Clinical Cases

Baishideng Publishing Group Inc



g é) World Journal of
Clinical Cases

Contents Semimonthly Volume 8 Number 19 October 6, 2020

OPINION REVIEW
4280 Role of monoclonal antibody drugs in the treatment of COVID-19

Ucciferri C, Vecchiet J, Falasca K

MINIREVIEWS
4286  Review of simulation model for education of point-of-care ultrasound using easy-to-make tools

Shin KC, Ha YR, Lee SJ, Ahn JH

4303 Liver injury in COVID-19: A minireview
Zhao JN, Fan Y, Wu SD

ORIGINAL ARTICLE
Case Control Study

4311  Transanal minimally invasive surgery vs endoscopic mucosal resection for rectal benign tumors and rectal
carcinoids: A retrospective analysis

Shen JM, Zhao JY, Ye T, Gong LF, Wang HP, Chen WJ, Cai YK

4320  Impact of mTOR gene polymorphisms and gene-tea interaction on susceptibility to tuberculosis

Wang M, Ma SJ, Wu XY, Zhang X, Abesig J, Xiao ZH, Huang X, Yan HP, Wang J, Chen MS, Tan HZ

Retrospective Cohort Study

4331  Establishment and validation of a nomogram to predict the risk of ovarian metastasis in gastric cancer:
Based on a large cohort

Li SQ, Zhang KC, Li JY, Liang WQ, Gao YH, Qiao Z, Xi HQ, Chen L

Retrospective Study

4342  Predictive factors for early clinical response in community-onset Escherichia coli urinary tract infection and
effects of initial antibiotic treatment on early clinical response

Kim YJ, Lee JM, Lee JH

4349  Managing acute appendicitis during the COVID-19 pandemic in Jiaxing, China
Zhou Y, Cen LS

4360  Clinical application of combined detection of SARS-CoV-2-specific antibody and nucleic acid
Meng OB, Peng JJ, Wei X, Yang JY, Li PC, Qu ZW, Xiong YF, Wu GJ, Hu ZM, Yu JC, Su W

4370  Prolonged prothrombin time at admission predicts poor clinical outcome in COVID-19 patients

Wang L, He WB, Yu XM, Hu DL, Jiang H

WJCC | https://www.wjgnet.com I October 6,2020 | Volume8 | Issue19 |

Jaishideng®



World Journal of Clinical Cases

Contents
Semimonthly Volume 8 Number 19 October 6, 2020

4380  Percutaneous radiofrequency ablation is superior to hepatic resection in patients with small hepatocellular
carcinoma

Zhang YH, Su B, Sun P, Li RM, Peng XC, Cai J

4388  Clinical study on the surgical treatment of atypical Lisfranc joint complex injury

Li X, Jia LS, Li A, Xie X, Cui J, Li GL

4400  Application of medial column classification in treatment of intra-articular calcaneal fractures

Zheng G, Xia F, Yang S, Cui J

Clinical Trials Study
4410  Optimal hang time of enteral formula at standard room temperature and high temperature

Lakananurak N, Nalinthassanai N, Suansawang W, Panarat P

META-ANALYSIS
4416  Meta-analysis reveals an association between acute pancreatitis and the risk of pancreatic cancer

LiuJ, Wang Y, Yu Y

SCIENTOMETRICS

4431  Global analysis of daily new COVID-19 cases reveals many static-phase countries including the United
States potentially with unstoppable epidemic

Long C, Fu XM, Fu ZF

CASE REPORT
4443  Left atrial appendage aneurysm: A case report
Belov DV, Moskalev VI, Garbuzenko DV, Arefyev NO

4450  Twenty-year survival after iterative surgery for metastatic renal cell carcinoma: A case report and review
of literature

De Raffele E, Mirarchi M, Casadei R, Ricci C, Brunocilla E, Minni F

4466  Primary rhabdomyosarcoma: An extremely rare and aggressive variant of male breast cancer

Satala CB, Jung I, Bara TJ, Simu P, Simu I, Vlad M, Szodorai R, Gurzu S

4475 Bladder stones in a closed diverticulum caused by Schistosoma mansoni: A case report

Alkhamees MA

4481  Cutaneous ciliated cyst on the anterior neck in young women: A case report

Kim YH, Lee J

4488  Extremely rare case of successful treatment of metastatic ovarian undifferentiated carcinoma with high-
dose combination cytotoxic chemotherapy: A case report

Kim HB, Lee HJ, Hong R, Park SG

Bishidenge WVJCC | https://www.wjgnet.com I October 6,2020 | Volume8 | Issue19 |



World Journal of Clinical Cases

Contents
Semimonthly Volume 8 Number 19 October 6, 2020

4494  Acute amnesia during pregnancy due to bilateral fornix infarction: A case report

Cho MJ, Shin DI, Han MK, Yum KS

4499  Ascaris-mimicking common bile duct stone: A case report

Choi SY, Jo HE, Lee YN, Lee JE, Lee MH, Lim S, Yi BH

4505  Eight-year follow-up of locally advanced lymphoepithelioma-like carcinoma at upper urinary tract: A case
report

Yang CH, Weng WC, Lin YS, Huang LH, Lu CH, Hsu CY, Ou YC, Tung MC

4512  Spontaneous resolution of idiopathic intestinal obstruction after pneumonia: A case report

Zhang BQ, Dai XY, Ye QY, Chang L, Wang ZW, Li XQ, Li YN

4521  Successful pregnancy after protective hemodialysis for chronic kidney disease: A case report

Wang ML, He YD, Yang HX, Chen Q

4527 Rapid remission of refractory synovitis, acne, pustulosis, hyperostosis, and osteitis syndrome in response
to the Janus kinase inhibitor tofacitinib: A case report

LiB, Li GW, Xue L, Chen YY

4535  Percutaneous fixation of neonatal humeral physeal fracture: A case report and review of the literature

Tan W, Wang FH, Yao JH, Wu WP, Li YB, Ji YL, Qian YP

4544  Severe fundus lesions induced by ocular jellyfish stings: A case report

Zheng XY, Cheng DJ, Lian LH, Zhang RT, Yu XY

4550  Application of ozonated water for treatment of gastro-thoracic fistula after comprehensive esophageal
squamous cell carcinoma therapy: A case report

Wu DD, Hao KN, Chen XJ, Li XM, He XF

4558  Germinomas of the basal ganglia and thalamus: Four case reports

Huang ZC, Dong Q, Song EP, Chen ZJ, Zhang JH, Hou B, Lu ZQ, Qin F

4565  Gastrointestinal bleeding caused by jejunal angiosarcoma: A case report

Hui YY, Zhu LP, Yang B, Zhang ZY, Zhang YJ, Chen X, Wang BM

4572  High expression of squamous cell carcinoma antigen in poorly differentiated adenocarcinoma of the
stomach: A case report

Wang L, Huang L, Xi L, Zhang SC, Zhang JX

4579  Therapy-related acute promyelocytic leukemia with FMS-like tyrosine kinase 3-internal tandem
duplication mutation in solitary bone plasmacytoma: A case report

Hong LL, Sheng XF, Zhuang HF

4588  Metastasis of esophageal squamous cell carcinoma to the thyroid gland with widespread nodal
involvement: A case report

Zhang X, Gu X, Li JG, Hu XJ

Guieidenge WICC | https://www.wjgnet.com 111 October 6,2020 | Volume8 | Issue19 |



World Journal of Clinical Cases

Contents
Semimonthly Volume 8 Number 19 October 6, 2020

4595  Severe hyperlipemia-induced pseudoerythrocytosis - Implication for misdiagnosis and blood transfusion:
A case report and literature review

Zhao XC, Ju B, Wei N, Ding J, Meng FJ, Zhao HG

4603  Novel brachytherapy drainage tube loaded with double 1251 strands for hilar cholangiocarcinoma: A case
report

Lei QY, Jiao DC, Han XW

4609  Resorption of upwardly displaced lumbar disk herniation after nonsurgical treatment: A case report

Wang Y, Liao SC, Dai GG, Jiang L

4615  Primary hepatic myelolipoma: A case report and review of the literature

LiKY, Wei AL, Li A

4624  Endoscopic palliative resection of a giant 26-cm esophageal tumor: A case report

LiY, Guo LJ, Ma YC, Ye LS, Hu B

4633  Solitary hepatic lymphangioma mimicking liver malignancy: A case report and literature review

Long X, Zhang L, Cheng Q, Chen Q, Chen XP

4644 Intraosseous venous malformation of the maxilla after enucleation of a hemophilic pseudotumor: A case
report

Cai X, Yu JJ, Tian H, Shan ZF, Liu XY, Jia J

4652  Intravesically instilled gemcitabine-induced lung injury in a patient with invasive urothelial carcinoma: A
case report

Zhou XM, Wu C, Gu X

4660  Bochdalek hernia masquerading as severe acute pancreatitis during the third trimester of pregnancy: A
case report

Zou YZ, Yang JP, Zhou XJ, Li K, Li XM, Song CH

4667  Localized primary gastric amyloidosis: Three case reports

Liu XM, Di LJ, Zhu JX, Wu XL, Li HP, Wu HC, Tuo BG

4676  Displacement of peritoneal end of a shunt tube to pleural cavity: A case report

LiuJ, Guo M

4681 Parathyroid adenoma combined with a rib tumor as the primary disease: A case report

Han L, Zhu XF

Guieidenge WICC | https://www.wjgnet.com X October 6,2020 | Volume8 | Issue19 |



World Journal of Clinical Cases

Contents
Semimonthly Volume 8 Number 19 October 6, 2020

ABOUT COVER

Peer-reviewer of World Journal of Clinical Cases, Prof. Adrian Angel Inchauspe, obtained his MD in 1986 from La
Plata National University (Argentina), where he remained as Professor of Surgery. Study abroad, at the Aachen
and Tubingen Universities in Germany in 1991, led to his certification in laparoscopic surgery, and at the Louis
Pasteur University in Strasbourg France, led to his being awarded the Argentine National Invention Award in 1998
for his graduate work in tele-surgery. He currently serves as teacher in the Argentine Acupuncture Society, as
Invited Foreigner Professor at the China National Academy of Sciences and Hainan Medical University, and as
editorial member and reviewer for many internationally renowned journals. (L-Editor: Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World | Clin Cases) is to provide scholars and readers from
various fields of clinical medicine with a platform to publish high-quality clinical research articles and
communicate their research findings online.

WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation
Reports/Science Edition, PubMed, and PubMed Central. The 2020 Edition of Journal Citation Reports® cites the
2019 impact factor (IF) for WJCC as 1.013; IF without journal self cites: 0.991; Ranking: 120 among 165 journals in
medicine, general and internal; and Quartile category: Q3.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Xia Xing, Production Department Director: Yun-Xiagjian Wn; Editorial Office Director: Jin-I.ei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2307-8960 (online) https:/ /www.wignet.com/bpg/Getlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
April 16,2013 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Semimonthly https:/ /www.wignet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2307-8960/ editotialboard. htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
October 6, 2020 https:/ /www.wijgnet.com/bpg/Getlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

Guieidenge WICC | https://www.wjgnet.com X October 6,2020 | Volume8 | Issue19 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998/ wjcc.v8.i19.4286

World Journal of
Clinical Cases

World | Clin Cases 2020 October 6; 8(19): 4286-4302

ISSN 2307-8960 (online)

MINIREVIEWS

Review of simulation model for education of point-of-care ultrasound
using easy-to-make tools

Kyu Chul Shin, Young Rock Ha, Seong-Joon Lee, Jung Hwan Ahn

ORCID number: Kyu Chul Shin
0000-0002-8918-7750; Young Rock
Ha 0000-0002-4889-6550; Seong-Joon
Lee 0000-0001-9735-6369; Jung
Hwan Ahn 0000-0002-4676-1716.

Author contributions: Shin KC and
Ahn JH wrote the paper and
conceptualization; Shin KC, Ha YR,
Lee S] and Ahn JH collected the
data; Ha YR and Lee S] performed
the critical review.

Conflict-of-interest statement:
Authors declare no conflict of
interests for this article.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ / creativecommons.org/ licenses
/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: April 24, 2020
Peer-review started: April 24, 2020

Jaishideng®

WJCC | https://www.wjgnet.com

Kyu Chul Shin, Jung Hwan Ahn, Department of Emergency Medicine, Ajou University School of
Medicine, Suwon 16499, Gyeonggi-do, South Korea

Young Rock Ha, Department of Emergency Medicine, Bundang Jesaeng Hospital, Seongnam-si
13590, South Korea

Seong-Joon Lee, Department of Neurology, Ajou University School of Medicine, Suwon
16499, Gyeonggi-do, South Korea

Corresponding author: Jung Hwan Ahn, MD, Associate Professor, Attending Doctor,
Department of Emergency Medicine, Ajou University School of Medicine, 164, World cup-ro,
Yeongtong-gu, Suwon 16499, Gyeonggi-do, South Korea. erdrajh@naver.com

Abstract

Point-of-care ultrasound (POCUS) is a powerful diagnostic tool and provides
treatment guidelines in acute critical settings. However, the limitation of using
POCUS is operator dependent. Appropriate and validated training for acquiring
and using skills in practice must be conducted before using POCUS in clinical
settings in order to keep patients safe. Simulation education models have been
introduced as a way to solve and overcome these concerns. However, the
commercial simulator with sufficiently secured fidelity is expensive and not
always available. This review focused on the inexpensive and easily made
simulators for education on POCUS in critical specific situations related to the
airway, breathing, circulation, and disability. We introduced the simulators that
used non-infectious materials, with easily transportable features, and that had a
sonographic appearance reproducibility similar to human tissue. We also
introduced the recipe of each simulator in two parts: Materials surrounding
disease simulators (surrounding materials) and specific disease simulators
themselves (target simulators). This review article covered the following;:
endotracheal or oesophageal intubation, lung (A-lines, B-lines, lung sliding, and
pleural effusions such as hemothorax), central vein access, pericardial fluid
(cardiac tamponade), the structure related to the eyes, soft tissue abscess, nerve
(regional nerve block), and skull fracture simulators.

Key Words: Critical care; Education; Emergency medicine; Simulation training; Point-of-
care; Ultrasonography

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

4286 October 6,2020 | Volume8 | Issue19 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v8.i19.4286
http://orcid.org/0000-0002-8918-7750
http://orcid.org/0000-0002-8918-7750
http://orcid.org/0000-0002-4889-6550
http://orcid.org/0000-0002-4889-6550
http://orcid.org/0000-0001-9735-6369
http://orcid.org/0000-0001-9735-6369
http://orcid.org/0000-0002-4676-1716
http://orcid.org/0000-0002-4676-1716
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
mailto:erdrajh@naver.com

First decision: August 23, 2020
Revised: September 3, 2020
Accepted: September 12, 2020
Article in press: September 12, 2020
Published online: October 6, 2020

P-Reviewer: El-Shabrawi MH, Ooi
L, Tokumine J

S-Editor: Zhang L

L-Editor: A

P-Editor: Xing YX

Jaishideng®

Shin KC et al. Simulation model using easy-to-make tools

Core Tip: Inexpensive and easily made simulators for education on point-of-care
ultrasound provide a sonographic appearance and resistance similar to human tissue. There
were various recipes for making simulators; however, the materials used were similar.
These materials were readily available, and the preparation methods were simple. We
found that the gelatine with Metamucil and polyvinyl chloride mixtures appear to be most
similar to actual human tissue in terms of resistance and sonographic appearance. We
introduced each recipe of the simulators in two parts: materials surrounding simulators
(surrounding materials) and the specific disease simulators themselves (target simulators).

Citation: Shin KC, Ha YR, Lee SJ, Ahn JH. Review of simulation model for education of point-
of-care ultrasound using easy-to-make tools. World J Clin Cases 2020; 8(19): 4286-4302

URL: https://www.wjgnet.com/2307-8960/full/v8/i19/4286.htm

DOI: https://dx.doi.org/10.12998/wjcc.v8.119.4286

INTRODUCTION

Point-of-care ultrasound (POCUS), which has been implemented as a complementary
tool in clinical examinations in the medical field, provides improvements in diagnostic
abilities, an increase of confidence, in timely therapeutic decision-making, and in
reduction of the complications from invasive procedures!'l. It does so particularly in
critically unstable patients who need a timely diagnosis and a quick emergent
treatment decision. These include cases of hemothorax, pneumothorax, cardiac
tamponade, hemoperitoneum, rupture of abdominal aortic aneurysm or dissection, or
resuscitation due to shock in an intensive care unit or emergency room. The
importance of POCUS in a clinical practice context is well-established*"1.

The most important limitation of ultrasound is known to be operator dependent!~l.
Appropriate and validated training for acquiring skills and transferring these into
practice must be conducted before using POCUS in clinical settings, in order to keep
patients safel’>*". In critical situations in particular, misinterpretations of POCUS
findings may threaten patients’ safety due to missed or inadequate diagnoses and
delays of proper treatment”*. Therefore, training on POCUS is a necessary condition
before implementing POCUS in critical situations. However, in-field teaching of
POCUS and live models with pathology are restricted due to there being few
opportunities to use POCUS>*'?. There are rarely cases of cardiac tamponade in real
clinical practice, and there is also a fear of incurring harm in critical patients, as well as
ethical issues and patient safety concerns!>*'2.

Simulation education models using simulators have presented a way to solve and
overcome these concerns, because they provide a safe, stress free, and supportive
environment, with excellent reproducibility and fidelity**'?. Furthermore, simulation
education models possibly lower the learning curve of skill acquirement™*'.
Nowadays, a large number of simulators have been developed and introduced®" "1,
However, the commercial simulator that has a sufficiently secured fidelity is expensive
and not always available to trainees””'>"l. Pioneers in the medical field have
developed inexpensive and easily made simulators for POCUS educational purposes,
and have reported admirable educational achievements”*'“l. An ideal simulator
should be inexpensive, easily made, not be time-consuming to produce, has no
infection issues, easily transportable, and has a reproducibility of the sonographic
appearance and resistance that is similar to human tissuel*”'"l.

The focus of this review article was to investigate easily made simulators close to or
according to the conditions of ideal simulators. The scope of reviewing simulators was
related to POCUS use in emergency medicine and critical care medicine, where
clinicians must be trained before implementing POCUS in the clinical field to ensure
patients’ safety. To meet these points of view, this review article is largely divided into
two themes. The first part focused on the materials surrounding target simulators such
as veins, nerves, or the trachea. The materials surrounding target simulators that have
a sonographic appearance and resistance similar to human tissue are also important.
This ability to create a surrounding material that is similar to human tissue allows us
to make various simulators that are suitable for specific situations. The second part
focused on specific target simulator structures related to airway, breathing, circulation,
disability, and other situations such as fracture, soft tissue abscesses, and regional
nerve blocks. Therefore, this review article covered the following simulators;
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endotracheal or oesophageal intubation, lung (A-lines, B-lines, lung sliding, pleural
effusion such as hemothorax), central vein access, pericardial fluid (cardiac
tamponade), the structure related to eye, soft tissue abscess, nerve (regional nerve
block), and skull fracture simulators.

Because of space constraints, the article will not provide the validation methods,
results, figures, or creation methods; these are well presented in the original reports on
the subject. The review will be limited to the introduction of the recipes or substances
used to make the POCUS simulators and the appearance of the ultrasounds. The
authors hope that this review article can guide user’s searches for specific, easy-to-
make made simulators. The authors would like to introduce a website that has a
collection of articles and Youtube addresses describing the simple, homemade
simulators https://www.ultrasoundtraining.com.au/foamus/diy-phantom-
compendium accessed December 27, 2019).

SIMULATORS SURROUNDING TARGET, SONOGRAPHIC APPEARANCE
SIMILAR TO HUMAN TISSUE

An ideal simulator should represent the texture and resistance of human tissue and
have a sonographic appearance similar to human tissue'*'"l. Researchers have been
searching for materials that look similar to real human tissue, and using them to come
up with simulators!**l. We would like to introduce some materials used for making
simulators to soft human tissue. The method of producing each material cannot be
fully described due to space constraints; these are well presented in the original papers
on the subjects. The materials, material ratios, methods, and times to produce each
simulator are presented briefly in Tables 1 and 2. Table 3 was summarized and
compared the pros and cons of various simulation materials.

Main materials used in making simulators

Gelatine: Gelatine is a common material for ultrasound simulators because it is easy to
get, cheap, and has a similar echogenicity to human tissuel’. It is reusable, but has
relatively short shelf life and has problems with durability?”*1. Gelatine also requires
special ingredients and recipes to make simulators that are more similar to a real tissue
and that do not melt at room temperaturel*>*l. Generally, 100 to 500 g of gelatine is
used per 1000 mL of water, and if the proportions of the other additives are high, a

small amount of gelatine is used!"*'>'#2>*1],

Agar: Agar is a promising material for ultrasound simulators because it is not easy to
melt or decompose by itself, and does not need to be refrigerated in the process of
making it However, it has weaknesses in terms of accessibility and cost. Earle
et al® compared several simulators models that used 2.5%-10% agar, and found out
that the 5% model had the ideal texture and distensibility. They mixed 750 mL of cold
water with 38 g (900 g/cm?) of agar gel and stirred the mixture periodically as it
boiled™. They then sprinkled 1 teaspoon of flour into the mixture and stirred it until it
homogenized™. About half of the hot mixture was poured into a container and cooled
for 20 min at room temperaturel*”. Other studies using agar produced simulators using
mixtures of similar concentration!™.

Ballistics gel: Ballistics gel was originally developed to replace human tissue in
firearms testingt™*l. The density and texture of ballistics gel is similar to human
tissues, thus, it is good for ultrasound simulations™!. In practice, its ultrasound images
appear very similar to human soft tissuel™”l. It has advantages in many aspects,
including durability, cost, and reusable, risk of transmission, and leaking, compared to
other materials used in previous studies™. It can be used repeatedly it is self-sealing,
but it becomes slightly yellowish when reused over time™l. The 10% ballistic gelatine
(Clear Ballistics, LLC, Fort Smith, AR, United States) which the authors used in their
study has a melting point of about 93.3 °Ct**l. Before heating, the ballistic gel was
divided into small pieces to decrease the melting timel*~l. Since each manufacturer
has a different melting point, it is important to check it well and slowly heat it up and
melt it**l. Then pour it into a container after melting and let it cool for about 30 to 40
min to harden at room temperaturel*-l.

Special ingredients added to simulators
Additives to increase echogenicity and opacity: To obtain an ultrasound image
similar to real human tissue, surrounding materials are made by adding other
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Surrounding

materials Ref. Brand of main materials (A) Ingredients for echogenicity (B) Other ingredients (C) Ratio or amount (A: B: C) Target simulator
Gelatin based Lo et all'*] Jell-O gelatin cherry flavor Sugar-free Metamucil (P and G, NA 12:4 tablespoons in 1 L water Soft tissue abscess
. (Kraft Foods, Northfield, IL, Cincinnati, OH, USA) brand psyllium
Wilson et all™’] United States ) hydrophilic mucilloid fiber
Chao et all*’! Unflavored gelatin powder, not  sugar-free psyllium fiber (Metamucil NA 40 g: 20 g in 250 mL water Soft tissue abscess, central vein
mentioned brand name Sugar Free; P and G) access, foreign body
Seguin and Beef gelatin powder, not Orange colored psyllium fiber NA 90 mL: 60 mL in 500 mL water Intubation
Tessarol”’] mentioned brand name (Metamucil sugar free; P and G)
Merali et all"”]
Do and Leel*! Gelatin, not mentioned brand Agar, no mentioned brand name NA 20 g:1 g in 60 mL water Lung, A-lines, B-lines, pleural
name effusion
Zerth et all*°! Plain gelatin, not mentioned NA Green and red food coloring, 16 oz (473 mL): several drop of coloring  Pericardial effusion
brand name surgical iodine solution agent + 120 mL iodine in 4 quarts (3785
mL) water
Cuévas Unflavored gelatin, not NA 70% ethanol 100 g: 30 mL in 500 mL water Eye (normal, foreign body, ONS,
Gonzales!™! mentioned brand name dislocation of lens, vitreous
hemorrhage, retinal detachment)
Murphy et all™! Unflavored gelatin, not sugar-free psyllium powder (e.g., NA Not mentioned gelatin amount, one ONS
mentioned brand name Metamucil Sugar Free Dietary Fiber tablespoon Metamucil in 250 mL water
Supplement; P and G)
Soucy et all”’! Sugar-free gelatin, not Metamucil (P and G) 20 g: 10 g (1 tablespoon) in 250 mL water  Skull fracture
mentioned brand name
Amato et all*’] Unflavored gelatin, not NA NA Vascular access
mentioned brand name
Cheruparambath ~ Plain gelatin, not mentioned Coarsely ground finger millet (Eleusine NA 15 g:20 gin 1.2 L water Vascular access
et all” brand name coracana) flour
Chao et al”! Unflavored gelatin, not Sugar-free psyllium fiber (Metamucil NA 40 g: 20 g in 250 mL water Vascular access
mentioned brand name Sugar Free; P and G)
Rathbun et alt*”! unflavored Knox gelatin (Kraft ~ Sugar-free psyllium hydrophilic NA 4 envelopes of Knox gelatin add 1 Nerve block
Foods) mucilloid fiber (sugar-free Metamucil; P tablespoon of Metamucil (2 cups a of cold
and G) water)
Agar based Earle et al™”! Agar, not mentioned brand Flour (1 teaspoon) Red dye ethanol 38 g: 750 mL water (for 5% model) Vascular access
name Compare 4 different concentrations (10%,
7.5%, 5%, 2.5% by weight)
Nikitichev et all™™  Agar (A7002; Sigma-Aldrich, St NA NA 5.5% by weight Vascular access
Louis, MO, United States)
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Ballistics gel

based

Gel and wax

based

Morrow et all*”) 10% ballistic gelatin (Clear

Ballistics LLC, Fort Smith, AR,

United States)
Seguin and ballistic medical gelatin #3
Tessarol”’] (Clear Ballistics)
Young and Ballistics gel, plastic Halloween
Kuntz!™] skeleton thorax, plastic, manikin

dress-form torso

Morrow and

10% ballistic gelatin (Clear
Broder!™]

Ballistics LLC)
Amini et alt*! Clear ballistic gel, not mentioned
brand name

Campo Dell’orto

Gel wax (mixed store, 74532
et all™!

Ilshofen)

Daly et al™"! Gel wax, flour, plastic artificial

rib cage (axial skeleton)

Not required. Main material provided
the sonographic appearance similar to
human tissue

psyllium fiber (Metamucil sugar free; P
and G),

NA

Clear gel dye if needed

ballistic gelatin dye (Clear Ballistics)

NA

250 mL: 5 mL: 45 mL

Gel (Sonosid 1 L, Asid Bonz GmbH,
71083 Herrenberg, PZN 5362311)

flesh-colored dye NA
NA NA
NA NA

Silicon skin/Thera-Band (Schmidt ~ NA
Sports PHYSIO TAPE, 42699
Solingen, Art.Nr. 111202)

Silicon skin/Thera-Band (Schmidt
Sports PHYSIO TAPE, 42699
Solingen, Art.Nr. 111202)

One gallon (4546 mL) gel wax + three
tablespoons of flour

Soft tissue abscess

Intubation

Pericardial effusion

Vascular access

Vascular access

Pericardial effusion

Pericardial effusion

NA: Not applicable; ONS: Optic nerve sheath.

JRaishideng®
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18,20,22-30,

substances!"*'> ¥, In gelatine-based simulators, one study used coarsely ground
finger millet (Eleusine coracana) flour to increase echogenicity™l. Metamucil was
added as an ingredient for echogenicity, however, there was no information of the
amount of Metamucil added!>>'#**0¥1 Lo et al' made a simulators of a skin
abscess simulation with gelatine and sugar-free Metamucil. They made several
simulators using these two materials in various concentrations and found out a ratio of
12:4 tablespoons in 1 L water of Jell-O brand gelatine to sugar-free Metamucil showed
the best results!'”l. They evaluated the variety of simulators concentrations on both
firmness and ultrasound appearancel”l. The ratio of 12:4 tablespoons had the best
results in both of these aspects!'®l. There is no validation research on this, as this was
the only paper that studied the concentration of these two compounds. Li ef al*
proposed the use of modified polyvinyl chloride for ultrasound simulators for the first
time. They made a novel ultrasound simulator from a mixture of polyvinyl chloride
(PVC), mineral oil, diethyl hexyl adipate plasticizer softener, and chalk!". Pepley
et al') made the modified PVC polymer mixture using three different concentrations
for an ultrasound guided vascular access simulators!”. They measured the axial needle
force of a needle insertion into the simulators and designed a survey to compare the
ultrasound images to real images!"”l. A total of nine simulators materials were tested
including three different concentrations of modified PVC simulators, two kinds of
commercial simulators, gelatine, agar, ballistics gel, and cadavers!"). It was found that
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Table 2 Method and time to produce of simulator according to surrounding materials used in simulators

Surrounding

Material for target

Jaishideng®

. Ref. Heating Refrigeration Time to produce  Target simulator .
materials simulator
Gelatin based Lo et all'®] Required At least4 h to firm atleast5h Soft tissue abscess Ultrasound gel
Wilson et all™’]
Chao et all”] Required NA NA Soft tissue abscess, central ~ Pipette bulbs with water,
vein access, foreign body latex rubber tube, NA
Seguin and Required Required, overnightat ~ NA Intubation. Trachea, Holes, the block that came
Tessarol”’} 4°C esophagus out when making the hole
Merali et all"”!
Do and Lee!™ NA NA NA Lung, A-lines, B-lines, Dressing material
pleural effusion (Medifoam®,
Mundipharma, South
Korea), balloon with water
Zerth et al®! Required Required for atleast2h NA Pericardial effusion Balloon with red food
coloring water
Cuévas Required Required for 2 h NA Eye (normal, foreign body, Printing was required
Gonzales™! ONS, dislocation of lens, using aluminum paper
vitreous hemorrhage, mold on gelatin
retinal detachment)
Murphy et all*”! Required Required At least 30 min ONS Ping-pong ball, Vinyl tube
+ a stylet of 18-guage
needle with metal tip
Soucy et al”’] Required Required NA Skull fracture Coconut
Amato et al*’] Required Required NA Vascular access Removed plastic tube
Cheruparambath ~ Required Required NA Vascular access Plastic tube
et all”>
Chao et al™! Required Required NA Vascular access Latex rubber tube
Rathbun et al*’! Required Required Approximately 2-3  Nerve block Hot dog and straw
h
Agar based Earle et all”’! Required Cooling at room NA Vascular access Penrose drain or long
temperature latex balloon
Nikitichev et all™®  Required Cooling at room NA Vascular access Removed rod
temperature
Ballistics gel Morrow et alt™! Required Cooling at room Various time Soft tissue abscess Water
based temperature according to
heating methods
Seguin and Required Cooling at room Atleast1h Intubation Marker embedded in
Tessaro”’} temperature surrounding materials
Young and Required Cooling at room NA Pericardial effusion Ping-pong ball in 250 cc
Kuntz!! temperature, ice normal saline bag
underneath the plastic
manikin torso
Morrow and Required Cooling at room Less than1h Vascular access Latex tube
Broder™!! temperature
Amini et a/l*°] Required Cooling at room NA Vascular access Removed plumbing tube
temperature
Gel and wax Camzpo Dell'orto  Required Not required 1h Pericardial effusion Celluloid table tennis ball
based et all™! with red colored water in
balloon
Daly et al®’} Required Cooling at room NA Pericardial effusion Ping-pong ball in 250 cc
temperature for 1 h normal saline bag
NA: Not applicable; ONS: Optic nerve sheath.
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the PVC mixture with a ratio of 11:0:1 (PVC polymer to softener to mineral oil) and
ballistics gel provided the best results in terms of needle resistance most similar to
cadaveric tissue!"’l. The survey results showed that a PVC mixture with a 9:1:2 ratio
(PVC polymer to softener to mineral oil) was the best performing material with the
most realistic image!"’. Ballistics gel and agar showed the worst performing materials
in the image-comparing survey!”. On both aspects of resistance and ultrasound
appearance of the simulators, in addition to the gelatine and Metamucil mixture, we
think the PVC mixture model will be able to get the spotlight as a high-performance
material. In contrast, agar showed the worst performance as a main material of the
simulators, and had a less realistic image and poor needle forces!*'l.

Surface resistance: In a simulator made of gelatine, the actual skin resistance can be
different and it can easily be broken"*]. Hydrocolloid dressing materials (DuoDERMR
CGF® dressings; ConvaTec, Skillman, NJ, United States) were put on the surface of the
simulators to avoid disruption of the surrounding material®™!. This is a sonolucent
material and can be tightly adhered to the surface of surrounding material™. It has
many advantages such as protection from bacteria, avoiding disruption from
transducer movement, and can be punctured several times because it increases
durability!™. In a pericardial effusion simulation study, Campo Dell’orto et al* and
Daly et al”! covered home-made simulators in silicon skin such as Schmidt Sports
PHYSIO TAPE (THERABAND, Akron, OH, United States ), which are used for
gymnastic exercise, to make the resistance similar to real skin and prove that it can be
used as a skin analog™ .. While securing skin resistance, it also had the effect of
increasing realness”’1,

Colour: Several substances, such as various colours of dye, can be used to colour
surrounding materials®***l. There are different advantages of using transparent
materials compared to coloured materials. Transparent materials have external
visibility, so they allow a novice to compare real anatomical locations and ultrasound
images with the naked eye®*l. In addition, when the beginner fails a procedure
during the simulation, they can confirm the problems themselves™. For the more
advanced learners, coloured simulators can offer more realistic and difficult
simulationsl!. It is important to add colours to make the models more real, but from
an educational point of view, using a transparent simulator to learn relative positions
of objects and where the ultrasound probe should go is more important. We thought
training using coloured simulators would be of great help as the next step.

SIMULATORS OF SPECIFIC TARGETS

In this section, we describe the simulators of specific situations in terms of the
surrounding material for simulating human tissue (part of surrounding material) and
the recipe/materials used to create the simulator for specific disease (part of target
simulator). If the recipe was described in the reference, the recipe is introduced briefly.
The authors of this review article would like to note that this article does not describe
the definition or explanations of the sonographic findings, as that is beyond the scope
of this article. However, several sonographic findings were explained as a convenience
to readers if sonographic signs are unfamiliar to them. The materials used to make the
target simulators are introduced in Table 2. The general method of making easy-made
simulator is briefly schematized in Figure 1.

Related to A- airway

POCUS related to airways is used for detection of cricothyroid membranes or trachea
rings for cricothyroidotomy or tracheostomy, tracheal or oesophageal placement of
endotracheal tubes, and diaphragmatic movement or lung sliding for confirmation of
tracheal placement!™7?l. The simulators related to POCUS of lungs will be introduced
in the next section, “related to B- Breathing”. To the best of our knowledge and
PubMed searches, there have not been any articles related to simulators that detect
cricothyroid membrane, trachea, or diaphragmatic movements. The only two articles
that we could find for simulators used to confirm the placement of endotracheal tubes
(trachea vs oesophagus) were introduced by Merali et all"! and Seguin and Tessaro”’\.
Merali et al™ reported on the educational effects of the simulator made by Seguin and
Tessaro”). Therefore, the two simulators made by Seguin and Tessaro”! are
introduced in this section.

Surrounding material — neck tissue: One simulator was made using beef gelatine
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Table 3 Special features of surrounding materials used in simulators

Durability Reality of
Surroundin . . . : Reality of ~ Need for
. g Available Cost Time and Infection  Coloring the ) ty o
materials : resistance  additives
resusable image
Gelatin based Easy More Need more time Weak Relatively Easy Very good Relatively Often
cheaper (usually need vulnerable unrealistic needed
refrigeration)
Approximately 2-3 h
and can take up to 5
h
Agar based Easy Cheap Relatively less time ~ Good Relatively Easy Good Relatively Rarely
vulnerable unrealistic needed
Ballistics gel Not Relatively  Short preparation Excellent Resistant Not NA Great realism  Usually not
based difficult expensive  time (about 1 h) difficult required
A B C

Base: Wax, surrounding materials

|
—— B —— ‘
\

Adhesive such as glue 2" surrounding materials

3" or 4™ surrounding materials
That can achieve real distance

Figure 1 General method to produce the simulator. The surrounding material and specific simulator are used in a container box. A: The surrounding
material or wax is used to form a base in a container box prior to the specific simulator insertion; B: When the base material solidifies, the specific simulator is glued
with an adhesive; C: The process of inserting the surrounding material; D and E: The surrounding material can be inserted at once or may be split into two depending
on the purpose of the project. At this time, air bubble is removed using a spoon.

JBaishideng®
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powder (90 mL) and 60 mL of orange coloured psyllium fibre (Metamucil sugar free; P
and G, Cincinnati, OH, United States) mixed with 500 mL of boiling water!"*]. The
mixture was poured into a 1 L container and refrigerated at 4 °C overnight. The other
was made using a 250 mL volume of ballistic medical gelatine 3 (Clear Ballistics),
psyllium fibre powder (5 mL), and 45 mL of ballistic gelatine dye (Clear Ballistics)®*’.

Target — trachea, oesophagus, and simulation of the placement of endotracheal
tubes: Two holes were made in the surrounding materials to simulate a trachea and
oesophagus!”*1. The two holes are separated by a gap between the trachea and
oesophagus, and are 5 mm from the wall of the margins of the surrounding materials,
in order to achieve a real sonographic appearance!"*.. In the first model using beef
gelatine, two holes was made by using a 10 mL syringe with the tip cut off, once the
surrounding material was completely ready!**!. In the second model using ballistic
gelatine, the holes were made using two felt markers (Crayola)®). The two felt markers
were planted into the surrounding material mixture before solidifying the
surrounding materials®’.

The methods for confirming the placement of the endotracheal tube using POCUS
are the static method (double tracheal sign, enhanced tracheal posterior shadow sign,
transcricothyroid membrane bullet sign and lung sliding sign) and the dynamic
method (snowstorm sign, and shape change of the transcricothyroid membrane from
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triangular to bullet sign)!*-*’l. Among these findings, the double tracheal sign was
easily applicable to clinical practicel). The double tracheal sign simulated an
oesophageal intubation**’l. The presence of air in both the trachea and the
oesophageal lumen produces two reverberation artefacts!*’.

To simulate the double tracheal sign and bullet sign, Seguin and Tessaro™! used a
block that came out when a hole was made using a syringe or felt marker. Therefore,
the block was the same material as the surrounding materials. The block in the first
simulator that used beef gelatine was made using a syringe while making holes in
surrounding material®. To make the block in the second simulator, the surrounding
material mixture (ballistic gelatine) was poured into a 10 mL syringe with the tip cut-
offtl. If the block was not planted in the hole that represented the oesophagus, the
double trachea sign was shown in ultrasound™. On the other hand, the simulation
with the block in the hole that represented the oesophagus did not show the double
tracheal sign, and represented tracheal intubation™. However, the simulator by
Seguin and Tessaro”! has the limitation of not demonstrating all the POCUS signs
mentioned above. The stage of making intubation simulator is briefly schematized in
Figure 2A.

Related to B- breathing

POCUS related to breathing such as dyspnoea is used for detection of hemothorax,
pleural effusion, pneumothorax, pulmonary embolism, pneumonia,
alveolar/interstitial disease, and thoracentesis by using a lung ultrasound”"’*. The
definition of the lung ultrasound findings was not described in this review article
because they are out the scope of this review. The definitions of A-line, B-line, lung
sliding, and so on in terms of lung ultrasound findings have been well described by
Lichtenstein and Meziere!*l. Hand ultrasounds were compared to simulated normal
lung or pneumothorax models (presence or absence of lung sliding)**l. A gelatine-
based model that simulated a normal lung or pneumothorax, pulmonary oedema, or
pneumonia (B-lines), and pleural effusion was also tested™. Another gelatine-based
model that simulated the diaphragm, pleural fluid, and lung parenchyma was used in
order to train for thoracentesis™!. Sponge and dressing materials in both the hand and
gelatine simulators generated A-lines and B-lines!"***1.

Surrounding material — chest wall and ribs: Simulations using hands are similar to
the sonographic appearance of lungs. This is because the parallel bony structure of
metacarpal bone is similar to ribs, the soft tissue between the metacarpal bones is
similar to the intercostal space, the interface between air and skin is similar to the lung
and pleura interface, and similar to the soft tissue of the anterior chest walll'®*l. The
gelatine model, involving 20 g of gelatine, 60 mL of water, and 1 g of agar used as an
additive, was used to represent the thoracic wall®l. Tree branches were used to make
the simulator represent ribs™l. In another report that simulated pleural effusions, a
gelatine cage was used to represent the thoracic wall and ribs; however, the recipe was
not described™.

Target - lung sliding, A-line, B-line, and pleural fluid: The dorsal skin of the
hand"*! or the dry polyurethane dressing foam underneath the dorsal hand and
gelatine modell'**] represented the pleura and created A-lines. The dorsal skin or dry
polyurethane dressing foam with motion from side to side generated lung sliding/ sea-
shore sign with A-lines, while no movement generated pneumothorax (absence of
lung sliding/stratosphere sign) with A-lines!"***1. The educational effects of these
lung simulators have been sufficient to teach novices lung ultrasound techniques!'**.
Furthermore, the materials such as sponges and dressing materials were similar to the
structure of lungs; therefore, they were able to simulate lungs, A-lines, and B-
lines!'*****¥]. Depending on the dry or wet (soaked in water) condition of the sponge
and the dressing materials, they were able to create A-lines (dry) or B-lines (wet)!**1,
Pleural effusion was simulated by using a balloon filled with water to contact the
bottom of the simulator®™. In the other report that simulated pleural effusion, a sponge
and water in a plastic container was used to represent lung and pleural effusion!™l. In
this simulator, the gelatine simulators that represented the thoracic wall and rib was
placed above some plastic wrap, over the sponge and water, in a plastic container™.
This model was able to allow trainees to perform a thoracentesis™. However, this
article did not provide the recipe™.

Related to C- circulation
POCUS related to circulation such as shock and vascular access for resuscitation is
used for the detection of pericardial effusion such as cardiac tamponade. This can
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A Simulator for confirming the placement of the endotracheal tube

a b [ d

I

B Simulator for pericardiocentesis

Simulator for vessel

Figure 2 S specific simulator: The process of making some specific simulator that is complicated to make. A: Simulator for confirming the
placement of the endotracheal tube A (a) beef gelatin powder (90 mL) and 60 mL of orange-colored psyllium fiber (Metamucil sugar free; P and G, Cincinnati, OH,
United States) mixed with 500 mL of boiling water in a 1 L container. A 10 mL syringe with the tip cutoff; A (b) The two holes are separated by a gap between the
trachea and oesophagus; they are 5 mm from the wall of the margins of the surrounding materials to achieve a real sonographic appearance. Two holes were made
using a 10 mL syringe with the tip cutoff once the surrounding material was completely ready; A (c) White arrow shows the trachea. Black arrow shows the
oesophagus; A (d) The simulation with the block in the hole that represented the oesophagus did not show the double tracheal sign and showed tracheal intubation.
B: Pericardiocentesis simulator B (a) Prick a hole in a ping-pong ball and fill with water. It represents a heart; B (b) The ball then is inserted into a balloon or a 250 cc
saline bag, which represents the pericardium; B (c) The balloon is filled with water to show the pericardial fluid; B (d) A spoon or a syringe is used to remove the
bubbles; B (e) the simulator is used in an order as in Figure 1, with an artificial rib cage or a dummy. The posterior portion of the artificial rib cage and posterior
portion of a dummy are removed so that it can be used as a container. And C: Vessel simulator such as latex or balloon are inserted in process Figure 1.
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include pulmonary embolisms, severe dysfunction of left ventricle, regional wall
motion abnormalities, evaluation of the aorta (aortic dissection or aortic aneurysm), or
determine vascular access for resuscitation by using a vessel ultrasound”*”*l. In terms
of focused echocardiography, four articles on cardiac tamponade and pericardio-
centesis detection were found™ 7l In terms of vessel ultrasounds, 11 articles
regarding venous catheterization were introduced in this review articlel!”2*73364550,

Surrounding material — chest wall and soft tissue: In the cardiac tamponade
simulator, the surrounding material that represented chest wall was created by Zerth
et al”! using gelatine with green food colouring, Campo Dell’sorto et al®™! using gel
wax, ultrasound gel, silicone skin, three tablespoons of flour, Daly et all”! using gel
wayx, flour, artificial rib cage, and latex exercise resistance bands (TheraBand™) with a
moulding bucket, and Young and Kuntz!! using ballistic gel with flesh-coloured dye
and artificial rib cage moulding in a plastic mannequin dress-form torso. What is very
interesting is that by using an artificial rib cage or mannequin dress-form torso, the
pericardiocentesis simulators were very similar to real thoracic cages” . These
simulators were able to provide a more realistic environment by showing external
anatomic landmarks, allowing trainees to practice finding the correct positioning of
probes and needles!™*1.

Target — heart, pericardial effusion, and pericardial sac: A golf ball®], water-filled
celluloid ball™), and red-dyed water-filled ping-pong ball®"**! were used to represent
heart. The pericardial sac was represented by a 16-inch punching balloon™), 30 cm
balloon” and 250 mL normal saline bag!”**l. Pericardial effusion in all simulators was
represented by red-coloured water”**7l. To make a thoracic cage with a pericardial
sac and heart, it took two to four steps***”*I. In the first step, a base floor was made
for the purpose of a stable basel***”*1. The second step was to fix the correct position
of the heart and pericardial sac by pouring a melted gel™*"*l or sonographic gel™
around the heart and pericardial sac while they were centred. The third step was to
add the melted gel into a moulding container (Daly et al*V's method), or mannequin
(Young and Kuntz's method) to make the distance between the sternum and the
heart simulator similar to a real human. The last step was to cover it with silicone skin
to generate a resistance similar to a human and draw the external anatomical
marks™ 1. The stage of making pericardiocentesis simulator is briefly schematized in
Figure 2B.

Target — vessels: POCUS related to vascular approach techniques has been one of the
most widely used practices in emergency departments. Various kinds of materials
have been used in several studies to represent vessels; examination glovel*’,
intravenous infusion sets!'”], Penrose drains”, balloons!'**>*1 silicone tubes**, latex
tubes™*! and plastic tubes®. Nolting et al*! introduced a simulators made using a
water-filled glove finger and SPAM®. They used a large straw for driving a tunnel
through the entire SPAM® block*. The tunnel played the role of a vessel with a water-
filled glove finger inserted"”. Another method was to plug one end of the tunnel, and
fill it with ultrasound gel®). However, the authors did not discuss which materials
were more practical*’l. Wells and Goldstein!"”! suggested using an intravenous infusion
setline connected to an IV saline bag as vessel, and polony as the surrounding
material. There was no mention of whether it has a similar tactile sensation to real
human tissuel”. We thought it seemed easier to replenish a fluid to simulate the
“blood.” A balloon model was suggested for vascular access!"*. Fiirst et al'"*l used the
latex straw balloon to represent the vessel, and chicken breast for the surrounding
material. A latex straw balloon, typically used for decoration and sculpturing, was
placed into the tunnel (made by Kelly using forceps) in the chicken breast"“. The
authors reported that the two combinations had the most similarity to human tissue in
echogenicity and compressibility!“l. Rippey et al*! also used chicken breast as a
material for the simulators and introduced various materials for implementing vessel,
including balloons. Various balloon diameters were used to simulate veins; their thin
walls simulated the ultrasound appearance and tactile sensation of punctures™l. By
adjusting the tension of the balloons, the compressibility made by the ultrasound
probe could be determined™. This can be used to represent a hypovolemic state of a
vein by filling it loosely with fluid"l. To express slightly harder feeling of an artery,
instead of a balloon, a latex or silicon tube was used!’l. The authors made models with
varying complexity that could easily be changed, using chicken breasts and various
kinds of balloons or silicone tubes*l. They provided video clips where they create
various simulators that embody various shapes and types of blood vessels!*l.

The materials we introduced earlier were made by inserting “the blood vessel” into
the surrounding material. The stage of making vessel simulator is briefly schematized
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in Figure 2C. A latex rubber tube was used to melt the gelatine or agar used to make
the simulators, instead of using balloons™*. We felt that the appearance on
ultrasounds, tactile sensation and durability were similar when compared to balloons.
Two studies used a Penrose drain, but did not describe its differences compared to
other materials™). Sanchez-de-Toledo and Villaverde™ used boneless pieces of
chicken breast with a tunnel made using tweezers. A 10 cm Penrose drain was inserted
through the tunnel as a vessel™. Earle et al" used a Penrose drain and latex balloon as
a vessel, with agar as the surrounding material. They recommended that different
materials depending on the situation and environment be used to simulate blood
vessels™. Cheruparambath et al! made a simulator with plastic tubes and gelatine.
When compared with other vessel materials such as latex or rubber, using plastic tubes
was less realistic and felt more rigid*’. However, it showed advantages in durability
and reusability!*.

The materials introduced so far showed more hyperechoic images of vessel walls
than actual human tissue does on ultrasounds. Some of the researchers have suggested
wall-less simulators in which vessel-mimicking materials are absent™*”l. Using these
type of simulators, realistic images can be obtained™**l. A simple method to
construct wall-less simulators is to remove the rod or tube positioned in the
surrounding material, which is composed of gelatine, agar, or ballistic gel™ I, First,
they made a hole for the rod on both sides of the plastic chamber and inserted the rod
through the chamber®l. With the rod in, they then poured the tissue-mimicking
material (gelatine, agar, or ballistic gel) and waited until it hardened™ .. Then they
removed the rod through the holes~*l. However, these methods have been limited in
their widespread use due to problems with skill, equipment, and resources™. In a
study proposed by Nikitichev et al”], a three-dimensional (3D) printer was used to
solve these problems and create a simulation model without difficulty. They could also
simulate different shapes of blood vessels and various clinical environments without
difficulty™. Using a 3D printer, a rectangular chamber with two holes on each side
was designed by two freely available software programs: Blender (Stichting Blender
Foundation, Amsterdam, the Netherlands), and FreeCAD (Juergen Riegel, Werner
Mayer, and Yorik van Havre; OpenSource, www.freecad.com)t. Of the two types of
3D printers they used, an additive polymer resin printer (Objet30 Pro; Stratasys, Eden
Prairie, MN, United States) using a rigid opaque white or blue material with a gloss
finish (VeroWhitePlus RGD835 or VeroBlue; Stratasys) produced better results than
the others!™l. Agar with a 5.5% weight concentration was used as the surrounding
material, and polytetrafluoroethylene (DirectPlastics, Sheffield, England) was used as
the rod material™. The rods had minimal adhesion to the agar™. We recommend
referring to the paper for detailed methods and other details.

Related to D- disability

POCUS related to disability is used for detection of stroke by transcranial color-coded
POCUS via the temporal bone, retinal detachment, a foreign body, vitreous
haemorrhage, retrobulbar hematomas, or measurement of the optic nerve sheath
diameter (ONSD)P"»71*. To the best of our knowledge after several PubMed searches,
there have not been any articles related to simulators for transcranial color-coded
POCUS. The three articles we did find are related to simulators for ocular POCUS. Jafri
et al® made simulators that represented normal anatomy, foreign bodies, vitreous
haemorrhages, retinal detachment, and ONSD measurements. The simulator also
simulated lens dislocations, and Jafri et al"! simulated retrobulbar hematomas. The
appearance of the ocular simulator for ONSD measurements made by Murphy ef al!"”
might be closer to the sonographic images of humans than the previous simulators.
However, the simulator by Murphy et all"”! did not represent the anterior structure of
the eye (such as lens), and Cuévas Gonzales’ method was made using simple methods
and simulates more pathologies™.

Surrounding material soft tissue and vitreous humour: The simulators for ocular
POCUS were more focused on the ocular simulators themselves rather than the
surrounding materials!">*". Jafri et al® made eyeball simulators without surrounding
materials. Murphy et all"! fixed the ocular simulator using three packs of unflavoured
gelatine, one tablespoon of sugar-free psyllium powder (e.g., Metamucil Sugar Free
Dietary Fibre Supplement, P and G), and 250 mL water in 473.176 mL plastic cups (
e.g., Solo Plastic Party Cup, Dart Container Corporation, Mason, OH, United States).
The surrounding material used in this model™ looked more similar to human tissue
than other simulators®!. Cuévas Gonzales” made a square-shaped block and printed
the shape of an eyeball, lens, and iris using aluminium paper. This block was made
using 500 mL water, 100 mg of gelatine, and 30 mL of 70% ethanol into a bowl or
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Tupperware container®l.

Target - eyeball, retinal detachment, foreign body, vitreous haemorrhage,
retrobulbar hematoma, and optic nerve sheath: Using an aluminium paper mould to
represent a normal eyeball. They made the eyeball mould, iris mould (anterior
chamber), and posterior lens mould using aluminium, and these moulds were printed
on the hard gelatine already prepared as described abovel™. In addition, a piece of
aluminium paper represented a foreign body embedded somewhere in the rear
chamber!™l. For vitreous haemorrhage, one or two grooves (1 cm to 1.5 cm irregular
shapes, using a scalpel) filled with a mix of instant coffee and water were made
somewhere in the rear chamber”!. For retinal detachment, they made the retinal
detached mould and printed it on the hard gelatine. For lens dislocation, they printed
lenses not parallel to irisest\.

Jafri et al®"! made an eyeball simulator using a round plastic mould similar to the
size of the eye. They poured the gelatine mixture and psyllium powder into the round
plastic mouldP". The lens appearance was made by a circumferential incision at a 15°
angle with the tip of the blade facing the uppermost centre of the eyeball simulator™.
A metal electrocardiograph lead was used to represent the optic nerve sheath (ONS),
placed on the bottom of the eyeball simulator®l. For retinal detachment, an incision
using a size 15 scalpel was made in the posterior portion of the eyeball simulator!™.
For vitreous haemorrhage, a pocket was made by using an 18-gauge needle in the
eyeball simulator, and hyperechoic fluid such as glue or casing plaster dissolved in
water were injected into the pocket of the eyeball simulatortl. For retrobulbar
haemorrhage, the structure filled with fluid was placed under the posterior portion of
the eyeball simulator””l. Of course, it was possible to represent ocular foreign bodies
by inserting various materials such as plastic or metal materials into the model as
welll.

Murphy et al”! focused on creating an ocular simulator to represent ONS. To
represent ONS, a 7 cm clear vinyl tube with a similar width to the optic nerve and a
stylet of an 18-guage needle with a metal tip were used”.. Eyeballs were represented
by using a 40 mm diameter ping-pong ball filled with water”.. To make the eyeball
simulator, the ONS simulator was inserted in a 473.176 mL plastic cup through a
round hole in the middle of the bottom (created using a drill), and then the
surrounding material mentioned above was poured into the plastic cup at the level of
the metal tip!"“l. After hardening the surrounding materials in the plastic cup, the ping-
pong ball filled with water was placed on the ONS simulator, and then the
surrounding materials were poured into the plastic cup on top of the ping-pong ball"’.

Others - fracture, regional nerve block, and soft tissue abscess

Musculoskeletal ultrasounds are useful tools to diagnose skin infections and fractures,
as are other imaging modalities such as plain radiography, computed tomography,
and magnetic resonance imaging*’l. Ultrasounds in particular are superior in
situations where other modalities are not suitable or accessiblell. Physical
examination is limited when it comes to distinguishing between soft tissue abscess and
cellulitis!***l. POCUS has been reported to be a powerful diagnosis tool to diagnose
soft tissue abscess or cellulitis, as well as help make treatment decisions!"*****1. POCUS
is useful when it comes to regional nerve blocks in emergency departments, including
forearm nerve blocks, brachial plexus blocks, serratus anterior plane blocks, and fascia
iliaca compartment blocks". In this section, we described the simulators related to
musculoskeletal ultrasounds, including fractures, regional nerve blocks, and soft tissue
abscesses.

Fracture: A paediatric skull fracture simulator has been introduced by Soucy et al*’l.
Coconuts were used to represent paediatric skullsl. A coconut was cut into puzzle-
like pieces, similar to suture lines and skull fractures. The motorized saw has been
reported to be the best cutting tool”!. The fixation among coconut pieces was done by
applying the epoxy gel to the inner surface of the coconut pieces, in order to maintain
the echogenic properties of the coconut and the suture line”. To waterproof the
coconut simulator, a waterproof shellac was applied in two thin coats”. To stabilize
the simulator, two 1.5 cm long pieces of round wooden dowels were attached to the
convexity of the simulator, 1 cm from the midsagittal suture on each sidel”l. To make
soft tissue that is similar to the human cranium, the coconut simulator was submerged
in a round bowl filled with a sugar-free gelatine and Metamucil (P and G) solution
several times!”l. The completed skull fracture simulator looked like a lollipop, and was
able to represent sonographic suture lines and fracture lines®’.
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Regional nerve blocks: The nerve block simulators were made by various materials to
simulate nerves such as metal rods™, wooden dowels™, electrical wirel™),
shoelaces!"’], yarnst”], Computer Aided Translation 5 Ethernet cablest™, spaghetti
noodles”, and straw embedded hot-dogs™. Sparks et al™ made a nerve block
simulator using pressure-injected ultrasound gel with a Computer Aided Translation 5
Ethernet cable representing a nerve. This was a good simulator, which produced the
“donut sign” of hypoechoic fluid around the nerve, but due to the metallic properties,
posterior shadowing appeared™!. Micheller et al® used a long tubular balloon (28.5 cm
% 0.9 cm in dimension, commonly used for balloon animals) filled with water and five
pieces of flour spaghetti noodles presenting the femoral nerves. The regular-thickness
spaghetti noodles created the “honeycomb” appearance that is typical in sonographic
findings of large nervest™.. The visualized hydrodissection could be confirmed in this
simulator, but after three or four blockade attempts, it gradually lost hydrodissection
confirmation!™l. Naraghi ef al’l introduced meat glue (transglutaminase) as a binding
component to create fascial planes, in order to represent hydrodissection, by injecting
fluid through a needle. To substitute the role of the fascia, the meat glue was sprinkled
between a pork tenderloin that was cut into the required muscle shapel™). Chunky
yarn soaked in ultrasound gel was used as nerves”l. Several strands of yarn could be
twisted together for representing thicker nervest”. In addition, thin size straws filled
with ultrasound gel that were occluded on both ends with chewing gum were used to
represent the interscalene brachial plexus!’l. Situ-LaCasse et al’®! used a nerve
simulator that was created by inserting angel hair pasta into long balloons and filling
them with a dash of water to educate medical students in ultrasound-guided
peripheral nerve block procedures. Previous research models had the disadvantage of
having posterior shadowing, so it was hard to confirm the needle tip behind “the
nerve”. Rathbun et al® created a realistic nerve block simulator with minimal
posterior acoustic shadowing compared to previous simulators. The authors used a
gelatine-Metamucil mixture and a hot dog embedded with a straw in the core!”l. The
centre of the hot dog with a straw represented a nervel™.. They could simulate various
nerve target models by adjusting the depth of the surrounding tissue, done by
regulating the amount of the mixture used per layer, and the size of the nerves could
be varied using different straw sizes™. However, it was difficult to confirm the
perinerve infiltration or hydrodissection, since most of the injectate proceeded
retrogradely along the path of the needlet™.

Soft tissue abscesses: The simulators for soft tissue abscess have been made using
various liquids such as ketchup!, lotion!", mayonnaise!'”), candies with liquid
centres’], honey!""], ultrasound gel™**, mustard™’, lubricating jelly"*), water"™, tapioca
with olive 0il™, vanilla pudding with olive oil™, and salad dressing!"! in cystic like
materials such as pipette bulbs sealed using kitchen clips™), or balloons™ .
Ultrasound gel has been reported to have the best performance in terms of
sonographic appearance and injection into surrounding materials, as well as drainage
using syringes“*l. The surrounding materials used in soft tissue abscess were as
follows; SPAM®*],10% ballistic gelatine®™, and gelatine with sugar-free
Metamucill"*>~,

RECOMMENDATIONS OF THE AUTHORS

Each way of producing the simulator has both advantages and disadvantages. Hence,
our recommendation on a single method may not be appropriate. In addition, the
purpose and circumstances may be different for each institute. The surrounding
material recommendation maybe an exception that is based on the review and the
authors’ experience, which is the closest in human tissue that has a similar
sonographic appearance and resistance. In addition, limited studies have used a
specific target simulator. It is difficult to recommend one method since all methods
have advantages and are similar to real ones. It is best to choose a specific target
simulator depending on the structure they wish to focus on. Using hand ultrasound,
which is the easiest approach, a dummy that is very similar to real and a pericardio-
centesis model that uses a rib cage and mannequin have been developed.

Based on the current review and our experience, we would like to recommend the
below simulation models. It is important to add colors to make the models more real,
but from an educational point of view, using a transparent simulator to learn the
relative positions of the objects and where the ultrasound probe should be placed is
more important. We thought that training using transparent simulators would be
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more helpful to novices who are unfamiliar with ultrasound and that colored
simulators would be of great help in the subsequent steps. To increase the best
ultrasound appearance, we recommend the following additives: the gelatin and
Metamucil mixturel® (12:4 tablespoons) and the PVC mixture model!"”! [9:1:2 ratio
(PVC polymer to softener to mineral oil)]. We also recommend the modified PVC
polymer model in terms of mimicking the skin resistance. If the PVC mixture ratio is
practically complicated, we also recommend using hydrocolloid dressing materials
(DuoDERMR CGF® dressings; ConvaTec, Skillman, NJ, United States) to secure the
skin resistance or Schmidt Sports PHYSIO TAPE (THERABAND, Akron, OH, United
States), which also has the effect of increasing realness™™! with the gelatin and
Metamucil mixture!'™ (12:4 tablespoons). Table 3 shows the advantages or disad-
vantages of the surrounding materials. For specific simulation models, we recommend
using hand ultrasound with a dressing material form as a practical way of
familiarizing the trainee with the basic sonographic appearance and physiology of the
lungs!**l. For the pericardial model, we recommend the mannequin (Young et al*¥s
method), which is a compilation of the previous methods. For mimicking the orbit,
different recommendations may be provided depending on the tissue that was focused
to visualize. Various types of materials have been used in several studies to represent
vessels. It is our opinion that for most cases, veins may be best represented by balloons
and arteries may be best represented by silicon or latex pipes. Although innovative, 3D
printing models do not seem practical so far. Finally, we wish to point out that the
aforementioned models have their own strongpoints, and the recommendations
provided are only based on our opinion.

CONCLUSION

Inexpensive and easily made simulators for education on POCUS provide sonographic
appearances and resistance similar to human tissue. There were various recipes for
making simulators; however, the materials used were similar. These materials were
readily available, and the methods of making the simulators were simple. However,
one thing to keep in mind is that injuries such as burns can occur in the process of
making simulators, particularly during boiling or melting processes using stoves. The
sonographic appearance of the easily made simulators that introduced in this review
article might not be completely similar to human tissue. However, since the primary
goal in procedural education is target acquisition, coordination between targets and
needles, and needle finding, the sonographic appearance of these simulators did not
affect the utility of the models in achieving those goals. In terms of resistance and
sonographic appearance of the simulators, the gelatine and Metamucil mixtures and
polyvinyl chloride mixtures appear to be most similar to the characteristics of actual
human tissue. They get the spotlight of being a high-performance material.

There are some limitations in this review article. We did not describe the validation
methods used to investigate the educational effects, and we did not insert the figures
that introduced the creation processes of the simulators due to space constraints. We
hope that this review article provides guidance when searching for specific simulators.
If the descriptions of the processes to make the simulators were insufficient, it would
be helpful to refer to the figures in the original articles.
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