'Rectal temperature (°F) was 101.30 % 0.1l at O h, 101.70 %
0.81 at 3 h-and 101.27 * 0,94 at 6 h after torsion. The values
were within the normal range and not significant. After

datorsion, it was 100.13 % 0.58 at 6 h, 100.47 £ 0.74 at 12 h,
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99.80 + 1.40 at 18 h, 100.33 % 0.77 at 24 h, 102.20 % 0.42
at 48 h and 101.53 + 0.29 at 96 h. In the animal Bi(1) which
survived after detorsion, it was 101,60 at 168 h. It showed
a decrease upto 18 h, followed by a gradual increase. The

variations were not significant.

Heart rate (per min.) was 116.67 % S5.41 at 0 h, 168,67 %
5.41 at 3 h, and 155,17 + 9.35 at 6 h after torsion. It
showed an Increase and was significant (P<0.05) at 3 h and
6 he After detorsion, it was 164.67 % 13.48 at 6 h, 161.33 1
12.72 at 12 h, 154,67 + 18.81 at 18 h, 143,00 % 18.50 at 24 h,
149.33 + 23.45 at 48 h and 136.00 + 28.00 at 96 h. In the
animal Bi(1) which survived after detorsion, 1t was 98.00 at
168 h. It showed an increasgse at 6 h, followed by a gradusl

decrease. The variations were not significant.

Respiration rate (per min.) was 19.00 + 2.57 at O h,

49,50 % 19,27 at 3 h and 31.33 4 3,82 at 6 h after torsion.

It showed an increase and increase was significant (P 0.08)
at 6 h. After detorsion, i1t was 33.33 % 9.61 at 6 h, 28.33 %
6.98 at 12 h, 27.67 % 6.33 at 18 h, 28.00 * 6.11 at 24 h, |
28.00 % 4.62 at 48 h and 21.67 *+ 1.20 at 96 hs In the animal
B1(1) whlch survived after detorsion, it was 18.00 at 168 h.
It showed an increase at 6 h, follawed by a gradual decrcasa.

The variations were not signiflcant.

Higmodynamic £actors.
The systolic pressure (mmig) was 136,67 + 6.15 at O h,
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116.83 4 13,61 at 3 h and 98,33 % 7.03 at 6 h after torsion.
It showed a significant (P<0.05) decreasze at 6 h. After
detorsion, it was 69.00 % 5.00 at 6 h, 76.00 % 9.00 at 12 h,
80,00 + 10,00 at 18 h and 95.00 4 5.00 at 24 h., It showed a
decrease at 6 h, followed by a gradual lncrease upto 24 h.

The variations wvere not significant.

The dlastolic pressure (mmHg) was 120.00 % 6.83 at O h,
106.33 % 12,13 at 3 h and 89,17 * 6.89 at 6 h after torsion.
It showed a significant (P<0,05) decrease at 6 h. After
detorslion, it was 62,00 % 4.00 at 6 h, 69,80 * 10,50 at 12 h,
70.00 #+ 10.00 at 18 h and 85.00 % 5.00 at 24 h, Xt showed a
decrease at 6 h, followed by a gradual increcase upto 24 h.

The varlations were not significant.

Mean arterilal pressure (mmtg) was 125,56 + 6.54 at O h,
109,83 £ 12,61 at 3 h, and 92.22 * 6.92 at 6 h after torsion.
it ,shéwed a significant (P< 0.05) decrease at 6 h. After
detorsion, it was G4.34 + 4.33 at 6 h, 71.67 % 10.00 at 12 h,
73.33 % 10,00 at 18 h and 88.33 + 5.00 at 24 h. It showed a
decrease at 6 h, followed by a gradual increase upto 24 h.

The variations were not significant.

The pulse pressure (mmHg) was 16.67 + 2.1l 'at O h,
10.50 % 1,96 at 3 h and 9,17 + 0.83 at 6 h after torsion.
It showed a significant (P< 0.05) decrease at 6 h. After
detorsion, it was 7.00 + 1.00 at 6 h, 6.50 + 1.50 at 12 h,
10.00 £ 0.00 ak 18 h and 24 h. It showed a decrease at 6 h,

followed by an increase upto 24 h., The variaticns were not

slgnificant.
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- The cantral venous prassurce (mm Héo) was 31.70 & 4.80
at O h, =5.80 + 10,90 at 3 h and =12.50 % 8.60 at 6 h after
torsion., It showed a significant (PL0.05) docrease at 3 h
and 6 h after torsion. After detorsion, it was 0.00 # 13.20
at 6 h, =7.50 % 2,50 at 12 h, =7.20 % 2,50 4t 18 h and 5,00 %
30,00 at 24 he It showed an increase at 6 h, followad hy a
decrease upto 18 h and then again an increase st 24 he The

variations ware not signlficant.

Electroecardiocran.

Electrocardiogram showed tachycardia afteor torsion in
al) ¢he animals. P-wave was biphasic and inverted in three
animals (B1(2), B1(8) and Bi(6). In two animals (B1(1l) and
Bi{4) £lattoning of T-wave was observed. Aftor detorsion
there wae increase in amplitude and spiking of Tewave 1n one
andimal (B1(1l) and techycardia in £our animals (B1(1), B1(3),:
B1(4) and BL(5) (Fig.9).

HACMOOTam, i

Erythrocyte sedimentation rate (mw/l h) was 10.83:

2,73 at O h, 5.50 + 2.14 at 3 h and 5.33 % 2.38 at 6 h after
torsion. It showed a dec;ease ut the vardatlions were not
oignificant. Aftoer dotorsion it was 3.00 & 1,53 at 6 h,
7467 % 6.17 at 12 h, 12,33 & 9.87 at 18 h, 3.50 + 1.50 at

24 h, 26.00 % 24,00 at 48 h and 32.33 4 19.46 at 96 h. In
the animal Bl(1) which survived after detorsien, it was

5400 at 168 h. It phowed a decrease at 6 h, £ollowed by an
increase at 12 h and 18 he It again decreased by 24 h,



Fig. 9.

A,
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Electrocardiogram, three hours after torsion
and three hours after detorsion.

Tachycardia, inverted P-wave.

Tadhycardia, increased amplitude and
spiking of T-wave, biphasic’ P-wave.

Taéhycardia, flattening of T-wave, inverted/
biphasic P-wave.
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£ollowed by an increase at 48 h and 96 he The varlations

were neot signlficant.

packed cell volume (%) was 44.50 % 3;;235 at 0 h, 42.00 %
3,10 at 3 h and 40.67 % 3.42 at 6h after torsion. The values
remained within the normal range and not significant. After
detorsion, it was A2,00 % 2.65 at 6 h, 39.00 #+ S5.3%5 at 12 h,
36.00 + 6.16 at 18 h, 35.00 % 5.29 at 24 h, 36.00 + B8.08 at
48 1 and 25.00 + 5.72 at 98 h, In the animal Bi(1) which
survived afteﬁ detorsion, it was 25,00 at 168 h. Packed
eell volume showed a slight increase at 6 ' h after detorsion
folloved by a gradual decrease upto 95 he The variations

were not significant .: ' '

115emoglobin content (g/dAl) rw_as-s 12.47 & C.54 at 0 h,
11.00 + 0,93 at 3 h and 10.80 & 1.04 at 6 h after torsion.
It showed, a gradual decrease, but the variations wers not
significant, BAfter détorsion, i:t was 16.753 & 093 at 6 h,
10,33 + 1.17 at 12 h, 9.60 # 0.57 at 18 h, 9.47 £ 0.47 at
24 h, 8«53 + 1.62 at 46 h and 8,20 # 1,21 at 96 he In the
animal Bl(i) which survived after detorsion it was 6.60 at
168 h. It showed a gradual decrease upto 96 h and the
decrease was significant (PL0.05) at 24 h and 96 h.

Segmented neutrolphil count (55 was 66.83 % 2.17 at O h,
83.33 £+ 1,82 at 3 h and 84.33 % 1.86 at 6 h after torsion.
Tt showed a slonificant (P 0.05) increase at 3 h and 6 h.
After detorsion, it was 76.33 # 2.03 at 6 in. 77.67 & 3.18
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at 12 h, 78,00 #+ 2.05 at 18 h, 78.00 * 3,61 at 24 h, 81.33 +
4.81 at 48 h and 68.00 + 1,70 at 96 h. In the animal B1(1)
which survived after detorsion it was 73.00 at 168 h. The
decrease was significant (P{0.,05) at 6 h and 96 h.

Band cell count (%) was 0.00 % 0.00 at O h, 2.67 + 1.26
at 3 h and 2,00 # 1.53 at 6 h after torsion. It showed an |
increase but the variations were not sicnificant. Agter
detorsion, it.was 10.67 % 4.21 at 6 hy, 7.33 * 2.03 at 12 h,
5.00 & 2.08 at 18 h, 5.67 % 0.33 at 24 h, 6.67 +0.67 at 48 1
and 7.00 % 4.36 at 96 hs In the animal B1(1) which survived
after detorsion it was 2.00 at 168 h. It ghowed an increase
at 6 h, followed by a gradual degrease upto 18 h and then a
gradual incroase upto 96 h. The increase was significant

(r<0.05) at 48 h,

Lymphocyte count (%) was 30,33 4 1.76 at O h, 12.83 %
1.58 at 3 h and 13,33 + 3.18 at 6 h after .torsion. The
decrease was .significant (PL0.05) at 3 h and -6 h. Aﬁﬁer
detorsion it was 12,00 & 6.51 at-&‘: N, -14.33 + 5.21 at 12 h,
17,00 # 3.21 at 18 h, 16.00 % 3.05 at 24 h, 11.00 % 4.04 at
48 h and 21.00 _1-_‘ 2,08 at 96 h. In the animal B1(1) which
survived after detorsilon it was 24.00 at 168 he It showed a
gradual increase upto 24 h, a decrease at 48 h, followed by

an increase at 96 h. The variations werc not significant.

Eosinophil count (%) was 2.50 & 0.62 at O h, 0.50 * 0.34
at 3 b and 0.33 + 0.33 at 6 h after torsion, The decrease
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was significant (P-<0.05) at 3 h, After detorsion it was
033 + 0.33 at 6 h and 12 h, 0.00 £ 0.00 at 18 h, 0.33 % 0,33
at 24 hy 0.67 # 0.33 att 48 hh and 1.67 # 1.20 at 96 he 1In the
animel B1{1) which survived after detorsion it was 1.00 at
168 h., There was no change in eosinophil count upto 12 h
after detorsion. After 18 h, it showed a gradual increase

upto 96 h. The variations were not significant.
Serum constitucntsS.

Total serum protein (g/dl) was 5.72 & 0.23 at 0 h,
5.60 + 0,12 at 3 h and 5.60 % 0.23 at 6 h after torsiocn,
The values were within the normal range and the varlations
were not significant. After detorsion it was 5.75 1 0.05
at 6 hy, 5.72 % 0.07 at 12 h, 5.74 # 0.13 at 18 h, 5.65 + 0.20
at 24 h, 5.72 + 0.26 at 48 h and 588 £ 0.14 at 96 he In the
animal Bl({l) which survived after detorsion it was 4.50 at
168 h. The valuss were within the normal range and the

variations were not significant.

‘Serum sodium (méq/h) was 148.84 4 1,47 at O h, 149.84 %
2.11 at 3 h and 148.51 £ 1.46 ét 6 h aftor torsion. It
showed an increage initially but ¢he values were within the
normal range snd the variations were not'signigicant. After
detorsion 1t was 147.69 4 2.41 at 6 h, 147.67 + 2.96 at 12 h,
147.60 % 2.59 at 18 h, 147.63 + 2.98 at 24 h, 146.92 + 3.86
at 48 h and 146,77 + 3.86 at 96 he In the animal B1(1)
which survived after dotorsion it was 147.98 at 168 h. The



values ware within the normal range and the variations were
not sionificant.

Serum: potassium (meg/L) was 5.05 & 0:15 at 0 h, 5446 %
0.38 at 3 h and 7.94 % 0.28 at 6 h agter torslon. The
incréase was significant (P<L0,.05) at 6 h.  After detorsion
1t was 7.62 + 0:26 at 6 h, 7.42 £ 0,16 at 12 h, 7.29 % 0.27
at 18 h, 7.18 + 0.08 at 24 h, 7.10 + 0,08 at 48°h and 6.82 *
0«27 at 96 he In. the animal Bl(1l) which survived after
detorsion, it was G.21 at 168 h, It.ghowed‘g gradual decreasc
upto 96 h and the decrease vas significant (P <0.05) at 96 h,

Pexricd of survivalo

\

Five animale of this subgroup died after detorsion at
various time inbervals (Table MMo.5). The animal number B1(1)
which survived, was sacrificed on the 10th day and autopsy

was conducted.

Autoféz £indings.

The spleen was in its normal position and of normal
size, colour and consi“tency in the enimal B1(1) which was
sacrificed. A £ew. smal1 branchos of splenic vessels con-
tained blood clotkse The lungs were pale and kidneys showed
congestion. Among the other five animals which diéd at
various time intervals, dérk £iuld in the peritdnéal cavity
vas dateété@ in thres animals (51(2), B1(4) and BL(6).
Rupture of splenic cépsule as éeen in two animals (B1(2) and

Bi{6). Congestion of gplenic pedicle was seen in three
. -

L]
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animals (B1(2), B1(3) and BL(5) and it was adherent to
stomach, the spleen and intestine in two animals (B1{3) and
B1(5). ZIntestine was perforated at.the point of adhealon in
one animal (B1(3) . Spleen was dark-brown and separated in
two animals (B1(3) and B1l(S). _cOngeétion_of gplenic vessels
vas seen 4in animal number B1(2) and blood clots. in splenlc
vessels wera seen in three animals (B1(3), B1(4) and B1(6).
Intestine énd-lungs wore pale in four animals (Bi{2), Bl(3),
B1(4) and B1(3). Congestion in kidneys and liver was seen in
animal number B1(2) and B1(4) respectively. Stomach contalned
dark semi-solid material and tha pancoeas was browvn in one

animal (BLl(3).

Morphological and histopathological studies of the gpleen.

The spleen was brighte-red in all the animals before
torsion exeept in one animal(Bi(l) vhere it was reddish-brown.
It was soft in consistency in all the anlmals except onc
animal (B1{6), where it was firm., After detorsion it was
dark in all the animals, It was £imm in consistency in all
the animalg except two animals (B1(4) and B1(6), whore 1t was
soft. At the time_oﬁ autopsey, lt was derk in three animals
(B1(2), BL(4) -and D1(6) and reddish~-browm in one animal (B1(1).
In two animals (Bi(3) and B1(5) the spleen was dark-brown

and separated. It waslsoft in consistency in all the anlmals.

The length {(cm) of the spleen was 20,67 + 0.56 kefore
torsion, 26,92 i 2,21 Imnediately after detorsion and 25.25 2
4,18 at the time of autopsy. There was a sionificant (P £0,.05)

increasse in the lenqth after torsion.
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The maximm width (cm) of the . spleen was 8,50 * 0.63
bafore torsion, 10.97 * 0.61 immediately after destorsion and
8,00 * 1.37 at the time of autopsy. There was a significant
(P<0.,05) increase in the maxdmum width after torsion. There
was no significant dlffercence between the value boefore tor-

sion and at the tims of autopsy.

The minimum width (em) of the spleen was 5.67 4 0.21
before torsicn, 7.03 % 0.46 immedlately after detorsion and
5413 & 0.69 at the time of autopsy. Therc was a significant
(P <0.05) increase in the minimum width after torsion. After
dotorsion there was a significant (P <0.05) decrease in the
minimum width, There was no signlficant dj.fference'between
the value before toralon and at the time of gutopsy.

The average welght of the spleen at the time Of autopsy

wao 181.25 * 14.49 grams.

Histopathological changes in the spleen included exten-
sive congestion, ttmmnboais of vessels, lymphoid depletion
and lympholysis., FPocal arcas of necrosis, edema and hyali-

nization of tho trabeculae were also seén.



Subgroup B2.

- The average body weight of the animals in this subgroup
was 13.50 X 0.96 kg. The recovery from anaesthesia was
uneventful in all the animals. In these animals, splenectomy
was porfomed six hours after spLonic-torsion. The observa=

tions are prasented in the tables 9 to 12,

Clinical Sigﬂﬂ )

Aftor torgion.

»

Within three hours aftor torsidn of the splecn, there
was appzeciable abdominal distension and pain on abdeminal
palpation in all the animals except onze animal (thlf which
was recumbent and moaning. One animal (B2(5) vomited. The
mucous membrane‘gés light-pink in three animals (32(2), B2(5)
and B2(6), pale 4n two animals (B2(3) and B2(4) and congested
in one animal (B2(1). The capillary refilling time was

prolonged in all the animals.

Within six hours, all the animals were. dull, recumbont
and the extremities were cold. Blood was dark and thick in
threa animals (B2(1), B2(4) and p2(6). One animal (B2(5)
vomited and gnothor two animals (B2(3) and B2(6) shcwed
retching. There was no change in the colour of the mucous
membrane and the capillary refilling time was prolonged in all
the animals.

After splensctamy.

All the animals were recumbent for varying poriods from
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s8ix to 12 hours., The extremities which were prraviously cold
regalned normalcy when the enimals stood up, The blood was
watery afier ;2 hou;s, All the animals started taking food
and water and uero active and alert at varying intervals.
after 12 hours. One animal (B2(3) vomited during the first
8ix hours and passed light-brown urine afger 24 hours, One
animal (B2{1) passed loose fasces afteor 48 hours. The rmucous
nmembrans was light-pink in four animals (B2(1), B2(2), B2(3)
and B2(4) and pink in two animals (B2(5) and B2(6). The capi-
llaxy refilling time showed improvement in all the animals.

Rectal temperatura (°F) was 101.50 # 0.30 at O h, 101.57 +
De¢34 at 3 h and 101.40 % 0.30 at 6 h afier torsion. The valucs
wvere wvithin the normal rangs and the variations waere ﬁot signi-
ficant. Aafter splencctomy, it was 101.17 * 036 at 6 h,

101.23 £ 0.3% at 12 h, 101,10 £ 0.28 at 18 h, 101.53 + 0.19
at 24 h, 101,33 # 0.18 at 48 ha 101.40 % 0.15 at 96 h and
101,63 # 0,10 at 168 h, The values were within the normal

range and the variations were not significant.

Heart rate (per min.) was 108.67 % 3.92 at O h, 152.67 4
5¢31 at 3 h and 156433 % 8449 at 6 h after torsion. It showed
an inerease and was significant (P<0.05) at 3 h and 6 h.
After splencctomy, it was 151.00 + 2,82 at 6 h, 145,67 + 5,85
at 12 h, 135.00 & 9.47 at 18 h, 116.00 * 7.66 at 24 h,

10533 % 4,09 at 48 h and 101.67 % 8.83 at 96 h and 104.33 +
7.60 at 168 h. It showed a gradual Gecrease and was signifi-
cant (P<{0.05) at 24 h, 48 h, 96h and 163 h,
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Rospiration rate (per min.) was 25.67 % 2.80 at O L,
51,00 + 17.95 at 3 h and 41.50 % 15.95 at 6 h after torsion.
It shoved an inorease but the variations weie not significant.
After splenectomy it t::as 22,33 + 1,96 at 6 h, 21.67 % 1.96 at 12 h,
21,83 + 1,83 at 18 h, 43.17 & 17.35 at 24 h, 39.00 % 16.29 at
48 h, 28.67 i 5.28 at 96 h and 24,87 4+ 3.57 at 168 h, It
showed a decrease at 6 h, followed by a gradual :_anreése ko
24 h and then a gradual decrease upto 168 h. The variations

wore not significant.

!-Iawgmnic factors.

The systolic pressure (mmilg) was 135.00 + 7.19 at O h,
122,67 + 8.61 at 3 h and 122.50 % 8.34 at 6 h after torsion.
Tt showed a decreasce but the variations were not significant,
After splencctomy it was 96.67 % 9.19 at 6 h, 102.50 % 9.80
at 12 h and 110.00 % 10.00 at 18 h and 24 h, It showed a
decrease at 6 h, £ollowed by a gradual increase unto 24 h.

Tha variations wera not significant.

The diastolic pressure (mmHg) was 121,67 + 8.72 at O h,
113.33 £ 7.60 at 3 h and & h after torslon. It chowed a
decrease but the variatiohs were not s:!.gni:::'icant. _ After |
splencctamy, it was 85,00 + 8.47 at 6 h, 92.50 & 7.50 at 12 h
and 95.00 % 5,00 at 18 h and 24 he It shcmod a decreaae at 6 h,
followed by a gradual increase upi:o 24 he The decrease was
significant (940.05) at 6 h. |

~ The mean arterial pressura (mnHg) was 126.11 + 8,18 at
0 h, 116,44 _-{-_'7.92 at 3 h and 116.67 + 7.90 at 6 h after
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torsion, It showed a decresse but the variations were not
sicnificent. After splencctomy, it was 88.89 i 8.€8 at 6 h,
05,83 % 7,50 at 12 h, 100.00 # 6.67 at 18 h and 24 h. It
showed a decrease at 6 h, followed: by a gradual increase upto

24.h. The decrease was significant (P<0,03) at 6 h.

The pulse pressure (mmHg) was: 13,33+ 2.11 at O h,
9.33 & 1,45 at 3 h and 92417 + 0.83 at 6 h after torsion. It
showed a decrease but the varlations were not sicnificant.
After splenecctany it was 11,67 % 1.67 at 6 h, 10.00 & 0.00 at
12 h, 15.00 4 5.00 2t 18 hh and 24 h. It showed an increase
upto 24 h. The variations were not significant.

The central venous pressure (mm. f,0) was 36,70 % 4.90 -
at 0 h, 21.70 4 4,00 at 3 h and 18,00 % 2.00 at 6 h after
torsion. It showed a significant (P <0:.05) decrease at 3 'h
and 6 he After-splenectomy it was 8,00 £ 11410 at 6 ‘b,

10,00 % 7.10 at 12 h, 25.00 & 11,70 at 18 h and 30.00 * 10.00
at 24 h. It showed a decrease at 6-h, followed by a gradual

increase upto 24 .h. Theo varlations were not significant.

Electrocardiograms.

Electrocardicgram showed tachycardia after torsion in all
the animals. Biphasic and inverted Pewave and spiking of
T=viave was seén .in three animals (B2(2), B2{4) and DB2(5).
After oplenectomy tachycardia was seen in gll {-.hé animals,
P-wave was inverted in ﬁwo animale (B2(2) and B2(4) (Fig.10).

Hiemoqram.
Erythrocyte sedimentation rate (mm/l h) was 12.83 + 2,30



”

Eiectrocafdiogram.‘three hours after torsion

- and three hours after splenectomy.

Tachycardia, blphasic P-wave.

, Taphycérdia, inverted/biphasic P-wave."

Tachycardia, spiking of T-wave, increased

" amplitude of T-~wave.
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at Q0 h, 14.67 £ 5.00 at 3 h and 13,17 * 4.32 at 6 h after
torsion. It showed an inc.v.;ease but the variaztions ware not
significant, After splencctomy it was 14.00 + 5.59 at 6 h,
14,67 4 5.66 at 12 h, 18.33 & 6.99 at 18 h, 18,50 * 6.90 at
24 h, 25.33 * 9.77 at 48 h, 23,33 % 10,31 at 96 h and 24.50 %
10,87 at 168 h. It showed an increase upto 48 h, followed

by a decrease. The varlations were not significant.

Packed call volume (%) was 37.50 % 3,02 at O h, 37.00 +
4,30 at 3 h and 38.83  3.67 at 6 h after torsion. The values
" were within the normal range and the variations were not
significant. After splenectomy it was 35,00 + 3.19 at 6 h,
34,17 & 2.87 at 12 h, 34.00 £ 2,74 at 18 hy 29.33 + 2.20 at
24 h, 29.66 % 2,29 at 48 h, 28,00 + 1.69 at 96 h and 29,33 +
2.08 at 168 he It showed a gradual decrease and was signifl-
cant: (P<{0.05) at 96 h. | v

Haemoglobin content (g/dl) was 11,3"7 £ 0:35 at 0 h,

10,40 % 0.72 at 3 h and 10,23 * 0.56 at 6 h after torsion.
| It shcsw.ad a gradual decre'asa but the variations were not
slonificant. | After éplenectomy it was 8.77 4 0.78 at 6 h,
8427 4 0,62 st 12 h, 8,03 & 0.66 at 18 h, B8.27 + 0.67 at 24 h,
7+30 £ 0,93 at 4'8 h, 7426 £ 0484 at 96 h and 7.67 % 0.79 at
168 ha. :ft showed a gradual decrease and the decrease was

sdgnificant (PL 0.05) at 18 h, 96 h and 168 h.

Segmented neutrophil count (%) was 70.20 + 4.03 at O h,
85.50 &+ 2,39 at 3 h and 79.40 3 4.40 at 6 h after torsion.
Tt shoved a significant (PL0.05) increase at 3 h. After
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splonectomy it was 78,67 & 7.36 at 6 h, 88.33 & 0.33 at 12 h,
93.25 + 1,65 at 16 h, 79,33 % 9.21 at 24 h, 80,50 % 6.11 at
48 h, 74. 33 4 6,06 at 96 h and 76.00 % 6.04 at 168 h, It
shm:ed a gradual increase upto 18 h, af:ter ..:h:l.ch the values
wera not much dii:ferent from the value at 6 h ‘after tor:sion.

The inecrease was Bignif.tcant (P(0.0S} at 18 h.

Banc cell count (55 was 0.40 % 0.40 at O h, 1.33 & 0.95
at 3 h and 2.00 % 0.95 at 6 h after torsion. It showed an
:?.ncreaée but the variations were ﬁot ss.gﬁiﬂcant. 'Aftér
splenectomy, it was 4..33';1-_ 1.86 at 6 h, 400 & 1;73 at 12 h,
3.00 % 0_.9;!. at 18 h, 2.00 % 0.58 at 24 h, 1.00 £ 0.71 at 4|8 h,
7.00 & * 2. 31 at 96 h anti 2.20 -t- 0.86 at 168 he .;It showed an
increase at 6 h, then a gradual Jecrease upto 48 hy ﬁo].].owed
by an increase at 96 h and then again a2 decreass at 168 he

The varia_t-.g.ons were not significant.

Lymphocyte count (%) was 26.40 % 4.28 at O h, 11.50 + 2.47
at 3 h and 17.40 £ 4.84 at 6 h after torsioﬁ. The decrcase
was significant (P<0.03} at 3 h., After splenectomy it was
16433 % 8.51 at 6 h, 7.33 & 1,745 at 12 h, 3.25 1,38 ot
18 hy, 15.67 & 7.17 a{: 24 h, 16.7" % 5.02 at 48 h, 16.00 * 6.93
8t 96 h and 20.00 % 4.63 at '168 he It shoved a decreasa upto
18 h, follewed by a gradual increase upto 168 h. The decraase
was significant (P<0,05) at 18 h.

Eosinophil count (%) was 2,40 X 0.81 at O h, 1.17 & 0.48
at 3 h and 0.20 % 0.20 at 6 h after torsicn. The decrease
was significant (PL0.05) at 6 h. After splencctomy it was
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0.67 + 0.33 at 6 h, 0.00 + 0.00 at 12 h, 0.25 % 0.25 at 18 h,
2433 4 0.88 at 24 h, 1.50 + 0.65 at 48 h, 2.00 £ 1.00 at 96 h

and 1,60 .4+ 1.36.at 168 he It chowed an increase after 12 h and

significant {P<0.05) at 24 h.
Serum congstituents,

Total serum protein (g/dl) vas 5.79 * 0.05 at 0 h,
5.8l & 0.08 at 3 h and 6 h aftér torsion. The values were
within the noermal rangs and the vardations were not sicnifi-
cant.  After splenectomy it was S5.81 i 0.09 at 6 h, 5.78 + 0,05
at 12 h, 5.76 + 0,12 &t 18 h; 5.80 x 0.12 at 24 h, 5.79 + 0.05
at 48 h, 5.77 £ 0.05 at 96 h and 5.87 % 0,08 at 168 h, The
values werae within the noimal range snd tho variations were

not significant.

Serum sodium {meg/L) was 152.33 & 1.64 at O hk, 155.07 *
1.49 at 3 h and 154.95 + 1.11 at 6 h after torsion. It showed
an increase but the variations were not significant. After ~
splenectomy it was 154.18 + 0.50 at 6 h, 150.61 + 0,94 at
12 h, 150.94 # 2.44 at 18 h, 151.83 % 1.99 at 24 h, 150.76 +
2.09 at 48 h, 152.72 *+ 2.00 at 96 h and 152.40 + 2,05 at 168 h.
It showed a dectease upto 12 h followéd by a gradual increase

upto 168 h. The decrdéase was significant (P 0.05) at 12 h,

Sarum potassium (meg/L) was S.55 & 0,25 at O h, 6.41 +
O.41 at 3 h and 7.98 }; 0.23 at @ h after torsion. The increasc
was significant (P 0.05) at 6 h. After splencctomy it wag
7472 % 0.24 at 6 h, 7.56 % 0.09 at 12 h, 7.83 * 0.24 at 18 h,
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8001 ‘_"‘_ 0.30 at 24 h’7.49 30021 at 48}1"7.72 :!'_ 0.32 at
96 h and 7.33 & 0.37 at 168 h. It showed a slight decrease
and the variations were not significant.

Period of survival.

All the animals survivedin this subgroup and thoy were
saerificed on the 10th day.

hutopsy - £indings.

There was no gross change in any of the abdaminal organs.
Adhésion was noticed between tha’ aplenic pmdicle and’ the
intestine in two animals (B2(2) and 82(5). Thore wés no
demage to the 1ntestine.

Morphological and histopathological studigs of tha spleen.

The gpleen was bright-red 4in all the animals bafore
toxrsion. It was £irm In consisténcy in.three animals &Bz(l),
52(4) and B2(6) and goft in the other three animals (B2(2),
32(3) and B2(5)., At the time of sPlenectomy. it wés dark in
four animals (32(1). 52(4). B2(S) and 32(6), dark—red in twe
animals (Bz(z) and 82(3) and very goft in consistency 1n all
the animals. |

The length {cm) of the spleen was 26.07 + 0.69 before
torsion and 30423 £ 0.83 at the time of splenectomy Therse
vas a significant (P<:0.05) increase in the 1ength of the

spleen after torsion.

The maximum width (cm) of the spleen was 9457 + 0.92
before torsion and 11.77 i 0.86 at the time of splenectomy.
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There was an increase in maximum width of the splesn after

torsion, though not significant.

The minimmum width {cm) of the sfaleén was 6.65 + 0,43
baforea toraion and 7.76. + 0.36 at the time of splenectomy.
There was an inersase in minimum width of the spleen after

torsion, though not significant,

The average welght of the spleen after splenectomy was

196,67 + S.11 gré.ms.

Histopathologlecal changes. in the spleen included e#ten-
sive congesticn, haemorrhage, thrombosis of vessels and
J.ympho'id dc;apleti'on. Haemosiderosis and hlstoocyl‘:e raaction
ware seen. "I'her.e was n;acrosis and hyal:i.x;xizat:l.on of the

trabeculae,.



Subgroup g,
Table 10. Length, maximun widih, minimunm width and physical characters of the spleen.
bofore torsion and after splenectomy (Mean i S.E.), n=6.

Before torsion . After splehectomy

Animal Weight
No. {ka) Colour Length __ Wideh (cm) Consls~ Colour Length Width (cm)  Consis- Weight
© {ecm) "HMaxi- Hinie tency - {em) "WMaxie HMini- tency (o)

B2(1) 15.0  Bright 25,0 9,10 5.9 [rm Dark .28.0 9.9 . 8.0 Vory soft 175

red
B2(2) 15.0 — Bright 27.0 9.0 6.2 Soft Dark 32.0 11.0 8.0 very 205
red ’ _ red : s0Lt
B2(3) 0.0 Bright 29,0 12,5 | B.5 Soft Dark 30.0 13.0 9.0 Very 200
o red red soft .
B2(4) 11.0 . Bright 26.0 6.0. 5.5 Firm Dark 33.0 5.0 7.0 - very 210
red . - soft .
B2(s) 15.0 Bright 24.8 11.4 6.9 Soft Dark 28,0 14,0 8.0 Vary 190
red B0ft
B2(6) 15.0  Bright 24.6 9.4 6.9 Firm Dark  3S0.4 13,7 6.5 Very 200
red : , soft
Mean ) : ' 1
+S.E, 13.50 26.07 9,57 6.65 : 30.23% 11,77 7.76 196.67
= H.06 H3.69 30.92 0.43 10.83 40.86 40.36 +5,11

" Significant at 5% level

OL
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DISCUSSION

Group A

The average body welght of the animsls in thls group

was 12.92 4 0.74 kg. Recovery from anaesthesia was uneventful,

Clinical signs.

Following experimentally induced torsion of the apleen,
apprecliable abdominal distension was observed in f£ive animals
within three hours of torsion., Kipnis (1974), Moreau and
Henley (1981), Stead et al. (1983) and George gk al. (1984)
have recorded abdominal distension in clinical cases of splenic

torsion in dogs.

Pain on abdominal palpation was observed in four animals
within three hours. Barton (1981) had reported that the
abdominal pain was variable ranging £rom excruclating pain
in acute cases-to virtual absence of pain in chronic cases.
Stevenson et al. (1981) have reported paln on abdominal palpa=
tion in three out of seven clinical cases of splenlc torsion

in dogs.

~ Straining was observed in three animals within three
hours, Brodic (1974) had reported strailning as a symptom in

a case of splenic torsion in a dog.

Conjunctival mucous membrane became pale in four animals
within three hours and in £ive animals within six hours of
splenic torzsion. This is in agreement with the earlier obser-

vations made by Moreaw and Henley (1981); Stevenson ot al.
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(1981); Stead gt al. (1983) and Wright and Callahan (1987).
In one animal the mucous membrane remained normal rosy pink
in colour. Brodie (1974) had reported normal. mucous membranc

in a ciinical ‘case of splenic torsion.

Caplllary rofilling time was found to be prolonged in
all the animals, which continued to be so till death. This
1s in agreement with the findings of Kipnis (1974) and Moreau
and Henlay (1981) in clinical cases of splenic torsion.

All the animals became dull within six hoursz after
torsion. A similar observations was made by Orman and Lorenz
(1972), Iverson (1976), Lipowitz et al. (1977), Moreau and
Henley (1981), Stead et gl. (1983),‘George et ak. (1984) and
O'Neill (1985) in clinical cases of splenic torsion in dogs,
However, Howenstein gt al. (1975) have reported alert appea-

rance in a case of splenic torsion in a dog.

Following splenic torsion all the animals assumed a
position of lateral recumbency within six hours and remalned
80 till death. Moreau and Henley (1981) and Stead et al.
(1983) have reported recumbency as a sympt:om Iin torsion of

splean,

In all the enimals, symptoms such as, extremitics
becoming cold and dark and thick blood were observed within
nine hours,

Signs of dchydration were seen in two animals within nine
hours, Dehydration has been reported in splonic torsion by

Moreau and Hemley (1981) and Wright and Callahan (1987).
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Emasis was observed only in one animal. Emesis had been
reported as a symptom in splenic torsion by Maxie et al. (1970),
Orman and Lorenz (1972}, Howenstein et al. (1975), Lipowitsz
et al, (1977), Moreau and Henley (1981), Stevenson gt al.
(1981), George et al. (1984) and Wright and Callahan (1987).

The! rectal temperature, showad a slight reduction at the
sixth hour £ollowad by a gradual increase but remained within
normal range. The variatlons were not significant. Iverson
{1976) and Moreau and Henley (1981) reported a rise in rectal
temperature in clinical cases of splenic torsion, while
Orman and Lorenz (1972), Brodie (1974) and Howenstein et sl.

{1975) roported that rectal temperature was normal.

The heart rate showed a signlficant increase (P<0,05)
from the third hour which persisted till the end. Increase
in the heart rate had been recorded in clinical cases of
splenic torsion by Brodie (1974), Moreau and Henley (1981)

The raspiratlon rate showed a slight reduction by the
third hour, followed by an increase towards the terminal
stagés. the resplration rate remaining within ﬁhe normal rango.
However, the variations were not significant, Lipowitz et al.
(1977) reported: normal respiration rate, while Brodie (1974)
and Moreau and Henley (1981) observed an increase in respira-

tion rate in clinical cases of gplenic torsion.

Haemeodynamice factors,

A significant (P {0.05) decrease in the systolic pressurc
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was ocbserved by sixth hour after torsion, vhich perslsted

throughout.

The diastolic presspure and mean arterial preossurce showed
a decrease which was significant (P<0.05) from the ninth

hour onwards.

The pulse pressure showed a dderease in value throughout,

but it was significant (P< 0.05) only at the ninth hour,

The cantral venous pressure showed a decrease in value
throughout, which was sionificant (P 0.05) from the ninth

hour onwards,

Thase results could not be compared with any other work
for want of data in the literature avallable. The exact causo
of the varlations In the physiclogical norms cannot be
explained because it regquires more detailed exparimentation,

Electrocardlogram,

ECG showed tachycardia in all the animals. Conduction
abnormalities were not seen at any stage of cobservation. One
animal developed sinus arrhythmia but became normal sponta-

neously.

Haemogram.

Erythrécyte sedimentation rate showed a decrease upto
sixth hour followed by a gradual incremse. The variations
were not significant. Rapid sedimentation rate and roulcaux

formation had been reported by Wright and Callahan (1987).
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Packed coll volums showed only marginal vardatlons, the
values remaining within the normal range and not cignificant.
Wright and Callahan (1987) have reported nomal packed cell

volume in a clinical case of splenic torsion in a dog,.

Hacmoglobin content showed a decreasing trend vhich was
significant (PL 0.,05) by the 18th hour. Lipowitz et al., (1977)
observed a reduction in hacmoglobin content in a ¢linical casc
of splenic torsion in a dog.

Segmented neutrophil count showed an increase upto ninth
hour after torsion Zollowed by a decrease upto 21 hours,
though the varilations wers not significant. Maxie gt al.
(1970), Lipowitz gt al. (1977), Moresu and Henley (1981) and
Stevenson gt al. (1981} reported neutrophilia as & common

£inding in clinical cases of gplenic torsion in dogo.,

Band: cell count shm:ed a gradual increase and the increacs
wag slgnlficant (P 0.05) after ninth hour, Increase in nunbor
of immature neutrophil was reported by Iverson (1976), Moreau
and Henley {1981) and George gt al. (1984) while Lipowitz gt al.
(1877) recorded a decrease in number of immature noutrophilas.

Thé lymphocyte count showed a decrease and the values
vorae significant (PL 0.05) from the sixth hour onwards. Lympho-
penia was reported by Lipewitz et al. (1977) and Moreau and
Henlay (1981},

Eosinophil count showed a decrease and it was significant
(PL 0,08) at the ninth hour. ILipowitz gt al. (1977) recorded

an ingrezse in eosinophll count.
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Serum constituonts,

Total serum protein values ramained vithin the normal
ranga, the variations were not significant., Lipowitz et gl.
(1977) also had made @ similar observation in a clinical case

of splenic torsicn in a dog.

The serum sodium level varied within the normal range
but showed a decrease f£rom the 18th hour, evaqthaugh the
variations were not sigﬁifiéanﬁ. Lipowitz et ale (1977) and
Moresu and Henley (1981) observed a slight riso in serum

godium level, but the values were within the normal rango.

The serum potassium level showed a significant (P <0.08)
increase f£rom the third hour onwards. Lipowitz et al. (1977)
observed serunm potassium level ak the lower limit of the
normal range in a clinical case of splenic torsion in a dog.
Morcau and Henley (1981} reported a low level of serum pota-
gsium on the third day of hospitalization of a dog suffering

£rom splenic torsion.

Radiooraphic studies.

RadiOQréphic e%amination, 12 hours after.tarsion of tha'
spieen, positioning the animal in left lateral recumbency,
could reveal a donse shadow representing the spleen in the
anterior abdomen..-8§lenomegaly as-a radiographic finding was
roported by Maxie gt al. (1970), Howenstein gt al. (1975),
lMorean and Hemley (1981), Stavenson gt al. (1981), Stead
et al. (1983), O'Neill (1985) and Wright and Callahan (1987),
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Perliod of survival.:

The average survival perlcd was 21453 % 4.10 hours, the
range being 8.00 hours to 38:45 hours.

Autopsy £indingg.

On autopsy dark coloured f£luid in the peritoneal cavity
in varying quantities was seen in five animals. DPresence of
£luld in the peritoneal cavity 6n exploxatory laparotomy in
clinical cases of splenic torsion was feporte& by Kdpnis
(1974), ZIverson (1976} and Moreau and Henlay (198l). Spleen
was enlarged and dark coloured in five animals. Splecn was
found to be ruptured, fragmented and sgparated in one animal,
and small focd of rupture were noticed in two animals. Con-
gestion of gplenic pedlcle, splenic vessels and bleod clots
in splenic veins were obgervad in three animale, whercas clots
in the splenic vessels alone were seen in two anlmals.
Thrombosis of splenic vessels was zeported by Oorman and
Lorenz (1972), Lipowitz ot al. (1977), Moreau and Henley
(1981), Stead ot al. (1983) and O'Neill- (1985)., Intestine
and stomach wera diiated and pale in thres animals. Lipouitz
ot al. (1977) stated that vascular embarrassment to the
intestine occurs due to torsion of large abdominal organ.
Acute mesenteric vesgel occlusion and early degene;ative
intestinal changes may occur. Congastion of gastric mﬁcosa
and‘presence of dark flgid in the stomach in one animal and

congestion of liver, lungs and kidneys was sean in thres
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animals. About 50 ml of light-brown urine was detected in

the urinary bladder in one animal.

Morpholoaical and histopathological studies of the spleen,

Normal spleen was £irm in consistency and was darkered
in ¢three animals and bright red in the other three animals.
At the time of autopsy the spleen was found to be dark in
£ive animals and reddish-grey in one animal. The consistoncy
was soft to very soft in €£ive animals and it was L£xagmented
in one animal,

The length, maximum width and mininmum width were om .the

increase eventhough the values weze not significant.

Splenomegaly as a radiographic £inding was reported by
Maxie gt al, (1970), Howenstedn et at, {(1975), Moreau and
Henlay (1981), Stevenson gt al. (1981l), Stead et apl. (1983),
O'Neill (1985) and Wright and Callahan (1987),

Palpable splenomegaly was reported by Maxie et al. (1970},
and Stevenson et ale. (1981). Splenomagaly as reported by the
carlier workers on the basis of radlography and on palpation
are confirmed by the autopsy £iadings during tho present study.

Histopaﬁhologiqﬁl changes in tho gpleen included oxton~-

 sive congestion, hacmorrhage end thrombd in tho vessels.

This is in agreement with the findings of Howcnstein gt al.

| (1975) and O0'Neill (1985). There was hyalinization and
necrosis of trabeculae, lymphoild depletion and lymphoid tiosuo

was replaced with red blood cells. Similar changes had been
reported by Wright and Callshan (1587).
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Frém the above observationg it was found that the
anlmals became dull and recumbent-by sixz hourg after experi-
mentally induced torsion of the spleen and remained recumbent
ﬁill death, The mucous membrane was pale and the capillary
rafilling time was prolonged. A significant increase in the
heart rate, band cell count and serum potassium and s signi-
ficant decreoase in systolic pressure, dlastclic pressurg,
mean arterial pressure, pulse pressure, central venous pre-
ssure, lymphocyte coﬁnt and eosinophlil count was observed by
the ninth hour after torsion. It could be seen that the
period from sixth to the ninth hour after torsion of the spleen
would be critical and hence the appropriste time to commence

the trestment was £ixed at six hours after torsion.

Group 'B

Subaroup Bl, (Detorsion of spleen was undertaken six hours
after torsion)

The average bhody welght of the animals in this subgroup
was 12.33 + 0.80 kgs The recovery f£rom anaesthesla was

unaeventful.

Aftor torslion.

Clinical signs.

Following experimentally induced torsion of the spleen,
.appreciable abdominal distension and pain were obsgerved in
thres animals within three hours. Straining was observed in

threc animals. Conjunctival mucous membrane was pale In
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three andmals, pink in two and congested in one animal.
Capillary refilling time was prolonged in all the animals.

All the animals became dull and assumed a position of
lateral recumbency within six hours. Symptoms such as extre-
nities heéoming cold (two animals), signs of dehydration
(two animals) and blood becoming dark and thick (three animals)
were observed within six houros. Emesis was notilced in three

animals.
The above observatlons were similar to those in group A.

The rectal temperature remained within ths normal range,

the variations were not sicnificant.

The heart rate showed a significant (P<0.05) increasa

at third hour and sixith hour.

The respiration rate showed a significant (P<;0 05)
Increase by the sixth tiour,

The observations on xrectal temperature, heart rate and

reosplration rate were similar to those in group A.

Haemodynamic factors.

The systolic pressure, dlastolic pressure, mean arteriagl
blood and pulse pressure showed a significant (P< 0.08)

decrease by the sixth hour after torsion.

The central vencus pressure chowed a significant (P< 0.05)
decroase at third hour and sixth hour.
The observations on haamodynamic factors were cimilar to

those in group A,
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Electrocardiogram,
ECG showed tachycardia in all the animals. Conduction

abnormalities were not scen.

Haemo%ame

Exrythrooyte sedimentation rate showed a decrease upto
sixth hour though not significant.

Packed cell volume shoved only marginal varistions, the

values remaining within the normal range and not significant.

Haemoglobin content shoved a decreasing trend, but not
significant,

Segmented neutrophil count showed a significant (P < 0.05)

increase at third hour and sixth hour,
Band cell count showed an increase, but not significant.

Lymphooyte count showed a significant (P« 0.05) decreass
at third hour and sixth hour,

Eosinophil count showed a decrease and it vas significant
(P< 0405) at third hour,

The observations on heemogram were simllar to those in

group A.

Serum ccnstituenta.

Total serum protein values remained within the normal

range, the variations were marginal and not significant.

The serum sodium level showed an increasing trend ini-

tlally but the'variations were marginal and not significant.
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The cerum potassium showed an increase and was signifl-

cant (P<L0.05) at sixth hour.

The observatlons on serum constitucnts were similar to

those in group A,

Morpholeogical study of splecn.

Normal spleen was brightered in colour in f£ive animals
and reddish-brovn in one animal. It wos sofit in conslstency

15 five animals while it was £irm in one animal.

Aftar detorsion.

Clinical signs.

Aftaer detorsion all the animals assumed the position of
lateral recumbency, except one animal, which stood up witﬁin
one hour, Two animals could stand up within six hours,
Extremities were cold in all the animals except in one animl
that survived. Blood was dark and tbick in two enimals. Four
animalea vere dull and did not accept food andi water, while the
rest startea feeding after 24 hours. There was no change in
the colour of the mucous membrane in four animals, while 1t
was pale in one animal and light-pink in another., 7The copi-
llary refilling time was prolonged in five animals, while the

animal that survived showed improvement after 24 hours.

The rectal temperature showed a decrease upto 18 hours
and thereafter a gradual increase, The variations ware not

significant.

The heart rate and the respiration rate esthibited an



Increasing trend by the sixth hour, followed by a gradual

deorzase, though the variations were not significant.

Haemedynamic g£actors.

The systolic pressure, diastolic pressure and mean
arterial pressure decreased at six hours and then gradually

increased upto 24 hours., The variatlions were not signifiicant,

The pulse pressure decreased upto 12 hours follouwed by a
gradual increase upto 24 hours. The variations were not signi-

£iceant,

The central venous pressure showed an increase at six
hours f£olliowed by a decrease upto 18 hours and then an increase

at' 24 hours, though the variations wera not significant.

Electrocardiogram.

ECG showed tachycardia in four animals. Conduction

abnormalities were not seen at any stage of observation.

HBQTROQE QM e
Exythrocyte sedimentation rate showed fluctuations at
different time intexrvals, though not in the normal zange.

However, the variations were not signiflcant.,

Packeé cell volume shawed a slight increase at six hours
followed by a gradual decrease thereafter, with no significant

varviation,

Haemoglobln content showed a gradual decrease vhich wao

significant (P 0.05) at 24 hours and 95 hours,
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Segmented nsutrophil count schewed a decrease which vas
sionificant (P< 0.05)} at six hours and 96 hours.

The band coll count was high and thoe increase was

gignificant {P<L 0.05) at 48 hours.

The lymphocyte count showed £luctuations during the
observaticn period with no significant variation in the.

wvalues,

The cosinophil cocunt did'hot show any change upto
12 hours, but recorded a gradual incrcase atterwards, the

variation boing not significant.
Sarum constituonta,.

Total serum protein values remained within the nozmal

range, the variations were not significant,

Serum sedium showed a decroasing trande. Tho valueo
remained within the normal range, the varilations were not
significant,

Sorum potassium shoved a gradual decrease and the

décrease was significant (P 0.05) at 96 hours,
Pariod of survival,

One animzl in this subgroup survived the period of
obsarvation of seven days. Ranmaining £ive animals died at
vaxying time intervals, viz., one hour 30 min (one andimal) ,
two hour 30 min. (one animal), £ive hours 25 min. (one animal)
and eix days {two animals).
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Autopsy £indings.

Of tha éive animals which died at different intervalg,
dark £luid in peritoneal cavity was present in three animals.
Ruptura of splenic capsule was seen in two animals. Splenic
pedicle was congested in three animals and it was adherent
to stomach, spleen and intestine in two animals. Intestine
was perforateé at the point of adhesion in one animal. Spleen
was da&k—b:own in colour and separated in two animals. Splenic
vassels were found to be congested in one andmal and blood
clots were seen in the splenic vessals in three animals,
Intestine and lungs were pale in four animals., Congestion
. in the kidneys and the liver was seen in one animal each.
Stomach contained dark seml-solid material =nd the pancreas
was found to be brown in colour in one animal. In the animal
that survived the period of obhservation and when sacrificed
on the 10th day, the spleen was found to be in its normal
position and of normal size; colour and consistency. Some
of the small branches of splenic vessels contained blood clots,

The lungs were pale and the kidneys showed congestion,

Morpholooical and histopatholegical studies of the spleen.

At the time of detorsion the spleen was dark 4in all tho
animals., It was £irm in consistency in four animalsc and soft
in two animals. At the time of autopsy it was dark in three
animala, reddish-brown in one animal, while in two animals,
tha spleen was dark-brovm in colour and soparated. It wag

soft Iin consistency in all the animals.

\
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There was a significant (P<0.05) increase in the length
of the splecn at the time of detorsion, which showed a decrease
at the time of autopsy. However, it was more than tho value

hefore torsion, but not signifilcant.

There was a significant (P<0.05) increase in the maxinum
width of the spleen at the time of detorsion, which showed a
"decrease at the time of autopsy. However, it was not .glignifi-

cante

There was a significant (P<0.08) increase in the minimum
width of the splecen at the time of detoxsion, which shaved a
significant (P< 0.05) decrease at the time of autopsy. The
measurements at the time of autopsy Aid not show any signlfi-

cant variation vhen compared to the inltial wvalue.

Histopathologlcal changes in the spleen included exten-
sive congestion, thrombosis of vessels, lymphold deplotion
and lympholysis. Focal areas of necrosis, cdema and hyalini-
zation of trabeculag were also seen. Jubb and KEnhedy {1970)

stated that spleen becomes necrotic when the artexy is occluded.

Subgroup B2. (Splenectomy was porformed, six hours after
torsion)

The average body welght of the animals in this subgroup
was 13.50 * 0.96 kgs The recovery from ansesthesia was

uneveantiul,
Aftor torsion,

Clinical signas.

Follouwing experimentally induced torsion of the splecn,
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appreciable abdominal distension and pain were observed in
five animals within three houre and one animal was recumbent
and moaning, Blood was dark and thick in one animal. Emesis
was noticed in one animal. Mucous membrane was lighte-pink in
three animals, pale in two and congasted in one animal. Capi-
1lary re€illing time was prolonged in all the animslo.

All the animals became dull and assumed a position of
late;al recumbency within six hours. Symptoms scuch as esttre-
mities becoming cold ané blood becoming dark and thick (three
animalsi were observed within six-ﬁours. one of the animal
vomdted off and on. Retching was seen in two animals. Thero
was no changae in ﬁhe colour of the micous membrane. Caplllary

reflilling time was prolonged in all the animala.

The above observations were similar to those in group A
and subgroup Bil.

The rectal temperature remained within the normal range,

the variations were not significant,

The heart rate showed a significant (P<£0.,05) increase
at third hour and sixth hour.

The respiration rate showed an increase, though not

significant.

The observations on rectal temperature, heart rate and
respiration rate ware similar to those in group A and sub-

group Bl.



Hacmodvynamic factors.

The systolic pressure, dlastolic pressure, mean arterial
- pressure and pulse prossure showed a decrease after torsion,
though not s:!.gnificant;

The central venous pressure showed a significant (P £0.05)
decrease at third hour and sixth hour.

The observations on hacmodynamic factors waere similar to
those in group A and subgroup BJ.,

Electrog ardicaram.
ECG showed tachycavrdia in zll the animals. Conduction
abnormalities were not seen.

Haemogram,

Erythrocyte sedimentation rate showed a slight increase
at third hour followed by a decreass at sixth hour, however
these values wera within the normal range and the variations
were not significant.

Pagked cell volume showed only marginal variations, the
values remaining within the normal range and not signlficant.

Hzemoglobin content showed a decreasing trend, mt not
significant.

Segmented neutrophil count showed a significant {P< 0,08)
increase at third hour,

Band cell count showed an increase, but not significant.
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Lynphocyte count showed a significant (P<0.05) decrease

at-.third hour.

Eosinorhil count showad a decrease and it was significant
(P 0.05) at third hour. The observations on hacmogram ware
pimilar to those in group A and subgroup Bl, except for the
erythrocyts sedimentation rate values, which showsd a slight
increase initially.

Serum constitucnts,

Total serum protein values remained within the normal

range, the variations were not significant.

The serum godium leval showed an increasing trend ini-

tiaily, but the variztions were noi sighificant.

The serum potassium showed an increase and was signifi-

cant (P 0.05) at sixth hour,

The observations on serum constltuents were similar to

those in group A and subgroup Bl.

Morphological study of splecn.

Normal splecn was brightered in colour in all the animals,
Conslstency was £irm in three animals and soft in the other

threg animals,

ﬁfter gplenectomye.
Ciinical signs.

After splenectomy all tha animals were recumbent for -
varying periods f£rom six €0 12 hours. The extremities vhich
vere previously cold regained normalcy after gplenectomy,
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when the animals stood up. The blood was watery 12 hours
after splencctomy. All the animals started taking food and
water and were active and alert at varying intervals agker

12 hours. One animal vomited during the £irst gix hours and
passed light-brown urdne after 24 hours. One animal passed
loose facces after 48 hours. The mucous membrane wag light
pink in four animals and pink in two animals. The caplllary
refiliing time - -+ iweroved im all the animals. Orman and
Loranz (1972) and Kipnis (1974) reported a change in the colour
of the mucous membrane to pink and improvemcnt in capillaxy
refilling time after splenectomy in clinical cases of splenic

torsion in dogs.

The rectal temperature remained within the normsl range,

the variatione werc marginal and not significant.

The heart rate showed a gradusl decrease which was signi-
flcant (P 0.05) from 24 hours.

The regpiration rate showed a decrease at sis hours
followed by a gradual increase upto 24 hours and a gradual,

Gecraase again., The variations were not significant.

Haemodynanmic factors,

The systolic pressure, showed a decrease at sisk hours

folloved by a gradual increase upto 24 hours.

The diastolie prescure and mean arterlal pressura showed
a significant (PL 0.05) decrease at gixz hours followad by a

gradual increase upto 24 hours,
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The pulse pressurce showed an increase upto 24 hours. Tho

variations were not significant.

The central, venous pressure showed a decrease at six hours
folloved by a gradual increase upto 24 hours. The variations

were not significant.

Electrocardiograri.

ECG showed tachycardia in all the animals. The conduction
abnormalitics vere not scen.

Hacemooram.

Erythrocyte sedimentation rate showed an increase upto'
48 hours f£ollowed by a decreasa. The variations wers not

significant.

Packed cell voluma showed a gradual decrease which was

slgnificant (P 0.08) at $6 hours,

Haemoglokin content showed a gradual decrgoase which was

significant (P< 0.08) at 18 hours, 96 hours and 168 hours.

Segmented neutrophil count showed an increase upto
18 hours and thereaftor the values wera almost the Bame. as at
the time of spienectamy. The increase was significant (P 0.05)

at 18 hours, ,

Band cell count showed fluctuations during the poricd of

chservation but the variations were not significant.

Lymphooyte count showed a decrease upto 18 hours followed
by a gradusl increase upto 168 heours. The decrease wes signi-
f£icant (P 0.05) at 18 hours,



94

Eosinophil count showed an increase after 12 houxrs and
the increase was significant (P<0.05) at 24 hours,

Sarum conctituento,.

Total gerum protein valuss remained within the normal

range, the varilations weréd not significent,

Serum sodium showed a decrease upto 12 hours followed
by a gradual‘increase upto 168 houra. The decrease was sigmi-
£dcant (P 0.05) at 12 hours., After 12 hours the variations

were not significant.

Serum potassium level showed slight decrease, the varia-
tions were not significant. |

Perlod of survival.

All tho animals in this subgroup survived the pericd of
observation of saven days. Splcenectomy as a treatment in
clinical cases of splenic torsion has been reported by Mclish
(1567), Iverson (1976), Lipowitz et al. (1577), O'Neill (1985)
and Wright and Callahan (1987) in a single case cach. All
these animals suxvived after splencctomy.

forean and Henleylglgel) reported a case of splenic
torsion in a dog vhich did not survive after splenectomy.
Stevenson gt al. (1981) reported incidence of splenic torsion
in saven dogs. Out of the seven dogs only two survived aftor
splenectony and the remaining died post-op@ratively; Stead
et al. (1983) reported three cases of splenic torsion, out of
vhich two survived after splenectomy and the third died.
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Autopsy €indings.

There were no ¢ross changes in any of the abdominal
crgans. Adhesion was noticed between the cut end of the
oplenic pedicle and the intestine in two animals. There

was no dsmage to the intestine.

Morpholoaical and histopathological studies of the spleen.

At the time of splenectomy, the splecn was dark in four

énimals, darkered in two animals and very soft in qonsiatency

in all the animaleg.

There was a significont (P<0.05) inerease in the length

of the opleen after torsion.

There was an increase in maxdmum width and mindnum wldth
of the spleen after torslon but the increase was not signifl-

cant.

-The above results could not be compared with any othar
vork f£or want of data in the literature available. The exact
cause of éhe variations in physioclogical norms cannot be

e¥plained because it recuires more detalled experimentation.

Histopathological changes in ¢he splecn included Gxtcne
sive congastion, haemorrhags; thrombosic of vassels and lymphoic
depletion. Heemosiderosis and histeocyte reaction weze cecn.

There was necrosis and hyalinization of the trabeculae,

Three out of the six animals in subgroup Bl remained
recumbent after detorsion whoreas all the sfxr animals in oub-
group B2 stood up within 12 hours. Extremitics remalnod eold



96

in five animals in subgroup Bl, throughout the period of
observation vhersas in subgroup B2, the extremitics regained
normalcy when the animals stood up, Four out of the six
énimals in subgroup Bl dld not take food and water after
:detorsion wvhereas all the six animals in subgroun B2 started
feeding and were active and elert aftor 12 hours. The mucous
membrane remained pale and the capillary refillling time was
prolonged after detorsion in subgroup Bl, whercas in gsubgroup
B2, the ﬁucous rembrane turned lilght pink or pink and the
capillarf re£illing time'improved. The rectal temperature

- showed a decreasing trend upto 18 hours after detorsion,
vhereas it remained within the normal range after splcnectomy.
Heart rate showed 2 Gecrsasing trend in both the subgroups but
the decrease was significant after splenectomy in subgroup D2
after 24 hours, Respiration rate showed an increase at sixth
hour after detorsiocn, followed by a gradual decrease, whereas
it showed a decrease at sixth hour after splenectomy, followed

by a gradual increase upto 24 hours and then a gradual decreasc,

Blood pressure decreaced at sixth hour followed by an
increoase uptp 24 hours in both the subgroups. The central
venous pressure showed an increase at the sixth hour after
detorsion, followed by a decrease upto 18 hours end then agein
an increass at 24 hours, whereas 1t showed a gradual increase

after splencctomy,

Electrocardicgram showed tachycardia in both the sub-

groups,
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Erythrocyte sedimentatlion rate showad f£luctuations aftor
detorsion in subgroup Bl. It showad an increase at 48 hours
and 96 hours. In subgroup D2, it increased gradually upto
48 hours followed by a dacrease. Packed cell volume decreased
in both the subgroups except for a slight incrsasze at thae sixth
hour after detorsion in subgroup Bli. Haemoglobin content showed
a slgnificant decrease at 24 hours and 96 hoursz after detorsion
in subgroup Bl and at 18, 96 and 168 hours after splenectcmy
in subgroup B2. Differentizl leucocyte count gradually returned
o normal in both the subgroups aftor treatment except for band
céll count which remained above normal in subgroup Bl.

Total serum protein and serum sodium values remained
almost within the normal rangs in both the subgroups but serum
potassium showed a gradusl decrease after detorsion in cub-
group Bl which was significant at 96 hours. Xn subgroup B2,

only a slight decrease was observed after splenectomy.

One animal in subgroup Bl survived after dstorsion.
Remaining €£ive animals dled at varving time intervals after
detorsion, viz., one hour 30 min. (one animal), two hours
30 min., (one animal}, f£ive hours 25 min. (one animal) and
six days (twe animals). All the animals in subgroup B2 sur-
vived after splenectomy.

In the present study there was no incidence of tha splean
getting itself detorted when twisted around its pedicle to

720° in a cleck-wise direction.



g(ﬂ'llﬂéty




SUMMARY

Elghteen apparently healthy dogs of either sex, aged
one to flve years and welghing 10=-15 kg were used for the
study. The animals were divided into two groups, A and B
conalsting of six and 12 animals respectively. The animals
of group B were further divided into two subgroups, Bi and
B2 consisting of six animals @ache. In group A, laparotomy
wag performed and torsion of Ehe spleen was brought about.
In group By torsion of the‘591een was brought about as in
group A. &Six hours later, éétoraion of the épleen vas done
in subgroup Bl and splenectomy'was performed in subgroup B2,
AllL the enimals ware chserved for a period of seven days or

death, whichever was earlier,

- ¥Within threo hours of experimentally induced torsion of
the spleen, apprecisble abhdominal distensior, paln on abdominal
palpation and straining were chsorved. The mucous merrana
became pale, the capillary re€illing time was prolonged and
the extremitios becams cold. The rectal temperatura and
resplration rate remained within the normal range but heart

rate showed a significant increase.

Tho animals assumed a position of lateral recumbency
within eix houra. Thare was gradual £all in gystolic prassuro
which becane significant from sixth hour. Tﬁe diastolic pre-
8sure, mean arterial pressurc and central venous pressurc

decreased steadily but significent decrease was cbserved f£rom
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the ninth hour onwards. The pulse pressure recorded a
gradual £all which was significant at the ninth hcurr Sicns
of dehydration were seen in two animals and emesels was noticed
in one animal,

Electrocardiogram, thres hours after torsion showed

tachycardia,

Erythrooyte cedimentation rate showed a décrease upto
sixth hour followed by a gradual increase. Packed eell volumc
 remained within the normal range. The haemoglobin content
showed a decrease. Differential leucocyte count revealced

neutrophilia, lymphopenia and cosinopenia.

Total serum protein and serum sodium velues remainod
within the normal rangs, whereas serum potagsium showed a

significant increase from the third hour onwards.

The radiograph taken at 12th hour revealed s dense shadow
with distinct borders in the anterior part of the abdomen.

All the animals in this group died and the average sur-
vival period was 21.53+4.10 hours,

Autopsy revealed dark colourcd £luid in the peritoneal
cavity. Th2 spleen was dark, s0ft and enlarged. It was
£ound to be ruptured, fragmanted and separated in ono animal,

Blcod clots in the splenic vaessels vere also seen,

Histopathological changes in the spleen included cone
gastion, haemorrhage and thrombosisg.
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Croup B.

After experimentally induced torsion of the spleen, the
clinical symptoms, haemodynamic £actors, haemogram and scrum
constituents upto six hours were almost identical to those in
group A.

S roup Bl,

After detorslon only one animal survived tho period of
observation of saven days. The remaining £ive animals dled
at varying time intexvals, viz., one hour 30 min. (one enimal),
two houxs 30 min. -(one animal), £ive hours 25 min. (one animol)

and six days (two animals).

The three animals which died within six hours wore recium-
bent tlill death. After detorsion the extremitios were cold,
the mucous menbrane was pale and the capillary refilling time
was prolonged. Most Of the animals did not take food and
water. In the three animals vhich survived for more than soix
hours, the variations in rectal temperature, heart rate and

the resgpiration rate wore not significant.

The blood pressura and central venous pressure returned
o normal.
Electrocardiogram, three hours after datcoraion showed

tachycardia.

Erythxocyﬁe sedimentation rate ramained within tho normal
range vhoereas packed cell volume and hacmoglobin content
decrecased. Differential loucceyte count did not show marked

variations oxcept for a significant decrease in segmented



neutrophil count at gixth an hours and a significant

increase in band cell count at 48 hours,

Total serum protein and serum sodlum values ware within
the normal rangs. Thoﬁgh a sionificants decrease was observed

in serum potassium level, yet the value remained above normal.

Autopsy revealed presence of dark coloured £luid in the
peritoneal cavity, rupture of splenic capsule, congesticn of
splenic pedicle and clots in splenic vessels. Separation of
the spleen and adhesion of the splenic pedicle to the stomach

and intestine were also éeen.

Histopathological changes in the spleen inciuded CON=
gestion, thrombosis of vessels, lympholysis and focal arcas

of necrosis.

Subaroup B2,
After splenectomy all the animals survived tho pexiod of

observation of sseven days.

After splenectomy, all the animals stood up within
12 hours, the extremities regained normaley and thoy started
taking food and water. The mucous membranc was light pink or
pink and the capillary refilling timo improved. The blood was
watery 12 hourg after gplenectomy. The rectal tamperature
remained within the normal rengse. Fluctuations 4in the respi..
ratlon rate were not significant. The heart rate returned to
normal range,

The blood pressure and central venous pressurs returned
to normal,
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Electrocardlogram, thres hours after splenectomy showed
tachycardia,

Variations in arythrocyte sedimentation rate were not
sigﬁificant whereés packed cell volume andhasmoglohin content
decreased. Differentisl leucocyts count did not show marked .
varlations. Thexe was an increase in cosinophils and segmented
neutrophils and decrease in lymphocytes,

The total serum protein and serum sodium showsd only
slight variations. Serum potassium lovel which was high showed
a ﬂecreésing trend, the values remaining above normal,

Autopsy aﬁtér sacrificing the animals revealed adhesion
between the cut end of the splenic pedicle and the intestine
in two animals.

Histépathoiogical chengas in the gpleen includsd con-
gestion, thrombosis, haemosiderosis and histeocyte reaction.

Tha following concluslons could ke drawn from the present
studys

1. Ciinical signs such as abdominal distension, pain on
abdominal palpation, straining, recumbency, cold extremie
ties, emesis, tachycardla, hypotension, neutrophilia,
increased serum potassium and a dense shadow with distinct
borders in the anterior part of the abdoemen on radiography
arae diagnostia. .

2. The period from sixth to the ninth hour after torsion of

the spleen would be critical and hence the appropriate tinme
o camence the treatment.
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3e After detorsion of spleen £ive out of the six animals
dled and hence detorsion does not appeatr to bo the satlce
gactory troatment.

4. After splencctomy all.the six animals survived and hence
is recﬁmmended as the treatment in splenic torsion.
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ABSTRACT

Bighteen apparently healthy deogs of either sex, aged
ong to £ive years and weighing 10-15 kg were used for the
study. AlLL the degs werc dewormed aond examined for the
presence of blood parasites i€ any. They wore housed sepa-
rately:in cages under identical conditions of feeding and
management and kept under cbservation for 10 days before thae

ex@eriment.

The animals wore divided into two groups as detailed
belcus

Croup Ar Conesisting of six animals numboered sorilally, ViZes
a(l), a(2), n(3), A4}, A(B) and A(6) and

Group Bt Consisting of 12 animals divided into two subgroups
of six animals each and numbered serially, viz.,
B1(1), B1(2), B1(3), Bl(@), B1(5) and B1(6) and
B2(1), B2(2), B2(3), B2(4), B2(S) and B2(6).

In the animals of group A, laparcotomy was performed and
toreion of the spleen was hrought about. The observations
mzde in this group served (i) to assesa the clinico=pathclo-
gical chengaes and (14) to arrive at appropricte time for the
commencoment of treatment in group B, In the animals of
group B, effectiveness of treatment, following experimentally
induced torsion of the spleen was studicd. In the subgroup B1,
dotarsion of the spleen was done while in subgroup B2,
splencétomy was performad,



The animals became dull and recumbent by six hours after
:-experimentally induced torsion of the spleen and remained
recunbont t1ill death., The micous membrane was pale ond the
capil;ary rafllling time was prolonged. A significant
Aincreasa in the heart rate, band cgll count and serum pota-
ssium and a aignificant decrease in blood pressure, oentral
vencus pressura, lymphocyte count and cosinophll count was
ohserved hg-the'ninthfhour after torsion. It coulqd bo scen
that the pericd from sixth to the ninth hour after toxrsion of
the spleen would ba critical and hence the appropriate time to

commence the treatment was £ixed at six hours after torsion.

In group D, where offectiveness of the treatment was ;
studied, only one animal curvived after detoxsion in subgroup DL
whoreas all the animals survived after splenccteomy in sub-
group B2, In subgroup Bl, after detorsion most of the animals
vere recumbent, the extremitics were ccld and they did not
take food and water, whercas in subgroup B2, after splenectomy
all tho animals vere able to stand and they tooﬁ £ood and watoew.
The heart rate shcme§ a decreasing trend in both the subgroups.
Blood prassurce showed a dechase at sixth hour followed by an
increase in both the aubgroués. Central venous pressure shoved
an increasa at scixth hour followed by a decrcase upto 18 hours
and then an increase at 24-hcurs in subgroup Bl, vhoreas in
aubgroup B2, it increased gradually. Packed cell voiume and
haemoglobin content decreased in both the subgroups. The serum

pokassium level remalned high in both the subgroups.
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