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CHAPTER 1 : INTRODUCTION 

SCINTIGRAPHY 

The role of scintigraphy as a diagnostic aid in patients 

sustaining blunt abdominal trauma has been well established 

by other authors (6,9,41,42,55,87,92, 96,97,99, 

109,132,150). The limitations of planar gamma camera 

imaging have largely been overcome by the advent of Single 

Photon Emission Computed Tomography (SPECT) which enhances 

diagnostic accuracy due to 

(13,15,21,22,70,77,78,79,80,96,117, 

improved 

139,163) . 

resolution 

Scintigraphy 

consists of radionuclide angiography or dynamic imaging 

which provides functional information ( ie. blood flow) 

followed by a planar or SPECT study which provides 

anatomical information about the organs of interest. 

In the early 1970' s, radionuclide imaging was the first 

technique to be widely used in the detection of liver and 

spleen trauma. This procedure is well-tolerated and rapidly 

performed, demonstrating the size, position and 

configuration of the liver and spleen (59). The use of 

ultrasound and CT was introduced in the late 1970 's and 

these have established themselves as powerful tools in the 

investigation of traumatic injuries. These three imaging 

modalities are the most commonly used ones in blunt 

abdominal trauma (73,80). SPECT imaging has improved both 

lesion contrast and anatomical definition and is now 

considered to be comparable to CT and ultrasound in the 
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evaluation of focal hepatic disease (117,163) . Although 

SPECT is widely available many medical centres have been 

slow to introduce it into clinical practice (79). 

The aim of this study is to show that a simple, non-invasive 

radionuclide study can be of benefit if used in the 

appropriate clinical setting. The study was designed to 

determine the incidence of traumatic lesions to the liver 

and spleen in patients who do not require urgent surgery and 

are admitted with suspected liver and/or spleen trauma. 

The liver plays a major role in protein, carbohydrate and 

lipid metabolism, detoxification and hormone synthesis. 

Therefore the physiological status of the patient following 

blunt trauma to the liver is acutely altered due to the 

disturbance in liver function and the presence of 

complications such as haemorrhage and biliary leaks (28). 

The major role of the spleen is immunological and trauma to 

this organ has less effect on the physiological status than 

liver injury, although haemorrhage from the. spleen may be 

severe enough to cause shock. 
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BLUNT ABDOMINAL TRAUMA 

Blunt trauma to the abdomen is a common surgical problem, 

with a reported mortality in most clinical series of at 

least 10% (3,35,73,97,129). Aggressive resuscitation at 

the accident site as well as in the emergency room, early 

diagnosis and prompt treatment are essential if this high 

mortality is to be reduced and preventable deaths avoided. 

It has been reported that 20-30% of all trauma deaths 

occurring soon after admission are potentially preventable 

(36). Unrecognised injury to solid and hollow intra­

abdominal viscera remains a frequent cause of death and 

therefore diagnostic techniques must be constantly reviewed 

in order to assess their effectiveness in the early 

diagnosis of organ damage. 

Studies in South Africa and the USA have found trauma to be 

the leading cause of death in patients under the age of 40, 

with adult males forming the largest component of this group 

(19,20,28,33,34,43,151,161). 

In adult trauma practice 50% of abdominal injuries follow 

blunt trauma to the abdomen and lower chest and this figure 

rises to 90% in paediatric practice (24,46,75,84). 

The liver due to its size, relative fixation, poor 

elasticity and compressibility, is often injured in blunt 

abdominal trauma (59). In different series the mortality 

from blunt trauma to the liver ranged from 10% to 60% 
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(28,111,120,134,155). In contrast to simple penetrating 

injuries which cause minimal tissue devitalization with 

mild haemorrhage (unless a major vascular structure has been 

transected) , blunt injury to the liver disrupts the 

parenchyma extensively, causing severe haemorrhage 

( 2, 20, 34,148,154) . Diffuse haematomata or deep areas of 

devitalized tissue are often not evident, even at surgery 

( 59) . 

During 1989, records show that 32 000 patients were seen in 

the trauma unit at Groot Schuur Hospital, Cape Town. The 

cause of trauma was assault in 50% of cases, whilst 30% was 

due to domestic violence, 16% to motor vehicle accidents and 

4% to sports injuries. Of the 50% due to assault, half were 

due to blunt trauma and half to penetrating trauma, whereas 

90% of the cases due to domestic violence were blunt 

injuries and 10% due to penetrating injuries (Knottenbelt J 

Prof, personal communication). 

Interpersonal violence is the commonest cause of blunt 

abdominal injury in South Africa (151). Motor vehicle 

accidents are the second major cause, whilst sport injuries, 

falls from heights (>lm) and industrial accidents are less 

common. This differs significantly from the United States 

where high speed motor vehicle accidents are a far more 

common cause of abdominal trauma, accounting for 60 to 75% 

of cases (28,33,97). 
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Pathophysiology 

Management of the patient with blunt abdominal trauma 

requires an understanding of the mechanisms of injury. 

Generally, injuries maybe classified as high energy or low 

energy depending on the energy imparted to the patient. 

Several pathophysiological processes are operational: 

(1) sudden massive rise in intra-abdominal pressures created 

by outward forces can cause burst injuries of a solid organ 

or rupture of a hollow viscus, 

( 2) compression of abdominal viscera between the applied 

force to the anterior abdomen and the posterior thoracic 

cage or vertebral column can produce a crush injury, 

(3) rotational or shearing forces can cause a tear of the 

vascular pedicle or the ligaments which attach the organ to 

the body cavity. 

The severity of the injury is related to the force and 

duration of impact, the area of contact and the mass of the 

patient (97,99,147). 

Three main forms of blunt trauma which affect specific areas 

of the liver can be identified. (i) Horizontal deceleration 

injury which frequently occurs during motor vehicle 

accidents where the liver is violently displaced forwards, 

(ii) the frontal crush injury which follows a direct blow to 

the anterior surface of the liver and (iii) vertical 

deceleration injuries due to falls from a height. 

'\ 

' 
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Horizontal deceleration injury results in fracturing along 

the insertion of the right triangular ligament, which is the 

natural restraint of the liver to the diaphragm (Fig 1). 

This corresponds to the plane of the right portal fissure, 

separating Coinauds segments 6 and 7 (115), from the rest of 

the liver. Frontal crush injury results in damage to the 

central segments 4,5 and 8 (137) (Figure 3). With vertical 

deceleration injuries retroperitoneal haemorrhage is the 

main cause of ongoing blood loss whereas with horizontal 

deceleration injuries intra-peritoneal haemorrhage is more 

likely (130). It is important to differentiate between the 

forms of injury, as the spectrum of injuries sustained, 

their presentation, treatment and outcome differ 

considerably (35,130,138,147). 

6 



Figure 1: Schematic diagram of mechanism of deceleration type of liver 
injury depicting the liver from the right lateral view. RTL= right triangular 
ligament (from: Sherlock & Bismuth. Secondary surgery for liver trauma} 
(137) 

t 6 

7 

I 



Clinical presentation - "The Surgical Dilemma" 

The symptoms and signs of patients who sustain blunt trauma 

to the abdomen are notoriously non-specific and are often 

masked by associated injuries to the pelvis, chest, spinal 

cord and head. Pain from fractured ribs or a fractured 

pelvis may also be referred to the abdomen, hindering the 

clinical evaluation of intra-abdominal organs. An altered 

sensorium due to drugs, alcohol or head injury makes the 

findings on clinical examination difficult to interpret. 

Abdominal pain is an important symptom of visceral injury 

and may be referred to the right or left shoulder suggesting 

liver or spleen injury respectively. The diaphragm and 

shoulders are both innervated by the afferent fibres of the 

phrenic nerve and therefore irritation of the diaphragm 

results in pain being referred to the shoulders. 

Abdominal guarding and tenderness are the most frequent 

signs of injury, whilst rigidity or rebound tenderness are 

clear signs of peritonitis. Abdominal distension with 

dullness to percussion is highly suggestive of on-going 

intra-abdominal haemorrhage, as is the need for repeated 

blood transfusions in the absence of any other source of 

bleeding. Ileus or unexplained shock are also indicators of 

intra-abdominal injury (39). In the unconscious or 

polytraumatised patient clinical signs are obscured and 

therefore a high index of suspicion of an intra-abdominal 

injury must be maintained by the clinician. 
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The only sign of blunt abdominal trauma may be local 

tenderness due to abdominal wall abrasions or contusions 

(39). Abdominal wall contusions are more significant than 

abrasions as they have been found to be more frequently 

associated with internal injuries. 

Studies have shown the accuracy of abdominal examination 

following trauma to range from 50% ( 17) to 65% ( 132) . 

Normal vital signs on admission do not necessarily predict 

the absence of potentially life-threatening haemorrhage. 

Ongoing clinical evaluation of the patient, may not localise 

the exact site of the injury, but is still the mainstay of 

management in blunt abdominal trauma. Abnormal vital signs 

at any point after admission require investigation to rule 

out significant intra-abdominal injury as these may 

manifest up to 15 days after the initial insult (5). 

Patients who have sustained a head injury severe enough to 

make them unable to obey simple commands and in whom an 

occult abdominal injury cannot be excluded should be 

investigated to exclude intra-abdominal injury (17,18, 

39,90). 

Liver-spleen scintigraphy is organ specific, but if injuries 

to other organs are suspected multi-organ radionuclide 

imaging, a concept introduced by Berg (9), may be 

performed. Renal injury may co-exist with a liver or spleen 
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injury and 

masked by it. 

either mask the liver-spleen injury or be 

Different series have reported a range of 13% (33) to 27% 

(2) of renal injuries associated with liver-spleen damage in 

patients who have sustained blunt trauma to the abdomen. The 

most frequent injury associated with damage to the lower 

pole of the spleen or avulsion of the splenic pedicle is 

injury to the ipsilateral kidney. Right renal injuries may 

be associated with extensive injuries to the right lobe of 

the liver (58,62,143). In a patient with blunt abdominal 

trauma, the slightest suspicion of renal trauma, which is 

more common in children, necessitates further investigation 

(143,145). Therefore, if renal injury is suspected a renal 

agent such as 99mTc-DTPA (diethylenetriamine penta-acetic 

acid) injected immediately after the liver-spleen imaging is 

completed, can be used to image the kidneys. 

Studies have shown that at least 15% of patients with a 

liver injury will have a serious concomitant injury of the 

spleen, bowel or diaphragm (32,33,40). It has also been 

reported that 10% of abdominal injuries due to blunt trauma 

will have an associated craniocerebral injury and 14% will 

have long bone fractures (24). 

The accuracy of liver-spleen scintigraphy in the acutely 

traumatized patient has been demonstrated in several 

studies (4,6,9,30,31,42,44,45,56,58,59,150). With a 99mTc­

tin colloid study the liver and spleen are imaged 
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simultaneously and positive results will determine the 

further management of the patient whereas a negative scan 

in a stable patient will obviate further investigation (99). 

Therefore, the use of an imaging modality which detects 

alterations in both the physiology and anatomy of the organs 

of interest is beneficial to the management of the acutely 

traumatized patient. 
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Classification of liver and spleen injuries 

There are several classifications of liver and spleen 

injuries with management of the patient dependent on the 

level of injury sustained. A review of the literature 

confirms that there is no universally accepted approach to 

the classification of liver and spleen trauma. Table 1 and 

Table 2 outline the most widely accepted classifications. 

Table 1 : Classification of liver injury and severity 

GRADE SEVERITY OF THE INJURY FREQUENCY(%) 

I Capsular avulsion 15 
Parenchymal fracture< 1cm deep 

II Parenchymal fracture l-3cm deep 55 
Subcapsular haematoma< 10cm 
diameter 
Peripheral penetrating wound 

III Parenchymal fracture> 3 cm deep 
Subcapsular haematoma> 10 cm 25 
Central penetrating wound 

IV Lobar tissue destruction 3 
Massive central haematoma 

V Retrohepatic vena caval injury 2 
Extensive bilobar disruption 

(53,106) 
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Table 2 : Classification of splenic injuries 

I 

II 

III 

IV 

V 

(132) 

GRADE 

Haematoma 

Laceration 

Haematoma 

Laceration 
Haematoma 

Laceration 

Haematoma 

Laceration 

Laceration 
Vascular 

INJURY DESCRIPTION 

subcapsular, non-expanding, <10% 
surface area 
capsular tear, nonbleeding, <lcm 
parenchymal depth 
subcapsular, nonexpanding, 10-50% 
surface area 
intraparenchymal, nonexpanding, 
< 2cm in diameter 
capsular tear, active bleeding 
subcapsular, > 50% surface area, 
or expanding 
Ruptured subcapsular haematoma, 
active bleeding 
intraparenchymal haematoma, > 2cm 
> 3cm parenchymal depth or 
involving trabecular vessels 
Ruptured intraparenchymal 
haematoma, bleeding actively 
Laceration involving segmental or 
hilar vessels producing major 
devascularization 
completely shattered spleen 
hilar vascular injury that 
devascularizes spleen 
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Treatment of liver and spleen injuries 

In the last decade there has been a trend towards a far more 

conservative approach in the treatment of intra-abdominal 

trauma (41,43,45,48,51,65,67,83,103,105,148,149,156,160). 

Despite improved anaesthetic techniques and post operative 

care, resulting in a drastic decline in the complications 

of surgery, a negative laparotomy still carries a mortality 

of 0.5-6.3% and a morbidity of 5-23% (17,146). Non-operative 

therapy places a greater responsibility on the surgeon as 

continued surveillance of the abdomen is the only means of 

excluding the delayed onset of symptoms (65,82). Continued 

surveillance should include both regular clinical 

examinations and the use of accurate non-invasive diagnostic 

imaging techniques, such as computed tomography (CT), 

ul trasonography and scintigraphy. Liberal use of these 

techniques has enabled up to one-third of patients with 

liver trauma to be managed non-operatively (3,43,69). 

The rationale for the previously adopted aggressive approach 

to splenic injuries was the belief that the traumatized 

spleen, if not removed would slowly enlarge because of 

continued slow bleeding and then rupture (92). Studies have 

shown that the occurrence of delayed splenic rupture is rare 

(67,109,112,129,132). 

This change to a more conservative approach was first 

adopted by paediatric surgeons following increasing reports 
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of overwhelming post-splenectomy 

subsequently in adults. Sepsis 

carries a 50-75% mortality rate 

sepsis in children, and 

in the asplenic patient 

(25, 46,101) . It has been 

shown that bleeding from intraparenchymal lesions where the 

splenic capsule remained intact, or minor capsular tears 

frequently stops spontaneously, making non-operative 

management successful in carefully selected patients 

(46,48,53,100). Mandatory splenectomy has been replaced by 

attempts at various forms of splenic salvage including 

splenorrhaphy, partial splenectomy or heterotopic 

autotransplantation, especially in children (1,25,101). 

Autotransplantation of splenic remnants at laparotomy may 

lead to the salvaging of functioning splenic tissue and 

therefore provide some protection against overwhelming 

sepsis, but animal studies have shown that the immune 

function of autotransplanted splenic tissue is inferior to 

that of the normal spleen, and therefore, vaccination and 

prophylactic antibiotics are still required to prevent 

overwhelming sepsis ( 101) . Splenic remnants will take up 

the radiopharmaceutical and be imaged as fragments of 

splenic tissue in the region of the splenic bed. 

Eighty-five percent of all liver injuries are minor (7,34) 

and bleeding abates spontaneously or is readily managed 

using simple conventional haemostatic procedures. Severe 

blunt trauma to the liver tends to cause a bursting type of 

injury and can involve major hepatic veins (20). In some 

cases there is a clear indication for emergency laparotomy 
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and often persistent haemorrhage from a liver laceration 

requires surgical intervention, although not necessarily 

hepatic lobar resection (3,34,53,66,106, 107,131). 

Recently, treatment of severe liver injuries has favoured 

alternatives to major parenchymal excision to achieve 

haemostasis (111,134,146). Hepatotomy with direct vessel 

ligation, selective hilar devascularization, and liver 

packing (47) are techniques employed in an attempt to 

salvage the liver. The main cause of death in liver and 

spleen trauma continues to be uncontrolled haemorrhage 

following severe trauma. If haemostasis is achieved most 

liver and splenic injuries will heal rapidly (57,113). The 

natural history of liver injuries which are managed non­

operatively is a dimunition in the haemoperitoneum, decrease 

in parenchymal disruption and resorption of any intrahepatic 

haematomata (43). 
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CHAPTER 2 : IMAGING OF THE LIVER AND SPLEEN 

ANATOMY OF THE LIVER AND SPLEEN 

Liver 

The liver is the largest organ in the body, situated in the 

right upper quadrant of the abdominal cavity, and extending 

across the midline. The liver is wedge-shaped tapering into 

a slender structure at its left extremity. Al though the 

upper part is well protected by the lower ribs, the friable 

and highly vascular nature of the liver parenchyma makes it 

prone to laceration. Damage therefore may result in 

considerable haemorrhage. 

The liver arises as a diverticulum from the ventral surface 

of the foregut. Two solid buds of mesenchymal cells develop 

from this diverticulum forming the right and left lobes, 

between which there is no vascular communication. The 

liver parenchyma is supplied by end arteries, branches of 

the left and right hepatic arteries, and the portal vein 

( 62) . 

From the anterior view the liver can be externally divided 

into right and left lobes along an embryological plane 

which runs along a line connecting the inferior vena cava 

to the gallbladder fossa. The caudate and quadrate lobes 

are located medial to the gallbladder fossa, and hence are 

considered part of the left lobe. The dome of the liver 

forms the superior contour of the right lobe. Medially, the 

diaphragm produces a concavity on the surface of the liver. 
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The falciform ligament extends from this area down to the 

notch made by the ligamentum teres in the inferior border. 

The hepatic veins exit at the junction of the dome and this 

medial concavity, occasionally causing an identifiable 

indentation. The porta hepatis is found lateral to the 

falciform ligament. The gallbladder fossa is located on the 

lower margin of the right lobe of the liver. The renal 

fossa is situated posteriorly and indents the posterior 

aspect of the right lobe of the liver. The inferior edge of 

the liver may be lobulated, concave, convex or straight. A 

notch is sometimes seen between the right and left lobes of 

the liver which is due to the thickened inferior margin of 

the falciform ligament. The left lobe is considerably 

thinner than the right and may be highly variable in 

appearance and size (62,145). 

A spectrum of variations occurs in the configuration of the 

liver of adults (108). A large left lobe, occuring in 12% 

of normal livers, tends to give the liver a quadrilateral 

shape in the anterior view and is due to persistence of 

foetal proportions from lack of a lag in its growth. Riedels 

lobe, which occurs in 4% of normal livers is a downward 

extension of the right lobe of the liver along the right end 

of the inferior margin. A domed or high right lobe of the 

liver called a "en chapeau des gendarmes" or "policemans' 

hat" is found in 14% of normal livers (72). It is due to an 

unusually high arching right hemi-diaphragm. (Fig. 13a-g) 
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Spleen 

The spleen is a solid, ovoid shaped organ enclosed in a 

fibrous capsule. It lies below the diaphragm, in the left 

upper quadrant of the abdomen between the 9th and 11th ribs 

with its long axis lying parallel to the 10th rib. 

The spleen develops from several buds of mesenchyme in the 

dorsal mesoderm which fuse forming a single organ. This 

gives it a lobulated appearance in children. With growth 

these lobulations disappear and the only remnant of these 

embryological splenules is the notch which is seen on the 

anterior border of the spleen (145). 

The hilum of the spleen, which is enclosed within the 

lieno-renal ligament, lies in the angle between the stomach 

and the left kidney and makes contact with the tail of the 

pancreas. The splenic artery and vein enter and leave via 

the hilum. Due to its embryological development each segment 

of the spleen has its own blood supply with very little 

communication between segments (62). 

The spleen is subject to various anomalies of development 

including complete agenesis, multiple spleens or splenunculi 

and persistent lobulation (102). This is important as these 

variations in the configuration of the spleen may be 

misinterpreted as pathological when the spleen is imaged 

(59). Complete absence of splenic tissue is rare and 

previous splenectomy must be excluded in these patients. 

The spleen can vary in position due to relaxation of the 
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suspensory ligaments or displacement by gastric dilatation 

( 109) . 

IMAGING MODALITIES 

There have been major technical advances in the field of 

diagnostic imaging of the liver and spleen over the past two 

decades. As a result a more conservative approach to the 

acutely traumatized patient has become widely accepted, 

based on the availability of these imaging modalities at 

major trauma referral units (9,16,75,96,). The rational use 

of various imaging devices should be dictated by the 

clinical setting. Duplicating studies with similar 

characteristics adds little to the diagnostic process and 

may cause confusion. 

With an array of imaging modalities available to the 

physician, selection of the appropriate one for each patient 

should be based on: 

1. the availability of equipment 

2. the cost-effectiveness of each study 

3. the safety and non-invasiveness of the procedure 

4. the radiation dose to the patient 

5. the availability and expertise of the physician 

interpreting the images 

6. the impact that the information gained from the study 

has on the management of the patient. 
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There are five imaging modalities currently used in the 

assessment of patients with suspected liver and spleen 

trauma. These are ultrasound, computed tomography, nuclear 

scintigraphy, magnetic resonance imaging and angiography 

(9,16). 

In a recent review of nuclear medicine on paediatric imaging 

Gordon has suggested an •integrated approach' between 

functional imaging ie. scintigraphy, and radiological 

imaging which has greater anatomical depth. The 

interpretation of the functional images paralleled with the 

anatomical images will lead to an improved understanding of 

the underlying disease process and will be of greater 

assistance to the clinician and most of all to the patient 

( 61) . 

Particularly in blunt trauma, plain X-rays of the abdomen as 

well as the chest are part of the basic investigation 

protocol. Plain x-rays of the chest are an essential part 

of the assessment of patients with abdominal injuries. The 

findings of rib fractures, a raised hemi-diaphragm, pleural 

effusions and obliteration of the costophrenic angles, in 

conjunction with the clinical evaluation, may add to the 

clinical suspicion of liver and spleen injuries. Abdominal 

films may reveal important information including fractures 

of the lower ribs and lumbar transverse processes, free 

intra-abdominal fluid and retro-peritoneal air associated 

with duodenal injuries. 
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SCINTIGRAPHY IN LIVER-SPLEEN TRAUMA 

History 

The history of nuclear medicine is based on the parallel 

development of radioisotopes and the advances in 

instrumentation. In 1937 the first colloid containing a 

radionuclide administered to humans was thorotrast, an X-ray 

contrast material containing thorium (60,93). This is a 

powerful alpha-emitter which irradiates the patient for many 

years after its administration causing late complications 

like hepatic fibrosis, cirrhosis and inducing hepatic 

tumours (59). With the advent of collimated external 

detectors in the early 1950 1 s 131I-rose bengal replaced 

thorotrast for hepatic imaging. 131I-rose bengal is not the 

ideal agent for imaging the liver because of its slow 

accumulation in the liver, by which time biliary excretion 

occurs. This results in confusion between hepatic 

parenchymal pathology and normal gallbladder and duodenal 

excretion. In addition, it is excreted in the large bowel 

resulting in a large radiation dose to the gonads (60,93). 

For these reasons, 131I-rose bengal was superseded by 

colloidal gold (Au 198). However, the disadvantages of 

colloidal gold are its long half-life (2.7 days) and high 

energy gamma rays ( 4 llkeV) which result in an increased 

radiation dose to the organs of uptake (60,142). 

In 1957 Halo. Anger working at the University of Berkeley, 

California, described the first version of the gamma camera. 
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The Anger camera which revolutionized the practice of 

nuclear medicine became commercially available in 1962 (29). 

In 1958 Brookhaven National Labarotories developed the first 

technetium generator for general scientific use based on the 

solvent extraction method from 98Molybdenum. The modern 

sterile generator as we know it today was only developed in 

the late 1960 1 s by E. R. Squibb & sons. Once this generator 

became commercially available it provided a convenient 

source of readily available technetium (93,122). 

In 1963 a heat controlled denaturing method to produce 

colloid or aggregates of human serum albumin labelled with 

13 lr became popular. Its major advantages over colloidal 

gold was that it was not permanently retained in the liver 

and that it had a longer "shelf-life" (86,93,142). It was 

only after the modern sterile generator became commercially 

available in the late 1960's, providing a readily available 

source of 99mTc, that radionuclide liver imaging was able to 

be used more widely (93,122). 

Refinement of the Anger gamma camera continued, resulting in 

the single photon emission computerized tomographic (SPECT) 

device first described by Jaszcar in 1979. It took a 

further 5 years before this became commercially available 

( 29) . 
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Current radiopharmaceuticals 

99In.rc has many favourable radiodosimetric characteristics. 

It emits gamma rays at 140keV, has a relatively short half­

life (6.03 hours), delivers a low radiation dose per gamma 

ray emitted, has no beta particle emissions and can be used 

to label a variety of imaging agents. Tin colloid or 

sulphur colloid labelled with 99mTc particles are used to 

image the liver and spleen looking for focal or linear 

defects in uptake. 

Other radiopharmaceuticals commonly used in liver imaging 

are the imino-diacetic (IDA) group, labelled with 99mTc. 

The IDA-analogues are excreted by the hepato-biliary system 

and can be used in the acute trauma setting to demonstrate 

or exclude a bile leak (56,58,158). 

Selective splenic imaging using 99mTc-labelled heat damaged 

red blood cells is based on the unique ability of the spleen 

to trap damaged red blood cells and there is no uptake by 

the liver. If a 99mTc-tin colloid study shows interference 

from the liver (eg. an overlapping left hepatic lobe) or 

there is poor radiocolloid uptake in the spleen then a 

99mTc-labelled red blood cell study may be indicated. 

Another indication for this scan is to detect residual 

splenic tissue after splenectomy (4). 
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9 9mTc-Tin colloid 

99mTc-Tin colloid was used in this study. It is available 

for daily use in a shake and mix kit which unlike the 

sulphur colloid kit, does not require heating. As a result 

the preparation of tin colloid is more rapid and simpler. 

The tin colloid particles are smaller and more evenly 

distributed than sulphur colloid particles and this results 

in more rapid and greater uptake of this radiopharmaceutical 

by the liver, spleen and bone marrow (60,86,93). 

In addition, renal and gastric uptake at 5 minutes is less 

with tin colloid than with sulphur colloid as a mere 0 .1% 

free pertechnetate remains after preparation of the tin 

colloid, leading to minimal renal and gastric uptake. Tin 

colloid, unlike sulphur colloid, is unaffected by aluminium 

breakthrough from the technetium generator up to a 

concentration of 20ug Al 3+, but above this level 

flocculation of the tin-colloid particles does occur 

(60,86,93,126,128). 

Adequate blood flow to the reticulo-endothelial system is a 

prerequisite for the phagocytosis of radiotracers. The 

labelled colloid, on first passage following intravenous 

bolus injection through the circulation, initially passes 

through the heart and lungs and then via the arteries to the 

rest of the body. The amount of colloid arriving at each 

organ on first passage is proportional to the arterial 

perfusion of that organ. Colloid passing along the hepatic 
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and splenic arteries is removed efficiently by the liver and 

spleen. 

The liver has a dual blood supply with the major component 

(75%) being from the portal vein and only 25% from the 

hepatic artery (37,52,145,157). Therefore there is a delay 

of approximately 15 seconds before blood reaches the liver 

because the larger proportion of the blood supply (via the 

portal vein) has to pass through the gut first (52). 

The uptake and distribution of 99mTc tin colloid in the 

liver and spleen reflects both perfusion and the 

distribution of functioning phagocytic cells such as the 

Kupffer cells (which line the hepatic sinusoids) and the 

macrophages of the spleen and bone marrow in these organs. 

Normally there is a homogeneous distribution of phagocytic 

cells in the liver and the spleen. 

Factors, other than blood flow to an organ, which affect 

phagocytosis are - the size, particle number and surf ace 

charge of the colloid particles. The average size of the 

tin colloid particles ranges from o. 3 to 1. o um and once 

extracted by the phagocytic cells it undergoes minimal 

metabolic alteration. Normally about 80% of the injected 

colloid particles are sequestered by the liver, 15% 

localizes in the spleen and the remainder appears in the 

bone marrow (8,86,93). 
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The radiolabel remains in the phagocytic cells and since 

there is no biologic turnover, the effective half-life is 

equal to the physical half-life. 

The plasma clearance half time is about 2 to 5 minutes and 

maximum liver uptake occurs in 5 to 10 minutes. The 

clearance rate of colloid particles depends on the blood 

volume perfusing the liver and on the number of particles. 

In adults, maximum clearance in each passage through the 

liver is about 94% so that approximately 10 minutes after 

intravenous injection 97% of the tin colloid particles are 

distributed in the liver and spleen. The stability of the 

tracer within the phagocytic cells provides sufficient time 

for a SPECT study to be completed (126). 

The mechanism of localization of the colloid particle is by 

phagocytosis, a process which is aided by opsonization of 

these particles (60). Particles coated with an IgG opsonin 

have been shown to attach to a specific receptor on the 

phagocyte, called the Fe receptor since it accepts the Fe 

(carboxy terminal end of IgG) portion of IgG. 

has also been identified for complement, the 

A receptor 

C3 (third 

component of complement) receptor. The Fe and C3 receptors 

function independently. The Fe receptor responds only to 

IgG opsonised familiar material while the C3 receptor can 

respond to unfamiliar material that may or may not be 

opsonised with complement (128). 
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Disadvantages of the 99mTc-Tin colloid scan 

It has been found that chlorhexidine gluconate (used to 

disinfect the skin at injection sites) causes agglutination 

of colloid particles and may form a technetium gluconate 

complex thus diverting the radioactivity to the kidneys. 

Chemotherapeutic agents are associated with an alteration in 

hepatic colloid distribution inducing extra-hepatic uptake 

of radiocolloid by the spleen, bone marrow and lungs (74). 

Excessive antacid usage has been demonstrated to cause 

pulmonary uptake of colloid. In patients with iron overload, 

excessive dietary vitamin A intake, and following recent 

radiotherapy there is reduced Kupffer cell uptake of 

colloid (59,126,128). It has been shown that the reticulo­

endothelial cells are profoundly affected by radiation yet 

the hepatocytes are far less sensitive to the same agent 

(59). Reduction in Kupffer cell activity is seen to 

correspond to the portal of the radiation field. 

Current Status of Scintigraphy 

Scintigraphy is a simple, non-invasive, cost-effective and 

accurate technique used in the diagnosis of hepatic, splenic 

and renal injuries (6,9,15,31,41, 42,50,69,73). Gilday and 

Alderson ( 59) reviewed 162 patients using scintigraphy 

to evaluate the presence of liver injuries following blunt 

abdominal trauma. There were no false negatives and a 
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false-positive rate of only 7% was found. In another study 

by the same authors (59), 202 patients evaluated for a 

SP,lenic injury using scintigraphy were found to have a 

false-negative rate of 1, 5% and a f alse-posi ti ve rate of 

7,2%. These studies and others (6,9,41,42,55) indicate the 

high sensitivity and specificity of liver-spleen 

scintigraphy in the evaluation of patients with liver and 

spleen injury following blunt trauma to the abdomen. 

When a radiopharmaceutical is administered by intravenous 

injection, its distribution is 3-dimensional. Planar 

imaging of this distribution is a 2-dimensional projection 

where the distribution is integrated over depth, with 

contrast decreasing as depth increases. Tomographic imaging 

is a 3-dimensional projection and therefore more accurate. 

The dynamic phase, or scintiangiography, depicts arterial 

and venous blood flow to the liver in a manner analogous to 

contrast angiography (37,52). The dynamic phase is used to 

determine bleeding sites (by looking for extravasation) and 

to determine the vascularity of a lesion eg. haematomata and 

cysts are hypovascular, metastases are hypervascular and 

abscesses show a rim of increased perfusion surrounding a 

poorly perfusing central area (54,123,157). 

The total liver perfusion can be estimated from the rate of 

clearance of the intravenously injected radiocolloid. The 

magnitudes of the hepatic artery and portal vein components 

of hepatic perfusion can be determined by analysing the time 
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variation in liver activity. The arterial and portal 

components are separated by their times of arrival at the 

liver. These arrival times are evaluated from time-activity 

curves for the spleen, left ventricle and left kidney. 

Therefore quanti tat ion of different parameters is possible 

( 52) . 

Planar imaging cannot resolve defects in the antero-

posterior plane. This is a major disadvantage for a thick 

organ deep in the abdomen such as the liver and reduces the 

sensitivity and specificity of planar imaging (114,153). 

SPECT measures and displays the concentration of the 

radiopharmaceutical within a thin slice of tissue leading to 

improved lesion detection and anatomic localization. The 

principle of SPECT is that the plane of interest is imaged 

from many different angles and the activity within one pixel 

in the reconstruction plane is deduced from all the line 

integrals passing through that point (11,38,80). 

With planar imaging, superficial lesions have to be at 

least 2cm in diameter and deep-seated lesions (particularly 

in the right lobe) 3 to 4 cm in diameter to be detected. 

Lesions smaller than this are not detected leading to a high 

false negative rate (121,124). With SPECT imaging an area 

or volume of disturbed function ranging from 1 to 1. 5 cm 

can be detected. This is due to the physiological nature of 

the study which is sensitive to any disturbance of function 

in the surrounding parenchyma. 
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Pitfalls in Abdominal SPECT Imaging 

(i) Pitfalls related to the patient 

(a) excessive patient size which causes difficulty in 

positioning the organ of interest within the field of view 

throughout the entire study; (b) gross patient motion causes 

image degradation; (c) diseased organs result in reduced 

uptake of the radiopharmaceutical producing a low 

target: background ratio and ( d) arm attenuation artefacts 

( 152) . 

(ii) Technical Pitfalls 

(a) If a circular rotation orbit is used the detector is 

further away from the patient in the anterior and posterior 

positions thus degrading image resolution. Hence it is 

preferable to use the elliptical rotation orbit for 

acquisition so that the detector is brought closer to the 

organs of interest improving the resolution of the images 

(152). (b) The patients' arms must be out of the field of 

view of the detector and not alongside the body to allow the 

detector to get as close as possible to the patient. If the 

arms are not placed across the chest or above the head this 

will substantially increase the distance between the 

detector and the organs of interest. Detector resolution 

deteriorates by a factor of 2 at a distance of 4 
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to 5 cm from the patient and therefore the spatial 

resolution (ie. the sharpness or detail of the image) of the 

image will deteriorate (141) (c) poor patient positioning by 

the operator (d) rotational gantry malfunctioning (e) 

detector non-uniformity and incorrect centre of rotation and 

(f) faulty reconstruction and filtering techniques. 

In order to maintain a high degree of resolution the gamma 

camera has to be checked and calibrated regularly. Despite 

this, slight degradation of the images does occur due to the 

finite spatial resolution of the system and Compton 

scattered photons. However, corrections for the attenuation 

of photons and the contribution of scattered radiation are 

made more easily using SPECT machinery thus improving the 

contrast resolution of the resultant images (68). 

Non-uniformity problems are particularly important in liver­

spleen scans as they can produce artefacts which may 

simulate pathology. Centre of rotation deviations of >3mm 

can also produce significant image distortion and artefacts. 

In addition, one or more frame positions may be by-passed 

due to excess rotation, gantry vibration or problems with 

the acquisition device. 

(iii) Pitfalls in interpretation 

Pitfalls in this category can be reduced by the observer 

being fully acquainted with the normal and pathological 

anatomy. 
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As reported in the literature the right lobe of the liver is 

the most commonly injured site but is difficult to evaluate 

both scintigraphically and at laparotomy (59). Even with the 

use of tomographic imaging the presence of linear defects in 

the dome of the right lobe presents a problem as these 

defects may be due to Liebermeister' s grooves or a liver 

laceration in the acute clinical setting. Liebermeister' s 

grooves occur in 10% of normal livers and are indentations 

of the liver produced by aberrantly short, arching bundles 

of diaphragmatic muscle, seen as 

of the right lobe of the liver. 

linear defects in the dome 

Careful attention to the 

direction, length and number of defects in the dome of the 

right lobe may be helpful in establishing if it is due to 

trauma or a normal variant. 

The falciform ligament and medial aspect of the left lobe of 

the liver are also difficult areas to interpret because of 

the normal thinning of the left lobe and the inferior margin 

of the liver thus presenting areas of reduced activity on 

the scintigraphic images. The porta hepatis is another area 

of difficulty appearing as a deep broad notch in the 

inferior margin of the liver producing a defect on the 

anterior image, which has to be differentiated from true 

pathology at this site. In one series of 80 suspected cases 

of pathology in the porta hepatis, 42% of these were found 

to represent actual pathology in this region (98). In 

another series a simulated defect in the porta hepatis was 

found in 50% of cases. Therefore the porta hepatis is a 

difficult area to interpret and if SPECT findings are 
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ambiguous then a second imaging device like ultrasound or 

computerized tomography may be helpful (21,22,127). 

SPECT imaging has been particularly helpful in areas like 

the gallbladder fossa, renal fossa, inferior vena cava, 

porta hepatis and notch of the ligamentum teres where 

defects may be due to 

portal vein branches 

created by the costal 

(121,127,144,152). It 

variations in the configuration of 

and bile ducts, or to impressions 

margins or retroperitoneal organs 

is essential that a lesion be 

identified in at least two of the three orthogonal planes so 

as to ensure accurate assessment of pathology (144). 

One of the disadvantages of the high target-to-background 

contrast obtained with SPECT, is that normal intrahepatic 

vessels of approximately 2cm in diameter may appear as 

distinct focal "defects" in tomographic sections throughout 

the liver. This can be overcome by examining these "defects" 

in multiple orthogonal planes together with a thorough 

knowledge of the vascular anatomy, thereby reducing the 

number of false positives (68,109,117,118,144). 

Unlike the liver, variations in shape and distribution of 

activity within the spleen do not simulate defects (92). 

Marked persistent clefting, which is estimated to occur in 

2% of individuals can give the spleen a lobulated appearance 

( 64) . 

34 



RADIATION DOSIMETRY 

The increasing use of various forms of radiation in medicine 

(x-rays, radiotherapy and nuclear medicine) contributes to 

the total radiation burden of the general public. 

Increasing awareness of radiation safety has become 

necessary and the International Commission on Radiological 

Protection (ICRP) has suggested the following guide-lines 

for dose limitation: 

(i) procedures should only be done if they offer a net 

positive benefit to the patient 

(ii) accounting for the risk/benefit and socio-economic 

factors, all exposures should be kept As Low As 

Reasonably Achievable (ALARA) 

(iii) the dose equivalent limits for the various procedures 

as described by the ICRP should not be exceeded. 

The maximum permissible dose or dose equivalent limits as 

proposed by the ICRP with reference to patients (ie. non­

occupational) is a total body dose of 5msv per year. 

The radiation received by various areas of the body using 

99~c-tin colloid is listed in Table 3. 
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Table 3: Radiation absorbed dose estimates (mrad/uCi)* in 
adults from standard doses** of intravenously 
administered 99mTc-tin colloid 

AREA OF BODY RADIATION ABSORBED DOSE (mrad/uCi)• 

TOTAL BODY DOSE 0.01 - 0.02 

RED BONE MARROW 0.02 - 0.03 

GONADS 0.01 - 0.02 

LIVER 

SPLEEN 

0.2 - 0.4 

0.2 - 0.4 

adapted from Sorenson & Phelps. Physics in Nuclear 
Medicine. 2nd ed. p561 (141) 

* to obtain absorbed dose in mGy/MBq, divide values by 3.7 

** standard dose of 99~c-tin colloid= 4-6mCi (148-222MBq) 
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OTHER DIAGNOSTIC PROCEDURES TO DETECT LIVER-SPLEEN TRAUMA 

several authors have examined the role of scintigraphy in 

liver or spleen injury while others have evaluated both 

ultrasound and computerised tomography. 

Liver-Spleen scintigraphy (6,9,10,55,69,85,88,109,119, 

149,150,159) and computerised tomography (10,27,45,69,76 

81,105,110,116,135,161,163) are both accurate in the 

detection of liver and spleen injuries. Simultaneous 

interpretation of liver-spleen scintigraphy and computerised 

tomography of the liver is more beneficial than independent 

interpretation and they should be regarded as complementary 

rather than competitive modalities (6,9,16,94,163,164). 

With a contusion, there is no clearly demarcated plane 

between normal and contused tissue and therefore it is 

difficult to detect a contusion using us or CT. However, 

scintigraphy, where uptake is based on the disturbance in 

function, can easily detect a contusion as it is not 

dependent on a clearly definable interface between normal 

and abnormal parenchyma. In the acute stages, there is very 

little difference between interstitial and intravenous blood 

and therefore even if a CT scan is done using contrast, a 

contusion may be missed. 

Trauma along the plane of the falciform ligament may result 

in slight widening of this area. This slight anatomical 
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change cannot be detected by US, but because the falciform 

area is an end-arterial zone, the damage can be detected by 

scintigraphy. 

Ultrasound 

The principle of ultrasound is that it produces images by 

transmitting a sound pulse through tissues and then detects 

the amplitude and depth of the reflected sound. The 

reflectiol) of sound waves is dependent on the interfaces 

between tissues with different acoustical properties. The 

degree of echogenicity, which is always compared with the 

normal surrounding parenchyma, depends on the amount of 

reflected versus absorbed ultrasound waves (125). 

Diagnostic ultrasound is used in many centres as the 

investigation of choice 

particularly in children 

for intra-abdominal injury, 

(12,23,46,49,63,89). It may be 

used to image the entire abdomen, detecting intra-abdominal 

haematomata and intraperitoneal fluid. However rib 

fractures, abdominal wall tenderness and gaseous distension 

of the abdomen, often present in patients with a suspected 

intra-abdominal injury, may make ultrasonography difficult 

resulting in a sub-optimal scan of poor diagnostic quality 

in at least 10-20% of cases (55). Generally, ultrasound is 

more useful in children in the acute phase but is also used 

in the follow-up of lesions which were initially detected by 

computerized tomography. It is also more cost-effective to 

follow-up patients with ultrasound or scintigraphy than with 
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computerized tomography or magnetic resonance imaging 

(14,55,75,132). 

Computerized Tomography (CT) 

Data obtained by computerized tomography is derived from 

differences in tissue densities and the related attenuation 

of transmitted x-rays. To determine the vascularity of 

lesions, iodinated contrast can be administered during the 

computerized tomography study. Iodinated contrast cannot be 

used in patients who are iodine sensitive and in patients 

with renal failure (125) and this can be a limiting factor. 

Computerized tomography is often the most utilised of all of 

the imaging modalities available for the evaluation of the 

acutely injured patient (45,63,71,94,105,110,116,135). The 

liver can be evaluated in approximately 10 minutes using 

modern equipment (162). With its high resolution, images of 

excellent anatomic detail are produced. Other advantages 

include being able to image the abdominal contents in a 

single study, the accurate detection of small amounts of 

free intraperitoneal blood or air and the localization of 

bony structures ( 63) . With contrast administration the 

vascular integrity of various organs can be assessed 

(3,6,10,14,132). 

Two major perceived advantages of CT are its ability to 

detect intra-peritoneal blood and it superior anatomical 

resolution. Lutzker, however, has stated that the detection 

39 



of intra-peritoneal blood is of no more clinical importance 

than the demonstration of intraparenchymal extravasation on 

angiography and that the superior resolution is of little 

clinical value since the decision to operate is based on the 

clinical status of the patient rather than the demonstration 

of organ damage (92). 

The disadvantages of computerized tomography are:- the 

higher radiation dose required compared to other imaging 

modalities, artefacts produced due to patient motion which 

interfere with the quality of the image produced, and a 

higher cost (92). Although respiratory movement influences 

both computerized tomography and scintigraphy, the 

scintigraphic images are less affected. With SPECT imaging 

the hepatic movement during respiration at rest is 

approximately 1.3cm which will reduce lesion detection. 

Motion correction by computer processing or increasing the 

average count rate per image during acquisition will improve 

the number of lesions detected (9,27,144). 

Adequate sedation in a restless patient is needed in order 

to acquire a technically satisfactory study and this is more 

often necessary with computerized tomography than with 

scintigraphy. The design of the gamma camera allows for a 

restless patient to be held down if necessary, as this may 

be preferable to administering a sedative which may mask 

vital clinical signs in the acute stage (9,27). 
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Magnetic Resonance Imaging (MRI) 

Magnetic resonance imaging demonstrates an abnormal signal 

intensity from pathological hepatic masses when compared to 

the normal parenchyma. The degree of signal intensity is 

dependent on the water and fat content in tissues. The Tl 

relaxation time is the time required for protons to realign 

themselves with an external magnetic field after a radiowave 

pulse is emitted. The T2 relaxation time is the rate at 

which protons get out of phase due to the effects of 

adjacent protons. Both Tl and T2 images are obtained to 

demonstrate various lesions in the liver. The vascular 

supply of lesions can be visualized by using a contrast 

agent like Gadolinium-DTPA (125). 

To date no comparative study has been done between MRI and 

scintigraphy although MRI findings have been found to 

correlate well with surgical findings (162). MRI is 

expensive and most trauma centres do not have access to 

this imaging modality at the present time. In addition, the 

high magnetic field makes it necessary to use special non­

ferromagnetic resuscitation equipment and ventilators. 

Currently magnetic resonance imaging is not a suitable 

imaging modality in the acutely injured patient. 

Angiography 

The use of angiography is based on the fact that certain 

hepatic masses are supplied primarily by the hepatic artery 
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(125). It is invasive and therefore its use in the routine 

evaluation of a patient with acute abdominal injuries is 

limited. If computerized tomography detects disruption to 

the vascular integrity of a particular organ, surgical 

exploration is preferred as the next step, rather than 

angiography.Other disadvantages of angiography include its 

expense, the inability to obtain multiple views and a 

possible reaction to the contrast. 

DIAGNOSTIC PERITONEAL LAVAGE 

For at least two decades diagnostic peritoneal lavage (DPL) 

was the 'gold standard' in the evaluation of acute blunt 

abdominal trauma (95). Its disadvantages are that it cannot 

pin-point the organ of damage and is found to be 

misleading in the presence of pelvic fractures 

(116,150,159). DPL will yield false negative results with 

retroperitoneal, early small bowel and diaphragmatic 

injuries. The negative laparotomy rate following positive 

diagnostic peritoneal lavage ranges from 6 to 25% (116,140). 

In the trauma unit at Groote Schuur Hospital, DPL is still 

used to exclude significant intra-abdominal injury (clear 

return) but its high false positive rate limits its 

usefulness. Laparoscopy with direct visualization of the 

peritoneal cavity is now replacing DPL, but this requires 

special instrumentation and expertise. 
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COMPARISON OF COSTS OF DIFFERENT LIVER-SPLEEN 
IMAGING MODALITIES 

In these stringent financial times it is only prudent to 

include the cost of the various modalities which can be 

utilized to image the liver and spleen. Although the cost 

of the imaging modalities should not be ignored it does not 

play an overriding role in the selection of an appropriate 

investigation (16). 

Table 4 : COMPARISON OF COSTS OF DIFFERENT LIVER-SPLEEN 
IMAGING MODALITIES 

INVESTIGATION COST - SCALE OF BENEFITS* 

MRI R2160.00 
CT scan R688.00 
Angiogram R417.60 
Ultrasound R160.00 
Scintigraphy R295.90 

* scale of benefits is according to the 1994 RAMS 

From this table it can be seen that ultrasound and 

scintigraphy are the least expensive imaging modalities and 

therefore can be utilized for both diagnosis and follow-up 

of traumatic lesions. 

43 



CHAPTER 3 : METHOD OF STUDY 

Selection of Study Population 

All patients admitted between March and December 1993 to 

the trauma unit of the New Groote Schuur Hospital (NGSH), 

with clinical evidence of blunt trauma to the chest and 

abdomen were considered for inclusion into a prospective 

study. Using strict inclusion criteria, outlined below, 100 

consecutive patients were sent for liver-spleen scans to 

either confirm a strong clinical suspicion of injury to 

these organs, or to exclude injury to these organs when 

trauma or the impact of the injury was in the upper 

abdominal area. 

The inclusion of patients in this study was therefore based 

on the presence of at least one of the following upper 

abdominal tenderness, lower rib or pelvic fractures which 

hindered clinical assessment, an unexplained drop in the 

patient's haemoglobin level suspicious of on-going intra­

abdominal haemorrhage and suspected or confirmed 

haemoperitoneum. 

Patients were arbitrarily divided into two groups after they 

had been clinically assessed. Grade 1 patients were those 

in whom, following examination, the medical officer had a 

high index of suspicion of a liver-spleen injury. Grade 2 

patients were those in whom, following examination, the 
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medical officer was unsure of a liver-spleen injury or an 

injury had to be excluded. In both grades patients who 

presented with a history suggestive of a liver or spleen 

injury were included. Patients were included in Grade 1 if 

they had severe upper abdominal tenderness, guarding of the 

abdomen, rebound tenderness, painful rib fractures, painful 

pelvic fractures and a drop in haemoglobin levels. Grade 2 

patients had minimal upper abdominal tenderness, minimally 

tender rib or pelvic fractures and abdominal wall contusions 

or abrasions. 

analysis. 

This clinical grading was used in data 

Patients were excluded from this study if they were 

pregnant, haemodynamically unstable, in need of urgent 

surgery and if injuries to the upper limb prevented them 

from raising their arms out of the field of view of the 

gamma camera detector. 

IMAGING PROTOCOL AND TECHNIQUE FOR SCINTIGRAPHV 

The 100 patients who met the inclusion criteria for this 

study were scanned within one week of being injured. The 

procedure was first explained to the patient and informed 

consent was obtained. If the patient was found to be 

extremely restless, a mild intravenous sedative (Midazolam 

5mg) was administered. The standard method was used to 

prepare a dose of 80-100 MBq of 99~c-tin colloid. 
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ACQUISITION 

A large field of view GENERAL ELECTRIC 400 AC gamma camera 

was used. The head of the gamma camera was positioned 

anteriorly to the patient so that the lower ribs and the 

upper abdomen were in the centre of the field of view of the 

detector. 

A dynamic sequence followed by a SPECT study was acquired. 

The dose was administered intravenously using the Oldendorf 

technique and the acquisition started simultaneously with 

the injection. 

Dynamic data was recorded for 800 seconds at 10 seconds per 

frame in a 64 x 64 matrix, using a high sensitivity, low 

energy collimator. 

This was followed immediately by the SPECT study using a 

high resolution, low energy collimator. Images were recorded 

in a 64 x 64 matrix and 60 step and shoot images were 

recorded at 6 degree intervals for a total of 360 degrees. 

The frame time was set at 20 seconds per frame. 
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PROCESSING 

The dynamic study did not require processing of the raw data 

and the images were recorded as acquired, in l0sec/frame 

images for 80 frames. The raw data from the SPECT study was 

processed using commercially available software on the 

GENERAL ELECTRIC system. 

The data was corrected for centre of rotation although no 

uniformity correction was applied. The method of 

reconstruction was filtered back-projection using a Hanning 

pre-filter with a cut-off frequency of o.acm-1 and a ramp 

back-projection filter. Attenuation correction of the 

images using an attenuation coefficient of 0.12cm-l was 

carried out. 

Transaxial, coronal and sagittal slices of 6.25mm width were 

generated. Hard copy films were made of the dynamic and 

SPECT studies. · 

Patients were followed up at the Surgical out Patients 

Clinic and in 8 of the 100 patients a three month follow up 

scan was requested. These scans were acquired and analysed 

using exactly the same method as the first scan. 
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METHOD OF REPORTING NUCLEAR MEDICINE SCANS 

The dynamic study was reviewed using a display format 

allowing the first 16 images to be displayed at once, 

followed by the next 16 images, and so on till completion. 

The results were reported describing the nature of the blood 

flow and the site of the abnormality as seen on the dynamic 

phase. (Figure 2) 

The SPECT study was reviewed using a protocol which 

the transaxial, coronal and sagittal 

(Figure 2). 

allowed viewing of 

images simultaneously 

A systematic approach of reporting each of the 100 cases was 

used by evaluating the following features on each scan - the 

size, shape and position of the liver and spleen, the 

presence of any underlying abnormalities, the homogeneity of 

activity within these organs, the presence of any focal or 

linear defects of activity in the liver and spleen and the 

presence of 'colloid shift' between the liver and spleen. 

Ruptures in the liver or spleen appear as linear or stellate 

defects within the parenchyma; contusions as focal areas of 

reduced perfusion; intraparenchymal haematomata as focal 

defects; and subcapsular haematomata as semilunar or 

"thumbprint" indentations on the periphery. In severe 

injury, multiple fragments of spleen may be seen (102). 

Lesions were described using these terminologies. 
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Figure 2 : Dynamic (a) and SPECT (b,c,d,e) images 
showing a normal 99mTc liver-spleen scan 

2(a): Dynamic phase (10sec/frame) in the anterior view. 
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2(c): SPECT images - coronal plane (anterior to posterior) 
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2(e): SPECT images of spleen-sagittal plane (right to left) 
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In addition, the exact location of the lesions detected on 

the scans were described according to the segmental anatomy 

as described by Oyamada, et al. This division of the liver 

into segments is based on Coinaud's segments which are 

illustrated in Figure 3 (115). 
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ANALYSIS OF DATA 

A data sheet (Appendix A) was completed for every patient 

and the following information was extracted:-

1. Age and sex of patient. 

2. Date and cause of trauma (eg. MVA, assault, etc.) 

3. Presenting symptom complex. 

4. Physical examination findings. 

5. Date and time of Nuclear Medicine scan. 

6. Other investigations. 

7. Management of the patient. 

The exact location of each of the lesions detected on the 

scans was described according to the segmental anatomy as 

described by Oyamada, et al. 

on 

This di vision of the liver 

Coinauds segments which are into segments is based 

illustrated in Figure 3 ( 115) . 
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Figure 3: Schematic diagrams of the liver segments on ordinary 
scintigrams. The caudate lobe (S1) Is only Identifiable on the transaxlal 
SPECT images. LDA-low density area; GBF-gallbladder fossa; IU-inclsura 
umbilicus; RI-renal indentation; IVC-inferior vena cava; VB-vertebral bodies 
(from: Oyamada, et al. Segmental assessment on ordinary scintigrams & 
SPECT images of the liver) (115). 
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The spleen was arbitrarily divided into upper, middle and 

lower thirds in order to determine the location of the 

various lesions seen on the scans. 

After the author had analysed the 100 liver-spleen scans in 

this study, they were independently reviewed by a nuclear 

physician, who recorded his findings on a data sheet 

(Appendix B). A second reviewer then looked at those scans 

where there were discrepancies between the author and the 

first reviewer and the final diagnosis was made. The final 

result column (Appendix C) was used for data analysis in all 

patients in this study. 

Using the information extracted from the data sheets, 

tables were drawn manually depicting the number of patients 

who met each of the different inclusion criteria and the 

associated intra and extra-abdominal injuries. 

Histograms were drawn using the Harvard Graphics programme 

depicting the time interval between the traumatic incident 

versus the time of the liver-spleen scan and the age range 

of the patients who were scanned. 
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CHAPTER FOUR: RESULTS 

PATIENTS 

one hundred consecutive patients with blunt abdominal trauma 

fulfilling the inclusion criteria were entered into the 

study. There were 70 males and 30 females with a mean age 

of 36 years and a range of 15 years to 74 years. The ages 

of patients are shown in Figure 4. Eighty-five percent of 

patients were below the age of fifty, and sixty-three 

percent below the age of forty. 

Figure 4 : Histogram showing age distribution of patients 
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The number of patients admitted for each of the inclusion 

criteria is listed in table 5. Eighty-seven patients met 

more than one criterion and 38 patients met more than two 

criteria for inclusion into this study. 

TABLE 5: Number of patients meeting the individual 
inclusion criteria 

Inclusion criteria Number of patients 

upper abdominal tenderness 

lower rib fractures (uni/bilateral) 

unexplained drop in haemoglobin 

haemoperitoneum on laparoscopy 

fractured pelvis 

64 

72 

38 

15 

13 

No patients in this series had diagnostic peritoneal 

lavage performed. 

Mechanism of injury 

The commonest mechanism of injury in this series was high 

speed motor vehicle accidents in 47% of the patients. 

Fifty-one percent of this group were occupants of the 

vehicle, either the driver (13 patients) or the front 

seat passenger (11 patients). This is not surprising as 

rear-seat occupants of a vehicle are less likely to 

sustain abdominal trauma because the impact is against 

the interior of the vehicle causing mainly injuries to 

the head and neck. The mechanism of injury in all the 

patients in this study is presented in Table 6. 
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TABLE 6: Causes of blunt abdominal trauma 

Causes number of patients 

MOTOR VEHICLE ACCIDENT 47 

drivers 13 

passengers 11 

pedestrians 22 

cyclist 1 

BLUNT ASSAULT 38 

OTHER CAUSES 15 

thrown off moving train 7 

fall from heights (>1,5m) 8 

(n = 100) 

Interval between trauma and scan 

The mean time interval between trauma and the liver-

spleen scan was 32 hours with a range of 6 hours to 106 

hours. The time interval between the traumatic incident 

and the scan are shown in Figure 5. 

Forty-six patients had a liver spleen scan performed 

within 24 hours of injury and 91% of the scans were 

completed within 72 hours of injury. 
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Figure 5: Histogram showing interval between trauma & scan 58 
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Associated injuries 

The majority of patients had associated intra-abdominal 

or extra-abdominal injuries. Associated intra-abdominal 

solid or hollow visceral injuries were present in 12 

patients (Table 7). The different extra-abdominal 

injuries, excluding fractures, sustained by the patients 

in this study were recorded (Table 8). 

TABLE 7: 
spleen) 

Intra-abdominal injuries (excluding liver & 

Intra-abdominal injuries number of 
patients 

RENAL INJURIES (contusions, 
lacerations, avulsion, haematoma, 9 
traumatic AVF) 

Small bowel tear/perforation 2 

Pancreatic rupture 1 

Of the associated injuries, the kidneys were the 

commonest organ involved. Of the 9 renal injuries 

sustained in this group of patients, 4 patients sustained 

concommitant injuries to the right kidney (detected by 

either IVP or CT), and the right lobe of the liver 

( detected by scintigraphy) and in the other 5 patients 

with renal injuries, no liver or spleen trauma was 

detected on scintigraphy. 
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TABLE 8: Extra-abdominal injuries 

Site of injury 

Head & neck 

Chest 

Limbs (excluding fractures) 

*number of 
patients 

40 

55 

10 

* 5 patients had injuries to more than one 
anatomical area 

Thirty five of the 100 patients in this study sustained 

fractures in addition to other injuries and some of these 

were at multiple sites (Table 9). 

TABLE 9 : Associated Fractures 

Site of fracture no. of patients with 
fractures 

skull 

spine 

femur 

humerus 

radius & ulnar or radius only 

tibia & fibula or tibia only 

pelvis 

sacro-iliac joint 

ribs 

12 

14 

12 

4 

8 

11 

13 

2 

72 

60 
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The commonest site of fracture, excluding ribs, was found 

to be in the long bones. 

long bone fractures. 

Clinical features 

In 43 patients there were 148 

Based on the presence or absence of liver and spleen 

injuries as seen on liver-spleen scintigraphy the 

patients were divided into two groups and the clinical 

presentation analysed. There were 38 patients in the 

group which had liver or spleen injuries detected on 

scintigraphy. 

were female. 

Of these 30 (79%) were male and 8 (21%) 

An analysis of the presenting symptoms of all the 

patients in this study is shown in table 10 and the 

physical signs in table 12. 

Of the 100 patients in this study, 24 did not complain of 

pain in the upper abdominal area and physical examination 

was unhelpful. The indications for liver-spleen 

scintigraphy in this group of 24 patients, which I have 

called the •asymptomatic group', is outlined in Table 11. 
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TABLE 10: Symptom complexes 

SYMPTOM COMPLEX* 

Lower chest pain 
and abdominal pain 

Number of 
L/S 

injury 
n = 38 

8 (21%) 

Localised abdominal pain - UPPER 13 (34%) 

- RUQ 13 (34%) 

- LUQ 13 (34%) 

- LOWER 3 ( 8%) 

Generalised abdominal pain 5 (13%) 

Abdominal pain and chest pain 
on coughing 

Only chest pain on coughing 

2 ( 5%) 

8 (21%) 

12,gtients 
no L/S 
injury 
n = 62 

18 (29%) 

0 ( 0%) 

3 ( 5%) I 
6 (10%) I 

2 ( 3%) 

5 ( 8%) 

11 ( 18%) 

9 (15%) 

* in 
L/S 
RUQ 
LUQ 

27 patients more than 
=liver/ spleen 

one symptom was found 

Using 

= right upper quadrant 
= left upper quadrant 

scintigraphy, 10 patients ( 42%) of the 

'asymptomatic' group were found to have liver or spleen 

injuries with 8 injuries in the liver and 3 in the 

spleen. One patient had both liver and spleen injuries. 
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Table 11 : Inclusion criteria for 'Asymptomatic' group 

Indication for scan patient number 

with liver with no 
spleen injury injury 
n = 10 n = 14 

unexplained drop in 
haemoglobin 5 8 

rib fractures 6 9 

pelvic fractures 2 0 

Diffuse abdominal tenderness was found to be the most 

significant physical sign indicating injury to the liver 

or spleen (ie. 32%). All of the other physical signs 

listed in the table are seen to occur in both groups and 

were therefore not particularly helpful in deciding if 

injuries to the liver or spleen were present or not in 

this series. 

Although diffuse abdominal tenderness was found to be the 

most significant physical sign predicting injury to the 

liver or spleen, the finding that an unexplained drop in 

haemoglobin occurred in 50% of patients with proven 

injury as opposed to 31% without injury must be 

emphasized. 

._--I 
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TABLE 12: Clinical findings 

Clinical findings* 

Shock on admission 

Lower chest tenderness & bruising 

Tender abdomen - upper abdomen 
- RUQ only 
- LUQ only 
- diffuse 
- lower 

Bruising & abrasions 

Guarding 

Rebound tenderness 

Abdominal distention 

Glasgow Coma Scale< 15/15 

Macroscopic haematuria 

Unexplained drop in haemoglobin 

Number of 
L/S 

injury 
n = 38 

13 (34%) 

20 (53%) 

6 (16%) 
8 (21%) 

10 (26%) 
12 (32%) 

1 ( 3%) 

8 (21%) 

11 (29%) 

3 ( 8%) 

4 (11%) 

8 (21%) 

1 ( 3%) 

19 (50%) 

* 12 patients with liver-spleen injuries and 20 

patients 
no L/S 
injury 
n = 62 

17 (27%) 

32 (52%) 

10 (16%) 
14 (23%) 
16 (26%) 
11 (18%) 

5 ( 8%) 

13 (21%) 

14 (23%) 

3 ( 5%) 

12 (19%) 

18 (29%) 

7 ( 11%) 

19 (31%) 

with no injuries were found to have more than one 
physical sign on examination 

L/S 
RUQ 
LUQ 

= liver/spleen 
= right upper quadrant 
= left upper quadrant 
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CLINICAL GRADING 

Prior to scanning patients were arbitrarily graded into 

two clinical groups depending on the level of suspicion 

of a liver or spleen injury following clinical 

examination. Grade 1 patients were those in whom a high 

index of suspicion existed and grade 2 patients were 

those clinically assessed as less suspicious and in whom 

a liver or spleen injury had to be excluded. These two 

groups of patients were correlated with the presence or 

absence of a liver or spleen injury as seen on liver 

spleen scintigraphy. There were 53 patients in grade 1 

and 47 patients in grade 2. 

TABLE 13 : Correlation between clinical grade and liver 
spleen injury 

Clinical grade 

Grade 1 

Grade 2 

(53 patients) 

(47 patients) 

Number ofpatients 
L/S no L/S 

injury injury 
n = 38 n = 62 

26 (49%) 

12 (25%) 

27 (51%) 

35 (75%) 

Twenty-one of the 27 patients in group one (high clinical 

index of suspicion) in whom no liver or spleen injury was 

detected on scintigraphy had associated injuries which 

made the clinical assessment difficult. These associated 
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injuries were unilateral lower rib fractures with upper 

abdominal tenderness (n=l0), severe renal injuries (n=9), 

fractured pelvis (n=5) and bilaterally fractured ribs 

(n=l). 

In the group of patients in whom no liver or splenic 

injury was detected (n=62) the clinical signs could be 

accounted for by severe renal injuries in 5 patients, 

small bowel perforations in 2 patients and a ruptured 

pancreas in 1 patient. No organ damage was found in the 

other 54 patients. 

Liver-spleen scintigraphy 

Liver-spleen scans were acquired, as described in the 

method (chapter 3), in the 100 patients who were included 

in this study and the results were analysed. A total of 

40 injuries in the liver and spleen were imaged in 38 

patients ie. 2 patients had injuries to both the liver 

and spleen. 

TABLE 14: Injuries detected on liver spleen scintigraphy 

Injury 

Splenic injury only 

Liver injury only 

Liver and spleen injuries 

n = 38 

9 

27 

2 

\1 
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I 
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Dynamic phase: 

Dynamic scans were performed on all patients in this 

study group and in all 100 studies performed the liver 

was visualized. The spleen was visualised in 99 patients 

as one patient had had a previous splenectomy for 

haematological reasons. 

In the 38 patients with liver-spleen injuries, 6 patients 

had focal areas of reduced perfusion in the liver and 6 

patients had either focal or inhomogenous areas of 

reduced perfusion in the spleen on the dynamic study. 
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68 

Figure 6: Dynamic phase of liver-spleen scan with a focal area of 
reduced perfusion in the dome of the right lobe of the liver. 



Liver injuries 

Liver injuries were described as a laceration, haematoma 

or contusion and an analysis of the findings is described 

below (Table 15) (Figure 7 & 8). 

TABLE 15: Liver injuries 

Injuries* 

Laceration 

Haematoma 

Contusion 

Laceration and haematoma 

Contusion and laceration 

number 
n = 28 

8 

2 

10 

6 

2 

* 2 patients had liver and spleen injuries 

A focal area of absent uptake in the liver seen on 

scintigraphy was subsequently found to be a hydatid cyst 

on ultrasound examination. 

69 



Figure 7: Laceration in dome of the right lobe of the liver as seen on 
(a) SPECT images and (b) Ultrasound 

7(a): SPECT 
images 
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7(b): Ultrasound image 
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Figure 8: A haematoma in the antero-superior aspect of the right lobe of 
the liver on (a) SPECT, (b) US and (c) CT scan images. 

Figure 8 (a): SPECT images 
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Figure 8 (b): Ultrasound image 

Figure 8 (c): CT scan 



The site of liver injury was described according to 

Coinaud's segments outlined in the method. The number of 

injuries in each segment was recorded (Table 16). 

TABLE 16: Segments involved in liver injury 

Segment no. of injuries per segment* 

S1 0 

S2 0 

S3 4 

S4 10 

S5 2 

S6 9 

S7 1 

S8 20 

* 12 patients were found to have lesions which extended 
across more than one segment 

A schematic diagram illustrating the number of injuries 

in each segment is seen in Figure 9. The injuries have 

been grouped together to depict the sites of the lesions 

rather than the type of lesion. 
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Figure 9: Segmental distribution of liver injuries in this group of patients 
(Coinaud's segments) 
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Spleen Injuries 

In the spleen the injuries were described as 

lacerations, haematoma ta or contusions, and the numbers 

of each type of lesion were recorded 

(Figures 10,11 & 12). 

(Table 17) 

TABLE 17: Types of Splenic injuries 

Splenic injury 

LACERATION ONLY 

HAEMATOMA ONLY 

LACERATIONS & HAEMATOMATA 

CONTUSION ONLY 

n = 12* 

7 

2 

2 

1 

* 2 patients had both liver and splenic injuries 

The splenic injuries were described according to whether 

they occured in the upper, mid or lower thirds. 

TABLE 18: Sites of Splenic injury 

Site of injury 

Upper third 

Middle third 

Lower third 

All three zones 

n = 12* 

5 

4 

3 

1 

* 3 patients had lesions extending over more than 
one third of the spleen. 
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Figure 11: A splenic laceration completely transecting the mid-portion of the 
spleen on SPECT images. 
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Figure 12: Coronal SPECT images of a massive splenic haematoma at 
(a) initial presentation and (b) three month follow-up. The longitudinal 
ultrasound images (c) were taken at the initial presentation. 

Fig 12: 
(a) & (b) 

Fig 12 (c): 
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NORMAL ANATOMICAL VARIANTS OF THE LIVER AND SPLEEN 

The liver, more often than the spleen, has several 

anatomical configurations. The shape of the 1 i ver and 

spleen was analysed in all the patients in this 

study.(Table 19) (Figure 13) 

TABLE 19 : Anatomical variants of the liver 

Anatomical variant 

normal wedge shape 

entire liver enlarged 

large right lobe 

Riedels lobe 

long thin left lobe (over spleen) 

'gendarme' variant 

enlarged left lobe - quadrilateral 

* n = 100 

no. of 
variants* 

40 

10 

3 

13 

9 

13 

23 

In 40% of patients in this study a normal wedge-shaped 

liver was seen, whilst in 11 patients more than one 

variant in liver shape was seen on the liver-spleen scan. 

In 8 patients an anterior splenic notch was seen and in 

7 patients a moderately enlarged spleen was imaged. 

In 10 patients, with a history of alcohol abuse, 'colloid 

shift' was detected indicating some degree of liver 

dysfunction causing reduced hepatic, but increased 

splenic uptake. 
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Figure 13: Normal variants of the liver 

Fig 13 (a): Normal wedge-shaped liver 
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Fig 13 (b):"en chapeau des gendarmes" or "policeman's hat"- normal variant 
shape of liver 
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Fig 13 (c}: Quadrilateral shaped liver - normal variant 

Fig 13 ( d): Elongated left lobe of liver - normal variant 

Fig 13 (e}: Riedels lobe - normal variant of liver. 
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Normal variant shapes of the liver continued 

Fig 13 (f): bulky right hepatic lobe - normal variant. 

Fig 13 (g): both right & left lobes bulky - normal variant 
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Interpretive Difficulties 

All 100 patients in this series were initially reported by the 

author and subsequently reviewed by a nuclear physician 

(first reviewer) and in 29 cases where discrepancies were 

found consensus with a second reviewer was reached (Table 20 & 

21). In all 29 cases the final result column (Appendix C) was 

used in the data analysis. 

Table 20 : Differences between the authors' report and the 
consensus view 

Pt. Authors' report 
no. 

21 contusion seen - porta hepatis 

24 liver contusion missed-posterior R lobe 

35 haematoma - seen in splenic hilum 

42 inferior splenic laceration missed 

43 subcapsular haematoma of spleen seen 

49 missed liver contusion - dome of R lobe 

57 liver laceration seen-posterior R lobe 

69 liver laceration seen - dome of R lobe 

73 liver laceration seen-falciform ligament 

77 liver contusion seen - dome of R lobe 

87 no spleen seen 

89 missed liver contusion - dome of R lobe 

92 liver laceration seen - porta hepatis 

R = right 

Accepted 
Final 
Result 

Absent 

Present 

Absent 

Present 

Absent 

Present 

Absent 

Absent 

Absent 

Absent 

Present 

Present 

Absent 
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Table 21 : Differences between first reviewers report and 
the consensus view 

Pt. 
No. 

1st reviewers Report 

9 missed liver contusion - falciform 
ligament/medial left lobe area 

13 missed liver laceration - dome of R lobe 

14 missed liver laceration - dome of R lobe 

21 contusion missed-dome of R lobe of liver 

32 missed liver contusion - supero-posterior 

38 

40 

47 

61 

62 

74 

84 

R lobe 
missed liver laceration -inferior R lobe 

missed liver contusion - antero-inferior 
R lobe 

missed liver laceration- dome of R lobe 
missed liver haematoma-inferolateral R lobe 

missed spleen laceration - upper third 

missed liver laceration - dome of R lobe 

missed liver laceration- falciform ligament 

missed liver contusion - falciform ligament 

liver laceration seen-mid posterior R lobe 

94 missed liver laceration- dome R lobe 
missed haematoma - dome R lobe 

R = right 

Accepted 
Final 
Result 

present 

present 

present 

present 

present 

present 

present 

present 
present 

present 

present 

present 

present 

absent 

present· 
present 

84 
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In 3 patients (numbers 79,87 & 90) the author reported a 

laceration in the dome of the right lobe of the liver. 

These were not reported by the first reviewer and the 

second reviewer was undecided as to whether it was normal 

or abnormal. These 3 patients were therefore reported as 

indeterminate studies. 

Although there were differences in the scintigraphic 

findings between the author and the first reviewer in 29 

patients, with the second reviewer consensus was obtained 

in 26 of these patients. In the remaining 3 patients 

where the second reviewer was undecided, these were 

reported as indeterminate studies. Thus, of the 100 

patients included in this study in only 3 patients could 

no diagnosis be made. 
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Other investigations to detect the presence of 
Liver and Spleen injuries 

In 28 patients radiological investigations were done. 

TABLE 22: Other investigations for liver-spleen injury 

Ultrasound 14 
Computerised tomography 9 
Laparoscopy 5 

In 11 of the 14 patients who had ultrasound examinations 

of the upper abdomen the findings correlated with the 

findings on liver-spleen scintigraphy (Figures 7, 10 & 

12). In one patient both scintigraphy and CT (with 

contrast) detected a subcapsular haematoma of the spleen 

but US could not locate this lesion. 

Of the 9 patients who had CT (with contrast), in 7 of 

these patients the results confirmed that of liver-spleen 

scintigraphy (Figures 8 & 11). In the remaining 2 

patients scintigraphy showed a massive contusion in one 

and a minor liver laceration in the other patient. Both 

of these lesions were not visualized on CT. 

Five of the 100 patients in this study had laparoscopy 

either prior to or following liver-spleen scintigraphy, 

the findings of which were not known to the author when 

the liver-spleen scans were interpreted. All 5 patients 
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were found to have free blood in the peritoneal cavity on 

laparoscopy. Two of these 5 patients had liver or 

splenic injuries seen on laparoscopy and scintigraphy 

independently, and 2 patients had small bowel 

perforations requiring laparotomy. A lesion could not be 

demonstrated by scintigraphy in 1 patient where free 

blood was found in the peritoneal cavity. 

The following table illustrates other investigations that 

were carried out in this study group for injuries to 

organs excluding the liver and spleen. 

TABLE 23: Other investigations 

Investigation no. performed no. positive 

INTRAVENOUS 
PYELOGRAM 8 7 

CT HEAD 9 2 

ANGIOGRAPHY 2 1 I 

MYELOGRAM 1 0 

BARIUM MEAL 1 0 

MRI 0 0 
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Follow-up Liver Spleen Scintigraphy 

Of the 100 patients, 8 patients had a follow-up scan 

three months after the traumatic event to assess if there 

was any resolution of the injury. The results of the 

follow-up scans are tabulated below (Table 24) and 

resolution of a hepatic contusion is shown in Figure 14. 

TABLE 24: Results of Follow-up scans 

Patient no. Initial scan 
findings 

7 minor liver laceration 

13 minor laceration & 
contusion of liver 

32 massive liver 
contusion 

54 large splenic 
laceration 

64 large splenic 
laceration 

73 

77 

87 

widened falciform 
ligament 

contusion in dome of 
right lobe of liver 

splenic contusion 

Follow-up scan 
findings 

complete 
resolution 

complete 
resolution 

almost complete 
resolution 

almost complete 
resolution 

complete 
resolution 

no change 

no change 

partial 
resolution 
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Figure 14: Planar scintigraphy of large contusion in right lobe of the liver at 
(a) initial presentation and (b) three month follow-up scan showing 
resolution of the lesion. 

(a) 

INITIAL SCAN 

SHOWING MASSIVE 

LIVER CONTUSION 

(b) 

FOLLOW UP SCAN 

SHOWING RESOLUTION 

OF CONTUSION 

.~ 
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Analysis of the 'Positive group' of patients (n=38) 

Of the 38 patients who sustained liver and/or spleen 

injuries in this series, 9 were female and 29 were male. 

The age range of this group (n=38) was found to be 15 to 

57 years, with most of the patients in the 20 to 39 year 

age group. 

The mechanisms of injury in this group (n=38) in 

decreasing order of frequency were found to be assault 

(11), MVA pedestrian (10), MVA driver (6), MVA passenger 

(5), fall from height >lm (5) and other causes (1). 

All of these patients had other injuries which included 

fractures of the spine, long bones and clavicle, ligament 

injuries, pneumothorax, knee injuries and others. No 

patients had isolated liver or spleen injuries. 

No particular physical sign was found to be indicative of 

a liver-spleen injury. 
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CHAPTER 5 : DISCUSSION AND CONCLUSION 

DISCUSSION 

In this dissertation the author has recorded the results of 

a prospective study that was undertaken to evaluate the role 

of liver-spleen scintigraphy in blunt abdominal trauma. 

An aid to the 'Surgical Dilemma' 

Despite the improvements in imaging facilities available, 

patients presenting with suspected liver or spleen injury 

following blunt abdominal trauma still pose a challenge to 

the clinician. This difficulty is often compounded when 

patients have associated injuries including chest trauma 

with fractured ribs, and pelvic fractures, as these make the 

abdominal examination difficult to interpret. In addition, 

an altered level of consciousness due to an associated head 

injury or the use of drugs may mask the clinical signs. 

Several factors determine the urgency and technique with 

which blunt abdominal trauma is evaluated. The most 

important of these is the clinical stability and overall 

condition of the patient. Criteria have been identified 

(132) which predict the probability of an intra-abdominal 

injury requiring prompt abdominal evaluation either by an 

imaging modality or surgery. Hypotension on admission, 
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an unexplained drop in haemoglobin, major chest trauma and 

an arterial base deficit have been correlated with major 

abdominal visceral injury following blunt trauma. Often in 

this group of patients urgent laparotomy is required and 

therefore there is no diagnostic dilemma. Sherck, et al. 

showed, however, that there is no obvious correlation 

between a lesion seen on CT scan and the need for 

laparotomy. This is a clinical decision (136). 

Findings of this study 

In summary, 100 patients had a total of 108 liver-spleen 

scans, with 8 patients having had follow-up scans. 

The author has shown that the adult male group, ranging 

from 14 to 40 years old is the commonest group to sustain 

blunt trauma to the abdomen, which confirms other reports 

(19,20,28,33,34,40,43,161). 

As reported by others (28, 33, 97,129,160) and confirmed in 

this study, motor vehicle accidents are the commonest cause 

of blunt abdominal trauma. However, this differs from a 

recent study in South Africa which recorded interpersonal 

violence as the commonest cause of blunt abdominal trauma 

( 151) . 
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The commonest indication for including a patient in this 

study was the presence of lower rib fractures (72% of 

patients), followed by upper abdominal tenderness. This 

concurs with other studies in the literature (33). Guarding 

of the abdomen (52% of patients) and rebound tenderness with 

rigidity (13% of patients) were found to be less common 

physical signs in this study group, when compared to reports 

in the literature, in which these figures are higher (33). 

This study confirmed the general experience that the 

accuracy of abdominal examination following trauma ranges 

from 50% (17) to 65% (132) because only 57% of patients in 

this study with a high clinical suspicion of liver or spleen 

injury were shown to have lesions on scintigraphy. However, 

42% of patients who were 'asymptomatic' were found to have 

lesions in the liver or spleen on scintigraphy. Therefore. 

clinical examination alone is not sufficient to exclude an 

intra-abdominal injury. 

The author recorded a higher incidence of liver injuries 

(70%) compared with spleen injuries (30%). The literature 

is divided on this issue with some studies showing a 

higher incidence of liver injuries (6,31,47,82) and others a 

predominance of splenic injuries (2,24,25,97,116,135,160). 

In those studies that show splenic injuries to be more 

common than liver injuries scintigraphy was not used for 

imaging.A higher incidence of liver injuries is supported by 
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a review of 127 motor vehicle accident autopsies which 

revealed the commonest injury to be liver lacerations (50% 

of the fatalities) ( 104) . 

By dividing the liver into segments, as described by 

Oyamadu, et al. (115) the author was able to establish that 

the antero-superior (dome) aspect of the right lobe of the 

liver was the commonest site of injury followed by the 

medial segment of the left lobe of the liver. This concurs 

with other studies (43,44,65,104,115,137) which have 

postulated that the most likely reason for this is a 

crushing force to the anterior abdominal wall. 

In my study 5% of patients with injury to the liver were 

found to have associated right renal damage. Renal trauma 

was indicated by the presence of macroscopic haematuria and 

confirmed on IVP or CT examination. Based on clinical 

assessment only, it is often difficult to separate liver 

and spleen injuries from renal injuries. This may be due to 

the close proximity of the liver and spleen to the kidneys 

in the upper abdomen and retroperitoneum respectively. In 

the presence of a confirmed renal injury an associated liver 

or spleen injury can be detected using liver-spleen 

scintigraphy. Although the author confirmed the association 

of right renal injuries with liver injuries, its occurrence 

in this study is less than other reports in the literature 

which range from 13% (33) to 27% (2) in adults. 
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The management of one patient (1%) in this study group was 

altered by the findings of liver-spleen scintigraphy. A 

liver-spleen scan done 8 hours after injury showed a 

laceration transecting the spleen. The initial decision of 

the clinician to observe the patient was reviewed when the 

patient showed signs of haemodynamic decompensation 48 hours 

later. In view of the scan findings the most likely 

diagnosis was a laceration of the spleen involving the 

vascular pedicle. This was confirmed at laparotomy and a 

splenectomy was performed. This case illustrates several 

important points - firstly, taking the precaution of 

admitting and observing patients with suspected liver or 

spleen injury for delayed rupture and haemorrhage from both 

the liver and the spleen is justified; secondly, the need 

for serial abdominal examinations by the clinician; and 

thirdly the need for an accurate imaging modality which can 

detect an injury early in the acutely traumatized patient. 

This patient may well have been sent home if the attending 

doctors had not been aware of the splenic injury detected by 

liver-spleen scintigraphy. 

A review of the literature has shown a range of 34% (59) to 

40% (55) of positive liver or spleen injuries in 

scintigraphic studies in blunt abdominal trauma. This has 

been confirmed in this study where 38% positive cases have 

been demonstrated. 

95 

I 
11 

11, 

I!. 

i
,, ,. 
,, 

11 

'1 

i: 

1

1, 

,:1 
111 

:iii 

I
i' 
,ii, 

1:1 

II I,,, 

11 

I 

! 
!II; 

ii 
1,111 

'I 
1
·1i 1, 
I 
! 

11: 

I' ,1 



Contribution of Liver-Spleen Scintigraphy 

In many medical centres radionuclide scanning has been 

replaced by newer, more expensive technologies, despite the 

fact that scintigraphy remains a useful tool in several 

specific clinical situations and is now widely available 

(79,63,125). As stated by oratz, et al (114) none of the 

imaging modalities, including MRI, can define with certainty 

the pathogenesis of a space-occupying lesion which is 

visualized. 

Scintigrams reflect the pathophysiological status of the 

organs of interest, yielding important information which 

cannot be obtained by CT or US (28). As indicated by other 

reviews reduced perfusion seen on the dynamic study 

indicates vascular compromise to that area and this was 

confirmed in 12% of the patients in this study group. 

Another aspect which was confirmed in this study and where 

scintigraphy specifically contributes to the management of 

an acutely traumatized patient is in its ability to detect a 

contusion. Radionuclide imaging is more sensitive than CT 

in detecting a contusion in an organ. CT cannot delineate 

a contusion accurately (6) because there is minimal change 

in tissue attenuation densities between a contusion and the 

surrounding parenchyma. A contusion represents an area of 

altered function and is therefore easily detected on liver-
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spleen scintigraphy as a focus of reduced uptake. A focus 

of reduced uptake must be differentiated from a "cold" or 

photopaenic focus which in the acutely traumatized patient 

maybe due to a haematoma. The presence of a contusion may 

explain the severe pain experienced by a patient who is 

otherwise stable and will therefore require no surgical 

intervention. 

If diagnostic peritoneal lavage or laparoscopy detect intra-

abdominal blood or blood-stained fluid and liver-spleen 

scintigraphy shows a laceration of the liver or spleen, then 

this is the most likely source of the bleeding and unless 

clinically indicated no further investigations are 

necessary. Blood or fluid in the abdominal cavity will 

reabsorb with no complications as long as it remains sterile 

( 3) . 

Laparotomy is regarded as the "gold standard" because all 

imaging modalities have different limitations. As 

confirmatory laparotomies were not performed on all patients 

in this series comparisons cannot be drawn regarding 

specificity, sensitivity and accuracy of liver-spleen 

scintigraphy. However there are sufficient studies in the 

literature to confirm the diagnostic accuracy of liver­

spleen scintigraphy and the benefit of this imaging modality 

in providing a functional and anatomical study to confirm 
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or exclude the presence of damage to the liver and spleen 

(6,9,30,31,55,59,67,77,78,79,80,81,85,87,91,92,97, 109,119). 

As reported by others (26,42,57,58,67,119) and confirmed by 

the author, liver-spleen scintigraphy also plays a useful 

role in documenting resolution of the initial traumatic 

lesions (Table 24). 

Difficulties in Interpretation 

Sty (145) has stated that normal variations are one of the 

most difficult problems in image interpretation. Several 

anatomical variations of the liver may occur (21, 72,108) 

making the assessment of the liver scan difficult as these 

may be misinterpreted as pathological. The nuclear 

physician should therefore have a thorough knowledge of 

these variations. As found in this study there are 

inevitably cases which will be catergorized as 

indeterminate. 

Normal liver-spleen scans seem to provide minimal difficulty 

in interpretation, whilst abnormal scans cause somewhat of a 

'dilemma'. Some of the reasons for this include 'over-

interpretation', 'under-interpretation', inexperience, 

excessive emphasis placed on normal variants and inter­

observer variability. 
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The interpretation of liver injuries appears to pose a 

greater problem than splenic lesions. The right lobe of the 

liver proved to be the most difficult area (12%) in this 

study and this is supported by the literature (59). Possible 

reasons for this are the presence of an overhanging breast 

or lower rib markings which cause attenuation of photons 

creating artefacts in the right lobe of the liver. However, 

with SPECT imaging, these artefacts will only be seen in 

one plane. 

Another pitfall in the right lobe of the liver is the 

presence of Liebermeister' s grooves which occur in 10% of 

normal livers. These grooves are seen in all three 

orthogonal planes in the SPECT images 

differentiation from a laceration difficult. 

making its 

CT and US may 

not be able to distinguish between them and laparotomy, the 

final arbiter, cannot be performed unless clinically 

indicated. However, if a defect is seen on the scan 

attention to details such as the direction, the number and 

the length of the lesion may be helpful in separating normal 

variants from true defects. 

The second 'problem area' in interpretation was the central 

area of the liver including the falciform ligament, porta 

hepatis and medial aspect of the left lobe of the liver. 

This area is well documented by other authors as a 

difficult area to interpret (21,22,98,127). A possible 



reason for this is that the bulky right lobe of the liver 

changes to a thinner left lobe, divided by the falciform 

ligament and porta hepatis which themselves are then imaged 

as areas of reduced uptake. In addition, trauma is known to 

occur in vascular and ligamentous planes more often than in 

the parenchyma, particularly as these are points of 

attachment to the body cavity and therefore provide a plane 

for shearing. 

CONCLUSION 

In conclusion, each patient should be evaluated individually 

as to which is the most appropriate imaging modality. 

Where there is a high clinical suspicion of a liver-spleen 

injury, and provided the patient is stable, scintigraphy is 

the investigation of choice to exclude significant injury of 

these organs. If the patient has an associated head or 

retroperitoneal injury then CT is the preferred 

investigation as both the abdomen and the head can be imaged 

at the same sitting. Moreover, CT provides a pan-abdominal 

scan which will detect any retroperitoneal injuries. 

From reviewing the literature liver-spleen scintigraphy is a 

well established imaging modality and supportive or 

confirmatory evidence by other imaging modalities is not 

always necessary. There is no doubt that at present the 

full potential of scintigraphy is not being realized and 
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this maybe due to the problems experienced with 

interpretation of scans. The importance of visualizing 

abnormalities in two projections has become axiomatic in 

both Radiology and Nuclear Medicine. If this principle is 

adhered to it will reduce some of the potential sources of 

error in interpretation. 

Liver-spleen scintigraphy using SPECT technology is a safe, 

accurate and cost-effective imaging modality which can be 

used effectively by the traumatologist when faced with a 

patient with blunt abdominal trauma and deceptive clinical 

findings. Certainly a normal scan can give great confidence 

that all is well with the liver and spleen. 

The incidence of liver-spleen trauma in this group of 

patients was found to be 38% and therefore liver-spleen 

scintigraphy is of benefit in the patient who has sustained 

blunt trauma to the abdomen, as a screening procedure or to 

localize and determine the extent of hepatic and splenic 

injury. 
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APPENDIX A 

PATIENT DATA SHEET 

LIVER-SPLEEN SCINTIGRAPHY IN BLUNT ABDOMINAL TRAUMA 

Patient sticker: 

PERSONAL DATA 

Sex .. male 

Age 

HISTORY 

Injury date: 

Admission date: 

Scan date: 

MECHANISM OF INJURY 

MVA pedestrian 

MVA passenger 

MVA cyclist 

MVA driver 

SYPTOMS 

abdominal pain 
chest pain 

female 

time: 

time: 

time: 

fall from height 

blunt assault 

sharp assault - instrument 

other 

chest pain on coughing only 
other 

PAST HISTORY 

Medical (list) 
Surgical (list) 
Past abdominal trauma 
Past abdominal surgery 

1 
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EXAMINATION 

GENERAL: 
pulse 
blood pressure 
respiratory rate 
pallor 

CHEST: 
tachyopnoea 
lower chest tenderness 
bruising chest wall 
abrasions chest wall 
other 

ABDOMEN: 
bowel sounds absent 
bruising abd wall 
abrasions 
tender 
guarding 
rebound tenderness 
abdominal distension 
other 

SHOCK 

DOES THE ABDOMINAL EXAMINATION MAKE ONE SUSPICIOUS? 
YES NO OTHER 

ORTHOPAEDIC injuries: 
list 

CNS: 
evidence of head injury 
GCS: E M V = 
intoxicated 
neurological deficits 

CARDIAC: 

OTHER: 

PERITONEAL LAVAGE: 
not done 
positive (describe degree) 

2 

negative 
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INVESTIGATIONS 

FBC: 

SMAC: 

CXR: 

AXR: 

HB 
Platelets 
falling HB 

urea 
Na+ 
K+ 

rib#: left 
right 

lung contusions 
haernothorax 
pneurnothorax 
widened rnediastinurn 
other 

ileus 
fluid 
air under diaphragm 
other 

ULTRASOUND: 

IVP: 

not done 
FINDINGS: 

not done 
FINDINGS: 

CT SCAN: 
not done 
FINDINGS: 

l:?5 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

NORMAL 

3 



LIVER-SPLEEN SCAN RESULT: 

time post-injury (not post-admission): hours 

FINDINGS: NORMAL 

MANAGEMENT: 

Conservative 

Surgery: 
laparotomy 
FINDINGS: 

NO LIVER/SPLEEN TRAUMA 

Other Surgery: (eg. orthopaedic) 
FINDINGS: 

FINAL DIAGNOSIS: 

4 
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APPENDIX B 

RESULT SHEET USED BY INDEPENDENT REVIEWER 

PATIENT STICKER 
RESULTS 

. . 
DYNAMIC STUDY FINDINGS 

FINDINGS - LIVER: 

- SPLEEN: 

SPECT STUDY FINDINGS 

LIVER 

- HAEMATOMA 

POSITION 

SIZE 
(SMALL, MOD, LARGE) 

- CONTUSION 

POSITION 

SIZE 

- LACERATION 

POSITION 

SIZE 

SPLEEN 

- HAEMATOMA 

- CONTUSION 

- LACERATION 

FINAL OUTCOME 

DETECTION OF TRAUMATIC LESION: 

IN LIVER 

IN SPLEEN 

. . 

. . 

YES 
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NO 



APPENDIX C 
128 

LIVER INJURIES ONLY 

Pt. no. Initial result Reviewers result Final Result 

1 N N N 
2 N N N 
3 N N N 
4 N N N 
5 N N N 
6 N N N 
7 L & C L & C L & C 
8 N N N 
9 H N H 
10 N N N 
11 N N N 
12 C C C 
13 L N L 
14 L L L 
15 N N N 
16 N N N 
17 N N N 
18 N N N 
19 C C C 
20 N N N 
21 C X 2 N C X 1 
22 N N N 
23 N N N 
24 N C C 
25 N N N 
26 N N N 
27 N N N 
28 N N N 
29 N N N 
30 N N N 
31 N N N 
32 L & C N L & C 
33 N N N 
34 N N N 
35 N N N 
36 N N N 
37 N N N 
38 C C C 
39 N N N 
40 L & H N L & H 
41 N N N 
42 N N N 
43 N N N 
44 L & H L & H L & H 
45 N N N 
46 N N N 
47 N N N 
48 N N N 
49 N C C 
50 N N N 
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51 N N N 
52 H H H 

53 N N N 
54 N N N 
55 N N N 

56 N N N 
57 L N N 
58 L & H L & H L & H 
59 N N N 
60 N N N 
61 L N L 
62 L N L 
63 N N N 
64 N N N 
65 N N N 
66 H L L 
67 L L & H L & H 
68 N N N 
69 L N N 
70 N N N 
71 N N N 
72 N N N 
73 C N N 
74 C N C 
75 N N N 
76 N N N 
77 C N N 
78 N N N 
79 L N +/-
80 N N N 
81 L L L 
82 N N N 
83 C X 2 N C X 1 
84 N L N 
85 N N N 
86 L & H L & H L & H 
87 L +/- +/-
88 N N N 
89 N C C 
90 L N +/-
91 L +/- L 
92 C N C 
93 L L L 
94 L & H L & H L & H 
95 N N N 
96 N N N 
97 N N N 
98 N N N 
99 N N N 
100 N N N 

N = NORMAL L & H = LACERATION & HAEMATOMA 
L = LACERATION L & C = LACERATION & CONTUSION 
H = HAEMATOMA X 2 = TWO LESIONS 
C = CONTUSION X 1 = ONE LESION 
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SPLEEN INJURIES ONLY 

Pt. no. Initial result Reviewers result Final Result 

1 N N N 
2 N N N 
3 H H H 
4 N N N 
5 N N N 
6 N N N 
7 N N N 
8 N N N 
9 N N N 
10 N N N 
11 N N N 
12 N N N 
13 N N N 
14 N N N 
15 N N N 
16 N N N 
17 N N N 
18 N N N 
19 N N N 
20 N N N 
21 N N N 
22 N N N 
23 N N N 
24 N N N 
25 N N N 
26 L L L 
27 N N N 
28 L & H L & H L & H 
29 N N N 
30 N N N 
31 N N N 
32 N N N 
33 N N N 
34 N N N 
35 H N N 
36 N N N 
37 M M M 
38 L L L 
39 N N N 
40 N N N 
41 N N N 
42 N L L 
43 H N N 
44 N N N 
45 N N N 
46 N N N 
47 L N L 
48 L & H L & H L & H 
49 N N N 
50 N N N 
51 N N N 
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52 N N N 
53 N N N 
54 L L L 
55 N N N 
56 N N N 
57 N N N 
58 N N N 
59 N N N 
60 N N N 
61 N N N 
62 N N N 
63 N N N 
64 L L L 
65 N N N 
66 N N N 
67 N N N 
68 N N N 
69 H L L 
70 N N N 
71 N N N 
72 N N N 
73 N N N 
74 N N N 
75 N N N 
76 N N N 
77 N N N 
78 N N N 
79 N N N 
80 N N N 
81 N N N 
82 N N N 
83 N N N 
84 N N N 
85 N N N 
86 N N N 
87 A N C 
88 N N N 
89 N N N 
90 N N N 
91 N N N 
92 N N N 
93 H H H 
94 N N N 
95 N N N 
96 N N N 
97 N N N 
98 N N N 
99 N N N 
100 N N N 

N = NORMAL A = ABSENT ACTIVITY 
C = CONTUSION L = LACERATION 
M = MINIMAL ACTIVITY L&H= LACERATION & HAEMATOMA 




