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ABSTRACT

A hundred and thirty patients (104 males, and 26 females)

with suspected blunt abdominal trauma were admitted to this

prospective study at Althawra Hospital, Sana'a, Yemen in the

period between June and December 2003.

Real-time ultrasonography of the abdomen was performed

in all patients. Fifty-six patients showed U/S evidence of visceral

injury. Fourteen injuries of spleen, 7 had evidence of liver and 8

had renal injuries. Only eight needed a laparatomy because of

cardiovascular instability and the laparatomy confirmed the

ultrasound findings. The remainder were treated conservatively

with good results. It is of interest that there was one ultrasonic sign

of fluid in one patient who progressed well on conservative

therapy. Ultrasonic signs of visceral laceration or contusion were

found in patients who had 2 up to 8 sonic findings. It appears that

visceral injury always gives more than two sonic signs.

The remaining 33 patients only had intraperitoneal fluid,

only one of them had volvulus. It is not possible to state the nature

of fluid, whether it is an exudate, transudate, blood or lymph.

Diagnostic peritoneal lavage would have been helpful. Seven

patients died, most of them due to associated injuries, mainly head
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injury and cardiovascular collapse, one patient died on table and

had retroperitonieal haematoma extending from pelvis to the

mesentery of transverse colon and had no abdominal organ injury.

The sensitivity of ultrasonography for liver was 87.5% and for

spleen 100%.

Ultrasonography is sensitive, safe, cost effective and non

invasive method for screening patients with blunt abdominal

trauma.
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1. INTRODUCTION AND LITERATURE REVIEW

1.1 Ultrasonography:

1.1.1 Historical background:

The technology for producing ultrasound picture and the

characteristics of sonic waves have been known for many years.1

The first major attempt at a practical application was made

in the unsuccessful search for the sunken Titanic in the North

Atlantic in 1912.1

Successful medical application began in the late 1940s

and early 1950s. Since then progress has been rapid.1

A sound beam is similar to an x-ray beam as both waves

transmit energy. A more important difference is that x-ray waves

pass readily through a vacuum, whereas sound waves require a

medium for its transmission.1 The velocity of sound depends on

the nature of the medium.1

For body tissues in the medical ultrasound ranges, the

velocity of transmission of sound is independent of frequency, and

depends primarily on the physical makeup of the material through

which the sound is being transmitted. 1The important characteristics



of the transmitting medium are (1) its compressibility and (2)

density.1

Ultrasound pulses are transmitted through liquid as

longitudinal waves.1 The length of the waves (X) is the distance

between two bands of compression and rarefaction.1 Once the

wave is generated, it continues in its original direction until it is

either reflected, refracted or absorbed.1

Ultrasound, has a frequency more than (20,000c/s)

(average man voice is 100 c/s and average woman voice is 200

c/s).1 Sonic beams used in diagnostic imaging have frequencies

between (1,000,000 to 20,000,000 c/s). One cycle/second is called

hertz (Hz), a million c/s is megahertz (MHz). The velocity of

transmission of sound is independent of frequency and depends

primarily on the physical nature of the material through which the

sound is transmitted.1



Table I: Velocity of Sound in various materials1

Material Velocity of sound (m/sec.)

Air 331

Fat 1450

Water 1540

Brain 1541

Human soft tissue 1541

Liver 1549

Kidney 1561

Blood 1570

Muscle 1585

Lens of eye 1620

Skull 4080

The sound travels slowest in gases, at intermediate

velocity in liquids, *and most rapidly in solids.1 Note that all body

tissues, except bone, behave like liquids, and therefore they all

transmit sound at about the same velocity. A velocity of 1540 m

per second is used as an average for body tissues.1 As sound

waves pass from one tissue plane to another, the amount of

reflection is determined by the difference in the impedance of the

two tissues (See table I). The difference between most body



structures is fairly small, the two exceptions being air and bone . A

soft tissue-air interface reflects almost the entire beam and a soft

tissue - bone interface reflects a major portion of it.1 The sum of

the reflected and transmitted portions is 100%. For example, if

90% of beam is reflected, 10% will be transmitted. At tissue-air

interface, more than 99.9 % of the beam is reflected, so none is

available for further imaging.1

1.1.2 The transducer (probe):

A transducer is a device that can convert one form of

energy into another.1 Ultrasonic transducers are used to convert

an electric signal into ultrasonic energy that can be transmitted into

tissues, and to convert ultrasonic energy reflected back from the

tissues into an electric signal.1 The most important component of

an ultrasonic transducer is a thin piezoelectric crystal element

located near the face of the transducer. The transducer is both a

transmitter and a receiver.1

1.1.3 Ultrasonic display:

The ultrasonic image is an electronic representation of

data generated from returning echoes and displayed on a TV

monitor.1 The B mode produces a picture of a slice of tissue. The B

mode greatly expanded the role of ultrasound as a diagnostic tool,

especially in abdominal disease.1



1.1.4 Real-time ultrasound:

Real-time imaging systems are those that have frame

rates fast enough to allow movement to be followed.1 With a

conventional B-mode system the operator produces a single image

frame with the transducer.1 This single frame is viewed until it is

erased and a new image is generated.1 A real-time ultrasound

transducer can produce multiple frames in a very short-time,

typically at least 10 frames per second.1 This fast frame rate allows

movement to be viewed in "real-time" as the images are

generated. Because of the short persistence of vision, a flicker-free

display requires at least 16 frames per second.1

1.1.5 Ultrasound safety:

An important feature of diagnostic ultrasound, especially in

obstetric applications, is its apparent safety. This is evidenced by

the very many studies that have failed to show any damaging

effect of pulsed ultrasound at diagnostic intensities when applied to

the intact fetus in utero.2'4 These studies include follow-up

assessment of growth, the development of cataracts and hearing

loss, and the induction of childhood malignancies.2'3'4 The entire

subject of safety is being kept under continuous review and up-to-

date information is available from the European Federation of

Societies for Ultrasound in Medicine and Biology.2'34
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1.2 Blunt abdominal trauma:

1.2.1 Definition and causes:

Blunt trauma occurs when two objects come into contact

with one another and one object changes speed more quickly than

the other object.56 The energy imparted is distributed over a wider

area compared with penetrating mechanism and the forces

involved during the impact create both shear and tensile strain.5'6

Injury results when the energy imparted by the force of impact

exceeds the tensile strength and shear strain tolerance of the

tissue.5Examples include falls, automobile and motorcycle

accidents, pedestrian struck by automobiles, blunt assaults and

most sport-related injuries.5'6

1.2.2 Epidemiology:

Civilian trauma remains a significant cause of death in all

age groups and the most frequent cause of preventable death.6

Subtle physical signs, often overshadowed by pain from extra-

abdominal injuries and masked by intoxication or significant head

injury seem the principal reasons for these missed abdominal

injuries.6

Additionally, up to one-third of patients with abdominal

injury requiring urgent operative intervention will have an initial



benign physical examination, misleading the unworried clinician

into assuming no injury exists.6

1.2.3 Mechanism of injury:

1.2.3.1 Pathophysiology:

Essentials to the rapid and effective management of

specific injury following blunt abdominal trauma are clear

understanding of the potential mechanism of such injury.6 They

include:

Sudden rise in intra-abdominal pressure, giving rise to

burst injury of solid organs such as liver and spleen, or rupture of

hollow organs such as bowel. Shearing forces, classically initiated

by rapid deceleration in a road traffic accident, can lead to tearing

of vascular pedicles such as mesentery, porta hepatis, splenic

hilum.6 Compression injury occur in viscera trapped between a

force applied to the anterior abdominal wall and the thoracic or

lumbar spine.6

1.2.3.2 Identifying high risk injury:

Appreciation of these mechanisms allows the clinician to

target specific areas of the abdominal cavity as high risk for injury,

thus reducing the incidence of missed injury.6 In addition certain

features of the history sub-classify patients as either potentially



high or low risk of injury and should further alert and direct the

clinician's therapeutic efforts.6

Motorcyclists, pedestrians struck by cars and victims

ejected from a motor vehicle are considered to be at high risk of

abdominal injury.6 Falls from higher than 4.5 meter, associated

with episodes of hypotension in the field or upon admission or with

injuries to chest or pelvis also indicate high risk.67

1.3 Diagnosis, investigations and management:

1.3.1 History:

Information about the nature of the traumatic insult may be

critical in deciding the extent of injury. In road traffic accidents for

example, the speed and direction of impact, damage to vehicles,

and the use of seat belts will determine the type of shearing,

crushing or decelerating injuries suffered by the victim and thus

potential underlying injuries.6 Ejection from a motor vehicle at the

time of impact more than trebles the likelihood of major injury.6

1.3.2 Physical examination:

Physical examination of the injured abdomen is less

informative and potentially more misleading than in any other

system involved in trauma. It has already been emphasized that in

30% of patients needing urgent operative intervention, the initial

physical examination may be trivial.6 This figure rises to nearly
8



50% in patients with altered conscious level from head injury or

intoxication.6 This is particularly evident in blunt trauma and

illustrated in a classic series by Davis, et a/., (1976) of 437 blunt

abdominal trauma patients in whom 47% (n= 205) had no positive

physical signs at initial evaluation.6 Forty-four percent (n= 90) of

these patients were eventfully explored as a result of other

diagnostic tests and significant intra-abdominal injury was found in

77% (n = 69) of them.6

1.3.3 Laboratory investigation:

Initial blood and other laboratory tests are, on the whole of

little value except as baselines from which to monitor blood loss, or

amylase to monitor evolving pancreatic injury.6 The results of

laboratory investigations should be seen as contributory rather

than definitive.6 An abnormal result may dictate further

investigations, but a normal result should never dissuade from

investigation or intervention.6

1.3.4 Diagnostic peritoneal lavage (DPL):

Diagnostic peritoneal lavage (DPL) provided a rapid,

inexpensive, accurate and for the most part safe method of

assessing blunt abdominal trauma.6 Disadvantages of (DPL)

includes: (1) invasiveness; (2) over-sensitivity, leading to

unnecessary laparotomies for minor self-limiting intra-abdominal
9



injury; (3) lack of organ-specific detail; (4) failure to detect

retropertoneal injury.6 Furthermore, DPL is contraindicated in:

(1) Patients with suspected adhesions resulting from previous

abdominal surgery. (2) Bleeding tendency as haemophilia.

(3) Presence of dilated extraperitoneal veins as in portal

hypertension. (4) Advanced pregnancy. In all these cases U/S

seems to be the best diagnostic tool.

1.3.5 Computerized tomography (CT):

The principal advantage of CT over DPL lies in its ability to

diagnose organ-specific injury, thus, in certain cases obviating the

need for unnecessary laparotomy.67 In addition, CT is able to

examine both intra and retropertoneal injury and is essentially non-

invasive, and as such, has fewer side effects or complications.6

The principal disadvantages of CT scanning stems from the time

required to organize, carry out and interpret the finding.6 Even in

specialist trauma centers this may be greater than an hour.6This

transgresses an abiding principle in trauma management that

delay in diagnosis is potentially life threatening.6 In addition, CT

requires specialist personnel and specialist equipment, that the

expense is significantly greater than DPL and ultrasonography.6

10



1.3.6 Plain X-ray:

Plain radiology, if its use is limited to abdominal trauma, is

estimated that at least 800 ml of free peritoneal fluid is required to

be evident on a plain abdominal film. However, an erect chest x-

ray may demonstrate free intraperitoneal gas indicating hollow

visceral perforation.6 Further, it may demonstrate a nasogastric

tube in the chest cavity as a sign of diaphragmatic rupture. A

careful radiological search for bony injury to the chest, pelvis and

abdominal skeleton may direct attention to possible, associated,

secondary visceral injury.67

1.3.7 Ultrasonography:

Ultrasound (U/S) has been used extensively in Europe in

the evaluation of abdominal trauma in particular in the pediatric

population; however, it has yet to gain such acceptance in the

USA.6 With improvements in ultrasound resolution, modern

scanning provides quick cheap and relatively organ specific

evaluation of the abdominal cavity. In addition modern machines

are eminently portable and can be used in the resuscitation room

for instant evaluation.6 Undoubtedly the accuracy of U/S is more

operator dependent than other forms of evaluation.6 It readily

demonstrates free intraperitoneal fluid and solid organ injury, and

is capable of evaluating the retroperitoneum, though without the



finesse of CT. However, its limitations lie in identification of hollow

viscus perforation and with paralytic ileus gas filled loops of bowel

that renders U/S interpretation extremely difficult.6 Examination

with ultrasound in case of suspected hepatic injury should be

thorough and should include a search for free intraperitoneal fluid,

examination of the whole liver and search for injury to other

abdominal organs.89 Lacerations and hematomas in the liver and

spleen may be echo-poor, or of increased reflectivity.8'9

Subcapsular collection of blood should be looked for along the

borders of the liver and spleen.89 Diaphragmatic rupture appears

as a discontinuous line on ultrasound scan.8 Because of its

position, immobility and soft consistency, the spleen is the organ

most frequently injured in blunt abdominal trauma (up to 35%).89

Sonography is a quick, non-invasive method of examination and is

the method of choice for detection of free abdominal fluid.89

Modern management strives to preserve the spleen where

possible.8 sonographic follow-up at short intervals has proven to be

very helpful in this situation.8

Signs of splenic trauma that may be sonographically detected:

- Free abdominal fluid in the pouch of Douglas or perisplenic,

perihepatic, or subcapsular fluid collection.8

12



Destruction of splenic parenchyma is seen as an irregular

texture or splenic lacerations of varying degrees.89 It is important

to know that hemoperitoneum is usually echo-free, though layering

may be seen.8

Subcapsular splenic rupture is usually displayed as a

crescentic collection in the region of the convex border. Recent

hemorrhages may be reflective or have the same reflectivity as

intact splenic tissue and therefore, are easily overlooked.8 Recent

intraparenchymal hemorrhage is seen as a reflective, variably well-

defined lesion or merely as an irregularly defined inhomogenicity of

splenic texture.8 Large intrasplenic haemorrhage may mimic

pseudocysts.89 The majority of renal injury (80%) follows blunt

abdominal trauma.8 Ultrasonography has potential strength in the

evaluation of renal trauma.8 Mobile equipment can be taken to the

patient and can rapidly provide information about renal morphology

and perfusion.8 Ultrasound is more useful in the evaluation of

patients with blunt injury, particularly when this is localised to the

loin.8 Ultrasound can not show if there is active bleeding or

differentiate blood from extravasated urine or other fluid.8

In 1993 Lucciarini, et a/., retrospectively studied 726

patients with blunt abdominal trauma in the year 1980 to 1990.10

Seven hundred twenty six patients underwent real-time
13



ultrasonographic examination of the abdomen.(10) Two hundred

seventy patients (37.2%) underwent laparatomy because of blunt

abdominal trauma. The indications for celiotomy relied on primary

or follow-up ultrasonography in 252 (34.7%) cases. Of all

ultrasonographies performed, there were 16 (2.2%) false-negative

findings where no organ lesion requiring surgical repair was

revealed.10

Injured organs found during surgical laparatomy after

false-negative ultrasonographic findings spleen 7; small bowel 4;

kidney 2; bladder 2; spleen and liver 1.10 Celiotomy was non

therapeutic in 28(3.9%) patients; 26 (3.6%) of these patients had

positive findings from ultrasonography (false positive. Eighteen

patients with negative findings from ultrasonography also

underwent laparatomy, which was not therapeutic in two patients

(false negative, 2.2%).10

Four hundred fifty six (62.8%) patients were managed

conservatively, relying on the initial and follow-up ultrasonography,

which was negative in 386(53.2%) and positive in 70 (9.6%)

patients. The accuracy of ultrasongraphy was 94.2% with 91.9%

sensitivity, 96.0% specificity and 94.9% predictive value.10

Out of 726 patients, ultrasound picked up 322 (44.34%) as

positive and 404 (55.65%) as negative.10 On the other hand
14



operative findings have shown 312 patients as positive and 414

patients as negative. This was statistically significant (X2 = 562.2,

P= 0.001). An accuracy of 94.2%, sensitivity of 91.9% specificity of

96.0% and a predictive value of 94.9% were obtained.10

In 1994 Goletti, et a/., from Italy studied 250 consecutive

cases with blunt abdominal trauma. In all patients the ultrasound

examination was performed.11 The presence of free fluid collection

was observed in 53 cases; 41 of them immediately underwent

surgical exploration because of clinical instability and for the

amount of free fluid collection. In these cases U/S correctly

showed the site of the lesion in 26 of 30 patients with single

abdominal lesion, with a sensitivity of 86.66% and a positive

predictive value of 92.8%.11

The unnecessary laparatomy rate (1 of 43 cases) was

2.44%. At surgery spontaneous hemostasis was discovered in one

case of liver lesion?" In 11 patients of multiple abdominal lesions

U/S diagnosis was incomplete but showed at least one of the

lesions: only in cases of vascular, hollow visceral, or biliary tree

lesions was the site of the lesion not identified. Overall sensitivity

of U/S was 93% in detecting spleen injury, 80% in detecting liver

injuries, and 100% in detecting kidney injuries with a positive

15



predictive value of 93%, 100%, 100% and a specificity of 99%,

100% and 100% respectively for 3 organs.11

In 12 stable patients with less than 250 ml free fluid

collection, an ultrasound-guided paracentesis was performed to

evaluate the fluids characteristics; particular attention was paid to

the presence of WBC, amylase, bilirubin, and vegetable fibers. In

three of these patients U/S guided paracentesis disclosed the

presence of bile (two cases) or enteric fluid (one patient);

exploratory celiotomy confirmed biliary tree and hollow visceral

lesions. In seven of the nine patients referred for nonoperative

therapy minimal liver (two patients) or splenic (five patients) lesions

were detected by ultrasound and confirmed by CT scan.11

Moreover, ultrasound showed three liver hematomas and

five kidney contusions or minimal fractures associated with

retroperitoneal hematomas; ultrasound findings were confirmed by

CT. None of the patients referred for non surgical therapy required

exploratory celiotomy and no deaths were observed in this group

of patients.11 The ultrasound scans were negative in 184 (73.8%)

patients. The clinical and instrumental follow-up confirmed

ultrasound findings in 182 of the 184 patients. In two patients

moderate amounts of free fluid (one patient) and a small liver

hematoma (one patient) were discovered; both patients were
16



treated conservatively. The overall sensitivity in detecting free fluid

collection was 98% (51052 cases), with a specificity of 99% and a

positive predictive value of 100%.11

In 1996 Abu-Zidan, etal., from Kuwait studied 53 patients

with suspected blunt abdominal trauma. The most common cause

of injury was road traffic accidents 40(75%) patients and fall from

height 9 (18%) patients. Other causes made up 4 (7%) patients.

Eleven patients had "true positive" results, and seven had

laparatomies that confirmed the findings (Table II).12

Table II: Operative findings and U/S results in the 9 patients

who were operated on12

Operative findings

Ruptured urinary bladder

Tear in liver

Duodenal perforation and injury to mesocolon

Injury to hepatic veins and inferior vena cava

Retropertoneal haematoma

Small bowel injury

Splenic injury

Small splenic tear

Acute appendicitis

Ultrasound result

True positive

True positive

True positive

True positive

True positive

True positive

True positive

False negative

True negative

17



Four of them were treated conservatively and all did well.12

A splenic injury with contused pancreatic tail, a hepatic injury, a

renal injury, and free intraperitoneal fluid were confirmed by CT of

the abdomen in four different patients. Six of 11 had free

intraperitoneal fluid as the only "positive finding". There were no

false positive results.12 Forty true negative results were confirmed

by the clinical course of the patients. A 5-year-old boy was kicked

in his abdomen three days before admission, and the abdominal

findings showed a clinical picture of peritonitis. Abdominal

ultrasonography was negative as there was no free fluid nor organ

injury. At laparotomy he was found to have acute appendicitis

without perforation (Table II).12 Two patients had false negative

results, a 4 year old girl with a small splenic tear that was

confirmed by laparatomy and a 24 year old man who underwent

ultrasonography of the abdomen by a senior radiologist and was

found negative (Table II).12 Peritoneal lavage was performed and

was weakly positive. Only 10 patients had peritoneal lavage, five

were truly positive for patients who had lapatotomy and one was

falsely positive for a patient with retroperitoneal hematoma (Table

II). Three had true negative result. The patient who died had a

positive result without confirmation.12

18



Overall ultrasonography had a sensitivity of 85%, a

specificity of 100%, an accuracy of 96%, a positive predictive value

of 100%, and a negative predictive value of 95%.12

In the same year Boulanger, etal., prospectively has done

blinded study of ultrasound, CT and DPL in 400 adult blunt trauma

victims. The study sample was composed of 60% of all blunt

trauma victims that required a gold standard test, either DPL or

CT, during the study period. The remaining eligible trauma victims

were not entered into the study because none of the study

sonographers were available to perform abdominal

ultrasonography.13

Ultrasonography versus CT or DPL: of the 400 study

patients, 293(73%) had a CT and 107 (27%) had a DPL13There

were 51(13%) true-positive, 11(3%) false-positive, 12 (3%) false-

negative, and 326(81%) true-negative ultrasound examinations.

The overall accuracy of ultrasound versus CT and DPL was 94%.13

A comparison of ultrasound with DPL (n=107) showed, two

false-negative and seven false positive U/S. However, of the seven

false-positive U/S (U/S +, DPL -), three required a laparatomy for

traumatic injuries. One patient had a splenic injury, another had

hepatic and splenic injuries, and a third had an intraperitoneal

bladder rupture.13 One of the false-negative U/S had an emergency
19



laparotomy for mesenteric bleeding.13 Two hundred ninety-three

patients had CT and a comparison with U/S is also shown. As

compared with CT, there were ten false-negative and four false-

positive U/S. Non of the ten-false-negative U/S had an acute

laparatomy but one had a delayed laparotomy because of evolving

peritonitis from an isolated jejunal blowout. There were 21 of 293

(7%) patients with solid organ injuries on CT but no free fluid on

CT or U/S. In these 21 patients, there were 9 liver, 9 spleen, 11

renal and no pancreatic injuries. None of these injuries required a

laparotomy during their hospital stay.1J

U/S and laparotomy:

Of the 400 patients, 55 (14%) had a laparotomy during

their hospital stay. Of these 55 patients, 10 had a negative U/S and

45 patients had a^ positive U/S. Of the 55 patients that had a

laparotomy, 46 were therapeutic and 9 were non therapeutic. The

sensitivity and the negative predictive value for U/S versus the

need for an acute laparotomy was 98 and 99.7%, respectively.13

In 1997 McElveen, et al., from the USA studied 82

consecutive patients with blunt abdominal trauma (BAT). The

ultrasound (US) was performed concurrent with the initial

resuscitation and prior to other studies.(14) Correlating data

consisted of CT (71), serial exams (6), DPL (3), and laparotomy
20



(2). In 79 patients, the U/S findings correlated with the other

results.14 There were 58 patients with negative U/S findings and

negative CT results; no intra-abdominal injuries were identified on

follow-up. Nine patients had both positive U/S and positive CT; all

of these patients underwent subsequent exploration and had major

injuries identified. Six patients were admitted for serial abdominal

examination, with no abnormal findings seen on follow-up. In 3

patients, positive U/S findings were confirmed by DPL; all patients

had significant findings on exploration. Two patients had a positive

U/S result and were taken directly to the operating room. Both of

these patients were found to have a large amount of blood on

exploration, with major injuries that resulted in their death in the

operating room. In one patient, the negative U/S was followed by a

positive CT.14 Three of the 82 patients in the study had U/S results

that did not correlate with other findings. Two patients had a

negative U/S result followed by positive CT results. In this group,

one patient had a small splenic hematoma with no free fluid that

was treated without operation, and one patient had an

intraparenchymal liver hemorrhage, also treated without

operation. 14There was one positive U/S, read as fluid around the

kidney, which was found on CT to be a large renal cyst. These

results indicate that U/S has an overall sensitivity of 88% in
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detecting infra-abdominal injuries. The specificity is 98%. The

negative predictive value (i.e., if the test is negative, then there will

be no intra-abdominal pathology) is 97%.14 The positive predictive

value is 93%, accuracy is 96%.14

Patients who had both U/S and CT performed were

analyzed to compare the two methods of diagnosis for changes in

clinical management.14 A change in management is defined as

either surgical intervention or management implications involving

the patient's hospitalization or discharge. U/S was 100% accurate

in determining who required operation, whereas CT was 99%

accurate. In terms of causing a change in management based on

test findings, U/S was 88% accurate, whereas CT was 97%

accurate.14

In the same year Singh, et a/, studied 73 patients with

blunt abdominal trauma (BAT). Seventy-three patients with BAT

and equivocal physical signs were subjected to both DPL and U/S

for detection of intra-abdominal injury.15 Based on clinical status,

DPL and U/S findings, the patients underwent laparotomy or non-

operative management.15

DPL was positive in 35 patients. There was one false

positive and one false negative result (sensitivity 97.1%, specificity

97.4%, accuracy 97.3%). U/S was positive in 31 patients. There
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were 5 false positive and 4 false negative results (sensitivity

86.7%, specificity 88.4%, accuracy 87.7%).15 Solid viscus injury

was documented at laparotomy in 24 patients. DPL failed to detect

one pancreatic injury, while U/S failed to detect 4 splenic and 2

liver injuries. U/S additionally detected a single case of

hemopericardium (Table III).15

• Table III: DPL and US in the evaluation of solid viscus injury:15

Organ injured No. of patients DLP + U/S +

Spleen 12 12 8

Liver 9 9 7

Kidneys 2 2 2

Pancreas 1 - 1

In 2000 Sattm S., etal., studied 1090 patients to evaluate

the accuracy of abdominal ultrasonography (U/S) in detecting

abdominal injuries in the blunt abdominal trauma (BAT).16 Of the

1090 who underwent abdominal U/S, 974 had true negative

findings, 66 had true positive findings, four has false-negative

findings, 19 had false-positive findings, and 27 had indeterminate

findings. Overall, 124 patients underwent CT evaluation, sixty-six

(6%) patients had a positive U/S result that was confirmed by CT

(true-positive).16 Of these, 41(62%) had splenic injuries four (6%)
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had hepatic injuries, 10(15%) had splenic and hepatic injuries, five

(8%) had renal injuries, and two (3%) had bowel injuries. Four

(6%) patients had other visceral injuries. Only 16(24%) required

surgery (Table IV).16

Table IV: shows the injuries detected at CT in patients with

true positive abdominal U/S results:16

Injury
location

Spleen

Liver

Spleen and

liver

Kidney

Bowel

Spleen and

diaphragm

Liver and

diaphragm

Bowel and

pancreas

Urinary

bladder

No. of
patients

41

4

10

5

2

1

1

1

1

No. of patients
treated

conservatively
34

3

8

5

0

0

0

0

0

No. of patients
requiring
surgery

7

1

2

0

2

1

1

1

1

Surgical procedure

Splenorrhaphy (n=6)

and splenoctomy (n=1)

Hepatorrhaphy

Splenorrhaphy

Not applicable

Resection and primary

anastomosis (2)

Splenectomy and

diaphragm repair.

Hepatorrhaphy and

diaphragm repair

Partial pancreatectomy

& bowel repair

Repair.
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Nine hundred seventy-four (89%) patients had a negative

abdominal U/S results; these patients remained stable during the

emergency observation period and hospitalization (true-

negative).16 Eight patients underwent abdominopelvic CT despite a

negative U/S result. All CT scans were normal. Review of hospital

and trauma registry records did not reveal any patient with clinical

deterioration or readmission. Four (0.4%) patients had false-

negative abdominal U/S findings on the bases of follow-up CT that

was performed because of clinical deterioration. Three of the four

patients sustained splenic injury; only one needed surgery. The

fourth patient has a subcapsular renal hematoma (Table V).16

Table V: shows injuries detected at CT in patients with

false-negative abdominal U/S results:16

Location of

injury

Kidney

(subcapsular

haematoma

Spleen

No. of patients

sustaining

injury

1

2

1

Reason for CT

Persistence

abdominal pain

Persistence

abdominal pain

Hemodynamic

instability during

observation

period

No. of patients

requiring

surgery

0

0

1

Surgical

procedure

Not

applicaple

Not

applicable

Splenectom

y
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Nineteen (1.7%) patients had a false-positive abdominal

U/S findings for which the CT scan was normal. Twenty-seven

(2.5%) patients had indeterminate U/S findings; five of those

patients (18.5%) had positive CT findings, none of the five patients

required surgery.16

On the basis of these results and with the exclusion of the

indeterminate abdominal U/S findings, abdominal U/S had 94% (66.

of 70) sensitivity, 98% (974 of 993) specificity, 95% (1040 of 1090)

accuracy, 78% (66 of 85) positive predictive value and 100% (974

of 978) negative predictive value.16

In 2001 Brown, etal., studied 2693 patients suspected to

have blunt abdominal trauma (BAT). Of 2639 patients included in

the study, 2456 underwent screening U/S, with findings interpreted

as negative, and 237 underwent screening U/S, with findings

interpreted as positive.17

In 2456 (91%) out of 2693 in whom the findings were

interpreted as negative, the follow-up in 2286 was performed with

serial physical examinations and determination of hematocrit levels

without further abdominal imaging.17 All these patients had an

uneventful course without clinical evidence of delayed

complications from a missed injury.17One hundred seventy patients

with negative U/S findings underwent additional abdominal studies
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performed for clinical indications. Most of these patients (n= 119)

underwent CT, 17 underwent diagnostic peritoneal lavage, 30

underwent repeat U/S and 22 underwent cystography. Seventeen

patients underwent laparoscopy or laparotomy, and in 15 autopsy

was performed after they died of non-abdominal injury or

complications. Findins from these studies were negative for

traumatic abdominal injury in 143 patients, leaving 27 with false-

negative results (Table VI).17 Of 237 patients with positive U/S

findings, 28 directly underwent laparotomy. Injuries were found in

all 28 patients.17 The remaining 209 underwent CT, cystography,

and/or DPL. Of these 117 had positive findings, leaving 92 with

false-positive findings (Table VII).17 Of the 145 patients with true-

positive U/S findings, 62 underwent laparotomy (which yielded

positive findings according to surgery reports), and two died of

abdominal injuries* on the way to the operating room.17Overall

sensitivity was 84% (145 of 172 patients), specificity was 96%

(2429 of 2521), and accuracy was 95% (2574 of 2693). The

positive predictive value was 99% (2429 of 2456 patients).17
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Table VI: shows false-negative U/S findings:. (17)

Site of injury

Isolated extraperitoneal haematoma

Enteric

Liver or spleen

Free fluid only

No. missed

11

5

10

1

27

Total

35

36

107

10

188

Table VII: shows false-positive U/S findings:(17)

CT findings

Normal (fluid suspected at U/S)

Physiologic pelvic fluid

Fluid-filled bowel

Perirenal fat mimicking clot

Hemangioma

Fatty liver

Ascites

Adrenal adenoma/granuloma

Metastases

Other

Total

No. of findings

31

26

6

6

5

5

4

2

1

6

92
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OBJECTIVES

The goal of this study is to assess the value of

ultrasonography in evaluating blunt abdominal trauma among the

Yemeni population in Althawra Hospital in Sana'a, Yemen.
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2. Patients, materials and methods

2.1 Patients:

One hundred and thirty consecutive patients with blunt

abdominal trauma observed at the Emergency Department of

Althawra Hospital, Sana'a, Yemen were enrolled in this study, in

the term from June through December 2003.

There were 104 men and 26 women (4: 1) with a mean

(±SD) age of 22.19 ±17.84 years and an age range between 2-70

years.

2.2 Materials:

All U/S was performed with a Logic 500 device with real

time high-resolution ultrasound scan with 3.5 MHZ curvilinear, and

7.5 MHZ Linear transducers (Made in USA).

2.3 Methods:

The examination was performed routinely during the

patients resuscitation by one observer.

In all patients U/S consisted of a full abdominal exploration

with particular regard to pouches (Douglas' Morison's) and solid

organs.
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U/S examination was extended to the chest in order to

exclude the presence of hemothorax or hemopericardium &

diaphragm.

Many patients had associated other organs injuries and

were admitted to the hospital for long period of time with head

injury or severe extremity fractures, this allowed easy follow up of

these patients until discharge.

Patients' addresses and phone numbers were recorded for

further follow up at least one month later in order to detect any

sequalae.

Data were filled in special data sheet (see appendix), for

this prospective study. The data sheet included information on the

pericardium, the right upper quadrant, the left upper quadrant, the

pouch of Douglas and the liver and spleen parenchyma. The

findings were then compared with the results of surgical outcome

findings and/or observation follow up. U/S was repeated in all

patients who were admitted until day of discharge and compared

with repeat U/S with the U/S on arrival.

U/S findings were correlated with finding of other

investigations (e.g. CT, DPL or IVU), which were requested as

dedicated by the patient finding. The U/S examination that showed



any free intra-peritoneal fluid collection considered as positive and

that did not show fluid or signs of injuries was considered negative.

The sensitivity and specificity of U/S were calculated

according to following formulae:

• Sensitivity = TP x 100

TP + FN

TP = True positive.

FN = False negative.

• Specificity = TN x 100

TN = True positive.

FN = False negative.

TN = (TN + FN).
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3. RESULTS

One hundred thirty patients were suspected of having blunt

abdominal trauma (BAT) were included in the study.

3.1 Sex and age:

The overall male to female ratio was 4 : 1 , mean (±SD) age

of 22.19 ±17.84 years and an age range between 2-70 years.

However, when one looks at young patients (up to 39) and patients

(40-79) one observes male to female ratio is 5.1: 1 in the young,

and only 2:1 in the older patients (Table 1a, Fig. 1)

Tables 1b and C show the frequency distribution of

patients (n= 130) having BAT according to sex. It appears that

young males out numbered females in young age groups (0- 29),

while males and females in the age group (30-79), with mean age

of 22.19 years ± 17.84.

Fig. 1 shows the variation of male to female ratio across

age groups up to 70-79 years of age in histogram.

3.2 Causes:

Causes of blunt abdominal trauma were road accidents

(n= 92; 70.8%); falls from height (n= 33 25.4%); assault quarrel

(n=5; 3.8%) (Table 2).

33



Fifty four (41.4%) patients had at least one associated

injury other than BAT such as head injury (n=44, 33.8%); fractures

of extremity (n=9, 6.9%); and one pelvic hematoma in a 16 weeks

pregnant lady who unfortunately lost follow up.

3.3 Result findings:

All patients had U/S and other investigations as shown in

Figure (2) which shows U/S and other available investigations

findings for the 130 patients with suspected BAT in Althawra

Hospital, Sana'a (Yemen) during June to December 2003. Fifty-six

(43%) out of the 130 patients had positive U/S findings, Two

patients had CT scan, one shows liver contusion and the other one

.revealed extensive splenic injury with total disorganization of the

splenic parenchyma and perisplenic hematoma, which had seen

before on U/S. The sonogram (A) shows a splenic haematoma,

while sonogram (A2)in patients showing fluid in Morrison's pouch

with a 3.5 MHZ (Fig. 4). Using a high frequency probe (8.2 MHZ)

splenic tear is shown more obviously in the patient (Fig. 5). One

patient had positive IVU finding indicating kidney injury which was

in full agreement with U/S findings. One patient had negative DPL

findings, which was also in keeping with U/S findings.

Table 3 demonstrates types of visceral injury in the 130

patients admitted with BAT. Subcapsular haematoma in 18
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contusion in 7, laceration in 3 and splenic rupture in one giving a

total of 29. U/S diagnosis of splenic injury in 14, liver in 7 and renal

injury in 8, was made. There were three splenic and two hepatic
-»

injuries, which were haemodynamically unstable and required a

laparatomy. Sever? out of eight patients with renal injury had

subcapsular haematomas, shown by U/S and one had cortical

laceration, all were treated conservatively with no sequalae in the

follow up period. The 11 spleens and 5 liver injuries were treated

conservatively with no sequelae in the follow up. The remaining 74

out of 130 patients (57%) had negative U/S findings. One patient

with pericardial fluid collection was diagnosed (n= 1, 0.8%). Six of

the 56 patients (n= 6,11%) were diagnosed as having pleural fluid.

Three patients had left sided pleural fluid plus trauma

haemothorax, two patients had effusion in both sides and one

patients had an effusion in right side only.

Table 4 subdivides the 56 patients according to the

number of U/S signs of injury. One sign was seen in 21 patients

(fluid) without visceral injury or instability of the general condition.

Increasing signs from two to eight were associated with visceral

injury (spleen n = 14, liver n= 7 and kidney n=8).

U/S detected 33 (59%) of 56 patients with collection of fluid

in Morison's pouch; 8(14%) patients with right subdiaphragmatic
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fluid collection, 13(23%) patients with left sub-diaphragmatic free

fluid collections, and 35(63%) with a collection of free fluid in pouch

of Douglas and/or peritoneal cavity. Eight patients of the 56 (n= 8,

14%) with positive US signs underwent surgical laparatomy due to

instability and all patients were found to have positive significant

laparatomy findings confirming the U/S findings. One patient

expired on table who had minimal collection in rectovesical pouch

on U/S, at laparatomy he was found to have extensive

retroperitoneal hematoma extending from pelvis upward to the

transverse colon mesentery. He developed cardio-pulmonary

arrest, but internal abdominal organs were intact. One patient had

severe fluid collection and it was difficult to see the abdominal

organs due to severe gaseous distension and died immediately

after examination. One had head injury and developed convulsion

and died with no fluid collection or abdominal injury revealed by

U/S. One had head injury with minimal fluid collection in peritoneal

cavity with no sign of internal injury and died in casualty.

Two patients died with severe head injury with no evidence

of internal organ injury or collection detected by U/S.

One further death had head injury and lower extremity

fracture, but had no abdominal organ injury or fluid collection

shown by U/S.
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One hundred twenty two patients were treated

conservatively, one lost for follow up; 7 expired on admission to the

Casualty Department (all had an U/S and died in the casualty due

to rapid collapse and cardio-pulmonary failure). The remainder

(n =114) improved on conservative therapy without sequalae.

U/S sensitivity for liver was 87.5%, for spleen 100%,

specificity and accuracy rate could not be obtained by the formula.
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Table 1a: Sex distribution of 130 patients with blunt

abdominal trauma reported to Althawra Hospital in Sana'a

(Yemen) during June -December 2003.

Sex

Male

Female

Total

Frequency

104

26

130

Male : female ratio 4 : 1

38



Table 1b: Age distribution of 130 patients with blunt

abdominal trauma reported to Althawra Hospital in Sana'a

(Yemen) during period June - December 2003.

Age (Years)

0 - 9

10-19

20-29

30-39

40-49

50-59

60-69

70-79

Total

No. of patients

41

27

28

13

7

3

10

1

130

Percentage

31%

20%

21%

10%

5.3%

2.3 %

7.6%

0.7%

100%

Mean = 22.19 ±17.84
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Table 1C: Age distribution of 104 males and 26 females

patients out of 130 total patients with blunt abdominal trauma

Age (Years)

0 - 9

10-19

20-29

30-39

40-49

50-59

60-69

70-79

Total

Male

n (%)•<

31 (24.0%)

24 (18%)

23 (17.8%)

19 (9.0%)

4 (3.0%)

3 (2.0%)

6 (5.0%)

1 (0.8%)

104 (80%)

Female

n (%)

10 (7%)

3 (2%)

5 (4%)

1 (0.8%)

3 (2.0%)

0 (00%)

4 (3.0%)

0 (00%)

26 (20%)
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Table 2: Causes of injury to the 130 patients with blunt

abdominal trauma

Causes of injury

Car accident

Fall down

Assault quarrel

Total

Frequency

92

33

5

130

Percentage

70.8%

25.4%

3.8%

100%

Car accidents and falling from a height versus others

(P=0.01)
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Table 3: Type of visceral injury in 130 patients with blunt

abdominal trauma

Subcapsular hematoma

Contusion

Laceration

Rupture

Total

No injury

Grand total

Spleen

n (%)

7 (5.4%)

4(3.1%)

2(1.5%)

1 (0.8%)

14(11%)

116(89.2%)

130(100%)

Liver

n (%)

4(3.1%)

3(2.3%)

0 (0.0%)

0 (0.0%)

7(5.4%)

123(94.6%)

130(100%)

Kidney

n (%)

7(5.4%)

0 (0.0%)

1 (0.8%)

0. (0.0%)

8 (6.2%)

122(93.8%)

130(100%)

Total

18

7

3

1

29

101

130

Number of patients with spleen injury (n = 14) = 11%.

Number of patients with liver injury (n = 7) = 5.4%

Number of patients with kidney injury (n = 8) = 6.2%.
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Table 4: Classifications of 56 patients according to number

of U/S signs

No. of signs

Single

Double

Triple

Four

Five

Six

Seven

Eight

Total

No. of patients

21

12

9

5

3

4

1

1

56

Percentage

37.5

21.4

16.0

8

5

7

1.7

1.7

100

* Single injury sign versus multiple sign (P< 0.01)

* Rate of multiple signs of injury = 43%.
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Fig. 3: Classifications of 56 patients according to number of
U/S signs
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Fig. 2: U/S and other available investigations findings for 130

patients with suspected BAT in Allthawra Hospital, Sana'a

(Yemen) during

DPL
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Fig. 1: Age distribution of 130 total patients with blunt abdominal
trauma according to sex
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Fig.(4):

fa"- RMv1i(l|iey" *
v . * •

These figures show collection in Morrison's Pouch (arrow)
and the splenic tear, in a patient with BAT. (3.5Mhz)

Fig.(5):

This figure of the same patient shows the splenic tear more
obviously, when scanning with 8.2 Mhz. Transducer.
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4. DISCUSSION

This study included all patients presenting with blunt

abdominal trauma (BAT) to Althawra Hospital in Sana'a (Yemen),

during the period June to December 2003.

The study sample size is similar to some studies, less than

some and more than others. Mecelveen, et a/(1997), from USA

studied 82 patients.14 In year 2000 Sattam S, et al., studied 1090

patients.16 In all studies, the number is dependent on duration of

the study.

In this study the overall males to female ratio was 4:1

(80 : 20) indicating that males outnumbered females. Furthermore

if one looks at the young (0 -39 years) and the older patients

(40-79 years), the male to female ratio is 5.1: 1 at young age. In

the older age group, it falls to 2:1. It is notable that few old men

and women were admitted to this study (n=21) (Table 1b, Fig 1).

The male to female ratio was 2.1: 1 in North America, it is 3.3 :1 in

Canada.1316

This may be due to the fact that Yemeni community

restricts the female to the house, and a lot of females are not

allowed to drive cars or work shoulder to shoulder with the male,

therefore, men are more exposed to trauma than female in Yemen.
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In this study the majority of causes of injuries were traffic

accidents, and falls from height which was similar to other studies

indicating that car accidents and falls from a height are the major

causes of blunt abdominal trauma in civil life.

In this study the associated injury occurred more in car

accidents. The majority of associated injuries were head injury and

fractures, the apparent increase in associated injuries may be

explained by the fact that car users do not use safety seat belt in

Yemen.

The study used U/S as the main evaluating tool. Other

investigations were few, two CT, one DPL, and one I.V.U. This is

probably due to the availability of U/S in the accident and

Emergency Department and U/S findings are quick to obtain, and

are often satisfactofy. The hospital staff rely mainly on clinical

examination and U/S examinations.

This trend is also backed by the fact that such

investigations are costly and patients, in many instances, can not

afford. The mortality in this study was 6.2%, the main cause of

death was head injury and cardiovascular collapse, either on

arrival or shortly often during resuscitation. Delay in transport is a

major factor in the deterioration. Eight patients of 56(n=8,14%)

with positive U/S signs underwent surgical laparotomy due to
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instability and all patients were found to have positive laparatomy

findings confirming the U/S signs.

On analysis of the 56 patients with positive sonographic

signs according the number of these signs, was done. Twenty-one

had one sign (fluid) without solid visceral injury or instability of the

general condition. They all faired well on conservative therapy. An

increase from two to a maximum of eight signs was associated

with visceral injury (spleen n= 14, liver n= 7, and kidneys n=8).

U/S could detect fluid in the peritoneal cavity. However, it

can not ascertain whether the fluid was an exudate, transudate,

blood, lymph or intestinal fluid, this is a major disadvantage of U/S

screening in BAT. It is noted that fluid was found in more than one

recess, right subdiaphragmatic, left subdiaphragmetic or

pelvic...etc. It was of no diagnostic value at the time of U/S

examination. One usually presumes that the fluid is blood in the

face of visceral injury (liver, spleen) or intestinal, the result of bowel

rupture if there is interloop or subphrenic gas. One patient had

intestinal volvulus with fluid in the pelvis (perhaps a chance finding

and not the result of BAT).

DPL would have added some information regarding the

nature of the fluid and may promote a specific diagnosis.
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Lucciarini, et al (1993), studied 726 patients with BAT

and revealed accuracy of 94.2%, sensitivity of 91.9% and

specificity of 96.0%.10

On the other hand Goletti, et al (1994), from Italy studied

250 consecutive patients with blunt abdominal trauma, the

sensitivity of U/S was 93% in detecting spleen injury and 80% in

detecting liver injury.11

This study is similar to the above mentioned studies in

which U/S sensitivity was 87.5% in detecting liver injury and 100%

in detecting spleen injury. Specificity and accuracy rates could not

be obtained, because the sample size was small.
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CONCLUSION

Abdominal U/S is used in screening for injury in patients

with blunt abdominal trauma, and its use represents a notable

change in our institutional practice.

Diagnostic peritoneal lavage is rarely performed and CT is

used when U/S findings are for further details, or when injury is

cliniclly suspected despite negative U/S findings, or when U/S is

not available. It is believed that U/S is an efficient, accurate, and

sensitive method for evaluating blunt abdominal trauma. It is also

rapid, safe, non-ivasive and cost effective.10'17
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RECOMMENDATION

• It is to be recommend that U/S should be available in all

hospitals' casualties with a 24 hours service.

• U/S should be the initial investigation tool in the traumatized

patients.

• Hospitals or trauma centers should be distributed around the

city as near as possible to the residence and high ways.

• They should be linked to a central accident and emergency

hospital.18

• Ambulance stations need to be similarly distributed in the city to

shorten the period of delay.

• It is recommended for future studies to consider the mechanism

and type of trauma in road accidents, which vary a lot

according to whether the injured is a passenger or pedestrian.
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BACKGROUND E)ATA FORM
1- Preliminary Information • Serial No. .....

1-! Date: •. l-2Patienl name: •.

1-? Age: 1-Wsex: 1-5 Residence:

1- 6 Type of trauma: 1-7 Date &time of trauma:

1-8 Date &time of U<S exam:

1-9 Date & time of operation':

2- Abdominal L/S findings:

2 - 1 Pericardial fluid collection:

No collection [^ Present | |

2- 2 pleural (Iniit col lec t ion:

No collection Qj present j I

2-3 Liver and liver parenchyma:

Normal Q subcapsular hematoma^J contusion Q laceration [ j liver rupture1

2- 4 S|)leen and splenic parenchyma;

Normal Q subcapsular hematoma Q contusion Q laceration Q spleen ruptureQ

2-5 Rt. Upper quadrant findings:

2.-5-1 Collection of fluid in Morison' s pouch:

No Collection |_j present

2- 5 -2 Rt. Subdiaphragintic free fluid collection:

; No collection Q • present
I

2-6 Lt. Upper quadrant findings:

2- 6-1 collection of free fluid in spleno-renal recess:

No collection • . present •

|2-6-2 Lt. Subdiaphragmatic free fluid collection:
t

No collection • present [J
I PI:ic<:p luni n\ rr



2 - 7 Collection of fluid in the pouch of Douglas and/or peritoneal cavity:

No'collectionQ small Q medium Q . large Q

2 - 8 Rt.& Ll. Kidneys:

Normal Q suluapsiilar hematomiQ contusion Q laceralion[ |

Shattered Kidne\ (ruptured)Q

2-9 Other organ injuries or findings:

3 - Observation

3-1 Observation result (find in us):

Improved 3D not improved [H expired Q

3 - 2 Other investigation finding e.g. CT or DPL if available:

3-3;Surgical outcome findings:

3-4 Repeated U/S :

YesQ

If Yes Result :


