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NeuroiNterveNtioNal procedures have become a 
significant asset in the treatment of cerebrovascu-
lar disorders. Training in these techniques requires 

several years of dedicated study to develop an understand-
ing of and the haptic feel for catheter navigation and inter-
ventional treatments. However, medicolegal concerns and 
work hour restrictions may limit the experience trainees 
receive. Simulators allow trainees to improve their tech-
nical expertise and also allow physicians and industry to 
collaborate in the development of innovative devices.3

The ideal training model should be inexpensive, readily 
available, and have haptic characteristics similar to those 
encountered in the endovascular treatment of human dis-
orders. Animal and computer-based models have been de-
veloped for this purpose.3,5,7 While each model has certain 
advantages and disadvantages, it is difficult to reproduce 
all the haptic qualities necessary for these procedures us-
ing virtual simulators or animal models.4,6–8 Thus, it is 
necessary to continue to develop and research new tech-
niques for neurointerventional training. In this article, we 

abbreviatioNs GDC = Guglielmi detachable coil; HP = human placenta.
submitted July 18, 2014.  accepted January 28, 2015.
iNclude wheN citiNg Published online October 9, 2015; DOI: 10.3171/2015.1.JNS141583.

Face, content, and construct validity of human placenta as 
a haptic training tool in neurointerventional surgery
marcelo magaldi ribeiro de oliveira, md, phd,1–3 arthur Nicolato, md,1 marcilea santos, md,1 
Joao victor godinho, md,1 rafael brito, md,1 alexandre alvarenga, md,1 
ana luiza valle martins, md,1 andré prosdocimi, md,1 Felipe padovani trivelato, md,1 
abdulrahman J. sabbagh, mbbs, Frcsc,4 augusto barbosa reis, md, phd,1 and 
rolando del maestro, md, phd2

1Department of Surgery, Federal University of Minas Gerais, Brazil; 2Department of Neurosurgery, Neurosurgical Simulation 
Research and Training Centre, Montreal Neurological Institute and Hospital, McGill University, Montreal, Quebec; 3Surgical 
Simulation Centre, Mount Sinai Hospital, University of Toronto, Ontario, Canada; and 4Department of Neurosurgery, National 
Neurosciences Institute, King Fahad Medical City, Riyadh, Saudi Arabia

obJective The development of neurointerventional treatments of central nervous system disorders has resulted in the 
need for adequate training environments for novice interventionalists. Virtual simulators offer anatomical definition but 
lack adequate tactile feedback. Animal models, which provide more lifelike training, require an appropriate infrastructure 
base. The authors describe a training model for neurointerventional procedures using the human placenta (HP), which 
affords haptic training with significantly fewer resource requirements, and discuss its validation.
methods Twelve HPs were prepared for simulated endovascular procedures. Training exercises performed by in-
terventional neuroradiologists and novice fellows were placental angiography, stent placement, aneurysm coiling, and 
intravascular liquid embolic agent injection.
results The endovascular training exercises proposed can be easily reproduced in the HP. Face, content, and con-
struct validity were assessed by 6 neurointerventional radiologists and 6 novice fellows in interventional radiology.
coNclusioNs The use of HP provides an inexpensive training model for the training of neurointerventionalists. Pre-
liminary validation results show that this simulation model has face and content validity and has demonstrated construct 
validity for the interventions assessed in this study.
http://thejns.org/doi/abs/10.3171/2015.1.JNS141583
Key words placenta; interventional neuroradiology; training model; surgical simulation validation; vascular disorders

©AANS, 2016

Unauthenticated | Downloaded 05/23/23 11:19 PM UTC



human placenta as a training tool in neurointerventional surgery

describe and discuss the validation of a new, inexpensive, 
biological, and readily available training model using a 
human placenta (HP)—a model that can be reproduced in 
most teaching institutions.

methods
Following ethics committee approval at the Federal 

University of Minas Gerais, Brazil, in 2011, HPs were do-
nated following parturition and after informed consent, 
specifically for practice in surgical techniques. The speci-
mens were registered with the pathology department and 
labeled with any relevant infection status of the donor to 
minimize biological contamination upon collection. Dif-
ferent types of aneurysms were created in the HPs using 
techniques described by the first author (M.M.R.d.O.) and 
colleagues in a previous publication.12

Twelve HPs were cleaned and prepared for use in the 
angiography suite (Toshiba Medical Systems). The follow-
ing materials were required for this experiment: an infu-
sion pump, a No. 6 urinary catheter, and a nonionic low-
osmolar contrast agent (Optiray 300 [ioversol injection], 
Covidien). Also required was the full complement of tools 
necessary for neurointerventional treatments including: a 
6-Fr guiding catheter (Guider Soft Tip, Stryker Neurovas-
cular); microcatheters (Excelsior SL10, Stryker Neurovas-
cular; Rebar 18, ev3; and Marathon, ev3); microguidewires 
(Transend EX, Stryker Neurovascular; and Mirage, ev3); 
a self-expanding stent (Solitaire, ev3); a liquid embolic 
agent (Onyx Liquid Embolic System, ev3); and Guglielmi 
detachable coils (GDCs, Stryker Neurovascular).

The authors prepared 12 HPs, clearing all vessels of 
blood clots and continuously infusing saline; a small aneu-
rysm was created in an HP branch vessel, and an incision 
was made in 1 small vessel to simulate iatrogenic damage 
to the artery. 

All of the procedure simulation exercises were per-
formed in the HPs by the 12 participants. Six of the par-
ticipants were considered to be “experts,” defined in this 
research protocol as having performed at least 4 thera-
peutic endovascular procedures per month in the last 2 
years. These participants work as interventional neuro-
radiologists in 3 different hospitals in the state of Minas 
Gerais, Brazil. The other 6 participants were considered 
“novices,” having performed a maximum of 50 diagnostic 
cerebral angiographies before being exposed to this train-
ing model. Two of these individuals were in the neuroin-
terventional fellowship program, and 4 were in the inter-
ventional cardiology program at the Federal University of 
Minas Gerais Hospital das Clínicas. 

procedure simulation exercises
Simulation of Cerebral Angiography

After the HPs were obtained from the pathology de-
partment, the vessels were cleaned with an injection of 
normal saline under pressure in the 2 arteries and 1 vein 
through the umbilical cord. This procedure was described 
by the first author (M.M.R.d.O.) and colleagues in a previ-
ous publication.12 The HP was placed in the “head” posi-
tion of the endovascular unit table. A 6-Fr Foley catheter 
was placed in a placental artery and tied in place with a 

No. 0 silk suture. A 90-cm guiding catheter (Guider Soft 
Tip) was connected to the HP to simulate the operator’s 
position in a femoral approach. The guiding catheter was 
connected to an intravenous line with normal saline so that 
blood flow could be imitated by continuous infusion via a 
pump (Figs. 1 and 2). HP angiography was performed by 
hand injection of contrast medium.

Stent Placement
Following the same steps as described above for HP an-

giography, a road-mapping image was created. A Rebar 18 
microcatheter was advanced over a 0.014-inch Transend 
microguidewire through the placental vessels, until the 
desired position was reached. Then, a Solitaire 4 × 15–mm 
stent was deployed inside the placental vessel in a standard 
fashion. Nonsubtracted angiography was performed to vi-
sualize the stent position inside the vessel (Fig. 3).

Coil Embolization of an Aneurysm
The HP was prepared as in the first exercise described 

above in Simulation of Cerebral Angiography. Angiogra-
phy was performed to localize the previously created an-
eurysm (Fig. 4). Under road mapping, an Excelsior SL10 
microcatheter was advanced over a 0.014-inch Transend 
microguidewire through the placental arteries and was 
placed inside the aneurysm sac. Then, 2 GDCs were de-
ployed to occlude the aneurysm (Figs. 5 and 6).

Onyx Injection Into a Previously Cut HP Artery
An HP artery was cut using a No. 11 blade. Angiogra-

Fig. 1. Photograph showing placement of the HP in the angiography 
suite. The HP is in the “head” position with the guiding catheter simu-
lating the distance between the femoral artery and the carotid artery. 
Figure is available in color online only.
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phy performed after the intentional vessel injury showed 
extravasation of contrast medium. A Marathon microcath-
eter was advanced over a 0.008-inch Mirage microguide-
wire through the placental arteries until it reached the in-
jured vessel. The microcatheter was flushed with dimethyl 
sulfoxide (DMSO) and the dead space was filled with 
Onyx-18 for 40 seconds. Under continuous subtraction 
fluoroscopy, intermittent very slow Onyx injections were 
performed, filling the placental vessels (Fig. 7).

results
All of the above exercises were performed with the aim 

of reproducing real patient situations with haptic feed-
back. These models offered a variety of training scenarios 
for both novice and experienced neurointerventionalists.

All physicians in the trial answered a questionnaire us-
ing a 5-point Likert-type scale to evaluate face and content 
validity. Construct validity was evaluated by measuring 
the average time to complete all proposed simulated tasks 
in a single HP. The results of face, content, and construct 
validity assessment are summarized in Tables 1–3, respec-
tively.

discussion
The HP model may be employed as a useful simulator 

for neurointerventional training. This model has the po-
tential to simulate many of the important aspects of neuro-
interventional procedures except for initial arterial access. 
One could, however, potentially incorporate silicone mod-
els to simulate the arterial puncture and proximal catheter 
navigation to create a more realistic training model.13

The main advantages of the HP model, as shown in 
Table 4, are its relatively low costs, minimal infrastructure 
requirements, and ease of preparation and setup without 
the ethical concerns of animal models. A single HP can 
be used for multiple simulation targets and can reproduce 
various endovascular anatomical situations, allowing for 
expedited device development, modification, and testing. 
The absence of pulsation flow simulation in the HP model 
could be overcome by the use of a programmable pulsatile 
infusion pump, generating variable flow pressures and vol-
umes at predetermined intervals. The lack of great vessel 

and arch navigation could be modeled by incorporating 
a mannequin with a silicon simulation of the aortic arch 
and great vessels attached to the HP. The disadvantages of 
the HP model are the potential for biological contamina-
tion and the necessity of developing a multidisciplinary 
support structure with the departments of obstetrics and 
pathology.

Computer-based virtual models are now readily avail-
able as training tools for interventional radiology. Their 
main advantage is that they do not require any biological 
tissues/specimens, while their main disadvantage is their 

Fig. 2. Photograph showing placental angiography in process. Figure is 
available in color online only.

Fig. 3. Angiogram showing placement of a stent in a placental vessel.

Fig. 4. Photograph of a placental aneurysm. Figure is available in color 
online only.
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cost, limiting their availability in many centers.8,10,11 Some 
of the advanced systems can be programmed to simulate 
human vascular anatomy and reproduce cerebrovascular 
pathology. Reproducing the haptics or feel of the proce-
dure is more difficult with these systems, and this is one 
aspect of the HP model that needs more study. It is pos-
sible to employ both types of these model systems in train-
ing, utilizing the HP model to develop psychomotor tactile 
memory to enhance the more realistic development of the 
virtual reality simulators.2,4,6

Animal models remain very important for training and 
therapeutic development throughout medicine. One of 
their greatest advantages lies in the ability for longitudinal 
follow-up studies in vivo, such as in cerebrovascular stent 
research. However, they require significant infrastructure, 
ethics and animal welfare committee oversight, and high-
ly trained professionals to maintain the laboratories and to 
reproduce cerebrovascular pathology.5 These facilities and 
resources are generally limited to large, tertiary academic 
medical centers.8

A single HP model used in endovascular training can 
be recycled for microsurgical training, as previously de-
scribed.12 This maximizes the educational benefits from 
a single donor.

Although we used normal saline in our initial studies, it 
is possible to infuse any liquid and/or blood products into 
the HP model to examine such features as the acute co-
agulation cascade reactions during the placement of stents 
and related devices. The model may also be used to ex-
amine flow dynamics in both untreated and treated cere-
brovascular pathology. However, a significant limitation is 
the inability to use the HP model for long-term studies 

examining the pathological interaction of implants with 
vascular structures.

While this paper was under review, a report on the use 
of the HP in interventional neuroradiology was issued.9 
The focus in that report was the use of HP in endovas-
cular research, especially with the use of the Pipeline 
Embolization Device (ev3/Covidien). The authors briefly 
commented that many endovascular procedures could be 
performed in the placenta but did not report its use as a 
simulator. Our description is a detailed guide to the most 
common interventional procedures performed on HP, fo-
cusing on its use as a simulation model.

Face validity is the similarity of the simulator to what 

Fig. 5. Coil embolization of the placental aneurysm.  a: Angiogram showing the small-neck aneurysm that was created in the 
placenta.  b: Catheter navigation toward the aneurysm using road map views.  c: Coil embolization of the aneurysm.

Fig. 6. Posttreatment angiogram and road map view demonstrating oc-
clusion of the aneurysm. Figure is available in color online only. 

Fig. 7. Onyx injection into an injured placental vessel.  upper: Early-
phase angiogram.  lower: Late-phase angiogram. 
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one wants to simulate.13 Because of the biological char-
acteristics of HP, working with this model was found 
by all physicians participating in the study to provide a 
similar experience to real interventional neuroradiology 
procedures. The great advantage of the HP model was 
simulation of the end target task, or the final step in an 

interventional neuroradiology procedure. Patient setup in 
the endovascular theater was found to be reasonably simi-
lar when using the HP model. Patient contact, anesthesia, 
and sterile draping were the most important factors that 
caused the doctors to say that the model was lacking in 
similarity to real situations.

Content validity is the capacity of the simulator to per-
form all steps usually performed in the clinical setting.13 
HP satisfies this validation from biological contamination 
precautions needed in the setup of the exercises to the final 
haptic maneuver necessary in each diagnostic or therapeu-
tic simulated step. Femoral artery puncture was not vali-
dated by this simulator, which offers no training for this 
task. Catheter navigation simulation was found to be very 
similar, but not exactly similar due to the lack of tortuos-
ity and obstructions in the intravenous line simulating the 
aorta navigation. Angiographic images were evaluated as 
exactly like clinical images, and this is due to the biologi-
cal properties of this simulation. Experts found the device 
maneuvers executed to treat a lesion in the simulation to be 
exactly like as in the clinical setting. The novices had only 
carried out diagnostic angiography, so they were unable to 
compare and/or evaluate the HP endovascular techniques 
to therapeutic procedures performed in patients.

Construct validity measures the statistical difference 
between experts and novices regarding time to execute the 
whole task.1 Due to the similar biological properties of the 
model and the brain vessels, there was a difference in time 
to the execution of the predetermined procedure when 
comparing the 2 groups in the majority of tasks. There 
was no statistically significant difference between the 2 
groups with respect to diagnostic angiography because the 
novices already had experience with this procedure from 
working with the simulator.

table 1. Face validity*

Participant

Question and Response
Can HP simulate the most 
commonly performed 

interventional neuroradiology 
procedures?

Can HP simulate 
interventional radiology 
patient room setup?

Staff 1 4 3
Staff 2 4 3
Staff 3 4 3
Staff 4 4 3
Staff 5 4 3
Staff 6 4 3
Novice 1 4 3
Novice 2 4 3
Novice 3 4 3
Novice 4 4 3
Novice 5 4 3
Novice 6 4 3
Overall mean 4 3

*  Responses were based on a 5-point Likert-type scale in which 5 indicated 
exactly like, 4 very similar, 3 reasonably similar, 2 poorly similar, and 1 not 
similar.

table 2. content validity*
Statement and Level of Agreement

Participant

HP simulates biological 
contamination precautions 
in the endovascular theater.

HP simulates 
femoral artery 
puncture.

HP simulates 
endovascular 

catheter navigation.

HP simulates 
angiographic 

imaging visualization.

HP simulates diagnostic 
and therapeutic haptic 
device maneuvers.

Staff 1 5 1 4 5 5
Staff 2 5 1 4 5 5
Staff 3 5 1 4 5 5
Staff 4 5 1 4 5 5
Staff 5 5 1 4 5 4
Staff 6 5 1 4 5 5
  Mean 5 1 4 5 5
Novice 1 5 1 4 5 5†
Novice 2 5 1 5 5 5†
Novice 3 5 1 4 5 5†
Novice 4 5 1 4 5 5†
Novice 5 5 1 4 5 5†
Novice 6 5 1 4 5 5†
  Mean 5 1 4 5 5†

*  Responses are based on a Likert-type scale, as described in Table 1. 
†  The novice doctors could only compare with angiography.
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We do not expect to be able to draw any strong conclu-
sions about this methodology based on results from only 
one center, and a multicenter study is needed.

We believe that one of the main benefits of the HP mod-
el is the reproduction of haptics similar to actual endo-
vascular treatments. Although the development of tactile 
feedback in virtual models will improve with technologi-
cal advances, high costs will continue to limit the avail-
ability of virtual models.

conclusions
Human placenta can be a useful training model in neu-

rointerventional surgery due to the excellent haptics, low 
startup costs, and ready availability for any institution with 
interventional capabilities. Assessment of face, content, 
and construct validity in a single center confirms the edu-
cational benefits of this model, but multicenter validation 
is necessary for definitive conclusions regarding predictive 
validation.
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