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ABSTRACT 

BACKGROUND 

Blunt abdominal trauma may represent an immediate threat to life and requires rapid 

diagnosis and treatment. A diagnostic tool is required for assessment of abdominal injuries 

since clinical examination and physical examination is unreliable in most of the cases. The 

management of patients with blunt abdominal injury has evolved greatly over the last few 

decades. Major changes in the diagnostics of hemodynamically stable patients with blunt 

trauma have occurred. Major changes in the diagnostics of hemodynamically stable patients 

with blunt trauma have occurred. Magnetic resonance imaging (MRI), with the lack of 

radiation exposure and iodinated contrast material, is an attractive option for diagnosis in 

stable patient. 

AIM AND OBJECTIVE 

To compare the diagnostic efficacy of USG, CT and MRI of Abdomen in Blunt Abdominal 

Trauma in order to bring out the most effective diagnostic modality. 

METHODOLGY 

The patients, satisfying the inclusion criteria, after clinical evaluation, were subjected to 

Abdominal X-ray, Ultrasonography, Computed Tomography and Magnetic Resonance 

Imaging and a report was obtained from the radiologist regarding the pathology associated. 

This was compared with the intra-operative finding during Exploratory Laparotomy 

Procedure. The data was collected in a pretested Case Record Proforma designed for the 

study and was assessed by appropriate statistical methods. 

RESULTS AND CONCLUSION 

Sensitivity, specificity, positive predictive value, negative predictive value and accuracy of 

USG was determined to be 73.68%, 96.43%, 96.55%, 72.97% and 83.33% respectively. In 

CT and MRI sensitivity was 85.53% and 96.05%, specificity was 96.43% and 98.21%, PPV 
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was 97.01% and 98.65%, NPV was 83.08%and 94.83% and accuracy was 90.15% and 

96.97% respectively.Higher sensitivity and specificity along with greater accuracy was noted 

in MRI as compared to CT and USG. 

 

INTRODUCTION 

Trauma is also called as an ‘unsolved epidemic’ in the present society. Death from 

cancer and cardiovascular disease together is almost equal to loss of life from trauma. 

Trauma is the common cause of death in people less than 40 years of age 
(1,2)

. Traditionally, 

abdominal injuries can be divided into penetrating trauma and blunt trauma. Blunt abdominal 

trauma (BAT) usually occurs due to road traffic accidents (RTA), fall from heights or during 

sports
 (3)

. 

Blunt abdominal trauma may represent an immediate threat to life and requires rapid 

diagnosis and treatment. In the remaining patients, in whom there is no immediate threat to 

life, a correct diagnosis is paramount in the interest of timely institution of appropriate 

therapy 
(4,5)

. 

A diagnostic tool is required for assessment of abdominal injuries since clinical 

examination and physical examination is unreliable in most of the cases 
(6)

. Previously 

available diagnostic techniques included plain radiography, contrast studies, angiography and 

scintigraphy. Diagnostic laparotomy used to play a prominent role, so much so that the 

popular surgical aphorism was “never let the abdominal wall stand between you and the 

diagnosis”
(7)

. Most of the patients with abdominal injuries can be conservatively managed
(8)

 

and laparotomy involves significant morbidity and mortality which has led to look for better 

alternatives.
(9)

 

Diagnostic peritoneal lavage (DPL) introduced in 1965 by Root et al2 was cheap and 

easily available technique and could be done safely and quickly even in emergency setting. 

The major disadvantage of DPL is its limitation in evaluating retroperitoneal organs like 

kidneys and pancreas which has led to additional method for diagnosis.
(8)

 

CT is however relatively insensitive to early detection of intestinal, mesenteric and 

pancreatic injury. The need to shift a potentially unstable out of the trauma care area, the time 

required to prepare the patient, and limited availability are its main disadvantages.
(9)

 

spleen, liver and kidney are the most commonly injured abdominal  

organs 
(10-12)

 as a result of blunt trauma and a missed splenic injury is the most common cause 

of preventable death in trauma patients
(11)

. 

The management of patients with blunt abdominal injury has evolved greatly over the 

last few decades. Historically, surgical management was the preferential treatment for most 

blunt abdominal injury, because nonoperative management (NOM) was associated with a 

high mortality rate and significant risk of delayed rupture
(13)

. However, a significant amount 

of the laparotomies were non-therapeutic and therefore possibly unnecessary
(14)

. 

Furthermore, as the severity of post splenectomy infection became better understood, 

a trend from splenectomy towards splenic conservation has emerged. Although initially 

controversial, NOM of patients with blunt abdominal injury is currently the treatment of 
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choice in hemodynamically stable patients
(15'19)

 NOM can be divided in either observation 

(OBS) alone or angiography and embolization (AE) followed by close observation. 

Observational management involves admission to a unit with monitoring of vital signs, strict 

bed rest, frequent monitoring of haemoglobin concentration, and serial physical exams
(20)

 

In 1995 Sclafam described the first successful use of angiography and embolization in 

a patient with splenic injury
(21)

 Many studies support the use of embolization as an adjunct to 

observation. AE has increased the success rate of nonoperative management both by stopping 

ongoing bleeding as well as by preventing delayed rupture
(22’26)

. Success rates up to 97% are 

described in the literature. Improved imaging techniques and advances in interventional 

radiology have helped to better differentiate patients who can be observed versus those 

needing AE. However, a lot of issues regarding the diagnostics and therapeutic management 

of patients with blunt abdominal injuries after trauma are still debated. abdominal trauma/28' 

In general, FAST examination has replaced the use of DPL, because DPL is an invasive 

procedure and provides no information about which organ is injured, resulting in a high rate 

of negative or non-therapeutic laparotomies
(29)

 

FAST is useful in trauma evaluation to identify intra-abdominal fluid, a herald of 

significant organ injury, with a sensitivity of 90-93%
(30,31)

. FAST can be performed 

simultaneously with resuscitation efforts during the initial trauma management and can be 

completed rapidly and is, therefore, also useful in hemodynamically unstable patients
(32)

 One 

of the strengths of FAST in this patient group is that it helps to direct the surgeon to the 

abdomen as a major source of blood loss when positive, thereby leading to early laparotomy 

rather than Computed tomography (CT). 

Despite its efficacy and non-invasive character, FAST has several important 

disadvantages. First, FAST does not accurately detect the extent (grade) or the exact site of 

the organ injury. Hemoperitoneum detected with FAST in hemodynamically stable patients 

should be followed by a CT scan to evaluate the nature and extent of injury in more detail
(33)

. 

Second, its sensitivity for direct demonstration of blunt abdominal injury is relatively low 

(between 34% and 55%), since the presence of free fluid in sufficient quantity indirectly 

indicates intraperitoneal injury
(34)

. Other limitations of FAST include operator-dependence, 

limited retroperitoneal accuracy and poor scanning results in obese patients or patients with 

overlying wounds. 

When the FAST is negative for hemoperitoneum, it is still debatable whether a CT 

scan is required. Estimates for the presence of intra-abdominal injury in the absence of 

hemoperitoneum on FAST can be as high as 29%
(35)

. In a recent study, 13% of the patients 

with clinical signs of abdominal injury and a negative FAST for intra-abdominal fluid were 

shown to have significant injury upon CT scanning
(36)

. Therefore, hemodynamically stable 

patients with a negative FAST and a high clinical suspicion of splenic injury, for example a 

seat belt sign or upper abdominal pain, should undergo routine CT scanning.
(37,38) 

An increase in the utilisation of another radiological modality, the Contrast Enhanced 

Ultrasound (CEUS) could contribute to the shift towards NOM. CEUS is a real-life, non-

invasive, bedside, radiation free technique. Some studies suggest that CEUS is a good 
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alternative to CT scanning for the evaluation of traumatic lesions in solid abdominal organs, 

especially in patients with contraindications for CT contrast agents and in hemodynamically 

compromised patients
(39)

. The exact place of CEUS in the diagnostics of patients with blunt 

abdominal injury should be further determined in the future. 

The introduction of helical tomography in the 1980s has improved the detection and 

classification of blunt abdominal injury
(40)

. Currently, Multidetector Computed Tomography 

scanning with intravenous contrast is the gold standard diagnostic modality in 

hemodynamically stable patients with intra-abdominal fluid detected with FAST. CT 

scanning with intravenous contrast has numerous advantages. First, the detection of injuries 

related to the liver, spleen and kidney can be reliably determined, with a sensitivity of 90- 

100%. Second, active bleeding (a contrast extravasation), pseudo aneurysms and post 

traumatic arteriovenous fistulas can be diagnosed and the localisation of these vascular 

injuries can also be established. Third, the CT scan plays a decisive part in the order of 

treatment if more than one injury is present
(41)

. 

Because of the technical developments which have resulted in a higher degree of 

resolution of the CT scan and in quicker scanning, the effectiveness of conventional 

radiology (X-rays and FAST) in the clinical ATLS approach has been challenged. One of the 

main reasons for this is the lack of any research which prove that the mortality and disability 

rates of injured patients decreases after the implementation of the ATLS concept
(42)

. One of 

the current discussions in literature is whether a whole body CT survey should be 

implemented in the primary survey. Some authors recommend conducting a whole body CT 

(the so-called imaging survey) as the standard diagnostic tool during the early resuscitation 

phase for patients with polytrauma. They report that a CT scan of the chest or abdomen 

results in a change of treatment in up to 34% of patients with blunt trauma(43). A 30% 

reduction in mortality using the whole body CT is also reported*44’. Other arguments in 

favour of an imaging survey are the reduction in time from admission to intervention and the 

possibility of managing hemodynamically unstable patients in the same way
(45)

. 

It is debatable whether a whole body CT survey is to be recommended considering its 

dis advantages. The need for iodine containing contrast and the radiation exposure, 

especially in the relatively young trauma population, are not negligible when one considers 

the lifetime risk of cancer
(46)

. Moreover, whole body CT as part of the primary survey can 

only be adopted if a CT scan is available in, or very close to, the emergency department
(47)

. 

For the moment the benefit of whole body CT scanning seems particularly high for patients 

with severe injury. 

Magnetic resonance imaging (MRI), with the lack of radiation exposure and iodinated 

contrast material, is an attractive option for diagnosis. However, lengthy imaging times and 

limited widespread availability have previously precluded the utilization of MRI in the 

workup of trauma patients
(48,49)

. MRI with coronal imaging has been used to evaluate the 

integrity of the diaphragm in cases of suspected diaphragmatic rupture*48,49’. There have 

been case reports describing the use of MRI 
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Over the past 40 years, many changes in the primary survey and treatment of patients 

with blunt abdominal trauma have occurred. Traditionally, emergency laparotomy was the 

standard of care. Before the 1970s, the structure of the diagnosis and treatment of life-

threatening injury was very dependent upon the physician. The turning point of this 

management style came with the introduction of the Advanced Trauma Life Support (ATLS) 

principles by Steiner and Collicott in 1978
(27)

. With this ATLS protocol, a clear guideline for 

the optimal primary clinical survey of patients with life-threatening injury was developed. 

The goal of the primary survey is to quickly assess and stabilize the trauma patient. Structure, 

simplicity and a multidisciplinary methodology are essential to this approach. An important 

ATLS principle is: ‘treat first what kills first’. 

Major changes in the diagnostics of hemodynamically stable patients with blunt 

trauma have occurred. Currently, the primary survey consists of a chest X-ray, X-rays of the 

cervical spine and pelvis, blood and urine samples and a Focussed Assessment with 

Sonography for Trauma (FAST). 

Formerly, diagnostic peritoneal lavage (DPL) was the procedure of choice for the 

quick diagnosis of a hemoperitoneum in patients with blunt abdominal trauma. DPL, first 

described in 1965, resulted in a decrease in mortality and morbidity following in diagnosis of 

both renal and pancreatic injuries following trauma
(50,51)

. Two additional studies have 

compared CT and MRI in the diagnosis of abdominal solid organ injury
(52,53)

. 

Fulcher et al and McGehee et al opined that, MRI, although safer in most regards than 

CT, has experienced limited utility in the trauma patient due to availability concerns, 

prolonged imaging times and difficulty associated with patient monitoring. Technological 

advances have brought about the widespread availability of MRI and have significantly 

shortened imaging times while finding creative ways to better monitor patients. With these 

improvements MRI can be used as a valid alternative in the workup of stable patients with 

contraindication to CT in setting of blunt abdominal trauma
(52,53)

. 

Trauma is the leading cause of death among people who are younger than 45 years
(54)

. 

One of the main causes of death after trauma, with numbers ranging from 40 to 80%, is 

exsanguination caused by injuries to the abdominal organs. The spleen and liver are the most 

commonly injured organs as a result of blunt trauma. The kidney is also commonly 

injured
(55)

. American Association for the Surgery of Trauma (AAST) has devised a set of 

organ injury grading scales to assess the amount and severity of injury of all organs
(56)

. 

With this background, the present study was designed to evaluate the 

diagnostic efficacy of USG, CT and MRI in cases of blunt trauma abdomen in 

Southern Odisha. 

AIMS & OBJECTIVES 

To compare the diagnostic efficacy of USG, CT and MRI of Abdomen in Blunt Abdominal 

Trauma in order to bring out the most effective diagnostic modality. 
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 MATERIALS AND METHODS 

STUDY POPULATION 

The patients admitted consecutively, in Dept, of General Surgery, M.K.C.G. Medical College 

Hospital, Berhampur with a clinical diagnosis of Blunt Abdominal Trauma from August 2020 

to July 2022 included in the study, who underwent Exploratory Laparotomy. 

SAMPLE SIZE 

Total of 66 cases 

INCLUSION CRITERIA 

Patients of all age groups and both sexes; with history of Blunt Abdominal Trauma, admitted 

to Dept, of General Surgery, M.K.C.G. Medical College Hospital, Berhampur; underwent 

Exploratory Laparotomy, were included. 

EXCLUSION CRITERIA 

 Patients refusing to participate in the study. 

 Patients not requiring Surgical intervention. 

 Patients having contraindication to CT (Radiation Hazard) and MRI (Claustrophobia, 

Cardiac Pacemakers, Metallic Implants and other metallic foreign bodies). 

 Patients having history of allergy / anaphylaxis to contrast agents. 

 Pregnancy. 

 Clinically unstable patients. 

 

METHOD OF DATA COLLECTION 

 The patients, satisfying the inclusion criteria, after clinical evaluation, were subjected to 

Abdominal X-ray, Ultrasonography, Computed Tomography and Magnetic Resonance 

Imaging and a report was obtained from the radiologist regarding the pathology 

associated. This was compared with the intra-operative finding during Exploratory 

Laparotomy Procedure. The data was collected in a pretested Case Record Proforma 

designed for the study and was assessed by appropriate statistical methods. 

 Sixty six patients who were stable to undergo US, CT and MRI had positive findings 

were subjected for the study. Whenever possible, US preceded CT and MRI, the time gap 

between the two was kept to the minimum to make the studies comparable. US, CECT 

and MRI were done in all 66 patients. Patients having the tests interpreted as negative and 

who either did not require admission or who were discharged after short observation 

without any further investigation, were not included. Diagnostic peritoneal tapping was 

performed in all the patients with free fluid to confirm the presence of hemoperitoneum. 

Ultrasonography 

 US scans were performed on “Wipro GE-LogiqS8®” machine, with 2-5 and 5-10 Mhz 

curvilinear and linear probes. Particular attention was paid in assessing free fluid in 

abdomen and evaluation of solid organs. 
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CT Technique 

 CT scans were performed on “Wipro GE-Revolution EVO 128 Slice®” helical sub 

second (0.75 Sec) scanner capable of 50 secs, continuous spiral run. Images were 

reconstructed with 180° linear interpolation reconstruction algorithm. Helical CT of the 

entire abdomen was done from the level of dome of diaphragm up to the inferior aspect of 

ischium. 

Contrast Material 

 Routine oral contrast was not given to the patients. All patients received IV contrast 

material administered with an automated Medrad Power Injector after the initial pilot scan 

via a large-bore (18-20 G) peripheral venous line. A total of 100ml, 60% nonionic 

iodinated contrast was given intravenously at a rate of 2-4 ml per second. Scanning was 

initiated 70-90 secs after initiation of contrast infusion. Free fluid with attenuation value 

> 30 Hounsfield Units (HU) was labelled as hemoperitoneum. Follow up US or CT scans 

were obtained as dictated by the clinical course of the patients. Patients undergoing 

conservative management were clinically followed up. Surgical findings were noted from 

the operative notes in those undergoing laparotomy. 

MRI Technique 

MRI was performed using Cura Magna Momentum®, 1.5T. Tl-weighted and T2- 

weighted spin echo sequences were obtained in all patients. Gradient-recalled echo (GRE) 

sequences (22-25/12-13/60 degrees flip angle) were obtained. 

 Injury to different organs was staged by organ injury scaling (OIS) system developed by 

Organ Injury Scaling Committee of the American Association for the Surgery of Trauma 

(AAST), Moore et al. 

  OBSERVATIONS AND RESULTS 

                        Sixty-six patients of either gender with history of blunt abdominal trauma 

attending Department of General Surgery with assistance from the Dept, of Radio-Diagnosis 

in M.K.C.G. Medical College and Hospital, Berhampur, from August 2020 to July 2022; 

formed study population. 

Observations and results were analysed and compiled as following: 

Table l: Frequency distribution of gender 

Gender No. of patients (N) Percentage (%) 

Male 47 71.2 

Female 19 28.8 

Total 66 100 

 

In our study male predominance was seen. Males receiving blunt abdominal trauma 

were 47 (71.2%) while that of females were 19 (28.8%). Male to female ratio was 2.47:1. 

Table 2: Frequency distribution based on age groups of patients studied 

Age groups (Years) No. of patients (N) Percentage (%) 

<20 3 4.5 

21-30 8 12.1 

31-40 19 28.8 
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41-50 15 22.7 

51-60 11 16.7 

61-70 6 9.1 

>70 4 6.1 

Total 66 100 

Min-Max- 18-75 years old                                                   Mean ± SD- 43.94 ± 14.5 

 

 

Out of 66 patients studied, majority belonged to age group 31 to 40 and 41 to 50 years 

old (19 cases, 28.8% and 15 cases, 22.7%); followed by 11 patients (16.7%) from age group 

51 to 60 years old. Three (4.5%) patient, 8 (12.1%) patients, 6 (9.1%) patients and 4 (6.1%) 

patients were seen in age groups less than 20 years old, 21 to 30 years old, 61 to 70 years old 

and more than 70 years old respectively. Youngest patient enrolled was 18 years old male 

while oldest one was 75 years old male and one female. Mean age was to be 43.94 ± 14.5 

years. 

Table 3: Frequency distribution of modes of injury 

Mode of injury No. of patients (N) Percentage (%) 

Assault 9 13.6 

Bull gore injury 2 3.1 

Fall from height 15 22.7 

Occupation related 4 6.1 

Road traffic accident 36 54.5 

Total 66 100 

 

Road traffic accidents were major means of injury in our study (36 cases, 54.5%); 

followed by fall from height type of injury (15 cases, 22.7%). Assault in 9 patients (13.6%), 

bull gore injury in 2 patients (3.1%) and occupation related injury in 4 patients (6.1%) was 

source of blunt abdominal trauma. 

Table 4: Frequency distribution of symptoms/clinical presentation 

Symptoms  No. of patients (N) Percentage (%) 

Abdominal pain 52 78.8 

Abdominal tenderness 50 75.8 

Guarding 24 36.4 

Abdominal distension 20 30.3 

Rebound tenderness 27 40.9 

Absent bowel sounds 18 27.3 

Hematuria 3 4.5 

Per rectal bleeding 4 6.1 

Vomiting  22 33.3 

 

Majority of patients complained of abdominal pain (52 cases, 78.8%). Abdominal 

tenderness was seen in 50 patients (75.8%), abdominal guarding in 24 patients (36.4%), 
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abdominal distension in 20 patients (30.3%) and rebound tenderness in 27 patients (40.9%). 

Bowel sounds were absent in 18 patients (27.3%). Twenty two patients (33.3%) complained 

of vomiting. Hematuria and per rectal bleed was noted in 3 (4.5%) and 4 (6.1%) patients 

respectively. 

Table 5: Frequency distribution of X-ray findings 

X-ray findings No. of patients (N=66) Percentage (%) 

Pneumoperitoneum 31 46.9 

Peritoneal collection 14 21.2 

 

On X ray, pneumoperitoneum was seen in 31patients (46.9%) and peritoneal 

collection was seen in 14 patients (21.2%) 

Table 6: Frequency distribution of findings of USG, CT, MRI and exploratory 

laparotomy 

Findings  USG CT MRI Laparotomy 

Intra-abdominal 

free air 

- 31 (46.9%) - - 

Hemoperitoneum 25 (37.9%) 40 (60.6%) 43 (65.2%) 43 (65.2%) 

Hollow viscous 

injury 

14 (21.2%) 16 (24.2%) 19 (28.8%) 19 (28.8%) 

Solid organ injury 44 (66.7%) 52 (78.8%) 55 (83.3%) 57 (86.4%) 

 

Ultrasound was done in all patients to rule out differential diagnosis. 

Hemoperitoneum, hollow viscous injuries and solid organ injuries were seen in 25 (37.9%), 

14 (21.2%) and 44 (66.7%) patients respectively. 

CT scan was also done in all the patients. Intra-abdominal free air indicating 

perforation was noted in 31 (46.9%) patients. In CT findings hemoperitoneum, hollow 

viscous injuries and solid organ injuries were seen in 40 (60.6%), 16 (24.2%) and 52 (78.8%) 

patients respectively. 

Magnetic resonance imaging revealed hemoperitoneum, hollow viscous injuries and 

solid organ injuries in 43 (65.2%), 19 (28.8%) and 55 (83.3%) patients respectively. 

Exploratory laparotomy was done in all patients and its findings were considered as gold 

standard for evaluation of other diagnostic modalities. Laparotomy revealed hemiperitoneum, 

hollow viscous injuries and solid organ injuries in 43 (65.2%), 19 (28.8%) and 57 (86.4%) 

patients respectively. 
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Figure 1: Frequency distribution of findings of USG, CT, MRI and exploratory 

laparotomy. 

Table 7: Frequency distribution of viscera affected based on USG, CT, MRI and 

exploratory laparotomy. 

Organ detected USG CT MRI Laparotomy 

Liver 22 24 26 26 

Spleen 18 25 28 29 

Pancreas 3 5 6 6 

Bowel and mesentery 13 14 15 15 

Kidney 1 4 7 8 

Urinary bladder 1 2 4 4 

Hemoperitoneum 24 33 36 36 

Retro-peritoneal 

haemorrhage 

1 7 7 7 

 

Liver and splenic lacerations were noticed on USG (22 and 18), CT (24 and 25), MRI 

(26 and 28) and laparotomy (26 and 29). Pancreatic lacerations were seen in 3 patients on 

USG, 5 patients on CT and 6 patients on MRI and laparotomy. Kidney lacerations were 

visible on USG (1), CT (4), MRI (7) and laparotomy (8). Bladder wall injury was seen on 

USG (1), CT (2) and MRI and laparotomy (4 cases each). Injury and lacerations on bowel 

and mesentery was present in 13 patients on USG, 14 patients on CT and 15 patients on MRI 

and laparotomy. Hemoperitoneum and retroperitoneal haemorrhages were observed on USG 

(24 and 1), CT (33 and 7) and MRI and laparotomy (36 and 7). 
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Figure 2: Frequency distribution of viscera affected based on USG, CT, MRI and 

exploratory laparotomy 

Table 8: Frequency distribution of final AAST grading of injury 

Organ injured I II III IV V VI 

Liver 0 0 4 8 8 6 

Spleen 0 5 6 12 6 - 

Pancreas 0 0 0 3 3 - 

Bowel and 

mesentery 

0 0 5 7 3 - 

Kidney 0 0 0 5 3 - 

Urinary bladder 0 0 0 2 2 - 

 

The American Association for the Surgery of Trauma (AAST) injury scoring system 

was used to grade injuries sustained by patients. None of the patients received grade I injury 

to any organ. Grade III, IV, V and VI liver injury was seen in 4, 8, 8 and 6 patients 

respectively. Similarly; grade 11, III, IV and V splenic injuries were noted in 5, 6, 12 and 6 

patients respectively. In three patients each grade IV and V pancreatic injuries were noticed. 

Bowel and mesenteric lacerations of grade III (5), grade IV (7) and grade V (3) were seen. 

Grade IV and V kidney injuries were seen in 5 and 3 patients respectively. And, in two 

patients each urinary bladder injury of grade IV and V was observed. 
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Figure 3: Frequency distribution of final AAST grading 

Table 9: Frequency distribution of site of injury 

Site of injury No. of patients (N) Percentage (%) 

Liver 26 39.4 

Spleen 29 43.9 

Kidneys 8 12.1 

Pancreas 6 9.1 

Bowel and mesentery 15 22.7 

Urinary bladder 4 6.1 

       Site of injury in majority of patients was found to be spleen (29 patients, 32.9%); 

followed by liver (26 patients, 29.5%). Injury to kidney, pancreas, bowel and mesentery and 

urinary bladder was seen in 8 (9.1%), 6 (6.8%), 15 (17%) and 4 (4.5%) patients respectively. 

In total 88 visceral organ were found to be affected following blunt abdominal trauma. 

Hemoperitoneum and retro peritoneal haemorrhages were seen in 36 and 7 patients 

respectively 

Table 10: Distribution of correlation between findings of USG, CT and MRI as 

compared to exploratory laparotomy 

Diagnostic 

modality 

 Intra-abdominal 

injury +ve 

Intra-abdominal 

injury –ve 

USG Positive 56 2 

 Negative 20 54 

CT Positive 65 2 

 Negative 11 54 

MRI Positive 73 1 

 Negative 3 55 
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In our study, USG, CT and MRI was done in all patients. Out of 88 organ injuries, 56, 

65 and 73 hollow viscous and solid organ injuries were correctly diagnosed using USG, CT 

and MRI respectively. False negative intra-abdominal injuries were noted in USG (20), CT 

(11) and MRI (3). Also, false positive injuries were observed in USG (2), CT (2) and MRI 

(1). 

Table 11: Diagnostic efficacy of various modalities used to diagnose blunt abdominal 

trauma with respect to exploratory laparotomy as gold standard 

 Sensitivity % Specificity % PPV % NPV % Accuracy % 

USG 73.68 96.43 96.55 72.97 83.33 

CT 85.53 96.43 97.01 83.08 90.15 

MRI 96.05 98.21 98.65 94.83 96.97 

 

Findings of exploratory laparotomy were considered as final and gold standard for 

comparison of other diagnostic methods viz. USG, CT and MRI. 

Sensitivity, specificity, positive predictive value, negative predictive value and 

accuracy of USG was determined to be 73.68%, 96.43%, 96.55%, 72.97% and 83.33% 

respectively. In CT and MRI sensitivity was 85.53% and 96.05%, specificity was 96.43% and 

98.21%, PPV was 97.01% and 98.65%, NPV was 83.08%and 94.83% and accuracy was 

90.15% and 96.97% respectively. 

Higher sensitivity and specificity along with greater accuracy was noted in MRI as 

compared to CT and USG. 

 

DISCUSSION 

Blunt abdominal trauma (BAT) usually occurs due to road traffic accidents (RTA), fall from 

heights or during sports. Prevalence of intraabdominal injury (IAI) varies widely, ranging 

from 7.7% to 65%/72* The Indian fatality rates for trauma are 20 times that for developed 

countries. About 30% of such deaths are thought to be preventable.
(57)

 

Isolated  blunt abdominal trauma (BAT) represents about 5% of annual trauma 

mortality  from blunt trauma.  As part of multiple-site injury  (polytrauma),  BAT contributes 

another 15% of trauma  mortality.  In  the  abdominal  trauma,  the  best  exploration  strategy  

is  one  that  leads most quickly and reliably in the diagnosis of surgical injury. 

Trauma accounts for one of the reason for majority of deaths in people younger than 

45 years of age and is also a preventable cause of death. The loss of years of life due to 

trauma is more than combined years of life loss of malignancy, heart disease and stroke 

combined. The energy impacted during a blunt trauma is distributed over a wide area 

compared with penetrating injuries and the forces involved during the impact create both 

shear and tensile strain. Examples for these include falls, automobile and motor vehicle 

accidents and sports related injuries
(58)

 Pain, subtle physical signs, and masked by 

intoxication and head injury appears to be main reasons in case of missing abdominal injuries 

in cases of blunt abdominal trauma. Clinical diagnosis in blunt injuries is a challenging task 

to the surgeon or physician due to lack of specific findings in these high velocity injuries
(59)

 

The likelihood of injury to an individual organ depends upon the impact of velocity 

and mechanism of trauma and also the vulnerability of the patient at the time of the event. In 
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most of the literature reports, liver and spleen are the most common organs affected. Other 

organ which may be at risk includes kidneys, bowel, mesentery, pancreas, adrenals, and 

diaphragm and intra-abdominal vessels. Hemodynamically stable patients and patients who 

respond to initial management often require further diagnostic evaluation
(60)

 

Diagnostic laparotomy used to play a prominent role, so much so that the popular 

surgical aphorism was “never let the abdominal wall stand between you and the 

diagnosis”/77' Most of the patients with abdominal injuries can be conservatively managed 

and laparotomy involves significant morbidity and mortality which has led to look for better 

alternatives
(61)

 

Ultra sonogram (US) of the abdomen appears to be a useful and important tool in 

diagnosis of any kind of injury to the abdominal organs due to BAT. But an important 

hindrance factor previously was resolution and only 50% specificity in solid organ injuries
(62)

 

Computed tomography has become the choice in advanced trauma centres as a 

primary modality of investigation in cases with BAT. CT evaluates retro peritoneum and 

abdomen with an additional advantage in also assessing the functional status of organs and 

skeletal injuries. Most of the reports and findings from various studies demonstrated CT as a 

better diagnostic choice than US in cases of BAT. 

Disadvantages to CT include exposure to radiation and the need for iodinated contrast 

material with associated nephrotoxicity and allergic reactions. Magnetic resonance imaging 

(MRI), with the lack of radiation exposure and iodinated contrast material, is an attractive 

option for diagnosis. However, lengthy imaging times and limited widespread availability 

have previously precluded the utilization of MRI in the workup of trauma patients. 

The variable scope, sensitivity, accuracy and advantages of these extensively used 

modalities has given rise to their variable use in different parts of the world
(63)

 Present study 

was conducted with an aim to evaluate the diagnostic efficacy of USG, CT and MRI in cases 

of blunt trauma abdomen in Southern Odisha. 

In present study, 60 cases with blunt abdominal trauma were included. The prevalence 

of BAT was more in males (71.2%) with male to female ratio was 2.47:1 as reported in 

earlier studies. Sanjay B et al
(64)

 reported trauma in 77% cases which is little higher than our 

finding while Reddy et al
(65)

 observed BAT in 67.15% with male to female ratio on 2.04:1. 

Mean age observed was 43.94 ± 14.5 years with majority of cases belonging to 31 to 50 years 

(51.5%). This age is the highly vulnerable group as they are more actively involved in works 

externally and also in motor traffic accidents
(66)

 Majority patients were free of comorbidities 

(71.2%). 54.5% of cases had BAT due to road traffic accident, followed by fall from height in 

22.7% as reported in the findings of Mohapatra et al
(67)

 who reported the incidence of RTA as 

54% and Kulkarni et al who reported as 64% which is higher than our study
(68)

 In Sanjay B et 

al
(64)

 study RTA accounted for 77.4% of in injuries and 19.3% of patients sustained injuries 

due to fall from height. 

Abdominal pain (78.8%) was the most common symptom in our study as also 

reported by Farahmand et al
(69)

 in his study. In our study, tenderness (75.8%) was the most 

common clinical sign with other signs like guarding (36.4%), rebound tenderness (40.9%). 

However few studies reported that guarding, Hypotension and rebound tenderness were the 

common findings in cases of BAT. This is explained by the reason that signs depend upon the 
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type of injury and shear tensile strength which caused the injury and type of injury which can 

be organ parenchymal damage, hemoperitoneum or major organ injury. Reddy et al
(65)

 also 

found the similar results with 100% cases with abdominal pain and tenderness followed by 

nausea, vomiting and abdominal fullness. 

Abdominal pain (78.8%) was the most common symptom in our study as also 

reported by Farahmand et al
(69)

 in his study. In our study, tenderness (75.8%) was the most 

common clinical sign with other signs like guarding (36.4%), rebound tenderness (40.9%). 

However few studies reported that guarding, Hypotension and rebound tenderness were the 

common findings in cases of BAT. This is explained by the reason that signs depend upon the 

type of injury and shear tensile strength which caused the injury and type of injury which can 

be organ parenchymal damage, hemoperitoneum or major organ injury. Reddy et al
(65)

 also 

found the similar results with 100% cases with abdominal pain and tenderness followed by 

nausea, vomiting and abdominal fullness. suggests a higher likelihood of blunt injuries to the 

bowel. In addition, free intraperitoneal air, or trapped retroperitoneal air from duodenal 

perforation, may be seen. 

On X-ray, pneumoperitoneum was seen in 31 patients (46.9%) and peritoneal 

collection was seen in 14 patients (21.2%). In Sanjay B et al
(64)

 study, of the total 40 patients, 

free intraperitoneal air under the diaphragm was seen in 2 patients on abdominal radiograph. 

Pneumoperitoneum does not always indicate bowel rupture and can be observed in patients 

with pneumomediastinum or pneumothorax and in patients on mechanical ventilation. 

Organ injury can be easily diagnosed by abdominal ultrasound as well as the presence 

of free intra-abdominal fluid, which could be blood or intestinal secretions. US is cheap, 

easily available, portable, non-invasive, with no radiation and is done in the emergency unit 

at the same time with resuscitation methods. On US examination, hemoperitoneum, hollow 

viscous injuries and solid organ injuries were seen in 25 (37.9%), 14 (21.2%) and 44 (66.7%) 

patients respectively. 

On CT intra-abdominal free air was diagnosed in 46.9% and hemoperitoneum, hollow 

viscous injuries and solid organ injuries were seen in 40 (60.6%), 16 (24.2%) and 52 (78.8%) 

patients respectively. MRI revealed hemoperitoneum, hollow viscous injuries and solid organ 

injuries in 43 (65.2%), 19 (28.8%) and 55 (83.3%) patients respectively. These findings were 

confirmed on laparotomy. On exploratory laparotomy hemiperitoneum, hollow viscous 

injuries and solid organ injuries were diagnosed in 43 (65.2%), 19 (28.8%) and 57 (86.4%) 

patients respectively. Out of 88 organ injuries, 56, 65 and 73 hollow viscous and solid organ 

injuries were correctly diagnosed using USG, CT and MRI respectively. 20, 11 and 3 false 

negative intra-abdominal injuries were noted in USG, CT and MRI. Also, false positive 

injuries were observed in USG (2), CT (2) and MRI (1). 

Splenic injuries account for about 40% of all intra-abdominal injuries 49. The 

presence of pulp tissue and poorly developed mesenchymal supporting structure predisposes 

spleen to injury. In our study spleen was the commonest organ injured with an incidence of 

43.9%. Liver was the second most frequently injured organ in our study with an incidence of 

39.4%. Least injured organ was urinary bladder with 6.1%. Pancreatic injury was found in 6 

cases. Hemoperitoneum and retro peritoneal haemorrhages were seen in 36 and 7 patients 

respectively. These injuries were diagnosed on USG, CT and MRI and compared with the 
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exploratory laparotomy. On USG, CT and MRI, of 26 liver injuries 22, 24 and 26 were 

diagnosed correctly. Of 29 splenic injuries, 18, 25 and 28 injuries were correctly diagnosed 

on USG, CT and MRI respectively. Of 8 kidney injuries, 7 were correctly diagnosed on MRI. 

Hemoperitoneum and retroperitoneal haemorrhages were observed on USG (24 and 1), CT 

(33 and 7) and MRI and laparotomy (36 and 7). 

In Srivastava et al(70) study, CT had detected four cases of hepatic trauma that were 

missed on USG and most of them were grade - I injuries and also CT helped in grading the 

lesion better in one case which was graded as grade - II but was given a higher grade as grade 

III on CT. CT detected 14 cases of splenic trauma compared to USG which detected only 11 

cases, of the 3 additional cases detected on CT two were of grade - I and one was a grade IV 

injury, one case which was graded as grade I on USG was found to be grade III. USG 

detected only 7 cases of renal trauma where CT could detect 9 cases of renal trauma. CT 

detected 2 cases which were missed on USG. The reason for this could be due to partially 

filled bladder and also CT CYSTOGRAPHY was done when ever there was a doubt on 

NCCT. 

Our results were in concordance with the Ramchandran et al
(70)

 study who found that 

spleen is the predominant organ to be involved accounting for 31% (59 out of 190) followed 

by liver (39 patients21%), kidney (21 patients-11%), bladder (12 patients-6%), 

bowel/mesentery (10 patients-5%) and pancreas (1%). The study done by Radhiana Hassan et 

al (2010) who encountered pancreatic injury in only 3% of the cases. Our study also 

correlates with the findings of MM Kumar et al
(57)

 who accounted 26% of splenic injuries 

among visceral organs in his study. 

While Reddy et al
(65)

 found that liver was the most common organ injured and 

observed in 348 cases (63.5%), followed in order by Spleen 248 cases (45.26%), kidneys 24 

cases (4.38%), Bowel and mesentery 12 cases (2.19%), pancreas 2 cases (0.36%) and urinary 

bladder in 2 cases (0.36%). Also, in Sanjay Bet al
(64)

 study, liver was the most frequently 

injured organ with 55% incidence followed by spleen injuries in 41.95%. Urinary bladder 

was affected in 3.2% and pancreas in 6.4%. 

In present study, none of the patients presented with grade I AAST injury. Five cases 

presented with grade II injury. Six cases endured with grade III splenic injury and 5 with 

grade 111 bowel and mesenteric lacerations. Majority cases had grade IV organ injury, in 

which, 12 cases had splenic injury, 8 were presented with liver injury, 7 with bowel and 

mesentery, 5 with kidney injury and 3 with grade IV pancreatic injury. 2 cases each were 

sustaining grade IV and grade V urinary bladder injury. 6 cases had grade VI liver injury in 

present series. Grade V injury of liver and spleen were seen in 8 and 6 cases, while 3 cases 

each had grade V injury of pancreas, kidney and bowel and mesentery. 

Similar findings were observed by Sanjay B et al
(64)

 Of the 22 cases of liver injuries, 

six had grade III injury. The remaining six cases had grade I and ten grade II injury. They 

found 17 splenic injuries, of them grade 111 injuries were seen in 6 patients. Two patients 

had grade 1 and five patients had grade II injury. Of 3 kidney injury, 2 had grade I injury and 

one with grade IV injury. They also noticed extra peritoneal bladder injury in one patient with 

an associated spleen and kidney injury. 
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Also, our results were comparable to the study conducted by Madhu et al. They 

observed that 14 patients had Liver injuries (33%) and out of these eight had grade 2 injuries 

while six had grade 3 injuries. 11 patients had Splenic injuries (26%) and out of these, six had 

grade 2 injuries, four had grade 3 and two had grade 5 injury. 10 cases of Hollow viscus 

perforation (23%). 3 Renal injuries (7%), 2 were of grade 3 and 1 of grade 4. 

In present study, Sensitivity, specificity, positive predictive value, negative predictive 

value and accuracy of USG was determined to be 73.86%, 96.43%, 96.55%, 72.97% and 

83.33% respectively. In CT and MRI sensitivity was 85.53% and 96.05%, specificity was 

96.43% and 98.21%, PPV was 97.01% and 98.65%, NPV was 83.08%and 94.83% and 

accuracy was 90.15% and 96.97% respectively. Higher sensitivity and specificity along with 

greater accuracy was noted in MRI as compared to CT and USG. 

In Reddy et al
(65)

 study US had a sensitivity of 94%, specificity of 100%. CT findings 

in our study detected all the cases with hemoperitoneum or parenchymal injury or both and 

had sensitivity, specificity and accuracy of 100% when compared with US. 

In Sanjay B et al
(64)

 study, US had an overall sensitivity of 85.3%, specificity of 100% 

and accuracy of 86%. CT was positive (either for intra-abdominal free fluid or organ injury or 

both) in all the patients and thus showed an overall sensitivity, specificity and accuracy of 

100%. 

Sensitivity and Specificity of USG in detection of intraabdominal injury in the present 

study were somewhat similar with the study done by Atif Latif et al Kwashima et al
(71)

 

mentioned that multiorgan involvement occurs in 75% of those with blunt trauma; however, 

it differs regarding its association with penetrating trauma that he mentioned that it occurs in 

80% of patients with penetrating trauma. This may be due to the fact that most patients with 

penetrating trauma included in this study had stab injury directed toward the flanks resulting 

in isolated renal injury. The most commonly injured intraabdominal organ associated with 

renal injury was the liver (46%) followed by the spleen (30%), and this is consistent with 

Ramchandani et al. who stated that the liver and the spleen are the most common 

intraabdominal organs to be injured with blunt trauma
(72)

 Jeffrey et al. state that CT staging of 

blunt hepatic injuries has little discriminatory value in predicting outcome of stable patients, 

as nearly all have an excellent prognosis
(73)

 Ilahi et al. in their study found that CT was 68% 

(19 of 28) accurate in diagnosing pancreatic injury
(74)

 They concluded that CT scan is only 

moderately sensitive and can underestimate or miss pancreatic injury. Sclafani et al. consider 

CT the method of choice for renal injuries and confirmatory angiography unnecessary
(75)

 

Lupetin et al. using CT, diagnosed renal artery occlusion in all seven patients with renal 

trauma in their series
(76)

 

In a case report by McGehee et al
(53)

 on comparison of MRI with post-contrast CT in 

evaluation of acute abdominal trauma, they stated that, the efficacy of CECT for the 

evaluation of traumatic visceral injury is well established with reported sensitivities and 

specificities ranging from 93 to 96%. They concluded that MRI is superior in ability to image 

in multiple planes thus can diagnose more accurately than other modalities. 

Few studies have investigated the use of MRI in patients with blunt abdominal 

trauma. MRI with coronal imaging has been used to evaluate the integrity of the diaphragm in 

cases of suspected diaphragmatic rupture
(48)

 There have been case reports describing the use 
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of MRI in diagnosis of both renal and pancreatic injuries following trauma
(51)

 Two additional 

studies have compared CT and MRI in the diagnosis of abdominal solid organ injury
(53’77)

 

The first study compared MRI without contrast material to CT with contrast material and 

found that MRI offered no advantage over CT for the routine evaluation of acute abdominal 

trauma
(53)

 A more recent study using an experimental animal model compared the 

performance of MRI with intravascular contrast material to CT in the setting of abdominal 

trauma. Using a porcine model, hepatic and renal injuries were surgically created and 

followed with both CT and 3D MRI using intravascular contrast material. This study 

demonstrated that MRI was as comparable to CT in diagnosing intra-abdominal parenchymal 

injuries and intraperitoneal blood following traumatic injury
(77)

 

With these improvements MRI can be used as a valid alternative in the workup of 

stable patients with contraindication to CT in the setting of blunt abdominal trauma. 

SUMMARY 

 Road traffic accidents were major means of injury in our study (36 cases, 54.5%); 

followed by fall from height type of injury (15 cases, 22.7%). Assault in 9 patients 

(13.6%), bull gore injury in 2 patients (3.1%) and occupation related injury in 4 patients 

(6.1%) was source of blunt abdominal trauma. 

 Majority of patients complained of abdominal pain (52 cases, 78.8%). Abdominal 

tenderness was seen in 50 patients (75.8%), abdominal guarding in 24 patients (36.4%), 

abdominal distension in 20 patients (30.3%) and rebound tenderness in 27 patients 

(40.9%). Bowel sounds were absent in 18 patients (27.3%). Twenty-two patients (33.3%) 

complained of vomiting. Hematuria and per rectal bleed was noted in 3 (4.5%) and 4 

(6.1%) patients respectively. 

 Exploratory laparotomy was done in all patients and its findings were considered as gold 

standard for evaluation of other diagnostic modalities. Laparotomy revealed 

hemoperitoneum, hollow viscous injuries and solid organ injuries in 43 (65.2%), 19 

(28.8%) and 57 (86.4%) patients respectively. 

 Hemoperitoneum was seen on USG, CT and MRI in 25, 40 and 43 patients. 

 Hollow viscous injuries were noted using USG, CT and MRI in 14, 16 and 19 patients. 

 Solid organ injuries were detected using USG, CT and MRI in 44, 52 and 55 patients. 

 Site of injury in majority of patients was found to be spleen (29 patients); followed by 

liver (26 patients). Injury to kidney, pancreas, bowel and mesentery and urinary bladder 

was seen in 8, 6, 15 and 4 patients respectively. Hemoperitoneum and retro peritoneal 

haemorrhages were seen in 36 and 7 patients respectively. 

 Sensitivity, specificity, positive predictive value, negative predictive value and accuracy 

of USG was determined to be 73.86%, 96.43%, 96.55%, 72.97% and 83.33% 

respectively. In CT and MRI sensitivity was 85.53% and 96.05%, specificity was 96.43% 

and 98.21%, PPV was 97.01% and 98.65%, NPV was 83.08%and 94.83% and accuracy 

was 90.15% and 96.97% respectively. 

 Higher sensitivity and specificity along with greater accuracy was noted in MRI as 

compared to CT and USG. 

 

  CONCLUSION 
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 To  conclude,  from our study  MRI is always a superior diagnostic modality  than  US in  

cases of organ  injury  in  BAT.  However US can  be performed  as a initial imaging  

modality  in  all the cases of BAT but US can  miss few cases of minor organ  

parenchymal damage and retroperitoneal hematomas masked  by  dilated  loops or 

thickened  bowel walls.  Hence it is imperative that all cases of BAT are to  be followed  

by  MRI and  CT after US.  Our study strongly  suggests that MRI scans should  be 

followed  by  imperative CT and  US scans or in cases which  are negative by  CT and  

US but clinically  strongly  suspicious of organ  injury  or damage.  However accurate 

imaging  diagnosis and  hemodynamical stability  are the main determinants that 

determine the strategy  of management of cases of BAT.  US is a sensitive investigation  

in  diagnosing  cases of hemoperitoneum than  organ  specific damages and  MRI is  a  

better  diagnostic  modality  in  organ  damage  than  US  and  CT  and  has  more  

sensitivity  in detection of mesenteric tears and small bowel injury. 
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