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Abstract
Background

Bedside ultrasound has become one of the most important non-invasive and readily available diagnostic tools especially for critically ill patients. However, the
current ultrasound training program is not standardized and is mostly unavailable to all surgical residents equally. The aim of this study was to assess and
evaluate the effectiveness of our new training program in bedside ultrasound for surgical residents.

Methods

Postgraduate residents (years 1 to 4) from the department of general surgery in a tertiary hospital attended the newly designed, 8-week training course in
bedside ultrasound for critically ill patients at the surgical intensive care unit. Didactic and experimental lectures in basic ultrasound physics and machine
usage were delivered, followed by daily hands-on ultrasound training to patients. Each participant prospectively documented their ultrasound �ndings and
completed self-assessment of ultrasound skills using a Likert scale.

Results

44 residents were enrolled in the current study and only 36.4% of them were previously exposed to bedside ultrasound experience. Following the course
completion, the pro�ciency levels and the objective structured assessment of ultrasound skill (OSAUS) scores showed signi�cant improvement in all elements
(P < 0.001). The mean differences in pre- and post-course score between post-graduate years were recorded, except for pro�ciency in peritoneal cavity (P =
0.163). Post-hoc analysis revealed that post-graduate year 2 residents showed a higher improvement in most elements. The training program showed
improvement in post-course scores, whether or not residents had previous experience.

Conclusions

Our results revealed that the knowledge and con�dence of surgical residents in bedside ultrasound could be improved via short-term and impact training
curriculum. The authors believe that such education should be encouraged for all surgical residents to enhance competency in performing bedside ultrasound
evaluation of critically ill patients.

Background
To general surgeons, the use of ultrasound has proven to be valuable in enhancing the level of care provided to patients in various settings such as emergency
department, operating room, or intensive care unit (ICU) [1, 2]. It is an effective diagnostic tool for detecting free �uid in trauma patient, to facilitate rapid
diagnosis of shock etiology, or determine �uid status in critical ill patients [1–3]. It can also be used for surgical interventions such as central venous catheter
placement, drain insertion, aspiration of �uid collection or a wide range of other procedural guidance [4, 5]. Especially in the ICU, where most of the patients are
immobilized and hemodynamically unstable, bedside ultrasonography is attractive because it is noninvasive and portable, and facilitates rapid assessment of
critically ill patients [6–8]. Moreover, as the proportion of the elderly patients increases, the risk of postoperative complications increases. Further, more
patients are undergoing highly complex surgeries due to advances in operative technique and surgical instrumentation, which can increase the risk of
complication [9]. Therefore, tools that can facilitate early identi�cation and acquisition of real-time images bedside are the need of the hour. The American
College of Surgeons (ACS) has been providing ultrasound courses in the United States, since 1996 [4]. In South Korea, the Korean Surgical Society (KSS)
mandates that all residents in general surgery attain competency in the use of ultrasound for various surgeries. However, despite the obvious advantages and
utility of bedside sonography, many surgical residencies still lack practical opportunities or adequate ultrasound training curriculum, possibly due to curricular
time constraints, lack of equipment, and limited availability of skilled faculty [10]. It has led to minimal ultrasound training or experience in most of the
surgical residencies during their training period. Therefore, the implementation of a formal and well-established training program in bedside ultrasonography
is important for surgical residents in charge of patient care.

Herein, we introduced our 8-week standardized bedside sonography training program that include clinical application of skills to the actual ICU patients.
Additionally, the changes in con�dence of residents before and after the training and the effectiveness of the training curriculum were assessed.

Methods
Participants and methods

From March 2019 to February 2021, the residents of department of general surgery in our institution from post-graduate year-1(PGY-1) to four (PGY-4) enrolled
in the study. The study involving the 8-week program in bedside ultrasound training at the surgical ICU was approved and carefully monitored by the
Institutional Review Board of the Ethics Committee of our institution (KC20QISI0723). The written informed consent from the participants were obtained, and
the procedures were in compliance with Helsinki Declaration. Each resident’s training program consisted of a didactic presentation and practical session,
involving extended-Focused Assessment with Sonography for Trauma (e-FAST) examination and a volume assessment of the patients admitted to the
surgical ICU. The course was followed by a post-course survey. Each of the residents evaluated their own competency in ultrasound examination and
documented the ultrasound �ndings of each patient. None of the data collected were linked to individual participants, so the results of assessment did not
have an impact on assessing the individual participants’ abilities. The ultrasound machine used for program was GE Healthcare LOGIQ P9 (Boston, MA). A
convex transducer (C1-5, low frequency, 2-5 MHZ) and a linear transducer (3SC, high frequency, 1.7-4MHZ) were used for training and assessment.

Training program in bedside sonography
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The didactic presentation was developed by the surgeon specialized in trauma and surgical critical care and the resident received about one-hour didactic
lecture once a week. The lecture included basic physics of ultrasound, knobology, artifacts, e-FAST technique and a technique for assessing IVC diameter. The
surgeon specializing in trauma and surgical critical care also conducted the practical sessions. The residents performed a supervised e-FAST examination and
assessment of inferior vena cava (IVC) volume of patients admitted to the surgical ICU. Each resident focused on visualization of each organ (lung, liver,
spleen, bladder, kidney and heart), and also identi�ed any abnormal �ndings during e-FAST. During the examination, the patient was positioned in a supine to
30° upright angle. The exam combined focused evaluation of �ve areas: chest, right upper quadrant, left upper quadrant, suprapubic and sub-xiphoid
according to the standard method of e-FAST shown in Figure 1 [2, 6-8].

To assess the volume of IVC (Figure 2), either curvilinear or phased array probe were used on the subcostal window and scanned transverse image of IVC and
right atrium. A probe was rotated 90° to obtain the long axis of IVC. The longest and the shortest diameters of IVC were measured at 1 to 2 cm away from the
right atrium. The M-mode scan was used to capture both the longest and the shortest diameters of IVC on a single image. IVC collapsibility index was also
calculated using the following formula.

Study endpoint and outcome measurement

The primary outcomes included assessment of basic knowledge and ultrasound competency of each resident as well as the e�cacy of an ultrasound training
program based on the comparative evaluation score of the perceived self-con�dence levels before and after the training measured on a 5-point Likert scale.
The secondary outcome measures were to assess differences in the program e�cacy by post-graduate year or previous experience in bedside
ultrasonography.

Participants’ assessment

Participating residents completed the survey to assess their own comprehension and con�dence (Appendix 1). The survey was used to evaluate the objective
structured assessment of ultrasound skill (OSAUS) (Appendix 2). All questionnaires were estimated using a 5-point Likert scale, and the score ranged from 1 to
5 (1= not con�dent at all, and 5 = very con�dent). The Likert scale is an orderly scale and a form of closed question that is most widely used in the analysis of
opinions or educational training. Its advantage relates to the absence of forced expression to elicit participants’ opinions [5, 11-16]. We investigated how the
residents perceived their con�dence and pro�ciency during overall examination and queried in detail according to seven different areas of the patient’s body
(lung, pleural effusion, bowel, peritoneal cavity, liver, gallbladder, spleen, jugular vein, inferior vena cava). Furthermore, the resident’s competency was also
assessed using a Delphi’s Objective Structured Assessment of Ultrasound Skills (OSAUS), which is a generic ultrasound rating scale based on international
multispecialty consensus [17]. We modi�ed the original form of OSAUS by including queries based on �ve elements: applied knowledge of ultrasound
equipment, image optimization, systematic examination, image interpretation and documentation of examination.

Statistical analysis

All statistical analyses were conducted using SPSS statistical package software (version 21.0 for Windows; SPSS, Inc., Chicago, IL). Survey responses to
questions regarding con�dence ranged from 1 (not con�dent at all) to 5 (very con�dent). For the purpose of statistical analysis, responses were divided into
“not con�dent (not con�dent, minimally con�dent, and neutral, based on scores ranging from 1 to 3) and “con�dent” (con�dent and very con�dent, based on
scores from 4 to 5). To assess the differences in con�dence levels we compared the demographics, previous training history, as well as other variables of
residents who reported con�dence with training compared with those who did not. Continuous data are presented as the mean ± standard deviation. For
continuous data, overall differences were tested by Student’s t-test or ANOVA. The categorical variables were calculated using the Fisher’s exact test or chi-
square test. The descriptive statistics are described as means ± standard deviation and differences were regarded as statistically signi�cant when P < 0.05.
Multivariable logistic regression analysis was then performed to identify independent predictive factors.

Result
During the study period, a total of 44 residents from PGY1 to PGY4 completed our eight weeks of bedside ultrasound training program at the surgical ICU.
Among them, only sixteen participants were experienced in bedside ultrasound before the training as shown in Fig. 3.

The de�nition of an experience group is as the participants who had performed bedside ultrasound on at least �ve times in clinical setting prior to study
enrollment. The average number of experiences of the experimental group before the study enrollment was 5.8, whereas the average number of non-
experienced group was 0.9. Finally, total of 4,872 ultrasound examinations with 818 patients were completed and analyzed. The mean age of patients was
67.2 years and the majority of them was from the departments of lower gastrointestinal surgery (n = 221, 27%) followed by hepatobiliary-pancreas surgery (n 
= 180, 22%). The patient demographics and sonographic �ndings are summarized in Table 1.
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Table 1
Demographic characteristics of enrolled cases

Variables N (%) or mean ± 
SD

Trainee (N = 44)    

Postgraduate Year 1 11

  2 9

  3 9

  4 15

Previous experience of bedside sonogram* Experienced/Inexperienced 16/28

Number of experiences of bedside sonogram before the study enrollment Experienced group 5.8 ± 4.3

Inexperienced group 0.9 ± 4.3

Patient demographics (N = 818)    

Age   67.2 ± 16.3

Sex Male/Female 530/288

ICU HD at the time of sonogram   6.8 ± 7.8

POD at the time of sonogram   4.2 ± 6.1

Clinical department Upper GI 139 (17)

  Lower GI 221 (27)

  Hepatobiliary-pancreas 180 (22)

  Vascular 149 (18.2)

  Trauma 87 (10.6)

  Miscellaneous 42 (5.1)

Sonographic �ndings (N = 4,872)    

Chest Pleural effusion 1,203 (24.7)

  Pneumothorax 10 (0.2)

  Pulmonary edema 465 (9.5)

Hepatobiliary (liver, GB, pancreas, spleen) Fluid collection 429 (8.8)

  Mass or hematoma 97 (2)

  Cholecystitis or stone, polyp 395 (8.1)

Abdomen and pelvis Fluid collection 925 (19)

  Mass or hematoma 243 (5)

  Hydronephrosis 49 (1)

IVC dilatation Normal 1765 (36.2)

  Collapsed 1429 (29.3)

  Dilated 1352 (27.8)

  Not checkable 331 (6.8)

IVC collapsibility index**   19.6 ± 13.8

* An experience group is de�ned as the participants who had performed bedside ultrasound on at least �ve times in clinical setting prior to study
enrollment. A participant in which the average number of experiences of bedside ultrasound before the study enrollment was less than �ve was de�ned as
the inexperienced group.

** The IVC collapsibility index (IVCCI=[(IVCe–IVCi)/IVCe]×100%) was calculated as the IVC provided respiratory variation. The inspiratory (IVCi) and
respiratory (IVCe) diameters of the IVC were detected by measuring the vein lumen at 1 respiratory cycle.

 

Based on the pro�ciency and OSAUS scores, there were a signi�cant increase in the participants’ con�dence level measured after the training course across all
items (P < 0.001) compared with the level measured before the training (Figure 4). In subgroup analysis junior residents (PGY1 and PGY2) showed less
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improvement in the post-course score, whereas PGY4 showed signi�cant improvement in every element measured (P < 0.001) as shown in Table 2.
 

Table 2
Scores for each item in terms of comprehension and con�dence in the technique from pre- and post-course evaluation for each trainee

Trainee &
training period
(week)

PGY* 1 (n = 11)   PGY 2 (n = 9)   PGY 3 (n = 9)   PGY 4 (n = 15)   Tota

Pre-

course

Post-
course

P
value

  Pre-

course

Post-
course

P
value

  Pre-

course

Post-
course

P
value

  Pre-

course

Post-
course

P
value

  Pre-

cour

Pro�ciency in
manipulation**

                         

Lung
parenchyme

1.9 ± 
0.7

3.8 ± 
0.5

0.001 2.2 ± 
0.8

3.8 ± 
0.5

0.006 2.4 ± 
0.5

4.2 ± 
0.8

0.002 2.1 ± 
0.7

4 ± 1.1 < 
0.001

2.1 ±
0.7

Pleural
effusion

1.6 ± 
0.8

2 ± 0.8 0.413 2 ± 0.6 3.5 ± 1 0.019 2.8 ± 
0.8

3.7 ± 
0.5

0.064 2.9 ± 
0.8

4.4 ± 
0.7

< 
0.001

2.6 ±
0.9

Bowel 1.9 ± 
0.4

2.3 ± 
0.5

0.172 2 ± 0.6 3 ± 0.8 0.060 1.4 ± 
0.5

3.3 ± 
0.5

< 
0.001

2.8 ± 
0.7

4.2 ± 
0.7

< 
0.001

2.5 ±
0.9

Peritoneal
cavity

1.3 ± 
0.5

2.3 
± .5

0.012 1.7 ± 
0.5

2.8 ± 
0.5

0.011 2.4 ± 
0.9

3.8 ± 
0.4

0.006 2.9 ± 
0.4

4.4 ± 
0.6

< 
0.001

2.5 ±
0.8

Hepatobiliary 2 ± 0.8 3 ± 0.8 0.082 2.3 ± 
0.8

3.5 ± 
0.6

0.040 3 ± 0.7 3.3 ± 
0.8

0.493 2.9 ± 
0.8

4.2 ± 
0.7

< 
0.001

2.7 ±
0.8

IJV 3 ± 0.8 3.8 ± 
0.5

0.134 2.8 ± 
1.3

3.8 ± 
0.5

0.231 3.8 ± 
0.8

3.5 ± 
0.5

0.492 4.3 ± 
0.5

4.8 ± 
0.5

< 
0.001

3.9 ±
0.9

IVC 2.3 ± 
0.8

3 ± 1.4 0.294 1.8 ± 
0.8

3.3 ± 
0.5

0.011 3.2 ± 
0.4

3.7 ± 
0.8

0.285 3.8 ± 
0.8

4.7 ± 
0.6

< 
0.001

3.2 ±
1.1

OSAUS***                          

Applied
knowledge

2.3 ± 
0.5

3 0.008 2.8 ± 
0.4

3.3 ± 1 0.363 3 3.3 ± 
0.5

0.175 3.1 ± 
0.7

4.6 ± 
0.6

< 
0.001

2.9 ±
0.7

Image
optimization

1.6 ± 
0.5

3.3 ± 
0.5

0.001 2.5 ± 
0.5

3.3 ± 1 0.150 3 4 - 2.8 ± 
0.6

4 ± 0.8 < 
0.001

2.6 
± .7

Systemic
examination

2.3 ± 
0.8

2.5 ± 
0.6

0.638 2.7 ± 
0.5

3.3 ± 
0.5

0.115 2 3.7 ± 
0.5

0.001 2.8 ± 
0.4

4.2 ± 
0.7

< 
0.001

2.6 ±
0.5

Interpretation
of images

2.3 ± 
0.8

2.5 ± 
0.6

0.638 2.3 ± 
0.5

2.8 ± 1 0.393 2.4 ± 
0.5

3.7 ± 
0.5

0.003 3.2 ± 
0.5

4.2 ± 
0.6

< 
0.001

2.9 ±
0.7

Documentation
of examination

1.9 ± 
0.4

2.3 ± 
0.5

0.172 2.2 ± 
0.8

2.5 ± 1 0.562 2.4 ± 
0.5

3.7 ± 
0.5

0.003 3.2 ± 
0.7

4.2 ± 
0.6

< 
0.001

2.8 ±
0.8

*PGY (Postgraduate year)

 

Additionally, the maximum improvement in all elements was observed in the pro�ciency score of lung parenchyma (pre-course score = 2.1 ± 0.7, post-course
score = 4 ± 1). Table 3 presents the comparative analysis of mean differences before and after the training course of each PGY group. The degree of
improvement between the PGY groups showed signi�cant differences in pro�ciency of manipulation and OSAUS scores after the training, except for the
pro�ciency in peritoneal cavity. The post hoc test was performed to compare the results between the groups classi�ed according to the residency year. In the
comparison based on residency year, PGY 2 showed the most signi�cant improvement. PGY 2 showed signi�cant differences in �ve of seven elements
involving pro�ciency in manipulation and three of �ve elements in OSAUS score, whereas PGY 1 showed differences in a single element. The largest mean
differences were seen in the pro�ciency score of bowel between PGY 3 and PGY 1, (mean difference = 2.5, P < 0.001) followed by PGY 2.0 and PGY 1 (mean
difference = 2, P < 0.001). The post hoc test showed no differences in the pro�ciency scores of peritoneal cavity and IVC between any of the PGY groups.
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Table 3
Differences of pre- and post-course evaluation scores in terms of comprehension and con�dence in the technique for each group

    PGY*1

(n = 
11)

PGY 2

(n = 9)

PGY 3

(n = 9)

PGY 4

(n = 
15)

Total

(n = 
44)

p-
value

  Post-hoc Analysis†

Comparisons Mean
difference

p-
value

Pro�ciency in
manipulation

Lung parenchyme 1.7 ± 
1.2

2.5 ± 
0.7

1.5 ± 
2.1

1.8 ± 1 1.8 ± 
1.1

0.014 PGY 2 – PGY
3

1 0.033

Pleural effusion 0.7 ± 
0.6

2.5 ± 
0.7

0.5 ± 
0.7

2 ± 1.4 1.5 ± 
1.2

< 
0.001

PGY 2 – PGY
1

1.833 < 
0.001

PGY 2 – PGY
3

2 < 
0.001

Bowel 0 ± 1.7 2 ± 1.4 2.5 ± 
0.7

1.5 ± 1 1.4 ± 
1.4

< 
0.001

PGY 2 – PGY
1

2 < 
0.001

PGY 3 – PGY
1

2.5 < 
0.001

Peritoneal cavity 1.3 ± 
0.6

2 1.5 ± 
2.1

1.5 ± 
1.3

1.5 ± 1 0.163 –    

Hepatobiliary 1 ± 1 2 1.5 ± 
0.7

1.3 ± 1 1.4 ± 
0.8

< 
0.001

PGY 2 – PGY
1

1 < 
0.001

PGY 2 – PGY
4

0.750 0.005

IJV 0.3 ± 
1.5

1.5 ± 
0.7

0 ± 1.4 0.5 ± 
0.6

0.5 ± 1 < 
0.001

PGY 2 – PGY
1

1.167 0.001

PGY 2 – PGY
3

1.5 < 
0.001

IVC 1 ± 1.7 2 ± 1.4 1.5 ± 
0.7

1 ± 1.8 1.3 ± 
1.4

0.040 –    

OSAUS** Applied knowledge 1 1 0.5 ± 
0.7

1.5 ± 
1.3

1.1 ± 
0.8

< 
0.001

PGY 4 – PGY
3

1 < 
0.001

Image optimization 1.7 ± 
1.2

1.5 ± 
0.7

1 1.5 ± 1 1.5 ± 
0.8

0.040 PGY 1 – PGY
3

0.667 0.048

Systemic examination 0.3 ± 
0.6

1.5 ± 
0.7

2 1.5 ± 1 1.3 ± 
0.9

< 
0.001

PGY 2 – PGY
1

1.167 < 
0.001

PGY 3 – PGY
1

1.667 < 
0.001

Interpretation of images 0.3 ± 
0.6

1.5 ± 
0.7

2 1.5 ± 
0.6

1.3 ± 
0.8

< 
0.001

PGY 2 – PGY
1

1.2 < 
0.001

PGY 3 – PGY
2

0.5 0.015

Documentation of
examination

1 1.5 ± 
0.7

1 1.8 ± 
0.5

1.4 ± 
0.5

< 
0.001

PGY 2 – PGY
1, 3

0.5 0.005

PGY 4 – PGY
1, 3

0.8 < 
0.001

*PGY (Postgraduate year)

 

As shown in Table 4, we also performed a subgroup analysis and compared experienced and inexperienced residents to determine if a previous exposure to
bedside sonogram affected the training results. Both groups demonstrated signi�cantly higher con�dence after the completion of course in all areas of
evaluation. Comparing the advances between the two groups, only pro�ciency in manipulation score involving pleural effusion showed differences in the
degree of improvement (experienced 2.9 versus 4.4, inexperienced 2.1 versus 3.6. P < 0.001) In OSAUS score, experienced residents showed better
improvement except in image optimization where both groups showed improvement (P = 0.666). Experienced residents achieved signi�cantly higher post-
course con�dence than inexperienced residents and the extent of the increment was greater.
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Table 4
Differences of pre- and post-course evaluation in terms of Comprehension & con�dence in the technique* of Experienced and

Inexperienced residents. (Average of mean difference)
  Experienced (n = 16)   Inexperienced (n = 28) p-value

Pre-course Post-course p-value Pre-course Post-course p-value

Pro�ciency in manipulation              

Lung parenchyme 2.1 ± 0.7 4 ± 1.1 < 0.001 2.1 ± 0.7 4 ± 0.7 < 0.001 0.594

Pleural effusion 2.9 ± 0.8 4.4 ± 0.7 < 0.001 2.1 ± 0.9 3.6 ± 0.7 < 0.001 < 0.001

Bowel 2.8 ± 0.7 4.2 ± .7 < 0.001 1.8 ± 0.9 3.2 ± 0.6 < 0.001 0.390

Peritoneal cavity 2.9 ± 0.4 4.4 ± 0.6 < 0.001 1.7 ± 0.8 3.4 ± 0.7 < 0.001 0.748

Hepatobiliary 2.9 ± 0.8 4.2 ± 0.7 < 0.001 2.4 ± 0.9 3.4 ± 0.7 0.004 0.272

IJV 4.3 ± 0.5 4.8 ± 0.5 < 0.001 3.2 ± 1 3.6 ± 0.5 0.231 0.679

IVC 3.8 ± 0.8 4.7 ± 0.6 < 0.001 2.4 ± 0.9 3.5 ± 0.7 0.002 0.167

OSAUS**              

Applied knowledge 3.1 ± 0.7 4.6 ± 0.6 < 0.001 2.7 ± 0.5 3.3 ± 0.7 0.008 0.002

Image optimization 2.8 ± 0.6 4 ± 0.8 < 0.001 2.3 ± 0.8 3.7 ± 0.7 < 0.001 0.666

Systemic examination 2.8 ± 0.4 4.2 ± 0.7 < 0.001 2.3 ± 0.6 3.5 ± 0.5 < 0.001 0.048

Interpretation of images 3.2 ± 0.5 4.2 ± 0.6 < 0.001 2.3 ± 0.6 3.3 ± 0.8 0.001 0.010

Documentation of examination 3.2 ± 0.7 4.2 ± 0.6 < 0.001 2.1 ± 0.6 3.2 ± 0.9 0.001 < 0.001

* Level of con�dence rated on a 5-point Likert scale (1 = not con�dent at all/ 3 = neutral / 5 = very con�dent)

**OSAUS (The Objective Structured Assessment of Ultrasound Skills) on a 5-point Likert scale (1 = not con�dent at all/ 3 = neutral / 5 = very con�dent)

Discussion
Based on our results, surgical residents showed a signi�cant improvement in ultrasound basics and focused assessment of bedside sonography for critical ill
patients after participation in our training curriculum. Additionally, the senior residents (PGY 3 and 4) showed a signi�cant increase in scores in more areas of
evaluation compared with junior residents. All residents showed signi�cant improvement regardless of prior experience with performing bedside sonography.
Ultrasound is generally used in diagnostic and procedural investigation, and in routine clinical practice owing to its e�cacy and safety [2]. Technological
advances have led to the use of high-performance ultrasound, which is increasingly compact and portable. Thus, bedside ultrasonography can enable
acquisition of real-time images by the clinician. It facilitates surgical diagnosis and procedures with improved success rate and decreased complications [6].
Especially in trauma or critically ill patients, the usage of bedside ultrasound can enable the identi�cation of the etiology of certain conditions such as
hypotensive shock or respiratory failure. Bedside sonography, such as e-FAST examination, has a sensitivity of 73 ~ 99%, a speci�city of 94 ~ 98%, and an
overall accuracy of 90 ~ 98% for intra-abdominal injury in trauma, and a sensitivity of 78.6% and a speci�city of 98.4% for detecting pneumothorax [6, 18]. The
need for additional diagnostic tests such as CT scans can be reduced, thus shortening the time that takes to implement appropriate intervention [7]. From an
educational viewpoint, even inexperienced learners can perform bedside sonographic examination easily, with pro�ciency and accuracy comparable to that of
a radiologist [19, 20]. However, despite these advantages, a formal training curriculum in ultrasound is still lacking in many surgical residencies. Our results
showed that most residents were unfamiliar with the use of ultrasound or bedside ultrasound evaluation before. But, after the completion of ultrasound
training program, they could achieve a signi�cant improvement in their knowledge and con�dence compared to the pre-course score levels. Authors expect
that a well-organized and systematic program in bedside ultrasound training could ultimately help the residents, who conduct initial resuscitation in critically
ill surgical patients.

Additionally, our results shown in Table 2 suggest that the pre-course scores in pro�ciency and OSAUS were similarly low regardless of the year of training.
However, PGY 4 groups showed improvement in every area of evaluation while only few areas were improved in the PGY1 group, probably because senior
residents have more experience in clinical settings involving relatively diverse surgery. Prior knowledge of the key elements of the altered anatomy after the
surgery or speci�c �ndings related to the clinical condition can facilitate evaluation of the subjects more intensively during the ultrasound examination. It will
enable the educational and learning outcomes during the training. Therefore, we expect that the trainee’s prior knowledge and understanding of patients’
anatomy or surgery such as in the case of senior residents, the better is the educational impact of our training program.

Noteworthy, PGY 2 residents exhibited the most signi�cant �ndings during the post-training evaluation in our results. In Table 3, when comparing responses of
our program by training years, signi�cant differences existed between PGY groups. Except in applied knowledge and image optimization, PGY 2 residents
showed a higher mean difference in most elements than the other groups. However, PGY 4 had the highest post-course scores, but the pre-course score was
higher than in PGY 2 participants, which explains why our senior residents did not show a higher mean difference than PGY 2. PGY 1 residents exhibited the
lowest responses after the training program, which might be attributed to limited understanding of anatomical structure and ultrasound of novice trainee.
Therefore, we expect that our training program would be most suitable and effective for surgical residents with at least basic knowledge of surgical anatomy,
such as in the case of PGY 2.
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When compared the scores according to previous ultrasound experience before training, residents with prior experience showed higher pre-course score than
those of residents without experience of sonography. But after completing the training course, there was a meaningful improvement in scores in both groups.
These results suggest that our ultrasound training program can help trainees with less experience in ultrasound manipulations acquire ultrasound skills and
clinical interpretation more effectively by providing dense hands-on opportunities for short periods of time. Our training program is not only useful to novice
residents, but also enhances the understanding and con�dence levels of non-beginners with little experience.

Despite these interesting �ndings, the current study had inherent limitations that require attention. First, this study has small number of trainees and involves a
single institution. Consequently, our training results may not be generalized to other institutions. To establish the reliability and reproducibility of our results
and their applicability to other training hospitals, a large-scale study with a large number of trainees across different training hospitals is needed. Second, this
study did not test the accuracy of sonography or resident’s ability to perform and interpret in the clinical setting after the training. In order to use ultrasound in
medical practice, the e�cacy of training program on clinical performance should be evaluated [21, 22]. Third, unlike other ultrasound training programs, we did
not use simulator or healthy human model. In our program, we performed ultrasound in actual patients who underwent surgeries or patients who were in an
unstable condition. Therefore, it was not easy to identify every important structure each time or visualize a normal image of uninjured organ. Meanwhile, our
results provide insight into lack of ultrasound skills or education in a surgical resident for appropriate ultrasound training program to enhance the resident’s
ultrasound skills and con�dence, effectively. Authors believe that a prospective multi-center trial with large number of participants should be conducted in the
near future to corroborate our study results.

In conclusion, our short and intense bedside ultrasound training program improves the con�dence and skills of all surgical residents regardless of the
resident's PGY or prior experiences. Given the diversity of applications of bedside ultrasound in surgical medicine, we believe that our training curriculum in
bedside sonography for critical patients would be bene�cial for all surgical residencies.
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Figure 1

The four abdominal views and chest view A. Morrison’s pouch and the right diaphragm B. Spleno-renal angle and left diaphragm C. Pelvis in both longitudinal
and transverse planes D. Pericardial E. Pleura (Bilaterally)
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Figure 2

Participant evaluating the IVC diameter and its respiratory variation. A, B First IVC should be identi�ed in a transverse plane, in a subxiphoid position
perpendicular to the skin. C, D The probe is rotated by 90 degrees to obtain a longitudinal plane. Identify the entrance of the IVC into the right atrium. Then the
IVC diameter can be measured at one to two centimeter away from the right atrium.
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Figure 3

Demographic characteristics of enrolled trainees. A Distribution of trainees by post-graduate years. B Distribution of trainees by previous experience of
ultrasound training.
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Figure 4

Residents' self-rating score of survey question and OSAUS before and after the ultrasound training program. Both scores were rated on 5-point Likert scale,
where 1=1= not con�dent at all and 5 = very con�dent. The blue solid bar was used for the survey question and green dashed bars were used for OSAUS.
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