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Is not a valid strategy anymore.

There 1s a need an adjacent methods
1in addition to the OR experience to
teach residents how to do surgery.
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TECHNIQUE ASSESSMENT

Virtual Reality Cerebral Aneurysm Clipping
Simulation With Real-Time Haptic Feedback

BACKGROUND: With the decrease in the number of cerebrdl aneurysms treated sur-
gically and the inarease of complexity of those treated surgically, there s a need for
simulation based tooks to teach future neurosurgeons the operative techniques of
aneurysm dipping.
OBJECTIVE: To develop and ewluate the usefulness of a new haptichased virtual
reality simulator in the training of neurosurgical residents.
METHODS: A realtime sensory haptic feedback virtual reality aneurysm clipping
simulator was developed using the ImmersiveTouch platform. A prototype middie
cerchral artery anewrysm simulation was created from a computed tomographic
jogram. Aneurysm and vessel valume deformation and haptic feedback are pro-
vided in a 3-dimensional immersive virtual reality environment Intraoperative aneurysm
rupture was also simulated. Seventeen neurosurgery residents from 3 resdency pro-
grams tested the simulator and provided feedback on its usefulness and resemblance 1
eurvem ing surgery.
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conveys a sense of reality to replicate live
surgery, by providing the anatomical
characteristics, life-like presentation, and
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The transition from hunterian ligation to intracranial
aneurysm clips: a historical perspective

NikA V. POLEVAYA, B.S., M. YASHAR S. KALANI, PH.D., GARY K. STEINBERG, M.D., PH.D.,
AND VicToRr C. K. Tsg, ML.D., PH.D.

Departments of Neurosurgery and Developmental Biology, Stanford University School of Medicine
Stanford, California; and Howard Hughes Medical Institute, Chevy Chase, Maryland

¥" The description of cerebral aneurysms dates back to antiquity. Little was known, however, about the pathological
mechanisms of aneurysm formation and treatment options for this disease until 200 years ago. The modern era of
aneurysm treatment began with the hunterian ligation of the proximal artery, followed by clip and coil occlusion. In
this article, the authors describe the transition from conservative therapy to internal carotid artery (ICA) ligation and
gradual occlusion of the ICA to the direct placement of clips on aneurysms. The driving forces and rationale behind
each major advancement are summarized, and the authors attempt to predict what these innovations mean for the future
of intracranial aneurysm management.

Key Worps ¢ intracranial aneurysm < clip occlusion ¢ history of neurosurgery
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The cost of cadaver specimen is variable:
whole body 70005

Cephalous 1800S
accessories: (Tubing and artificial blood) upto 500 S

pulsatile pump or a secondhand heart pump 15005
Preparation, creating aneurysm models etc. 15005
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New laboratory model for neurosurgical training that
simulates live surgery

Exan Asorn, MLID., Ossawa Ar-Aerry, MLID., avp ML Carr Yasarcr, MLID.
Deperrrmens of Newrosurgery, Dniversity gf Arkansas for Medical Sciences, Linle Rock, Arfansas
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Merthods. Cadaveric heads were prepared for surgical procedares in the following mamnner: the carotid arteries (CAs)
and verebral arferies (W As) in the neck were camnulsied. as were the intemal jegolar veins (1'Vs) on both sides. Tosas
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E. Aboud, 0. Al-Mefty, and M. G. Yasargil wesmels were o Neurosurgical training model simulating live surgery lmied
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Fic. B Training session photograph obtained during the resec-
tion of an atificeal parasellar mar (T1.C = carodic riery: 11 = optic
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3 howing mmmamauu‘m A: Theom- cerebral vas

bosis in the MCA branch.  B: Te c C D: Removal of the thrombus.  E: Establishment

e . ’ B Termpomey hppung Arieriotomy.

sation of the BA and identifying the liquid flow through the
Resection qf Argficial Tumors and Othar Procedures. Ge- the lateral ventricle. The optic apparatus was introduced af- s are availabl fenestra. 5 M-
latinous material was injocted into different locations of ter the introducer had been pulled out, and the choroid plex- Uitilization of Both Hemispheres
fthe hasal cisterns and within the parcnchyma to represent 15 and the scptal and thalamic veins led the way to the fora- t nonc of th ons.
2 tumor mass so that the traince could practice rescction men of Monro. The endoscope passed the faramen into the S All the aforcmentioned proceduncs were then performed
of these nlnssnswhlcmmng]ﬂ]mvmﬂm’suumm third ventricle and the mammillary bodies and the infandib- d characteristi on the other side of the cadaveric head afier the MCA on the
{Fig. 8). Skull buse approaches, intrapasenchyrmal rescc- ular necess were identificd. The floor of the third veatricle ing live s first side had been closed and all ruptured vessels had been A .
ther procedures that we usually practice in ca- was perforated in front of the BA bifarcation in the arca T coagulated or clipped. The CA and the IV on the second L
ﬁmmmmmmmmmm of the tuber cincrenm. The BA trunk and branches, which r models ing side were connected to the colored fluid reservoirs, (Chang- Photograph demonstrating cannulaiion of the CA in 2
as well. were filled and palsating, were identified in the interpedun- ing connections from side to side between the VA and the mdﬂﬂitmw
Endoscopic Procedures. Afier a frontal busr hole had been cullar cistern. Practicing imigation and clearing of liquid in- sher congeale IV and the fluid rescrvoirs had no impact ) The same pro-
i renitri achicved, were observi - = Were perfon i * —
M, branches deep within the fssare. We used various scg- Al Chy ataca iy caf - (s Cxm ey, ens: Srfoodincod s i e wEnt s wox = g e gl which allow o inteshermiepheie apptoachen. seem o fine manipulation and dissection of cerebral vesscls with v
ments of these banches. Each scgment was dissected for = 5 anastomasis usually have been practiced on animals.™ Un- ne=ck:
approximatcly | em of itz length from the overlying arach ; and suturing Posterior Circulation orunately, these procedures are limited o o Simple tech- werith
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i X sa and posterior circulation, in addition to previously men-
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B« “Live cadavers” for training in the management of
infraoperative aneurysmal rupture

Emad Aboud, MD;' Ghaith Aboud ? Ossama Al-Mefty, MD? Talal Aboud ? Stylianes Rammos, MDD
Mohommad Abolfotoh, MD, PhiD % Sanford P. C. Hsu, MD.* Sebastian Koga, MD*
Adam Arthur, MD, MPH,” and Ali Krisht, MD*

‘Arkansas Meuroscience Institnz, St Vincend Health System, Litse Rock, Arkansas; “Atiantic University, School of Medicing,
Island Park, New York; “Brigham and Women's Hospital, Hanand Medical School, Boston, Massachusess; “Department of
Meurosurgery, Ain Sham University, Cairo, Eqypt; *Taipei Velerans General I-trspﬂ m Yang-Ming University, Taipei,
Taiwar, {nternational Neurscienc Instiiz, Hannover, Germany; and "Semmes-arphey Neurniogic and Spine insitute, and
Dieparment of Neumsungery, Unfversity of Tennessee, Memphis, Tennesses

OBUECT Intracperative nyphure ocours in appecoomalely 9.2% of all crarial aneurysm surgeries. This event is not merely
a surgical comphcation, it is also a real surgical orisis that requires swift and decisive action. Newrosurgical residents
may have lithe exposure fo this event, lbut they may face it in their praciice. Lakoratory iraining would be invaluable for
developing competency in addressing this orisis. In this shady, the authors present the Tive cadaver” model, which allows
repetitve training under Belike conditions for residents and other trainees io praciice managing this crisis.
METHODS The authors have used the live cadaver model in 13 fraining courses from 2009 fo 2014 to train residents
and neurgsurgeons in the management of intaoperative ancurysmal rupture. Twenty-three cadaveric head specimens
harkonimg 57 artificial and 2 real aneurysms were usad in these courses. Specimers wese specially prepared for this
fechnique and connected o a pump that sent arfificial biood nio fhe vessels. This setfing created a ifielike sihuation n
fhe cadaver that simulates live surgery in terms of bleeding. pulsation, and sofiness of issue.
RESULTS A fntal of 203 neurosurgical residents and 89 neurosurgeons and Boulty members have practiced and
experienced fhe ve cadaver model. Clipping of the aneurysm and management of an intracperative rupiure was first
demorsiraied by an instructor. Then, irainees worked fior 20- fo 3)-minute sessions each, during which they practiced
clipping and recorstruction technigues and maraged inbraoperative rupbures. Ninety-one of the participants (27 facuty
memiars and B4 participants) completed a gquestiornaire to rate their parsonal experience with the model. Most eiter
agvﬂumgyageﬂﬁhnﬂmauﬁdﬂﬂﬁmdhmﬁ“dlﬂmmmﬂrjm
and represents a realisfic smulation of aneurysmal clipping and intracperative ruplure. Actual performance improvement
with fhis model will require detailed measurement for validating its effectiveness. The model lends itself io evalualion
using precise performance measurements.
CONCLUSIONS The live cadaver mode] presents a useful simulation of the conditions of ive surgery for dipping ce-
Mﬂwﬂﬁﬂmmm Thits mode] provides a means of practice and promotes team
aof intracperative cercbinvascular orifical events. Precise mefric measurement fior evaluation of trairing
performance improvement can be applied.
Pittpoifthejis. cogidoiats 0.3 1T12004.12 NS 141551

KEY WORDS live cadaver, perfused cadaver, surgical trairing; cencbeal ancurysm puisaile model, neurmvascular

rysm can be a critical event that can jeopandize a of 9488 aneurysm surpesies, Madhupin and colleapues™
patient’s outcome. The m@ie of this event ranges found that the ate of intracperative mopture in the entire
from 6% to 20% of all morpieal cases %1114 In some Te- group was 92%.
ports, the aneurysmal mapmre rate is 22 hish as 41 6% In Factors such as the reduced number of working hours

F I VuE infraoperative mupture of an intracranial ancu- arecent study that reviewed the Literanare, invobving a total

: Mefhod and apparmtus for surgical tmining. This work was sporsored in
by mﬂimun'r:'bumdnhb)d}dhﬂd-mhm:wlnﬂrb Ll:hﬁoi,hhm:,l’mbzimﬂhﬂnp 3L Louis, Mizzouri; Medi-
cal Frucafion and Resenrch Instiube, blemphis, Tennesses; snd Mabionsl Yang-Ming Linvemiy, Taipei Taiwen.
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“Live Cadavers” for Practicing Airway Management

Emad T. Aboud, MD; Ghaith Aboud; Talal Aboud

ABSTRACT Human cadavers have been used successfully as maining madels i practice airway management, b the
lack of lifelike conditions reduces the wility of this model when sofiness of Gmoe and the ahility o bleed are required
for training scemarios. This report describes owr “live cadaver™ model, which combines lifelike conditions with real
human anatomy. Five human cadavers were prepared as “live cadavers™. This entadled canmulating the carotid and
femaoral arteries and the jugular and femoral veins, and then comnected them toartificial blood reservoins. An mi-aortic
halloon pump was used to provide polsting flow giroogh the heart and major areries. Fmally, central and peripheral
lines were mserted Multiple techniques relded o sirvsy mansgement wers practiced in setfing simubtng the
treatment of casaliies with mulipl teuna o include emergency cicothyroadstomy. With this madel, participanis
were confronted with medical simations similar to ghose found I raumatized ive patients (e.g., blood and other body
fluids filling the mouth and mose, edema of the tngue and face). With the combmation of lifelike conditions and real
human amtamy, our experence demonstrated that the “live cadaver™ incressed the raining value of raditionally

prepared cadaver madels.

INTRODUCTION
Laryngoscopy, inmbation, and other airway management
techniques are commonly taught in elective anesthesia set-
tings on live patent.’ Alhough this sination provides the
ideal setfing, it creates problems that severely limit physician
training * Patient safety is the priority, and procedures cannat
e repeated just for practice. As an altemative, cadavers offer
a unique opporiunity for airway management training
because e physician can interact with, and visualize, human
tissue without the clinical risks associated with practicing on
live patients. In addition to cadavers, live animals, animal
heads, mannequins, and virueal reality have all been used for
this punpose +7

Most of these models are extremely impontant in eaching
the individual skills required for airway management. How-
ever, an imponant feature missing in these modek is the
combination of the lifelike conditions of the living body with
real human anatomy. Such 8 combination is essential for
advanced training. Some reports sugpest that adjunctive each-
ing sessions that use cadavers donot improve the physician's
initial swocess inclinical intubation over the use of the man-
mequin alone, egpecially fior nepetitive u'ajnjng."" We balieve
that adding the lifalike condiions to cadaver models (“live
cadaver™) will overcome some of e shomcomings enooun-
tered with available training models. "> In addition, the
“live cadaver™ mde] enhances skilk acquisition for airway

it, and tes e amwaork.

Thls mide] was not initially developed for training on

airway management techniques, but the success and positive
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feedback we achieved in lts.l'l%_"l.ls. masde]l fior newrosurgical
vascular, and trauma surgery” encouraged us to e it for
afher surgical and procedural technigues s an advanced leve]
of physician training. This mode] was also used to test med-
ical devices with clinical applications™ and in conjunction
with other training technigues, ™' In this report, we describe
e use of atechnique that combines the lifelike conditions of
the living body with real human anstonmy for training on air-
Wy mana gement procedunes.

METHODS

All cadavers were ethically donated according to the individ-
usl's legally execuied, advance directive bequest on file at
the host site. Sponsoring institutions included the University
of Arkansas for Medical Sciences, Littke Rock, Arkansas;
Upstate Madical University, Syracuse, New York; Saint Louis
University, Saint Louis, Missouri; and the Anatomry Gift
Registry, Glen Bumie, Maryland. The “live cadaver™ maodel,
which was developed initially for neuwosurgery training, is in
practical use in some of these centers and in other academic
and nonacademic training centers for surgical waining in
different surgical disciplines.

Preparation

Five fredh, whole human cadavers were cannulaed and pre-
pared according to the preparation protocol for the “live
cadaver" model. Each of the five cadavers was placed supine
on an embalming gumey and washed with an antibacterial
spap. The Duotronic embalming machine {Califomia Profes-
sonal Manufacturing, Modesto, Califomia ) was fillad with
saline i prepare for the infusion. A small incision was made
along the lower anterior borders of the sternocleidomastoid
muscle, and fe right intemal jugular vein and common
carotid anery were exposed. Ligatures were looped around
e jugular and the carotid arery, and 2 small incizsion was
then made on the jugular vein. Long forceps were insened
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Novel Simulation for Training Trauma Surgeons

Emad T, Aboud, MD, Ali F. Krisht, MD, Terence (3'Keeffe, MD, Remi Nader, MD, Moustafa Hassan, MDD,
C. Melinda Stevens, MD), Fahd Ali. MD, and Fred A. Lucheite, MD, MS=

Backgroand: Clinal runing @ opeative iodemigue is @mporast o boast
slf-confidence in. residents in all argicl Helds b particularty in. treem
supery. The fully trained truma sepeon must be able 0 provide operative:
inlervention for any njfary choountered @ prctice. In this report, we desoribea,
novel aming model esing 2 heman cadaver in which cinculabion m - the major
vesseks o be simulated o mimic muwmbc njores s o dmical practice.
Methods: Fourieen beman cudavess were used for simulaiing various life-
threatening bremmatic mjuries. The caobid and femond arieries and the
jugular and femoral vein were cinnulsied and comnected bo pesfusate reser.
woirs. The artenial reservoir was commecisd ko an mis-acrtic ballcon pump,
which adds pulsafile fow teough the hearlt and major arienes.

Fally treimed tmuma swpeons evalmied the oiility of this model for

warions injeries in the thoracic md abdomiml cavity imvolving the

heart, lungs, Hver, and major vessels while mantaining emergent sirway
comtral.
Results: Swrprons reported that this perfused cdaver modd allowed sims-
Iation of the oitical dhallenges faced durng opemative treema while famil-
iariring the student with the operative techni and skills ¥ b gain
scoess and control of hemomhage asmccialed with major vascular injurics.
Conclesion: In this report, we describe 2 novel rining mode] that simaltes
the Eife-threatening injuries that confront ema surgeons. An aliermative o
Eving labomtory animals, this imexpensive and readily svailable modsl offers
prod sducasional value for the acquisition and mefnement of surgical skills:
that are specific to tramma surgery.
Key Words: Surgical trminimpg, Trauma bmining, Vascular, Training
model, Simulation, Alemative model, Surgical skills, Live sargery, Live
cadaver, Perfused cadaver., Stab wounds, Mililary swrgical training.
Combat injary, Circulaion, Blseding, Cadaver, Anxtomy, Veberimary
sugicl mining, Edumtion.
(F Trasoma. 2011;71: 1464 -1490)

n light of the reduction in residents’ working howurs and the

trend toward minimally invasive or even nonoperative man-
apement of many surgical pathologies and fraumatic injuries,
residents and other surgical trainees have consequently had
less iraining and experience with traditional open opera-
tions.'-* This issue is even more problematic given the
tremendous advances in surgical lechnigues and in treatment
modalities. Clinical experience is becoming exceedingly rare
for scenarios involving highly complex injury patterms or
wounds that are nod routinely =een in most centers, such as
complicated blunt injuries or thosa ocourming with penatrating
trauma. To facilitate this change in surgical trmining. appropriate
aducational modeds that offer 2 more readily svailable source of
tactile and visuml experience for training are needed =11 One
such simulation model that holds promise is laboratory sungical
training.

Mumerous training models are now available for this
purposa, involving various models to simulate clinical prac-
tice. They include mannequins, human patient simulators,
compater modals 12-+ wse of animal parts and animal cadaw-
erg,' % live animals,"™ " and human cadavers.™ However,
none of these models reflect both the human anatomy and the
characteristics of actual surgery in terms of pulsatile vessels
and patural bssue textures. Despile advances in surgical
education. a model has not yet been developed for training in
the open surgical procedures necessary for managing tran-
matic injuries. The ideal model would include relevant ho-
man anatomy and physiology with the ability to recreate
life-threatening traumatic wounds. It should also allow for
trainees to gain experience in the various complex surgical
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e’ vers necessary to repair the specific wounds.

Such a model has been previously described for new-
rosurgical training. Im 2002, Abowed ot al®® described a
perfused cadaver model using human head and neck sections.
The carotid and jugular vessals were perfused with fluid to
simulate cerebral circolation. Variows nearclogic pathologies
were constructed, such as cerebral aneurysms. This novel
Iaboratory model that allowed simuolation of live surgery was
then wsad to train residents in the fechnigues and mansuvers
required to competently manage neurosurgical diseases.

In this report, we prasent 2 new and unique training
model wsing the human cadaver in a functional simulation,
providing a life-like environment for more realistic and prac-
tical laboratory surgical training for traumatic injuries. Aca-
demic trauma surgeons from throughout the United States
have evaluzted the utility of this preparation for training in
trauma surgery.
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The Live Cadaver Model
1s the only
Existed model that combines
the real human anatomy
with the life-like conditions
of the living body
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