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INTRODUCTION

As the population in India is increasing, there is increase in incidence of

RTA and violent trauma.

Abdominal trauma includes those cases where there is injury to one viscus

or more viscera with or without any external penetrating injury.

Today the most common causes of abdominal trauma are: road traffic

accidents accounting for 75-80% of cases followed by sport injuries,

accidental fall, fall of heavy objects over abdomen, crush and burst injuries.

The detection of abdominal trauma is a frequent diagnostic problem in

multiply injured patients. Delay in diagnosis and treatment of abdominal

trauma substantially increases morbidity and mortality in trauma patients

due to bleeding from solid organs or vascular injury or infection from

perforation of a hollow viscus.

The most important preoperative management of patients with abdominal

trauma is to ascertain the need for laparotomy. Thus screening test must be

highly sensitive and quick. It is clear advantage to the operative surgeon if

the same test is sensitive enough for citing the organ of injury, especially

when conservative approach towards trauma is being popularized today.
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The present study outlines the role of ultrasound in the evaluation of

abdominal trauma and to assess the diagnostic validity of FAST, thus

helping surgeons in making accurate diagnosis and proper management of

cases.
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REVIEW OF LITERATURE

BLUNT INJURY ABDOMEN

HISTORICAL SIGNIFICANCE

Aristotle was the first to record visceral injuries from blunt abdominal

trauma.

1500 BC: Distinct trial and surgical protocol had been developed in

Babylomia under the rule of Hammurabi as said by Edwin Smith Papyra.

1827: Trausse presented pancreatic injury in blunt abdominal trauma.

1906: Solomen performed peritoneal lavage for the first time.

1934: Aenhium used abdominal wall puncture as a diagnostic procedure in

abdominal injuries.

1938: Branch reported 2 cases of liver laceration treated by resection of left

lobe.

1952: Synthetic grafts were first used by Voorhes.

1965: Root first described the flushing of sterile solution through peritoneal

cavity to obtain peritoneal content.

1972: Advanced imaging technique developed that made early detection of

blunt abdominal trauma.
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ANATOMY OF ABDOMINAL CAVITY

Abdominal wall comprises primarily of bone, muscles and fascia. Its

primary function is to protect the abdominal organs inside.

The roof of the abdomen is formed by the diaphragm separating the

negatively pressurized thoracic cavity above from the positively pressurized

abdomen below.

The floor of the cavity is formed by the bony pelvis.

Abdominal cavity is bounded anteriorly by rectus abdominis, laterally by

external oblique, internal oblique and transverse abdominis, inferiorly by

iliac muscles, posteriorly bounded by vertebral column, psoas major, minor

and quadratus lumborum.

The entire abdomen is divided into 9 quadrants for descriptive purpose by 2

horizontal lines and 2 vertical lines.

1. HORIZONTAL LINES

Transpyloric line: at level of pylorus of stomach which corresponds to L 1

vertebra: passes through the tip of 9th costal cartilage.

Transtubercular line: that passes through the tubercles of the Ilium. It

corresponds to the body of vertebra.
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2. VERTICAL LINES

Right and Left Midclavicular line that runs down from the mid clavicle.

These arbitrary lines divide the abdomen into 9 regions:

Right hypochondrium

Epigastrium

Left hypochondrium

Right lumbar

Umbilical

Left lumbar

Right iliac

Hypogastrium

Left iliac



6

QUADRANTS OF ABDOMEN

PERITONEAL CAVITY

Peritoneal cavity is the largest cavity in the body. Peritoneum is a serous

membrane which lines the wall of abdominal cavity.
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Developmentally abdominal and pelvic viscus invaginate into abdominal

cavity carrying the peritoneum before them.

This results in covering over the organs by the visceral peritoneum which is

continuous with parietal peritoneum lining the abdominal wall.

Peritoneal cavity is divided into 2 distinct parts; the greater and lesser sac.

The lesser sac is situated posterior to the lesser omentum, stomach and

gastro colic ligament.

It communicates with greater sac through foramen of Winslow.
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PERITONEAL CAVITY
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SOLID ORGANS

LIVER

Liver is the largest gland in the body situated in right upper quadrant of

abdomen.

The adult gland weighs about 1500 grams and receives about 1500 ml of

blood per minute.

It is a wedge shaped organ and the base of the wedge is directed to the right.

It has 2 lobes- Right and Left lobe.

The Right lobe has 2 additional lobes- caudate and quadrate lobes.

Left lobe on the inferior surface presents with omental tuberosity.

Liver is held in position by the attachment of IVC and Hepatic veins. Liver

receives 20% of blood supply from the hepatic artery and 80% from the

portal vein.

The hepatic artery and portal vein divide into right and left branches before

entering the liver.

Within the liver, they are divide into segmental and interlobar vessels which

run in the portal canals.

Venous drainage of the liver takes place through the hepatic veins.
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There are 3 hepatic veins- right, middle and left hepatic veins which drains

directly into the inferior vena cava.

The bile is drained by the right and left hepatic ducts which join to form the

common hepatic duct.

Along its course, the cystic duct joins with common hepatic duct at an acute

angle to form the common bile duct which finally drains into second part of

duodenum.

Pringles Maneuver is temporary occlusion of free margin of lesser omentum

up to a period of 20 minutes to 1 hour indicated in major hepatic injuries.

SPLEEN

The weight of normal adult spleen is 75-250g.

It measures up-to 10*7*3 cm. Spleen lies in the left hypochondriac region

between the gastric fundus and the left hemi diaphragm, its axis being

parallel to 9thrib, behind the stomach and inferior to diaphragm.

The hilum sits in the angle between the stomach and the kidney and is in

contact with the tail of pancreas.

The concave visceral surface lies in contact with these structures. There is a

notch on the inferolateral border and this is palpated when spleen is

enlarged.
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It is surrounded by peritoneum and is suspended by the following ligaments;

a) Gastrosplenic Ligament- Hilum to Greater curvature

b) Lienorenal Ligament- Hilum to anterior surface of kidney.

c) Phrenicocolic Ligament- Supports the anterior end of the spleen.

FUNCTIONS OF SPLEEN:

Immune function

Filter function

Pitting

Reservoir function

Cytopoiesis

PANCREAS

The name pancreas is derived from the Greek word pan-all and kreas -flesh.

The pancreas is situated in the retroperitoneum.

It is divided into a head which occupies 30% of the gland by mass, and a

body and tail, which constitute 70%. Pancreas lies obliquely on the posterior

abdominal wall. It weighs approximately 80 g.

It extends from duodenum to spleen at L1 and L2 vertebra. It has both

exocrine and endocrine functions.
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Anteriorly- related to transverse colon and stomach

Posteriorly- related to Aorta, inferior vena cava, superior mesenteric artery

and the left crus of diaphragm.

The superior mesenteric vein and the splenic vein join to form the Portal

vein behind the neck of pancreas.

Splenic artery lies in close relation to the superior border of pancreas.

Tail of pancreas- related to hilum.

KIDNEYS AND SUPRA RENAL

Kidneys are situated on posterior abdominal wall.

Right kidney is slightly lower than the left and left kidney lies closer to

median plane than the right.

Each kidney has two poles, two borders, two surfaces.

Upper pole- broad and related to supra renal gland.

Lower pole- pointed.

Lateral border- Convex

Medial border- Concave

Anterior Surface- Irregular
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Posterior surface – Flat

Right Kidney- Related to Right suprarenal gland, second part of duodenum,

hepatic flexure of colon and small intestine, 11th rib.

Left Kidney- Related to left suprarenal gland, spleen, stomach, pancreas,

splenic vessels, splenic flexure, descending colon and jejunum, 11th and 12th

ribs.

Posterior surface of both kidneys-related to diaphragm, medial and lateral

arcuate ligaments, psoas major, quadratus lumborum, transverse abdominis,

subcostal vessels, subcostal, iliohypogastric and ilioinguinal nerves.

Renal fascia also known as Gerota’s fascia, is a fibro areolar sheath

surrounding the kidney and perirenal fat.

Renal artery which is a direct branch from Aorta supplies kidneys.

Renal vein drains into Inferior vena cava.

ADRENAL GLAND

Adrenal gland lies close to the middle of the upper abdomen. Blunt traumas

to the adrenal glands are rare.

It is protected by the spine, ribs and major organs. 28% adrenal injury has

been reported at Autopsy.
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Hematoma in adrenals are seen as a round or ovoid mass with increased

density.

As time progress, the density decreases as the blood clot lyses. In most of

patients, hematoma will be reabsorbed but it may form seroma occasionally

that forms most common cause for adrenal pseudo cysts.

The quantity of blood loss is huge and more than 90% of functioning adrenal

tissue must be lost before the patient becomes adrenal insufficient.

If adrenal hematoma occurs bilaterally, Addison’s disease must be

considered.

INTESTINAL INJURY

Small intestine is the longest part of gastrointestinal tract that extends

from pyloric orifice of stomach till the ileocecal fold measuring

approximately 6-7 meters (1). It is divided into following parts-

1. Duodenum- C shaped structure adjacent to the head of pancreas

forms the first part of small intestine. It is 20-25 cm long and is above

the level of umbilicus. The lumen of duodenum is the widest of small

intestine. Except its beginning, whole duodenum is retro peritoneal

which is connected to liver by hepato duodenal ligament.

2. Jejunum- The jejunum represents the proximal two fifths and it lies

in the left upper quadrant of the abdomen. It is larger in diameter and
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a thicker wall than the ileum. Inner mucosal lining has numerous

prominent folds that circle the lumen (plica circulares).

3. Ileum- It makes up the distal three fifths of the small intestine and

lies in the right lower quadrant. It has thinner walls, fewer and less

prominent mucosal folds, shorter vasa recta, more mesenteric fat, and

more arterial arcades.

Large intestine- extends from the distal end of ileum to the anus of size

1.5 meters approximately. It absorbs fluids and salts from the gut, thus

forming feces. It consists of-

Caecum

Appendix

Colon

Rectum

The large intestine ascends upward as the Ascending colon through the right

flank and right hypochondrium. It bends to the left forming the right colic

flexure (Hepatic flexure) and crosses the abdomen as the Transverse colon

to the left hypochondrium.

Just below spleen, it bends downwards forming the left colic flexure (splenic

flexure) and continues as the descending colon through the left flank and

into the pelvis.
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Slight blow to abdomen may cause Intestinal rupture without any injury to

Skin- Aristotle.

Injuries to small bowel comprise one quarter of blunt and penetrating

abdominal trauma.

These injuries were classified according to organ grading scale by American

Association for Surgery on Trauma based on laparotomy.

Increased morbidity results from delayed presentation or massive leakage of

bowel contents into the peritoneal cavity.

Peritoneal fluid with no visible solid organ injury is an important sign of

bowel injury.

Proximal jejunum and distal ileum were more prone for perforation.

The small intestine injures more frequently than colon and perforation in the

anti-mesenteric border of the small intestine is the commonest injury.

Perforations are more common in the proximal jejunum or distal ileum.

Associated injuries are the determining factors for survival.
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RETROPERITONEUM

Boundaries of Retro peritoneum (2)

Above- T12 vertebra and 12th rib

Below- Base of sacrum, iliac crest, upper pubic rami and the pelvic rami.

Lateral border- Vertical line between erector spinae muscles (sacrospinalis)

and the three flat abdominal muscles, or to the lateral border of quadratus

lumborum muscle.

Medial- Lumbar and sacral vertebrae with abdominal aorta, inferior vena

cava and their branches: sympathetic chain and nerve plexuses and

lymphatic elements.

Anterior- Anatomic entities related to the anterior wall and parietal

peritoneum of the retro peritoneal space which includes- part of liver and its

bare area, part of duodenum, ascending colon, descending colon and much

of pancreas with in lesser sac.

Posterior- It is related to several muscles from lateral to medial it includes-

Transversus abdominis aponeurosis, quadratus lumborum muscle and psoas

muscle most medially.

Retroperitoneal Injuries are more difficult to diagnose especially in presence

of other injuries, as the physical signs may be masked. Intraperitoneal
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diagnostic tests such as ultrasound and diagnostic peritoneal lavage may be

negative.

CT is the investigation of choice in such patients. Physiologically stable

patient is the only limitation.

The Retro peritoneum can be divided into three zones:

Zone 1: Central zone:

Upper- Diaphragmatic, esophageal and aortic openings.

Lower- Sacral promontories

Lateral- Psoas muscles

Contents- Abdominal aorta, inferior vena cava, pancreas, duodenum

(partial)

Hematomas in this region should always be explored with proximal and

distal vascular control.

Zone 2: Lateral Zone:

Upper- Diaphragm

Lower- Iliac crests

Lateral- Psoas muscles

Contents- Kidneys and their vessels, ureters and their abdominal parts,

ascending and descending colon, hepatic and splenic flexure.
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Hematomas in this region usually represent a renal injury and this can be

managed non operatively and sometimes with angioembolisation.

Zone 3: Pelvic zone:

Anterior- Retzius space

Posterior- Sacrum

Lateral- Bony pelvis

Contents- Pelvis in toto, pelvic wall, recto sigmoid colon, iliac vessels,

urogenital organs.

Hematoma in pelvic region is very difficult to control and should not opened

unless required. They can be controlled with intra or extra pelvic packing or

angioembolisation.
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ZONES OF RETRO PERITONEUM

The above picture shows a diagrammatic representation of retro peritoneum,

divided into different zones along with content of each zone.
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Mechanisms of Blunt Injury

Compression or crushing

Solid and hollow organs

Burst injuries

Shearing

Deceleration – fixed points

1. Compression of abdominal organs between the applied force to the

abdominal wall and the posterior thoracic cage of the vertebral column can

produce a crush

Injury.

2. Abrupt shearing forces can cause a tear of organs or vascular pedicles.

3. Oblique forces and deceleration injury cause shearing of viscera where

anchored, such as at the duodenojejunal flexure and peritoneal attachments

of the bowel.

4. Deceleration injuries occur in high speed vehicular accidents and in falls

from great heights. On impact, the organs continue to move forward at the

terminal velocity, tearing the organs at their sites of attachment.
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Mechanisms of Injury – Indirect evidence

Fracture 7- 9 ribs right side – liver

Fracture 8 -10 ribs left side – spleen

Fracture 11 / 12 ribs or hematuria– kidney

COMPRESSIVE OR CONCUSSIVE FORCES

Direct blows or external compression forms sub capsular hematomas to the

solid viscera and injures hollow organs and increases intraluminal pressure

transiently, resulting in rupture.

Severe forces may also rupture the diaphragm resulting in herniation of

abdominal contents or viscera into the negatively pressurized thoracic

cavity.
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The picture above is a diagrammatic representation of pathophysiology of

blunt abdominal trauma caused by compressive or concussive forces

DECELERATION FORCES

Stretching and linear shearing between relatively fixed and rupture

supporting structures at the junction between free and fixed segments.
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The picture above is a diagrammatic representation of pathophysiology of

blunt abdominal trauma caused by deceleration forces.
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AAST (American Association for the Surgery of Trauma)

GRADES OF HEPATIC INJURY

Grades Description

I Sub capsular hematomas <10% surface area

Laceration: capsular tear, <1cm of parenchymal depth

II Sub capsular hematoma 10-50% surface area

Laceration: 1-3 cm of parenchymal depth

III Hematoma: sub capsular >50% or expanding; ruptured

Sub-capsular or parenchymal hematoma;

Intra-Parenchymal hematoma >10cm or expanding.

Laceration : >3cm of parenchymal depth.

IV Laceration: Parenchymal disruption involving 25-75% of

hepatic lobe or 1-3 Couinaud’s segments in one lobe.

V Laceration: Parenchymal disruption involving more than

75% of hepatic lobe or > 3 Couinaud’s segments within

one lobe.

VI Hepatic avulsion
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GRADES OF SPLENIC INJURY

Grades Description

I Sub capsular hematomas <10% surface area.

Laceration: Capsular tear <1 cm of parenchymal depth

II Sub capsular hematoma 10-50% of surface area.

Laceration: Capsular tear 1-3 cm of parenchymal depth

with active bleeding.

III Sub capsular hematoma >50% of surface area or

expanding, ruptured.

Laceration: >3 cm of parenchymal depth involving

trabecular vessels.

IV Ruptured intraparenchymal hematoma with active

bleeding.

Laceration: Involving segmental, hilar vessels

producing major devascularization (> 25% of spleen).

V Completely shattered spleen.

Hilar vessel injury causing splenic devascularisation.
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GRADES OF RENAL INJURY

Grades Description

I Sub capsular hematoma, non-expanding without

parenchymal laceration

II Hematoma: Non expanding peri renal hematoma confined to

renal retro peritoneum.

Laceration: <1cm of parenchymal depth of renal cortex

without urinary extravasation.

III Laceration: >1cm of parenchymal depth of renal cortex

without urinary extravasation.

IV Laceration: Parenchymal laceration extending up to renal

cortex, medulla and collecting system.

Vascular: Main renal artery or vein damage with contained

hemorrhage.

V Completely shattered kidney

Vascular: Avulsion of renal hilum, devascularising the

kidney.
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GRADES OF PANCREATIC INJURY

Grades Description

I Contusion and laceration without duct injury

II Distal transection or parenchymal injury along with

duct injury.

III Proximal transection or parenchymal injury along with

probable duct injury.

IV Combined pancreas and duodenal injury, ampulla and

blood supply intact.

V Massive injury, ampulla destroyed, devascularisation.
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FAST

EVOLUTION OF FAST

Focused Assessment with Sonography in Trauma (FAST) has been utilized

extensively and studied in Abdominal trauma for the past three decades.

FAST was familiarized in North America by Rocycki in the early 1990s

during which time the FAST acronym was defined as Focused Abdominal

Sonography in Trauma (4-6).

As FAST evaluated to a more comprehensive examination, the acronym

was gradually changed into Focused Assessment with Sonography for

Trauma (7).

Since then, FAST has become the common initial screening modality in the

majority of the trauma centers worldwide.

It is included in ATLS program for evaluation of hypotensive trauma

patients (8, 9).
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DEFINITION

FAST is a rapid, portable, non-invasive examination that can be performed

by emergency clinicians and trauma surgeons to detect haemoperitoneum.

The current FAST examination protocol, with patient in supine position,

consists of 4 acoustic windows:

1. Peri hepatic

2. Peri splenic

3. Pelvic

4. Peri cardiac
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Diagrammatic representation of FAST showing the four acoustic

windows

The results of FAST are evaluated as:

POSITIVE FAST: Presence of free fluid in any of the 4 acoustic windows.

NEGATIVE FAST: No free fluid is seen.
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INTERMEDIATE FAST: If any of the window could not be assessed

adequately.

While there are many benefits of FAST which includes rapid and accurate

diagnosis of hemoperitoneum, safe and non-invasive - thus making repeated

serial examinations possible; the major drawback is that, it cannot detect

very minimal free fluids which can be better detected in CT scans, thus

making CT scans the gold standard investigations.

FAST TECHNIQUE AND INTERPRETATION

FAST utilizes a B-mode ultrasound with a low frequency of 3-5 MHz

Curvilinear transducer to assess the acoustic windows.

The preferred initial site for detection of free fluid with FAST is the Right

upper quadrant view, scanned by using a lower frequency (3-5 MHz) sector

or curved array transducer.

The Liver serves as a convenient acoustic window to interrogate the

hepatorenal space and liver parenchyma. Hemoperitoneum usually appears

anechoic or hypo echoic compared with adjacent solid organs. Prolonged

hemorrhage may organize and become more echogenic.

For the left upper quadrant view, the spleen is targeted for examination of

the lienorenal fossa and perisplenic area.
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Moving the probe caudally brings the inferior pole of the left kidney and

paracolic gutter into view.

The suprapubic view allows assessment of the dependent space in the

peritoneal cavity.

The transducer is placed above the pubic symphysis in a sagittal plane and

swept side to side then rotated transversely and repeated.

Reverse Trendelenburg positioning may enhance detection of free fluid in

the pelvis. In female patients of reproductive age, small amount of free fluid

up to 50 ml in the Pouch of Douglas are considered physiologic, and amount

exceeding 50 ml should be regarded as pathologic in the setting of trauma

(11, 12).

Detection of free fluid in pelvis is aided by the presence of a fluid filled

bladder. When free fluid is present, it is most frequently located posterior to

bladder.

Free fluid in the pelvis can be missed when a Foley catheter is placed to

empty the bladder, as the acoustic window for examining the pelvis is

compromised, allowing the detection of smaller amounts of pelvic free fluid

requires a more distended bladder (10).
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FAST IN PREGNANT AND PEDIATRIC PATIENTS

Blunt and penetrating trauma is the leading cause of non-obstetric maternal

mortality, affecting up to 7% of pregnancies (13). It is an important cause of

fetal loss, and most obstetric complications from trauma occur in third

trimester. The most common mechanism of trauma is interpersonal assault

(14). In addition to the rapid assessment for free fluid, ultrasound can be

used to assess for fetal heart motion, fetal activity, amniotic fluid volume,

approximate gestational age and placenta. A small number of studies have

shown FAST in pregnant patients with blunt abdominal trauma to have

similar sensitivity and specificity to that in to non-pregnant patients (14-18).

Placenta examination is very important, as abruption may have a variety of

appearances, such as thickened or avascular regions in the placenta without

accompanying free fluid in the pelvis (19). Placental abruption was only

detected with FAST as free fluid in one seven cases in a series by Richards

et al (14).

There have been several studies of FAST utilization in pediatric trauma

patients. Several studies have shown sensitivities, specificities, and

accuracies similar to those in adults (20-23). A meta-analysis determined

pediatric FAST had an overall sensitivity of 66% and specificity of 95% for

detection of hemoperitoneum (24). The use of FAST in pediatric trauma

patients has been used to decrease radiation exposure from CT scan.
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NORMAL ULTRASOUND VIEW OF HEPATO RENAL POUCH
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ULTRASOUND SHOWING FREE FLUID IN HEPATO RENAL

POUCH (FAST POSITIVE)
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NORMAL ULTRASOUND VIEW OF PERI SPLENIC REGION
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ULTRASOUND SHOWING FREE FLUID IN PERI SPLENIC (FAST

POSITIVE)
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NORMAL ULTRASOUND VIEW OF PELVIS
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ULTRASOUND SHOWING FREE FLUID IN PELVIS (FAST POSITIVE)
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NORMAL ULTRASOUND VIEW OF PERI CARDIAC REGION
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ULTRASOUND SHOWING PERI CARDIAL COLLECTION

(FAST POSITIVE)
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SERIAL FAST

As the initial FAST sonogram represents a snapshot in time, serial

examinations performed in stable blunt trauma patients may be useful.

Examination after stabilization gives the sonographer more time for a

comprehensive scan. With active intra peritoneal hemorrhage, the amount

of free fluid should theoretically increase with time.

The value of serial FAST has not been fully investigated. Nunes et al

reported that serial FAST examinations decreased the false negative rate by

50% and increased the sensitivity for free fluid detection. Other studies have

also confirmed this trend.

Serial FAST examinations may be logical alternative for stable trauma

patients, patients with sudden change in hemodynamic status on physical

examination and pregnant patient to mitigate radiation exposure.

FUTURE APPLICATIONS

The use of FAST in pre hospital setting is becoming more commonplace as

because ultrasound equipment have become more compact and light weight.

Its use in the field makes FAST ideal for rapid triage of injured patients in

multiple casualty incidents or battle field situations.
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The use of FAST after a natural disaster was first described by Sarkisian and

coworkers following an earthquake that devastated Armenia in 1988.

Ultrasound was used extensively for diagnosis of traumatic injuries.

A recent systematic review showed moderate evidence supporting pre

hospital use of FAST. It has been successfully in air medical transport of

injured patients.

The role of contrast enhanced ultrasound for trauma is as yet unclear, but it

appears to be promising method to improve detection of parenchymal organ

intra-abdominal injuries.

Advantages of contrast enhanced ultra sound includes:

1. Lack of ionizing radiation exposure

2. Portability

3. Safety

4. Repeatability.

This makes it ideal for conservative management of blunt abdominal trauma,

especially in children and pregnant or fertile female patients.

McGahan and colleagues reported that the use of contrast enhanced

ultrasound increased the detection rate of solid organ intra-abdominal

injuries from 50% to 91%. Similar findings were described in two

prospective studies later.
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Menichini et al showed the sensitivity of contrast enhanced ultrasound

approached CT scans in pediatric trauma patients.

Potential application of contrast enhanced ultrasound includes:

1. Serial scanning of known organ injuries

2. Follow up imaging in patients with in conclusive CT findings

3. Use in patients with hypersensitivity to iodinated contrast agents.

PRE OPERATIVE MANAGEMENT OF ABDOMIANL TRAUMA

Initial resuscitative measures include volume replacement to stabilize the

circulation. Aggressive fluid resuscitation should be done.

The aim is to have the patient on the operating table in the minimum of time

and for this purpose rapid infusion of 1-2 liters of fluids over 10 minutes

under close observation is vastly preferable (3).

The only exception to the rule of restoring the circulation before exploration

is when the blood loss is so rapid that it is so necessary to control the

bleeding site before proceeding for resuscitation.

Such diagnosis is established when two or more liters of replacement fluids

given over ten minutes or less, fails to improve the vitals.

2. Nasogastric tube insertion and aspiration of gastric contents even with the

advancement in the anesthetic techniques.
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Presence of solid or liquid food inside the stomach is still a risk during

induction of anesthesia.

This prevents the risk of regurgitation of food particles or fluids from the

stomach into the pharynx, trachea and lungs which can occur between the

moment of induction of anesthesia and insertion of endotracheal tube.

3. Adequate oxygenation of the patient to maintain the tissue perfusion in

the phase of profound blood volume loss.

4. All patients should have the bladder emptied by urethral catheterization

5. A large dose of antibiotic should be administered parenterally

preoperatively.

LAPAROTOMY

PRINCIPLES OF ABDOMINAL SURGERY FOR TRAUMA:

DECISION MAKING

Formal laparotomy permits a total assessment of the extent of the intra

peritoneal damage and allows the surgeon to assess the priorities and

patterns of treatment.

The surgeon should communicate the findings and intention to the

colleagues so that both the scrub nurse and anesthetist can then participate.
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One will be engaged to mobilize the necessary instruments while the other

can begin to plan the duration of anesthesia and the likely resuscitation

needs.

FORMAL LAPAROTOMY

Formal laparotomy is carried out by eviscerating all small bowel upwards

and to the right over the right edge of vertical laparotomy.

Once the bowel is removed from the abdominal cavity, it permits the

examination of pelvic contents and the floor of pelvis.

Inspection continues along the descending, transverse and ascending colon

and leading on to the whole small bowel, which completes the intra colic

compartment.

The colon is then displaced downwards to visualize the spleen and left

diaphragmatic capsule, next the stomach is exposed and palpated along with

the liver gall bladder, anterior surface of duodenum and the pancreas.

Finally, if the injuries have occurred from behind:

 The lesser sac below the stomach is opened in order to examine the

pancreas
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 The duodenum and the right colon are mobilized by incising the

posterior parietal peritoneum of the right paracolic gutter stretching

from the bottom of Right iliac fossa to the undersurface of liver. This

also exposes the right kidney visualizing Zone 2 of retro peritoneum.

PRINCIPLES OF OPERATION

INCISION:

In a case of blunt abdominal trauma, the upper abdomen is best explored

through midline upper abdominal incision.

 A combined right thoraco-abdominal incision is indicated when an

improved exposure of the superior and posterior liver surface is

required.

 In cases of fecal contamination of peritoneal cavity, abdominal

incision should not be extended into the chest unless there is a life

threatening condition in which it is justifiable.

HEPATIC INJURY

Presence blood and blood clots in right upper quadrant may signify the

presence of hepatic injury. On removal of the clots, thorough examination

may identify the disruption of hepatic substance. The primary aim is to stop

the active bleeding from the liver.
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Various techniques are:

 Manual compression

 Portal triad occlusion

 Perihepatic packing

 Direct packing of hepatic parenchyma

 Direct suture of liver

 Mesh hepatorrhaphy

SPLENIC INJURY

Midline incision should be paced with adequate extension to xiphoid process

for greater exposure of left upper quadrant. Complete mobilization of spleen

is the key to adequate assessment of injury and safe repair.

If splenic injury is very apparent, spleen should be mobilized from its

surrounding attachments. All the clots should be removed to assess the

extent of splenic injury.

Grade 1 splenic injuries require little or no treatment. Tamponade with dry

sponge for 5 minutes or topical hemostatic agents can be applied.

Grade 2 injuries are treated with hemostatic agents like micro fibrillar

collagen, gel foam soaked in topical thrombin or surgigel.
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Grade 3 injuries are treated by complete removal of clots and devitalized

tissue, re approximation of parenchymal edges to the depth of the wound to

avoid leaving dead space. Another technique is the use of polyglycolic acid

mesh wrapping.

Grade 4 and 5 splenic injuries are high grade injuries and often require

splenectomy.

COMPLICATIONS OF SPLENECTOMY

 Early transient thrombocytosis

 Delayed hemorrhage

 Pancreatitis

 Sub phrenic abscess

 Left lower lobe pulmonary atelectasis and pleural effusion.

 Fatal pneumococcal septicemia (OPSI)
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PANCREATIC INJURY

General principle involved in management of pancreatic injuries are:

 Control hemorrhage and contain bacterial infection.

 Debridement of devitalized pancreatic tissue.

 Preserve at least 20-50% of functional pancreatic tissue wherever

possible.

Grade 1 pancreatic injuries are minor injuries which requires only

hemostasis and simple external drainage. Attempt to close or repair capsular

laceration may result in pancreatic pseudo cyst formation.

Grade 2 and 3 injuries are best treated by distal pancreatic resection with or

without splenectomy. The remaining proximal duct should be closed with

figure of 8 ligature using non absorbable suture material, followed by full

thickness mattress suturing of the parenchyma. A small omental patch can

be placed to buttress the surface and drain should be kept near transection

line.

Grade 4 and 5 pancreatic injuries are high grade injuries and may require

extended pancreatectomy with drainage procedures or pancreatico-

duodenectomy.
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BOWEL INJURY

Bowel should be examined in a systemic manner through a formal

laparotomy. All injuries should be examined thoroughly, but definitive

repair should be undertaken only after evaluating the entire length of bowel.

Viability of bowel should be examined very carefully, particularly at sites

of mesenteric injury. This step is very crucial before planning the definitive

treatment.

The viability of bowel can be assessed by:

1. Color of the bowel

2. Presence or absence of peristaltic movements

3. Mesenteric vascular pulsation

If the viability of a segment of bowel is doubtful, then following measure

should be considered:

1. Warm laparotomy pad should be placed over the affected region.

2. Patient’s hemodynamic status should be re-evaluated and hypotension

should be corrected.

3. Vasoconstricting agents should be avoided.

4. Oxygen saturation should be kept at 100% transiently.
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Intestinal injuries are managed by single layer or double layer hand sewn or

stapled technique. Single layer hand sewn anastomosis using 3-0 suture with

non-absorbable suture material is done while double layered technique uses

a running, absorbable suture for the inner layer and interrupted suture for the

outer layer.
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INTRA OPERATIVE FINDINGS

BOWEL PERFORATION
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MESENTERIC TEAR
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SPLENIC LACERATION



57

LIVER LACERATION
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BLADDER INJURY
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AIM

1. To study the sensitivity and specificity of FAST in diagnosis of Blunt

Abdominal Trauma.

2. Analysis of Sonographic scan findings and its correlation with

operative     findings wherever possible.
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MATERIALS AND METHODS

 STUDY DESIGN - Prospective observational study

 STUDY POPULATION - 60

 PLACE OF STUDY - Tirunelveli Medical College and hospital

 PERIOD OF STUDY – One and half year (January 2017 – June

2018)

 SOURCE OF DATA - Trauma patients admitted in TVMCH

casualty satisfying the inclusion and exclusion criteria
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METHODOLOGY

 Data is collected with regards to demographic characteristics, patient

complaints / symptomatology, physical examination is done.

 B-mode ultrasound with frequency of 3-5 MHz / curvilinear probe is

used to assess the acoustic windows

 The results of FAST are confirmed by CT abdomen and CT chest

(gold standard).

 Results of FAST were correlated with intra-operative findings

wherever applicable.

INCLUSION CRITERIA

 Trauma patients presenting in TVMCH casualty with

complaints of abdominal pain and injuries.

 Cases are included irrespective of Age & Sex.

EXCLUSION CRITERIA

 Trauma patients presenting in TVMCH casualty without any

complaints of pain abdomen or injury.

 Patients with suspected Head injury

 Patients with penetrating abdominal injuries.



62

OBSERVATIONS AND RESULTS

AGE DISTRIBUTION

93% of cases (56 patients) were in the age group of 13 to 60 years. Only 1

patient was in pediatric age group (below 13 years) and 3 patients were

above 60 years.
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GENDER

Out of total 60 patients, 48 patients were male amounting to 80% and 12

patients were female amounting to 20%
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ABDOMINAL PAIN

The most common presentation was left upper quadrant pain (19 cases)

followed by right lower quadrant pain (11 cases)
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SYMPTOMATOLOGY

Considering symptomatologies, most of the patients presented with

vomiting as a complaints followed by abdominal distension. Shifting

dullness was demonstrated in 5 patients and 3 patients presented with

hematuria.
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FAST ANALYSIS

Perihepatic collection was the most common finding in FAST, followed by

perisplenic and pelvic collections. None of the patient showed any

pericardiac collection during FAST.
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DIAGNOSTIC AVIDITY OF FAST

Using McNemar’s equation, the diagnostic avidity of FAST was calculated

and the sensitivity was found to be 96.67% and specificity 100%.
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DIAGNOSTIC AVIDITY OF FAST

This bar diagram shows the diagnostic avidity of FAST in comparison to

CT-scan (gold standard) in detecting free fluid. When CT-scan demonstrated

free fluid in 30 cases, FAST demonstrated the same finding in 29 cases.

FAST failed to detect free fluid only in one case.
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INTRA OPERATIVE FINDINGS
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CORRELATION OF PERI HEPATIC COLLECTION WITH

INTRA OPERATIVE FINDINGS

When FAST showed perihepatic collection, intra-operatively, 25% were

found to be liver injury followed by splenic injury (20%), hollow viscus

perforation (20%) and hollow viscus perforation with mesenteric tear (20%).

Isolated mesenteric tear was seen in 15% cases.
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CORRELATION OF PERI SPLENIC COLLECTION WITH INTRA

OPERATIVE FINDINGS

When FAST showed perisplenic collection, intra-operatively, 69% were

found to be splenic injury followed by liver injury (25%), mesenteric tear

(6%)
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CORRELATION OF PELVIC COLLECTION WITH INTRA

OPERATIVE FINDINGS

When FAST showed pelvic collection, intra-operatively, 50% were found to

be hollow viscus perforation, followed by urinary bladder injury (33%),

hollow viscus perforation with mesenteric tear (17%)
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CORRELATION OF MULTIPLE WINDOW COLLECTION WITH

INTRA OPERATIVE FINDINGS

When FAST showed multiple window collection, intra-operatively, splenic

injury, liver injury and hollow viscus perforation were 31% each. While 7%

showed isolated mesenteric injury.
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DISCUSSION

In this prospective observational study of 60 patients, admitted with

blunt abdominal trauma following RTA, Assaults, fall from height and

sports injuries; only one patient was in pediatric age group of < 13

years, while 56 patients were in the age group of 13-60 years

amounting to 93%. When compared on gender perspective 48 cases

(80%) were found to be males, while 12 cases (20%) were females.

Most of the patients presented with left upper quadrant pain (19 cases)

followed by right lower quadrant pain (11 cases), right upper quadrant

pain (5 cases) and left lower quadrant (2 cases).

Considering other symptomatology most of the patient had associated

vomiting (9 cases) and abdominal distension (8 cases). 5 patients

presented with shifting dullness and 3 patients presented with

hematuria.

On analysis of FAST, Perihepatic collection was the most common

occurrence followed by peri splenic collection.

A total of 13 patients presented with multiple window collection on

FAST, out of which 9 patients showed combined peri hepatic and peri

splenic collection while 4 patients showed combined peri hepatic and

pelvic collection. Isolated pelvic collection was seen in only 5 cases.
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On investigation with gold standard CT scan, FAST failed to diagnose

free fluid in only one case.

The most common overall intra operative finding was Splenic injury

(18.3%) followed by hepatic injury (8.3%) and hollow viscus

perforation with or without mesenteric tear. Only 5% cases of blunt

abdominal trauma had isolated urinary bladder injury and mesenteric

tear each respectively.

On analysis of 13 patients with blunt abdominal trauma, who had

shown multiple window collections in FAST, intra operatively 4 cases

had splenic injury, 4 cases had hepatic injury, 4 cases had hollow

viscus perforation and only 1 case had mesenteric tear.

Considering each window separately and analyzing them with intra

operative finding; when FAST demonstrated peri hepatic collection,

only 25% were hepatic injury while splenic injury and hollow viscus

perforation with or without mesenteric tear were 20% each

respectively.

When FAST demonstrated perisplenic collection 69% were splenic

injury followed by 25% hepatic injury and 6% mesenteric tear.
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When FAST demonstrated pelvic collection 50% were hollow viscus

perforation followed by 33% urinary bladder injury and 17% hollow

viscus perforation with mesenteric tear.
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CONCLUSION

Following conclusions can be drawn from my study:

Focussed Assessment with Sonography in Trauma (FAST) has established

a promisingly high diagnostic avidity with sensitivity of 96.67% and

specificity of 100% in detecting free fluid among patients with blunt

abdominal trauma. While majority of the patients were in age group of 13 to

60 years, a few percentage of patients are in extreme of age groups. Pediatric

age group may present as a major challenge in the diagnosis. On gender

perspective, male are mostly affected when compared to females.

Most of the patients presented wih pain abdomen followed by vomiting and

distension. Symptoms of abdominal trauma may be vague and nonspecific

but should never be overlooked.

Most common finding in FAST positive cases was perihepatic collection,

followed by perisplenic collection. However, the most common intra-

operative finding was splenic injury, followed by hepatic injury. Therefore,

findings of the FAST may or may not always correlate with the intra-

operative findings.

In the present study, perisplenic collection in FAST showed the highest

intra-operative correlation; while intra-operative correlations were found

variable for perihepatic and pelvic collections in FAST. Diagnosing the
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organ injured is particularly difficult when multiple window collections

were noted in FAST.

Considering the future prospect of this study, with technological

advancement, FAST is reaching beyond the institution level to the injured

patients in multiple casualty incidents and battlefield situations.
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PROFORMA

Name:

Age:

Sex:

Date of Admission:

Chief complaints:

History of present illness:

h/o loss of consciousness

h/o ENT bleeding

h/o vomiting

h/o seizures

h/o chest pain

h/o abdominal pain

h/o hematuria

History of Past illness:

h/o previous surgery

h/o hypertension, diabetes, bronchial asthma, TB.

Personal history:

Smoker/alcoholic



General Physical Examination:

Consciousness level

Pallor

Hydration

BP:

PR:

Systemic Examinations:

CVS:

RS:

CNS:

Per-Abdomen examination:

Inspection – contour of abdomen

Position of umbilicus

Skin discolourations

Scars and injuries over abdomen

Movement of all quadrants with respiration

Examination of external genitalia and meatus.

Palpation—site of maximum tenderness

Any Palpable mass

Any guarding/rigidity

Percussion—Shifting dullness



Auscultation: bowel sounds

Per-rectal examination.

FAST analysis:

Perihepatic:

Perisplenic:

Pelvic:

Pericardial:

CT-abdomen: for free fluid only

CT-chest: for pericardial collection

Intra-operative findings: (where-ever applicable)
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1 thanga guru samy 33 male 04.01.2107 + + +
2 mariapan 49 male 05.01.2107 + + + + + +
3 Anbhazagan 42 Male 11.01.2107 + + + +
4 santhana mary 29 female 19.01.2017 + + + +
5 arrokiaraj 53 male 20.02.2017
6 chidambaranathan 47 male 28.02.2017
7 essakiraj 28 male 06.03.2017
8 govindan 38 male 10.03.2017 + + + + + +
9 ponnarasu 27 male 17.03.2018

10 ezhil 35 male 28.03.2017
11 madasamy 42 male 07.04.2017
12 kalimuthu 32 male 08.04.2017
13 balachandar 57 male 30.04.2017
14 nirmalraj 27 male 10.05.2017
15 essakiraj 51 male 18.05.2017

16 dhivya 17 female 25.05.2017 + + + + + + + +

17 elango 44 male 29.05.2017
18 gajalakshmi 35 female 03.06.2017
19 narasimaraj 27 male 12.06.2017
20 praveen 21 male 19.06.2018

21 sakthivel 27 male 25.06.2017 + + + + + + +

22 fathimamuthu 64 male 01.07.2017
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23 arulmurugan 32 male 04.07.2017 + + + + + + + +

24 sudalaivadivu 34 female 09.07.2017 + + + + +
25 paul jecy 18 female 15.07.2017
26 manimaran 24 male 22.07.2017 + + + + +

27 joel 21 male 31.07.2017 + + + + + + +

28 Arul 46 male 05.08.2017
29 noor jahan 6 female 17.08.2017 + - +
30 arumugam 49 male 02.09.2017

31 mutharasi 37 female 10.09.2017 + + + + + + + +

32 ravi 53 male 19.09.2017
33 alexpandian 59 male 25.09.2017
34 suresh 21 male 29.09.2017 + + + + +
35 fathima 31 female 14.10.2017
36 amuthan 36 male 18.10.2017 + + + + +
37 sundarapandi 29 male 29.10.2017 + + +
38 bharathi 27 female 05.11.2017
39 iyappan 42 male 08.11.2017 + + + +
40 manigandan 28 male 16.11.2017
41 paramasivam 49 male 24.11.2017 + + + +
42 ramachandran 39 male 30.11.2017 + + + + +
43 rithik 24 male 02.12.2017
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44 karuppusamy 49 male 09.12.2017 + + + + + +
45 manimegalai 30 female 13.09.2017 + + + +
46 divahar 24 male 27.07.2017
46 manikandan 17 male 01.01.2018 + + + +
47 ruban 38 male 09.01.2018

48 mariappan 44 male 26.01.2018 + + + + + + + +

49 essakiammal 58 male 04.02.2018
50 murugan 33 male 27.02.2018 + + + + +
51 velusamy 24 male 11.03.2018 + + + + +
52 muthu 38 male 23.03.2018
53 ramasundar 18 male 04.04.2018 + + + +

54 ramkumar 25 male 10.04.2018 + + + + + + + +

55 kalai 26 male 17.04.2018
56 krishnan 65 male 29.04.2018 + + + +
57 ARUN 29 male 03.05.2018
58 madasamy 38 male 17.05.2018 + + + +

59 paramsasivam 65 male 26.05.2018 + + + + + + +

60  pradeep 52 male 02.06.2018
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