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Abstract: Ultrasound (US) is highly accurate in the diagnosis of small bowel obstruction (SBO).
Because the indications for and timing of surgical intervention for SBO have changed over the past
several decades, there is a widespread assumption that the majority of patients with simple SBO
may be conservatively managed; in this scenario, staging SBO is crucial. This study evaluated the
association between morphological and functional US signs in the diagnosis and staging (simple,
decompensated and complicated), and the associations and prevalence of US signs correlated with
clinical or surgical outcome. The US signs were divided into diagnostic (dilated bowel loops and altered
kinesis) and staging criteria (extraluminal free fluid, parietal and villi alterations). We performed a
retrospective, single-center cohort, observational study examining the prevalence of morphologic
and functional US signs in the staging of simple, decompensated and complicated SBO. The most
significant US signs were dilated bowel loops (100%), hypokinesis (90.46%), thickened walls (82.54%)
and free fluid (74.60%). By linear regression, free fluid was positively correlated to US staging in
both univariate and multivariate analysis; that is, the more advanced the stage of SBO, the more
probable the presence of free fluid between the bowel loops. In univariate analysis only, we found a
positive correlation between US staging/thickened walls and the prominence of valvulae conniventes.
Additionally, the multivariate analysis indicated that parietal stratification and bowel jump kinesis
were negative predictors for US staging in comparison to other US signs. In addition, we found
significant associations between conservative treatment or surgery and hypokinesis (p = 0.0326),
akinesis (p = 0.0326), free fluid (p = 0.0013) and prominence of valvulae conniventes (p = 0.011).
Free fluid in particular was significantly less present in patients that were conservatively treated
(p = 0.040). We conclude that the US staging of SBO may be crucial, with a valuable role in the
initial diagnosis and staging of the pathology, saving time and reducing total radiation exposure to
the patient.
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1. Introduction

Small bowel obstruction (SBO) is a common emergency department (ED) diagnosis; SBO may
be functional, due to bowel wall or splanchnic nerve dysfunction, or mechanical. Mechanical SBO
may be due to a luminal, mural or extra-mural mechanical barrier and may be proximal (high SBO) or
distal (low SBO). Mechanical SBO occurs due to an impedance in the normal flow of intestinal contents
with a partial or complete blockage of the small intestine. Partial obstruction allows some liquid
contents and gas to pass through the point of obstruction, whereas complete obstruction impedes
passage of all bowel contents. For these reasons, it often presents as a constellation of symptoms,
and a diagnosis based on clinical presentation alone may not be reliable. Because SBO is a dynamic
and ever-changing process that can resolve or worsen, it is staged into simple, decompensated and
complicated. Failure to arrive at a timely diagnosis in the early stage of disease is an important cause
of morbidity and mortality, resulting in significant complications such as strangulation and bowel
necrosis [1–4]. The dilemma that surgeons and radiologists face when confronted with a possible SBO
lies in confirming and staging the pathology. Imaging plays a significant role in making the diagnosis
of SBO, as history and physical examination are unreliable [5]. In these scenarios, multimodality
imaging (X-rays, ultrasound, CT and MRI) has been proposed to confirm, stage and define the cause of
SBO [6–9]. CT represents the gold-standard imaging modality in the evaluation of SBO, answering
to all diagnostic key points; in fact, it can confirm the pathology, determine the cause and level of
mechanical obstruction and stage SBO, defining the presence or the absence of parietal damage. Recent
studies demonstrated that ultrasound (US) and bedside point-of-care ultrasound (POCUS) have a
reasonably high accuracy in diagnosing small bowel obstruction compared with CT scan, representing
a rapid diagnostic modality to diagnose SBO, determining the presence or absence of pathology and
substantially decreasing the time to diagnosis [10–18]. Ultrasound diagnosis of SBO can recognize the
disease in an early stage, reduce time to diagnosis, limit patient radiation exposure and speed up the
surgical or conservative management of SBO. Moreover, because stable patients with an ultrasound
diagnosis of simple small bowel obstruction can be expeditiously admitted to the hospital in the
surgical department, avoiding the need for a CT scan in the ED settings [11], decreasing health care
ED costs. The purpose of this study was to evaluate the association and prevalence of sonographic
morphological and functional signs that may be helpful in differentiating simple and advanced SBO
(decompensated and complicated).

2. Materials and Methods

2.1. Subjects and Study Protocol

We performed a retrospective, single-center cohort study. We analyzed a convenience sample
of adult ED patients presenting at our institution between January 2019 and December 2019 with
an ultrasound diagnosis of SBO. The inclusion criteria was a positive ultrasound (US) diagnosis of
SBO confirmed at computed tomography examination, on the discharge diagnosis for conservative
treatment for SBO and/or on surgical and histological reports. Data were collected by reviewing the
electronic medical record. Patients were eligible for enrollment if they were at least 18 years old, had
not yet undergone imaging and presented with symptoms concerning for possible SBO. Potential
subjects were identified by direct clinical contact by a member of the study team. US exams were
carried out by a radiologist resident (G.M., one year of experience in emergency abdominal ultrasound)
and alternately by two senior radiologists (S.T. and C.L., with >10 years of experience in emergency
abdominal ultrasound).
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All procedures performed in studies involving human participants were in accordance with the
ethical standards (10297, 12/7/2019) of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

2.2. Ultrasound Technique

Abdominal sonography was performed using a 2.5–3.5 MHz transducer in order to have a general
overview of the abdomen using a curvilinear transducer at an imaging depth of 12–18 cm; a systematic
evaluation of the entire abdomen was conducted. Extraintestinal causes of abdominal pain were
first excluded and comorbidities were annotated in the report. Small bowel loops were searched in
the central region of the abdomen and in the pelvis. Video clips of peristalsis and still images with
appropriate measurements of the bowel loop diameter were saved. In addition, a focused examination
with a linear probe (7–12 MHz) was performed when patients referred a focal point of tenderness.
Interference by gas echoes from distended bowel was avoided by scanning the distended abdomen
using oblique or coronal planes, or gentle pression through moving the transducer slowly over the
abdomen (graded compression) was applied to squeeze the air away from the region of interest.

2.3. Ultrasound Diagnostic and Staging Criteria

US criteria for the diagnosis of SBO were related to morphological and functional findings [1]
and divided into diagnostic criteria and staging criteria. Diagnostic criteria included the presence of
dilated loops and abnormal peristalsis: small bowel dilatation was defined as bowel diameter 25 mm
measured from outer wall to outer wall. Peristalsis was defined as hyperkinetic, decreased or absent.
Ineffective peristalsis characterized by abnormal “back and forth” movements due to shuttling or
swirling movements on intraluminal bowel contents was defined as decreased.

2.4. Staging Criteria Included Extraluminal Free Fluid, Parietal and Villi Alterations

The presence of free peritoneal fluid was considered positive if anechoic, extraluminal collections
were visualized between bowel loops. Because there is no clear cut-off for the amount of free fluid, it is
considered important to identify its presence or absence, assuming that the presence or reabsorption of
free fluid between bowel loops is correlated with the worsening or resolution of the obstruction [15].
The parietal bowel’s alterations were related to the visualization of morphological changes of the bowel
wall and were related to the thickness and stratified appearance of bowel wall. Wall thickness was
defined as normal (1–3 mm), increased (>3 mm) or reduced (<1 mm) [18,19]. Parietal stratification
was defined as two (double halo sign) or three (the target sign) concentric and symmetric layers
of alternating echogenicity recognized on the thickened bowel wall. The circular folds (valves of
Kerckring, plicae circulares or valvulae conniventes) are large valvular flaps projecting into the lumen
of the small bowel. In case of bowel edema, the “plicae circulares” project into the bowel lumen,
resulting in a “keyboard sign” [20], the prominence of valvulae conniventes was stated as present or
absent. Ancillary findings reported were the evidence of groups of bowel loops with severe differences
in diameter or kinesis, named bowel jump. Radiologists used a checklist data collection form to ensure
all morphological and functional signs were obtained.

2.5. Statistical Analysis

Data were collected using standardized data collection forms. Data are presented as numbers
and percentages for categorical variables, and continuous data are expressed as the mean ±
standard deviation (SD) unless specified otherwise. Statistical analysis was performed by a senior
biostatistician (N.S.).

The univariate and multivariate linear correlation analysis between US status and complications,
such as free fluid between bowel loops, thickened or thinned walls, and the prominence of valvulae
conniventes was performed, where the test on Pearson’s linear correlation coefficient R was performed
with a Student’s t-test, under null hypothesis of Pearson’s linear correlation coefficient R = 0.
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In this step, for dichotomous variables, we assigned: dilated bowel wall: 1 = if > 2.5 cm and 0
if ≤ 2.5 cm; free fluid: yes = 1 and no = 0; thickened walls: yes = 1 and no = 0; thinned walls: yes = 1
and no = 0; prominence of valvulae conniventes: yes = 1 and no = 0; bowel jump diameter: yes = 1
and NE = 0 (not evaluable); and bowel jump kinesis: yes = 1 and NE = 0.

For the non-dichotomous variables, we assumed: Staging US: simple = 1, decompensated = 2,
complicated = 3, hyperkinesis = 1, hypokinesis = 2, akinesis = 3; Therapy: conservative
(conservative) = 1, emergency surgery (surgery) = 2, failure of medical treatment and surgery
(conservative + surgery) = 3.

The multiple comparison chi-square test was used to define significant associations or dependence
among therapy groups: conservative, surgery and conservative + surgery and US signs identified
such as hyperkinesis, hypokinesis, akinesis, free fluid, thickened walls, thinned walls, prominence of
valvulae conniventes, bowel jump kinesis, bowel jump diameter and dilated bowel. In this case, if the
chi-square test was positive (p-value less than 0.05), then the post-hoc Z-test was performed.

The multiple comparison Cochran’s Q test was used to compare the differences among percentages
under the consideration of the null hypothesis that there were no differences between the variables.
When the Cochran’s Q test was positive (p-value < 0.05), then a minimum required difference for a
significant difference between two proportions was calculated using the minimum required differences
method with the Bonferroni p-value corrected for multiple comparisons.

All tests with a p-value < 0.05 were considered significant. The statistical analysis was performed
in the Matlab statistical toolbox version 2008 (MathWorks, Natick, MA, USA) for Windows (32-bit).

3. Results

Of 63 consecutive patients, 28.57% (18/63) were males and 71.43% were females (45/63), with ages
at operation in the range of 33–87, with a mean of 68.69 years old and standard deviation of
17.72 years. Our participants were mostly women (45\63): by review of the electronic medical
record, 20/45 underwent a cesarean section, 10/45 had a history of endometriosis and 15/45 had
previous abdomen and/or pelvic surgery. All men had had previous surgery. In Table 1, we report the
characteristics of the 63 participants in this study.

Table 1. Characteristics of the 63 study participants.

Parameters Mean/Percentage

Gender
Male 28.57% (18/63)

Female 71.43% (45/63)

Age (years) 68.69 ± 17.72

Therapy
Conservative 42.86% (27/63)

Surgery 49.21% (31/63)
Conservative + Surgery 7.94% (5/63)

US status 100%
Simple 26.98% (17/63)

Decompensated 22.22% (14/63)
Complicated 50.79% (32/63)

Free fluid (yes) 74.60% (47/63)

Thickened walls (yes) 82.54% (52/63)

Thinned walls (yes) 44.44% (28/63)
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Table 1. Cont.

Parameters Mean/Percentage

Prominence of valvulae conniventes (yes) 42.86% (27/63)

Dilated bowel (>2.5 cm) 100%

Peristalsis
Hyperkinesis 0%
Hypokinesis 90.48% (57/63)

Akinesis 9.52% (6/63)

Bowel jump diameter
Yes 55.56% (35/63)

Not evaluable (NE) 44.44% (28/63)

Bowel jump kinesis
Yes 36.51% (23/63)
NE 63.49% (40/63)

In Table 2 we report the results of univariate and multivariate linear correlation analysis,
considering US staging as dependent variable and as independent variables complications such as the
presence of free fluid, abnormal peristalsis, as well as parietal and valvulae conniventes alterations.

Table 2. Linear correlation analysis between dependent variable ultrasound (US) staging and
independent variables.

Linear Correlation Analysis Univariate Analysis
R (p-Value)

Multivariate Analysis
Rpartial; p-Value

Multiple linear correlation
coefficient = 0.82

US staging/dilated bowel # 0.00 (1.00) —
US staging/peristalsis 0.03 (0.83) Rpartial = 0.19; p-value = 0.17
US staging/free fluid 0.76 (<0.0001) * Rpartial = 0.75; p-value < 0.0001 *

US staging/thickened walls 0.42 (0.0005) * Rpartial = 0.11; p-value = 0.40
US staging/thinned walls 0.09 (0.49) Rpartial = −0.26; p-value = 0.048 *
US staging/prominence of

valvulae conniventes 0.25 (0.0498) * Rpartial = 0.10; p-value = 0.44

US staging/bowel jump diameter −0.01 (0.92) Rpartial = 0.19; p-value = 0.15
US staging/bowel jump kinesis −0.14 (0.29) Rpartial = −0.27; p-value = 0.040 *

* p < 0.05; R: Pearson’s linear correlation coefficient; Rpartial: the partial correlation coefficient is the coefficient of
correlation of the variable with the dependent variable, adjusted for the effect of the other variables in the mode;
# dilated bowel variable was used only in univariate analysis.

Table 2 shows by univariate analysis a positive linear correlation between US staging and free fluid
(R = 0.76, p < 0.0001), thickened walls (R = 0.42, p = 0.0005) and the prominence of valvulae conniventes
(R = 0.25, p = 0.498). Instead, in multivariate analysis, a positive predictor of US staging was the
presence of free fluid, while thinned walls (Rpartial = −0.28; p = 0.0398) and bowel jump (Rpartial = −0.29;
p = 0.0320) were negative predictors. By these results, we observed a significant correlation in both
multivariate and univariate analyses with the presence of free fluid. In other words, the more advanced
the stage of SBO, the more probable the presence of free fluid between the bowel loops.

In univariate analysis, we found that the presence of thickened walls or prominence of valvulae
conniventes implicated a more advanced US SBO stage.

Multivariate analysis indicated that parietal stratification and bowel jump kinesis were negative
predictors for US staging, in comparison to other variables. In other words, the absence of parietal
stratification and bowel jump kinesis were predictors of a simple SBO, considering all variables
simultaneously. We underline that the dilated bowel variable was not included in the multiple
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regression model, because in this case the regression equation was not soluble, and therefore we
considered it only in the univariate analysis.

From the multiple-comparison Cochran’s Q test, we observed that there were significant differences
(p < 0.001) between the variables hyperkinesis, hypokinesis, akinesis, free fluid, thickened walls,
thinned walls, the prominence of valvulae conniventes, bowel jump kinesis, bowel jump diameter
and dilated bowel. The post-hoc test indicated that the most significant complications present were:
dilated bowel (100%, p < 0.05), hypokinesis (90.46%, p < 0.05), thickened walls (82.54%, p < 0.05) and
free fluid (74.60%, p < 0.05).

Finally, we considered three groups according to clinical and surgery therapy scale: conservative,
surgery and conservative + surgery, and reported for every group the frequency of US findings for all
independent variables considered in Cochran’s Q test, as shown in Table 3.

Table 3. Multi-comparison chi-square tests between therapy group and US signs.

US Sign/Groups Conservative
N. 27

Surgery
N. 31

Conservative + Surgery
N. 5

Statistical Analysis
p-Value (Test Type)

Dilated bowel 100% 100% 100% p = 1.00 (C)
Hyperkinesis 0.0% 0.0% 0.0% p = 1.00 (C)
Hypokinesis 100% 80.65% (25/31) 100% p = 0.0326 * (C), NS

Akinesis 0.0% 19.4% (6/31) 0.0% p = 0.0326 * (C), NS

Free fluid 51.9% (14/27) 93.6% (29/31) 80% (4/5)
p = 0.0013 * (C), NS

Conservative ***,
p = 0.040 (Z)

Thickened walls 70.4% (19/27) 90.3% (28/31) 100% p = 0.077 (C)
Thinned walls 40.7% (11/27) 45.2% (14/31) 60% (3/5) p = 0.72 (C)
Prominence of

valvulae conniventes 22.2% (6/27) 61.3% (19/31) 40% (2/5) p = 0.011 * (C), NS

Bowel jump diameter 55.6% (15/27) 51.5% (16/31) 80% (4/5) p =0.50 (C)
Bowel jump kinesis 37.0% (10/27) 35.5% (11/31) 40% (2/5) p = 0.98 (C)

* p < 0.05; ** most frequent; *** least frequent; C: multiple-comparison χ2 test; Z: post-hoc Z-test; patients generally
had more than one US sign; NS = non-significant post-hoc Z-test.

From Table 3, a significant association between therapy group and hypokinesis (p = 0.0326),
akinesis (p = 0.0326), free fluid (p = 0.0013) and the prominence of valvulae conniventes (p = 0.011) can
be observed. Particularly, the post-hoc Z-test was significant only for free fluid, and it showed that free
fluid was significantly less present in the conservative group (p = 0.040).

4. Discussion

The US diagnostic criteria of bowel obstruction are the presence of dilated bowel loops (>2.5 cm)
and abnormal peristalsis. Because the indications for and the timing of surgical intervention for
SBO have changed over the past several decades, there is a widespread assumption that the majority
of patients with simple SBO can be conservatively managed with nasogastric tube insertion, bowel
rest and IV fluids, and do not require operative intervention [4,10,11]. Because SBO is a dynamic
pathology that can resolve or evolve, other signs have been advocated for in the staging of SBO,—signs
that determine the stage of disease based on bowel parietal damage. In this scenario, staging SBO
is crucial. Initially, the obstacle to the progression of intestinal contents and fluids determines
dilatation and fluid-filled bowel loops. Bowel loops proximal to the point of obstruction in the initial
phase may be hyperperistaltic, and valvulae conniventes may be clearly visible but not thickened
because the bowel is contracting more to try to overcome the obstruction. In ultrasound, bowel loops
appear dilated (>2.5 cm) with no parietal thickening and present abnormal peristalsis (simple SBO)
(Figure 1A,B and Figure 2A,B). The movement of the mechanically obstructed bowel will decrease
with the persistence of obstruction, and with the increase of endoluminal pressure that determines the
bowel’s inability to resorb liquids: bowel layers act as a sponge, determining the passage of fluid in
the peritoneal cavity [15]. In ultrasound imaging, the first sign that indicates the worsening of the
pathology is the presence of free fluid between bowel loops; the bowel is dilated, hypo or akinetic,
but valvulae conniventes are clearly visible and thickened (decompensated SBO) (Figure 3A–D).
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As time passes, vascular damage progresses, and in this phase, bowel layers are thickened due to
vascular parietal damage [18]. Additionally, in this phase the bowel loops are seen in the ultrasound as
dilated, akinetic, with parietal and valvulae conniventes thickening, parietal stratification and free
fluid between bowel loops (complicated SBO) (Figure 4). Sonographic peristalsis evaluation and
grading is operator-dependent and there is no consensus statement in measurements. Despite a lack
of consensus, many radiological and radiological studies performed by residents and/or specialists
have demonstrated that adequate training supports the correct definition and grading of abnormal
peristalsis [3,4]. The results of this study demonstrate that ultrasound findings reflect the pathological
evolution of small bowel obstruction.Diagnostics 2020, 10, 277 8 of 13 

 

 
(A) 

 
Figure 1. Cont.



Diagnostics 2020, 10, 277 8 of 12

Diagnostics 2020, 10, 277 9 of 13 

 

 
(B) 

Figure 1. Simple SBO. (A) Dilated and fluid-filled bowel loops with decreased peristalsis; valvulae 
conniventes are clearly visible but not thickened. No free fluid was detected in the abdominal cavity 
or between bowel loops. (B) CT with IV contrast, coronal MPR, confirmed a simple SBO diagnosis in 
caused by a left spigelian hernia. 

  

Figure 1. Simple SBO. (A) Dilated and fluid-filled bowel loops with decreased peristalsis; valvulae
conniventes are clearly visible but not thickened. No free fluid was detected in the abdominal cavity or
between bowel loops. (B) CT with IV contrast, coronal MPR, confirmed a simple SBO diagnosis in
caused by a left spigelian hernia.
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Figure 2. Simple SBO at the time of diagnosis (A) and after positioning of nasogastric tube insertion 
(B). (A) Dilated and fluid-filled bowel loops; valvulae conniventes are clearly visible but not 
thickened. (B) After nasointestinal decompression, bowel loops are not dilated. Peristalsis is 
recovered. 

Figure 2. Simple SBO at the time of diagnosis (A) and after positioning of nasogastric tube insertion
(B). (A) Dilated and fluid-filled bowel loops; valvulae conniventes are clearly visible but not thickened.
(B) After nasointestinal decompression, bowel loops are not dilated. Peristalsis is recovered.
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Figure 3. Decompensated SBO. (A,B) Free fluid between bowel loops, the bowel is dilated, 
hypo/akinetic, and valvulae conniventes are clearly visible and thickened. (C) Laparoscopic view of 
an SBO due to an epiploic bridle with no evident venous distress of the dilated intestinal loop. (D) 
Laparoscopic view of the same intestinal loop after the section of the bridle; the bowel loop recovered 
a normal appearance and peristalsis with slight hyperemia. 

  

Figure 3. Decompensated SBO. (A,B) Free fluid between bowel loops, the bowel is dilated, hypo/akinetic,
and valvulae conniventes are clearly visible and thickened. (C) Laparoscopic view of an SBO due to an
epiploic bridle with no evident venous distress of the dilated intestinal loop. (D) Laparoscopic view of
the same intestinal loop after the section of the bridle; the bowel loop recovered a normal appearance
and peristalsis with slight hyperemia.Diagnostics 2020, 10, 277 12 of 13 
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Figure 4. Complicated SBO. (A,B) Bowel loops are dilated, akinetic, with parietal and valvulae 
conniventes thickening and parietal stratification. There is free fluid between bowel loops. (C) CT 
with IV contrast axial image. Bowel loop with thickened and stratified wall with hypointense 
submucosa (image A). In the left quadrant, a dilated bowel loop with a thin layer and feces sign is 
visible (image B). (D) Laparotomic view of a dilated intestinal loop in necrosis. 

5. Conclusions 

Our study highlights and supports the utility of US examination for the diagnosis and 
management of patients with suspected SBO and introducing an emerging role for the US staging of 
SBO. The results of our study demonstrate that the dilation of the loops and the alteration of kinetics 
have a sensitivity (94%) and a specificity (96%) in the diagnosis of SBO [12], and that, in the staging 
of SBO, the presence of liquid and thick walls are the criteria for high sensitivity and diagnostic 
specificity for staging a decompensated or complicated SBO.  

Further prospective studies on large case series are required. 
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Figure 4. Complicated SBO. (A,B) Bowel loops are dilated, akinetic, with parietal and valvulae
conniventes thickening and parietal stratification. There is free fluid between bowel loops. (C) CT with
IV contrast axial image. Bowel loop with thickened and stratified wall with hypointense submucosa
(image A). In the left quadrant, a dilated bowel loop with a thin layer and feces sign is visible (image B).
(D) Laparotomic view of a dilated intestinal loop in necrosis.
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5. Conclusions

Our study highlights and supports the utility of US examination for the diagnosis and management
of patients with suspected SBO and introducing an emerging role for the US staging of SBO. The results
of our study demonstrate that the dilation of the loops and the alteration of kinetics have a sensitivity
(94%) and a specificity (96%) in the diagnosis of SBO [12], and that, in the staging of SBO, the presence
of liquid and thick walls are the criteria for high sensitivity and diagnostic specificity for staging a
decompensated or complicated SBO.

Further prospective studies on large case series are required.
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Conceptualization, S.T. and M.L. and G.M.; methodology S.T. and N.S. and M.L. and G.T.; software, S.T. and N.S.
and C.L. and Y.M.; validation, S.T. and N.S. and P.T. and R.A. and R.C.; formal analysis, S.T. and N.S. and M.V.G.
and I.M.; investigation, S.T. and C.L. and G.T. and F.S. and Y.M. and M.V.G. and A.F. and G.S. and R.C. and P.T.,
and R.A. and G.M.; resources, S.T. and M.L. and G.M. and C.L. and G.T. and F.S. and Y.M., and M.V.G. and G.S.
and R.C. and P.T. and A.F. and R.A. and I.M.; data curation, S.T. and N.S. and M.L. and G.M.; writing—original
draft preparation, S.T.; writing—review and editing, S.T. and N.S. and M.L. and G.M.; visualization, S.T. and N.S.
and M.L. and G.M.; supervision, S.T. and N.S. and M.L. and G.M.; project administration, S.T. and N.S. and M.L.
and G.M.; no funding acquisition. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Catena, F.; De Simone, B.; Coccolini, F.; Di Saverio, S.; Sartelli, M.; Ansaloni, L. Bowel obstruction: A narrative
review for all physicians. World J. Emerg. Surg. 2019, 14, 20. [CrossRef] [PubMed]

2. Cappell, M.S.; Batke, M. Mechanical obstruction of the small bowel and colon. Med. Clin. North Am. 2008,
92, 575–597. [CrossRef] [PubMed]

3. Kulaylat, M.N.; Doerr, R.J. Small Bowel Obstruction. In Surgical Treatment: Evidence-Based and Problem-Oriented,
2nd ed.; Holzheimer, R.G., Mannick, J.A., Eds.; Zuckschwerdt: Munich, Germany, 2001.

4. Long, B.; Robertson, J.; Koyfman, A. Emergency Medicine Evaluation and Management of Small Bowel
Obstruction: Evidence-Based Recommendations. J. Emerg. Med. 2019, 56, 166–176. [CrossRef] [PubMed]

5. Taylor, M.R.; Lalani, N. Adult small bowel obstruction. Acad. Emerg. Med. 2013, 20, 528–544. [CrossRef]
[PubMed]

6. Silva, A.C.; Pimenta, M.; Guimaraes, L.S. Small bowel obstruction: What to look for. Radiographics 2009, 29,
423–439. [CrossRef] [PubMed]

7. McKenna, D.A.; Meehan, C.P.; Alhajeri, A.N.; Regan, M.C.; O’Keeffe, D.P. The use of MRI to demonstrate
small bowel obstruction during pregnancy. Br. J. Radiol. 2007, 80, e11–e14. [CrossRef] [PubMed]

8. Pourmand, A.; Dimbil, U.; Drake, A.; Shokoohi, H. The Accuracy of Point-of-Care Ultrasound in Detecting
Small Bowel Obstruction in Emergency Department. Emerg. Med. Int. 2018, 2018, 3684081. [CrossRef]
[PubMed]

9. Maglinte, D.D.; Howard, T.J.; Lillemoe, K.D.; Sandrasegaran, K.; Rex, D.K. Small-bowel obstruction:
State-of-the-art imaging and its role in clinical management. Clin. Gastroenterol. Hepatol. 2008, 6, 130–139.
[CrossRef] [PubMed]

10. Frasure, S.E.; Hildreth, A.; Takhar, S.; Stone, M.B. Emergency department patients with small bowel
obstruction: What is the anticipated clinical course? World J. Emerg. Med. 2016, 7, 35–39. [CrossRef]
[PubMed]

11. Frasure, S.E.; Hildreth, A.F.; Seethala, R.; Kimberly, H.H. Accuracy of abdominal ultrasound for the diagnosis
of small bowel obstruction in the emergency department. World J. Emerg. Med. 2018, 9, 267–271. [CrossRef]
[PubMed]

12. Tamburrini, S.; Lugara, M.; Iaselli, F.; Saturnino, P.P.; Liguori, C.; Carbone, R.; Vecchione, D.; Abete, R.;
Tammaro, P.; Marano, I. Diagnostic Accuracy of Ultrasound in the Diagnosis of Small Bowel Obstruction.
Diagnostics 2019, 9, 88. [CrossRef] [PubMed]

http://dx.doi.org/10.1186/s13017-019-0240-7
http://www.ncbi.nlm.nih.gov/pubmed/31168315
http://dx.doi.org/10.1016/j.mcna.2008.01.003
http://www.ncbi.nlm.nih.gov/pubmed/18387377
http://dx.doi.org/10.1016/j.jemermed.2018.10.024
http://www.ncbi.nlm.nih.gov/pubmed/30527563
http://dx.doi.org/10.1111/acem.12150
http://www.ncbi.nlm.nih.gov/pubmed/23758299
http://dx.doi.org/10.1148/rg.292085514
http://www.ncbi.nlm.nih.gov/pubmed/19325057
http://dx.doi.org/10.1259/bjr/21300878
http://www.ncbi.nlm.nih.gov/pubmed/17267462
http://dx.doi.org/10.1155/2018/3684081
http://www.ncbi.nlm.nih.gov/pubmed/29850250
http://dx.doi.org/10.1016/j.cgh.2007.11.025
http://www.ncbi.nlm.nih.gov/pubmed/18187365
http://dx.doi.org/10.5847/wjem.j.1920-8642.2016.01.006
http://www.ncbi.nlm.nih.gov/pubmed/27006736
http://dx.doi.org/10.5847/wjem.j.1920-8642.2018.04.005
http://www.ncbi.nlm.nih.gov/pubmed/30181794
http://dx.doi.org/10.3390/diagnostics9030088
http://www.ncbi.nlm.nih.gov/pubmed/31390727


Diagnostics 2020, 10, 277 12 of 12

13. Boniface, K.S.; King, J.B.; LeSaux, M.A.; Haciski, S.C.; Shokoohi, H. Diagnostic Accuracy and Time-Saving
Effects of Point-of-Care Ultrasonography in Patients With Small Bowel Obstruction: A Prospective Study.
Ann. Emerg. Med. 2020, 75, 246–256. [CrossRef] [PubMed]

14. Gottlieb, M.; Peksa, G.D.; Pandurangadu, A.V.; Nakitende, D.; Takhar, S.; Seethala, R.R. Utilization
of ultrasound for the evaluation of small bowel obstruction: A systematic review and meta-analysis.
Am. J. Emerg. Med. 2018, 36, 234–242. [CrossRef] [PubMed]

15. Grassi, R.; Romano, S.; D’Amario, F.; Giorgio Rossi, A.; Romano, L.; Pinto, F.; Di Mizio, R. The relevance
of free fluid between intestinal loops detected by sonography in the clinical assessment of small bowel
obstruction in adults. Eur. J. Radiol. 2004, 50, 5–14. [CrossRef] [PubMed]

16. Becker, B.A.; Lahham, S.; Gonzales, M.A.; Nomura, J.T.; Bui, M.K.; Truong, T.A.; Stahlman, B.A.; Fox, J.C.;
Kehrl, T. A Prospective, Multicenter Evaluation of Point-of-care Ultrasound for Small-bowel Obstruction in
the Emergency Department. Acad. Emerg. Med. 2019, 26, 921–930. [CrossRef] [PubMed]

17. Wale, A.; Pilcher, J. Current Role of Ultrasound in Small Bowel Imaging. Semin Ultrasound CT MR 2016, 37,
301–312. [CrossRef] [PubMed]

18. Maconi, G.; Nylund, K.; Ripolles, T.; Calabrese, E.; Dirks, K.; Dietrich, C.F.; Hollerweger, A.; Sporea, I.;
Saftoiu, A.; Maaser, C.; et al. EFSUMB Recommendations and Clinical Guidelines for Intestinal Ultrasound
(GIUS) in Inflammatory Bowel Diseases. Ultraschall Med. 2018, 39, 304–317. [CrossRef] [PubMed]

19. Atkinson, N.S.S.; Bryant, R.V.; Dong, Y.; Maaser, C.; Kucharzik, T.; Maconi, G.; Asthana, A.K.; Blaivas, M.;
Goudie, A.; Gilja, O.H.; et al. How to perform gastrointestinal ultrasound: Anatomy and normal findings.
World J. Gastroenterol. 2017, 23, 6931–6941. [CrossRef] [PubMed]

20. Fleischer, A.C.; Dowling, A.D.; Weinstein, M.L.; James, A.E., Jr. Sonographic patterns of distended, fluid-filled
bowel. Radiology 1979, 133, 681–685. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.annemergmed.2019.05.031
http://www.ncbi.nlm.nih.gov/pubmed/31350094
http://dx.doi.org/10.1016/j.ajem.2017.07.085
http://www.ncbi.nlm.nih.gov/pubmed/28797559
http://dx.doi.org/10.1016/j.ejrad.2003.11.009
http://www.ncbi.nlm.nih.gov/pubmed/15093230
http://dx.doi.org/10.1111/acem.13713
http://www.ncbi.nlm.nih.gov/pubmed/30762916
http://dx.doi.org/10.1053/j.sult.2016.03.001
http://www.ncbi.nlm.nih.gov/pubmed/27342894
http://dx.doi.org/10.1055/s-0043-125329
http://www.ncbi.nlm.nih.gov/pubmed/29566419
http://dx.doi.org/10.3748/wjg.v23.i38.6931
http://www.ncbi.nlm.nih.gov/pubmed/29097866
http://dx.doi.org/10.1148/133.3.681
http://www.ncbi.nlm.nih.gov/pubmed/504648
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects and Study Protocol 
	Ultrasound Technique 
	Ultrasound Diagnostic and Staging Criteria 
	Staging Criteria Included Extraluminal Free Fluid, Parietal and Villi Alterations 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

