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ABSTARCT

INTRODUCTION: Blunt abdominal trauma is one of the important contributors to
morbidity and mortality. Studies have indicated that the incidence of blunt abdominal
trauma has been increasing in the past decade. Since the burden of blunt abdominal
trauma is more in Low- and Middle-income countries such as India, it cals for the
development of various rapid diagnostic modalitiesto aid in early diagnosis, for faster

initiation of treatment and for reducing the preventable mortality.

AIMS & OBJECTIVES:. The current study was aimed at assessing the diameter of
IV C on the axial section of the CT scan of the abdomen as a predictor of hypotension

in blunt abdominal trauma.

MATERIALS & METHODS: The current study was a cross sectional study,
conducted in the department of Radiodiagnosis at KLE’s Dr.Prabhakar Kore Hospital
& MRC, Belagavi. A total of 30 blunt abdominal trauma patients affected by blunt
abdominal trauma were included by universal sampling method. Transverse:
Anteroposterior ratio of the IVC was measured infrarenally. The normal cut off value
of ratio was considered as 1.9. We considered aratio of > or = 1.9 asflat IVC and that
<1.9 -as non- flat IVC. The sensitivity, specificity and predictive values of flat IVC in

detecting hypotension were assessed by using IBM SPSS statistical software.

RESULTS: This study included 30 subjects with a history of blunt abdominal injury
with a mean age of 26.93 + 11.51 years for analysis. Mgority of subjects were in the
age group of 21 to 40 years. There was a significant male preponderance as 83.3% of
the study subjects were men. All the 30 patients involvement of the solid organs,

among whom 16(53.3%) had splenic injury, 15(50%) had liver injury, 4(13.3%) had



pancreatic injury and 5(16.7%) had kidney injury. Among the splenic injury patients,
major proportion were grade 111(37.5%) and grade IV (37.5%) injuries. The
percentage of Grade Il and Grade |11 (n=5, 33.33% each) injuries were higher among
liver injury patients. The percentage of grade 111 (n=2,50%) injury was greater among
patients with pancreatic injury compared to Grades Il and IV (n=1, 25% each).
Whereas, the percentage of grade | and 11 (n=2, 40% each) injuries was equal among
patients with kidney involvement. Among the study population 23(76.7%) had flat
IV C 28(93.3%) had hypotension and 23(76.7%) had both hypotension and flat IVC.
Flat IVC had sensitivity of 82.14% (95% Cl 63.11% to 93.94%), specificity of
100.00% (95 CI 15.81% to 100%) in detecting hypotension. The positive predictive
value was 100.00% (95 CI 85.18% to 100%), Negative predictive value was 28.57%
(95 CI 3.67%to 70.96%), and the total diagnostic accuracy was 83.33% (95 CI

65.28%t0 94.36%).

CONCLUSIONS: Hat IVC on CT could be of value in predicting hypotension
among blunt abdominal trauma patients. Perhaps, this finding could serve the treating
physician as an aid in early diagnosis and management to prevent mortality in such

patients.
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I ntroduction

INTRODUCTION

Trauma and resultant injuries can be considered as a major global cause of
mortality. According to the World Health Organization (WHO), injuries result in the
death of about 5 million individuals annually across the globe. Almost 9% of the
worldwide mortality is due to trauma. According to the reports released by the Centre
for Disease Control and Prevention, each year, around 2,14,000 individuals lose their
lives because of injury-related mortality. This translates to about 1 person per 3

minutes.

However, the morbidities due to injuries vastly outnumber the mortality rates.
For every person who dies due to trauma, many more are hospitalized due to
injuries.CDC states that for each person who dies, 129 individuals are reported to be
admitted to the emergency room, and 13 are reported to be hospitalised.? Huge
proportion of people who survive following a major injury may suffer from various
degree of temporary or permanent disability. Apart from adverse physica
consequences, these people often face severe economic and psycho-social
consequences. These injuries predominantly affect the economically productive

population and causes enormous burden on the health care system and on society.’

According to the World Health Organization statistics released in 2018,
injuries result in multiple losses to the economy at individual, family and country
level. Apart from the direct costs incurred during treatment and hospitalisation, the
indirect costs due to loss of productivity is enormous. Accidents are reported to result

in up to 3% loss of the country’s Gross Domestic Product.*
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I ntroduction

Injuries are more common in young age group and hence, it can be considered
asamajor cause for loss of potential years of the life of an individual. Haemorrhage is
one of the trauma-related preventable causes of mortality. Injuries to the abdominal
viscera, which are a mgor source of haemorrhage, present to us with few or no

symptoms, making their assessment and management very difficult.* >

Even in cases of mortality in blunt abdominal trauma, there might be no
externad signs of trauma® Furthermore, the diagnostic accuracy of physical
examination in abdominal viscera injury is low. The associated injuries to the central
nervous system pose additional difficulties in the diagnosis of abdominal trauma due
to altered level of consciousness.” The cases without physical signs of abdominal pain
may also harbour occult injuries. This often leads to missed diagnosis, especialy in a
resource limited setting where there is poor availability of necessary investigations
and a huge reliance on clinical examination. This has been reported as a major

contributing factor to preventable mortality among people affected by trauma.®

There are two types of abdomina trauma, namely, blunt and penetrating
trauma. Penetrating trauma mostly affects the liver, small intestine and colon. In blunt
abdominal trauma, the traumatic effects are transferred through the abdominal wall to
the internal organs, and hence, the organs most affected are the spleen and the liver.
Other organs which are affected include the bladder, rectum, along with structures
like mesentery, diaphragm and maor blood vessels. External compression,
deceleration and crushing injuries are the major causative forces in blunt abdominal
trauma. In case of blunt trauma, abdominal visceral injury contributes to as much as

13% of the cases.®
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Road accidents cause for about 75% of blunt trauma cases. Assaults & fall
contribute to about 15% and 10% of the cases respectively. Studies have indicated
that the incidence of blunt abdominal trauma has been increasing in the past decade.
However, the mortality has remained steady or in other situations has declined.
Patients with multiple injuries must be evaluated thoroughly for abdominal injuries by
imaging because most of the injuries affecting abdominal viscera are treatable and a

great proportion of the patients can recover completely.®

Computed tomography has significantly enhanced the current knowledge
regarding abdominal trauma.'® Accurate diagnosis of blunt abdominal trauma has now
been made possible with advances in CT imaging techniques.*** CT has aso been
useful in the evaluation of multiple injuries and to base the clinical decisions

depending on the severity of injuries.

Inferior Vena Cava is an important diagnostic tool for the evaluation of
patients with blunt abdominal trauma. The diameter of IVC changes in response to
intravascular volume in the patients. Hence, the IVC diameter can be used as a
predictor of blood loss and hypovolemia in patients with blunt abdomina trauma.
Assessment of Inferior Vena Cava can be done using either Ultrasonography or CT
imaging. Ultrasound imaging is difficult since the presence of bowel gas, inter-
observer variability and the presence of subcutaneous emphysema might complicate
the visualisation of 1V C to assess the presence of hypovolemia. Hence, CT imaging
has been found to be superior to USG in assessing the IVC diameter in patients with

blunt trauma.
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Need of the study:

Previous studies evaluating the predictive value of IVC diameter to assess
hypoperfusion in blunt abdominal injury have been conducted in Western Countries.
Since the burden of blunt abdominal trauma is more in Low- and Middle-income
countries such as India, it cals for the development of various rapid diagnostic
modalities to aid in early diagnosis, for faster initiation of treatment and for reducing
the preventable mortality. There are very limited number of studies conducted on the
predictive utility of Flat 1V C in the Indian population. Hence the quality of currently
available evidence is insufficient to make strong clinical practice recommendations.
Thereis certainly a strong need for a greater number of studies on the Indian subjects,
to enhance the quality of available evidence. This in turn may have a huge impact on
timely diagnosis of abdominal injuries, their effective management and may help in
preventing both mortality and morbidity. Hence the current study was conducted to
assess the independent predictive value of 1VC diameter in assessment of hypotension

among those with blunt abdominal trauma.
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Aim & Objectives

AIM

. To assess the diameter of 1VC on axial section of CT scan of abdomen as the

predictor of hypotension in blunt abdominal trauma.

OBJECTIVES

. To obtain a contrast-enhanced CT scan of the abdomen in patients who
presented with a history of blunt abdominal trauma.
. To assess the diameter of IVC in the venous phase as a predictor of

hypotension.
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Review of Literature

REVIEW OF LITERATURE

GLOBAL BURDEN OF BLUNT ABDOMINAL TRAUMA:
Ong et a** (1994) found that 79% of the abdominal trauma cases in Singapore

were due to blunt trauma.

Waitts et al*? (2003), aimed to define the prevalence of blunt HVI (Hollow
Viscus Injury) along with associated morbidity and mortality rates. They conducted
an anaysis of the data on blunt small bowel trauma admissions to multiple (95)
trauma care institutions in the Eastern part of the USA, for a study duration of 2 years.
They found that, out of al the trauma patients, nearly 83% had blunt abdominal
injury. Hollow viscus injury accounted for 1.15% cases, and < 0.3% of cases had
perforating injury to the small intestine. It was found that the rates of mortality and
morbidity were much higher among patients with HVI1 compared to those without

HVI.

Cooper et a*® (2005), used data from a trauma database in Scotland to do a
retrospective analysis to determine the occurrence of abdominal traumain cases with
chest and/or pelvic trauma. The study utilized data over a period of 5 years.
Concomitant abdominal injuries were found in 14% of the cases with chest trauma
and no pelvic trauma. In comparison, 8% of patients with only pelvic trauma had
abdominal trauma also. In polytrauma cases, with both chest and pelvic injuries, 47%
had injuries to the abdomen. A significant increase in the occurrence of abdominal

trauma was noticed with an increase in severity of the chest and pelvic trauma.

Salimi et a** (2009), studied the trauma patients admitted to the emergency
department in hospitals of Tehran, Iran, for a period of one year. Out of the total,

2.8% presented with abdominal trauma. The majority of the patients were males in
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their 20s and 30s. Blunt abdominal trauma cases were found to be more prevaent
than penetrating trauma cases. The mortality rate was also found to be higher in blunt

trauma cases.

Costa et a®® (2010), recognised that 7 to 10% of al trauma cases had
abdominal trauma. Polytrauma is often seen with orthopaedic injuries, thoracic
injuries and CNS injuries. They conducted a study using a multidisciplinary trauma

registry in Italy.

Gad et a'® (2012), studied the prevalence and the subtype of abdominal
injuries in Egypt. Out of all the trauma patients admitted over a period of around 5
years, nearly 83% of the patients had suffered from abdomina trauma. Blunt force

traumawas found to be the cause in 70% of abdominal trauma cases.

Hemmati et al’’ (2013), evaluated chest and abdominal trauma patients in a
teaching hospital in Tehran, Iran. The maority of patients with abdominal injuries had

blunt type of trauma (72.1%), and the mortality rate due to the same was 4.3%.

Arumugam et al*® (2015), conducted a retrospective analysis of the descriptive
data regarding patients admitted with abdominal trauma in a trauma centre in Qatar
over a 4-year period. Abdominal trauma accounted for 15% of all trauma patients.

Y oung males constituted the overwhelming majority.

Nishijima et al®(2012), aimed to characterise intra-abdominal injuries in cases
with blunt abdominal trauma (BAT). A systematic search of studies examining intra-
abdominal injuries over a period of several decades was conducted. The search results
showed an incidence of intra-abdominal injuries to be 13% in adult blunt abdominal

trauma patients admitted to the emergency department. There was datisticaly
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significant heterogeneity in this finding, although the confidence intervals were

notably clinically narrow.
BURDEN IN INDIA:

Ghosh et a® (2011), mentioned the relative lack of epidemiological data
regarding abdominal trauma. A prospective observational study was conducted among
the abdominal trauma patients admitted to a hospital in Kolkata, India. It was found
that young males were the mgjor sufferers of the disease condition. Nearly three-
fourths of the subjects had blunt type of trauma. The virtual absence of pre-hospital
care in the region and the lack of a uniform management protocol were found to be

the major issues.

Jha K et a® (2014), studied hollow viscus injury in blunt abdominal trauma
patients admitted to a hospital in Ranchi, India, over a period of 4.5 years. More than
87% of total cases were found to be men with an average age of 29 years. They
concluded that early recognition of intestinal injuries in BAT is critical, although it

may be difficult.

Mehta et al** (2014), noted that trauma though a major cause of mortality and
morbidity is a neglected disease of modern society. The authors conducted a
retrospective analysis on BAT patients in a hospital in Bangalore, India, over a period
of 18 months. The abdomen was frequently affected, and blunt abdomina trauma

constituted 85% of all abdominal traumas. Predominantly young males were affected.

Shubhendu et a®* (2016), stated that the abdominal cavity is an important site
for traumain road accidents due to the presence of multiple vital organs such as liver,

spleen, kidney, stomach, intestines, etc. The authors conducted an analysis of BAT
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based on autopsy findings in a hospital in Ranchi, India. They found that BAT was
commonly associated with thoracic injury (67% of cases) and with head trauma
(54%). The most frequent cause of death was neurogenic shock and haemorrhage.

Nearly half the patients died within 2 hours of the accident.

Krishnappa et a®® (2017), analysed abdominal trauma cases in the emergency
department of a hospital in rural Karnataka, over a period of 4 months. Among all
trauma cases, the incidence of abdomina trauma was found to be 52% and among
these two-third cases had blunt abdominal trauma. Nearly three-fourths of the patients
were men. Accompanying injuries such as chest trauma, head and neck injuries were
seen in around 56% of cases of abdominal trauma and significantly more common

among blunt trauma cases.

Malhotra et a® (2017), recognised Blunt Abdominal Trauma (BAT) as the
third most common type of trauma worldwide and an important cause of mortality
and morbidity in India. In their study among patients with BAT conducted in
Himachal Pradesh, they concluded that BAT especialy affects the 11-40 years age

group. Maes were affected more compared to females.

Solanki et al® (2018), conducted a study on BAT patients admitted to a
tertiary care hospital in Gujarat, India, over a period of 2 years. Mgority of the
patients were found to be young males (M:F ratio of 2.8:1) in the age group of 11 to
30 years. Late presentation to the hedthcare facility led to death in 67% of the

patients.
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COMMON ETIOLOGIESOF BLUNT ABDOMINAL TRAUMA:

Munns et a® (1995), analysed data of the patients who had blunt trauma to
the small intestine and/or to the colon over a period of 11 years in two hospitals in
Austraia. It was observed that nearly 85% of the cases were injured due to vehicular

accidents.

Rifat et a®’ (2003), noted that abdominal injuries are not common in sports.
But they stressed on the fact that the physician should recognize the warning signs of

dangerous traumato the spleen, liver or hollow viscus organs.

Barrett et a®® (2012), recognized that athletic events have the potential to
cause trauma to the abdomen. When an athlete is hit in the stomach with shoulder,
helmet, or by falling onto hard objects such as a ball it causes a blow to the solar
plexus which is the most common distress injury in athletes. Organ damage is

specifically dangerous due to the potential of internal bleeding or organ failure.

Naik et al® (2013), studied victims of blunt abdominal injuries over one year
in ahospita in Telangana. Road accidents were found to be the most common form of
injury (63%), followed by accidental fall from height (15%). These included fall
from trees, rooftops, fall in elderly and fall under the influence of acohol. Industrial

accidents were responsible in 4% of cases and assault in 9% cases.

Reddy B et a* (2014), aimed to analyse the epidemiology and pattern of BAT
in road traffic accidents (RTAS) in Bangalore, India. It was found that 54% of blunt
abdominal trauma were caused due to road accidents involving a heavy vehicle, one-
fourth of cases involving a light motor vehicle, 12% of cases involving two-wheeler

and remaining 10% were due to unknown ‘hit and run’ cases.
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Jhak et al® (2014), found that in the majority of cases, the cause of hollow
viscus injury in abdomina blunt trauma was road traffic accidents (57%y). Fall from
height was another important cause, contributing to more than one-third of the cases

(36%). Trauma due to assault was less common at around 6%.

Arumugam et a*® (2015), found injuries due to road traffic accidents (RTA),
seen in 61% of cases, as the most frequent cause of BAT in their study on patients
admitted to a hospital in Qatar. The relatively less important causes were fall from

height (25%) and fall of heavy objects (7%).

Pimentel et a®* (2015), conducted a retrospective analysis of patients suffering
from BAT who required laparotomy on an emergency basis over a period of 23
months in a hospital in Brazil. The mgor mechanism of trauma was automobile
accident (as seen in 85% of the cases). Among those who were injured due to such
accidents, 63% were healed while the remaining cases died. The other causes of BAT

were direct abdominal trauma (8.2%) and fall (7%).

A prospective study was conducted by Sharma et al*? (2017), on BAT patients
admitted to a hospital in Andhra Pradesh over a period of 2 years. The most frequent
cause of injury was found to be road traffic accidents (28%). Being hit by objects and
fall from height were both equally common at 26% each. Assault was the mechanism

of injury in 20% of the cases.

In a study by Amuthan et a®* (2017), patients with a history of blunt
abdominal trauma admitted to a teaching hospital in Tamil Nadu were included in the
sample and patients with gunshot and penetrating injuries were excluded. In the

majority of the cases (two-third cases), the cause was found to be road traffic accident
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followed by fall from height (22%) while minor causes included being hit by a blunt

object (6%) and assault (4%).

Agarwal et a* (2017), assessed patients admitted with blunt abdominal
trauma over a period of one year in a hospital in Ragjasthan. The predominant mode of
injury encountered was motor vehicle accidents as seen in nearly two-thirds of the

cases.

Choua et al® (2017), reviewed data from medical records of patients admitted
with blunt abdominal trauma over a period of 5 years in a tertiary care hospital. The
major etiological mode identified was road traffic accidents (as seen in more than
61% of the cases). Less common causes were assaults (8.2%) and wall collapses

(14.3%). Fall from a height constituted 6.3% of the cases.

O’Rourke et al® (2019), noted that most of the blunt abdominal trauma casesin
the USA were due to road traffic accidents involving motor vehicles. Less common
causes included fall from height, sports injuries, industrial accidents and bicycle

injuries.

Shashikumar et al*® (2018), studied blunt abdominal solid organ injuries
admitted in amedical college in Karnataka over a period of one year. They found that
the most significant mode of injury in these cases was road traffic accident (53% of
the cases). The second important cause was fall from height (31%). Assault was seen

in 15.5% of the cases.

Kumar et al® (2018), analysed data on internal or external abdominal injuries
due to blunt trauma gathered from dead bodies in amedical institute in Uttar Pradesh.

The type of vehicle most frequently involved in the causation of such trauma were
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two-wheelers (70%). Pedestrian and three-wheeler accidents was responsible for
11.3% and 12% respectively. Four-wheelers were low on the list of the type of

vehicles responsible at 6.7%.

Umare et a*® (2018), conducted a prospective study of BAT patients admitted
to a hospital. It was concluded in the study that road traffic accidents were the first
common mode of injury observed in 50% of cases, followed by fall from height

observed in 28% of cases and lastly assault was observed in 20% of the cases.

Trehan et a® (2018), retrospectively studied data on patients suffering from
BAT collected over a period of 5 years in India. Most commonly, the cause of
abdominal trauma was road traffic accidents (68%). Fall from height (15%) and
assault (13.4%) were other important causes. Strike by a heavy object was relatively
uncommon at 3.5%.

Adam et a*° (2018), observed that abdominal injuries were relatively rare in
gports and were mostly caused in sports involving contact and collision. Abdominal
injuries in sports are the result of high or low energy blunt trauma and are caused in
athletes, mainly due to non-usage of abdominal protective equipment. Side-line
management of abdominal trauma in sports is challenging because even traumawhich
appears insignificant initially may lead to serious life-threatening injuries. Splenic
trauma accounts for a quarter of all BATs. Liver injuries are seen in 15-20% of all

BAT cases. But they cause up to half of al BAT-related mortality.

Legome et a** (2019), stated that BAT is caused in the general public, mainly
due to vehicular trauma. In 50 to 75% of cases, the cause was found to be road
accidents involving a vehicular collision or pedestrian- vehicular collision. Less

important aetiologies were fals and accidents caused in industries or in recreational
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activities. Relatively insignificant causes were iatrogenic CPR-related injury, manual

thrusts which were done for clearing the airway, and even the Heimlich manoeuvre.

RISK OF INJURY TO VISCERA AND VASCULAR STRUCTURES:

Miller et a* (2002), analysed retrospective data from the records of
hemodynamically stable patients with SOI (Solid-organ Injury) in the form of injury
to liver, spleen or both due to BAT in a trauma centre over a period of 3 years. The
most commonly injured organs were spleen alone (43%), liver aone (42.1%) and
liver and spleen together (15%). It was found that bowel injury and pancreatic injury
were statistically more common in the group suffering from liver injury alone. Such a

statistically significant difference was not seen for bladder injury.

Velmahos et a*® (2003), prospectively observed BAT patients in a teaching
hospital. During the period of the study, half of the patients had an injury to the spleen
while nearly half (48%) had an injury to the liver. Rena injury (19%), two-organ
injury (11%) and three-organ injury (7%) were the other most common findings in

patients.

Kokabi et a* (2014), aimed to present a multidisciplinary management
protocol for common intra-abdomina solid organ injuries. The authors noted that
splenic and hepatic injuries are the most frequently seen solid organ injuries in
patients with BAT. Rena and pancreatic injury are relatively less common. They
mention that splenic injuries accounts for 49% of all BAT injuries, while the liver
injury is seen in 1-8%. Although hepatic injuries are less common, they are the most
prominent cause of death due to BAT. Kidneys are damaged in 1 to 5% of al BAT
patients while the pancreatic injury is seen in less than 2% of al BAT cases.

Pancreatic injury is almost never seen alone and is most prevalent in younger people
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who have less retroperitoneal fat. Hilar and segmental vascular injury in the spleen
with extravasation, injuries to the retro-hepatic inferior vena cava or major hepatic
veins, damage to the main rena artery or vein with hemorrhage and genera

hemodynamic instability are major considerations in the management of BAT.

Kulkarni et a* (2015), conducted a prospective study of the cases of BAT
admitted in a rural hospital in Maharashtra over a period of 2 years. Of all the BAT
patients, around 42.65% had evidence of intra-abdominal injury or perforation. The
most commonly injured hollow viscus organ was the small bowel, accounting for
13.8% of all internal abdominal injuries. The most commonly affected organ overall
was the spleen, injuries to which were seen in 27.6% of the total. Mesenteric injuries
were found in 17.2% of the cases. Less commonly affected organs were large bowel,
stomach (6.9%), urinary bladder (6.9%), liver (6.9%), urethra (3.45%), pancreas

(3.45%), and kidneys (3.45%).

Baghdanian et a*° (2016), noted that assessment of the arterial supply of liver
and spleen along with major upper abdominal vascular injuries up to the level of the
superior mesenteric artery may be necessary in cases of BAT. Active haemorrhage,
vascular tears, vessel dissections, pseudo-aneurysms, arteriovenous fistulas,
intraluminal thrombosis and vessel contour abnormalities are some of the forms of
vascular injury. The major sites of vascular injury included the aorta, that of the liver,
spleen, kidneys and bowel and mesentery. Abdominal aortic injury is most dangerous,
although rarer than injury to the thoracic aorta. The zone between the inferior aspect
of the renal arteries and the aortic bifurcation is the most common site of injury. In the
liver, portal vein and hepatic vein injuries both along with injuries to the hepatic

arteries complicate the situation.
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Kobayashi et a*’ (2016), states that abdomina vascular trauma, athough
lethal, is generally rare and is typically associated with penetrating trauma. The most
commonly affected vessels are the aorta, superior mesenteric artery, iliac arteries,

IVC, portal vein, and iliac veins.

Srivastava et d*® (2017), studied patients admitted with BAT in a hospital in
Uttar Pradesh over a period of 1 year. The frequent site of injury in patients of blunt
abdominal trauma was found to be jgunum, followed by the ileum. Splenic and
hepatic injuries were found to be next frequent sites in BAT. Less common injuries

included renal injury, bladder injury and mesenteric tear.

El-Menyar et a*® (2017), retrospectively analysed data on patients with solid
organ injuries (SOIs) due to BAT over a period of 3 years. It was found that the most
commonly damaged organs were the liver (45%), followed by the spleen (in 30% of
cases) and the kidney (18%). One-fifth of the patients suffered from injuries to
multiple solid organs, out of which 87% suffered from injury to two organs. Those
with multiple SOIs were found to suffer more commonly from a head injury and more

severeinjuriesin general.

Jain et a* (2017), studied cases with a history of either penetrating or blunt
abdominal trauma admitted to a teaching hospital in Madhya Pradesh, India for a
period of 18 months. All the patients were found to have hollow viscus injury, out of
which injuries to the ileum and the jgunum were largely predominant. On
ultrasonography, it was observed that the most frequently affected solid organs were

spleen and liver.
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Bansod et al®* (2018), conducted a longitudinal study among cases of blunt
abdominal injury over a period of 2 years. 40.6% of cases with BAT had features of
SOI on ultrasonography. Isolated injuries to the spleen were present in 16.7% of cases
with BAT history. 10.1% of BAT cases were established to have isolated liver
injuries. 1.45% of the BAT cases presented with an isolated injury to the pancreas.
Multiple SOIs were seen in 6.5% of patients with a history of BAT. Spleen and left
kidney were affected in 8.33% of hemodynamically stable BAT patients while the
proportion of cases with injury to both spleen and liver was aso 8.33%. Those having

an injury to both spleen and pancreas constituted only 2.1% of such cases.

Wesdle et a* (2018), reviewed the data collected on patients who were
subjected to laparotomy for abdominal trauma for a period of 4 years in a hospital in
South Africa. They found that 8.6% of al patients who underwent laparotomy had
IntracAbdomina Vascular Injuries (IAVI). Out of those having IAVIs, more than
89% had suffered from penetrating trauma in the form of gunshot wounds and stab

wounds, and only 11% were victims of blunt trauma.

Legome et a** (2019), noted that the mechanisms of injury involved in blunt
abdominal trauma are broadly of three types. The most important mechanism is rapid
deceleration and the resultant shear forces which causes tearing of hollow, solid
visceral organs and vessels, typically at points of their attachment. Commonly
affected areas are the liver, rena arteries and aorta. The second important mode
involves crushing between the posterior vertebral column/thoracic cage and the
anterior abdominal wall. Solid organs such as spleen, kidneys and liver are
particularly under threat. Lastly, external compression from direct blows or against a

fixed object such as the spinal column or a belt isimportant. Typicaly, hollow viscus
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organs are affected. Overal liver, spleen, small intestines and large intestines are

affected most frequently in that order.
Incidence of hypovolemic shock and contribution to mortality:

Morales et al®® (2004), studied intra-abdominal infections in abdominal trauma
patients. They concluded that the amount of third-space fluid was associated with the
severity and duration of hypovolemic shock leading to hypoperfusion and hypoxia,
which was found to be linked with increased risk for infection. Another separate risk

factor recognized for infections was blood transfusion.

Wang J et a>* (2013), observed Hypovolemic Shock Complex (HSC) only in
5% of BAT patients. But there is an association between such HSC findings and
poorer patient’s outcome, typically with the mortality which increases up to 70%. The
main causes of hypovolemic shock were noted as maor vessal rupture, arterial
lacerations and solid organ injuries. They suggest that a clear distinction should be
drawn between haemorrhagic shock and blunt organ injury as it is typically the organ

injury which requires surgical action.

Shalhub et a™ (2014), studied blunt abdominal aortic injuries in multiple
centres over a period of 15 years. The proportion of blunt trauma patients who
suffered from blunt abdominal aortic injury (BAAI) was 0.03%. Hypotension was
identified in 47% of the cases. The overall mortality rate was 39%. More than two-
thirds of the deaths occurred in the first 24 hours, primarily due to haemorrhage or
cardiac arrest. Zone |1 aortic ruptures were associated with the highest death rates of

92%.
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Wang SY et a*° (2014), analysed a series of patients who suffered from BAT
and managed with Damage Control Laparotomy (DCL) in a hospital over a period of
more than 10 years. All these patients underwent DCL because of haemorrhagic
shock. The authors found that 61.5% of the patients died. They concluded that DCL

can be alife-saving procedure in critically exsanguinated patients.

Mehta et a®* (2014), made a note that around 10% of patients with BAT
develop refractory hypovolemic shock due to persistent blood loss in the face of
aggressive fluid resuscitation, indicating the need for urgent laparotomy. In their
study, they observed that 34% of the patients were in hypovolemic shock on
presentation. The death occurred in 4% of cases studied and the most common cause
was irreversible shock. The deaths due to post-operative hypovolemic shock occurred

in cases of major splenic injury and small bowel trauma.

Pimentel et a® (2015), mentioned that one of the risk factors for mortality
among the cases with abdominal trauma is shock upon admission. Haemorrhagic
shock without apparent cause was the most frequently observed clinical feature in
patients in whom abdominal trauma had been suspected. The leading cause of

mortality in such patients has been identified as hypovolemic shock.

In the study by Arumugam et a'® (2015), 6% of the patients died within the
first 24 hours of admission to the hospital. Among these cases, unresponsive shock
due to exsanguinating injuries was a common cause of death. 2.3% of the cases died
after the first 24 hours of admission. Among those, the haemorrhagic shock was less

important, contributing to 8.3% of the deaths.
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Boese et al®’ (2015), aimed to identify factors affecting prognosis and failure
of Non-Operative Management (NOM) of blunt hepatic injuries. They conducted a
systematic review and found that the blood pressure, fluid resuscitation and blood
transfusion were some of the important statistically significant prognostic factors.
They concluded that sufferers of blunt liver injuries who present with clinical signs of

shock are at an increased risk of failure of Non-Operative Management (NOM).

Sharma et a* (2016), found that shock was the second most common
presentation, seen in 15% of cases of BAT. One patient who was initially managed
conservatively had to be taken in for surgery for development of shock due to
bleeding from grade 11 splenic injury. The authors noted that BAT poses a dilemma
from the diagnostic and therapeutic point of view as patients present with a wide

variety of symptoms ranging from no findings to refractory shock.

Shubhendu et a?* (2016), identified haemorrhagic shock as the major cause of
death in cases with BAT, contributing alone to about 47% of the cases and
contributing together with neurogenic shock to 43.6% of the cases. Out of those who
died due to haemorrhagic shock alone, 39.5% died in the first 24 hours. When both
neurogenic and haemorrhagic shock co-existed, death happened in the first 2 hoursin
39.5% of the cases. The authors also observed that shock was the main mechanism of
death in the first 24 hours after trauma, while sepsis was the main cause in those who

survived beyond 24 hours.

Vadamalai et a®® (2016), conducted an analysis of BAT cases admitted to a
hospital in Tamil Nadu over a period of one year. It was observed that 20.8% of the
cases presented with shock, out of which 45.5% had an injury to the spleen, 27.3%

had a hepatic injury, 18.2% had perforation of the small bowel, and 9.1% had large
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bowel perforation. Hypovolemia was the cause of death in only 11%, while

septicaemia was the most common cause of death.

Sheshe et al*(2017), studied case records of patients with abdominal trauma
in a hospital in Nigeria over a period of 2 years. Cases of both penetrating and blunt
trauma were taken into consideration. 29% of the patients were established to have
hypotension, tachycardia, low pulse pressure, and shock index >1. The shock was
identified as one of the main factors associated with mortality, along with gunshot

injuries, multiple injuries, sepsis and lack of facilities.

Ruscelli et a® (2017), aimed to describe over his 10 years worth experience
about management of blunt abdominal trauma in a single trauma hospital in Italy. The
hemodynamic stability of the patients was assessed, and the patients were categorised
into groups. 4.5% of mortality was found in patients who were stable
hemodynamically and did not undergo surgery. Patients in the unstable group, who
underwent surgery suffered from a mortality rate of 15.3%. The relative risk of death
among the non-operative group over the surgery group was an odds ratio of 3.41 with
95% confidence intervals; it was also observed that patients above 40 years of age had

more statistically significant mortality.

Jabbour et a® (2017), noted that massive haemorrhage following blunt
abdominal traumais mainly caused due to injury to the spleen. A retrospective study
was conducted on patients with injured spleen following blunt traumain a hospita in
Qatar. Blunt Splenic Injury (BSI) accounted for 22% of all annua BAT admissions.
The systolic blood pressure was less than 90 mm Hg in more proportion of patients
with Grade IV splenic injury. No statistically significant data for the difference in this

proportion over the grades of splenic injury was observed (p=0.11). The overal
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mortality rate was 7.9%. Among those with grade V splenic injury who died, 67%
died due to irreversible haemorrhage and shock within one day. Overal, the most

common cause of death was associated with severe Traumatic Brain Injury (TBI).

Prichayudh et a® (2019), analysed data regarding Abdominal Vascular
Injuries (AVI) in a hospital in Thailand over a period of 10 years. Both blunt and
penetrating injuries were included. AVI patients were equally distributed between
these types of injuries. More than three-fourths of the cases were in shock on arriva
to the trauma centre. Higher Injury Severity Scores (ISS) were found in abdominal
vascular injuries. Damage control operative procedures were done more frequently in
the blunt trauma cases (89.3% of the cases) compared to the 74.1% in penetrating
injury cases. Mortality rates were also higher in blunt injuries at 50% compared to
30% in penetrating trauma. However, this difference was not found to have

considerable statistical significance (p=0.205).
DIAGNOSISOF HYPOVOLEMIC SHOCK:

History and physical examination often provide clues to the diagnosis of
shock. Hypovolemic shock due to haemorrhage often presents with a history of
trauma. The symptoms of hypovolemic shock are due to low blood volume, altered

acid-base balance and tissue hypo-perfusion.

The patients might present with symptoms of increased thirst, postural
hypotension and muscle cramps. If mesenteric ischemia occurs, as in cases of blunt
abdominal trauma, abdominal cramps can occur. On examination, dry mucus

membranes, cold clammy skin and loss of skin turgor were present.®®
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Shock index is obtained by dividing the heart rate by systolic BP. A shock
index of more than or equal to 0.6 is clinical shock. It has adirect correlation with the
degree of hypovolemia and thus can identify the high-risk patients. A shock index of
> or =0.6 and less than 1.0 is a mild shock, Sl > or =1 to less than 1.4 is moderate

shock and shock index > or = to 1.4 is severe shock.®

Based on the degree of blood loss in trauma, the patients are classified into the

following classes:®

Class 1 Shock: Blood loss amounts to almost 15% of the total volume of blood. There

isno significant changein vitals such as HR, BP and pulse pressure.

Class 2 Shock: Blood loss amounts to 15% to 30% of the total blood volume.
Tachycardia can occur. Pulse pressure starts narrowing down. There might be no

changein the systolic BP other than amild decrease.

Class 3 Shock: Blood loss amounts to 30 to 40% of total blood volume. A significant
lowering of BP and altered sensorium can occur. Tachycardia and tachypnoea are

present. Thereisreduced urinary output and prolonged capillary refill time.

Class 4 Shock: The total blood loss exceeds 40% of total blood volume. Tachycardia
and atered sensorium are marked. Hypotension, oliguria or anuria and delayed

capillary refill are also present.

With regards to laboratory parameters, reduction in haemoglobin can occur in
trauma patients with marked blood loss. However, haemoconcentration might result in

afalse elevation of haemoglobin values.
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The frequently used method to assess the presence of hypovolemia is central
venous pressure. But it has been recently found to be inadequate for diagnosing
hypovolemia. Compliance of the chest wall, presence of right heart failure are some
of the confounding factors that may affect the accuracy of central venous pressure in
assessing hypovolemia. Measurement of pulse pressure to assess the fluid volume is
effective only among patients who are spontaneously breathing. This is also not
accurate in cases with increased respiratory rates, reduced compliance of chest wall

and with right heart failure.®® ®

Due to non-specific symptoms and the inadequate diagnostics for identifying
hypovolemia and haemorrhagic shock, additional parameters are required with

improved sensitivity and specificity to diagnose hypovolemic shock.

Physiological changesin major vessels:

Hypotension and hypovolemia due to blood loss in blunt abdominal trauma
result in physiologica changes occurring in the major blood vessels. Imaging
procedures such as CT scan and ultrasound were usually used to evaluate anatomical
and pathological defects. However, in recent times, imaging has aso been used to
assess various physiological changes. Imaging techniques are non-invasive, and hence
they are of great utility in the rapid assessment of fluid loss among those with blunt

abdomina trauma.

Physiology of inferior vena cava changes:

Inferior vena cavais a compliant magjor blood vessel which aters its diameter

in relation to the intravascular volume. The diameter of the inferior vena cava varies
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from individua to individual. However, it has been reported that the maximal

diameter of the inferior vena cavais lesser anong those with hypovolemic shock.®®

The collapsibility index of the inferior vena cava is aso used to measure the
volume status along with dimensions. The collapsibility index of the inferior vena
cava is dso termed as the caval index.®It is the difference between the highest
diameter of the IVC during expiration and the lowest diameter of the IVC during
inspiration which is divided by the maximum diameter of the IVC. When the caval
index is more than 50%, it indicates the presence of hypovolemia. The predictive
value is higher when the caval index is combined with a small diameter of the

IvVC. 870

Various studies have been conducted with regards to changes in magjor blood

vessels during blood loss.

Barbier et al” (2004), conducted a study on the predictive value of inferior
vena caval diameter in fluid responsiveness among those who are in hypotensive
shock. They measured the inferior vena cava diameter at the end of inspiration and
expiration. The percentage of the difference between the highest and lowest diameter
of IVC divided by the lowest diameter of the IVC was used to calculate the
distensibility index. Patients were classified based on response to fluid therapy into
responders and non-responders. It was reported that, when a threshold of 18% was
used as a cut-off to classify the distensibility index, there was a 90% sensitivity and
90% specificity in predicting the responsiveness to fluid therapy. Hence the authors
concluded that 1V C diameter could be accurately used to predict the responsiveness to

fluid therapy among patients in shock.
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Feissel et a’ (2004), conducted a study on the utility of 1VC diameter in
developing a guide to fluid therapy. It was reported that after administering a
standardised volume load, there was a 5.2% to 5.8% change in IVC diameter. The
baseline respiratory variation in 1VC diameter was significantly higher among those
who responded to fluid therapy, compared to non-responders. A cut-off value of 12%

variation in 1V C diameter accurately identified responders and non-responders.

Yanagawa et al”® (2005), conducted a study on the association between the
IVC diameter and hypovolemic shock. They measured the IVC diameter among
trauma patients with and without shock both during arrival and on day 5. It was
reported that patients with shock had a significantly lesser IVC diameter on an
average compared to the controls. These patients in shock had the IV C diameter of 9
mm or less, in addition to significantly lower haemoglobin levels. There were no
considerable changes in the IVC diameter among those without shock after 5 days
following admission. However, among the trauma patients with shock, there was a
considerable improvement in IVC diameter after 5 days following admission when
the fluid replacement was performed. Hence the authors conclude that among the
trauma patients with hypovolemia, there is a significant correlation between IVC

diameter and fluid status.

Even minimal amount of blood loss results in quantifiable changes in IVC
diameter. Lyon M et a "4(2005), conducted a study on the value of 1VC diameter as a
marker in predicting blood loss. They included 31 participants who were 49.5 years
old on an average. Blood donation was used to study the effects of blood loss. The
average IV C diameter during expiration was 17.4 mm before the participants donated

blood. After donating blood, the IV C diameter decreased to 11.9 mm. The reduction
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in IVC diameter was 8.13 mm on an average after blood donation. There was a
considerable reduction in 1VC diameter at both inspiration and expiration after blood
donation, which causes a blood loss of around 450 ml. Considerable correlation
between IV C diameters at inspiration and expiration was observed. Hence, the authors
suggest that measurement of IVC diameter could be used to reliably predict even a
blood loss as less as 450 ml. Thus, measuring the 1VC diameter could be used to
evaluate trauma patients in whom volume depletion can occur as a result of blood

| oss.

Sefidbakht et al” (2004), studied the relationship between 1VC diameter and
shock among trauma patients. They included 88 patients in total, among those 11 had
shock and 77 patients had no shock. The AP-diameter of the inferior vena cava was
measured during inspiratory and expiratory phases. The collapsibility index of the
IV C was measured. It was found that the trauma patients with shock had considerably
lower IVC diameter at both inspiration and expiration compared to those without
shock. The IVC diameter at expiration was inversely correlated with the risk of shock.
The mean inferior vena cava collapsibility index was significantly greater among
trauma patients with shock. Hence, the authors recommend measuring 1V C diameter

as an additional tool in the evaluation of trauma patients.

Murphy et a’® (2009), conducted a study on the changes in IVC diameter
caused by intravascular volume changes. They measured the diameter of the IVC at 1
cm as well as 5 cm below the level of the renal vein using CT among those with
abdominal trauma. Measurements were done both at the time of admission as well as
after fluid replacement. It was found that all the patients had a collapsed 1VC with a

diameter of less than 15 mm. A considerable increase in IVC diameter at the infra-
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renal segment was noticed after resuscitation with fluids. An increase from 6.9 mm to
15.7 mm was noticed in IVC diameter during follow up. The minor axis of the IVC
underwent an 84% increase in volume due to 5 times expansion of minor axis size. In
contrast, the magjor axis did not undergo much significant change with only 5%
increase in volume. The left-anterior-oblique orientation of the IVC did not change
after fluid resuscitation and at times, resulted in under-estimation of the size of the

IVC.

Nguyen et a’’ (2014), studied the IVC diameter among trauma patients with
occult shock. They included 264 patients with trauma, among whom 52 had a flat
inferior vena cava which was measured using CT. It was observed that, among those
with a flat IVC, the severity of injury, serum lactate levels and base deficit were
significantly higher than among those who had a normal 1VC diameter. Furthermore,
the fluid requirement and the need for blood transfusion of those with flat 1VC were
also significantly more. The trauma patients with a flat IVC were at a 2.87 times
greater risk of developing occult shock and 2.26 times higher risk of developing
complications compared to those who had a normal 1V C diameter. Hence, the authors
recommend measuring 1VC diameter to predict high-risk patients who might require

greater fluid support in cases of trauma.

Gui et a’® (2015), conducted a study on the relationship between patient
characteristics along with fluid status and the IVC diameter. They assessed the
influence on IVC by parameters such as age, gender, body surface area, BMI and
history of hypertension. It was found that none of these variables were significant

predictors of 1VC diameter and its collapse. Hence, they concluded that the fluid
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status can be reliably predicted by the IVC diameter and is not affected by the prior

patient characteristics.
HYPOVOLEMIA INDUCED CHANGESIN AORTA:

Prior studies have shown the presence of correlation between the diameter of
aorta and the fluid status. Jonker et al™® (2010), conducted a retrospective analysis on
the relation between aortic diameter and hemodynamic instability among patients with
abdominal trauma. They included 43 patients with an average age of 37 years. The
average pulse rate in the study population was 122 beats per minute and the mean
blood pressure was 103/63 mm Hg. It was found that the average diameter of the aorta
among the hemodynamically unstable patients was significantly lower compared to
those who were hemodynamically stable. The authors added that this could have
potential implications in assessing the fluid status and deciding on the size of the

endovascular graft to be used in injuries of the aorta.

To confirm the results of the retrospective study, Jonker et a® (2010),
conducted an animal study regarding the effect of blood loss on aortic diameters in
porcine models. A considerable reduction in aortic diameter at al levels was observed
due to hypovolemia. The diameter of the ascending aorta recorded a 38 to 40%
reduction in diameter after blood loss. The thoracic aorta recorded an average of 32%
reduction in diameter. The abdominal aorta experienced a 28% reduction in diameter
following blood loss and resultant hypovolemia. The original dimensions of the aorta
were restored after fluid replacement. Hence, the authors recommend monitoring the

aortic diameters in assessing blood loss status and as a guide to fluid replacement.
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Bilgin et ad® (2019), studied the changes in both IVC as well as the abdominal
aortic diameter in response to fluid loss. They included hedthy volunteers and
assessed the effect of blood loss in the form of blood donation and response to fluid
therapy with 500 ml of norma saline. A blood loss of 500 ml caused a significant
change in parameters such as shock index, caval/aorta index as well as abdominal
aortic diameter. Furthermore, these parameters were aso normalised after fluid
replacement. Hence the authors suggest that monitoring of parameters such as
caval/aorta index, the diameter of abdomina aorta would be useful in early

identification of blood |oss.

AAST GRADINGOF ABDOMINAL ORGANS:®

Spleen injury scale (1994 revision)

Grade* | Injurytype Description of injury ICD-9 | AIS90
I Hematoma | Subcapsular, <10% surface area 865-01 2
865.11
Laceration | Capsular tear, 865.02 2
<1cm parenchymal depth 865.12 2
[ Hematoma | Subcapsular, 10%-50% surface area 865.01
intraparenchymal, <5 cm in diameter 865.11
2
L aceration Capsular tear, 1-3cm parenchymal depth 865.02
that does not
involve atrabecular vessel 865.12
3
Subcapsular, >50% surface area or
i Hematoma expanaSi ng; ruptured
subcapsular or parenchymal hematoma;
intraparenchymal
hematoma > 5 cm or expanding
. >3 cm parenchymal depth or involvin
Laceration | * abecuﬁ’ar Vessés P 9 86503 | 3
865.13
v L aceration Laceration invglving segmental or hilar
vessels producing
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major devascularization (>25% of spleen) 4
\ Laceration | Completely shattered spleen 865.04 5
Vascular Hilar vascular injury with devascularized 865.14 5

spleen

* Advance one grade for multiple injuries up to grade I11.

Liver injury scale (1994 revision)®

Grader | VPOl Description of injury ICD-9 | AIS-90
Injury
I Hematoma | Subcapsular, <10% surface area 864.01 2
864.11
Laceration | Capsular tear, <lcm 864.02 2
parenchymal depth 864.12
I Hematoma | Subcapsular, 10% to 50% surface area 864.01 2
intraparenchymal<10 cm in diameter 864.11
| aceration Capwlar tear 1-3 cm parenchymal depth, <10 864.03 5
cmin length
864.13
Subcapsular, >50% surface area of ruptured
i Hematoma ;ubcapsular or parenchymal hematoma; 3
intraparenchymal hematoma > 10 cm or
expanding
Laceration | >3 cm parenchymal depth 864.04 3
864.14
, P hymal disruption involving 25% t
Vv Laceration 7?0/3”:6;/3“2"3; ljf; © olving 25%to 864.04 4
1-3 Couinaud’s segments 864.14
Vv L aceration Parenphymal disruption involving >75% of 5
hepatic lobe or >3
Couinaud’s segments within a single lobe
Vaseular Juxtahepatic \{enous injuries; i.e., add in short 5
cut retrohepatic vena
cavalcentral major hepatic veins
VI Vascular Hepatic avulsion 6

* Advance one grade for multiple injuries up to grade 111
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Pancreas | njury Scale®

Type of

Grade* . Description of Injury ICD-9 AlS-90
Injury
. . , - 863.81-
I Hematoma | Minor contusion without duct injury 863.84 2
L aceration Sgperﬂmal laceration without duct 5
injury
Major contusion without duct injury 863.81-
. Hematoma or tissue loss 863.84 2
L aceration Mqor laceration without duct injury 3
or tissue loss
. Distal transection or parenchymal 863.92/
] Laceration |4y with duct injury 863.94 3
Proximal transection® or
Vv Laceration | parenchymal injury involving 863.91 4
ampulla
v L aceration Massive disruption of the pancreatic 863.91 5

head

* Advance one grade for multiple injuries up to grade I1l. *863.51,863.91 - head;
863.99,862.92-body;863.83,863.93-tail. *Proximal pancreas is to the patients’ right of
the superior mesenteric vein.
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Kidney injury scale:®

Grade* -I;)rl]ﬁisf Description of injury ICD-9 | AIS90
Contusion Microscopic or gross haematuria, urologic 866.01 2
studies normal
Hematoma. Subcapsular, nonexpandl ng without 866.11 2
parenchymal |aceration
I Hematoma. Nonexpanding perirenal hematoma confined 866.01 2
to rendl
Retroperitoneum 866.11
L aceration <:.L.O cm pgrenchymal depth of rena cortex 866.02 2
without urinary
Extravasation 866.12
>1.0 cm parenchymal depth of renal cortex
[l Laceration | without collecting system rupture or 866.02 3
urinary extravasation
| aceration Parenchymal laceration extending through 866.12 4
renal cortex,
\Y] medulla, and collecting system
Vascular Maln_renal artery or vein injury with 4
contained haemorrhage
V Laceration | Completely shattered kidney 866.03 5
Vascular Avulsion of renal hilum which devascul arizes 866.13 5

kidney

* Advance one grade for bilatera injuries up to grade I11
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ROLE OF CT IMAGING:

Abdomina CT is an important diagnostic tool, which can be used for BAT
patients. In particular, CT imaging is especialy helpful in the early diagnosis of solid
organ injuries and injury to the vascular structures which are known to cause an
increased risk of complications and mortality.>*CT imaging is superior to other
modalities due to its increased accuracy and patient safety profile. The various CT

findingsin blunt abdominal injuries are as follows:
Hemoperitoneum and freefluid in peritoneum:

Hemoperitoneum is more commonly found in association with injuries
occurring to the solid as well as hollow abdominal viscera. The occurrence of free
fluid in the pelvis is common in females during their menstrual cycle. However,
among males, the occurrence of free fluid in peritoneum without any injury to viscera
necessitates additional diagnosis.®® In trauma cases, patients may or may not have free
fluid on USG, however if it is detected then, a further CT scan should be done to rule

out the presence of hemoperitoneum.®’
Splenicinjuries:

The spleen is commonly injured among those with blunt abdominal trauma.
Since the spleen is involved in the body’s immune function, the aim is to preserve the
spleen following blunt abdominal trauma by avoiding splenectomy.®® A CT based
scale was developed by the American Association for the Surgery of Trauma (AAST)
for splenic injuries, thus emphasising the importance of CT imaging in blunt

abdominal trauma.®®
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Hepaticinjuries:

Liver is also one of the frequently injured organs in blunt abdominal trauma,
similar to the spleen. A CT based injury scale has been developed in the grading of
liver injuries by AAST. Parameters such as the size, site of hepatic hematomas and
hepatic lacerations are considered in grading hepatic injuries.** Since the advent of
non-surgical management of liver injuries, the focus has now shifted from early to
delayed complications such as abscess formation and delayed haemorrhage. These

injuries are associated with leakage of bileinto the adjacent structures.*
Bowel and mesentericinjuries:

5% of BAT patients have bowel and mesenteric injuries. But it is essential to
diagnose bowel injuries using CT at the earliest due to the increased risk of mortality
from peritonitis or septicemia® Among the bowel injuries, the most commonly
affected organ is the small bowel followed by the stomach and the colon. The CT
findings in bowel injuries include pneumoperitoneum, hemoperitoneum, focal bowel
wall thickening and wall transection. Injuries to the mesenteric vascular structures and
resultant larger hematomas require urgent intervention due to the increased mortality

due to bowel ischemia®
Pancreatic and duodenal injuries:

Pancreatic and duodenal injuries mostly involve associated injuries to the left
hepatic lobe or the spleen in addition. Diagnosing such injuries using CT is often
challenging. There might be no CT findings in the injured pancreas for up to 12 hours
after abdominal trauma. Pancreatic injury isinferred through signs such as fluid in the

plane between the pancreas and splenic vein or in peri-pancreatic adipose tissue. Neck
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and body are the sites involved in pancreatic injuries. CT is useful in diagnosing

additional duodenal injuries as well.% ¥’

CT hypoperfusion complex:

CT isof great utility for assessing the hemodynamic status of those with blunt
abdominal trauma. It enables the detection of hypovolemia which persists despite
fluid management. The collective findings in CT, which include a flat 1VC, reduced
the diameter of aorta and diffusely thickened small bowel, pancreatic oedema together

are termed as CT hypoperfusion complex.” %

Urinary tract and adrenal injuries:

Clinically, the presence of injury to the urinary tract can be assessed by a
history of gross haematuria. Renal trauma has been classified by the American
Association for the Surgery of Trauma (AAST) as per the size of the lacerations and
hematomas along with their locations. In cases of pelvic fractures, bladder rupture can
occur. In such cases, CT cystography is useful to rule out bladder injuries. In around
2% of the patients with blunt trauma, the adrenals are injured. If both adrenas are

involved, adrenal insufficiency can occur.'® 1%

Diaphragmatic injuries:

Injury to the diaphragm may cause an unexpected increase in intra-abdominal
pressure. Herniation of the abdominal viscera into the thorax might result in their
ischemia. CT findings in digphragmatic injuries include loss of continuity, herniation
of viscera and a waist-like constriction where the herniated viscera protrude from the

abdomen through a dent in the diaphragm.*®
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Injuriesto the major vascular structures:

Rapid blood loss is the reason for the association of high mortality with aortic
injuries and injuries to other blood vessels. Diagnosis needs to be made early for
timely intervention. Aortic transection is suspected if alarge hematomais present or if
there is active extravasation of blood. Retroperitoneal blood loss associated with

injuries such as pelvic fractures can also be accurately diagnosed using CT.2% 1

Various CT imaging findings of inferior vena cava are reported in blunt

abdominal injuries. Some of them are asfollows:
1. SLITLIKEIVC/FLAT IVC:

Theflat 1VC sign or the collapsed inferior vena cava indicates the presence of
hypovolemia and shock among patients with blunt abdominal trauma. This flat IVC
occurs at multiple levels when imaging is done amongst the trauma patients. In
contrast, this variation is absent a all levels in the case of norma transient
fluctuations in the diameter of IVC due to respiratory changes or due to variations in

intra-abdominal pressure.

Jhonson JJ et a'®, used a simple univariate logistic regression to find the
association between IVC ratio and in-hospital mortality. This analysis had found a
margina association (p=0.0063). But the use of IVC ratio for the diagnostic or
prognostic purpose required threshold or cut off values. Hence the authors determined
the “cut off” value using area under the curve (AUC) of a receiver operating
characteristic plot. Patients with IVC ratio faling above the cut-off value were
considered to have a FIV C (exposed), and those with IV C ratio falling below the cut-

off value were considered to have a non- FIVC (NFIVC; unexposed). The accuracy of
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the cut off values was based on the sensitivity and specificity and AUC. Based on the
AUC, FIVC was defined as an infrarenal transverse to anteroposterior (AP) IVC ratio
of = 1.9, patients with a ratio < 1.9 were deemed to have an NFIVC. The cut-off value
of 1.9 maximised the sum of sensitivity and specificity in predicting the mortality and
had an AUC of 0.67. The use of this IVC cut-off provided a sensitivity of 52% and a
specificity of 88%. A retrospective cohort study design was then used with the

exposure of interest dichotomously defined based on the IVC “*flatness.”’

Anocther study by Bhagavat et a'®, used contrast-enhanced CT scan of the
abdomen and pelvis of patients with blunt abdominal injury. The purpose of the
contrast study was to measure the IVC diameter and the images were examined for
signs of hemoperitoneum, solid organ injury and skeletal injury. The IVC diameter
was measured at the infrarenal part. Theratio of transverse (T): Anteroposterior (AP)
diameter of the infrarenal vessel was estimated. The ratio of T: AP diameter was
defined to be FIVC was = 1.9, and non-FIVC asless than 1.9. The ratio was measured

at the confluence of IVC and left renal vein.
2. Contained ruptureof IVC:

The inferior vena cavais not commonly injured in the context of blunt trauma
to the abdomen. Findings from inferior vena cava injury reports show the occurrence
of retroperitoneal hematoma circumferential to the inferior vena cava, presence of
irregularities in the vessel outline and extravasation. Among those who are clinically
stable, computed tomography is useful in localising the site of injury to IVC aswell as
assessing any concomitant injuries. Early assessment has been found to significantly

improve survival %
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Retro hepatic injury of the Inferior vena cava:

Increased risk of mortality is observed in injury to the IVC in the retro hepatic
zone. In some instances, the mortality can cross 50%. It is essentia to identify this
type of injury since the clinical status of the patients may appear stable and hence,
may not correlate with the severity of injuries. This is because the extension of
haemorrhage would be prevented by the liver. In addition, surgical exploration
without prior accurate assessment might result in uncontrolled bleeding. CT imaging
in retro hepatic 1VC injury manifests as the irregular contour of IVC and as hepatic

laceration which may extend to the porta hepatis.'®

ROLE OF CT DIAGNOSED FLAT IVC INPREDICTING SEVERITY AND
OUTCOMESIN PATIENTSWITH BLUNT ABDOMEN:

One of the earliest studies conducted on the utility of CT in assessing a flat
IVC was performed by Jeffrey RB Jr et a'® (1988). They conducted a study of
around 100 BAT patients. When CT evaluation was done, 7 cases had multiple level
flattening of 1VC. Among these 7 patients, major surgery was performed on 6 patients
to control blood loss. The predominant source of blood loss was injury to abdominal
viscera. The extent of the blood loss was assessed clearly only after CT evaluation.
Among other patients without fluid loss, none had flattening of 1V C at multiple levels.
Authors concluded that the occurrence of aflat IVC on CT might be an indicator of

severe hypovolemia due to blood loss.

Yanagawa et a''® (2007), conducted a study on the IVC diameter among
trauma patients after fluid replacement. They measured the maximal A-P diameter of
the inferior vena cava during expiration. 1VC diameter was measured twice, both at

the time of arrival as well as after administering fluids. Patients were classified based
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on the recurrence of shock as responders with stable blood pressure and transient
responders with recurrence of shock. Greater severity of the injury was observed in
transient responders than in responders. Furthermore, the mean diameter of the
inferior vena cava was significantly lesser among the transient responders compared
to the responders. The mean IVC diameter of transient responders and responders
were 6.5 mm and 10.7 mm, respectively. Hence, the authors report that persistently
low diameter of 1V C even after normalising blood pressure by fluid replacement is an
indicator of insufficient fluids. Hence, measurement of 1VC would be an indicator to
predict the risk of recurrence of a shock compared to the other vital parameters such

as blood pressure or heart rate.

Kandpal et d'** (2008), performed a study on the role of CT findings in IVC
in blunt trauma. They mentioned that among those with blunt trauma, the presence of
flattening of IVC indicates hypovolemia and impending cardiovascular
decompensation. The presence of a flat 1VC aong with the reduced aortic diameter,
diffuse distension of bowels, hyper enhancement of pancreas, kidneys and

hemoperitoneum together is termed as hypoperfusion complex in CT imaging.

Matsumoto et a'*? (2010), conducted a study on the predictive value of flat
inferior vena cava in hemodynamic instability among BAT patients. They included
114 patients over a period of 2 years. The parameters measured were the highest
antero-posterior diameter and transverse diameter measured at the level of the rena
vein during CT imaging. If theratio of the A-P and transverse diameters was less than
4:1, it was taken to be diagnostic of aflat IVC. Patients were differentiated into three
groups on the basis of hemodynamic stability. It was found that the A-P diameter of

the inferior vena cava among those who deteriorated hemodynamically was
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significantly lesser at 7.6 mm compared to those who were hemodynamically stable
(15.8 mm) and those who were initially unstable but responded to fluid therapy (15.3
mm). All the patients with a flat 1VC needed blood transfusion. Compared to those
without a flat 1IVC (2% mortality), a higher mortality rate (52%) was observed in
people with flat 1VC. Hence, the authors recommend that diagnosing a flat IVC on
initial CT in abdominal trauma will enable early identification of those who are at an

increased risk of mortality.

Liao et a**® (2011), conducted a study where they evaluated the diagnostic
utility of flat IVC in blunt trauma patients. They included a total of 226 patients for
the study. Among the study population, 12.8% had a flat IVC. Those who had a flat
IVC had increased requirement of intensive care and increased risk of mortality. In
addition, the average duration of hospital stay was longer among those with aflat IVC
compared to those without a flat IVC. Due to the hypovolemia, those with aflat IVC
had increased fluid requirements, blood replacement and higher injury severity scores
compared to those without aflat IV C. Hence, the authors concluded that a CT finding
of flat IVC can be taken to be a reliable indicator of hypovolemia and a prognostic

indicator among patients with blunt abdominal trauma.

Milia et a™* (2013), studied the clinical significance of flat IVC among those
aged more than 55 years with blunt trauma. They measured the A-P and transverse
diameters of the IVC 2.5 mm above the level of the renal veins. A considerable
correlation was found between 1V C ratio and the risk of mortality. Higher 1VC ratios
of 3 and 4 were associated with 2 times and 2.2 times greater mortality risk
respectively. Hence, the authors concluded that a flat IVC was an independent

predictor of mortality among those aged over 55 years.
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Chendrasekar et al**® (2013), conducted a study on the outcomes associated
with a flat IVC among trauma patients. It was found that those with a flat IVC had
higher injury severity score and revised trauma score. In addition, the surviva rate
was lesser among those with aflat IVC. Hence, the authors concluded that increased

mortality isrelated to flat IV C even among patients who appear stable.

Ferrada et al™'® (2012), conducted a study on the prognostic value of flat
inferior vena cava among BAT patients. A retrospective study was performed among
the emergency room patients to assess the presence of flat IVC. They defined a flat
inferior vena cava as having a diameter of less than 2 cm. The outcome variables
assessed in this study were the need for blood transfusion, need for intensive care, the
incidence of emergency surgery and mortality rates. The average age of the study
population was 38 years. The incidence of flat IVC was 62.18%. Among those with
flat IVC, there was a significantly higher need for emergency surgery, blood
transfusion, admission to intensive care and higher mortality rates. Hence the authors
concluded that the presence of aflat IVC at the time of admission is an indicator of

ppoor prognosis.

Johnson et a 1*(2013), studied the value of transverse to antero-posterior 1VC
ratio in predicting mortality among trauma patients. They included 161 patients with
abdominal trauma and performed sonography. A transverse to antero-posterior IVC
ratio cut off of 1.9 was defined by the authors based on the ROC analysis. The
outcome variable assessed in the study was mortality during hospital stay. Additional
parameters such as heart rate, blood pressure, haemoglobin, renal function tests and
severity of injury were also measured. It was found that 30 out of 161 patients had a

flat IVC. There was a significant inverse correlation between IVC ratio and
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parameters such as base excess, baseline bicarbonate levels and haemoglobin. 1VC
ratio was directly positively correlated with parameters such as the severity of injury
and serum creatinine. There was 8.1 times increase in the risk of mortality in patients
with flat 1VC in comparison to those having normal IVC ratio when injury severity
and age factors were adjusted. On the contrary, no considerable association was
noticed between vitals such as heart rate, systolic BP and risk of mortality. Hence, the
authors emphasised that the presence of normal vitals might not potentially exclude
the risk of mortality in trauma patients. Monitoring of 1VC diameter is of paramount

importance in predicting the mortality risk in trauma.

Smithson et a'’ (2015), performed a correlation between the clinical
hypoperfusion and CT evidence of hypoperfusion among adults with blunt abdominal
trauma. They conducted a retrospective analysis of the CT scans of 52 blunt trauma
patients who had a mean injury severity score of more than 15. The common CT
findings were presence of free fluid, flat IVC, flat renal veins and enhancement of
small bowels. It was found that those with aflat 1VC had a greater risk of admission
to intensive units, compared to those without a flat IVC. Furthermore, those with a
flat IVC had worse acidosis, decreased haemoglobin levels at admission and increased
need for blood transfusion. Hence, the authors concluded that the presence of a flat
IVC in blunt trauma is a significant therapeutic and prognostic indicator requiring
urgent intervention. CT is of greater value compared to sonography in blunt
abdominal trauma. This is because it is easier to detect the inferior vena cava using

CT compared to sonography.
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LACUNAE IN LITERATURE:

Trauma is an important cause of mortality and morbidity in developing
countries like India. Early intervention in blunt abdominal trauma patients by
immediate evaluation of hemodynamic status is required. Patient vitals such as heart
rate, central venous pressure, blood pressure and pulse pressure have been shown to
be inadequate indicators of the volume status. The measurement of inferior vena cava
diameter has been shown to have a close relation with hypovolemia The
measurement of 1V C diameter using ultrasound is not feasible at all times in cases of
blunt trauma due to the presence of intestinal gas and due to abdominal fat. But CT
has been proven to be of great utility in assessing abdominal injuries in this respect.
Hence, this study seeks to assess the utility of CT measured IVC diameter in

predicting hypotension among patients with blunt trauma.
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MATERIALS & METHODS

Study site: This study was conducted in the department of Radiodiagnosis at KLE’s

Dr.Prabhakar Kore Hospital & MRC, Belagavi

Study population: All the eligible patients with blunt abdominal trauma in the study

setting were considered as the study population.

Study design: The current study was a cross sectional study.

Sample size: A total of 30 patients with blunt abdominal trauma were studied during
a period of one year (2018-19) at our hospital. Considering the rarity of the disease
condition in question and limited time available for data collection, we have decided
to include al the available cases, satisfying the inclusion criteria, reported during the

study period in our study.

Sampling method: All the eligible subjects were recruited by universal sampling

method.

Study duration: The data collection for the study was done between 1% January 2018
to 30™ December 2018 for aperiod of 1 year.

Inclusion Criteria:

> Patients with history of blunt abdominal trauma referred by the physician for a
contrast enhanced CT scan of the abdomen,
> Patients with history of blunt abdominal trauma who presented with intra-

abdominal free fluid on abdominal sonography further referred for CT.
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Exclusion criteria:
» Non-Consenting Patients
» Abdominal trauma patients who underwent only non-contrast CT
» Hemodynamically unstable patients who directly proceed to the operating

room for surgery.

Data collection tools. All the relevant parameters were documented in a structured

study proforma.

METHODOLOGY:

CT EQUIPMENT-Using a64 dlice CT Siemens somatom scanner system and using
lopromide injection for 1V contrast, scan of the abdomen and pelvis were performed
on the patients who presented with a history of blunt abdominal trauma with the

patient in supine position.

CT TECHNIQUE -Axia sections of CE-CT abdomen using 120Kvp and 400mAS
with 1.5mm cuts were studied from the lung base to the symphysis pubis.
Imaging was performed in the plain, arterial phase and venous phases. The delayed

excretory phase was performed in cases of renal injury.

EVALUATION CRITERIA:

1. In our study the Transverse: Anteroposterior ratio of the IVC was measured
infrarenally. The normal value of ratio was considered as 1.9. We considered
>or=19asflatIVCand <1.9-asnon- flat IVC, as proposed by Jhonson JJ

e a 105
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2. Presence of the following was evaluated
a. Hemoperitoneum.
b. Solid-organ injuries classified as per AAST grading.

C. Skeletal injuries of ribs, pelvic bones and vertebrae.

Ethical considerations. Study was approved by institutional human ethics
committee. It was mandatory for the participants of the study to sign an Informed
written consent. The risks and benefits involved in the study and the voluntary nature
of participation were explained to the participants before obtaining consent. The study

maintains confidentiality of all the participants.

Statistical Methods:
Hypotension was the primary outcome variable and flat IV C was the primary
explanatory variable. Solid-organ injury, presence of hemoperitoneum were

considered as other variables of interest.

Descriptive anaysis: Descriptive analysis was carried out by mean and
standard deviation for quantitative variables, frequency and proportion for categorical
variables. Data was aso represented using appropriate diagrams like a bar diagram,

pie diagram and box plots.

Categorical outcomes were compared between study groups using Chi square
test /Fisher's Exact test (If the overall sample size was < 20 or if the expected number

in any one of the cellsis < 5, Fisher's exact test was used.)
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Hypotension was considered as the outcome. Flat 1IVC was considered as a
screening test. The sensitivity, specificity, predictive values and diagnostic accuracy

of theflat 1VC were calculated along with their 95% CI were presented.

P value < 0.05 was considered statistically significant. IBM SPSS version 22

was used for statistical analysis.*®
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RESULTS

A total of 30 subjects with blunt abdominal traumawere involved in the analysis.

Table 1. Agedistribution of study population (N=30)

95% C.I
Parameter Mean +SD | Median | Minimum | Maximum

Lower | Upper

Age(InYears) | 26.93+ 1151 | 26.50 5.00 65.00 2264 | 31.23

The mean age was 26.93 + 11.51 years. The minimum age was 5 years and the

maximum age was 65 years in the study population. (95% ClI 22.64 to 31.23).

(Tablel)

Table 2: Descriptive analysis of age group (years) in the study population (N=30)

Age Group (Years) Frequency Per centage
<20 7 23.3%
211040 21 70.0%
41 to 60 1 3.3%
61 and above 1 3.3%

Among the study population, 7(23.3%) were <20 years of age, 21(70%) aged between
21 and 40 years, 1(3.3%) was aged between 41 and 60 years and 1(3.3%) was aged

more than 61 years. (Table2 & Figurel)
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Figure 1: Bar chart of age group (years) in the study population (N=30)
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Table 3: Gender distribution of the study population (N=30)
Gender Frequency Per centage
Mae 25 83.3%
Female 5 16.7%

Among the study population, 25(83.3%) participants were males and remaining

5(16.7%) participants were females. (Table 3 & Figure 2)
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Figure 2: Piechart of gender distribution (N=30)
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Table 4: Mechanism of injury in the study population (N=30)
Mechanism of Injury Frequency Per centage
RTA 29 96.7%
FALL 1 3.3%

Among the study population, 29(96.7%) participants met with road traffic accidents

and remaining 1(3.3%) participant met with fall. (Table 4 & Figure 3)
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Figure 3: Pie chart of the mechanism of injury (N=30)
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Table5: Evidence of solid organ injury in the study population (N=30)

Evidence of solid organ injury Frequency Per centage
Yes 30 100.00%
No 0 0.00%

Among the study population, al the 30(100%) patients had evidence of solid organ

injury. (Table 5)
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Table 6: Descriptive analysis of organ injury in the study population (N=30)

Organ injury YesN (%) No N (%) Total
Splenic 16(53.3%) 14(46.7%) 30
Liver 15(50.0%) 15(50.0%) 30
Pancreatic 4(13.3%) 26(86.6%) 30
kidney 5(16.7%) 25(83.3%) 30

Among the study population, 16(53.3%) had splenic injury, 15(50%) had liver injury,

4(13.3%) had pancreatic injury and 5(16.7%) had kidney injury. (Table 6 & Figure 4)

Figure 4. Staked bar chart of associated solid organ injuriesin the study
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Table 7: Descriptive analysis of the presence of hemoperitoneum in the study

population (N=30)

Presence of hemoperitoneum Frequency Per centage
Minimal 7 23.3%
Mild 12 40.0%
Moderate 8 26.7%
Nil 3 10.0%

Among the study population, 7(23.3%) had minimal hemoperitoneum, 12(40%) had
mild hemoperitoneum, 8(26.7%) had moderate hemoperitoneum, and 3(10%) had no

hemoperitoneum. (Table 7 & Figure 5)

Figure5: Bar chart of the presence of hemoperitoneum in the study population
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Table 8: Descriptive analysis of presence of flat 1IVC (FIVC) in the study

population (N=30)

Flat IVC (FIVC) Frequency Per centage
Flat IVC 23 76.7%
Non-flat IVC 7 23.3%

Among the study population 23(76.7%) had flat IVC and 7 had non-flat IVC. (Table 8

& Figure 6)

Figure 6: Piechart of the presenceof flat IVC (FIVC) in the study population

(N=30)

= Fa lVC
= Non-flat IVC
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Table9: Descriptive analysis of the presence of hypotension in the study

population (N=30)

Presence of hypotension Frequency Per centage
Hypotension (BP <90/60 mm/ Hg) 28 93.3%
No hypotension(BP >=90/60 mm/Hg) 2 6.7%

Among the study population ,28(93.3%) had hypotension. (Table 9 & Figure 7)

Figure 7: Pie chart of the presence of hypotension in the study population (N=30)

= Hypotension (BP<90/60 mn/ Hg)

= No hypotension (BP >=90/60
mm/Hg)
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Table 10: Descriptive analysis of patients with presence of both hypotension+ flat

IVC in the study population (N=30)

Hypotension+ Flat IVC Frequency Per centage
Hypotension+ Flat IVC 23 76.7%
No hypotension+ Flat IVC 7 23.3%

Among the study population 23(76.7%) had both hypotension and flat IVC. (Tablel0

& Figure 8)

Figure8: Pie chart of patientswith both hypotension+ flat IVC in the study

population (N=30)

= Hypotension+ Flat IVC
= No hypotension+ Flat IVC
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Tablell: Proportion of flat IVC among patients with different solid organ

injuries (N=30)

Presence of flat IVC (FIVC) Fisher exact P
Associated solid organ injury
Flat IVC Non-Flat IVC value
Splenic (N=16) 13 (81.25%) 3 (18.75%) 0.675
Liver (N=15) 12 (80%) 3 (20%) 1.00
Kidney (N=5) 3 (60%) 2 (40%) 0.565
Pancreatic(N=4) 3 (75%) 1 (25%) 1.00

Among the patients with splenic injury, 13 (81.25%) had flat 1VC. Among the
patients with liver injury, 12(80.0%) had flat IVC. Among the patients with kidney
injury,3 (60%) had flat IVC. Among the patients with pancreatic injury 3 (75%) had
flat IVC. The difference in the proportion of splenic, liver, pancreatic and kidney
injuries between flat 1VC was statistically not significant. (P value >0.05). (Table 11
& Figure 9)

Figure 9: Staked bar chart of FIVC among patients with different solid organ

injuries (N=30)
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Table 12: Proportion of hypotension among patients with different solid organ
injuries (N=30)

. . - Hypotension Fisher exact P
Associated solid organ injury
Hypotension | No hypotension value
Splenic (N=16) 15 (93.75%) 1 (6.25%) 1.00
Liver (N=15) 14 (93.33%) 1 (6.67%) 1.00
Kidney (N=5) 5 (100%) 0 (0%) *x
Pancreatic(N=4) 4 (100%) 0 (0%) o

*No statistical test was applied- due to 0 subjectsin the cells

Among the patients with splenic injury 15(93.8%) had hypotension. Among the

patients with liver injury, 14(93.8%) had hypotension. Among the patients with

kidney injury, 5(100%) had hypotension. Among the patients with pancreatic injury,

4(100%) had hypotension. The difference in the proportion of splenic and liver injury

between hypotension was statistically not significant. (P value >0.05). (Table 12 &

Figure 10)

Figure 10: Staked bar chart of presence of hypotension among people with

different solid organ injuries (N=30)
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Tablel3: Comparison of associated organ injuries between flat IVC(FIVC) +

hypotension (N=30)

Flat IVC (FIVC) +Hypotension

Associated solid Non-Flat IVC Fisher exact
Flat IVC (FIVC)
organ injury (NFIVC) P value
+Hypotension
+Hypotension
Splenic (N=16) 13 (81.25%) 3 (18.75%) 0.675
Liver (N=15) 12 (80%) 3 (20%) 1.00
Kidney (N=5) 3 (60%) 2 (40%) 0.565
Pancreatic(N=4) 3 (75%) 1 (25%) 1.00

Among the patients with splenic injury 13 (81.25%) had flat IVC + hypotension.

Among the patients with liver injury, 12(80.0%) had flat IVC + hypotension. Among

the patients with kidney injury,3(60%) had flat IVC + hypotension. Among the

patients with pancreatic injury 3(75%) had flat IVC + hypotension. The difference in

the proportion of splenic, liver, kidney and pancreatic injuries between flat IVC +

hypotension was statistically not significant. (P value >0.05). (Table 13 & Figure 11)
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Figure 11: Staked bar chart both Flat I VC+ hypotension among patients with
different solid organ injuries (N=30)
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Table 14: Association between flat 1 VC (FIVC) and hypotension (N=30)

Presence ofhypotension
Flat IVC (FIVC)
Hypotension No hypotension
Flat IVC 23 (82.14%) 0 (0%)
Non-flat IVC 5 (17.86%) 2 (100%)

Among 28 patients with hypotension 23 (82.14%) had flat IVC, 5(17.86%) patients

with hypotension had non-flat IVC (Table 14 & Figure 12)
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Figure 12: Cluster bar graph for comparison of presence of hypotension with

Flat IVC (FIVC) (N=30)
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Table 15: Predictive validity of flat IVC (FIVC) in predicting the presence of

hypotension (N=30)

95% CI
Parameter Value
L ower Upper

Sensitivity 82.14% 63.11% 93.94%
Specificity 100.00% 15.81% 100.00%
False positive rate 0.00% 0.00% 84.19%
False negative rate 17.86% 6.06% 36.89%
Positive predictive value 100.00% 85.18% 100.00%
Negative predictive value 28.57% 3.67% 70.96%
Diagnostic accuracy 83.33% 65.28% 94.36%

Flat 1VC had sengitivity of 82.14% (95% ClI

63.11% to 93.94%), specificity of

100.00% (95 ClI 15.81% to 100%) in detecting hypotension. The positive predictive

value was 100.00% (95 CI 85.18% to 100%), Negative predictive value was 28.57%

(95 CI 3.67% to 70.96%), and the total diagnostic accuracy was 83.33% (95 CI

65.28% to 94.36%). (Table 15)
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Table 16: Descriptive analysis of a combination of solid organ injuriesin the

study population (N=30)

Combination of associated organ injuries Frequency Per centage
Splenic alone 10 33.3%
Liver alone 8 26.7%
Splenic +Liver 4 13.3%
Pancreatic aone 3 10.0%
Kidney alone 1 3.3%
Liver + Kidney 1 3.3%
Pancreatic +Kidney +Liver 1 3.3%
Splenic + Kidney 1 3.3%
Kidney + Splenic +Liver 1 3.3%

Magjority of the study population 10(33.3%) had splenic injury alone, 8(26.7%) had
liver injury alone, 4(13.3%) had splenic + liver injury and 3(10%) had pancreatic
injury alone. (Table 16 & Figure 13)
Figure 13: Bar graph representing combination of associated organ injuriesin
the study population (N=30)
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Table 17: Comparison of combination of associated organ injuries between the

presence of hypotension (N=30)

Presence of Hypotension
Combination of associated organ injuries
Hypotension | No hypotension

Splenic alone (N=10) 10 (100%) 0 (0%)

Liver alone(N=8) 7 (87.5%) 1 (12.5%)
Splenic +Liver(N=4) 4 (100%) 0 (0%)
Pancreatic aone(N=3) 3 (100%) 0 (0%)
Kidney alone (N=1) 1 (100%) 0 (0%)
Liver + Kidney (N=1) 1 (100%) 0 (0%)
Pancreatic +Kidney +Liver(N=1) 1 (100%) 0 (0%)

Splenic + Kidney(N=1) 0 (0%) 1 (100%)
Kidney + Splenic +Liver(N=1) 1 (100%) 0 (0%)

*No statistical test was applied- due to 0 subjectsin the cells

All the patients with only splenic injury alone (100%) had hypotension. Among the

patients with liver injury, 7(87.5%) had hypotension and among patients with splenic

and liver injury 4 (100%) had hypotension. (Table 17 & Figure 14)

Figure 14: Bar graph of presence of hypotension in patientswith combinations of

solid organ injuries (N=30)
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Table 18: Comparison of combination of associated organ injuries between flat

IVC (FIVC) (N=30)

Flat IVC (FIVC)
Combination of associated organ injuries
Flat IVC Non-flat IVC
Splenic alone (N=10) 8 (80%) 2 (20%)
Liver aone(N=8) 6 (75%) 2 (25%)
Splenic +Liver(N=4) 4 (100%) 0 (0%)
Pancreatic aone(N=3) 2 (66.67%) 1 (33.33%)
Kidney alone (N=1) 1 (100%) 0 (0%)
Liver + Kidney (N=1) 0 (0%) 1 (100%)
Pancreatic +Kidney +Liver(N=1) 1 (100%) 0 (0%)
Splenic + Kidney(N=1) 0 (0%) 1 (100%)
Kidney + Splenic +Liver(N=1) 1 (100%) 0 (0%)

*No statistical test was applied- due to 0 subjectsin the cells

Magjority of patients with only splenic injury 8 (80%) had flat IVC. Among patients

with only liver injury, 6 (75%) had flat IVC and among patients with splenic + liver

injury, 4 (100%) had flat IVC. (Table 18 & Figure 15)

Figure 15: Bar graph of the presence of flat IVC in patients with combinations of

solid organ injuries (N=30)
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DISCUSSION

Mortality and morbidity due to road accidents have been on the rise in India
and aso globaly. Blunt abdominal trauma is one of the commonly encountered
injuries among the victims of road traffic accidents.?® These victims often may present
with an apparently stable clinical picture, but tend to present with compromised
hemodynamic status due to associated internal organ injuries. Although the vital signs
such as blood pressure and pulse rate are routinely used to assess the hemodynamic
stability in patients, their ability to predict the severity of hemodynamic status is
limited.”In these situations, the computer tomography scan of the abdomen with
anaysis of venous phase diameter of 1VC has guided the physicians to predict the
hemodynamic status more accurately.’® Hence, in the present study we attempted to
evauate the independent predictive value of IVC diameter in the assessment of

hypotension among those with blunt abdominal trauma.

This study included 30 subjects with a history of blunt abdominal injury with a
mean age of 26.93 + 1151 years for andysis. There was a strong male
preponderance, as 83.3% of the study population were males. Higher male
preponderance to road traffic injuries had been reported by multiple previous studies
published on the subject.®*** Even global studies have reported the predominant
involvement of men in their second and third decades of life in road traffic

accidents.*> Y
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Table 19: Comparison of age and gender composition of patients presenting with

blunt abdominal trauma dueto road traffic accidents acr oss different studies.

Studies Ageinyears Mae
Bansod et al™* 21-40 87.4%
Srivastav et al*® 11-40 94%
Hemmati H et a*’ 34.1+1.68 88.2%
CostaG et al*® 38.7+16.2 83.6%
Present study 21-40 years 70 %

The present study showed an increased percentage of male victims with blunt
abdominal injury which was in accordance to the other previous studies. Also, in
comparison to other studies, the present study witnessed that most of the people who
encountered blunt abdominal injury were in productive age group, which implies that
blunt abdomina injury may have an impact on the individua and the national

economic growth.

In the current study, the maor portion of the blunt abdominal injuries (96.7%)
were due to road accidents and 3.3% were due to fall. The relative contribution of
road traffic accidents to the blunt abdomina trauma reported from many other
hospital-based studies is similar to the current study. Among the road traffic accident
patients, blunt abdominal injury is more commonly reported as compared to

penetrating type.> 18

All the subjects included in the current study had involvement of at least one
of the four solid organsii.e. liver, spleen, pancreas and kidney. The splenic injury was
the most common solid organ involvement found in 53.3% of the subjects. Liver

injury was found in 50% and kidney injury in 16.7%. Least commonly injured solid
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organ was pancreas seen in 13.3% of the subjects. Similar findings were observed by

many previous studies published on the subject. -1

This illustrates that the blunt injury to the abdomen have a greater chance of
splenic organ injury compared to injury to the pancreas, liver and kidney. In contrast
to this, in a study by Solanki et a® and Smith et a’®, a greater percentage of liver

injury among blunt abdominal injury cases have been recorded.

Among the splenic injury patients, 1(6.25%) had AAST grade | injury,
3(18.75%) had grade |1, 6(37.5%) had grade |1l and 6(37.5%) had grade IV injury.
The percentage of Grade Il and Grade 11l (n=5, 33.33% each) injuries were higher
among liver injury patients. The percentage of grade I11 (n=2,50%) injury was greater
among patients with pancreatic injury compared to Grades Il and 1V (n=1, 25% each).
Whereas, the percentage of grade | and |11 (n=2,40% each) injuries was equal among
patients with kidney involvement. In a study conducted in Qatar, in which many
numbers of cases of blunt injury due to road accidents were registered, there was a
greater percentage of grade | and 11 splenic injuries than grade 1V.%* Along with
splenicinjury, 67 (35.1%) patients also had involvement of other solid organs, such as
liver (19.9%), kidneys (17.8%), and pancreas (4.2%). Another study by Al-Qahtani et
a'?!, reported a greater proportion of grade I\V/V blunt splenic injury (62%), followed
by lower grades (I-111). Lower grades of blunt splenic injuries are ideally managed by
non-operative methods of stabilising the patient’s hemodynamic status. This in turn
decreases the need for surgical resection & thus reduces the incidence of
postoperative complications. In cases with grade IV splenic injury, operative

management was recorded to be successful 1?41
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In the present study, 90% of the blunt abdominal trauma patients (BAT
patients) had hemoperitoneum. Out of this 23.3% had minimal, 40% had mild degree
and 26.7% had moderate degree hemoperitoneum. In asimilar study by Srivastava SK
et ad® who had studied blunt injury on 48 patients, only 8 patients had
hemoperitoneum . In another study by Gupta S et a*?, out of 63 patients studied, 40
(63%) had hemoperitoneum. Differences in the severity of injury and proportion of
involvement of different solid organs etc. may be responsible for these differencesin

the proportion of hemoperitoneum across the studies.

In the present study, we aimed to find the predictive validity of IVC diameter
along with grades of solid organ injury through CT scan so that the treating physicians
could decide between non- surgical or surgical treatment of patients with blunt
abdominal injury. The ability of the IVC diameter in predicting hypovolemia, the
presence of blood and hemodynamic decline was well recognised by earlier studies.”™
10,113 The FIVC defined by these studies were very subjective and the measurements
of IVC diameter was from different anatomical positions. Few studies have proposed
flat IVC as an indicator or predictor of mortality, but its independent association had
not been established.™ ™3 A retrospective study by Johnson et a'®, attempted to
establish an independent association of IVC diameter by adjusting the known
confounders. The authors determined a cut off 1VC ratio by using ROC analysis and
area under the curve (AUC) analysis. This cut off values were used for diagnostic and
prognostic purposes. Based on the analysis, FIVC was defined as an infrarena
transverse to antero-posterior diameter 1VC ratio of >1.9 and that <1.9 was labelled

to be non FIVC.
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In our study, we used the ratio of 1VC proposed by Johnson et a'®, to define
flat 1V C. Thiswas because this study analysed amongst the other anatomic location of
IVC (intrahepatic IVC or IVC near the renal vein) with hypoperfusion markers.
Hence among the other anatomica location, infrarenal measurements had the
strongest correlation with the known markers of hypoperfusion (haemoglobin,
bicarbonates, creatinine, base excess). With AUC analysis both sensitivity and

specificity of 1V C diameter in predicting death was highest at the ratio of 1.9.

In the current study, the mean antero-posterior (AP) 1V C diameter in cms was
1.27 £ 0.37, ranging from 0.70 to 1.9 cm. The mean IV C diameter- transverse (T) in
cms was 2.67 £ 0.47 ranging from 1.76 to 3.50 cm. The mean IVC diameter ratio (T:
AP) was 2.21 + 0.49, ranging from 1.31 to 3.49 in the study population. The mean
systolic blood pressure was 87.33 =+ 7.34 mm of Hg. The minimum level of systolic
BP was 80mm Hg, and the maximum was 114 mm Hg. The mean diastolic blood
pressure was 60.93 + 9.24 mm Hg. The minimum level of diastolic BP was 50 mm of

Hg, and the maximum was 96 mm of Hg.

Among the patients with splenic injury, 13 (81.25%) had flat IVC. Among the
patients with liver injury, 12(80.0%) had flat IVC. Among the patients with kidney
injury, 3 (60%) had flat 1VC. Among the patients with pancreatic injury 3 (75%) had
flat IVC. The difference in the proportion of splenic, liver, pancreatic and kidney
injuries between flat 1V C was statistically not significant. (P value >0.05). Among the
patients with splenic injury 15(93.8%) had hypotension. Among the patients with
liver injury, 14(93.3%) had hypotension. Among the patients with kidney injury,
5(100%) had hypotension. Among the patients with pancreatic injury, 4(100%) had

hypotension. The difference in the proportion of splenic and liver injury between
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hypotension was statistically not significant (P value >0.05). Among the people with
splenic injury 13 (81.25%) had flat IVC + hypotension. Among the patients with liver
injury, 12(80.0%) had flat IV C + hypotension. Among the patients with kidney injury,
3(60%) had flat IVC + hypotension. Among the patients with pancreatic injury
3(75%) had flat IVC + hypotension. The difference in the proportion of splenic, liver,
kidney and pancreatic injuries between flat IVC + hypotension was statistically not
significant (P value >0.05). A similar study by Bhagavat et a**°, evaluated 25 cases of
blunt abdominal trauma, where 40 % of patients had hemoperitoneum. Mg ority of the
patients (56%) had splenic injury, of which 10 % of them had FIVC. Among the liver
injury (25 %) patients, 20 % had FIVVC and among of rena injury (20%) patients, 5%
of them had FIVC. Our study findings were in comparison to the study by Bhagavat et

119
al.

Flat IVC had sensitivity of 82.14% (95% CI 63.11% to 93.94%), specificity of
100.00% (95 CI 15.81% to 100%) in detecting hypotension. The positive predictive
value was 100.00% (95 CI 85.18% to 100%), Negative predictive value was 28.57%
(95 CI 3.67% to 70.96%), and the total diagnostic accuracy was 83.33% (95 CI
65.28% to 94.36%). The utility of flat IVC in predicting hypotension has been studied
by very few studies in the past. In a study, the predictive value of IVC diameter was
studied during blood donation. The diameter of IV C reduced after blood donation and
inference was made by this study that measurement of IV C diameter would be helpful

in an acute blood loss situation.”

Similarly in another study, the trauma patients who presented with aflat IVC
were at 2.87 times greater risk of developing occult shock and at 2.26 times higher

risk of developing complications compared to those who had a norma IVC

Page 71



Discussion

diameter.”” The sensitivity and specificity of flat IVC in the present study indicate
high utility of IVC diameter measurements among the trauma and acute blood loss
victims. Hence, the diameter of IVC on computer tomography could predict

hypotension among the mgority of patients with blunt abdomina trauma.
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CONCLUSION

This cross-sectional study of 30 subjects with blunt abdomina injury had
greater predisposition among males. Blunt type of injury was mostly encountered in
road accidents. Highest proportion of the victims were in the age group of 21 to 40
years. All the patients had evidence of solid organ injury. Splenic injury was the most
common solid organ injury followed by liver, pancreas and kidney. Among the
splenic injury patients, major proportion were grade |1l and grade IV injuries. The
percentage of grade Il and grade |11 injuries were higher among liver injury patients.
The percentage of grade Il injury was greater among patients with pancreatic injury
compared to Grades Il and 1V. Among the study population 82.14 % had flat IVC,
93.3% had hypotension and 76.7% had both hypotension and flat IVC. The
proportion of the subjects with flat IVC was highest among splenic injury subjects.
The proportion of subjects with hypotension was highest and similar among splenic
and liver injury patients. The combination of flat IVC and hypotension was aso
highest among subjects with splenic injury. Flat IVC had a sensitivity of 82.14%
(95% Cl 63.11% to 93.94%) and a specificity of 100.00% (95 Cl 15.81% to
100%).The positive and negative predictive values were 100% and 28.57%
respectively. Hence, flat IVC on CT could be of value in predicting hypotension
among blunt abdominal trauma patients. Perhaps, this finding could serve the treating
physician as an aid in early diagnosis and management to prevent mortality in such

patients.
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LIMITATIONSAND RECOMMENDATION

As the study was a cross-sectional study, the follow up of the patients was
limited due to the study design. Due to the small sample size, the externa validity of
the present study limits the generalization of the study findings and hence, further

large longitudinal cohort studies are required to validate our findings.

The primary health care centres in India are deficient in sophisticated
diagnostic aids, especialy CT scan. Hence, the value of flat IVC cannot be assessed

in such situations.

Page 74



Summary

SUMMARY

People who encounter road accidents often have blunt type of abdominal
injury. The victims of road accident are often brought to the emergency room in a
hemodynamically stable condition. But their condition can deteriorate later after
admission. The vital signs are often used to assess the stability in such conditions but
have less accuracy in predicting the severity of hemodynamic status. The IVC
diameter assessment through CT scan can be relied on in such conditions to determine
the hemodynamic status. Hence the present study was aimed to assess the diameter of
IVC on CT and to use its ratio in predicting hypotension among the blunt abdominal

trauma patients.

This study included 30 subjects with a history of blunt abdominal injury with a
mean age of 26.93 + 11.51 years for anaysis. Mgjority of subjects were in the age
group of 21 to 40 years. There was a significant male preponderance 83.3% of the
study subjects were men. All the 30 patients had involvement of the solid organs,
among whom 16(53.3%) had splenic injury, 15(50%) had liver injury, 4(13.3%) had
pancreatic injury and 5(16.7%) had kidney injury. Among the study population, 90%
had hemoperitoneum. Among the splenic injury patients, magjor proportion were grade
11 (37.5%) and grade IV (37.5%) injuries. The percentage of Grade Il and Grade I11
(n=5, 33.33% each) injuries were higher among liver injury patients. The percentage
of grade Il (n=2,50%) injury was greater among patients with pancreatic injury
compared to grades Il and 1V (n=1, 25% each). Whereas, the percentage of grade |

and I11 (n=2, 40% each) injuries was equal among patients with kidney involvement.
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Among the study population 23(76.7%) had flat IVC and 7 had non-flat 1VC.
Among the study population, 28(93.3%) had hypotension. Among the study
population 23(76.7%) had both hypotension and flat IVC. The proportion of the
subjects with flat IV C was highest among those with splenic injury. The proportion of
subjects with hypotension was highest and similar among splenic and liver injury
patients. The combination of flat IVC and hypotension was also highest among

subjects with splenic injury.

Flat IVC had sensitivity of 82.14% (95% CI 63.11% to 93.94%), specificity of
100.00% (95 CI 15.81% to 100%) in detecting hypotension. The positive predictive
value was 100.00% (95 CI 85.18% to 100%), negative predictive value was 28.57%
(95 CI 3.67% to 70.96%), and the total diagnostic accuracy was 83.33% (95 CI

65.28% t0 94.36%).

Page 76



Bibliography

BIBLIOGRAPHY

World Hedth Organization. Injuries [Internet]. 2014 [updated 2019 Jul 08;

cited 2019 Aug 25]. Available from: https.//www.who.int/topics/injuries/en/.

Key Data and Statistics\WISQARS|Injury Center|CDC [Internet]. 2018
[updated 2018 Jul 24; cited 2019 Aug 10]. Avalable from:

https://www.cdc.gov/injury/wisgars/overview/key data.html.

World Hedth Organization. Road traffic injuries [Internet]. World Health
Organization; 2019 [updated 2019 Jul 08; cited 2019 Aug 15]. Available from:

https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries.

Drost TF, Rosemurgy AS, Kearney RE, Roberts P. Diagnostic peritoneal
lavage. Limited indications due to evolving concepts in trauma care. Am Surg.

1991;57(2):126-8.

Parreira JG, Oliari CB, Mapaga JMD, Perlingeiro JAG, Solda SC, Assef JC.
Severity and treatment of “occult” intra-abdominal injuries in blunt trauma

victims. Injury. 2016;47(1):89-93.

Subedi N, Yadav BN, Jha S, Gurung S, Pradhan A. An autopsy study of liver
injuries in a tertiary referral centre of eastern Nepal. J Clin Diagn Res.

2013;7(8):1686-8.

Jansen JO, Yule SR, Loudon MA. Investigation of blunt abdomina trauma.

BMJ. 2008;336(7650):938-42.

NishijimaDK, Simel DL, Wisner DH, Holmes JF. Does this adult patient have

ablunt intra-abdominal injury? JAMA. 2012;307(14):1517-27.

Page 77



Bibliography

10.

11.

12.

13.

14.

15.

16.

O'Rourke MC, Burns B. Blunt Abdominal Trauma. StatPearls. Treasure

Island (FL): StatPearls Publishing; 2019.

Gonzdez RP, Ickler J, Gachassin P. Complementary roles of diagnostic
peritoneal lavage and computed tomography in the evaluation of blunt

abdominal trauma. J Trauma. 2001;51(6):1128-34; discussion 34-6.

Ong CL, Png DJ, Chan ST. Abdominal trauma--a review. Singapore Med J.

1994:35(3):269-70.

Watts DD, Fakhry SM, Group EM-IHVIR. Incidence of hollow viscus injury
in blunt trauma: an analysis from 275,557 trauma admissions from the East

multi-institutional trial. J Trauma. 2003;54(2):289-94.

Cooper JG, Smith R, Cooper AJ. The incidence of abdomina injury in

patients with thoracic and/or pelvic trauma. Injury Extra. 2005;36(7):259-63.

Saimi J, Ghodss M, Zavvarh MN, Khai A. Hospita management of
abdominal traumain Tehran, Iran: areview of 228 patients. Chin J Traumatol.

2009:12(5):259-62.

Costa G, Tierno SM, Tomassini F, Venturini L, Frezza B, Cancrini G, et a.
The epidemiology and clinical evaluation of abdominal trauma. An analysis of

amultidisciplinary traumaregistry. Ann Ital Chir. 2010;81(2):95-102.

Gad MA, Saber A, Farrag S, Shams ME, Ellabban GM. Incidence, patterns,
and factors predicting mortality of abdomina injuries in trauma patients. N

Am JMed Sci. 2012;4(3):129-34.

Page 78



Bibliography

17.

18.

19.

20.

21.

22.

23.

Hemmati H, Kazemnezhad-Leili E, Mohtasham-Amiri Z, Darzi AA, Davoudi-
Kiakalayeh A, Dehnadi-Moghaddam A, et a. Evaluation of chest and
abdominal injuries in trauma patients hospitalized in the surgery ward of

poursinateaching hospital, guilan, iran. Arch Trauma Res. 2013;1(4):161-5.

Arumugam S, Al-Hassani A, El-Menyar A, Abdelrahman H, Parchani A,
Peralta R, et al. Frequency, causes and pattern of abdominal trauma: A 4-year

descriptive analysis. J Emerg Trauma Shock. 2015;8(4):193-8.

Ghosh P, Halder SK, Paira SK, Mukherjee R, Kumar SK, Mukherjee SK. An
epidemiological analysis of patients with abdominal trauma in an eastern

Indian metropolitan city. J Indian Med Assoc. 2011;109(1):19-23.

Jha NK, Yadav SK, Sharma R, Sinha DK, Kumar S, Kerketta MD, et a.
Characteristics of Hollow Viscus Injury following Blunt Abdominal Trauma;
a Single Centre Experience from Eastern India. Bull Emerg Trauma

2014;2(4):156-60.

Mehta N, Babu S, Venugopa K. An experience with blunt abdominal trauma:

evaluation, management and outcome. Clin Pract. 2014;4(2):599.

Shubhendu K, Bhengra A, Mahto T, Chaudhary AK. Analysis of Blunt
Abdomina Trauma with Respect to Associated Injuries, Period of Survival
And Mechanism of Death Among Autopsies Conducted in Dept. of FMT,

RIMS, Ranchi. IOSR J Dental Med Sci. 2016;15(10):74-8.

Krishngppa N, Khan A, Sakranaik S. An analysis of injury patterns of
abdominal trauma in patients attending surgical emergency department of

rural hospital, Karnataka, India. Int Surg J. 2017;4(11):3736-9.

Page 79



Bibliography

24,

25.

26.

27.

28.

29.

30.

31

32.

Mahotra P, Sharma D, Gupta S, Minhas SS. Clinico epidemiological study of
blunt abdominal traumain atertiary care hospital in north western Himal ayas.

Int Surg J. 2017;4(3):874-82.

Solanki HJ, Patel HR. Blunt abdomen trauma: a study of 50 cases. Int Surg J.

2018;5(5):1763-9.

Munns J, Richardson M, Hewett P. A review of intestinal injury from blunt

abdominal trauma. Aust N Z J Surg. 1995;65(12):857-60.

Rifat SF, Gilvydis RP. Blunt abdominal trauma in sports. Curr Sports Med

Rep. 2003;2(2):93-7.

Barrett C, Smith D. Recognition and management of abdomina injuries at

athletic events. Int J Sports Phys Ther. 2012;7(4):448-51.

Naik BV, Jakkam S. Blunt Injuries of Abdomen in Warangal Area An

Analytical Study. JIndian Acad Forensic Med. 2013;35(4):328-31.

Reddy NB, Hanumantha, Madithati P, Reddy NN, Reddy CS. An
epidemiologica study on pattern of thoraco-abdominal injuries sustained in
fata road traffic accidents of Bangaore: Autopsy-based study. J Emerg

Trauma Shock. 2014;7(2):116-20.

Pimentel SK, Sawczyn GV, Mazepa MM, da Rosa FG, Nars A, Coallaco IA.
Risk factors for mortality in blunt abdomina trauma with surgical approach.

Rev Col Bras Cir. 2015;42(4):259-64.

Sharma N. Hybrid Implant: A Novel Implant System- Replica of BOI-BAC

and BOI-BAC2. JMaxillofac Oral Surg. 2017;16(4):506-7.

Page 80



Bibliography

33.

35.

36.

37.

38.

39.

40.

Amuthan J, Vijay A, Pradeep C, Anandan H. A Clinical Study of Blunt Injury

Abdomen in aTertiary Care Hospital. Int J Sci Stud. 2017;5(1):108-12.

Agarwal VK, Agrawal S. Conservative management and outcome of blunt

trauma abdomen. Int Surg J. 2017;4(3):926-8.

Choua O, Rimtebaye K, Yamingue N, Moussa K, Kaboro M.
[Epidemiological, clinical and therapeutic aspects of blunt abdominal trauma
in patients undergoing surgery at the General Hospital of National Reference

of N'Djamena, Chad: about 49 cases]. Pan Afr Med J. 2017;26:50.

Shashikumar HB, Madhu BS, Sebastian A. Management of blunt trauma
abdomen in a tertiary care teaching hospital: a surgical audit. Int Surg J.

2018;5(6):2177-9.

Kumar A, Tiwari PK, Ra SK, Pandey SK. Epidemiological study of blunt
abdominal trauma in road traffic accident in Varanas region. Pharma Innovat

J. 2018;7(3):359-62.

Umare GM, Sherkar N, Motewar A. Study of Clinica Profile and
Management of Blunt Abdominal Trauma. Int J Contem Med Res.

2018:5(1):5-9.

Trehan V, Kumar SS. Blunt abdominal trauma: atertiary care experience. Int

Surg J. 2018;5(3):975-8.

Adam J, De Luigi AJ. Blunt Abdomina Trauma in Sports. Curr Sports Med

Rep. 2018;17(10):317-9.

Page 81



Bibliography

41.

42.

43.

45.

46.

47.

Legome EL, Keim SM, Salomone JP, Udeani J. Blunt Abdominal Trauma:
Practice Essentials, Pathophysiology, Etiology [Internet]. 2019 [updated 2019
Feb 14; cited 2019 Sep 5]. Available from:

https://emedicine.medscape.com/arti cle/1980980-overview.

Miller PR, Croce MA, Bee TK, Mahotra AK, Fabian TC. Associated injuries
in blunt solid organ trauma: implications for missed injury in nonoperative

management. J Trauma. 2002;53(2):238-42.

Velmahos GC, Toutouzas KG, Radin R, Chan L, Demetriades D.
Nonoperative treatment of blunt injury to solid abdomina organs. a

prospective study. Arch Surg. 2003;138(8):844-51.

Kokabi N, Shuaib W, Xing M, Harmouche E, Wilson K, Johnson JO, et al.
Intra-abdominal solid organ injuries. an enhanced management algorithm. Can

Assoc Radiol J. 2014;65(4):301-9.

Kulkarni S, Kanase V, Kanase N, Varute P. Blunt Trauma to Abdomen in

Rural Setup: A Multiple Case Study. Int J Sci Stud. 2015;3(4):16-9.

Baghdanian AH, Armetta AS, Baghdanian AA, LeBedis CA, Anderson SW,
Soto JA. CT of Magor Vascular Injury in Blunt Abdominopelvic Trauma.

Radiographics. 2016;36(3):872-90.

Kobayashi LM, Costantini TW, Hamel MG, Dierksheide JE, Coimbra R.
Abdomina vascular trauma. Trauma Surg Acute Care Open.

2016;1(1):€000015.

Page 82



Bibliography

48.

49.

50.

51

52.

53.

55.

Srivastava SK, Jaiswal AK, Kumar D. Prospective study of management and
outcome of blunt abdominal trauma (solid organs and hollow viscus injuries).

Int Surg J. 2017;4(10):3262-71.

El-Menyar A, Abdelrahman H, Al-Hassani A, Perdta R, AbdelAziz H, Latifi
R, et a. Single Versus Multiple Solid Organ Injuries Following Blunt

Abdomina Trauma. World J Surg. 2017;41(11):2689-96.

Jan S, Maske D, Songra MC. Clinica study of hollow viscus injury in

abdominal trauma. Int Surg J. 2017;5(1):39-44.

Bansod AN, Umakar R, Shyamkuwar AT, Singade A, Tayade P, Awachar N.
A study of role of non-operative management in blunt abdominal trauma with

solid organ injury. Int Surg J. 2018;5(9):3043-50.

Wede R, Kong V, Manchev V, Bekker W, Oosthuizen G, Brysiewicz P, et al.
Management of intra-abdominal vascular injury in trauma laparotomy: a South

African experience. Canadian J Surg. 2018;61(3):158-64.

Morales CH, Villegas MlI, Villavicencio R, Gonzalez G, Perez LF, Pena AM,
et a. Intra-abdominal infection in patients with abdominal trauma. Arch Surg.

2004:139(12):1278-85.

Wang J, Liang T, Louis L, Nicolaou S, McLaughlin PD. Hypovolemic shock
complex in the trauma setting: a pictoria review. Can Assoc Radiol J.
2013;64(2):156-63.

Shalhub S, Starnes BW, Brenner ML, Biffl WL, Azizzadeh A, Inaba K, et al.
Blunt abdominal aortic injury: a Western Trauma Association multicenter

study. J Trauma Acute Care Surg. 2014;77(6):879-85.

Page 83



Bibliography

56.

57.

58.

59.

60.

61.

62.

Wang SY, Liao CH, Fu CY, Kang SC, Ouyang CH, Kuo IM, et a. An
outcome prediction model for exsanguinating patients with blunt abdominal
trauma after damage control laparotomy: a retrospective study. BMC Surg.

2014;14(1):24.

Boese CK, Hackl M, Muller LP, Ruchholtz S, Frink M, Lechler P.
Nonoperative management of blunt hepatic trauma: A systematic review. J

Trauma Acute Care Surg. 2015;79(4):654-60.

Vadamalai K, Subramani J, Sankaranarayanan K. A Retrospective Study on

Blunt Injury Abdomen. JEvol Med Dental Sci. 2016;5(25):1336-8.

Sheshe AA, Yakubu AA. Analysis of pattern and outcome of abdominal
trauma in a tertiary hospital in Kano, Northwestern Nigeria. Arch Int Surg.

2017;7(1):22-6.

Ruscelli P, Buccoliero F, Mazzocato S, Belfiori G, Rabuini C, Sperti P, et al.
Blunt hepatic and splenic trauma. A single Center experience using a

multidisciplinary protocol. Ann Ital Chir. 2017;88.

Jabbour G, Al-Hassani A, EI-Menyar A, Abdelrahman H, Peradta R, Ellabib
M, et a. Clinical and Radiological Presentations and Management of Blunt
Splenic Trauma: A Single Tertiary Hospital Experience. Med Sci Monit.

2017;23:3383-92.

Prichayudh S, Rassamee P, Sriussadaporn S, Pak-Art R, Sriussadaporn S,
Kritayakirana K, et a. Abdomina vascular injuries: Blunt vs. penetrating.

Injury. 2019;50(1):137-41.

Page 84



Bibliography

63.

65.

66.

67.

68.

69.

70.

American College of Surgeons. Advanced trauma life support [Internet]. 1997
[updated 1997; cited 2019 Sep  10]. Avalable  from:

https://www.facs.org/quality-programs/traumal/atls.

Tourtier JP, Jost D, Domanski L. Shock index: a simple clinical parameter for
mortality risk assessment in trauma? J Trauma Acute Care Surg.

2012;73(3):780-1.

Nolan JP, Pullinger R. Hypovolaemic shock. BMJ. 2014;348:g1139.

Hooper N, Armstrong TJ. Hemorrhagic Shock [Internet]. Treasure Island
(FL): StatPearls Publishing; 2019 [updated 2019 May 6; cited 2019 Sep 15].

Available from: https://www.nchi.nlm.nih.gov/books/NBK470382/.

Taghavi S, Askari R. Hypovolemic Shock [Internet]. Treasure Island (FL):
StatPearls Publishing; 2019 [updated 2019 Jun 18; cited 2019 Sep 10].

Available from: https://www.ncbi.nlm.nih.gov/books/NBK513297/.

Dipti A, Soucy Z, Surana A, Chandra S. Role of inferior vena cava diameter in
assessment of volume status. a meta-analysis. Am J Emerg Med.

2012:30(8):1414-9 el.

Kircher BJ, Himelman RB, Schiller NB. Noninvasive estimation of right atrial
pressure from the inspiratory collapse of the inferior vena cava. Am J Cardiol.

1990;66(4):493-6.

Yildirimturk O, Tayyareci Y, Erdim R, Ozen E, Yurdakul S, Aytekin V, et al.
Assessment of right atrial pressure using echocardiography and correlation

with catheterization. J Clin Ultrasound. 2011;39(6):337-43.

Page 85



Bibliography

71.

72.

73.

74.

75.

76.

77

Barbier C, Loubieres Y, Schmit C, Hayon J, Ricome JL, Jardin F, et al.
Respiratory changes in inferior vena cava diameter are helpful in predicting
fluid responsiveness in ventilated septic patients. Intensive Care Med.

2004;30(9): 1740-6.

Feissel M, Michard F, Faler JP, Teboul JL. The respiratory variation in
inferior vena cava diameter as a guide to fluid therapy. Intensive Care Med.

2004;30(9):1834-7.

Yanagawa Y, Nishi K, Sakamoto T, Okada Y. Early diagnosis of hypovolemic
shock by sonographic measurement of inferior vena cava in trauma patients. J

Trauma. 2005;58(4):825-9.

Lyon M, Blaivas M, Brannam L. Sonographic measurement of the inferior

vena cava as a marker of blood loss. Am J Emerg Med. 2005;23(1):45-50.

Sefidbakht S, Assadsangabi R, Abbas HR, Nabavizadeh A. Sonographic
measurement of the inferior vena cava as a predictor of shock in trauma

patients. Emerg Radiol. 2007;14(3):181-5.

Murphy EH, Arko FR, Trimmer CK, Phangureh VS, Fogarty TJ, Zarins CK.
Volume associated dynamic geometry and spatial orientation of the inferior

venacava. J Vasc Surg. 2009;50(4):835-42.

Nguyen A, Plurad DS, Bricker S, Neville A, Bongard F, Putnam B, et a. Flat
or fat? Inferior vena cavaratio is a marker for occult shock in trauma patients.

J Surg Res. 2014;192(2):263-7.

Page 86



Bibliography

78.

79.

80.

81.

82.

83.

Gui J, Guo J, Nong F, Jiang D, Xu A, Yang F, et a. Impact of individual
characteristics on sonographic IVC diameter and the IVC diameter/aorta

diameter index. Am J Emerg Med. 2015;33(11):1602-5.

Jonker FH, Verhagen HJ, Mojibian H, Davis KA, Moll FL, Muhs BE. Aortic
endograft sizing in trauma patients with hemodynamic instability. J Vasc Surg.

2010;52(1):39-44.

Jonker FH, Mojibian H, Schlosser FJ, Botta DM, Indes JE, Moll FL, et a. The
impact of hypovolaemic shock on the aortic diameter in a porcine model. Eur J

Vasc Endovasc Surg. 2010;40(5):564-71.

Bilgin S, Topal FE, Yamanoglu A, Payza U, Karakaya Z, Akyol PY, et a.
Effect of Changes in Intravascular Volume on Inferior Vena Cava and Aorta
Diameters and the Caval/Aorta Index in Healthy Volunteers. J Ultrasound

Med. 2019.

Moore EE, Cogbill TH, Jurkovich GJ, Shackford SR, Malangoni MA,
Champion HR. Organ injury scaling: spleen and liver (1994 revision). J

Trauma. 1995;38(3):323-4.

Moore EE, Cogbill TH, Maangoni MA, Jurkovich GJ, Champion HR,
Gennarelli TA, et a. Organ injury scaling, Il: Pancreas, duodenum, small

bowel, colon, and rectum. J Trauma. 1990;30(11):1427-9.

Moore EE, Shackford SR, Pachter HL, McAninch JW, Browner BD,
Champion HR, et a. Organ injury scaling: spleen, liver, and kidney. J Trauma.

1989;29(12):1664-6.

Page 87



Bibliography

85.

86.

87.

88.

89.

90.

91.

Hewett JJ, Freed KS, Sheafor DH, Vaslef SN, Kliewer MA. The spectrum of
abdominal venous CT findings in blunt trauma. AJR Am J Roentgenol.

2001:176(4):955-8.

Rodriguez C, Barone JE, Wilbanks TO, Rha CK, Miller K. Isolated free fluid
on computed tomographic scan in blunt abdomina trauma a systematic

review of incidence and management. J Trauma. 2002;53(1):79-85.

Massalou D, Bague-Juston M, Foti P, Staccini P, Baque P. CT quantification
of hemoperitoneum volume in abdominal haemorrhage: a new method. Surg

Radiol Anat. 2013;35(6):481-6.

Drasin TE, Anderson SW, Asandra A, Rhea JT, Soto JA. MDCT evaluation of
blunt abdominal trauma: clinical significance of free intraperitonea fluid in
males with absence of identifiable injury. AJR Am J Roentgenol.

2008;191(6):1821-6.

Renzulli P, Gross T, Schnuriger B, Schoepfer AM, Inderbitzin D, Exadaktylos
AK, et a. Management of blunt injuries to the spleen. Br J Surg.

2010;97(11):1696-703.

Croce MA, Fabian TC, Menke PG, Waddle-Smith L, Minard G, Kudsk KA, et
al. Nonoperative management of blunt hepatic trauma is the treatment of
choice for hemodynamically stable patients. Results of a prospective trial. Ann

surg. 1995;221(6):744.

Becker CD, Ga |, Baer HU, Vock P. Blunt hepatic trauma in adults:
correlation of CT injury grading with outcome. Radiology. 1996;201(1):

215-20.

Page 88



Bibliography

92.

93.

94.

95.

96.

97.

98.

Petrowsky H, Raeder S, Zuercher L, Platz A, Simmen HP, Puhan MA, et al. A
quarter century experience in liver trauma a plea for early computed
tomography and conservative management for all hemodynamically stable

patients. World J Surg. 2012;36(2):247-54.

Hagiwara A, Tarui T, Murata A, Matsuda T, Yamaguti Y, Shimazaki S.
Relationship between pseudoaneurysm formation and biloma after successful
transarterial embolization for severe hepatic injury: permanent embolization
using stainless steel coils prevents pseudoaneurysm formation. J Trauma.

2005;59(1):49-55.

Killeen KL, Shanmuganathan K, Poletti PA, Cooper C, Mirvis SE. Helical
computed tomography of bowel and mesenteric injuries. J Trauma.

2001;51(1):26-36.

Mirvis SE, Gens DR, Shanmuganathan K. Rupture of the bowel after blunt
abdominal trauma diagnosis with CT. AJR Am J Roentgenol.

1992;159(6):1217-21.

Wong YC, Wang LJ, Lin BC, Chen CJ, Lim KE, Chen RJ. CT grading of
blunt pancreatic injuries: prediction of ductal disruption and surgica

correlation. J Comput Assist Tomogr. 1997;21(2):246-50.

Gupta A, Stuhlfaut W, Fleming KW, Lucey BC, Soto JA. Blunt trauma of the
pancreas and biliary tract: a multimodality imaging approach to diagnosis.

Radiographics. 2004;24(5):1381-95.

Taylor GA, Fallat ME, Eichelberger MR. Hypovolemic shock in children:

abdominal CT manifestations. Radiology. 1987;164(2):479-81.

Page 89



Bibliography

99.

100.

101.

102.

103.

104.

105.

106.

Mirvis SE, Shanmuganathan K, Erb R. Diffuse small-bowel ischemia in
hypotensive adults after blunt trauma (shock bowel): CT findings and clinical

significance. AJR Am J Roentgenol. 1994;163(6):1375-9.

Vaccaro JP, Brody JM. CT cystography in the evauation of major bladder

trauma. Radiographics. 2000;20(5):1373-81.

Sinelnikov AO, Abujudeh HH, Chan D, Novelline RA. CT manifestations of

adrenal trauma: experience with 73 cases. Emerg Radiol. 2007;13(6):313-8.

Bhullar 1S, Block EF. CT with coronal reconstruction identifies previously
missed smaller digphragmatic injuries after blunt trauma. Am Surg.
2011;77(1):55-8.

Chiu WC, Cushing BM, Rodriguez A, Ho SM, Mirvis SE, Shanmuganathan
K, et a. Abdominal injuries without hemoperitoneum: a potential limitation of
focused abdominal sonography for trauma (FAST). J Trauma. 1997;42(4).
617-25.

McKenney KL, Nuiiez DBJ, McKenney MG, Asher J, Zelnick K, Shipshak D.
Sonography as the primary screening technique for blunt abdominal trauma:

experience with 899 patients. Am J Roentgenol. 1998;170(4):979-85.

Johnson JJ, Garwe T, Albrecht RM, Adeseye A, Bishop D, Fails RB, et 4.
Initial inferior vena cava diameter on computed tomographic scan
independently predicts mortality in severely injured trauma patients. J Trauma

Acute Care Surg. 2013;74(3):741-5.

Bhagwat KA, Naganur G, Shashikiran, Priyatham R, Krishnarjun P, Shetty G.

Venous Phase Diameter of Inferior Venacava on Computed Tomography

Page 90



Bibliography

107.

108.

109.

110.

111

112.

113.

Axial Section- Predictor of Hypotension in Blunt Abdominal Trauma. J Dental

Med Sci. 2016:15(6):75-9.

Ombrellaro MP, Freeman MB, Stevens SL, Diamond DL, Goldman MH.
Predictors of surviva after inferior vena cava injuries. Am Surg.

1997;63(2):178-83.

Sheafor DH, Foti TM, Vadef SN, Nelson RC. Fat in the inferior vena cava

associated with caval injury. AJR Am J Roentgenol. 1998;171(1):181-2.

Jeffrey RB, Jr., Federle MP. The collapsed inferior vena cava: CT evidence of

hypovolemia. AJR Am J Roentgenol. 1988;150(2):431-2.

Yanagawa Y, Sakamoto T, Okada Y. Hypovolemic shock evaluated by
sonographic measurement of the inferior vena cava during resuscitation in

trauma patients. J Trauma. 2007;63(6):1245-8.

Kandpa H, SharmaR, Gamangatti S, Srivastava DN, Vashisht S. Imaging the

inferior vena cava: aroad less traveled. Radiographics. 2008;28(3):669-89.

Matsumoto S, Sekine K, Yamazaki M, Sasao K, Funabiki T, Shimizu M, et .
Predictive value of a flat inferior vena cava on initial computed tomography
for hemodynamic deterioration in patients with blunt torso trauma. J Trauma.

2010;69(6):1398-402.

Liao YY, LinHJ, Lu YH, Foo NP, Guo HR, Chen KT. Does CT evidence of a
flat inferior vena cava indicate hypovolemia in blunt trauma patients with

solid organ injuries? J Trauma. 2011;70(6):1358-61.

Page 91



Bibliography

114.

115.

116.

117.

118.

119.

120.

121.

Milia DJ, Dua A, Paul JS, Tolat P, Brasel KJ. Clinica utility of flat inferior
vena cava by axial tomography in severely injured elderly patients. J Trauma

Acute Care Surg. 2013;75(6):1002-5.

Chendrasekhar A, Carbonella G, Cunningham J, Igba F, Mantello M,

Nawrocki P, et al. 216. Critical Care Medicine. 2013;41(12):A49.

Ferrada P, Vanguri P, Anand RJ, Whelan J, Duane T, Wolfe L, et al. Flat
inferior vena cava: indicator of poor prognosis in trauma and acute care

surgery patients. Am Surg. 2012;78(12):1396-8.

Smithson L, Morrell J, Kowaik U, Flynn W, Guo WA. Correlation of
computed tomographic signs of hypoperfusion and clinical hypoperfusion in

adult blunt trauma patients. J Trauma Acute Care Surg. 2015;78(6):1162-7.

IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0.

Armonk, NY: IBM Corp.

Bhagwat KA, Gouri N, Tulas RP, Peethambaram KSBR, Mahadevappa V.
Venous phase diameter of inferior venacava (IVC) on CT axial section -
predictor of hypotension in blunt abdominal trauma. Euro Soci Radiol.

2017:1-31.

Smith J, Caldwell E, D'Amours S, Jalaudin B, Sugrue M. Abdominal trauma:

adiseasein evolution. ANZ J Surg. 2005;75(9):790-4.

Al-Qahtani MS. The pattern and management outcomes of splenic injuries in

the Assir region of Saudi Arabia. West Afr JMed. 2004;23(1):1-6.

Page 92



Bibliography

122.

123.

124.

125.

Fernandes TM, Dorigatti AE, Pereira BM, Cruvinel Neto J, Zago TM, Fraga
GP. Nonoperative management of splenic injury grade IV is safe using rigid

protocol. Rev Col Bras Cir. 2013;40(4):323-9.

Notash AY, Amoli HA, Nikandish A, Kenari AY, Jahangiri F, Khashayar P.
Non-operative management in blunt splenic trauma. Emerg Med J.

2008;25(4):210-2.

Stassen NA, Bhullar I, Cheng JD, Crandall ML, Friese RS, Guillamondegui
OD, et al. Selective nonoperative management of blunt splenic injury: an
Eastern Association for the Surgery of Trauma practice management

guideline. J Trauma Acute Care Surg. 2012;73(5 Suppl 4):S294-300.

Gupta S, Tdwar S, Sharma RK, Gupta P, Goyal A, Prasad P. Blunt trauma

abdomen: astudy of 63 cases. Indian JMed Sci. 1996;50(8):272-6.

Page 93



Annexures

ANNEXURE | - INFORMED CONSENT

TITLE OF THE STUDY: “VENOUS PHASE DIAMETER OF INFERIOR
VENACAVA ON COMPUTED TOMOGRAPHY- A PREDICTOR OF
HYPOTENSION IN BLUNT ABDOMINAL TRAUMA -ONE YEAR

HOSPITAL BASED OBSERVATIONAL STUDY”

PRINCIPAL INVESTIGATOR:

INTRODUCTION AND PURPOSE: Blunt abdominal trauma have become
very common due to increased road traffic accidents in recent years. Blunt
abdominal trauma is associated with rapid volume loss with multiple organ

injuries sometimes with negligible clinical signs.

Furthermore, the diagnostic accuracy of physical examination in abdominal

viscera injury islow.

Due to the non-specific symptoms and lack of reliable diagnostics for
identifying hypovolemia and haemorrhagic shock, additional parameters are required
with improved sensitivity and specificity to diagnose hypovolemic shock. Thus,

imaging is afundamental tool for triage and diagnosis.

This cals for a rapid, reliable, reproducible and cost-effective imaging

modality.

Contrast enhanced computed tomography is a rapid technique for accurate
estimation and early diagnosis of organ injuries as well as their grades, presence

of even minimal amount of hemoperitoneum, altered IVC diameter and thus
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helping in predicting volume depletion, for monitoring its adverse consequences

thus helping in faster initiation of treatment and reducing preventable mortality.

PROCEDURE: | request you to kindly participate in the study titled “Venous
phase diameter of inferior venacava on computed tomography - a predictor of
hypotension in blunt abdominal trauma-one year hospital based observational
study” If you agree to participate in the study please furnish the details

pertaining to the study

The scanning equipment to be used is siemens somatom 64 slice
computed tomography scanner. CT scan of the abdomen is performed with
patient in supine position and then the images are reconstructed into different
planes. The diameter of the IV C and associated solid organ injuries are studied in

detail.

BENEFITS: Results will help in early diagnosis of hypotension and associated
solid organ injuries if any in blunt abdominal trauma patients and hence allows

for early and better treatment plan.

RISKS:
1. Radiation hazard

2. Contrast reaction

ALTERNATIVES: If patient is not willing to take part in the study, his / her
treatment or any other further investigations the patient wants to undergo, in

future, in KLE will not be affected by his/ her decision.
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VOLUNTARY PARTICIPATION/WITHDRAWAL: Taking part in this study
is voluntary. | may choose not to take part in this study, or if | decide to take
part, | can later change my mind and withdraw from the study. My decision will
not change the present or future health care or other services that | receive. The
study doctor or the sponsor may stop my participation in this study. | will tell of
any important new findings that may change my willingness to continue to take
part. If | choose not to take part in the study, | will receive the standard treatment

for patients with my condition.

COSTS: NIL. (The study is to be conducted on the participants who are advised
CT abdomen as an investigation for blunt abdominal trauma by the referring

consultant and the participants will bear the charges for it.)

PAYMENT FOR PARTICIPATION: No incentive will be paid to you for

participating in this study.

COMPENSATION: In the event that | become injured as a result of taking part
in this study, treatment will be offered to me, no reimbursement, compensation

or free medical careisgiven.

CONFIDENTIALITY: All information collected about me during the course of
the study will be kept confidential to the extent permitted by the law. The code
numbers will identify me in this research record. Information from this study

may be published but my identity will be confidential in any publication.
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QUESTION: If any enquiries in the future or in case of research related injury

illness, you may contact following person.

Dr. Roopa Bellad
Professor of Paediatrics
Chairperson,

J.N. Medical College Institutional
Ethical Committee for Human Subjects
Research, Belagavi
Ph. 0831-2471525
Ext- 4032
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CONSENT TO PARTICIPATE IN RESEARCH STUDY:

1.

| understand that | am participating in the study, which includes CT scan
of the abdomen and pelvis

| confirm that | have read and understood the information in the patient
information sheet. Procedure is explained to me in detail along with
information about the advantages and disadvantages of taking part in the
study. | have been given the opportunity to discuss all aspects of the trial,
to ask questions and hereby consent to participation in the trial outlined
above.

| understand that the decision to take part in this study is completely
voluntary and | am aware that | can choose to withdraw from the study at
any point of time.

| consent to the photographing or recording of the procedure to be
performed including portions of my body, for medical, scientific or
educational purposes provided my identity is not revealed in the pictures
or by the descriptive texts accompanying them.

| understand that there is no significant risk involved in the test that
would be donein this study.

No guarantee or assurance has given by anyone as to the results that may
be obtained.

My signature on this form signifies that | have willingly decided to

participate after understanding the above information.
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Signature /Left thumb print of the participant or legally authorized
representative.

Participant’s Name:..........oovoi i e,

Signature/ Left thumb impression. @ ..........oovvviiiiiiiii e,

Name of the legally authorized representative:.............cccoeiveivn e vininnnns
Signature/ Left thumb impression.

Witness’s Name

Signature/ Left Thumb impress

Investigators name and Signature
Date:

Place: Belagavi

Page 99



Annexures

ANNEXURE Il - ETHICAL CLEARANCE LETTER

#"“‘ K.L.E.UNIVERSITY'S
F¢3Y: JAWAHARLAL NEHRU MEDICAL COLLEGE,
AT Y NHRU NAGAR, BELAGAVI-590010 (KARNATAKA-INDIA)
R {Aceredited *A’ Grade by NAAC)
Website hipo o www prime edu Phone: (+ 91-(0)831 Office : 2471350
E-Mail = do i ; Principal: 2471701
e Fax No. +91 (0)831 - 2470759
Ref: MDC/DOME/ 09 Date: 22/11/2017

PG student in Radiodiagnosis.
J.N.Medical College,
BELAGAVI.

Sub: Institutional Ethical Clearance for the study.

With reference o the above. we wish to inform you that your proposed research project titled
“VENOUS PHASE DIAMETER OF INFERIOR VENACAVA ON CT- A PREDICTOR
OF HYPOTENSION IN BLUNT ABDOMINAL TRAUMA - A ONE YEAR
OBSERVATIONAL IN KLE'S DR PRABHAKAR KORE’S HOSPITAL AND MRC?”, is
ethical and justifiable. The proposed research project has been cleared by the JNMC Institutional

Fthies Committee on Human Subjects Research.

Jut

= " -
(Dr. Arathi Darshan) (Dr. Roopa M Bellad)
Member Sceretary Chairman,
JNMC Institutional Ethics Committee JNMC Institutional Ethics Committee
on Human Subjects Research. on Human Subjects Research,
I N.Medical College. Belagavi. J.N.Medica: College. Belagavi,
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ANNEXURE - |l - PROFORMA

DATA COLLECTION INSTRUMENT

VENOUS PHASE DIAMETER OF INFERIOR VENACAVA ON COMPUTED
TOMOGRAPHY- A PREDICTOR OF HYPOTENSION IN BLUNT

ABDOMINAL TRAUMA -ONE YEAR HOSPITAL BASED OBSERVATIONAL

STUDY

PATIENT DATA

SL.NO. DATE
PATIENT NAME CT SCAN NO.
AGE SEX
HISTORY
H/O BLUNT ABDOMINAL INJURY YES/NO
MECHANISM OF INJURY RTA/ ASSAULT/FALL
ABDOMINAL PAIN YES/NO

INVESTIGATIONS

BLOOD PRESSURE (mm Hg)

USG -ABDOMEN

CECT ABDOMEN
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CT FINDINGS
HEMOPERITONEUM AND DEGREE Y/IN MINIMAL | MILD | MODERATE

SOLID ORGAN INJURY GRADING (I1/11/1111V)

LIVER INJURY Y/IN

SPLENIC INJURY Y/IN

PANCREATIC INJURY Y/IN

RENAL INJURY Y/N

BLADDER INJURY Y/N

IVC- ANTEROPOSTERIOR (AP)

DIAMETER

IVC-TRANSVERSE (T) DIAMETER

IVC-T: APRATIO

HEMOTHORAX

PNEUMOTHORAX

FRACTURE VERTEBRA

RIBS

PELVIS

DIAPHRAGM INJURY
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ANNEXURE -1V - CLINICAL IMAGES

CASE 1. A 20-year-old female presented with a history of blunt abdominal traumain
RTA. She underwent CT scan of the abdomen for the same which revealed
subcapsular non-enhancing hypodense area along the lateral margin indenting on the
adjacent liver parenchyma. Spleen shows multiple patchy non-enhancing areas
involving the entire parenchyma reaching up to the hilum. Mild hemoperitoneum

noted. Rib fractures involving the left 7, 8", 9" and 10" ribs noted.

Image 1a: Axial CT image showing grade 1V splenic and grade |l liver injury
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Image 1c: Sagittal CT image showing gradell liver injury

Page 104



Annexures

Image 1e: Coronal CT image showing mild hemoperitoneum
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Image 1g: Axial CT showingflat IVC in the same patient.

Table 1- patient 1

I[IVC RATIO
GRADEOF
ORGAN INJURY AND AAST GRADE (TRANSVERSE:
HEMOPERITONEUM
ANTEROPOSTERIOR)

Spleen v

Liver 11 mild 2.0

Pancreatic
Rend

CASE 2. A 32-year-old male presented with a history of blunt abdominal traumain a

RTA. He underwent CT scan of the abdomen which reveaded ill-defined non

enhancing hypodense areas in the segment 7 and 8 of liver. There is moderate degree

hemoperitoneum.
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Image 2a: Axial CT image showing gradelV liver injury

Image 2b: Axial CT image showing gradelV liver injury.
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Image 2c: Axial CT image showing moder ate degree free fluid with HU+65

suggestive of hemoperitoneum.
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Image 2e: Sagittal CT image showing gradelV liver injury.
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I[IVC RATIO
GRADEOF
ORGAN INJURY AND GRADE (TRANSVERSE:
HEMOPERITONEUM
ANTEROPOSTERIOR)
Spleen
Liver v moderate 2.24
Pancreatic
Rend

Case 3. A 9-year-old male presented with a history of blunt abdominal trauma in
RTA. He underwent CT scan of the abdomen which revealed non-enhancing
hypodense area involving the segment 5 of right lobe of liver with a thin rim of sub
capsular hematoma along the right anterolateral aspect. Spleen showed ill-defined
non-enhancing hypodense areas along the upper pole extending from the capsular

region to the hilum.

Image 3a: Axial CT scan showing AAST gradelll splenicinjury
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Image 3b: Axial CT image showing AAST gradel liver and gradelll splenic

injury

Image 3c: Axial CT image showing AAST gradelll splenicinjury
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Image 3d: Coronal CT image showing AAST gradelll splenicinjury
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Image 3f: Axial CT image showingflat 1VC in the same patient

IVC RATIO
GRADEOF
ORGAN INJURY AND AAST GRADE (TRANSVERSE:
HEMOPERITONEUM
ANTEROPOSTERIOR)

Spleen Il

Liver I Mild 2.2

Pancreatic
Rend

Case 4. A 30-year-old female presented with a history of blunt abdominal traumain a

RTA. She underwent CT scan of the abdomen which revealed non-enhancing

hypodense areas extensively involving both the poles extending up to the hilum

suggestive of laceration. Large subcapsular and intraparenchymal splenic hematoma

noted. Minimal hemoperitoneum noted.
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Image 4a: Axial CT image showing AAST gradelV splenicinjury.

Image 4b: Axial CT image showing AAST gradelV splenicinjury.
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Image 4c: Axial CT image showing AAST grade IV splenicinjury.

Image 4d: Axial CT image showing minimal freefluid in the pelviswith HU+64

suggestive of hemoperitoneum
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Image 4e: Axial CT image showingflat IVC in the same patient.

I[IVC RATIO
GRADEOF
ORGAN INJURY AND AAST GRADE (TRANSVERSE:
HEMOPERITONEUM
ANTEROPOSTERIOR)

Spleen v

Liver minima 211

Pancreatic
Rend

Caseb. A 25-year-old male with a history of blunt abdominal trauma due to RTA. He
underwent CT scan of the abdomen which revealed a linear hypodense area with air
pockets involving right lobe of the liver (segment VII & VIII). Thetract is seen to end
in an ill-defined hypodense area suggestive of laceration. Thereis evidence of fracture

of right 6™ and 7" ribs.
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Image 5a: Axial CT image showing AAST gradelll liver injury.
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Image 5¢: Coronal CT image showing AAST gradelll liver injury.
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Image 5e: Sagittal CT image showing AAST gradelll liver injury.
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Image 5f: Axial CT image- bone window showing fracture of right showing

fractureof right 6™and 7"ribs.

ORGAN INJURY AND GRADE HEM (CDEFTI'EA\RDIESIEEUM (TII?Q\,/A\(I:\IRSC-I;II?OSE
ANTEROPOSTERIOR)
Spleen
Liver Il moderate 16
Pancreatic
Renal

Case 6. Syear old male with a history of blunt abdominal trauma due to RTA. He
underwent CT scan of the abdomen which revealed a hypodense areain the segment 5
of liver, suggestive of contusion. Pancreas appears bulky with non-enhancing
hypodense area in the body suggestive of laceration. Right kidney appears
heterogenous and shows non-opacification of contrast with hypodense subcapsular

collection.
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Image 6a: Axial CT image showing AAST gradelV renal and gradelll

pancreaticinjury

Image 6b: Axial CT image showing AAST gradelV right renal and gradelll

pancreatic injury
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Image 6¢: Axial CT image showing hypodense area in the segment 5 of liver

suggestive contusion (AAST gradel)
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Image 6d: Axial CT image showing flat I VC in the same patient

ORGAN INJURY AND GRADEOF IVC RATIO (TRANSVERSE:
AAST GRADE HEMOPERITONEUM ANTEROPOSTERIOR)
Spleen 1
Liver I mild 1.98
Pancreatic
Renal v

Case 7. A 21year old male with a history of blunt abdominal trauma due to RTA. He
underwent CT scan of the abdomen which revealed ill-defined non enhancing
hypodense area in the head and uncinate process of pancreas suggestive of pancreatic
laceration. There is a well-defined mixed density hematoma (HU +60 to +70) inferior
to the head and uncinate process of pancreas. Moderate degree free fluid of HU +63

suggestive of hemoperitoneum.
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Image 7a: Axial CECT- showing AAST gradelV pancreatic injury
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Image 7c: Coronal CT image showing AAST grade |V pancreaticinjury
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Image 7e: Axial CT image- showing hemoperitoneum

Image 7f: Axial CT image- showing flat IVC in the same patient

ORGAN INJURY AND GRADEOF IVC RATIO (TRANSVERSE:
AAST GRADE HEMOPERITONEUM ANTEROPOSTERIOR)

Spleen

Liver

Pancreatic v

Rena
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® 3 5 % Sz Organ Injury With AAST grade
8 -8 | B> £ o
Sino. | CT No. - 3 553 €5 g E o2 : Right L eft

= Do - e o> o5 Spleen Liver Pancreas . . hemothorax Others

o _2 = g~ = é = kidney kidney

< = T -
1 44062 21 M present RTA Minimal Yes gradeiv gradeiii no no no No No
2 46014 20 M present RTA Mild Yes gradeiv no no no no No No
3 49059 40 M present RTA Mild Yes no gradei no no no No No
4 52124 32 M present RTA Moderate Yes no gradeiv no no no No No
5 53834 31 M present RTA N Yes gradeii no no no no No No
6 56301 28 M present RTA Minimal Yes no gradei no no no No Ribs fracture
7 56548 28 M present RTA moderate Yes gradeii gradeii no no gradei No Mesenteric tear
8 584 9 M present RTA Mild Yes gradeiii gradei no no no No No
9 765 23 M present RTA Mild Yes gradei no no no gradei No D'r?j:;lrﬁgm
10 1440 16 M present FALL Minimal Yes gradeiv no no no no No No
11 1856 65 M present RTA Minimal Yes gradeiii no no no no hemothorax Ribs fracture
12 1916 41 F present RTA Moderate Yes gradeii no no no no No Pelvic fracture
13 2449 21 M present RTA Moderate Yes no no gradeiv no no No Vascular injury
14 3032 26 M present RTA Mild Yes gradeiv no no no no No Ribs fracture
15 3353 30 F present RTA Minimal Yes gradeiv no no no no No No
16 3601 38 M present RTA N Yes gradeiii gradeiii no no no No No
17 3726 5 M present RTA Mild Yes no gradei gradeiii gradeiv no No No
18 3893 24 M present RTA Mild Yes no gradeiii no no no No No
19 4131 28 F present RTA Mild Yes no gradeii no no no No No
20 4286 9 M present RTA Moderate Yes gradeiii no no no no No Pneumathorax
21 4547 25 M present RTA N Yes no gradeiii no no no No
22 5141 25 M present RTA Mild Yes no no gradeii no no No No
23 5950 20 M present RTA Minimal Yes no no no no gradeiii No No
24 6573 28 M present RTA Moderate Yes gradeiii no no no no No Hemo-

pneuomothorax

25 6868 40 M present RTA Mild Yes no no gradeiii no no No No
26 6976 13 M present RTA Moderate Yes gradeiii no no no no No No
27 7351 20 F present RTA Mild Yes gradeiv gradeii no no no No No
28 7391 25 M present RTA Moderate Yes no gradeiii no no no No Ribs fracture
29 7510 29 M present RTA minimal Yes no gradeii no no no No Ribs fracture
30 8607 37 F present RTA Minimal Yes no gradeii no gradeiii no No Vertebral fracture
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no. Combination SystolicBP | Diastolic BP E;;ﬁ”eﬁ‘;g‘; 'V&g')a?rﬁtser ('t\r’aig/'g'"gggn (traL\;\/Cerdslgr:g)e;atio Flat ive (FIVC)
1 Splenic +Liver 88 60 Yes 1.3 3 231 Present
2 Splenic alone 82 60 Yes 0.8 2.36 2.9 Present
3 Liver alone 88 60 Yes 1.14 2.37 2.08 Present
4 Liver alone 84 60 Yes 1.35 3.1 2.29 Present
5 Splenic alone 88 60 Yes 1.4 25 1.79 Absent
6 Liver alone 86 58 Yes 0.8 1.9 2.37 Present
7 Kidney + Splenic +Liver 80 60 Yes 1.09 2.7 2.48 Present
8 Splenic +Liver 80 62 Yes 1 2.2 2.2 Present
9 Splenic + Kidney 114 96 No 1.7 29 1.7 Absent
10 Splenic alone 86 58 Yes 15 34 2.26 Present
11 Splenic alone 88 58 Yes 1.47 34 231 Present
12 Splenic alone 86 60 Yes 1.87 2.92 1.56 Present
13 Pancreatic alone 80 58 Yes 0.72 2.54 3.49 Present
14 Splenic alone 88 58 Yes 1.23 2.44 1.98 Present
15 Splenic alone 86 64 Yes 0.95 2.53 2.66 Present
16 Splenic +Liver 84 66 Yes 1.55 3.42 2.26 Present
17 Pancreatic +Kidney +Liver 80 50 Yes 0.8 1.76 2.2 Present
18 Liver alone 88 56 Yes 1.38 2.68 1.94 Present
19 Liver alone 86 56 Yes 0.81 2.26 2.79 Present
20 Splenic alone 88 60 Yes 0.87 1.85 212 Present
21 Liver alone 88 64 Yes 1.375 2.72 1.98 Present
22 Pancreatic alone 88 58 Yes 1.9 35 1.84 Absent
23 Kidney alone 80 50 Yes 0.7 24 34 Present
24 Splenic alone 86 58 Yes 1 2.39 2.39 Present
25 Pancreatic alone 88 60 Yes 1.26 2.9 2.3 Present
26 Splenic alone 88 60 Yes 1.4 2.7 1.92 Present
27 Splenic +Liver 88 60 Yes 1.72 3.49 2 Present
28 Liver alone 86 60 Yes 1.45 2.46 1.69 Absent
29 Liver alone 110 80 No 1.7 2.8 1.64 Absent
30 Liver + Kidney 88 58 Yes 1.9 25 131 Absent
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