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EXPERIMEOTAIiLY IKDUCSD TORSION OP SPLEEST AND VSB

TREATMEKT IN CANINES

INTRODUCTION

Spleen is tlia largest Ivitiphold organ In the body and

It forms part o£ the retlculoendothellal system# In dogs,

it serves as a reservoir o£ blood- It is regarded as a

graveyard for ageing erythrocytes. However* ^leen is not

essential for life, as its fxmctions are tal«en up by liver,

lyinphnodes and bone marrow in its absence.

Splenomsgaly is associated with bacterial infectiona,

protozoan diseases, tumours and abscess of the spleen, splenic

torsion and gastric dilatation-volvulus syndrome• Splenic

torsion is ccsigjaratlvely a rare, condition. It is most often

described as part of a gastric-volvulus syndromes although

it may occur independently (Stevenson ^ 1981) • The

incidence is more in large, deep-chested breeds of dogs suCh

as Great Dane, st# Bernard, Alsatian and others.

Etiology of torsion of the spleen is unteown. Usually

it occurs after a heavy meal followed by exercise. Most of

the reports on splenic torsion are based on clinical cases#

The condition is usually fatal due to absence of pathogno-

mo^c clinical symptoms maKlng it difficult to diagnose the

condition.

Hence the present wor3c was talcen up to study the patho-

physiology and clinical manifestations of torsion of spleen
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induced in OKp@rlmental dogs* it was also conten^Iated to

evaluate the eS£icacy of the two methods cf treatment viz.#

(i> detorsion of the spleen ond (ii> fsplenectocry#
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REVIEW OP LITERATURE

McWish Qt al. (1967) reported a caoe o£ splsnle torsion

in a 12 month-old £GinalQ Deerhound. Ths animal had been fed

a £ct; hours bafore the onset of the syir^oma and had a

previous history of gastric dilatation and torsion. The

animal x^as dull and ,in a state of shoclc with a painful

swelling in the middle of the abdomen, on ea^loratory lapa-

rotomy stcsnach was found to, be tyn^anitia* The, dog vomited

during manipulation of the stomach* The spleen was found to

be grossly enlarged and the splenic pedicle tv/isted. The

torsion was corrected and the spleen was removed. The
j

recovery was uneventful*

Jubb and. Kennedy (1970) stated that torsion of the spleon

occurred in dogs in association with torsion of the stomach,
>

There was severe congestion and haerrrarrhagic infarction due

to occlusion of the vein* when the artery, was occluded, the

organ became necrotic. when the distal portion was twisted^

only the veins were occluded, causing haemorrhagic infarction

and congestion*

(1970) reported three cases of torsion of

spleen in Great Dane, Anoresdla* vomiting and splenodynia

with palpable splenomegaly were observed in tx-io cases while

polyuria and polydipsia were observed in the other. Weutro-

phllia»haemoglobinuria and increased serum all^ine phospha-

tase were detected in all the three cases. Radiographically

detectable splenomegaly was observed in two cases* The
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diagnostic interval varied from five days to 11 days. All

thG animals survived after splenectorny.

orman and Lorena (1972) reported a oase of the torsion

of the splenic pedicle in a male Great Dane aged 18 months,

with the previous history o£ vomiting. The animal was

depressed, vjealc, anorectic, with grey mucous roerribraneo tout

the rectal temperature was normal« The abdanen was tender

when palpated.and revealed an enlarged spleen. Leufiocytosis
-4

and reticulocytosis were detected in blood smears. A largo

hcanogenous mass was visible in radiographs o£ the mid-aMorainal

region. Exploratory laparot<Kny revealed an enlarged# dark

red» congested spleen covered x^ith, gastrosplenic oinentum that

^ VJas thickened, dark red end firm. Torsion of the splenic

pedicle with thrombosis of splenic vessels was seen. The

stalk was untX'/isted and splenic artery, vein and mental

vessels pro:d.mal to the level of the throitibosia were ligatt^.

^ Splenectomy and gastropesiy were performed# After sturgery,

the dog was bright and alert, mucous memteane was pink ana

the capillary refilling time in^roved. The animal recovered

uneventfully.

Brodie (1974) reported a case of spienic torsion in a

12 month old female Alsatian dog« The animal was showing

symptans of actxte abdominal disccmifdrt and was stretching

its body. The dog had a rectal ten^rature of 102 ®F» The

mucous m^ribrane was normal but the pulse and respiration rates

were increased. The abdominal muscles x^ere relasced and a



large firm mass vjas palpabie from tha costal margin to the

pelvic inlet. Eijploratory laparotosry revealed that the

spleen was tv/isted 180® on its pedicle and had a horso-shoa

^ shape. The organ was congested and firm vjith splenic veins

grossly engorged. The spleen was removed. There was no

evidence o£ anaemia or haemoperitoneum. The dog made an

tinoventful recovery.

Kipnis (1974) reported torsion of the splenic pedicle

and gastric volvulus in an eight-year-old female German

Shophered dog. The dog liad an acute episode of retching and

progressive abdcxninal distension. The rectal temperature was

39®Ca mucous meitibrane was darlc and capillary refilling time

^ was slow, A soft tissue mass was palpable in the ventral

portion of the abdomen in level with the umbilicus.. Heairt

and respiratory rates were normal and the pulse was reg\ilar

and strong, a lateral abdominal radiograph shoiJed dilatation

' of the stomach and bowel. Ejroloratory laparotomy revealed

serosanguinaous fluid in the peritoneal cavity. The spleen

was rounded and congested and the splenic mesentery v/as tvjisted

around the splenic vessels. The spleen was removed after

untwisting the splenic pedicle. The abdcsninal cavity was

flushed v/ith physiologic saline solution. Intnediately after

surgery, the capillary refilling time was normal and mucous

membrane was pink. The recovery v;as uncoii5>licated#

Hovjenstein e£ (1975) reported a case of torsion of

the splenic ^dicle in a four-year-old* male St. Bernard dog.



The dog t^as whining and avoiding stomal reciiuriboncy and had

a history of. emesls. The dog was alert, with a rectal

temperatiirQ of 102 ®P and nomal mucous membrano. Tho abdomen

vma very firm and palpation elicited signs of dlsccnnfort.

Lateral and ventrodors^ radiographs of the abdomen revealed

a large mass in the left cranial aspect of the abdomen*

Ea^loratory laparotomy revealed an enlarged, congested spleen,

twisted on its pedicle several times in a counter-clocTa^lse

direction. The gastrosplenic omentura x^as thickened, congested,

tvjlsted and adherent* The splenic vessels were engorged and

contained clots and hence splenectany was performed. Recovery

was satisfactory. Sections of the spleen, the oraentum and

splenic pedicle revealed congestion and liaemorrhage.

Iverson (1976) rei>orted a case of torsion of splenic

pedicle and con^lete splenic separation in a ttjo-and-a-half-

year-old female St. Bernard dog. The animal was initially

presented for lethargy, loss of appetite and diarrhoea. Tho

rectal temperature v/as 105 ®P. In spite of treatment the dog

continued to have poor appetite. A i^eek later tho rectal

ten^rattire v/as 103.5®P, mucous membrane was pale, hematocrit

value v;as 23 and total i^hite cell count was 48,000 with a left

shift in the differential cell count. Radiographs gave evi

dence of fluid in the peritoneal cavity. E:^loratory laparo-

tor^ revealed large volume of serosangulneous fluid in the

peritoneal cavity. A normal-slsed, degenerated spleen without
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attaclinient to any other stinactura was rcmovGa frora the

abdomon* and a necrotic splenic pedicle, apparently rotated

720® was OKciaed* The abdomen was drained o£ the fluid*

The dog recovered without serious complications,

UpowitB et (1977) reported splenic torsion in a

six-year-old intact male Chesapoake Day Retriever# The dog

had a history of lethargy, anorexia and enpsis. Symptomatic

treatment gave good results but there was recurrence. The

white blood cell count was 16,700/tnm » paclced cell volume

was 32 per cent, creatinlne 0.5 mg/dl, SGPT 7 JV/U and blood

glucose 85 mg/dl. The rectal temperature V7as 39,1®C, respi

ration 20/minute and heart rate was 84/mlnute. Oral raucous

membrane was pale. Pac3«ed cell volume,iiiaomoglobin contcnt,

red blood coll count and white blood cell count decreased

dxiring hospitalisation. Differential leiicocytic coiint showed

increase in segmented neutrpphlls and eoslnophils, whereas

non-segmented neutrophils and lymphocytes decreased# There

was no change in monocyte count. Serum sodium, potassium,

creatinlne and total protein.values were v/ithin normal limits,

Radiography revealed two poorly demarcated soft-tissue masses

in the abdomen, one in the caudal mid-abdomen end the other

in the cranial right quadrant. A large firm mass was readily

palpable in the cranial portion of the abdomen. Exploratory

lapairotomy revealed gareatly enlarged spleen with its vascular

and mesenteric pedicle twisted. The splenic veins appeared

to bo thrombosod. The splenic i>edicle was untwisted and
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splenQCtonq^ was perSonnQd. Recovesry was oatisfactoiry# In a

slmliar case of splenic torsion presented Qarlier# vascular

embarrassment to the intestine V7as observed on necropsyi

Barton (1981) stated that torsion o£ spleen produced

congestive splenomegaly. The coniiition occurred either as

an acute surgical emergency as i>art of the gastric dilatation-

volvulris COTc^lex or a stsbacute debilitating disease v?lth vague

gastrointestinal signs lilce anorexia and emesis. Abdominal

pain V7as variable, ranging from excruciating pain in the

cranial abdomen in acute cases to a virtual absence of pain

on palpation in more chronic cases# Prognosis after splenec-

tortQ^ was dependent on the degree of vascular embarrassment

in the other abdcaninal organs such as intestine.. Thronibosis

of hilar splenic vessels v;as a constant finding.

Itoreau and Henley (1981) reported a fatal case of

clostridial splenitis secondary to splenic torsion in a

three-and-a-half year old^ spayed fonale Great Dane# The dog

had a histoiry of depression# anorexia# emesis and loss of

weight. The dog was anorectlc but normal boxvel nKivoments

were observed. The rectal temperature was 41°C, heairt rate,

148/minute and respiratory rate, 32/minat0. The dc^ was in

lateral recximbency and dehydrated. Mucous membrane was pale

and capillary refilling time was prolonged. AbdCMmen was soft®

doughy and distended without detectable pain or tympany.

Results of the haemogram Indicated anemiaa marXed leulaocytosia

V7ith a regenerative left shift, splenanegaly was appreciable



In radiograph. On exploratory laparoton^ broimlsh-black

peritoneal fluid v;as seen In the abdominal cavity. The spleon

v;a9 found to be congested, greatly enlarged, necrotlc and

rotated 360® about its pedlclQ. Splenectony was perfornied

and during the procedure, thrornbi v;ere seen in splenic

vessels. The dog died, eight hours after splenectomy.

ilicroscopld Qxaminatlon o£ the spleen revealed necrosis

and many colonies of bacteria.

Stevenson et (1901) reported the IncidQnce of splenic

torsion in seven dogs aged three to 12 years. The clinical

signs inclTided anorexia (6/7) and vomiting (5/7). Tvjo doga

had blood in urine and one had passed very dark coloured urine.

Abdorainal pain v7as detected by palpation or by ^stural gait.

Splenornegaly or eniargsnant of an intra-abdomlnal structure

was detected upon initial physical examination in sIk of tlia

seven cases, but a definite radlographlc diagnosis of splenic

torsion was offered in only one case. Pallor of the mucous

merribrano vjas noted Initially in tvra cases and five dogs deve

loped detectable pallor later. Haemograms revealed neutro-

phllia (6/7) and anemia initially in two cases and after

hospitalisation in five. Serum sodium and potassium revealed

little abnormality. Xiaparotonq^ was performed In all the

animals. The spleen, v;as left tvjisted and the vessels double

clamped and ligated with 2-0 silk. The spleen was rcsnoved.

Two of the dogs survived and the remaining dlod during the

post-operative period.



10

stead et al» (1983) dQecribed clinical and radlographlc

signs o£ torsion of tha eplonic pGdicle in three German

Shepherd dogs. Vomiting* dullness, anorexia, restlessness

4 and pallor of mucous momibrane were observed in two cases

whereas vomiting and diarrhoea were seen In one case*, one

of these animals was r^cxjmbent and another had a history of

gastiic torsion. Pulse was elevated in two cases.- Disten

sion of abdomen and pain on palpation of the abdomen vjere

noticed in two casesi On radlographlc examination spleno

megaly vJith distinct edges was a characteristic finding in

the three dogs. Splenic veins viere thrombosed and splenic

artery v;as patent in two cases whereas in the third case tlie

splenic veins were only partially bloclced. In each case the

spleen lay along the mid-abdominal floor causing displacement

of adjacent viscera, splenectomy was performed in all the

three cases. Two dogs survived and the third died during

surgical procedurei.

George et (1904) reported splenic torsion in a

seven-and-a-half-year-old male Alsatian dog presented with

the history of anorexia, frequent emesls and depression of

one ^'?eek "duration. The animal had congested conjunctival

mucous enembrane and rmcopurulent discharge frcM both the

eyes# The abdomen was distended. Plain and contrast radio

graph did not reveal any specific diagnostic lesion* Urina-

lysis revealed the presence of bile pigments (+++) • Haemc^rara

ehov;ed increased total leucocyte count. Differential

a.
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leiicocyte count revealed Increase in niunbor of band cqIIb.

At autop^a tlio spleen was found to be enlarged# congested

and covered with thlclc gastr<|plenic ornentum# Four couplet©
twists of the splenic pedicle coTild be noticed without involve

ment of the stomach.

O'Neill (1985) reported splenic torsion in a three-year-

old spayed Great Dane presented v/lth the history of depression

and anorexia. A large, firm mass was x>alpablQ in the anterior

^Ddomen. Radiograph revealed the presence of a mass which

displaced the intestine caudally. The packed cell volume v;as

28 per cent. Exploratory laparotomy r^ealed an enlarged

spleen and a mesentery wlthiTaemorrhagiG necrotic foci. Normal

blood vessels were difficult to identify. Splenectonqf was

performed and the recovea^ was uneventful® The spleen and

adherent tissue v/eighed approximately eight pounds. Histo-

pathologlcal examination revealed arterial and venous thranbosia

with extensivehiaemorrhage of the mesentery. Congestion antS

infarction of the .spleen were also fomd.

Wright and Callahan (1987) rejported splenic torsion in

a six—year—old spayed Blood hound x-Jith the history of emesls

and llstlessness. The mucous membrane was pale and the body

teirperature was 100.8®F. Idstleseness and dehydration were

noted. A large, painless, mid-abdominal mass v;as palpated.

Radiograph revealed a \iniformly enlarged spleen. The white

blood cell count was 7300/«1. The paclced cell volume, plasma

protein and differential leucocyte count were normal. There

O 1



12

was a tbrontoocytopenia and a rapid sedimentation rate and

rouleaux formation. Essploratory laparotany revealed 180"

torsion o£ the spleen about ito pedicle and the spleen was

seven times its normal size* The capsule was seen ruptured*

Splenectojny vjas performed and the abdomen vjas lavaged to

remove blood clots, Histopathology indicated lymphoid dople-

tion» lympholysis and extranedullary h^natopolesls» The

recovery was uneventful*

A
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MATiSRIALS AND fffiTHODS

E::perlmentaX animals

Eighteen ejjparently healthy dogs of either sex, aged

one to five years end weighing 10-15 l:g were us^ for the

study. All the dogs wre dewormod and examined for the

pxroaence of blood pairasltes If any* 'Sh^ were hous€}d sepa-

rately In cages under identical conditions of feeding and

management and kept under observation for 10 days before the

exporlmant.

The animals were divided into txra groups as detailed

belowt

Group At con^stlng of six animals nunibared serially,

vis., A(l>, A<2), A<3>, A(4), A<5> and A(6)

and

Group Bi consisting of 12 animals divided into two

aubgroiips of six animals each and nunibered

serially, via., Bl(l>, Bl(2), Bl(3>, Bl(4>, Bl(5)

and Bl(6> and B2(l>a 82(2), B2<3>, B2(4), 32(5)

and B2<3>.

In the arUmals.of group A, laparoton^ was performed and

torsion of the spleen was brought about*

The observations made in this group servedt

1) to assess the clinlco-pathologlcal ohan^s, and

11) to arrive at appropriate time for the GOTnencernent of

treatment in groxjp B.
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In th© animals of group o££ectiVQnQSQ of treatoant,

following ejipQrlinQntally induced torsion o£ spleen viaa

Dtudledi In fch© subgroup Bl, detorsion of tha spleen was

done; vkMIo in the subgroup B2# oplenecton^^ was performed.

Food water were withheld £or "12 hours prior to the

e3^)eriiDent; The left mid-icervical -region and the laid^vantral

abdominal region ware prepared for aseptic surgery by clippirigo

shaving and painting with Tr« Iodine.

Procedure

The animals ^rare controlled in right lateral recuinbancy.

IiOcqI anaesthosia of the left mid-cervical region was brought

about by linear infiltration of 3-S ml of two per cent ligno-

caine hydrochloride* solution for catheterizaticn of the

carotid artery ox^ the Jugular vein, a cutaneous incision,

4 caa long, was made at the inferior border of the Jugular

furrow* The loft carotid airtery and the left Jugular vein
/

were exteriorisjed ty blunt dissection, h polythene catheter

was intrcsducQd into the carotid artery and fixed iii situ by

^gation. The catheter tos connected to an aneroid manocaater

by means of a three-way valvo# for raeaouring the arterial

blood pressure. Another polythene catheter was introduced

into the anterior venacava through the Jugular vein and fixed

in Bitu ty ligation. The catheter was connected to a water

manometer by means of a three-way valve, for recording central

* Gesicain - so Pharmaceuticals# Baroda.
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venous paressure, administration of anaesthetic solution and

collection of blood sanples (Fig, 1 £: 2). After a period of

stabilization (20 minutes) the Initial vBlues were recorded

and the blood samples were collected,

E'ive per cent solution of tliicpentcne sodium* at tho rate

of 15 ing/kg body weight tjas administered intravenously through

the venous catheter. Local anaesthesia of the mid-ventral

abdominal region was brought about linear infiltration of

5-10 ml o£ tvjo per cent lignocaino hydrochloride solution.

The animals T^jre secured in dorsal recumbency*

Gjroup A.

A Q-IO cm long mid-ventral laparotoirQ^ Incision was made

betiveen xiphoid cartilage and the xaiibilicus, incising through

slcin, sxjbcutaneoiis tissue, linea alba and peritoneiara. The

spleen was eTtteriorlssd (Pig, 3) • ^The gross measurements of

the spleeri i-rere recorded. The splenic pedicle was Isolated

and fc-ra con^plete twists (720® > were made in the clock-wise

direction (Fig® 4 & 5) and the spleen was returned to the

abdominal cavity. Tlae Icparotcmiy wiind was closed by suturing

the peritoneum, linea alba and subcutaneous tissue by elmple

contlniKJUS sutures using 2-0 chrcsnic catgut* The cutaneous

incision v/as closed by horlsontal -mattress sutures using raono-

fllament nylon. The wound was dressed with Tr. Bensoin.

SuJ^roup 31.

In the six anlraals of the subgroup Bl, torsion of the

* Xntraval sodium - I-Say and Baker (Ixidia) Ltd., Bombay,
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splsan was brought about as In group A. Detorslon of tho

Bpleon was the treatment adopted In this stibgroup. The tlmo

£or connnQncing the treatment was £ixsd on the basis of the

observations on group A» Five par cent solution of thiopen-

tone sodium was admlnisterod through the venous catheter and

the laparoton^ x^oimd v7as opened ag^n by rsnovlng the sutures.

The spleen was exteriorised (Pig# 6) ,cda;tected and rettjmed

to the abdominal cavity. The laparotorry v7oxind v^as closed.

Piv© per cent solution of deKtrose-saline at the rate o£

10 nd/kg body vKJight with 4.0 mg betamothasone sodium phos

phate^ was administered intravenously tteough the venous

catheter and rejjeataa at six and 12 hours after detorsion.

Chloran5)henicol sodium succinate** was administered intra

venously at the rate of 30 mg/kg body vraight daily for three

consecutive days after detorsion.

Subgroup B2.

In the six animals of tlie subgroups B2a torsion of the

spleen was brought about as in group A. Splenectoii^ was the

treatment adopted in this subgroup. The time for ccsnmencing

the treatment was fisBd on the basis of the observations in

group A. Five per cent solution of thiopentone sodium was

administered through the venous catheter and the laparotorry

wound xfas opened by removing the sutures. The spleen v;as

exteriorised and splenectOTT/ was performed after ligatlng tho

* Betnesol - Glaxo Iiaboratories# Bombay.

** Chlorotln - sterfll Laboratories, Bombay.
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splenic pedicle# using 2-0 chromic catgut. The l^sarotony

wund was closed in the routine manner# Administration o£
t

dosctrose-sallne, betarnethasonQ and chloramphenicol vbq done

in the animals as in subgroup Bl«

Administration o£ fluids and antibiotic was continued in

all the animals under siibgroups B1 and B2 till the aMoninal _

vjotmd healed up or^till death* whichever V7ab earlier. The

animals which survived were sacrificed on the tenth post-

opea?ative day and aiutopsy was done#

Blood samples were collected just before bringing about

torsion of the ^leen and afterwards at intervals of three

hoursy till 72 hours or until death of the animals in group A.

other clinical observations were recorded at the same inter

vals. In sulr^oups Bl and B29 blood sauries were collected

just before bringing ait^ut torsion of the spleen and after

wards at inteirvals of three hours till the treatment was

started. After the commencement of the treatment^ blood

samples vjere collected and the observations were recorded

at sIkj 12# 18, 24# 48# 96 and 168 hours. The arterial and

venous catheters were withdrawn after 24 hours in all the

animals and the vessels V7ere ligated to arrest haemorrhage.

The cutaneous Incision was closed by simple interrupted suturos

using monofllament nylon. After the v/ithdrawal of the

catheters# blood sasi^les vrare collected from the peripheral

veins.
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Th0 following parameters vrare sttidieS.

1* Clinical olgns, vls*i.

Behavioural change

Colour of raucous msnibrane

Csiplllary refilling time

Temperature

moxt rate

Respiration rate

2* Haeino<^7naialG factors vi2«»

Arterial blood pressure

Central venous ,pressure

3. Electrocardiogram (egg)

4m Haemogram vis#»

Erythrocyte segmentation rate

Pacl^ cell volume

Haemoglobin contcait

Dlggorentlal leu'cocyto count

5. serum constitueats v1b«*

Total serum protein

Serum sodium

Serum potassium

6, Radtlograj^c studies

?• Period of survival

a* Autopsy findings

9« Jtorphologlcal and hlstopathologlcal studies of the

^leen
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Methods,

1. ClinlcaX signs.

Behaviotur of the animals was observed post-opQratlvQly*

Conjxmctival mucous mambrane was observed for any change in

its colour^ Capillary refilling time was studied by pressing

the gums/tongua and the time required for reappearance of the

original colour was recorded. The rectal temperature was

recorded using a clinical thermometer# Heart rate and res

piration rate ware recorded auaoultatlon#

2. Haemodynamic factors,

a> Arterial blood pressure? The systolic pressure (sp)

and diastolic pressure (DP) x-iere recorded directly firan the

aneroid manometer,

/ep ^ 2
Mean arterial pressiira (MAP » g ) and puloo

pressure (PP » (sp-dp) viere derived from the recorded values

of arterial blood pressure#

b) Central venous pressures The central venous pressxire

was recorded from the water mancaneter calibrated from -150 to

+ 300 mm.

3. Slectrocardlogram (ECG).

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 B1 and B2»

ECG was again recorded, at three hours after the treatment.
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4 • Haemograma

ErythrocytQ GecUmentatlon rate and pac2lced call volimiG

wer© estimated following the mathod of wlntrobe (196X>«

Haomoglobln content and differential leiiaocyte comt x^/exre

estimated as per the technique described lay Schalm (1975) •

5* Senim constituents. .

Total serum protein was ostlmated using Bliiret method

of Inchlosa (1964)* Serum sodium and potassium were deter

mined by flame photanetry (Oser^ 1971) •

6. Radiographic studies.

Lateral radiographs of the abdomen 'twere talcen 12 hours

after the ind\iction of torsion in group A,

?• Period of swcvXval*

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 which survived were sacrificed on the

tenth post-operative day and autopsy was done. The organs were

examined and gross lesions if anys were recorded.

9o Morphological and histopathological studies of the spleen.

The gross measurements of the spleen v/ere recorded before

bringing about torsion of the spleen in all the animals^ at

the time of detorslon and aplenecton^ in subgroups 31 and B2
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respectively and at the time of autopsy in group A and sub

group Bl# The spleen vjas WGighed in group A and subgrotip B1

at the tirr© of autopsy and in subgroup B2 aStor the splQnectarrQ^.

RepresentativG samples of the spleen were collected and

fixed in 10 per cent buffered neutral formalin and were pro

cessed by sroutine paraffin aribedding techniquo (Armed Forces

Institute of Pathology# 1963)• Paraffin Goctions of four

micron thictoess were stained v;ith hematos^lin and eosin

method (Sheehan and Hrapchak, 1980) •

Statistical analysis

ttean values vjere compared using student's 't* test

(Snedecor and Cochran* 1967)•

J
\
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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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Pig, 4 & 5* Spleen - After inducing torsion.

Fig, 6# Enlarged spleen - Immediately after detorsion.
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RESULTS

Group A

The average body weight of the anlmais in this group

> was 12«92 + 0»74 1cg» The recovory from anaesthesia was

uneventful In all the animals. The observations are pre

sented in tables 1 to^ 4*

Clinical signs.

After torsion,

within three hoiars after torsion of the spleen# there

was appreci^le abdominal distension in all the arUmals excei^t

in one animal (A5) ^ Pain on abdominal palpation was noticed

in all the animals except In two animals (A2 and A3), strain-

^ Ing V7as observed in three animals,(A3» A5 and AS). Mucous

membrane was pale in four animals (Alp A2a A3 and A4) and

light pink in tvio animals {A5 and A6) • The capillary refilling

time was prolonged in all the animals.
V

Within six hours# all the animals were dull and recumbent.

Extremities were cold in all the animals esacept in two animals

(Al and A6>. Blood v;as dark and tlilclc In two animals (AS and

A6),. Abdosninal distension reduced in two animals (Al and A2).

One animal (a6> vaulted and shoi/ed signs of dehydration.

^ Mucous m^ribrane v;as pale In all the animals except In one

animal (Al) vjhich had light pink mucous membrane. The capi

llary refilling time vjas prolonged in all the animals.

i

VJithln nine hoursa all the animals vtqsq dull and

recumbent* Extremities were cold in all the animals, signs
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of dehydration were observed in two animals <A5 and A6) •

Heart l^at vias feeble and pulse was v;eak in one aninial (A3)

and this animal died by the oighthhour* Capillary refilling

timet was prolonged in all the animals®

V7ithin 12 hours all the animals v?ero recumbent and did

not show any variation in clinical signs*

The animals vjhich survived after 12 hours remained

recumbent till death® By 16th hoiir# the animal number A4

died. By 21st ho;ir» the animal number Al died# Animal number

AS died by 22.45 hours. The animal number A6 passed light-

brown urine and died fcy 23.30 hours. Animal number A2 died

by 38.45 hoxirs.

Rectal temperature (®P) was 101.57 + 0.16 at 0 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 IB 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.^ at 36 h. It

showed a slight reduction at 6 h followed 1:^ a gradual increaso#

The values were within the normal range and not significant.

Heart rate (per min.) was 108.00 + 5.24 at 0 h, 133.33 +

9.33 at 3 hs 127.33 + 12.57 at 6 h» 149.60 ± 5.46 at 9 h,

163.20 + 3.93 at 12 h, 154.00 + 6.87 at 15 h, 167.50 + 10.01

at 18 h and 162.67 + 10.41 at 21 h. In the animal (A2) v;hich

siun/ived 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 122i00 at 36 h. It

showed a gradual Increase and the Increase v/as significant

<P<0,05) at 3 h, 9 hff 12 h, 15 h, 18 h and 21 h.

Respiration rate (per mln.) V7as 22«67 ^ 1«43 at 0 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 + 0.82 at

18 h and 27.00 + 3.51 at 21 h. In the animal <A2) which siir-

vived after 21 h^ it v;as 24.00 at 24 h and 27 h^ 23.00 at

30 h» 33 h and 36 h. It showed a slight reduction at 3 h,

followed 3py a, gradual Increase^ The values were v^tthln the

normal range and the variations icare not significant.

H^amodyna^c factors.

The systolic pressure (mrnllg) was 132^50 + 5.44 at 0 h,

111-.67 + 13.03 at 3 h, 103.67 + 8.89 at 6 h, 85..40 + 10.79

at 9 ho 83.20 +' 13.40 at 12 h, 70.60 + 8.85 at 15 ha 71.75 +

7.62 at 18 h and 74.67 + 6.36 at 21 h.' In the animal (A2)

which survived after 21 h, it was 64.00 at 24 h» 60.00 at

27 h, 84i00 at 30 h, 80.00 at 33 h and 70.00: at 36 h. It

shoii7Qd a gradual decrease and the decrease waa significant

(P<0,05) at 6 ha 9 hs 12 h, 15 h, 18 h and 21 h.

The diastollc pressure (rnmHg)'was 112.17 + 2.95 at 0 h,

101.67 i 13.03 at 3 h, 98.67 + 8.29 at 6 h# 77^80 + 11.39 at

9 hi 74.80 i 12.78 at 12 hi 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* Xt shcn^d

a gradual dQcrGase and was significant (P<C0.05) at 9 h, 12 h,

15 hj, 18 h and 21 h*

The mean arterial pressure (mniig) -was 113,39 ± 6,46 at

0 ha 104.50 + 13.05 at ,3 h, 102.00 ± 8.48 at-6 h, 80.33 ±

11.16 at 9 h, 77.60 + 12.97 at 12 h, 64.60 + 8.32 at 15 h,

64.75 + 7.33 at 18 h and 68.89 + 4.78 at 21 h. In tha animal

(A2) which survived after 21 hj, it vjas 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

shai;ed a gradual decrease and the decrease was significant

<P<0.05) at 9 h, 12 h^ 15 h, 18 h and 21 h.

The pulse pressure (mitfflg) was 20.33 + 4.91 at 0 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 + 0.63 at 15 h, 10.50 + 0,50 at

18 h and '8.67 + 2.40 at 21 h. Xn tpe Animal (A2) wliich, sur

vived after 21 h» it was 4.00 at 24 h, 5.00 at 27 h» 4.00 at

30 hj 10.00 at 33 h and 10.00 at 36 h. It shov;ed a. gradual

decrease, and the decrease vjas significant. (P<0.05) at 9 h.

• The central venous pressure (mm HgO) was 2S.30 + 8.60,

at 0 h. -2430 + 12.70 at 3 h, -4.10 + 13#10 at 6-h; -24.00 +

5.30 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.-23.30.+ 6-00 at 21 h. It showed

a gradual decrease and the decrease v/as .significant (P<0.05)

at 9 h» 12 h, 15 h» 18 h and 21 h.

Electrocardiogram.

Electrocardiogram shov;ed tachycardia after torsion in
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aiX the animals# Spiking o£ P-xi7av0 v/as seen in ono animal

(A3). One animal (A6) showed invorfcod P-wavQ« Ono animal

(A5) developed sinus arrhythmia in the beginning^ ths TP

interval increased and P-wave was biphasic in later stagas.

Spiking o£ T-X'iavQ was seen in three animals (A4, AS and A6)

and increased amplitude of T-wavo was seen in tv;o animals

CA3 and A6) (Fig. 7).

Hcfemoqram. '

Erythrocyte sedimentation rate (mn/l Ii) was 10®00 + 2.77

at 0 h, I0i67 + 2.19 at 3 h, 8.83 + 2.29 at 6 h, 11.60 + 3.22

at 9 ha. 11.40 i 4.08 at 12 10.60 ± 6.15 at 15 h, 14.00 +

9.35 at 18 h and 19.00 + 14.00 at 21 h. In the animal (A2)

.which survived after 21 h, it v;aB 4.00 at 24 h, 3;00 at 27 h

. and 2.p0 at 30 h» 33 h and 36 h. It showed a decrease upto

6 h Eolloi^ed by a gradual increase upto 21 hi The' variations

were not significant.

Packed cell volume {%) v/as 33.67 + 1»91 at 0 h, 36.83 +

1.56 at 3 h» 36.33 ± 1^76 at 6 h» 37.CX) ± 2*10 at 9 h, 37.40 +

l.,60 at 12 h, 38.20 + 2.13 at 15 h^ 36.BO + 3.48 at 18 h and

32.00 + 2.52 at 21 h. In the animal (A2) v;hlch survived after

21 h, it was 37.00 at 24 h» 39.00 at 27 h# 41.00 at 30 h and

33.li and 40.00 at 36 h. The values remained vjithin the normal

range and the variations were not significant.

Haemoglobin content (g/^) was 10.93 + 0.70 at 0 h,

9«20 + 0.55 at 3 h. 9^28 + 0.40 at 6 h, 9.08 + 0.33 at 9 h»

9.02 i 0.53 at 12 h, 9.04 ± 0.G9 at 15 h, 8.40 ^ 0.53 at 18 h
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Pig. 7. Electrocardiogram, three hours after torsion.

A. Tachycardia, spiking of T-vJave, increased
amplitude of T-wave.

B.. TacTiycardia, spilcing of T- wave

C. Tachycardia, biphasic P-wave, arrhythmia.

D. Tachycardia, biphasic P-wave

E. Tachycardia, inverted P-wave.
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ana 8.13 + 0.47 at 21 h. In the animal (A2> which survived

after 21 h, it was 9.60 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 sho&;ed a gradual decrease

and the decrease was significant <P<^0^05) at 18 h and 21-h.

Segmented neutrophil count {%) was 70.80 + 4.50 at 0 h»

81.33 ± 4.16 at 3 h, 81.67 + 2.27 at 6 h, 81*60 + 5.41 at 9 h,

77.20 + 2.99 at 12 h, 77.00 + 1.95 at 15 h» 78.25 + 4.37 at

18 h and 71.33 + 12.44 at 21 h. In the animal (A2) x-Jhich

^ survived after 21 h^ it v?as 83.00 at 24 85.00 at 27 h ^d

30 hp 79.00 at 33 h and 80.00 at 36 h. Xt ohot/ed ^ increase

. upto 9 hf followed by a decrease upto 21 h. The variations

v/ere not significant.

> Band ceil count {%) was 0»33 ^ 0»33 at 0 h, il.SO + 1.15

at 3 hfl 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 ±

6.49 at 21 h. In. the animal (A2) which survived after 21 h

^ it was 3.00 at 24 h and 27 h#-S.Op at 30 .h, 4.00 at 33 .h,

7.00 at 36 h. It showed a gradual increase and the increase

was significant, {P< 0.05) at 9 h, 12 h» 15 h and 21 h.

Lymphocyte count i%\ v;as 26.83 + 4.39 at 0 h# 14.83 +

4.32 at 3 ha 10.17 + 3.69 at 6 h, 10.80 + 1.43 at 9 h,

15.80 + 2.27 at 12 h, 10.60 + 2i06 at 15 h, 11.25 + 1.65 at

18 h and 14.33 + 7.83 at 21 h. In the animal (A2) which siar-

vived after 21 h» it was 11.00 at 24 h, 12.00 at 27 h,-10.00

A at 30 h« 15.00 at 33 .h and 13.00 at 36 h. It shoi^ed a decrease

£md the decrease was significant (P<C0.05) .at 6 h, 9 h, 15 h

and 18 h.
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Eoslnophil count (95) was 2.67 + 0.95 at 0 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

2.00 + 2.00 at 21 h. In the animal (A2) which survived after

21 hs oosinophlls could not be detected. It showed a decreaGG

and the decrease was sl^ilficant (P<0.05) at 9 h.

Serum constituents*

Total serum protein (g/dl> was 5.55 + 0.37 at 0 h,

5.07 + 0.32 at 3 h, 5.23 + 0.37 at 6 h, S.49 + 0.23 at 9 h»

5.61 ± 0.19 at 12 h, 5.85 ± 0.22 at 15 h, 5.76 + 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 hi 5.51 at 30 ha

5.24 at 33 h and 4.29 at 36 h. The values were within the

normal range and not significant*

Serum sodium (meq/L) was 140.87 + 7.54 at 0 h» 133.45 +

9.75 at 3 h, 135.00 + 8.90 at 6 h, 139.29 + 9.23 at 9 h,

134.52 +-8.80 at 12 h, 139.39 + 7.51 at 15 h, 128.52 + 6.31

at 18 h and 130.58 ^ 16.58 at 21 h. In the animal (A2) which

siirvivQd after 21 h it was 134.78 at 24 h, 142.89 at 27 h,

136.42 at 30 h« 151.65 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) vjhon it showed a decrease. The variations

were not significant.

Serum ijotasslum (rrveq/Ii) was 5.57 + 0.17 at 0 h, 6.83

0.36 at 3 h, 7.45 + 0.56 at 6 h^ 7.32 + 0.64 at 9 h, 7.01 +

0.76 at 12 hi, 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 anijnal (A2) which survived oftor

21 h It was,5,64 at 24 h and 27.h, . 5.72 at 30 h, 5.98 at 33 h

and 36 h. It showed a.gradual Increase and.the Increase was

significant (P<0«05} at 3 h^ 6 9 h* 15 h» 18 h and 21 h*

Radlonraphlc studies*

Radiograph revealed a dense shadoi7 with distinct borders

representing the spleem In the anterior part of the abdomen

(Pig. 8).

Period o£ sxarvlval.

The maxlntum and the minimum survival period In this

group was 38.45 hours and 8.00 hours respectively. The

average sTirvlval period was 21.53 + 4.10 hours.

Autopsy flndlnaa.

Dark Golozired fluid (50-200 ml) was ,di3tected In the

peritoneal cavity In all the animals ejasept in one animal

(A2)« Spleen was enlarged and dark in all the animals except

In one animal (A2) 5 where it was reddish-grey. The spleen

was ruptured, fragmented and separated in one animal (M) •

Smi^l foci of ruptime v;ere noticed In two other animals

(A1 and A5) • Congestion of splenic i?edlclOa splenic vessels

and blood clots in the splenic vessels v;ere seen in three

animals (Al, A4 and A6) whereas blood clots alone were seen

in two animals (A1 and A3)« Intestine and stomach iirere

distended and pale in three animals (Ala A3 and A6). In one

animal (A5) stomach alone v;as distended. Congestion of
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Fig. 8. SlcLagram of the abdomen - 12 hours after
Inducing torsion of the spleen.

The mass occupying the anterior pcirt of
abdomen has distinct borders (arromation)
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gastric mucosa along with dark coloured fliild In the stomach

was observed In ono animal (A2)«• CongQstion of the liver,

lungs and Icldnoys V7as noticed in three animals (Ale A2 and A5).

About 50 ral of llght-brotm urine was detected in urinary

bladder in one animal (A6) •

Morphological and hlstopathological studies of the spleen.

Spleen was firm in consistency and was dark-red in three

animals (Al, A2 and A3) and bright-red in the other three

animals (A4, A5 and'A6) before torsion.. On autopsy, the

spleen was found to be dark in all the animals except in one
f

animal (A2) w^re it was red^sh-grey» The consistency was

soft in three animals (A2, A3 and AS),.very soft in two

animals (A1 and A6) and in one animal (A4), the spleen was

found to be ruptured# fragmented and separated.

"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 but the Increase was not significant.

The maximiam width (cm) of the spleen v;as 8.83 + 0.62

before torsion and X0ii22 + 0.89 at the time of autopsy* There

was an increase in the maximum width but the increase Mas not

slgnificcint.

The minimum width (on) of the spleen was 4.87 + 0.40

before torsion and 6.76 + 1.41 at the time of autopsy. There

was an increase in the rainim^im vjidth but the increase was

not significant.
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ThQ averago weight of the spleen at autopsy was

232^00 i 21.54 grama.

Histopatholcgical changes in tho spleen included

QxtensiVG congestion, hadnorrhago and thrcmbi in the vessels.

There was hyalinisation and necrosis of the trabeculae,

lyraphoid depletion and the lymphoid tissue was replaced with

red blood cells.

The animals became dull and recumbent by six hours after

the Q3cperinientaily Induced torsion of the Eileen. They

rdimained rectimbent till death. The niucous membrane was pale

^d the' capillary refilling time was found to be prolonged.

A significant (P<0.05) increase in the heart rate, band coll

count and serum potassium and a significant (P<0.05) decrease

in systolic pressure, diastolic pressure, mean arterial pre

ssure, pulse pressure^, central venous pressure, lymphocyte

count and eosinophil count v;as observed by the ninth hour

after torsion.

Prom the. above obsearvations, it could be seen that the

period from the sixth to the ninth hour after torsion of

the spleen would be critical. Hence the appropriate time to

commence tho treatnKDnt was fixed as six hovirs after torsion.
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Table 2« Length, maxlnnun width, minimum width and physical charactors of the spleen,
bSEore torsion and at the tlmo of autopsy (Mean + s.E), n=6

Animal Body ——• —
Wo. vTolght Colour liengfch width (cm) Consls- Colour Length width (cm) Consls- VJelght

<l5g> (cm)

Boforo torsion At thQ timQ of autopsy

Max. win.
tency (cm) Max. Mln. (g)

A1 10.50 Dark

rod
25.40 10.90 6.30 Firm Dark 28.50 9.50 7.30 very

soft
300

A2 12.00 Daric
red

20.00 7.50 4.30 Firm Reddish
groy

21.50 7,60 4.50 Soft 220

A3 15.00 Dark
red

22.00 7.50 5.00 Firm Dark 26*00 11.00 5.50 Soft 180

M 13.00 Bright
red

19.50 8.60 4.60 Firm ' Dark Spleen ruptured, fragmented and
separated.

A5 15.00 Bright
red

26.00 10.50 5.50 Firm Dark 27.00 13,00 12.00 Soft 260

A6 12.00 Bright
red

17.50 8.00 3.50 Firm Dark 19.00 10.00 4.50 Very soft 200

Mean 12.92

+0.74
21.57
+1.39

0.83
+0.62

4.87

+P.40
24.50
+1.70

10.22
iP.89

6.76
+1.41

232.00
+21.54

CJ
CD
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Group B

Subgroup Big

ThQ avorage bot^ weight of the animals in this ©ub-

group was 12#33 ^ 0.80 lcg» Tho rccovory from anaesthooia

was unQvsntful in all the animals* In thQs© animals^

dQtorsion o£ the spleen was done six hours after splenic

torsion. The observations are presented in tableq 5 to 8i

Clinical signs.

After torsion#

VJithin tliree hours after torsion of the spleen, there

was appreciable abdominal distension and pain on abdofninal
s

palpation in three animals^Bl(l), Bl(3) and Bl(5). strain

ing was observed in three animals (Bid)* Bl<4) and BX<6).

Extremities V7ere cold In one animal <Bl(2)a 'i^wo animals

(Bl(4} and Bl(6) were recumbent^ Retching and staring at

the flank region was observed in one animal The

mucous membrane v/as pale in'three animals (Bid)* Bl(2) and

31(4). light-pink in Bl(3), pink in Bl(5) and con^sted in

Bl<6). The capillary refilling time x^as prolonged in all the

animals. ^

Within six hotirs# all the animals were dull and recum

bent# E>rt;remlties v;ere cold in two animals (Bl(l) and Bl(3)»

Blood V7as dark and thick in three animals (QX(2)# Bl(3) and

Bl(4>« Three animals (Bl(l)j Bl(2) and Bl<6) VOTilted. signs

of dehydration i-zere seen in tv70 animals (Bl(3} and Bl(6).
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The mucous snembrane was pale In aXl fche animaXs except one

aniirel (Bl(5> which had pink mucous maribr^Q. The capillary

rQKiliing time was prolonged in all the animals.

After detoralon,

All the animals were recumbent except one animal (Bid)

•which was ^le to stand up within one hour. Two animals

(.B3.(3> and Bl(5) vier© able to stand within sto hours.

Extremities remained'cold in all the animals throughout the

period of observationa but intone animal 'the extremi

ties returned to normalcy aft*^ 24 hours* Blood Was dark

and thicic in two animals (31(1) and 31(4)* All the animals

were dull and did not taJce food and water* except two animals

(Bl(l) and Bl(5) which started feeding^after 24^hours. One

animal (Bl(3> vomited by 96 hozirs and on the sixth day and

one animal (Bl(5) passed darlc-yellow urine by 48 hours. One

animal (Bl(2) showed'hiccups one-and-a-ihalf-hours and-

died. There v;as no change in the colour of the m̂ucous mem

brane of all the animals esoKspt in two animals, Bl(S) which

xms pink initiallybecame pale later and in Bl(l) it was

ll^t' pink. ' The capillary refilling time was prolonged in
V 1 " f 4

all the animals except in one animal (Bl(X) which showed
'» • ft : «

improvement after 24 hours.

Rectal temperature (°P) viaa 101.30 ^0.11 at 0 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

detorslon, it was 100.13 + 0.53 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 Bl(l) which

survived after detorslon# 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.) vjas 116.67 + 5.41 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^lO.OS) at 3 h and

6 h. After detorsion# it was 164.67 + 13*48 at 6 h# 161.33 +

12.72 at 12 h, 154.67 ± 18.81 at 18 h, 143.00 + 18.50 at 24 ha

149.33 + 23.45 at 48 h and 136.00 + 28.00 at 96 h. In the

animal Bl(l) which survived after detorsldn# it was 98.00 at

168 h. It showed an increase at 6 h# followed b/ a gradual

decrease. The variations were not significant.

Respiration rate (per min.) was 19.00 + 2.57 at 0 h,

49.50 ± 19.27 at 3 h and 31.33 + 3.82 at 6 h after torsion.

It shoi-^ed an increase and increase x^as significant (P<0.05)

at 6 h. After detorslon# it 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 h. In the animal

Bl(l> which survived after detorslon, it v;as 18.00 at 168 h.

It shotted an increase at 6 h» follai'7ed by a gradual decrGass,

The variations wore not significant.

Hggn:a3dvnamic factors.

The systolic pressure (nsnHg) was 136.67 + 6.15 at 0 h»
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116.83 + 13.61 at 3 h and 98,33 + 7.03 at 6 h after torsion.

It shov;ed a slgi^flcant <P<.0.05) decrease at 6 h. After

dotorslon* It uaa 69.00 + 5,00 at 6 h# 76.00 + 9.00 at 12 h»

80.00 + 10.00 at 18 h and 95.00 + 5.00 at 24 h. It shewed a

decrease at 6 h# followed a gradual Increase upto 24 h.

The variations v/ere not significant.

The dlastollc pressure (innlHg) was 120.00 + 6.83 at 0 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

detorslon, it was 62.00 ± 4*00 at 6 h» 69,^ + 10«50 at 12 hj

70.00 + lO.pO at 18 h and 85.OQ + 5.00 at 24 h. It showed a

decrease at 6 h, follov;ed by a gradual Increase upto 24 h.

The variations were not significant.

Mean arterial pressure (itmHg) v;aa 125.56 + 6.54 at 0 h,

109.83 + 12.61 at 3 h, and 92.22 + 6.92 ,at 6 h after torsion.

It ,shatired a significant (P<p.05) decrease at 6 h. After

detorsion, it was 64.34 + 4.33 at 6 h, 71.67 ± 10.00 at 12 h.

73.33 + 10.00 at 18 h and 88.33 + S.OO at 24 h. It shov;ed a

decrease at 6 h, .followed by a gradual .increase upto 24 h.

The variations v/ere not significant.

The pulse pressure (rrriHg) was 16.67 + 2.11 'at 0 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

detorslon, it was 7.00 + 1.00 at 6 h^, 6.50 + 1.50 at 12 h,

10.00 + 0.00 at 18 h and 24 h. It shoiied a decrease at 6 h,

followed fcy an increase upto 24 h. The variations i^re not

significant.
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- Th© Qontrox venons prGssuro (ram HgO) was 31,70 + 4*80

at 0 h, -5»80 i 10.90 at 3 h and -la.SO ± 8*60 at 6 h after

torsion. It showed a significant (P<0«05) dQcreaee at 3 h

and 6 h a£ter torsion, Mter datorsionj, it was 0.00 ± 13,20

at 6 h, •7,50 ^ 2.S0 at 12 h» -7»20 + 2.50 ^t 18 h and 3.00 ±

30.00 at 24 h. It ahoiiTQd an incraasQ at 6 h# golloiJQd a

decrsaso upto 18 h and then again an increaso at 24 h. ThQ

v^iations wore not signific^t.

ElCGtrocardioggam.

ElGctroaardiogr^ shot;^ tachycardia a£t©r torsion in

all the anijnalQ, P-wava v^as" biphasic and inverted in three

animals (BKS)* Bl(5) and B1C6), In two animala <Bl(l) and

Bl(4> flattening o£ T^wave was observed. After datoroion

there was increase in saiiplitude and spild.ng of T-wave in one

animal (Bl(l) and tachycardia in four animals (b1(1)a B1(3),

Bl(4) and 01 (S) (Fig.9),

Haemoqram.

Erythrocyte sadimantation rate (nsT^/l h) was 10.03+

2.73 at 0 ha S#50 ± 2.14 at 3 h and 5,33 + 2.38 at 5 h after

•^oraion. It shovKSd a decrease but the variations ware not

significant. After detorsion it was 3,00 ^ 1,53 at 6 h,

7.67 + 6,17 at 12 hy 12.33 ± 9.87 at 18 h, 3,50 + 1,50 at

24 hp 26.00 ± 24,00 at 48 h and 32.33 ± 19,46 at 96 h. In

the animal Bl(l) survived after detorsion, it was

5,00 at 16S h. It showed a decreasG at 6 h® follcwad by an

incrsasG at 12 h and 18 h. It again dscraased hs' 24 h.
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Pig. 9. Electrocardiogram, three hours after torsion
and three hours after detorsion.

A. Tachycardia, inverted P-wave.

B. Tachycardia, increased an^litude and
spilcing of' T-wave, biphasic'P-wave.

C. Tachycardia, flattening of T—wave, inverted/
biphasic P-wave.



1
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followecl by an IncroasQ at 48 h and 96 h» The variations

•wor© not significant.

Psclced cell volxaina (%) was 44.50 ± 3»95 at 0 li» 42.00 +

3.10 at 3 h and 40.67 ± 3.42 at 6h after torsion. ThQ values

remained vJitliln the normal range and not significant. After

detorslon. It was 42.00 + 2.65 at 5 he 39.00 + 5.3S at 12 h,

36.00 + 6.16 at 18 h# 35.00 t 5.29 at 24 h^ 36.00 + 8.08 at

48 h and 25.00 ± 5.72 at 96 In tha animal Bl(l) which
survived after detorsion, it was 25.CK) at 168 h. PacHGd

cell volume showed a slight Increase at 6' h after detorsion

follovied by a gradml decrease upto 96 h,. The variations

viere not significant.
I - ^

HHempglobin content (c/dl) V7as 12.47 ± 0.54 at 0 h,

11.00 + 0.93 at 3 h and 10.80 ± 1.04 at 6 h after torsion.

It sha-7ed. a gradual decreasOff but the variations vjera not

significant. After detorsion* it was 10.73,+ 0.93 at 6 h»

10^33 + 1.17 at 12 hfi 9.80 + 0.57 at 18 h» 9.47 ± 0.47 at

24 h, 8.53 t 1.62 at S8 h and 8.20 ± 1.21 at 96 h. In the

animal B1<1) vJhlch survived after detorsion it was 6.60 at

163 h. Xt shoi^ed a gradual decrease upto 96 h and the

decrease vjas algnificant (P^O.05) at 24 h and 96 h.

Se^ented neutrophil count i%) was 66.83 ± 2.17 at 0 ha

33.33 + 1.89 at 3 h and 84.33 + 1.86 at 6 h after torsion.

It showed a significant (P<^^0>05) increase at 3 h and 6 h.

After detorsion# it was 76.33 i 2.03 at 6 h» 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 Bl(l)

which survived after detorslon It was 73.00 at 168 h. Tho

decrease was significant (P<0»05) at 6 h and 96 h.

Band cell coiant (%) was 0.00 ± 0.00 at 0 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 significant. After

detorslon* It. was 10^67 + 4.91 at 6 h, 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 h

and 7.00, + 4.36 at 96 h# In the anlmai Bl(l) vjhlch s\arvived

after detorslon it vrcis 2.(X* at 168 h. It shoi7ad an Increase

at 6 ha follov;ed by a gradual decrease upto 18 h and then a

gradual increase upto 96 h. The increase was significant

(P<0.05) at 48 h.

liyinphocyte count (?5> was 30.33 + 1.76 at 0 h, 12»83 +

1.58 at 3 h and 13.33 + 3.18 at 6 h after torsion. The

decrease was .significant (P<0*05)' at 3 h and-6 h. After
A

detorslon it was 12.00 + 6.51 at-5 h^ 14.33 + 5.21 -at 12 h,

17.00 + 3.21 at 18 hj 16.00 ± 3.05 at 24 h, 11.00 + 4.04 at

48 h and 21.00 + 2*08 at 96 h. In the animal Dl(l) which

survived after detorslon it was -24^00 at 168 h. It showed a

gradual Increase upto 24 h, a decrease at 48 h» followed by

an Increase at 96 h. The variations -were not significant.

Eosinophil count was 2.50 ± 0.62 at 0 h, 0.50 + 0.34

at 3 h 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 dotorsion it was

0#33 + 0»33 at 6 h and 12 h, 0.00 + 0^00 at 10 h» 0.33 + 0.33

at 24 hp 0.67 + 0.33 at 48 h and 1.67 + 1.20 at 96 h^ In tho

animal Bl(l) vjhich survived after detorsioa it was 1.00 at

168 h. There v;as no cliange in eosinophil count upto 12 h

after dotorsion. After 18 ha It shovjed a ^adual increaso

upto 96 h. The variations were not significant.

Serum constituents.

Total serum p2:otoin (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 torsion.

The values were within the normal range and the variations

were not significant. After detorslon It was 5.75 ± 0.05

at 6 h, 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 5^88 + 0*14 at 96 h. In the

animal Bl(l) which survived after detorslon it was 4. SO at

168 h. The valiies x?7erG within the normal range and the

variations were not significant.

Serum sodium (me^Ij) was 148.84 ± 1.47 at 0 h, 149.84 +

2.11 at 3 h and 148.51 ± 1.46 at 6 h after torsion. It

shoi'/ed an increase initially but the values v/ere within the

normal range and the variations were not significant. After

detorslon it was 147.69 + 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 h. In the animal Bl(l)

which survived after detorslon It was 147.98 at 168 h. The
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values v;are Ti?ithln the noirmal range and the variations v?erQ

not 0igni£icant« ...

SertEn-potassium (mec^If) was 5*05 ± 0*t5 at 0 hi '5»46

0»38 at 3 li and 7.94 + 0.28 at 6 h a£ter torsion. The

increasQ was significant (P<.0a05) at 6 h« After detorsion

it was 7.62 i 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 7.10 + 0.08 at 48-h and 5.89 ±

0»27 at 96 h. In-the animal Bl(l) which siiinrived after

detorsioa, it was 6.21 at 168 h. Xt showed a gradual decrease

upto 96 h and the decrease was significant (P<0.05) at 96 h.

Period of survival.

I

Five animals of this subgroup died after detoraion at

various time intervals (Table' Ko.S). The animal number Bl(l)

which survived, was sacrificed on' the 10th day and autopsy

v?as conducted.

Autopsy findings.

The spleen vjas in its normal position and of normal

sisQ, colour and consistency in the animal Bl(l) which was

sacrificed. A few, small branches of splenic vessels con

tained blood clots. The lungs were pale and kidneys shox^ed

congestion. Among the other five animals which died at

various time intervals, dark fluid in the peritoneal cavity

was detected in three animals (91(2), Bl(4) and 131(6).

Rupture of splenic capsule was seen in two animals (Bl(2) and

Bl(6>. Congestion of splenic pedicle was seen in three
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animals (Bl(2)« Bl(3) and Bl(5) and it was adherent to

stomach# the spleen and Intestine in two animals (Bl{3) and

Bl(5)« Intestine was perforated at-the point of adhesion in

one animal (Dl(3) ^ Spleen was dark-broim and separated in

two animals {Bl<3) and Bl(5). Congestion of splenic vessels

va.3 seen in animal number Bl(2) and blood clots, in. Qplcnlc

vessels were seen in three animals (Bl(3)a Bl<4) and 81(6)*

Intestine and lungs wore pale in four animals (Bl(2)« Dl(3),

Bl(4) and Bl(5), Congestion in Jcidnoys and liver was seen In

animal niamfoer Bl(2) and Bl(4) respectively, stomach contained

darlc semi-solid material and the pancreas v/as brov;n In ono

animal (31(3)*

Morphological and histopatholoctlGal studies of the spleen•

The spleen was bright-red In all the animals before

torsion except In one animal(Dl(l) where It was reddligh-brown#

It was soft in consistency In all the animals except ono

animal {Bl(6)« where it was firm. After dotorslon it was

darlt in all the animals. It x?as firm In consistency In all

the animals except two animals (Bl(4) and bKG)^ where it xsas

soft. At the time of autopsy, it was dark in three animals

(B1(2)3 B1(4) and Dl(6) and reddish-broim in one animal (Bl(l).

In tv;o animals (Bl(3) and Bl(5) the spleen was darlc-brot-m

and separated. It vjas soft in consistency in all the animals.

The length (cm) of the spleen was 20.67 + 0.56 before

torsion# 26.92 + 2.21 Irrenedlately after detorslon and 25.25 ±

4.18 at the time of autopsy. There was a significant (P<0.05)

increase in the length after torsion.
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ThG raaKimum vji.dfch (cm) o£ the spleen was 8.50 + 0»63

Isefore torsion, 10.97 + 0.61 Inroeaiately after detorsion and

8.00 + 1.37 at the time of autopsy. There was a significant

(P<0#0S) Increase in the maKlrmM v^iclth after torsion. Tht^re

was no significant difference between the value before tor

sion and at the tirne of autopsy.

The minimum vyldth (cm) of the spleen was 5.67 ^ 0.21

before torsion. 7«03 ± 0»46'immediately after detorsion and

5.13 +0.69 at tlie time of autopsy. ' There was a significant

(P<0.05) increase in the minimum width after torsic^. After

detorsion there was a significant (P<0«05) decrease in the

miniraum width. There was no significant difference bet^Jcen

the value before torsion and at. the time of autopsy.

The average xi/eight of the spleen at the- time of autopsy
ft

was 101.25 + 14.49 grams.

Histopathological changes in the spleen included exten

sive congestion^ thrombosis of vessels, lymphoid depletion

and lympholysis. Focal areas of necrosis, edona and hyali-

nization of the trabeculae were also seen.



Subgroup B2«

ThQ average l>o(3y weight of the animals in this subgroup

xiias 13.50 + 0«96 kg. The recovery £rc^ anaesthesia was

uneventful In all the animals. In these animals^ splenectcxny

was performed six hours after splcnic torsion. The observa

tions are presented in the tables 9 to 12.

Clinical signs.

After torsion.

within three hours after torsion of the spleen^ there

V7as ai^reclable abdominal distension and pain on abdominal

palpation In all the animals except one anirnal (B2(l) i^hich

was recumbent and moaning. One animal (B2(5) vOTuLted. The

mucous membrane was llght-pi'nlc In three anijnals (B2C2)» B2(5)

and 32(6) » pale in txra animals (B2(3) and B2(4.) and congested

In one animal (B2(l). The capillary refilling time was

prolonged in all the animals.

Within six hours, all the animals vjero, dull, recumbent

and the extremities v;ere cold. Blood was dark and thlclc in

three animals (B2(l)» B2{4) and B2(6). One animal (B2(5)

vomited and qpother two animals (D2(3) and B2(5) shovred

retching. There was no change In the colour of the iraicous

merabrane and the capillary refilling time was prolonged in all

the animals.

After splenectoci^.

All the animals viere inecumbent for varying periods from
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six to 12 hoiirs. The extranities x^hich ware previously cold

regained normalcy when the animals stood up. The blood was

watery .after 12 hours. All the animals started talcing food

and water and were active and alert at varying intervals

after 12. hours. One animal (B2(3) vcsnlted during the first

six hours and passed light-brown urine after 24 hours. One

animal (B2{1) passed loose faeces after-48 hours. The mucous

raGmbrane was light-pink in four animals (B2(l)# B2(2), D2(3)

and B2(4) and pink in two animals (Q2(5) and B2(6>. The capi

llary refilling time Qho;-;ed improvement in all the animals.

Rectal ten^ratura (°F) was 101,50 ± 0,30 at 0 h, 101,57 ±

Of54 at 3 h and 101,40 ^ 0,30 at 6 h after torsion. The values

were v/ithin the normal range and the variations were not signi

ficant, After splenectOT^s it was 101,17 ± 0,36 at 6 h,

101.23 i 0.31 at 12 h, 101,10 ± 0,28 at 18 h, 101,53 + 0,19

at 24 h, 101,33 + 0.10 at 48 h« 101.40 + 0,15 at 96 h and

101,63 +0.10 at 168 h. The values were within tho normal

ranc^ and the variations wore not significant.

Heart rate (per.mln,) was 108,67 + 3.92 at 0 h, 152.67 +

5,31 at 3 h and 156«33 ± 8#49 at 6 h after torsion. It showed

an increase and was significant (P<0,05) at ,3 h and 6 h.

After spionecton^p it was 151.00 +. 2»82 at 6 h, 143.67 ± 5,85
at 12 h, 136,00 .+ 9,47 at 18 h,. 116.00 + 7.66 at 24 h,

105,33 + 4,09 at 48 h and 101.67 + 8.03 at 96 h and 104,33 +

7,60 at 168 h. It shoi/ed a gradual decrease and was signifi

cant (P<0,05) at 24 h, 48 h, 9Gh and 168 h*
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Respiration rate (iser min») was 25«67 + 2*80 at 0 h»

51.00 + 17.95 at 3 h and 41.50 ± 15.95 at 6 h after torsion.

It showed an incirease but tho variations were not significant.

After splenectofny it vjas 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 39.00 + 16.29 at

48 ha 28.67 ± 5.28 at 96 h and 24.87 + 3.57 at 168 b. It

shot-;ed a decrease at 6 hj follovjed by a gradual increase upto

24 h and then a gradual decrease upto 168 b. The variations

wore not significant.

MaemodvnamiQ factors.

The systolic pressure (nrniHg) was 135.00 + 7.19 at 0 h,

122.67 + 8.61 at 3 h and 122.50 + 8.34 at 6 h after torsion.

It shelved a decrease but the variations vjere not significant.

After splenectoitQf 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 shot-Jed a

decrease at .6 h, fqlloi^ed by a gradual increase upto 24 h.

The variations were not significant.

The diastolic pressure (nunHg) was 121.67 ± 8.72 at 0 h,

113.33 + 7.60 at 3 h and 6 h after torsion. It showed a

decrease but the v^latlons were not significant. After

spienecton^# it was 85.00 + 8^47 at 6 h^ 92.50 + 7.50 at 12 h

and 95.00 + 5.(X) at 18 h and 24 h. It 3hov;ed a decrease at 6 ha

follov;ed by a gradual increase upto 24 h. The decrease was

significant (P<0.05) at 6 h.

The mean arterial pressure (rrHiHg) v/as 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 shoi-7Gd a decrease but the .variations vjpre not

significant. After splQneatomy» it- was 8S«89 + 8.68 at 6

95,83 ± 7#50 at 12 h® lOO.OO ± 6.67 at 18 h and 24 h. It

showed a decrease at 6 h, folloiired; by a gradual increase upto

24-h. The decrease was significant (P<0.05) at 6 h.

The,pulse pressure (rtirnHg) vjas 13.33"^ 2.11 at O h,

9.33 i 1«45 at 3 h and 9¥l7 ± 0.83 at 6 h a£ter torsion. It

shovTed a decrease but tlia variations were not significant.

J^fter splenecton^ it was 11.67 + 1.67 at 6 h# 10.00 + 0.00 at

12 h, 15.00 ± 3.00 at 18 h and 24 h. It shoi^ed an increase

upto 24 h. The variations vrare not significant...

Tlie central venous pressure (mm HgO) was 35.70 + 4.90 •

at 0 h* 21.70 + 4.00 at 3 h and 18.00 + 2.00 at 6 h after

torsion. It showed a significant (P<0i0S) decrease at 3 h

and 6 h. After-splenactpiny it was 8.00 ^11.10 at 6 h#

10.00 ± 7.10.at 12 h, 23^00 ± 11.70 at 18 h and 30.00 + 10.00

at 24 h. It showed a decrease at 6-hs folloitfed a gradual

increase upto 24 h. The variations vjere n9t^ significants

ElectrocardiocTram.-

Electrocardiogram showed tachycardia after torsion in all

the animals. Biphasic and inverted P-wave and spilcing of

T-v/ave'was seen-in three animals (B2(2>, B2(4) and D2(5).

Afte2^ spleneotomy t^hycardia v;as seen in all the animals.

P-wave was inverted in tovo animals (B2(2) and B2<4) (Fig.10).

viaemoairam.

Erythrocyte sedimentation rate {mn/1 h) was 12.83 + 2.30
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Flg.lOi Electrocardiogram, three hours after torsion
•and three hours after splenectcxny.

.A, Tachycardia, biphasic P-wave.

B. Tachycardiar inverted/biphasic P-wave.^

C. Tacl^cardia, spilcing of T-wave, increased
amplitude of T-wave. '
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afc 0 hp 14.67 + 5,00 at 3 h and 13.17 + 4*32 at 6 h after

torsion. It showed an InorQasa but the variations ware not

significant9 After splenectomy it was 14.00 ± 5.59 at 6 h,

14.67 + 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 23.33 ± 10.31 at 96 h and 24.50 +

10.87 at 168 h. It showed an increase upto 48 followed

by a decroase. The variations i-jere not significant.

Pac)K2d cell volume (5») was 37.^ + 3.02 at 0 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 vjere not

significant. After splenectorry it was 35.00 + 3.19 at 6 h,

34.17 + 2.87 at 12 h, 34.00 + 2.74 at 18 h# 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 h. It showed a gradual decrease and was signifi

cant (P<0.05) at 96 h. «

Hfifeanoglobin content (g/dl) was 11.37 4; 0^35 at 0 h»

10.40 ± 0.72 at 3 h and 10.23 + 0.56 at 6 h after torsion.

It showed a gradual decrease but the varia^ons were not

significant. After splenectosr^ it was 8.77 0.78 at 6 h,

8.27 + 0.64 at 12 h, 8.03 + 0.66 at 18 h, 8.27 + 0.67 at 24 hp

7,30 + 0.93 at 48 h, 7.26 + 0*84 at 96 h and 7.67 0.79 at

168 h« It shcvjed a gradual decrease and the decrease was

significant (p<0.05> at 18 hj 96 h and 168 h.

segnented neutrpphil count <^) v/as 70.20 + 4.03 at 0 h,

85.50 + 2.39 at 3 h and 79.40 + 4.40 at 6 h after torsion.

It showed a significant (P<0.05) increase at 3 h. After
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splQnectoir^ it was 78.67 + 7,36 at 6 h* 03*33 + 0«33 at 12 h#

93,25 +1.65 at 18 h,.79,33 + 9,21 at 24 h, 00.50 + 6.11 at

48 lit 74.33 + 6.06 at 96 h and 76.00 + 6.94 at 168 h. It

shoijecl a gradual IncroasQ upto 18 h, after tihlch ttio values

wore not much (Afferent from the value at 6 h after toralon.

The IncroaSQ was significant (P<0«0S> at 18 h.

Band cell coimt (%) v/as 0.40 + 0.40 at 0 hj 1.33 + 0.95

at 3 h and 2.00 +0.95 at 6 h after torsion. It shoi-ied an

increase but the variations were not significant. After

splenecton^, it was 4^33 + J.86 at 6 h# 4.00 + 1.73 at 12 h,

3.00 + 0.91 at 18 h, 2.00 + 0.58 at 24 h;' 1.00 + 0.71 at 48 h,

7.00 + 2.31 at 96 h and 2.20 + 0.86 at 168 h. It shotted an
✓ *

increase at 6 hj, then a gradual decrea^ upto 48 h* follov^ad

^ an increase at 96 h and then again a decrease at 168 h.

The variations wore not significant.

Lj/n^hocyte count (50 was 26.40 + 4.23 at 0 h» 11.50 + 2.47

a,t 3 h and 17.40 +' 4.84 at 6 h after torsion. The decrease

vjas significant (P<0»03> at 3 h. After splenectoiTQr it was

16.33 + 8.51 at 6 h» 7.33 + 1#'.45 at 12 h, 3.25 + 1.30 at

18 h, 15.67 ± 7.17 at 24 h, 16.75 + 5.02 at 48 h, 16.00 + 6.93

at 96 h and 20.00 + 4.63 at 168 h. It ohox^ed a decrease upto

18 h, follcx'jed by a gradual increase upto 168 h. The decrease

was significant (P<0.05) at 18 h«

Eosinqphil count {%) v;as 2.40 + 0.81 at 0 h, 1.17 + 0.48

at 3 h md 0.20 + 0.20 at 6 h after torsion. The decrease

vjas significant (P<.0.05) at 6 h. After spleneat^r^ it was
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0.67 ± 0.33 at 6 0.00 + 0.00 at 12 h, 0.25 + 0*25 at 10 h,

2.33 + O.Sa at 24 h, 1.50 + 0.65 at 48 h# 2.00 + l.CX) at 96 h

and 1.60 + 1.36-at 168 h. It shcjwed an dncroase after 12 h and

significant (P<0.05) at 24 h.

Serum constituents.

Total serum protein (g/dl) was 3.79 + 0.05 at 0 h,

5601 ± 0.08 at 3 h and 6 h after torsion^ The values ^re

within the normal r^ge and. the variations were not signifi

cant. After splenectoiny it was 5.81 + 0.09 at 6'h, 5.78 + 0.05

at 12 h. 5.76 + 0.12 at 18 hi 5.80 ^ 0.l2"at 24 h, 5.79 + 0.05

at 48 h, "5.77 + 0.05 at 96 h knd 5.87 + 0.08 at 168 h. The

v^uQs were within the normal range and the variations were

not significant.

Serum sodium (mec^L) 152.33 + 1.64 at 0 h, 155.07 +

1.49 at 3 h and 154.99 + 1.11 at 6 h after torsion. It showed

an increase but the variations were not'significant. After

splenectoiDY It Vias 154.18 + 0.59 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, 152.79 + 2.00 at 96 h and 152.40 + 2.d5 at 168 h.

It shoii/ed a decrease upto 12 h'followed by a gradual Increase

upto 168 h. The decrease was significant (P<0.05) at 12 h.

Serum potassium (mec^Za) vma 5.55 + 0.25 at 0 h, 6.41 +

0.41 at 3 h and 7.98 ^ 0.23 at 6 h after torsion. The increase

was significant {P<0*05) at 6 h. After splenectoiry it was

7.72 + 0.24 at 6 h. "7.56 + 0.09 at 12 h, 7.83 + 0.24 at 18 h.
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8.0X + 0,30 at 24 h, 7.49 + 0.21 at 48 h, 7.72 + 0.39 at

96 h and 7.33 + 0.37 at 168 h. It showed a sll^t decrsase

and the variations vjere not significant.

Period o£ survival.

All the animals survivedin this stibgroup and thoy were

sacrificed on the 10th day.

Autopsy -findings.

There was no gross change in any of the abdaninal organs.

Adhesion was noticed foet^^een the splenic pedicle and'the

intestine in tv/o" animals (B2(2> and B2(5). There was no

damage to"the intestine.

Morphological and hiatopathological studies of the spleen.

The ^leen was bright-red in all the animals before

torsion. Xt was firm in consistency in three animals <B2(l)a

B2(4) and B2(6) and soft in the other three miimals (B2(2)»

B2(3> and B2(5). At the time of splenectomy, it was darlc in

four animals (B2(l), B2(4), B2(5) and B2(6), darlc-red in tvjo

atUmals (B2(2) and B2(3) and very soft in consistency in all

the animals.

The length (cm> of the spleen was 26.07 + 0.69 before

torsion and 30.23 + 0.83 at the time of splenectonq^. Ttere

vras a significant (P<0.05> increase in the length of the

spleen after torsion.

The maximum width (csn).of the spleen,was 9.57 + 0.92

before torsion and 11.77 + 0.86 at the time of splenectomy.
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There was an Increase in maximim width of the spleen after
'• '• *•' • •«

torsion, though not significant•

The minimum width (cm) of the spleen was 6.65 + 0.43

before torsion and 7»76 + 0.36 at the time of splenectomy.

There was an increase in minimum width of the spleen after

torsion, thougli not significant.

The average weight of the spleen after spJenectcsr^ was

196t67 + 5.11 grams.

Histopathological changes in the spleen included exten

sive congestionp haemorrhage, throrribosis of vesaels and

lyiAphoid depletion. Haemosiderosis and histoocyte reaction

were seen. There was necrosis and hyalinisation of the

trabeculae.
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Suligtoup.Bjj,
Table 10• £*ength# maaclinm width, ralniimim uldth and physical characters o£ tho spleen,

iDOfore torsion and after splenecton^ (Mean + 5.E.), n=6.

Before torsion After splehectonQ^
Animal Weight

No# (leg) Coloiir Length VJidth (cm) Consis-
(can) Maxl— Mlnl«* tency

. tnum mum'

Colour Xiongth Width (cm) Consls- weight
(caa) Maxi- Mini- tiaicy (g)

mum mum

B2(l) 15,0 Bright 25.0 9.1
red

5.9 Pirn Darlc 28.6 9.9 8.0 Very soft 175

B2(2) 15.0 Bright 27.0 9.0 .6.2 Soft Dark 32.0 11.0 8.0

D2(3) 10.0

B2(4) U.O

02(5) 15.0

B2(6> 15.0

Mean
+S.B. 13.So

40.96

Bright
red

Bright
red

Bright
red

29.0

26.0

24.8

24.6

12.5

6.0

11.4

9.4

8.5 Soft Darl^ 30.0 13.0 9.0
red

5.5 Firm Dark 33.0 .0 7.0

6.9 Soft Dark 28.0 14.0 8.0

6.9 Firm Dark 30.4 13.7 6.5

26.07 9.57 6.65
^.69 ^.92 +0.43

30.23* 11.77 7^76
^.83 ^0.86 +0.36

Significant at 5% level

Very
soft

Very
soft

Very
soft

vary
soft

very-
soft

205

200

210

190

200

196.67
+5.11
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DI^USSION

Group A

ThQ average body x^alght of the animals in thia group

was 12»92 + 0.74 !cg. Recovery from anaesthesia was uneventful.

Clinical slons,

1

Following expQrimentally induced torsion of tliQ spleeng

appreciablo abdominal distension was observed in five animals

within three hours of torsion® Kipnls (1974), Moroau and

Henley (1981), Stead gb (1983) and George ot §1* (1984)

have recorded abdominal distension in clinical cases of splenic

torsion in dogs.

Pain on abdcsninal palpation was observed in four animals

within three hours. Barton (19Q1) had reported that the

abdominal pain was variable ranging from cssccruciatlng pain

in acute cases'-.to virtual absence of pain in chronic cases.

Stevenson et al. (1981) have rajported pain on abdominal palpa

tion in three out of seven clinical cases of splenic torsion

in dogs,

straining v;as observed in three animals within three

hours, Brodie (1974) had reported straining as a symptom in

a case of splenic torsion in a dog,

Conjtsnctlval mucous membrane became pale in four animals

within three hours and in five animals within sl>: hotirs of

splenic torsion. This is in agreement with the earlier obser-
/

vatlons made by Moreau and Henley (1931); Stevenson ot al.
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(1981)5 SfeQad et al, (1903) and Wright and Callahan (1987),

In one animal the ntucous membrane remalnod normal rosy pink

In coloiir. Brodlo (1974) had reported normal mucous momtoranG

in a clinical casQ of splenic torsion.

Capillary rsfllllng time was found to be prolonged in

all the animals, v;hich continued to be so till death. This

is in agreement v;ith the findings of Klpils (1974) and Moreau

and Henloy (1981) in clinical. cases of splenic torsion.

All the animals became dull v;lthin six hoiirs after

torsion# A similar observations v;as made Orman and Lorenz

(1972), Iverson-(1976), U.poi-7its ^ (1977), Moreau and

Henley (1981), Stead et ^.1. (1933), George Gt al. (1934) and

O'Neill (19B5) in clinical cases of splenic torsion In dogs.

However, Hcxvenstein et (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 xijithln six "hours and ronalned

so till death. Moreau and Henley (1981) and stead et

(1983) have reported recumbency as a symptom in torsion of

spleen.

In all the animals, syirptcaras such as, extremitios

becoming cold and dark and thick blood were obseirved within

nine hours.

Signs of dehydration were seen in two anim£as ijithin nine

hours. Dehydration has besn reported in splenic torsion

Moreau and Henley (1981) and Wright and Callahan (1987).
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Emasis was observGd only in one animal# Emeals had been

reported as a syn^tom in splenic torsion by Masie et (1970)»

Orman and. loronz (1972) » Howenstein et al« (1975),' Upowits

et al, (1977)» Moreau and Henley (1981), Stevenson et al»

(1981) 9 George et al.> (1984) and Wright and Callahan (1937)#

The; rectal temperature, shov;ad a slight reduction at the

sixth hour £ollov;0d by a gradual increase but remained v/ithin

nornial range. The variations were not sl^iificant. Iverson

(1976) and Moreau and Henley (1981) reported a rise in rectal

temperature in clinical cases of E^lenlo torsion, while

Orman and liorens (1972), Brodie (1974) and Hov;onsteln et al,

(1975) reported that rectal terr^rature was normal.

The heart rate shovjed a significant increase (P<0.05)

from the third hoiir 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)

and Stead ^ (1983) •

The respiration rate showed a slight reduction by the

third hour, followed by an increase to'^ards the terminal

stages, the respiration rate remaining within the normal range.

However, the variations v^sre not significant. Iiipowits ^ al,

(1977) reported normal respiration rate, x-jhile Brodie (1974)
i

and Moreau and Henley (1981) observed an increase in respira

tion rate in clinical cases o£ splenic torsion.

Haemodvnamic factors.

h significant (P4.0«05) decrease in the systolic pressure
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was observed toy sixth hour after torsion, which persisted

throughout.

The diastolic pressure and mean arterial presstiro showed

a decrease which was significant (P<0.05) from the ninth

hour onv7ards»

The pulse pressiire shoiv-ed a decrease in value throughout,

but it was significant (P<0*05) only at the ninth hour*

The central venous pressure showed a decrease in value

throughout# which was significant (P<0,05) frwa the ninth

hour onv7ards«

These results could not be canpared with any other tvork

for want of data in the literature available* The exact causo

of the variations in the physiological nonns cannot be

e:TOlained because it requires more detailed e:^riinentation.

Electrocardiogram,

EGG showed tachycardia in all the animals. Conduction

abnormalities were not seen at any stage of observation* One

animal developed sinus arrhythmia but became normal sponta-

neously^

Ilaemociram.

Erythrocyte sedimentation rate showed a decreaso upto

siKth hour folloi-jed 5^ a gradual increase. The variations

were not significant* Rapid sedimentation rate and rouleaux

formation had been reported VJright and Callahan (1987).
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Paalcsd coll volumo shotted only marginal variations, the

valUQs remaining within the normal rango and not significant*

Wright and Callahan (1987) have reported normal paclced coll

voltime in a clinical case of splenic torsion in a dog,

ifeerooglobin content shovjed a decreasing trend v;hiGh ^^as

significant (P<0«05) by the 10th hour. Lipowits et (1977)

observed a rediiction in haeiWDglobin content in a clinical caao

6£ splenic torsion in a dog.

Seginented neutrophil count showed an increase upto ninth

hour after torsion folloi-jed 1:^ a decreaea upto 21 hours,

though tliQ variations were not significant# Maxie ^

(1970)» LiTOwits Qt al« (1977), Moreau and Henley (1981) and

Stevenson et aX» (1931) reported neutro^Siilia as a consnon

finding in clinical cases of splenic torsion in dogs.

Bandi cell count showed a gradual increase and the increace

was significant (P<0«05> after ninth hour# Increase in number

of inunature neutrophil vjas reported by ivarson (1976), Moreau

and Henley (1981) and George ot al# (1984) while Lipot'iits et

(1977) recorded a decrease in number of iiwnature noutroi^ls.

The lyn^hocyte count shoxi^d a decrease and the values

were significant (P<0#05) from the sixth hour onwards# Ijyrapho-

penia vjas reported by Lipowits et ^# (1977) and Koreau and

Henley (1981).

Eosinophil count showed a decrease and it was significant

(P<.0#05) at the ninth how. Lipowits et (1977) rocordad

an increase in eosinpphil coitnt.
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Serum constl-fcuohtSQ

TofcaX serum protoin values remained within the normal

range, the variations wore not significant, idpowits et

(1977) also had mads a similar observation in a clinical case

o£ aplenic torslcn in a dog»

The serum sodium lovel varied within the normal range

but showed a decrease from the 18th hour» csvanthough the

variations were not significant. Lipowits ot al* (1977) and

Moreau and Henley (1981) observed a slight rise in serum

sodlm level, but the values ware within the normal range.

The serum potassitsm level shotted a significant (P<b.05)

Increase from the third hour onwards. Iiipot/lts et (1977)

observed serum potassium level at the loiter limit of the

normal range in a clinical case of splenic torsion iri a dog.

Moreau and Henley (1981) rex^orted a low level of serum pota

ssium on the third day of hospitallsatlon of a dog suffering

from splenic torsion.

Radiographlc studies.

Radlographlc eKamination, 12 hoiirs after torsion of the

spleen, positioning the animal in left lateral recumbency,

could reveal a dense shadow representing the spleen In the

anterior abdomen. •Splenanegaly as •a radiographlc finding was

reported by M^cie et (1970), Hovjenstein at (1975),

Moreau and Henley (1981), Stevenson ^ al^. (1981), stead

et (1983), o*Nelll (1985) and Wright and Callahan (1987).
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Period o£ Burvival»-

The average survival period was 21*53 + 4.10 hours, the

range being 8.00 hours to 33».45 hours*

AutOT33v findings >

On autopsy darlc coloizred fltild in the peritoneal cavity

in varying quantities was seen in £lve animals. Presence of

fluid in the peritoneal cavity on eaq^loratory laparotomy in

clinical cases of splenic torsion was reported by iclpnis

(1974)p Iverson (1976) and Moreau and Henley (1981>« Spleen

was enlarged'and dark coloured in five animals. Spleen was

found to be ruptured*' fragmented and separated-in one animal®

and small foci of ruptiire were noticed in tw animals# Con

gestion of splenic pedicle» splenic vessels and- blood clots

In splenic veins vjore observed in three animals, whereas clots

in the ^lenlc vessels alone were seen in two animals.

Thrombosis of splenic vessels was reported by orman and

liorens (1972), Llpowlts ^ (1977), Moreau and Henley

<1981), Stead et al. (1983) and o»Melll^ (1935). Intestine

and stomach were dilated and pale in three animals. I/lpov7lts

et al. (1977) stated that vascular embarrassment to the

intestine occurs due to torsion of large abdominal organ*

/vcute mesenteric vessel occlusion and early degenerative

intestinal changes may occur. Congestion of gastric mucosa

and presence of dark fluid in the stomach in one animal and

congestion of liver, lungs and kidneys was seen in three
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animals. About 50 ml of light-bro;'ni urine was detected in

tliQ urinary bladder in one animal#

Morphological and hiatopatholoaiQal studies of the spleen^

Normal spleen v;as firm in consistency and was dork-red

in three animals and bright red in the other three animals*

At the time of autopsy the spleen was found to be darlc in

five animals and reddish-grey in one animal. The consistency

was soft to very soft in five animals and it was fragmented

in one animal#

The length, maximum width axid minimum width ware on .the

increase eventhough the values i^ere not significant.

Splenomegaly as a radiographic finding was reported

Maxle ^ (1970), Itovienstein ^ al. (1975), Moreau and

Henley (1981)a Stevenson et al. (1981), Stead et al. (1983),

O'Neill (1985) and Wright and Callahan (1987).

Palpable splenomegaly was reported by Maxlo et (1970),

and Stevenson ^ (1981). Splenomegaly as reported by the

Garlier v;or]ters on the basis of radiography and on palpation

are confirmed by the autopsy findings during the present study.

Histopathological changes in the spleen included oxten-

sive congestion, haemorrhage and throiribi in the vessels.

This is in agreement with the findings of Howenstoln ot al.«

(1975) and O'Neill (1985). There ttfas hyalinlsation and

necrosis of trabeculae, lymphoid depletion and lymphold tissue

was replaced with red blood cells. Similar changes had been

reported Wright and Callahan (1987).
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Fran the above observations it was £ound that the

animals becamQ dtill and recumbsnt ^ sisc hoiars after es^ri-

mentaily induced torsion of the apleen and remainGd recumbent >

till deaths The mucous manbrane was pale and the capillary

rofiilling time was prolonged* A significant increase in the

heart rate^, band cell count and serton potassixim and a signi

ficant decrease in systolic pressure^ diaBtolic pressuro*

mean arterial pressxare# pulse presstire® central venous pre

ssure, lyinphocyte count and eosinophil count v?as 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 ba critical and hence the appropriate time to commence

the treatment was fixed at sisc hours after torsion#

Groups

Stiborouo Bl# (Detorsion of spleen was undertalcen six hours
after torsion)

The avera^ body weight of the animals in this stibgroup

was 12*33 + Jcgi The recovery from anaesthesia v;as

uneventful^

After torsion*

Clinical signs-

FolloTfjing e:^rlmentcilly induced torsion of the spleen#

appreciable abdominal distension and pain were observed in

thr^e animals within three hours. Straining was observed in

three animals. Conjunctival mucous msribrane was pale in
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three animals, pinlc in two and congested In one animals

Caplllairy refilling time was prolonged in all thQ animals.

All the animals bQcame dull and assxamed a position oi:

lateral recicribsncy within six hours. S^pt^ns such as extre

mities becoming cold (tv;o animals), signs o£ dehydration

(tv;o animals) and blood beccsning dark and thiclc (threo animals)

were observed within six hours* Emesis was noticed in three

animals.

The above observations were similar to those in gpsup A.

The rectal temperature remained within the normal range,

the variations ware not significant.

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

at third Iiour and siscth hour.

The respiration rate shoi^ed a significant (P<0.05)

increase by the sixth hour.

The observations on rectal teii^>erature, heart rato and

respiration rate v;ere similar to those in group A.

Haemodynamic factors.

The systolic pressure, dlastollc pressure, mean arterial

blood and pulse pressuire showed a significant (P<0.05)

decrease ijy the sixth hour after torsion.

The central venous pressure showed a significant (P<0.05)

decrease at third hour and sixth hour.

The observations on haomodynainla factors were similar to

those in group A.
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Elecfcrocardiogram.

ECG shcwtfed tachycaraia In all tha animals• Conduction

abnormalities vKjre not seen.

Haemoaram9

ErythrocytQ sodiinontation rate shoi/cd a decreasQ upto

sixth hoior though not significant.

PacJcGd cell volxime shov/ed only marginal variations, the

values remaining v/ithin the normal range and not significant.

Haemoglobin content shov/ed a decreasing trend, but not

significant.

Segrrtsnted neutrophil count shcfcjQd a significant (P<0.05)

increase at third hour and sixth hour.

Band cell count shov:ed an increase, but not significant*

t^i^hocyte count shotired a significant {P<0.05) decreasQ

at third hour and sixth hoiir*

Eosinophil count shov/ed a decrease and it was significant

(£><0.05) at third hour.

The observations on hsemogram v;erG similar to those in

group A.

Serum constituents.

Total serum protein values remained within the normal

range, the variations were marginal and not significant.

The serum sodium level shoiijed an increasing trend ini

tially but the variations luere marginal and not significant.
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The serum pofcaselum ahoxjcd an increasG and was signifi

cant (P<0.05) at !3ixth hour.

The observations on sezmm constituents wore similar to

those in group A.

MorpholoqlGal study p£ spleen.

Normal spleen was bright-red in colour in five animals

and reddlsh-brovm in one animal. It was soft in consistency

in five animals while it was firm In one animals

After detoraion.

Clinical signs.

After detorsion all the animals assumed the position of

lateral recumbency, except one animal# which stood up wltliln

one hour. Tvso animals could stand up within six hours,

Esctremities vjere cold in all the animals ascept in one animl

that survived. Blood was dark and thick in tv;o animals. Four

animals vjere dull and did not accept food and\ water, while the

rest started feeding after 24 hours. There was no change in

the colour of the mucous membrane in four animals, while it

was £)alo in one animal and li^b-pink in another. Ttie capi

llary refilling time was prolonged in five animals, while the

animal that survived showed improvCTent after 24 hozirs.

The rectal temperature showed a decrease upto 18 hours

and thereafter a gradual increase. The variations wore not

significant.

The heart rate and the respiration rate exhibited ah
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increasing trend by tha si:cfch hoiir, follov/ed a gradual

dcqreasQ, though the variations were not significant.

Haemodynamlc factors.

The systolic prassur©, dlastollc pressure and mean

arterial pressure decreased at six hoxirs and then gradually

increased upto 24 hours. Tho variations irare not significant.

The ptilse pressure decreased upto 12 hours followed by a

gradual increase upto 24 hours. The variations wore not signi

ficant.

The central venous pressure showed an increase at six

hours followed by a decrease upto 18 hours and then an increaso

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

Blectrocardiogram.

ECG showed tachycardia in four animals. Conduction

abnormalities v;erQ not seen at any stage of observation.

Hat^noqram.

ErythrocytQ sedimentation rate showed fluctuations at

different time Intervals# tliough not In the normal range.

Hovjever, the variations were not significant.

Paclced call volume shotced a slight increase at si^t hoiars

followed a gradual decrease thereafter, vJlth no significant

variation.

Haemoglobin content showed a gradual decrease v;hlch was

significant (P<.0<0S) at 24 hours and 96 hours.
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Segmented neixtropMl count showed a decrease which waa

Gignlflcant (P<0.05> at six hours and 96 hourso

The band cell count was high and the Increase was

significant (P<.0.05) at 48 hours.

The lyir^hocytG count showed fXuctuatlons during the

observation period wltli no significant variation In the

values.

The Goslnpphil count did not show any change upto

12 hours, but recorded a gradual increase afterwards» tho

variation being not significant•

Serum constituents.

Total eerum protoin values reanained within the normal

range9 the variations were not significant.

Serum sodium showed a docrQasing trend. Tho values

remained within the normal range, the variations ^^ero not

significant.

Serum potassium shovjed a gradual decresise and the

decrease vTas significant (P<O.OS) at 95 hours#

Period of survival.

One animal in this siibgroup survived the period of

observation of seven days. Ranainlng five animals died at

varying time intervals, vis. , one hour 30 min (one animal),

two hour 30 min. (one animal), five hours 25 min. (one animal)

and six days (two animals) .
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Autopsy findings,

0£ tliQ five animals which died at different intervalap

dark fluid in peritoneal cavity was present in three animals.

Rupture of splenic capsule v/aa seen in two animals* Splenic

pedicle was congested in three animals and it vjas adherent

to stomach, spleen and intestine in two animals. Intestine

i^as perforated at the point of adhesion in one animal# Spleen

was dark-brown in colour and separated in two animals, splenic

vessels were fOTind to be congested in one animal and blood

clots were seen in the splenic vessels 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 semi-solid material and the X3ancreas

V7as found to be brovm in colour in one animal. In the animal

that survived the period of observation and when sacrificed

on the loth day, the spleen v/as found to be in its normal

position and of normal size, coloiir and consistency. Some

of the small branches of splenic vessels contained blood clots.

The lungs were pale and the kidneys shoi';ed congestion.

Morphological and histonatholoqlcal studies of the spleen.

At the time of detorsion the spleen was dark in all the

animals. It was firm in consistency in foiir animals and soft

in two animals. At the time of autopsy it was dark in three

animals, reddish-broim in one animal, wliile in two animals,

the spleen was dark-brovm in colour and separated. It was

soft in consistency in all the animals.
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There was a significant (P<.0«05) Increase in the length

of the spleen at the time of datorsiono which shovzed a decrease

at the time of autopsy. Hot-jever, it x-jas more than the value

before torsion, but not significant.

There was a significant (P<0.05) increase in the maximum

width of the spleen at the time of detorsion, which shovx2d a

• decrease at the time of autopsy. Hot-;ever, it v;as not-signifi

cant*

There was a significant (P<O.OS) Increase in the minimian

width of the spleen at the time of detorsion, which shewed a

significant (P<0.05) decrease at the time of "autopsy. The

measurements at the time of autop^ did not show any signifi

cant variation when con^ared to the initial value.

Histqpathological changes in the spleen included eicton-

sivQ congestion, thrcmibosls of vessels, lyn^hoid depletion

and lympholysia. Focal areas of necrosis, edema and hyalini-

sation of trabeculae vjezre also seen. Jubb and Kennedy (1970)

stated that spleen becomes necrotic v;hen the artery is occluded,

subgroup B2. (Splenectomy was performeds sis: hours after
torsion)

The average body xjeight of the animals in this subgroup

was 13.50 ^ 0.96 leg. The recovery from anaesthesia was

uneventful.

After torsion.

Clinical signs.

Following experimentally induced torsion of the spleen.
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appreciable abdominal distension and pain were observed in

five animals within three hours and one animal waa recumbent

and moaning. Blood was dark and thick in one animal* Emesis

was noticed in one animal* Mucous nonbrane was light-pink in

ths^SQ animals, pale in tvjo and congested in one animal* Capi

llary refilling time waa prolonged in all the animals.

All the animals became dull and assumed a position of

lateral recumbency within six hours, Sympt(^as such as extre

mities becoming cold and blood becoming dark and thick (three

animals) were observed vjithin six hours* One of the animal

vomited off and on. Retching was seen in two animals* There

was no change in the coloiir of the mucous membrane. Capillary

refilling time was prolonged in all the animals.

The above observations were similar to those in group A

and subgroup 31*

The rectal temperature remained v/ithin the normal range,

the variations v;ere not significant.

The heart rate shot-zed a significant (P<0*05) increase

at third hour and sixth hour*

The respiration rate showed an increase, though not

significant.

The obsQ3CVations on rectal temperature, heart rate and

respiration rate were similar to those in group A and si2}>-

group Bl.
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HaemoctvnamiQ factors*

The systolic preGsurQ® diastolic pressure» mean arterial

pressfure and pulse prassia:© showed a decrease after torsion,

though not significant#

ThQ GQntral venous pressura showed a significant (P<O.OS)

decrease at third hour ^d sixth hour#

ThQ observations on hajaoodynamic factors were similar to

those in group A and subgroup Bl*

Blectrooardioorain^

ECQ showed tachycardia in all the animals. Conduction

abnormalities i^ere not seen.

Haemooram*

Erythroqyte sedimentation rate showed a slight increase

at third hour folloijed by a decrease at sixth hour, however

^ these values were v;ithin the noannal range and the variations

were not significant#

Paclced cell volume showed only marginal variations, the

values remaining within .the normal range and not significant.

Haemoglobin content showed a decreasing trend, but not

significant.

Segmented neutrpphil count showed a significant (P<O.OB)

increase at third hour.

Band coH count show^ an increase, but not significant.
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l^phocyfce count shotted a significant (P<0.05) decreaso

at'.third hour.

Eosinophil count shoTf/ad a dQcreasQ and it wao significant

(P<0.05) at third hour. The olsssrvationo on haGtnogram ware

alniilar to those in group A and subgroup Bl, except for the

ers^throcyte sedimentation rate values® which shov;Qd a slight

increase initially*

Serum constituents>

Total serum protein values remained within ,the normal

range# the variations X'/ere not significant.

The serum sodium level ehov;Gd ^ increasing trend ini

tially, but the variations were not significant.

The serum potassium showed an increase and was signifi

cant (P<^0.05) at sixth hoiir.

The ol^orvations on serum constituents were similar to

those in group A and subgroup Bl.

Morphological stiidv of spleen.

Mormal spleen was bri^t-red in colour in all the animals.

Consistency was fim in three animals and soft in the other

three animals.

After Qplenectomv.

Clinical signs.

After splenectomy all the animals t^ere rccumbant for

varying periods from six to 12 hoiiirs. The extremities tW.ch

were previously cold regained normalcy after splenectonyp
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when the animals stood up. The blood was watery 12 hours

aStor splenGGtofiQ^# All the animals started taking £ood and

water and vjoro active and alert at varying Intervals after

12 hours. One animal vcsnited during the first six hours and

passed light-broi'm urine after 24 hours. One animal passed

loose faeces after 48 hours. ' The mucous membrane was light

pink In four animals and pln3i In two animals. The capillary

refilling time • improyGd in all the animals. Orman and

Lorons (1972) and Kipnls (1974) reported a change in the colour

of the mucous membrane to pink and improvomont in capillary

refilling time after splenectomy in clinical cases of splenic

torsion in dogs.

The rectal temperature remained v^ithin the nocriBl range«

the variations were marginal and not significant.

The heart rate shov;ed a gradual decrease which was signi

ficant (P<0.05) fran 24 hours.

The respiration rate showed a decrease at si:: hours

followed by a gradual increase upto 24 hours and a gradual

decrease again. Tho variations were not significant.

liaemodvnamic factors.

The systolic pressure, shoi/ed a decrease at six hours

folloi-jed by a gradual increase upto 24 hours.

The dlastollc pressure and mean arterial pressure shoiTed

a significant (P<0.05) decrease at six hours follox^ed a

gradual increase upto 24 hours.
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pulse pressioTQ shorc/Gd an increasa upto 24 hours. The

variations were not significant.

The central vghoug pressiare showed a decrsase at oi:c hours

followed a gradual increase upto 24 hours. The variations

wera not significants

Slectrocardiogram.

ECG showed tachycardia in all the animals. The conduction

abnormalitios were not seen.

Haemocrram.

Erythrocyte sedimentation rate showed an increase upto

48 houxs folloi-7ed by a decrease. The variations vjere not

oignifleant.

Paclced cell volizms showed a gradual decrease iJhich was

significant (P<0.05) at 96 hours.

Haemoglobin content showed a gradual decrease which vjas

significant (P<0.05) at 18 hours» 95 hours and 168 hours.

Segmented neutrophil count shox-jod an Increase upto

18 hours and thereafter the values were almost the saina as at

the time of splenectony. The increase was significant (P<0.05)

at 18 hours.

Band cell count shoijed fluctuations during the period of

observation but the variations were not significant.

Z^p^iphocyte count showed a decrease upto 18 hours folloi-;ed

by a gradual Increase upto 168 hours. The decrease was signi

ficant (P<,0.05) at 18 hours.
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Eosinpphll counfc shorted an incrQase after 12 hours and

thG increase was significant (P<0.05) at 24 hours*

serum constituents•

Total serum protein values remained witl^n the normal

range# the variations v^sre not significant.

serura sodium showed a decrease upto 12 hours follotv'ed

£33^ a gradual increase upto 168 hours* The decrease was signi

ficant (P<0«05) at 12 hoxursi. After 12 hours the variations

were not significant.

Serum potassium level showed slight decrease, the varia

tions were not significant.

Period o£ survivals

All the animals in this subgroup survived the period of

observation of seven days. splGnectacr^ as a treatment in

clinical cases of splenic torsion has been reported McEJlsh

(1967), Xverson (1976)# rdpowita et al. (1977), 0*Kq111 (1935)

and Wright and Callahan (1987) in a single case each. All

these animals survived after splenectcsi^.

Koreau and Henley (1981) reported a case of splenic

torsion in a dog which did not survive after splenectoiiy.

Stevenson et (1981) reported incidence of splenic torsion

in seven dogs, out of the seven dogs only two survived after

splenectOR^ and the remaining died post-operatlvely. stead

et al, (1983) reported three cases of splenic torsion, out of

which two survived after splenectar^ and the third died.
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Autopsv findings*

There vxere no gross changes in any o£ the abdominal

organs- Adhesion was noticed between the cut end of the

oplcnic pedicle and the intestine in two animals# There

was no damage to the intestine.

Morr^oloaiGal and hiatopatholoqiGal studies o£ the spleen*

At the time of splenectoir^, the spleen was dark in foiir

animals, darJc-red in two animals and very soft in consistency

in all the animals#

There was a significant <p<0«05) increaso in the length

of the spleen after torsion.

There was an increase in maximiam width and minimum width

of the spleen after torsion but the increase was not signifi

cant*

The above results could not be ccsi^^ared v/ith any other

work for want of data in the literature available. The e»ict

cause of the variations in physiological norms cannot be

explained because it requires more detailed e^^rimentation,

Histopathological changes' in the spleen included escten-

sivo congestion, haonorrhagei throrctbosio of vessels and lymphoicj
depletion. Haemosiderosia and histeocyte reaction cQon.

There vjas necrosis and hyalinization of the trabeculae.

Three out of the siK animals in subgroup B1 remained

recumbent after detorsion whereas all the sisc animals in sub

group B2 stood up within 12 hours. Ejctronitiea remained cold
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in f±vQ animals in siibgroup Bl, throughout the period of

observation whereas in subgroup B2, the extremities regained

normalcy when the animals stood up» Four out of the six

animals in subgroup D1 did not take food and water after

detorsion whereas all the six animals in eiibgroup B2 started

feeding and x^jere active and alert after 12 hours. The mucous

niembrane remained pale and the capillary refilling time was

prolonged after detorsion in subgroup Bl, whereas in subgroup

B2, the raucous meinbrane turned li^t pinJc or pink and the

capillary refilling time inroroved. The rectal t(Hiperature

shoi';ed a decreasing trend t^to 18 hours after detorsion,

whereas it remained within the normal range after splcnoctai^i>

Heart rate showed a decreasing trend in both the subgroups but

the decrease was significant after splenectomy in subgroup B2

?ifter 24 hours9 Respiration rate showed an increase at sixth

hour after detorsion, 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 dccreasc.

Blood pressure decreased at sixth hoiir followed by an

increase upto 24 hours in both the subgroups. ^The central

venoTis pressure shovrad an increase at the sixth hour after

detorsion, follovjed by a decrease upto 18 hours and then again

an Increase at 24 hours, whereas it showed a gradual Increase

after splenectony^

Electrocardiogram showed tachycardia in both the sub

groups.
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ErythrocytG sGtaimQiitatlon zratQ shof&zod fluctuatAons affeor

datorslon in stdbgroup Dl^ It ohoxi/Gd an IncTOasQ at 48 hours

and 96 hours* In subgroup B2o it increased gradually upto

48 hours followed by a dQcreasQ# Packcsd coll velum© docreased

in both the subgroups except for a slight increase at the sixth

hour after dotorsion in subgroup Bl. ffeemoglobin content showed

a significant decrease at 24 hours and 96 hours after detorslon

in subgroup Bl and at 18, 96 and 158 hours after splenectony

in subgroup B2, Differential leucocyte count gradually r©tumQ<a

to normal in both the sxabgroups after treatment except for band

cell count which remained above normal in subgroup Bl«

Total serum protein and serum sodium values remained

almost within the normal range in both the subgroups tout serum

potassium showed a gradual decrease after detorslon in sub

group ai vjhich was significant at 96 hours. In subgroup B2,

only a slight decrease vjas observed after splenectany.

One animal in subgroup Bl smrvived after detorslon.

Remaining five animals died at varying time intervals after

dotorsion0 vis., one hour 30 rain, (one animal), two hours

30 min. (one animal), five hours 25 mln. (one animal) and

sIk days (two animals) • All the animals in subgroup B2 sur

vived after splenectomy.

In the present study there was no incidence of the spleen

getting itself detorted tThen tv;lsted around its pedicle to

720® in a cloclc-tiise direction.
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SU^^^3ARy

Ei^tGGn apparently healthy dogs oS either sex^ aged

one to £lvG years and vjelghlng 3.0-15 leg woro used i:or the

otxidy. The animals ^-jore divided into two groupss A and D

conaisting o£ six and 12 animals respectively. The animals

of group B i*;erQ further divided into two subgroups, D1 and

B2 consisting of siss animals each. In group A, laparotomy

was performed, and torsion of the spleen was brought about.

In group B,- torsion of the spleen was brought about as in

group A. SiK hoijrs later, detorsion of the spleen was done

in subgroup B1 and splenecton^ was performed in subgroup B2.

All tl-ie anJjnals ware observed for a period of seven days or

death, whichever was earlier.

Group A.

witliin three hours of es^rimentally induced torsion of

the spleen, appreciable abdaninal distension, pain on abdominal

palpation and staining were observed. The mucous merrtbrane

became pale, the capillary refilling time was prolonged and

the extremities became eold. The rectal ten^perature and

respiration rate remained within the normal range but heart

rate showed a significant increase.

The animals assumed a position of lateral recumbency

within six hours. There was gradual fall in systolic preoauro

which baesne significant from si:cth hour. The dlastolic pre-

asiire, mean arterial pressure and central venous presauro

decreased steadily but significant decrease was observed frwn
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fchQ ninth hour onwardQ. Tho pulsQ pr©Q0urQ recorded a

gradual fall which was significant at tha ninth hour. Signs

of dehydration were seen in two animals and emaaia was noticed

in one animal.

Electrocardiogram^ three hours after torsion showod

tac2hycardla.

Erythrocyts Gedimentation rate shov;ed a decrease upto

elscfch hour follov;ed by a gradual IncrGaSQ. PaclcGd cell volumo

r<anained within tlie normal range. The haeiac^lobin content

shaw7ed a decrease. DiffoEGntial leiicocyto count revealed

neutropMiia, lymphopenia and eosinopenla.

Total serum protein and serum sodium values remained

within the normal range, whereas serum potassium shotted a

significant Increase from tha third hotir onwards.

The radiograph ta3«en at 12th hour revealed a dense shadow

v;lth distinct borders in the anterior part of the abdcsnen.

All tha animals In this group died and the average sur

vival period was 21.53+4.10 hours.

Autopsy revealed darlc floured fluid in the peritoneal

cavity. The spleen was dark, soft,and enlarged. It was

found to be snaptured, fracpented and separated in one <mimal.

Blood clots in the splenic vessels vjere also seen,

Ilistopathological changes in the spleen Included con

gestion, haemorrhage and thrombosis.
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Gtoud B.

After G^^rlmsntally Induced torolon of tho spleorij the

clinical syinptcsn3» haemodynamlc factors^ haemogram and eorum

constituents upto six hours were almost identical to those in

group Ae

Subgroup Bl^

A£ter detoroion only one animal survived tho period of

obBsrvation of seven days. The remaining five animals died

at varying time Intervals, vis., one hour 30 rain« (one animal)*

two hours 30 min, (one animal)# five hours 25 min. (one animal)

and six days (two animals) *

The three animals which died within six hours wore recuitw

bent till death. After detorsion the extremities v;erQ cold,

tho mucous membrane was pale and the capillary refilling time

was prolonged. Most of the animals did not take food and

vjater. In the three animals vjhich survived for more than six

hours, ^e variations in rectal temperature# heart rate and

the respiration rate were not significant.

The blood pressure and central venous pressure returned

to normal.

Electrocardiograms three hours after detorsion showed

tachycardia.

Erythrocyte sedimentation rate remained within the normal

range V7hereas packed cell volume and haemoglobin content

decreased. Differential leucocyte count did not show marlced

variations e^Eiept for a significant decrease in segmented
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neutrophil cotint at sixth hours and a signl£iaant

IncreasG In band cell count at 48 hotirs.

Total SQrum protoln and seruiu sodium values ware within

the normal rango# Though a significant decrQase was obsGjrved

In serum potassium levQlj yet thQ value remained above normals

Autopsy revealed presence of dark coloured £ltild In the

peritoneal cavity, rupture of splenic capaulQ, congestion of

splenic pedicle and clots In splenic vessels. Separation of

the spleen and adhesion of the splenic pedicle to the statiach

and Intestine were also seen*

tlistopathologlcal changes In the spleen Includoa con

gestion, throrribosls of vessels, lyn^holysls and fccal areas

of necrosis.

subcrrouD B2^

After ^lenectoitr/ all the animals sxarvlved the period of

observation of seven days.

After splenectOT^, all the animals stood up within

12 hours, the GKtremitleo regained normalcy and they started

talcing food and v^ateff. The raucous menibrane was light pink or

pink and the capillary refilling time improved. The blood was

watery 12 hours after f^lenectocny. rectal tcsmperature

remained within the normal range. Fluctuations In the reapi^

ration rate were not significant. The heart rate returned to

normal range.

The blood pressure and central venous pressure returned

to normal#
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EXectroGardlogramfl fchrea hours after splenectomy showed

tachycardia#

Variations in orythrocyte se(3in^ntatlon rato were not

significant vjheteas packod ceil voluniG andbasmoglobin content

dQCTQasQd, Differential leucocytQ oount did not show raarlcQd, •

variations* There was an increase in eqoinophils and sagmentod

noutrophils and decreaG© in lymphocytes♦

The total serum protein and serum sodium showed only

slight variations, Soruiu' potassium Icvol which was high aho^^ed

a decreasing trend, the v^ues remaining alDOva normal.

Autopsy after sacrificing the animals revealed adhesion

between the cut end of the splenic pedicle and the intestine

in tv;o animals«

Hlstopathological changes in the spleen included con-

gastlon» thrombosis, haemosiderosis and hlateoayte reaction,

l^e foilovrf.ng conclusions could be drawn from the present

BtU<^t

1. Clinical signs such as abdominal distension, pain on

abdominal palpation, straining, recumbancy, cold extronl-

ties, emssis, tachycardia, hypotension, neutrophilla,

increased seram potassium and a dense shadow with distinct

borders in the anterior part of the aMoraen on radiography

are diagnostic.

2, The period frcsn sl^h to the ninth hour after torsion of

the spleen would be critical and hence the appropriate time

to commence the treatment«
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3» After detorslon o£ sploen five out o£ the six animals

died and hence detorslon does not appeal to Ix) the satis

factory treatment.

4. After .splenectcxry all the six animals siirvlved and hence

Is recqnenended as the treatment in oplGnlc torsion.
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ABSTRACT

Eighteen apparGntly healtliy dogs of olthsr aex, aged

ono to fivo yaors and weighing 10-15 leg uero used for ths

study. All thQ dogg i^ero dauormGd and QstaminGd £or tho

preaGncs o£ blood parasites if ariy. Thoy ware housed sepa

rately .in cages iinder identical conditiono o£ feeding and

management and kept under observation for 10 days before the

esEporiment. • • . . •

The animals wore divided into two groups as detailed

belows

Group Ai Consisting of sis: animals numbered serially# vis#,

A(l), A(2), A(3)» A(4)» A(5) and A<6) and

Group Bt Consisting of 12 animals divided into tvra subgroups

of six animals each and nisnbered serially9 vis..

Bid), Bl<2>, B1(3)9 b1(4), B1<5> and Bl(6) and

B2<1), B2(2), B2<3), B2(4), B2(5) and B2(6).

In the animals of group Ac laparotcn^^ was performed and

torsion of the spleen was brought about. The observations

made in this group served (i) to assess the clinico-patholo-

gical changes and (ii) to arrive at appropriate time for the

comn^ncement of treatment in group B. In the animals of

group B, effectiveness of treatment^ following experimentally

induced torsion of the spleen was studied* In the subgroup 31,

detorsion of the spleen was done wliile in subgroup 32,

splenectony was performed*



T

ii
The onJLmala becamo dull and recuirib3nfc by siK hoiiro after

QsqsGrimonUally Inducod feorsion of the oplGsn and remained

reeiETibcjnt till death. The mucoiis nK3!rtbran9 was pale and the

capillary rofillling time was prolonged. A significant
s ^

•A

IncreaBa In the heart rate, band cell count and aeruiu pota

ssium and a slgniSlcant decrease in blood pressure# central

venous pressure, lyn^hocyte coimt and eoslnophll count v/as

observed by the ninth hour after torsion. It could bo scon

that the jaeriod from sixth to the nintla hour after torsion of

the spleen would be critical and hence the appropriate tima to

ccmfinence the treatinant was fixed at size hours after torsion.

In group D, where effectiveness of the treatnent t^as '

studied, only one animal survived after detorsion in subgroup D1

Boreas all the. animals survived after splenectcxny in sub

group D2^ In subgroup Bl, after detorsion most of the ahlmalo

V7ere recumbent, the extremities were cold and they did not

taJcQ food and vjater, whereas in subgroup 32, after splenectomy

all the animals were able to stand and th?^ took food and viator.

The heart rate shoi-jed a decreasing trend in both the subgroups.

Slood pressure sho;*;ed a decrease at si^cth hour followed by an

increase in both the subgroups. Central venous pressure showed

an increase at sixth hour follovjed by a decrease upto 18 hours

and then an Increase at 24 hozirs in subgroup Bl, whereas in

subgroup it Increased gradually. Paclted cell volume and

haemoglobin content decreased in both the stabgroups. The serum

potassium level remained high in both the subgroups.

I

-•V
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