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Objective: Our neurosurgical program did not have a cadaver laboratory. The need
to create one arose following a decrease in elective cranial cases at our institution
after Hurricane Maria. Many neurosurgical programs are in countries where financial
support for projects such as developing a cadaver research laboratory cannot be
expected from their parent institutions. This article describes how, despite limited
resources, a neurosurgical cadaver dissection laboratory can be created and
maintained to promote resident education and stimulate future research.

Materials and Methods: The University of Puerto Rico Institutional Review Board
evaluated and approved the proposal for creating a neurosurgical cadaver laboratory.
The process to establish the laboratory was broken into steps. After obtaining the
basic materials, the laboratory was created.

Results: The creation of our neurosurgical cadaver laboratory was divided into
discrete steps that can be undertaken by any institution with a similar goal. First, a
suitable workspace was identified. Second, the surgical instruments and equipment
required to perform dissections were obtained. Third, cadaveric specimens for
dissection and for practicing surgical approaches were acquired. Last, documentation
regarding the laboratory’s development was maintained, and an expansion plan was
created. We created a dissection laboratory by gathering decommissioned or donated
operating room equipment, seeking out contributions from other institutions, and,
sometimes, by monetary contribution from the faculty or residents.

Conclusion: Clear goals, interdepartmental collaboration, and a high degree
of motivation were essential in creating, despite limited resources, a working
neurosurgical cadaver laboratory to improve resident education. [P R Health Sci J
2022;41(3):153-156]
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he initiative to start a cadaver laboratory at our

neurosurgical program arose from the need for a well-

organized workspace for residents to study 3-dimensional
neuroanatomy and cranial surgical approaches. After Hurricane
Maria passed over the island of Puerto Rico on September 20,
2017, there was a significant decrease in elective cranial cases
at the University of Puerto Rico, Medical Sciences Campus.
Hurricane Maria crossed Puerto Rico as a category four
hurricane, causing an estimated $90 billion worth of damage
and an estimated mortality of 2,975 individuals (1). Amidst the
natural disaster, few hospitals were open and few surgeries could
be conducted (2,3). Additionally, the reduction in aneurysm
surgery, which has been provoked by newer neuroendovascular
approaches, subsequently reduced our residents’ surgical
exposure to complex aneurysm surgery. The resulting decrease
in surgical caseload highlighted the importance of having a
supplementary training workshop. Given the situation, concerns
that residents were not receiving the proper training to address
complex brain pathologies were aroused. Many residencies

have created a neurosurgical cadaver laboratory to study
essential brain anatomy and practice surgical approaches in a
safe and controlled environment (4). We visualized and created
an inexpensive but functional workspace for residents. The
laboratory provides the residents with quality cadavers, which
stimulates their interest in surgical procedures and research. This
project aimed to create a well-organized workspace for residents
so that they could achieve a 3-dimensional conceptualization
of the brain anatomy and get hands-on experience in cranial
surgical approaches. Previously published guidelines were used
to develop a cadaver laboratory (5,6).
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Materials and Methods

The proposal for creating this cadaver laboratory was
evaluated and approved by the Institutional Review Board of
the University of Puerto Rico. Protocols for properly handling
prepared specimens, chemical exposure, and fire were developed
and approved by the university’s Institutional Biosafety
Committee. After the laboratory was established, an assigned
research resident commenced daily cadaver head dissections
for a 6-month curriculum rotation to understand the surgical
complexities of the cranial vault, brain, and brainstem. The staff
of the anatomy laboratory and cadaver donation personnel were
responsible for obtaining fresh cadaver specimens and preparing
those specimens for dissections. The Klingler technique was
used to preserve and dissect the white matter tracts (7,8).

Results

The creation of our neurosurgical cadaver laboratory was
divided into discrete steps that can be undertaken by any
institution with a similar goal. The first step was to designate
a space that would be suitable for a working neurosurgery
cadaver laboratory. A laboratory room on the anatomy floor
of the Medical Sciences Campus of the University of Puerto
Rico was designated as the neurosurgical cadaver laboratory.
Institutional regulations for the storage and use of cadaver
specimens were followed. A freezer capable of reaching -10 °C
was obtained. In addition, the anatomy department provided
us with a dedicated specimen storage area in the university’s
central cadaver laboratory. The second step was to obtain
the surgical instruments and minimum equipment required
to begin dissections. The equipment and instrument came
from multiple sources. Several neurosurgery faculty members
and anatomy professors donated dissection instruments and
microscopes. The department of biomedical engineering at
the medical center gave us some of their decommissioned
operating room equipment. An external institution donated
the surgical microscope. Equipment and instruments from
neighboring laboratories were repurposed to fulfill the same
roles as their more expensive counterparts. A manufacturing
company (Medtronic) donated a used Midas-Rex drill. A used
Mayfield clamp mounted to a stationary table was designed to
hold the cadavers” heads. The third step was acquiring cadaver
specimens for dissection. The university provided fresh cadaver
specimens through the body-donation program. Our school of
medicine has a body-donation program that provides cadavers
for the anatomy course and supplies other medical schools. As
our institution is the only government-funded medical school
in Puerto Rico, it has access to unclaimed corpses after their
autopsies are concluded.

Once the laboratory was established, the fourth step involved
its utilization and maintenance, with the development of
mentoring programs. To study the neurosurgical approaches, the
cadaver head was fixed with the Mayfield head holder, and surgical
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dissection and exposure were performed using surgical loupes or
a microscope. The assigned research resident practiced several
surgical approaches on the cadaver heads, including the pterional,
orbitozygomatic, subtemporal, and lateral infratentorial/
supracerebellar. Surgical dissections to the pons via the far lateral,
suboccipital, retrosigmoid, and midline-suboccipital trans-
fourth ventricular approach were also conducted. An approach
to the medulla via the transcondylar route was also practiced.
Using the brain specimens that were preserved using the
Klingler technique, the corticospinal and the lateral and medial
lemniscus tracts were dissected and studied. Each month, several
dissection workshops were given to the rest of the residents to
improve their techniques and surgical competencies. Faculty
members with skull base and microvascular expertise guided
the residents through complex and critical approaches. Various
research learning opportunities were gained in the creation of this
cadaver laboratory. A neurosurgical laboratory, established with a
minimum of expenditure, open 24/7, and accessible to residents
and research medical students, was developed with the acquired
equipment and specimens (Figure 1).

Discussion

Laboratory cadaver dissection has a significant history
in neurosurgical training. Researchers have expressed the
benefits of having a neurosurgical cadaver laboratory. Such a
laboratory is a space where skills and training can be developed
to educate residents during their early career and flatten their
learning curve (9,10). Laboratory training helps residents
learn procedures in an environment that is free from the stress
commonly present in the operating room, allowing a margin for
error (11). A cadaver laboratory’s basic requirements include a
well-lit, ventilated room, headframes, operating microscopes, a
micro-neurosurgery instrument set, a high-speed drill, a suction
machine, a light source, and video recording facilities (11,12).
The estimated cost of creating a neurosurgical laboratory is over
$100,000. Given the circumstances under which our institution
was operating at the time, an investment such as this was not
feasible. However, in this article, we have demonstrated how
resourcefulness and willpower can significantly reduce the cited
startup cost. We showed how the essential elements to start a
dedicated cadaver laboratory can be gathered, despite limited
resources and no institutional budget.

Although the created laboratory still needed equipment,
the standard necessary materials were obtained, and the goal
(of creating such a laboratory) was achieved. An endoscope
with a camera and monitor was developed to advance the
endoscopic training of neurosurgical residents. Berg et al.
embraced inexpensive surgical training using expired materials,
resulting in decreasing the cost of teaching a surgical resident
(13). Bohl et al. developed a surgical skills laboratory that only
uses 3-dimensional, printed synthetic training models (14).
However, cadaver training laboratories will continue to help
residents in middle-income and low-income countries with
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Figure 1. Neurosurgical cadaver laboratory with equipment acquired via donations and
repurposed discarded materials, including an operating microscope, a Mayfield clamp
mounted to a stationary table, a portable suction module, a light source, and an electric

Midas-Rex drill with different drill bits.

limited resources, as high-quality synthetic and virtual training
models require a heavy initial investment.

In the future, we expect to design a curriculum for the
neurosurgical residents that will provide them with hands-on
training early in their training (15). Residents are exposed to
procedures at different times in their education; thus, laboratory
training can help them to learn how to perform diverse surgical
approaches and improve their competence in carrying out such
operations. The use of structured cadaver laboratory modules
can improve technical skills and competency but can also
provide uniformity in training. However, some neurosurgical
programs have a heavy workload, and residents may have limited
time to devote to laboratory training. The program director
should approve the curriculum, assigning a motivated faculty
member to train and educate the laboratory residents; however,
finding such a person is complicated because this individual’s
interaction requires a great deal of time and effort.

Conclusions

A neurosurgical cadaver laboratory is instrumental in
developing surgical skills and neuroanatomical knowledge during
neurosurgical training. Creating a working neurosurgical cadaver
laboratory with a minimal budget and minimal institutional
funding was possible. Despite limited resources, clear
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goals, interdepartmental collaboration,
and a high degree of motivation were
essential to improve resident education.
The path was not easy, as some issues
delayed the laboratory’s development.
Resource-limited countries can use this
model to develop their neurosurgical
cadaver laboratories.

Acknowledgment: We dedicate this
article to the memory of Dr. Nathan
Rifkinson, who was the founding father
of our neurosurgical section and was its
chairman for 30 years.

Resumen

Objetivo: Nuestro programa de
neurocirugia no contaba con unlaboratorio
de cadaveres. La necesidad de crear uno
surgio luego de una disminucién de casos
craneales electivos en nuestra institucion
luego del Huracdn Maria. Muchos
programas de neurocirugfa se encuentran
en paises donde sus instituciones matrices
no pueden dar el apoyo financiero
para proyectos como la creacién de un
laboratorio neuroquirtrgico de cadédveres.
Este articulo describe como, a pesar de
los recursos limitados, se puede crear y
mantener un laboratorio neuroquirtrgico de diseccion de
caddveres para promover la educaciéon de los residentes y
estimular la investigacion. Materiales y Métodos: La propuesta
de creacién de un laboratorio neuroquirtrgico de cadéveres
fue evaluada y aprobada por la Junta de Revision Institucional
de la Universidad de Puerto Rico. Los requisitos minimos para
establecer el laboratorio se organizaron en pasos. Luego de
obtener los materiales basicos, se cre6 el laboratorio. Resultados:
La creacion de nuestro laboratorio neuroquirtrgico de cadéveres
se dividié en pasos escalonados que pueden ser seguidos
por cualquier institucién con un objetivo similar. Primero,
se identificé un espacio de trabajo adecuado. Segundo, se
adquirieron los instrumentos y equipos quirurgicos necesarios
para hacerlas disecciones. Tercero, se adquirieron cadéveres para
la diseccioén y la practica de abordajes quirdrgicos. Por ultimo,
se mantuvo la documentacién de desarrollo del laboratorio y se
desarroll6 un plan para ampliar las capacidades del laboratorio.
Pudimos crear un laboratorio de diseccién reuniendo equipo
de quir6fano retirado o donado, obteniendo donaciones
de otras instituciones y, a veces, con aportacién monetaria
de profesores y residentes. Conclusiones: Objetivos claros,
colaboracién interdepartamental y un alto grado de motivacién
fueron esenciales para crear un laboratorio neuroquirtrgico de
caddveres en funcionamiento para mejorar la educacién de los
residentes a pesar de los recursos limitados.

PRHSJ Vol. 41 No. 3 ¢ September, 2022

155



156

Neurosurgical Laboratory Development

References 8.

1. Santos-Burgoa C, Sandberg J, Sudrez E, et al. Differential and persistent 9.
risk of excess mortality from Hurricane Maria in Puerto Rico: a time-se-
ries analysis. Lancet Planet Health. 2018;2(11):e478-e488. doi:10.1016/
$2542-5196(18)30209-2
2. Zorrilla CD. The View from Puerto Rico - Hurricane Maria and Its 10
Aftermath. N Engl J Med. 2017;377(19):1801-1803. doi:10.1056/
NEJMp1713196
3. Roman J. Hurricane Maria: A Preventable Humanitarian and 11
Health Care Crisis Unveiling the Puerto Rican Dilemma. Ann
Am Thorac Soc. 2018;15(3):293-295. doi:10.1513/AnnalsATS.
201710-79201 B
4. Smith A, Gagliardi F, Pelzer NR, et al. Rural neurosurgical and spinal lab-
oratory setup. ] Spine Surg. 2015;1(1):57-64. doi:10.3978/j.issn.2414-
469X.2015.09.02 13
S. Salma A, Chow A, Ammirati M. Setting up a microneurosurgical skull
base lab: technical and operational considerations. Neurosurg Rev.

2011;34(3):317-326. doi:10.1007/s10143-011-0317-6 14.

6. Signorelli F, Stumpo V, Della Pepa GM, et al. Step-up Establish-
ment of Neurosurgical Laboratory Starting with Limited Resources-
Tips and Tricks. World Neurosurg. 2019;126:83-89. doi:10.1016/

j-wneu.2019.02.034 1S.

7. Klingler J, Gloor P. The connections of the amygdala and of the anterior
temporal cortex in the human brain. ] Comp Neurol. 1960;115:333-369.
d0i:10.1002/cne.901150305

Mayol del Valle et al

Tiire U, Yasargil MG, Friedman AH, Al-Mefty O. Fiber dissection tech-
nique: lateral aspect of the brain. Neurosurgery. 2000;47(2):417-427.
doi:10.1097/00006123-200008000-00028

Kshettry VR, Mullin JP, Schlenk R, Recinos PF, Benzel EC. The role
of laboratory dissection training in neurosurgical residency: results of a
national survey. World Neurosurg. 2014;82(5):554-559. doi:10.1016/j.
wneu.2014.05.028

. Tschabitscher M, Di Ieva A. Practical guidelines for setting up an en-

doscopic/skull base cadaver laboratory. World Neurosurg. 2013;79(2
Suppl):S16.e1-S16.e7. doi:10.1016/j.wneu.2011.02.04S

. Arora RK, Mittal RS, Rekhapalli R, et al. Simulation Training for Neuro-

surgical Residents: Need versus Reality in Indian Scenario. Asian ] Neu-
rosurg. 2021;16(1):230-235. doi:10.4103/ajns.AJNS_463_20

. Suri A, Roy TS, Lalwani S, et al. Practical guidelines for setting up

neurosurgery skills training cadaver laboratory in India. Neurol India.
2014;62(3):249-256. doi:10.4103/0028-3886.136897

. Berg DA, Milner RE, Fisher CA, Goldberg AJ, Dempsey DT, Grewal

H. A cost-effective approach to establishing a surgical skills laboratory.
Surgery. 2007;142(5):712-721. doi:10.1016/j.surg.2007.05.011

Bohl MA, McBryan S, Spear C, et al. Evaluation of a Novel Surgical
Skills Training Course: Are Cadavers Still the Gold Standard for Surgi-
cal Skills Training? World Neurosurg. 2019;127:63-71. doi:10.1016/j.
wneu.2019.03.230

Liu JK, Kshettry VR, Recinos PF, Kamian K, Schlenk RP, Benzel EC.
Establishing a surgical skills laboratory and dissection curriculum for
neurosurgical residency training. ] Neurosurg. 2015;123(5):1331-1338.
doi:10.3171/2014.11.J]NS14902

PRHSJ Vol. 41 No. 3 ¢ September, 2022



