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SUMMARY
OBJECTIVE: Free intra-abdominal fluid describes an accumulation of free fluid in the peritoneal cavity. It has different etiologies, but 

it frequently constitutes a meaningful clinical sign. In this study, the authors interrogate whether abdominal ultrasound augments the 

medical students’ ability to identify free intra-abdominal fluid.

METHODS: Thirty-one medical students without any previous formal ultrasound training were subjected to cognitive assessment before 

and after four and a half-hour of theoretical lecture and hands-on course about the diagnosis of free intra-abdominal fluid by physical 

examination and abdominal ultrasound. The hands-on sessions were done in healthy volunteers with a simulated peritoneal catheter 

and in patients treated with peritoneal dialysis with different amounts of dialysate in their cavity.

RESULTS: The cognitive assessment before and after the course increased from 6.7±2.3 to 11.6±1.1 points (p<0.0001). The sensitivity, 

specificity, and accuracy in the diagnosis of free intra-abdominal fluid were higher when students used abdominal ultrasound. The students 

agree with the inclusion of abdominal ultrasound in the diagnose of free intra-abdominal fluid in the undergraduate curriculum.

CONCLUSIONS: This study demonstrates that incorporating abdominal ultrasound is feasible and improves medical students’ short-time 

competency in performing and interpreting the findings diagnostic of free intra-abdominal fluid.

KEYWORDS: Education, medical. Students, medical. Molecular Docking Simulation. Ultrasonography. Focused assessment with 

sonography for trauma.
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INTRODUCTION
Thoracoabdominal trauma is the leading cause of death among 
young individuals1. The majority of traumatic injuries are blunt, 
followed by intra-peritoneal bleeds2, and responsible for deaths 
secondary to hypovolemic shock3. Therefore, the quick diagnosis 
of free intra-abdominal fluid (FIAF) following thoracoabdominal 

trauma is paramount. Ideally, an ideal FIAF assessment should 
be rapid, accurate, and non-invasive3. 

Point-of-care ultrasonography (POCUS) is a safe and rap-
idly evolving diagnostic modality that has significantly impacted 
patients’ evaluation and treatment in various conditions4,5. It has 
various advantages, including its bedside assessment, ease of 
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use, non-invasiveness, no use of radiation or contrast agents, 
and is inexpensive4,6. 

Since the middle of the last decade, many medical schools 
in North America have been implementing POCUS in their 
undergraduate curricula to improve physical examination (PE) 
teaching7-11. Interestingly, FIAF was listed as one of the ninety 
core clinical milestones that all graduating medical students 
should obtain before graduation12.

POCUS in the identification of FIAF is well-described 
among physicians, but so far, it is still little taught to medical 
students6,13,14. We hypothesized that short-term abdominal ultra-
sound (AUS) training would improve students’ skills to identify 
FIAF. The objective of this study was to determine whether AUS 
augments medical students’ ability to identify FIAF.

METHODS
Patients who expressed willingness to participate in the study were 
recruited and treated with automated peritoneal dialysis (APD) 
in the dialysis unit of the University Hospital of Universidade 
Federal de Juiz de Fora. Two APD male patients had been on 
treatment for less than 12 months, and one female patient had 
been under treatment for 20 years. Two healthy volunteers were 
included to demonstrate the normal ultrasonography anatomy 
of the abdomen and pelvic cavity. The exclusion criteria were: 
1. Patients suspected with peritonitis; 2. Patients who were 
unable to assume the supine position.

Medical students of the 5th period of the medical course from 
the School of Medicine of Universidade Federal de Juiz de Fora and 
Faculty of Medical and Health Sciences of Juiz de Fora (SUPREMA), 
who had already attended the disciplines of anatomy and semiol-
ogy and without prior hands-on experience with ultrasound were 
invited in their classrooms to participate. They were clarified about 
the study, and consent was implied if the participants, students, 
and volunteers, showed up on the day of the course and signed 
the written informed consent. The Ethics Committee approved 
the study (CAAE N°. 91487618.3.0000.5147).

Study Protocol
A questionnaire with 15 multiple-choice questions, each one 
with four options, was applied on day one. The test aimed to 
evaluate previous knowledge regarding the physical principles 
of ultrasound, ultrasound artifacts, types of transducers, image 
generation, and interpretation in the normal abdomen, pres-
ence of FIAF, and PE findings in healthy condition and ascites. 
Then, a four and a half hour course, including didactic lecture 
(one hour) and practical demonstration (three and a half hours), 
was held. The hands-on session was done on one health volun-
teer and an APD patient with two liters of peritoneal solution. 

Traditional bedside physical signs were reviewed. In the AUS 
training, the convex probe connected to an ultrasound equip-
ment (Terason uSmart 3200T system, Burlington, MA) was 
used, initially with the probe placed in the right upper quad-
rant (RUQ) at the mid-axillary line using the coronal plane. 
The students were taught to identify the diaphragm, liver tip, 
hepatorenal interface, and the presence of FIAF, which appears 
as an anechoic stripe. In the left upper quadrant (LUQ), the 
students were trained to place the probe at the posterior-ax-
illary line using coronal plane to identify the spleen, the dia-
phragm, and the left kidney. FIAF was captured beneath the 
diaphragm, spleen tip, splenorenal recess, and the inferior left 
kidney. Finally, in the pelvic cavity (PC), the medical students 
were trained to identify free fluid posterior/inferior or lateral to 
the bladder using sagittal and transverse planes. Two instructors 
(GC and MGB) supervised students individually (Figure 1).

Figure 1. Work-flow chart

Day one:
31 undergraduate medical students (5th period)

Cognitive assessment (15 multiple choice questions) 
on ultrasound physics, image adjustment, 

transducers, PE, and AUS in the diagnosis of IAFF

Four and a half-hour course on diagnosis of IAFF:
1 hour of didactic lecture + 3.5 hour of hands-on 
session on PE (flank dullness, shifting dullness on 

percussion and fluid thrill or wave) and AUS (RUQ, LUQ, 
and pelvic cavity) in healthy models and APD patients

Day two:
Practical assessment on IAFF (PE and AUS):

Three APD patients, one with drained cavity, one 
with 1 L and, one with 2 L of dialysis solutions, and 
two healthy individuals with a simulation of dialysis 

catheter implanted in their abdomen

Cognitive assessment (15 multiple choice questions) on 
ultrasound physics, image adjustments, transducers, 

PE, and abdominal US in the diagnosis of IAFF

Anonymous questionnaire about student learning 
experience

PE: physical examination; AUS: abdominal ultrasound; IAFF: intra-
abdominal free fluid; RUQ: right upper quadrant; LUQ: left upper 
quadrant; APD: automated peritoneal dialysis; US: ultrasound.
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On day two, students were subjected to practical assessment 
of FIAF in two healthy volunteers with peritoneal catheter sim-
ulating insertion in the abdominal cavity, and in three APD 
patients, one with drained abdominal cavity, another with one 
liter of peritoneal solution, and a third patient with two liters 
of dialysate. Initially, one student at a time was instructed to 
use PE to answer yes or no to the question: “Is there FIAF”? 
After that, the same question was repeated with the student 
using AUS. Two researchers documented the students’ responses. 
After the practical assessment, a second questionnaire with 15 
multiple-choice questions, each with four options, and cov-
ering the same topics as those of the pre-course was applied. 
Finally, using a five-point Likert scale, the students completed 
an anonymous questionnaire about their learning experience 
with the course.

Statistics
A descriptive analysis was performed using means and percent-
ages according to the characteristic of the variable. The cognitive 
assessment was compared before and after the course, using the 
Student’s t-test for paired samples. FIAF by AUS was consid-
ered present if identified in one or more abdominal windows 
(RUQ and/or LUQ and/or pelvic cavity). Kappa statistics were 
used to assess the concordance between PE and AUS performed 
by the students. Additionally, compared to the radiologist’s 
assessment, the sensibility and specificity of the PE and AUS 
were assessed using classic diagnostic test properties concepts. 
A 95% confidence interval was considered, using the software 
SPSS 17.0, Chicago, Illinois.

RESULTS
The study included 31 medical students (mean age 21.54±1.38 
years; females 64.5%) and five human models. Cognitive assess-
ment scores improved from before the course (6.7±2.3) to after 
its completion (11.6±1.1) p<0.0001.

In total, 372 abdomens were examined, 52 in healthy 
volunteers with a simulated peritoneal catheter, and 320 
in APD patients. The abdominal cavity was examined with 
the PE 93 times and with the AUS 279 times. The study 
showed the diagnosis of FIAF by medical students using PE 
and AUS distributed in the absence (simulated peritoneal 
catheter) and presence (including drained abdominal cav-
ity, abdomen with one litter, and two litter of dialysate) of 
FIAF. The agreement (k-value) between students was 0.88 
for PE and 0.95 for AUS. 

Compared to PE, AUS increased sensitivity (66.25 to 
90.0%), specificity (7.69 to 82.05%), and accuracy (58.06 
to 88.88%) for the diagnosis of FIAF. 

Figure 2 shows students’ anonymous responses about their 
opinion regarding the course. In general, the students approved 
the course.

DISCUSSION
Almost 15 years after the inclusion of ultrasound teaching to 
undergraduate students in North America, the vast majority 
of medical schools in Brasil has not yet integrated ultrasound 
in undergraduate medical education. Our study shows that 
students’ ability to identify FIAF is much higher using AUS 
compared to PE of the abdomen.

Previous studies have shown that residents and faculty 
in radiology and emergency medicine can accurately diag-
nose FIAF using ultrasound7,15-19. Although FIAF assessment 
has been included as part of the final Core Medical Student 
Clinical Ultrasound Milestones that all graduating medical 
students should obtain before graduation, this training is 
not yet definitively proven feasible among undergraduate 
medical students12. Measurable benefits of teaching ultra-
sound at the undergraduate level include comparing cogni-
tive improvement between pre- and post-training and psy-
chomotor skill enhancement16,20. Our study suggests that a 
short training significantly improved the students’ scores of 
the cognitive assessment, a success rate similarly described 
in other studies21,22.

Items: 1. The hands-on session with abdominal ultrasound allows 
identify free intra-abdominal fluid; 2. The course about the ultrasound 
identification of free intra-abdominal fluid meets the pre-course 
expectation; 3. Abdominal ultrasound for the diagnosis of free 
intra-abdominal fluid should be a part of the undergraduate medical 
curriculum; and 4. Student’s ability to diagnose free intra-abdominal 
fluid by abdominal ultrasound augmented after the course.

Figure 2. Anonymous questionnaire about student’s 
experience with the course
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AUS in the diagnosis of FIAF requires visual and psychomotor 
coordination. It is a skill that can be learned in a modest amount 
of ultrasound training. To train and assess the medical students’ 
ability to identify FIAF correctly, we took advantage of a kind 
of treatment patients with end-stage renal failure are subjected 
to, the APD. As none of the three APD patients presented an 
empty abdominal cavity, a finding that the students were unaware 
of, two healthy volunteers with the simulated peritoneal cathe-
ter were included, thus, guaranteeing the absence of FIAF. As it 
was observed, our students’ ability to exclude or confirm FIAF 
with AUS was superior compared to PE in sensitivity (66.25 to 
90.0%), specificity (7.69 to 82.05%), and accuracy (58.06 to 
88.88%). A comparison of these results with others is difficult 
since similar studies are scarce. One study noted that first-year 
medical students randomized to assess ascites with PE and AUS 
having a radiologist as a reference showed sensitivity, specificity, 
and accuracy similar to ours, but differed in the fact that there 
was no statistical difference between the groups23.

In the APD patients, identification of FIAF by our stu-
dents was more frequently diagnosed in Morrison’s pouch 
(97.5%) when compared to the LUQ (93.7%) and pelvic cav-
ity (78.75%). In supine patients, free fluid first collects in the 
most dependent portion of the abdominal cavity, the RUQ22. 
However, FIAF was mistakenly diagnosed in the RUQ (46%) 
in the two healthy volunteers with no free fluid in their abdom-
inal cavities. One possible explanation for this percentage of 
incorrect diagnosis is that one volunteer had been fasting for 
almost 12 hours before the exam and presented a full gall blad-
der, which led students to have it mistaken by FIAF. 

A common argument against implementing POCUS train-
ing at medical schools is the perceived significant time require-
ments for teaching it24. However, as previously shown in other 
publications, our study shows that ultrasound training consumes 

little time to be effectively taught21,22. Medical students able 
to perform POCUS efficiently at the end of their course have 
a higher chance of practicing and implementing it in the res-
idency and later in their practice24,25.

Some limitations are recognized in our study. First, the 
number of students included was small. Second, only short-
term knowledge was assessed. Last, even though the volunteers 
used had free fluid in their cavity to simulate distinct condi-
tions of FIAF, the study condition was quite favorable, differ-
ent from the stressful clinical environment of the abdominal 
trauma, which can negatively affect the students’ performance.

CONCLUSION
Results suggest that medical students’ short-term training with 
AUS is an available, fast, and reliable test of high sensitivity, 
specificity, and accuracy in identifying FIAF. AUS is a diag-
nostic tool, and students enjoyed its learning and, therefore, 
should be an indispensable part of the undergraduate medi-
cal curriculum.
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