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Non-anatomical polymer phantoms: a new tool to develop and assess
technical skills in ultrasound guided procedures

Jan-Alexis Tremblay, Francois Marquis

Intensive Care Unit, Maisonneuve-Rosemont Hospital, Montréal, Canada.

To the Editor

Ultrasound (US) can reduce the number of punc-
tures and complication rates of several types of vascu-
lar cannulation without lengthening the duration of the
intervention [1]. However, even with US, the rate of
posterior wall penetration during jugular vein catheteri-
zation, for instance, can exceed 60% when performed by
junior residents [2]. Learning US guided procedures is
still achieved mainly in the clinical setting: not only this
exposes patients to real risks, but time constraints may
also limit the acquisition of spatial orientation and hand-
eye coordination [3]. In this perspective, a consensus is
emerging on the need to develop simulation-based learn-
ing curricula for ultrasound guided procedures [4].

Synthetic anatomical models called “phantoms”
whose sonographic appearance is very close to human
tissue have been commercially available for years, but
the use of commercial phantoms is limited by their high
cost. Conversely, home-made phantoms fashioned from
various materials (animal tissues, gelatins, agar, tofu)
have been described but tend to be fragile and have a
limited lifetime [S]. We therefore aimed to manufacture
a phantom which is durable, safe, acoustically satisfying
and inexpensive using polymeric materials.

We thus present a new type of silicone phantom de-
signed to improve spatial orientation and hand-eye co-
ordination in US guided procedures in a play-based for-
mat. Phantoms were made out of platinum-based silicones
(Smooth-On Inc. Easton, PN, USA). For the core of the
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phantom, we selected a gel-like silicone of almost liquid
consistency, giving it self-healing properties after needle
passage. The walls and top of the phantom were made out
of a stronger skin-like silicone, as were the targets inside
the phantom. For these, to allow electrical conductivity
through the silicone while retaining flexibility, carbon fiber
(commercially available as woven fabric, then cut into 10
mm fiber length) was added at 2% of the total weight of
the mixture. As they are easily recognizable by US, well-
known plastic toy figures (Playmobil Inc., Geobra Brand-
stitter GmbH & Co. KG, Zirndorf, Germany) were used
after being coated with the silicon-carbon fibre mixture.
Silicone compatible pigments from the same company

Fig 1. Ultrasonographic rendering of silicone phantoms. A: Hy-
perechoic spherical target. B: Plastic toy figure torso with both
arms outreaching to the ultrasound probe. C: Plastic toy figure
in dorsal decubitus, with the needle contacting its head. (Images
from SonoSite Edge ultrasound machine. Fujifilm SonoSite.
Bothell, Washington, USA)
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were added in the mixing step to ensure visual opacity of
the phantoms. Degassing with a vacuum chamber at -29
inHg was done after each pouring to remove entrapped
bubbles. After curing, phantoms were connected to a sim-
ple analog circuit allowing confirmation of the contact of
the needle with red and green LED.

Total monetary cost for each of our phantoms was
between 15 and 20 $US. Actual hands-on working time
(excluding curing) was about one hour for each phantom.
The core of the phantom was found to be self-healing,
with complete acoustical obliteration of needle tracks af-
ter about 15 minutes. One year of use later, the gel-like
silicon still self-heals, although the skin of the phantom
shows the numerous puncture sites from which there is
occasional leakage of the gel-like core.

Finally, even though the increased acoustical attenu-
ation of silicone warrants high gain levels and somehow
reduce image quality compared to human tissue (Figure
1), we found that it did not really hamper the usefulness
of the phantom as a learning tool. Indeed, this has to be
seen as an introduction to ultrasound probe manipula-
tion and as a first step for learners in acquiring hand-eye
coordination and spatial recognition in ultrasound pro-
cedures, before moving to more costly and fragile ana-
tomical phantoms and eventually actual human patients,
as these procedures require technical skills and spatial

recognition that can only emerge by dint of repetition and
practice.

Acknowledgments: To the residents of Maison-
neuve-Rosemont hospital for testing the phantom and for
providing us with precious insight.
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A very rare cause of recurrent back pain: hematocolpometra

Zeynep Ozcan Dag!, Ozlem Banu Tulmac!, Yuksel Isik!

IDepartment of Obstetrics and Gynecology, Faculty of Medicine, Kirikkale University, Kirikkale, Turkey

To the Editor,

A 15 year old girl was admitted to with recurrent back
pain about four or five times last year. Her medical history
was unremarkable. She reported that she had never been
sexually active and in her gynecological history there was
no vaginal discharge or menstruation. On physical examina-
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tion a palpable, nontender midline mass from the pelvis to
the umblicus was revealed. After abdominal ultrasound was
done she was referred to our clinic with a preliminary diag-
nosis of ovarian mucinous cystadenoma 11x35 c¢m in size.
Pelvic ultrasonography revealed hematocolpometra with a
dilated vagina measuring 23.7 cm in length, 9.5 cm in width,
and 8 cm in height and an uterus 6,5 cm in length, 4.3 cm in
width, 4.2 cm in height which was filled up with hypoecho-
ic homogenous fluid (fig 1). Pelvic examination revealed
a bulging bluish imperforate hymen. She was taken to the
operating room next morning. Stellate incisions were made
through the hymenal membrane at the 2, 4, 8, and 10 o’clock
positions under general anesthesia. The edges were excised
and sutured with fine delayed absorbable suture. Approxi-
mately 2200 cc dark, thick blood was drained. At the fol-
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Fig 1. Ultrasound scan showing the fluid in the va-
gina (hematocolpos) and showing fluid-filled uterus
(hematometra).

lowing visits 2 weeks later and 2 months later she described
a normal menstrual period and ultrasonography revealed a
normal endometrium and uterus with a thick and long cervix.

Children with imperforate hymen usually remain
asymptomatic until menarche. They are admitted to the
gynecologists at about 13-15 years with primary amenor-
rhea and the symptoms appear due to accumulation of
blood in the vagina. The most common symptoms are
cyclic abdominal pain, pelvic discomfort, chronic con-
stipation, acute urinary retention, urinary tract infections
and low back pain [1]. The delay in diagnosis leads to
increased morbidity and mortality, including laparotomy,
because of suspected malignancy, respiratory failure sec-

ondary to abdominal distension, bowel perforation and
some sexual dysfunction such as menstrual irregularities,
endometriosis and infertility [2,3]. Therefore, early diag-
nosis and timely of the treatment is great importance.
Imperforate hymen should be considered in preme-
narcheal girls with back pain in the presence of primary
amenorrhea. Despite the ease diagnosis at all ages with
pelvic examination, many clinicians are reluctant to do the
pelvic examination, so that the diagnosis of imperforate
hymen is delayed or missed resulting in preventable mor-
bidity such as endometriosis, peritonitis due to the retro-
grade flow and hydronephrosis due to the compression.
On pelvic examination a bulging bluish hymenal mem-
brane confirms the diagnosis of imperforate hymen and a
pelvic abdominal ultrasound shows the pelvic cystic mass.
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Successful management of a second trimester cesarean scar pregnancy

using local methotrexate injection

Vincent Y.T. Cheung, Tsz-kin Lo

Department of Obstetrics and Gynaecology, Queen Mary Hospital, The University of Hong Kong, Hong Kong

To the Editor,

A 37-year-old woman, gravida 6 para 2, was referred
for pregnancy termination at 13 weeks’ gestation. She
had 2 previous cesarean deliveries and 3 pregnancy ter-
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minations. Pelvic examination showed a 14 week-sized
uterus. Ultrasound showed a 14-week cesarean scar preg-
nancy (CSP) with cardiac pulsation evident (fig 1). Serum
human chorionic gonadotropin (hCG) level was 78822
IU/L. After counselling on the significance of her condi-
tion and treatment options, local methotrexate injection,
the first-line treatment for CSP in our institution [1,2],
was decided. Under transabdominal ultrasound guidance,
a 20-gauge spinal needle was inserted into the fetal heart,
through which 2 ml of 14.9% potassium chloride was in-
jected. Following cessation of fetal heart pulsation, 60
ml of amniotic fluid was withdrawn and 25 mg of metho-
trexate was injected intra-amniotically. Her hCG levels
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Fig 1. Ultrasound showing a gestational sac con-
taining a single fetus with cardiac pulsation evident.
Empty uterine cavity and focal thinning of the over-
lying myometrium (arrow, 0.2 cm) were noted. Fe-
tal biometry: crown-rump length = 7.26 cm (13.5
weeks); biparietal diameter = 2.57 cm (14.5 weeks).

dropped to 63001 IU/L and 35736 IU/L on the third and
seventh post-injection day respectively, and normalized
after 12 weeks. She had an episode of moderate vaginal
bleeding 8 weeks after the injection followed by regular
menses. Ultrasound showed continual regression in size
of the gestational mass to 1-2 cm after 10 months.

To our knowledge, successful management of second
trimester CSP using local methotrexate injection has nev-
er been reported. Currently, for CSP with no or minimal
symptom, there is no consensus on the optimal manage-
ment. CSP, if left untreated, is also consider a precursor of
morbidly adherent placenta, and carries a substantial risk
of uterine rupture and the need for hysterectomy [3.4].
The management of “advanced” CSP clearly poses a
much greater challenge because of its higher risk of com-
plications [5]. A review of literature obtained from Pub-
Med database from inception to December 2015 using
the keywords “cesarean/caesarean scar”, “ectopic preg-
nancy” and “second trimester” or “advanced”, only iden-
tified 2 cases of relatively asymptomatic second trimester
CSP. One 31-year-old woman presented with spotting at

13-week, underwent suction curettage for CSP; ultimate-
ly required supracervical hysterectomy for bleeding con-
trol [6]. Another 21-year-old woman at 13.5-week, had
surgical removal of CSP via laparotomy; also resulted in
supracervical hysterectomy [7]. In another review, 20 of
751 cases of CSP were between 10 and 15 weeks’ gesta-
tion, but treatment details were not presented [5]. As local
methotrexate injection has a low complication rate [5],
we suggest it can be considered an option in the manage-
ment of second trimester CSP. Together with the under-
standing that a single case report cannot be generalized,
we also advocate that all unusual or advanced CSP should
be reported so that more information on safety and ef-
ficacy of various treatment modalities can be collected.
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Comment on “The use of Doppler ultrasonography for pre- and post-
surgery monitoring of abdominal aortic aneurysm. A case report”.
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To the Editor,

We enjoyed reading the article entitled “The use
of Doppler ultrasonography for pre- and post-surgery
monitoring of abdominal aortic aneurysm. A case re-
port” by Georgescu et al in the March 2016 issue of
the journal [1]. The authors reported an interesting
case of abdominal aorta aneurysm (AAA) monitored
by Doppler Ultrasonography (US) for 3 years, and
concluded that contrast enhancement US is reliable for
investigating the complications of AAA after endovas-
cular aneurysm repair (EVAR). Doppler US examina-
tion is a kind of reliable, reproducible and non-inva-
sive technique, which should serve as the first choice
to perform surveillance, such as prosthesis assessment
and leakage detection after EVAR. However, the au-
thors still needed CT scan to check the size and lo-
cations of the AAA before surgery. Interestingly, they
performed a surveillance of the prosthesis not only by
Doppler US but also by CT scan. We want to know
whether Doppler US is capable of performing pre- and
post-surgery monitoring of AAA without CT scan. As
the authors pointed out, although contrast enhance-
ment US can indicate the location of leak [2], these
results must be interpreted with caution and the deci-
sion to perform second EVAR should be taken only
corroborating with angiography [1].
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In our department, preoperative examination and
postoperative surveillance of AAA is usually performed
by CT angiography, which is able to clearly show the
entire aorta, the metallic prosthesis, and the type of en-
doleak in front or profile views. To the contrary, Doppler
US is difficult to reveal the whole aorta in one screen, and
metallic prosthesis is hard to see clearly due to the ultra-
sonic artifact of metal. Besides, this reported case also
reveals the difficulty in determining the cause of leak-
age after EVAR by Doppler US monitoring [1]. In our
opinions, the role of Doppler US and CT scan is comple-
mentary in AAA monitoring. Doppler US is a very use-
ful preliminary screening technique for AAA before and
after EVAR, due to the accurate examination of leak flow
and avoidance of radiation exposure. CT scan is wanted
to show the whole aorta and stent, as well as to confirm
the type of endoleak. Besides, Doppler US will also play
an important role in interventional operation, especially
in the guidance of puncture, such as percutaneous punc-
ture of portal vein of cavernous transformation, which is
quite difficult under fluoroscopy.

Sources of Funding: This work was supported by
the National Natural Science Foundation of China (Grant
No. 81501569).
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Author’s response
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First, we want to thank you for your interest in our
article regarding the use of Doppler ultrasonography for
pre- and post-surgery monitoring of abdominal aortic an-
eurysm (AAA).

Regarding our article, you asked whether Doppler
US is capable of performing pre- and post-surgery moni-
toring of AAA without computerized tomography (CT).
You also stated that the roles of Doppler US and CT scan
are complementary in AAA monitoring. We are happy to
address these concerns.

Regarding the ability of Doppler US to perform pre-
and post-surgery monitoring of AAA, on the present case
report we mention that the patient underwent CT scan,
Angiography and contrast enhancement ultrasounds
(CEUS). Doppler US is the usual technique used for the
detecting of AAA as well as for pre-surgery monitoring,
however the final decision to perform surgery is taken
following CT scan examination. Currently, CEUS is con-
sidered more reliable than Doppler US for the discovery
of the small leakages while monitoring the endovascu-
lar aneurysm/aortic repair EVAR [1,2], provided that
the CEUS technique is performed by a trained team of
specialists on highly performing equipment (making this
technique more costly than Doppler US). Unlike of Dop-
pler US, the CEUS technique allows accurate visualiza-
tion of the metallic prosthesis, avoiding the ultrasonic
artifact of metal. The conclusion from our case study is
that CEUS provided information very close to those ob-
tained through the CT scan. The purpose of the article is
to demonstrate that CEUS is a more reliable technique

than Doppler US for pre- and post-surgery monitoring of
abdominal aortic aneurysm. We also mention in the arti-
cle the limitation of the CEUS technique, and do not con-
clude, from this single case report, that the CEUS could
replace CT and angiography.

Regarding the complementarity of Doppler US and
CT scan in AAA monitoring, we agree to your comment.
We consider that CEUS avoids potential aggravation of
nephropathies caused by repeated ionizations, making
it a suitable the alternative to CT scan in specific cases
when patients already shows signs of renal failure. The
conditions for the reliability of the CEUS method include
top quality technical apparatus, highly trained and expe-
rienced experts collaborating with all teams involved in
AAA treatment, as well as a good echogenicity of the
patient (allowing the use of ultrasounds). However, we
agree that CT scan examination is the only technique ca-
pable to display the aorta and the prosthesis in its entire-
ty, as well as to establish the type of leakage at the level
of the aneurismal sac.
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