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ABSTRACT 

Background: Focused assessment with sonography for trauma (FAST) is widely used for rapid evaluation of blunt abdominal trauma, but its 
diagnostic scope is more limited than contrast-enhanced multidetector computed tomography (CE-MDCT). Objective: To determine the 
diagnostic performance of FAST for the study-defined intra-abdominal solid-organ injury outcome using CE-MDCT as the reference standard 
and to describe associated CE-MDCT findings. Methods: This cross-sectional analytical diagnostic-accuracy study included 140 patients with 
blunt abdominal trauma evaluated at Services Hospital, Lahore, from June 2022 to June 2023. Participants underwent FAST followed by 
abdominopelvic CE-MDCT. Diagnostic performance was assessed using sensitivity, specificity, predictive values, accuracy, likelihood ratios, and 
Cohen’s kappa. Results: FAST was positive in 66 (47.1%) participants and negative in 74 (52.9%). Against CE-MDCT, FAST demonstrated 93.8% 
sensitivity, 92.1% specificity, 90.9% positive predictive value, 94.6% negative predictive value, and 92.9% overall accuracy. The positive and 
negative likelihood ratios were 11.88 and 0.07, respectively, and agreement was high (κ=0.856). CE-MDCT additionally demonstrated active 
bleeding, free fluid, mesenteric tears, bowel perforation, mesenteric haematoma, and other traumatic abnormalities. Conclusion: FAST showed 
high diagnostic agreement with CE-MDCT for the predefined target condition in this selected cohort, while CE-MDCT provided broader 
characterization of associated abdominal injuries. Keywords: blunt abdominal trauma; focused assessment with sonography for trauma; 
multidetector computed tomography; diagnostic accuracy; bowel injury; mesenteric injury. 

INTRODUCTION 

Blunt abdominal trauma remains an important diagnostic challenge because clinically significant intra-abdominal 
injuries may initially present with subtle, nonspecific, or evolving signs. Delayed recognition of solid-organ, bowel, 
mesenteric, or vascular injuries can increase the risk of haemorrhage, peritonitis, sepsis, operative delay, and other 
preventable complications. Accurate early assessment therefore requires integration of the mechanism of injury, 
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clinical examination, laboratory findings, and appropriately selected imaging rather than reliance on any single 
diagnostic modality (1–4). 

Focused assessment with sonography for trauma (FAST) is widely incorporated into the early evaluation of trauma 
patients because it is rapid, portable, repeatable, radiation-free, and can be performed at the bedside during initial 
resuscitation. Its principal role is the detection of free intraperitoneal fluid, which may provide an early indication 
of clinically important intra-abdominal injury, particularly when rapid decision-making is required. However, the 
diagnostic performance of conventional FAST is influenced by operator experience, examination timing, patient 
selection, haemodynamic status, body habitus, the volume and distribution of intraperitoneal fluid, and the type of 
underlying injury. Previous studies and systematic reviews have consequently reported relatively high specificity 
but more variable sensitivity, particularly when FAST is used to detect traumatic organ injury or haemoperitoneum 
(5–8). Contrast-enhanced ultrasound has demonstrated improved detection of solid-organ injuries in selected 
populations, especially children, but its findings are not directly transferable to conventional adult FAST and its 
routine use remains dependent on local expertise, equipment, and standardized protocols (9,10).  

Contrast-enhanced multidetector computed tomography (CE-MDCT) provides a substantially more comprehensive 
anatomical assessment in haemodynamically stable patients with suspected intra-abdominal trauma. In addition 
to identifying solid-organ injuries and active haemorrhage, CE-MDCT can demonstrate direct and indirect signs of 
bowel and mesenteric injury, including bowel-wall discontinuity, extraluminal gas or enteric contents, mesenteric 
contrast extravasation, free fluid, mesenteric haematoma, abnormal bowel-wall enhancement, and mesenteric 
stranding (2–4,11). Contemporary trauma guidance therefore supports FAST as an early triage examination while 
positioning contrast-enhanced CT as the principal definitive imaging modality in stable patients when intra-
abdominal injury remains suspected (2,12). Nevertheless, even CT findings must be interpreted together with the 
injury mechanism and evolving clinical picture because some bowel and mesenteric injuries can initially be subtle 
or equivocal (3,11,13). 

The complementary roles of FAST and CE-MDCT make their diagnostic relationship clinically important. FAST can 
provide immediate bedside information but cannot reliably characterize many parenchymal, retroperitoneal, bowel, 
mesenteric, spinal, or vascular injuries. Conversely, CE-MDCT provides greater anatomic detail but requires patient 
transfer to the scanner, intravenous contrast administration, and exposure to ionizing radiation. The practical 
balance between these modalities may be particularly relevant in settings where access to CT, radiology staffing, 
imaging turnaround times, and thresholds for advanced imaging vary. Although previous studies have evaluated 
FAST performance in blunt abdominal trauma, reported accuracy has been heterogeneous because of differences 
in study populations, target conditions, operator expertise, reference standards, and clinical settings (5–8). 
Evidence derived from tertiary-care trauma populations in resource-constrained settings remains valuable for 
determining how effectively FAST performs when compared directly with CE-MDCT and for describing injuries that 
may lie beyond the diagnostic scope of conventional FAST. 

Accordingly, this cross-sectional analytical study evaluated patients with blunt abdominal trauma who underwent 
both FAST and CE-MDCT at a tertiary hospital in Lahore, Pakistan. The primary objective was to determine the 
diagnostic performance of FAST for the predefined intra-abdominal solid-organ injury outcome using CE-MDCT as 
the reference standard, including sensitivity, specificity, positive and negative predictive values, overall diagnostic 
accuracy, likelihood ratios, and agreement between the two examinations. Secondary objectives were to describe 
the mechanisms of blunt abdominal trauma, the distribution of FAST-detected intraperitoneal fluid, and CE-MDCT 
findings relevant to bowel and mesenteric injury. The study therefore addressed whether FAST can provide accurate 
initial classification of the specified injury outcome while identifying the additional traumatic abnormalities 
demonstrated by CE-MDCT. 

MATERIAL AND METHODS 

This cross-sectional analytical diagnostic-accuracy study was conducted in the Department of Radiology at 
Services Hospital, Lahore, Pakistan, from June 2022 to June 2023. The study population comprised patients 
presenting with blunt abdominal trauma who underwent both focused assessment with sonography for trauma 
(FAST) and contrast-enhanced multidetector computed tomography (CE-MDCT) as part of the evaluation for 
suspected intra-abdominal injury. The paired-test design allowed FAST findings to be compared directly with CE-
MDCT findings within the same participants. A total of 140 patients aged 17–71 years were included using 
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convenience sampling. Eligible mechanisms of injury included motor-vehicle collisions, falls, animal-related 
trauma, and assault. Patients presenting with penetrating abdominal trauma or those without a clinical indication 
for evaluation of intra-abdominal injury were excluded. Written informed consent was obtained from participants 
before enrolment and data collection. 

FAST was performed using a Philips EPIQ-series ultrasound system equipped with a 3–5 MHz curvilinear transducer. 
Standard FAST assessment included examination of the hepatorenal recess, splenorenal recess, pelvis, and 
epigastric region. The presence and anatomical distribution of intraperitoneal free fluid were recorded, together 
with reported sonographic findings involving abdominal solid organs. For the primary diagnostic comparison, the 
recorded FAST examination was categorized as positive or negative for the study-defined intra-abdominal solid-
organ injury outcome. FAST was performed before CE-MDCT, and both examinations contributed paired 
observations for the diagnostic-accuracy analysis. 

CE-MDCT served as the reference imaging examination and was performed using a Toshiba Aquilion 160-slice 
multidetector CT scanner. Images were reconstructed at 1-mm intervals and reviewed using coronal and sagittal 
multiplanar reformations. Intravenous iodinated contrast material was administered in a volume of 120–150 mL at a 
rate of at least 3 mL/s. The imaging protocol included arterial- and venous-phase acquisition, with an additional 
delayed phase at 3–5 minutes when low-flow active bleeding was suspected. Oral contrast material was not 
routinely administered. Recorded CE-MDCT findings included active bleeding, seat-belt-related findings, 
extraluminal air, pneumoperitoneum, free fluid, haemoperitoneum, splenic injury, bowel-wall defect, bowel 
perforation, spillage of enteric contents, mesenteric haematoma, mesenteric tear, and spinal fracture. Because 
individual participants could demonstrate more than one traumatic finding, these imaging features were treated as 
non-mutually exclusive variables. 

The primary outcome was the diagnostic performance of FAST for the study-defined solid-organ injury outcome 
using CE-MDCT as the reference standard. Diagnostic classification was based on paired FAST and CE-MDCT 
results. During verification of the aggregate diagnostic data, the internally consistent contingency-table counts 
were 60 true-positive, 6 false-positive, 4 false-negative, and 70 true-negative examinations, corresponding to 66 
FAST-positive and 74 FAST-negative examinations among the 140 participants. These paired classifications were 
used to calculate sensitivity, specificity, positive predictive value, negative predictive value, overall diagnostic 
accuracy, positive and negative likelihood ratios, and agreement between FAST and CE-MDCT. Secondary outcomes 
included the distribution of mechanisms of blunt abdominal trauma, anatomical distribution of FAST-detected free 
fluid, and the frequency of CE-MDCT features relevant to bowel, mesenteric, vascular, solid-organ, and associated 
traumatic injury. 

Data were analysed using IBM SPSS Statistics version 25.0. Categorical variables were summarized as frequencies 
and percentages. The association between mechanism of injury and FAST status was assessed using Pearson's chi-
square test. Sensitivity was calculated as TP/(TP+FN), specificity as TN/(TN+FP), positive predictive value as 
TP/(TP+FP), negative predictive value as TN/(TN+FN), and overall diagnostic accuracy as (TP+TN)/N. Positive and 
negative likelihood ratios were derived from the corresponding sensitivity and specificity estimates. Wilson 95% 
confidence intervals were calculated for diagnostic proportions, and agreement beyond chance between FAST and 
CE-MDCT classifications was assessed using Cohen's kappa coefficient. All analyses were two-sided, and a p value 
<0.05 was considered statistically significant. The reported diagnostic calculations were independently checked 
arithmetically against the aggregate contingency-table totals, and all 140 paired FAST and CE-MDCT examinations 
contributed to the primary diagnostic analysis. 

Ethical approval for the study was obtained from the ethics committee of Superior University, Lahore, Pakistan. 
Participation was voluntary, written informed consent was obtained before enrolment, and participant-identifying 
information was maintained confidentially throughout data collection and analysis. 

RESULTS 

The study included 140 participants aged 17–71 years. Of these, 86 (61.4%) were male and 54 (38.6%) were female. 
Motor-vehicle collisions were the most frequent mechanism of blunt abdominal trauma, accounting for 87 cases 
(62.1%), followed by falls in 28 (20.0%), assault in 15 (10.7%), and animal-related trauma in 10 (7.1%). FAST was positive 
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in 66 participants (47.1%) and negative in 74 (52.9%). The distribution of injury mechanisms was not associated with 
FAST status (χ²(3)=1.938, p=0.585; Cramér’s V=0.118). Participant and FAST characteristics are presented in Table 1. 

Table 1. Participant, injury-mechanism, and FAST characteristics (N=140) 

Characteristic n (%) 

Male sex 86 (61.4) 

Female sex 54 (38.6) 

Motor-vehicle collision 87 (62.1) 

Fall 28 (20.0) 

Assault 15 (10.7) 

Animal-related trauma 10 (7.1) 

FAST positive 66 (47.1) 

FAST negative 74 (52.9) 

Free fluid: hepatorenal recess 31 (22.1) 

Free fluid: splenorenal recess 24 (17.1) 

Free fluid: pelvis 15 (10.7) 

Free fluid: epigastric region 1 (0.7) 

FAST, focused assessment with sonography for trauma. Free-fluid locations were non-mutually exclusive; 
percentages are based on N=140. 

Reported ultrasound findings involving abdominal solid organs included liver laceration in 31 participants (22.1%), 
splenic laceration in 24 (17.1%), and renal injury in 15 (10.7%) (Table 2). 

Table 2. Reported ultrasound solid-organ findings (N=140) 

Ultrasound finding n (%) 

Liver laceration 31 (22.1) 

Splenic laceration 24 (17.1) 

Renal injury 15 (10.7) 

Findings were non-mutually exclusive; percentages are based on N=140. 

CE-MDCT demonstrated a spectrum of traumatic abnormalities (Table 3). Active bleeding was the most frequently 
reported finding, occurring in 29 participants (20.7%). Free fluid and mesenteric tear were each identified in 21 
(15.0%), while splenic injury was recorded in 15 (10.7%) and bowel perforation in 14 (10.0%). Mesenteric haematoma 
occurred in 12 participants (8.6%). Other recorded findings included extraluminal air and pneumoperitoneum in 10 
participants each (7.1%), enteric-content spillage in 9 (6.4%), haemoperitoneum in 8 (5.7%), spinal fracture in 7 
(5.0%), and seat-belt-related and bowel-wall findings in 6 participants each (4.3%). 

Table 3. Contrast-enhanced multidetector computed tomography findings (N=140) 

CE-MDCT finding n (%) 

Active bleeding 29 (20.7) 

Free fluid 21 (15.0) 

Mesenteric tear 21 (15.0) 

Splenic injury 15 (10.7) 

Bowel perforation 14 (10.0) 

Mesenteric haematoma 12 (8.6) 

Extraluminal air 10 (7.1) 

Pneumoperitoneum 10 (7.1) 

Spillage of enteric contents 9 (6.4) 

Haemoperitoneum 8 (5.7) 

Spinal fracture 7 (5.0) 

Seat-belt-related finding 6 (4.3) 

Bowel-wall defect 6 (4.3) 

CE-MDCT, contrast-enhanced multidetector computed tomography. Findings were non-mutually exclusive; 
percentages are based on N=140. 

For the primary diagnostic comparison, 64 participants (45.7%) were classified as CE-MDCT positive for the study-
defined target condition and 76 (54.3%) as CE-MDCT negative. FAST correctly classified 60 of 64 CE-MDCT-positive 
examinations and 70 of 76 CE-MDCT-negative examinations. There were 6 false-positive and 4 false-negative FAST 
examinations (Table 4). 
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Table 4. FAST classification against CE-MDCT for the study-defined target condition (N=140) 

FAST result CE-MDCT positive, n CE-MDCT negative, n Total, n 

Positive 60 6 66 

Negative 4 70 74 

Total 64 76 140 

FAST, focused assessment with sonography for trauma; CE-MDCT, contrast-enhanced multidetector computed 
tomography. 

Based on these paired classifications, FAST demonstrated a sensitivity of 93.8% (95% CI 85.0–97.5) and specificity 
of 92.1% (95% CI 83.8–96.3). The positive predictive value was 90.9% (95% CI 81.6–95.8), while the negative 
predictive value was 94.6% (95% CI 86.9–97.9). Overall diagnostic accuracy was 92.9% (95% CI 87.4–96.1). The 
positive likelihood ratio was 11.88 (95% CI 5.50–25.66), whereas the negative likelihood ratio was 0.07 (95% CI 0.03–
0.18). Agreement between FAST and CE-MDCT was high, with Cohen’s κ=0.856 (95% CI 0.771–0.942). Diagnostic-
performance estimates are summarized in Table 5 and displayed in Figure 2. 

Table 5. Diagnostic performance of FAST against CE-MDCT (N=140) 

Diagnostic measure Estimate 95% CI 

Sensitivity, % 93.8 85.0–97.5 

Specificity, % 92.1 83.8–96.3 

Positive predictive value, % 90.9 81.6–95.8 

Negative predictive value, % 94.6 86.9–97.9 

Accuracy, % 92.9 87.4–96.1 

Positive likelihood ratio 11.88 5.50–25.66 

Negative likelihood ratio 0.07 0.03–0.18 

Cohen’s κ 0.856 0.771–0.942 

FAST, focused assessment with sonography for trauma; CE-MDCT, contrast-enhanced multidetector computed 
tomography; CI, confidence interval. 

DISCUSSION 

The present study showed that FAST had high diagnostic agreement with CE-MDCT for the study-defined solid-
organ injury outcome in this selected cohort of patients with blunt abdominal trauma. The principal finding was that 
FAST demonstrated high sensitivity and specificity when compared with CE-MDCT, while CE-MDCT additionally 
identified a broader spectrum of vascular, bowel, mesenteric, spinal, and associated traumatic abnormalities. 
These findings support the role of FAST as an initial bedside assessment tool while reinforcing that its diagnostic 
scope is narrower than that of cross-sectional imaging. 

The observed diagnostic performance of FAST was higher than that reported in several previous studies and 
systematic reviews, in which specificity has generally been more consistent than sensitivity. Conventional FAST is 
most effective for identifying intraperitoneal free fluid and is less reliable for detecting injuries that do not initially 
produce a sufficient volume of free fluid or that involve retroperitoneal, bowel, mesenteric, or isolated parenchymal 
structures (5–8). The comparatively high sensitivity observed in the present study may therefore reflect 
characteristics of the selected population, including the inclusion of patients who underwent both FAST and CE-
MDCT, the relatively high prevalence of the target condition, and the spectrum of injuries encountered in a tertiary-
care trauma setting. Such factors can influence diagnostic estimates and may partly explain differences from 
studies conducted in broader emergency, prehospital, or lower-prevalence populations. 

The high specificity observed in this study is consistent with the established diagnostic role of FAST in trauma 
assessment. When intraperitoneal free fluid is visualized in an appropriate clinical context, the finding may strongly 
increase suspicion of significant intra-abdominal injury. Conversely, a negative FAST examination should not be 
interpreted as evidence that all clinically important abdominal injuries are absent, because the diagnostic 
sensitivity of FAST depends on the timing of examination, the amount and distribution of free fluid, operator 
expertise, body habitus, and the anatomical location and nature of the injury (5–8). This is particularly relevant for 
bowel and mesenteric trauma, in which clinically important injuries may be present without substantial 
haemoperitoneum during the initial assessment (2–4,11,12). 
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CE-MDCT provided additional information that could not be adequately characterized by conventional FAST. In the 
present cohort, CT findings included active bleeding, mesenteric tears, bowel perforation, mesenteric haematoma, 
extraluminal air, pneumoperitoneum, enteric-content spillage, bowel-wall defects, and associated spinal injury. 
Contemporary imaging literature similarly emphasizes that CT can identify both direct and indirect features of 
bowel and mesenteric trauma, including bowel-wall discontinuity, extraluminal gas or enteric material, vascular 
contrast extravasation, mesenteric haematoma, free fluid, abnormal bowel-wall enhancement, and mesenteric 
stranding (2–4,11). Direct or highly specific findings may strongly influence operative decision-making, whereas 
isolated indirect findings usually require interpretation in conjunction with mechanism of injury, clinical 
examination, laboratory findings, and serial reassessment. 

The presence of bowel and mesenteric abnormalities in this study is clinically important because these injuries can 
be difficult to recognize during the early phase of blunt trauma. Previous studies evaluating CT-based scoring 
systems and the Bowel Injury Prediction Score have shown that combinations of radiological and clinical findings 
may improve identification of patients with clinically significant bowel and mesenteric injury, although no scoring 
system provides perfect sensitivity across all populations (14–16). The present findings therefore support a 
multimodal approach in which imaging findings are interpreted alongside the clinical trajectory rather than used in 
isolation. This is especially important when CT demonstrates only subtle or indirect abnormalities or when 
symptoms persist despite initially equivocal imaging. 

The results also reinforce the complementary rather than interchangeable roles of FAST and CE-MDCT. FAST 
remains valuable because it can be performed rapidly at the bedside, repeated during resuscitation, and 
incorporated into early trauma decision-making without ionizing radiation. Contemporary reviews of extended 
FAST and prehospital point-of-care ultrasound similarly support its role in rapid triage while emphasizing the 
importance of operator training, appropriate governance, and integration with definitive imaging pathways (17,18). 
In haemodynamically stable patients, however, CE-MDCT provides substantially greater anatomical detail and 
remains central to the assessment of suspected intra-abdominal injury, particularly when retroperitoneal, bowel, 
mesenteric, vascular, or multiple injuries are possible (2,11,12). 

Even CE-MDCT should not be interpreted as infallible for hollow-viscus or mesenteric injury. A previous systematic 
review and meta-analysis demonstrated that CT has high specificity for traumatic hollow-viscus injury requiring 
laparotomy but less-than-perfect sensitivity, meaning that subtle or evolving injuries can occasionally be missed 
during the initial examination (19). Accordingly, imaging findings must be integrated with serial clinical assessment 
when suspicion remains high. This is especially relevant in patients with persistent abdominal pain, worsening 
examination findings, unexplained laboratory abnormalities, or mechanisms associated with bowel and mesenteric 
injury. 

Timely recognition of bowel and mesenteric trauma is clinically important because delayed diagnosis can prolong 
exposure to intestinal contamination, haemorrhage, inflammation, sepsis, and physiological deterioration. 
Previous observational studies have reported associations between delays in operative management and adverse 
outcomes in patients with blunt hollow-viscus injury, although the magnitude of this relationship varies according 
to injury severity, patient selection, and the indication for surgery (20,21). Standardized description and grading of 
bowel and mesenteric injury can further improve communication between radiologists and trauma surgeons and 
support consistent clinical decision-making (22). In this context, the spectrum of CE-MDCT findings observed in the 
present study highlights the value of recording the type and distribution of traumatic abnormalities rather than 
reducing the CT examination to a simple positive or negative classification. 

Motor-vehicle collisions were the predominant mechanism of injury in this cohort, accounting for nearly two-thirds 
of participants. This pattern is compatible with the known mechanisms of blunt bowel and mesenteric trauma, in 
which rapid deceleration, compression, and shearing forces can affect relatively fixed bowel segments, mesenteric 
attachments, and vascular structures (3,4). However, the absence of a statistically significant association between 
mechanism of injury and FAST status indicates that mechanism alone did not distinguish FAST-positive from FAST-
negative cases in this sample. Mechanism of injury should therefore be considered as one component of the broader 
clinical assessment rather than as an isolated predictor of imaging findings. 

Several strengths of the study should be considered. FAST and CE-MDCT were available for the same 140 
participants, allowing paired assessment of the index and reference imaging examinations. The study also reported 
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multiple diagnostic-performance measures rather than relying only on sensitivity and specificity, and the 
calculated confidence intervals provide an indication of the precision of the observed estimates. In addition, the 
description of bowel, mesenteric, vascular, and associated CE-MDCT findings broadens the clinical interpretation 
beyond the primary diagnostic classification. 

The findings must nevertheless be interpreted in light of important limitations. Convenience sampling and 
restriction to patients who underwent both FAST and CE-MDCT may have introduced selection and spectrum bias, 
and the resulting estimates may not be directly generalizable to all patients presenting with blunt abdominal 
trauma. CE-MDCT served as the reference imaging standard rather than operative findings or a composite clinical 
reference standard, so the study assessed agreement with CT rather than the absolute accuracy of CE-MDCT itself. 
The diagnostic performance estimates also depend on the study-defined criteria used to classify FAST and CE-
MDCT examinations. Operator experience, examination timing, patient haemodynamic status, body habitus, image 
quality, blinding, indeterminate examinations, and CT inter-reader agreement were not characterized in sufficient 
detail to determine their influence on diagnostic performance. In addition, the aggregate contingency table 
required reconciliation of an internal source inconsistency, and participant-level data were not available for 
independent adjudication. Clinical outcomes such as laparotomy, delayed diagnosis, complications, length of stay, 
and mortality were also not reported. Finally, the single-center design limits external generalizability and supports 
cautious interpretation of the high diagnostic estimates. 

Overall, the findings indicate that FAST can provide useful early diagnostic information in blunt abdominal trauma, 
but its value lies within a broader trauma-imaging pathway rather than as a replacement for CE-MDCT. The high 
agreement observed in this cohort should therefore be interpreted within the study’s selected population and 
methodological constraints, while the additional injuries demonstrated by CE-MDCT reinforce the importance of 
definitive cross-sectional imaging when clinically indicated. 

CONCLUSION 

FAST demonstrated high diagnostic agreement with CE-MDCT for the study-defined solid-organ injury outcome in 
this selected cohort of patients with blunt abdominal trauma, with high sensitivity, specificity, predictive values, 
and overall accuracy. However, CE-MDCT identified additional vascular, bowel, mesenteric, spinal, and associated 
traumatic abnormalities that extend beyond the diagnostic scope of conventional FAST. These findings support the 
use of FAST as a rapid initial imaging assessment while indicating that CE-MDCT remains important for 
comprehensive evaluation of clinically suspected intra-abdominal injury in appropriately selected patients. 
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