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Introduction
Purpose
This manual is intended as an instructional tool for use in implantation of a Blackrock
Microsystems 96-channel Utah array into the cortex. It is not intended to teach general
surgical skills, techniques or principles. It is expected that those making use of this
manual have these skills already, and have performed neurosurgical procedures before,
or are working under the supervision of someone with neurosurgical experience.
Previous experience observing or performing implantation of a Utah array is
advantageous but is not required. This manual will provide you with the necessary
information to perform this procedure and will act as a guide when planning and
performing an implant.
To that end, the following pages will:






Introduce you to the design of the array
Review basic neuroanatomy
Describe in detail the implant procedure
Aid in planning the surgical procedure
Provide examples of pre-, post-, and intra-operative checklists

Although the Utah Array may be implanted in non-cortical tissue such as peripheral
nerve or cardiac muscle, the implantation procedure for these applications fall outside
the scope of this manual.
This document is not intended as a reference for implanting a NeuroPort
Electrode in human subjects. For information regarding NeuroPort Electrode
implantation, please refer to LB-088 NeuroPort Surgical Manual.

Proper facilities
The procedures described in this manual are non-terminal, invasive neurosurgical
procedures intended to be performed on living animals for the purposes of research.
Adherence to proper protocols - including the animal care and use protocols required by
your institution - and the welfare of the research animals, is the responsibility of the
investigator. Use of proper facilities and the assistance of trained veterinary staff is
essential, both for the well-being of the animal, and for a successful surgical outcome.
Minimal facilities include an operating room where sterile procedures can be performed,
a ventilator which can be used to ventilate the animal and precisely deliver anesthesia,
proper equipment for monitoring vital signs, body temperature, SpO 2, etc., and trained
personnel who can provide proper pre- and post-operative care to the animal. This
procedure should not be performed when these facilities are not available.

A note on variations to the procedure
The particular implementation described here is not the only way the Utah Array can be
implanted. Modifications to the procedure may be made as required by the particulars of
your implant location and research goals, and as your experience dictates. It is
recommended, however, that researchers new to Utah Array implantation adhere as
closely as possible to these instructions for the first few implants.
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The procedure outlined here has been shown to work successfully in more than 30
primary motor cortex implants done in the Donoghue lab (Brown University) and, though
only a few of the many possible variations have been explored, it is best to ensure that
you can perform an implant successfully before amending these procedures. Note that
these procedures have been tested on implant sites located on the convexity of cortical
gyri. Attempts to insert the array into or across a sulcus are outside the scope of these
instructions.

Review of array
The standard Utah array is a 4.4 by 4.2 mm, chronically implantable array containing 96
electrodes, with an electrode spacing of 400m, capable of recording from areas of the central
and peripheral nervous system for extended periods (Figure 1). The electrodes are Parylenecoated, silicon shanks with platinum or iridium oxide (SIROF) tips. The wires connecting the
electrode array to the connector are 25m gold alloy insulated wires collectively sealed as a
bundle with silicone elastomer (Figure 2). The electrode and wire bundle lengths are userspecified and, once constructed, are not variable. The array of electrodes is biologically inert
and can function implanted in cortex for three or more years. The electrodes typically have
impedances (at 1kHz) in the range of 10-800 kΩ (platinum) or 10-80 kΩ (SIROF) and are
capable of recording single and multi-unit action potentials with signal-to-noise ratios of up to 10
and peak-to-peak amplitude of greater than 1 mV (Figure 3).
Reference wires may be either freely-floating or integrated into the wire bundle. Freely-floating
reference wires exit out from the connector and may be manipulated freely. Integrated reference
wires (Figure 3.1) are embedded into the silicone insulation around the wire bundle and exit the
silicone insulation at the side of the array opposite the wire bundle. By default, the integrated
reference wire protrudes about a centimeter past the array.

Figure 1. Chronic 128-pin connector, array with wire bundle, and two freely-floating references
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Figure 2. Array close-up
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Figure 3. Series of scanning electron micrographs of a Blackrock array after it was explanted from the motor
cortex of a monkey. A. & B. Different areas of the array from the side containing the electrodes. The
magnification and scale are shown on the bottom right of each photograph. C. High magnification image of
the electrode tip. The exposed pyramidal recording surface is clearly visible. D. Magnified image of a cut wire
bundle. The coated individual gold wires and the insulation are depicted.
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Figure 4. Average of action potentials recorded from one electrode in an array implanted in motor cortex. The
y-axis depicts the amplitude in microvolts and the x-axis time in microseconds. The average peak-to-peak
amplitude of this unit is 1232 microvolts and the signal to noise ratio on this electrode is 5:1.

Figure 5. Arrays with integrated reference wires. Note that the reference wires protrude past the end of the
array
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Inserter Assembly Overview
The Utah Array is implanted into cortex using an inserter assembly consisting of a pneumatically
actuated wand, trigger, and control box.
A combination of compressed air and vacuum is used to control the movement of a piston mass
in the shaft of the wand. The inserter wand is positioned vertically during insertion. When the
button on the trigger cable is pushed, the inserter wand applies a consistent pulse and travel
distance (limited to 0.5 mm, 1.0 mm, 1.5 mm, or 2.0 mm depending on the length of the
electrodes) to the Utah Array, inserting it into the parenchyma in less than 1 ms.
To prevent accidental firing of the inserter wand, the system is equipped with an
<Enable/Disable> safety button and associated green indicator light. The button is pressed to
enable the inserter wand trigger button. The inserter wand can only be fired after the system
has been enabled (green indicator light) using the <Enable/Disable> button.

The inserter control box has a gauge on the front panel indicating the insertion pressure, a knob
for adjusting insertion pressure and a 10-turn dial that adjusts the pulse width. Recommended
settings are insertion pressure of 20-25 PSI, with a pulse adjustment of 5.
Please refer to the inserter system IFU for full detail on operation, setup, and testing of the
inserter system:
https://www.blackrockmicro.com/wp-content/ifu/LB-0882-1.00-Research-Inserter-IFU.pdf
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Anatomy Overview
The purpose of this section is to familiarize you with the basic anatomical structures you will
encounter during the implant procedure. In general, these will already be familiar to you; they
are provided here as a brief refresher, or as an aid to students with less exposure to the
anatomy.

Review of basic neuroanatomy
There are several layers of tissue separating the surface of the scalp from the cortex.
From the outside in, near the mid-line these structures are: skin, fascia (galea
aponeurotica), periosteum, bone and the meninges. The surface of the brain
immediately underlying the meninges, in mammalian species, is the cortex. The cortical
layer is convoluted with multiple gyri in higher mammals and resembles the human
cortex in higher primates. The pattern of gyri and sulci, their size and shape, vary to
some extent from subject to subject within the same species. There are certain
landmarks, however, that remain fairly constant, such as the central sulcus and the
arcuate gyrus (in Macaques), which may be used as guides to locate areas of interest
for array implantation. There are also surface markings on the skull, which may be used
as waypoints to localize brain areas. Bregma and lambda, the confluence points of skull
sutures, and the interaural line are examples of some landmarks (Figure 4). There are
commercial atlases, which describe the location of brain areas in different species using
such landmarks. The gyri are separated by sulci, deep grooves containing surface
blood vessels (Figure 5). The array is ideally placed on a relatively flat portion of a
gyrus away from large blood vessels.

Figure 6. The prepared monkey scalp prior to incision (on left) and the skull surface depicting the landmark
“bregma” (on right). The blue outline demarcates the craniotomy boundaries for a double M1 and Parietal
cortex array implantation. The anterior and posterior directions are depicted with “A” and “P” respectively.
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Figure 7. Close up view of the surface of the brain following a craniotomy and dura incision. The skull, gyri,
sulci, dura and surface vasculature are shown with arrows.

Review of meninges
The meninges are a series of tissue layers which separate the surface of the cortex from
the inner table of the skull. The meninges envelop the brain and spinal cord and protect
the contents within. The meninges also contain the cerebrospinal fluid surrounding the
brain, which acts to cushion the brain and damp external forces. The outermost layer of
the meninges is the dura mater. This is a thick and strong fibrous structure (Figure 5).
This layer of tissue sometimes prevents visualization of the cortex after the craniotomy is
performed. On occasion, in certain areas, the inner layer of the skull may be adherent to
the outer layer of dura. Careless elevation of the bone flap may lead to tearing of the
dura, extensive bleeding and damage to underlying cortex. The adhesions between the
inner table of the skull and dura must be dissected before elevating the bone flap. It is
necessary to place a surgical flap in the dura to access underlying structures. This
procedure requires precision, a steady hand and the proper tools to prevent damage to
the underlying brain structures. There are blood vessels within the dura, which may be
damaged during this process. Arteries, which supply the dura coarse between the inner
table of the skull and the dura. The most commonly injured dural artery is the middle
meningial artery, which runs under the temporal-parietal skull. Damage to this blood
vessel may lead to an epidural hematoma. If the bleeding is not controlled, this injury
may lead to increased intracranial pressure, cortical damage and even to the demise of
the animal. The dura is innervated by the trigeminal nerve and manipulation of this layer
elicits pain in subjects which are not sufficiently anesthetized. In addition to providing a
tough covering for the brain and spinal cord, the dura also provides septal folds leading
to compartmentalization of different regions of the brain, such as separation of the
hemispheres with the falx cerebri and separation of the cerebellum from the forebrain
with the tentorium. Venous drainage of the brain is funneled through invaginations of the
Utah Array Surgical Manual (Research)
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dura, the dural sinuses, into the jugular venous system. The sinuses roughly follow the
cranial suture lines. Drilling close to the suture lines, particularly in the midline and over
the occipital sutures, may cause damage to sinuses, leading to extensive bleeding which
may be difficult to control.
There is a virtual space between the dura and the underlying membrane, the arachnoid.
The arachnoid membrane is an avascular structure, which surrounds the brain and
envelops surface vasculature. There are trabeculae, which bridge this membrane and
the final layer of meninges, the pia. The arteries in the brain travel between the
arachnoid and pia membranes. Cerebrospinal fluid is also contained within this space.
The pia is a thin membrane adherent to the surface of the brain. The pia follows the
brain into sulci, whereas the arachnoid traverses sulci to form a surface cover. The
linings of the surface blood vessels are invested with the pia. The healthy arachnoid and
pia layers are transparent and the array is implanted in the brain through these layers.
Clouding of these layers may signify an infection or inflammatory process. After months
of implantation a membrane, likely an extension of the arachnoid and pia, envelops the
implanted array. It is necessary to incise this membrane to access the array for removal.

Review of surface vasculature
The surface of the brain is rich in vasculature. These vessels originate from the large
branches of the aorta, the carotid and vertebral arteries, which provide blood to the
brain. The large surface vessels travel along the sulci and penetrate the brain tissue.
Although there are many vessels visible on the surface of the gyri, these are small
arterioles (Figure 5). Ideally, the larger visible vessels should be avoided but the array
may be implanted through the smaller vessels. The artery walls of the surface vessels
are often attached to the pial membrane. Manipulation of the pia or arachnoid
membranes near the vessels may lead to damage to the arterial wall and cause
bleeding. Applying gentle pressure with a triangular sponge is often enough to control
bleeding from a surface vessel.

Surgery Overview
This section will familiarize you with the general surgical procedure and the details of the
anesthesia. It will also describe planning the procedure and what to consider before ordering
your array(s).

Pre-operative Planning
Planning ahead and discussing these plans with the surgical team is an invaluable way
to increase the chances of a successful implant. Advance consideration of the details of
the procedure is highly recommended.
Note: researchers working at an institution with a medical school or teaching hospital
may have the opportunity to recruit a neurosurgery resident on research rotation to
perform the surgery. This has advantages, though it is recommended that during the
implant, research staff are the primary handlers of the Utah Array.
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Prior to ordering array
Planning begins months prior to the surgery when first deciding the target location and
the experimental goals. The cortical location targeted determines several factors which
should be considered well in advance. The depth of targeted cells must be estimated in
order to determine the appropriate length for the electrodes. Electrodes used to record
successfully from layer III/V (approximately) in MI arm area of Macaque (m. mulatta, m.
fascicularis) monkeys are 1mm long. Other lengths can be made depending on the
layer of targeted cells, but some variability in success rate may be expected depending
on electrode length and cortical area. The length of the wire-bundle connecting the
array to the connector pedestal must also be determined in advance. In previous users’
experience for implants into MI in Rhesus monkeys of approximately 5-7kg, a 3.5cm
wire-bundle is sufficient to span the midline and allow for curving of the bundle for strain
relief. Users implanting in visual cortex have recommended wire bundle lengths 3 cm
longer than the planned distance from the target area to the pedestal connector. It is
recommended that one err on the side of a bundle that is too long rather than too short.
The implant location also determines the particular stereotaxic apparatus and
micromanipulator setup. Access to the implant site and proper orientation of the
insertion device are essential. Equipment (e.g. ear- and eye-bar extenders to allow
access to extreme lateral placements) should be purchased with these considerations in
mind.

Prior to implant
Prior to surgery a detailed surgical plan should be formulated and drawn out on paper.
Ideally, this plan should be circulated and discussed by the surgical team. A schematic
of the implant should be drawn (Figure 7). This should include the location of the skin
and fascial incisions, craniotomy size and location (relative to Bregma or inter-aural
coordinates), the orientation of the array and its placement relative to cortical landmarks,
and the location and orientation of the connector. Exact measurements of the animal’s
skull are generally not necessary, but the amount of space required by the craniotomy,
the connector and any other hardware (e.g. head restraint devices, additional chambers,
headstages) should be considered. This schematic should include approximate
measurements for the craniotomy location for easy reference during the procedure. It is
highly recommended to have mockups of the connectors and intended headstages on
hand for placement planning purposes. CAD drawings of the CerePort pedestal
connector are available from Blackrock Microsystems upon request.
A checklist of the important surgical steps is also useful during the procedure (Figure 6).
This can be referred to intra-operatively so as to ensure that no critical steps are
skipped. Both this and the drawing can be posted in the OR for quick reference.
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Figure 8. Pre-op plan checklist. This may be useful to have handy during the surgery as a quick reference for
important steps.

Figure 9. Pre-op Plan Schematic. Drawing this out prior to surgery will aid in speeding the procedure and
avoiding potential problems during the implant. Craniotomy: black rectangle; Connector: black filled circle;
Array is labeled “MI”; B: bregma.
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Surgery in brief
The animal is induced with ketamine, shaved, intubated, and placed on a ventilator
delivering inhaled anesthetic. The animal’s head is positioned in the stereotaxic frame,
and monitoring devices are attached. The surgical field is prepared by using betadine
solution, then the animal’s head is draped. An incision is made in the scalp to expose
the area of interest. Commonly, a semi-elliptical incision over the temporal and occipital
scalp is performed and the skin is mobilized anteriorly. Care is given to preserving the
integrity of the fascia and galea aponeurotica as these structures will be laid over the
skull defect and hardware at the end of the procedure. These tissues are important for
maintaining the integrity of the blood supply and skin health. Careful blunt dissection is
used to expose the skull and periosteum. The periosteum is scraped off the skull and
the skull is dried. Bleeding often occurs from penetrating vessels on the skull surface.
This bleeding is usually self-limited and stops without any intervention.
The area of interest is estimated using skull surface landmarks and a brain atlas.
Bregma or Lambda points are identified and marked using a surgical pen. The area of
interest is also marked and the craniotomy boundaries are indicated. A generous
craniotomy is recommended to facilitate the placement of array and manipulation of wire
bundles. The craniotomy is performed, the bone flap removed and preserved in saline
solution for later use. Then, a flap in the dura is cut and mobilized medially, or laterally,
with stay sutures in the two corners, exposing the brain surface (through the arachnoid
and pia membranes). It is important to note that the brain surface and dura should be
kept moist with frequent irrigation of saline. The dura, if allowed to dry, will shrink and it
will be difficult if not impossible to approximate the edges at the end of the procedure. A
similar concern holds true for the fascia and skin. After identifying the location for the
array implant, the position for the connector is determined - leaving appropriate slack on
the wire bundle - on the adjacent or contra-lateral skull surface and marked. Holes are
drilled for connector placement and the connector is secured to skull with 8 titanium
screws.
Of note, the array should be protected from damage during this phase of the procedure
by holding it away from drilling and shielding the electrodes from bone dust or other
debris. The array should not be dropped onto bone or other hard surfaces as this may
damage the tips. Once the connector is place, the array and wire bundle are gently
manipulated to position the electrodes so that they are resting on the cortical surface
over the area of interest. The array is then inserted into cortex using the pneumatic
insertion device mounted on the stereotaxic frame and positioned over, and parallel to
the array. Then, a layer of dural regeneration matrix or Gore-tex is laid over the array
and the dural flap reflected back and sutured with the stay sutures.
The bone flap is then replaced (after cleaning and thinning the bone for fit) and secured
in place with a titanium strap or straps, and screws. The fascia and skin are closed over
the covered craniotomy with a slit accommodating the passage of the connector, taking
care to protect the contact surfaces. The skin is closed in two layers and the animal is
recovered from anesthesia.

Anesthesia
The initial induction of the animal is usually accomplished by the use of ketamine (15
mg/kg, IM), which is a centrally acting dissociative anesthetic. Benzodiazipines such as
valium (0.1 mg/kg, IM or IV) or versed (0.02 mg/kg IV) may be used to assist in the
intubation process as added sedation and muscle relaxation. An analgesic agent such
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as Bupronex (0.01 mg/kg IM) is also administered prior to the skin incision. The animal
is maintained on inhaled isoflurane through a closed anesthesia circuit during the
operation. The animal is connected to the circuit as soon after intubation as possible.
Initially, the isoflurane level is set at 2-2.5% and then adjusted to maintain an exhaled
isoflurane concentration of 1.4-1.7%. The anesthesia is then titrated to effect by
monitoring the heart rate, blood pressure and exhaled isoflurane levels and observing
the intracranial pressure and movement of the animal. Sudden increases in heart rate
and blood pressure coupled to painful stimuli and any movement of the animal indicates
sub-therapeutic levels of anesthesia. Additional doses of Bupronex are given to the
animal after the procedure and subsequently for several days.

Surgery in Detail
The entire procedure is described in detail, from pre-op care through skin closure. Tips and
tricks that we have found particularly helpful have been included. Read this section carefully
prior to planning the procedure. You can refer to the ‘Surgery key steps’ section of the appendix
for a quick reference.

Pre-operative preparation
Surgical instruments, drapes, and gowns should be prepared in the days before the
surgery. They should be wrapped or bagged and either steam autoclaved or gas
sterilized, as appropriate. The array should be ethylene oxide sterilized in an
appropriate container which will prevent damage. DO NOT autoclave the array. The
array may be EtO sterilized in the plastic jewel case that it ships in. The stereotaxic
frame should be autoclaved as well.
Because the stereotaxic frame bar will be exposed during the procedure it must be
sterile. This can be accomplished by wrapping the bar in two layers of stockinette and
then autoclaving. For unilateral implants only the bar on the side of the implant need be
wrapped in stockinette. Of course, for sterilization the entire stereotaxic frame should be
wrapped or bagged and then autoclaved. Maintenance of the sterility of the stereotaxic
bar is described below in ‘Surgery in Detail’.
The surgical subject is placed on food and water restriction at least 8 hours prior to
surgery. The animal is given a dose of steroid (dexamethasone 0.5mg/kg, IM) the
evening prior to surgery. On the day of surgery, the animal is given a second dose of
steroid and anesthetized with ketamine (15 mg/kg, IM). The scalp hair of the animal is
shaved with clippers. Hair should be removed from a wide area around the implant site
to ensure sterility of the surgical field. Any scabbing or hair around existing wounds, e.g.
head restraint posts, should be removed. An intravenous line is then inserted. Prior to
the skin incision, a dose of antibiotic (Claforan, 50 mg/kg, IV) and an analgesic Buprenex
(0.01 mg/kg, IM) are administered to the animal. The animal is intubated orally and
maintained on inhalation isoflurane anesthesia using an anesthesia machine with a
closed circuit. A dose of atropine (0.01 mg/kg IV or IM) and valium (0.1 mg/kg) may be
given prior to intubation for additional sedation, muscle relaxation and control of
secretions.

Placement in Stereotaxic Frame
The animal should then be placed on the operating table and the head positioned in the
stereotaxic frame. The earbar tips should be coated with Lidocaine paste prior to
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insertion in the auditory canal, and the eyes should be lubricated to prevent drying. Care
should be taken when placing the animal that the head is secure and that the mediolateral (M-L) alignment is appropriate for the implant location (e.g., head should be
centered if using inter-aural stereotaxic coordinates for array location; or, displaced
laterally away from side of implant to allow access to extremely lateral, e.g. temporal,
array target location). For extreme circumferential array placements (e.g. temporal or
primary visual cortices) the use of vertical ear and eye bar extenders may be considered
to allow for improved access.

Attachment of monitoring devices, cautery
ground plate, and heating pads
Following stereotaxic placement, intra-operative monitoring devices should be
connected, including EKG leads, pulse oximeter, and temperature probe. Heating pads
should be placed around the animal to ensure maintenance of proper body temperature.
If monopolar cautery is to be employed, the grounding plate should be placed under the
animal ensuring proper contact with skin (conductive gel applied liberally and hair
shaved where necessary).
Initial vital signs should be noted at this point.

Preparation of surgical field
The entire cranium should be prepared with a Betadine solution, starting at the site of
incision and working outward. Sterile gloves should be worn and sterilized instruments
used for application. Multiple applications should be used to ensure sterility of the
surgical field. The field should be double-checked at this point to make sure that all hair,
scabbing or other debris has been removed. A generous area around the incision,
implant and connector sites should be sterilized, including the ears, neck and brow
ridges (gauze can be placed over the eyes to keep Betadine out). Creation and
maintenance of a sterile surgical field is critical for positive surgical outcome.
After Betadine application, the outer layer of stockinette should be removed from the
stereotaxic frame bar with the use of sterile scissors (the bar has been previously
wrapped in two stockinette layers and autoclaved). These instruments should be
considered contaminated and set aside after removal.

Draping
The rest of the procedure, including draping of the field, should be performed while
wearing full sterile surgical garb, including a sterile gown and gloves, surgical mask,
head covering and appropriate eye protection.
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Figure 10. Draped sterile field. The animal has been placed in the frame, prepped with Betadine and draped.
The exposed part of the stereotax is sterile and will be used to hold and align the micromanipulator during
insertion.

After Betadine application the surgical field should be draped (Figure 7). Drapes should
be applied so that sterility can be maintained while allowing access to the implant site
and stereotax bar to which the manipulator will be attached.

Array Implant Procedure
Care should be taken to maintain sterility throughout the procedure. Monitoring of vital
signs and appropriate titration of anesthesia is also essential.

Incision and Craniotomy
Instruments should be opened and arranged for easy access. The scalp incision is first
marked with a sterile pen and then incised with a scalpel. If the skin and fascia (Galea)
are to be opened at different locations the skin incision should not penetrate the fascia.
After the skin is incised it should be blunt dissected away from the fascial plane and
retracted. Dissection of skin from Galea should be performed even if the skin and fascial
incision are collocated, as this aids in skin closure. After skin retraction the Galea
should be incised and retracted. A stay suture can be placed at each of the 4 corners of
the opening and can be used to keep the skin and fascia retracted (e.g. by hanging a
hemostat from the suture). The periosteum should be scraped away and the skull dried
with gauze to allow marking of the craniotomy location.
The boundaries of the craniotomy should be located using appropriate landmarks, such
as stereotaxic coordinates relative to the midline cranial suture and interaural line, or
cranial landmarks such as Bregma. The boundaries should be marked with a pen
(Figure 8) to aid in drilling of the craniotomy. Approximate location(s) of the array
connector(s) may also be marked at this point to aid in visualization and planning.
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Figure 11. Craniotomy boundaries marked. The skin and fascia have been incised and mobilized away from
the skull. The periosteum has been scraped and the craniotomy boundaries measured and marked. Note the
visible suture lines. Their confluence, Bregma, is one landmark from which the boundaries can be measured.

The craniotomy should be made at this point. A burr of minimum diameter should be
used, especially if the boneflap-replacement closure method will be employed. To avoid
excess heat build-up, drilling should not be done in one place for any length of time, and
frequent saline infusions should be used.

Figure 12. Exposed dura mater. The craniotomy has been completed and the boneflap carefully elevated off
the dura. Major sulcal landmarks are generally visible through the dura and can be used to determine if the
craniotomy is the appropriate size and in the correct location.

When the craniotomy is complete (Figure 9) the bone flap should be carefully lifted off of
the underlying dura. Care should be taken not to lacerate the dura with any of the
corners or sharp edges of the bone flap. In addition, the flap may be adherent to the
underlying dura and should be teased away carefully using blunt dissection with a
spatula or other appropriate instrument. After removal the bone flap should be placed in
sterile saline and preserved for reinsertion following array implant.
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Smoothing craniotomy edges
The edges of the craniotomy, especially on the side over which the wire bundle will enter
the craniotomy, should be smoothed using a burr. Sharp edges should be removed and
a smooth ramp should be made on which the wire bundle will traverse the space
between connector and craniotomy. A groove or channel, in which the wires will run,
can also be made to protect the bundle and to keep a low profile along the surface of the
skull. This may help to reduce skin erosion.

Incision and retraction of dura mater
The dura should now be incised and retracted. Major dural vessels should be avoided, if
possible, and any communicating vessels avoided, or, if necessary, cauterized with
bipolar cautery. A rectangular flap is made in the dura, leaving one side attached. The
dural incision can be accomplished in a number of ways, all of which require great care
so as not to damage the closely juxtaposed, underlying cortex. First, visualize the
incision and lift the dura slightly off the cortex. This can be done with a tissue pick(dural
hook), or by carefully driving a threaded needed through the outer leaf of the dura and
pulling up on the two ends of the suture. Lift at a point near where you will start your
incision to allow for as much clearance as possible. Next, begin the incision by making a
nick in the dura. The blade of a sharp scalpel (sharp edge of blade held upward) can be
used for this. Angled microdissecting(iridectomy) scissors can then be inserted into the
nick and used to finish the incision. Ensure that the flap will be open on the side through
which the wire-bundle will enter the craniotomy. In addition, do not cut too close to the
bone edge; leave a cuff of at least 2-3mm to ensure that the dura can be sutured closed.
The flap is then retracted so that the wire bundle will enter on the open side. A Nurolon
suture should be started in each of the 2 corners of the dural flap (Castroviejo-type
needle holders are preferable here). These sutures can be used to keep the dura
stretched (Figure 11) to avoid shrinking (e.g., hang a lightweight hemostat from each
suture to stretch), and will aid in dural closure after array implant. The dural flap should
be covered in wet gauze or other material to ensure that it does not dry out during the
insertion procedure, which can be lengthy.

Figure 13. Stretched dura mater. Sutures have been placed at the two corners of the dural flap. A lightweight
hemostat is suspended from each, keeping the dura taut and preventing shrinkage. This aids in dural closure
after array insertion.
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Note: Often it is possible to visualize sulcal landmarks through the dura mater. If this is
the case, some users find it advantageous to place and affix the connector(s) before
opening the dura. In general, however, most users prefer performing dural reflection
before securing the connector (see below).

Connector placement
The location of the connector(s) should now be determined based on sulcal landmarks.
Once the landmarks have been visualized the location of the connector should be
determined. Several considerations should be observed. The connector should be
positioned so that the securing screws will not be located over a sinus, such as the
midline, or the frontal sinus. The connector (Figure 10) should be close enough to the
array target location to allow for correct positioning and angling (e.g. parallel to a sulcus)
of the array, and for the inclusion of S-bends in the wire bundle to allow for strain relief.

Figure 14. Placement of connector. The connector has been positioned and is being affixed with screws. The
fingertip of a sterile glove is used to protect the connector contacts. Note the wire-bundle and array extending
out to the right, over the craniotomy.

When the proper location has been determined it should be marked with a sterile
marking pen. Mark the location of at least one screw hole so that it can be drilled with
the connector out of the way. Drill this hole, tap it if necessary, and affix the connector
with the appropriate length screw (generally between 4mm and 7mm, depending on age
of animal, skull location, depth of craniotomy, and whether or not connector base can be
made flush with skull). Self-drilling, self-tapping screws are recommended. Doublecheck the angle of the wire bundle at this point to make sure the array can be placed
appropriately. Drill an additional hole and affix another screw to hold connector in place
while the rest of the holes are drilled. Drill the remaining holes, tap if necessary, and
complete the attachment. Due to skull curvature the connector base may not be flush on
all sides. Choose screw lengths appropriately to ensure security without damaging
underlying cortical structures. Ensure that the skull on which the connector is placed
has been scraped free of all tissue including the periosteum. After attachment, a
covering of some kind, for example the fingertip from a sterile glove, should be tied onto
the connector (Figure 10) to protect the gold contacts from blood, and other fluids.
Utah Array Surgical Manual (Research)
© 2020 Blackrock Microsystems, LLC

20

Positioning of array
Following retraction of the dural flap and securing the connector, the target location and
angle of array placement should be visualized. Array placement is accomplished by
bending of the wire bundle. The bundle contains 100 fine gold wires and should be
handled only with rubber-tipped forceps. The wire bundle should be manipulated only
enough to achieve the desired placement, and care should be taken that the electrodes
are not damaged by contact with objects such as the skull, skin, gauze of the surgeon’s
fingers. That said, proper placement usually requires fairly extensive bending of the wire
bundle, and the proper placement and angling of the array is critical to a successful
implant.
In addition to placement of the electrodes in the desired functional target, several
objectives should be achieved when positioning the array. The array should be parallel
to the underlying cortical surface so that no shearing forces are imposed during
insertion. The wire bundle should incorporate at least one S-bend as it traverses the
cortical surface. This provides strain relief to allow relative movement between the array
and the connector. In addition, the wire bundle should be as flush as possible with the
cortical surface and should not protrude above the craniotomy; the goal is to achieve
minimal motion of the array and wire bundle when closing the dura and reattaching the
bone flap.
Finally, the electrodes should be positioned so as not to penetrate any major surface
vasculature, such as those vessels that run in the sulci.
During the positioning process the array should come in contact with the cortex as little
as possible, preferably not at all, until all the manipulation has been accomplished and
the array is in its target location. At this point the array should be resting on the cortical
surface with no intervening space between the electrodes and the cortex. It is preferable
that the wire bundle is arranged in such a way that it applies a slight amount of
downward (i.e. toward the cortical surface) force on the array, this will help to keep the
array in position after insertion.
The gold wire bundle retains significant torsional ‘memory’ that resists free placement of
the array. We strongly recommend that first-time users of the Utah Array purchase a
dummy array assembly to practice manipulating the wire bundle and to become familiar
with its mechanical properties.
Users have employed a number of methods to overcome issues maintaining array
positioning prior to insertion:



Sterile bone wax to tack down the wire bundle to secure positioning once the
array is in the desired position
Suturing the wire bundle to the dura (Figure below)
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Figure 15. The wire bundle has been affixed to the dural edge with silk sutures

Figure 16. Titanium strap over the wire bundle where it goes down the ‘ramp’ into the craniotomy. Pedestal
and array placement. Note the titanium strap over the wire trough securing the wire bundle in place
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Array insertion
The micromanipulator assembly is then positioned on the stereotaxic frame. The
inserter piston is then tested (set and fill pump to the correct pressure, hold the inserter
away from the brain, enable and fire the inserter piston), attached to the manipulator,
and aligned with the array (Figure 12). This can take a bit of trial and error to achieve
the correct geometry, but it is important that the inserter be aligned precisely. The
inserter head should be aligned directly above the array and parallel with the cortical
surface. Ideally, the array is also parallel with the cortical surface so that upon insertion
the inserter head strikes the array evenly.
The inserter pump should be turned on, any fluid atop the array should be wicked away
with gauze, and then the inserter should be lowered so that it is just flush with the array
at the apex of the inspiratory cycle. Enable the inserter and activate when the array is at
its highest point (i.e. at maximum inspiration). Alternatively, the ventilator can be turned
off for up to 30 seconds while the array is inserted. This avoids the problem of timing the
insertion with the respiratory cycle, but must be done swiftly to avoid compromising the
animal’s oxygenation (a rise in pCO2 may lead to increased intra-cranial pressure and
brain swelling). After insertion the array should be flush with, and even slightly dimpling
the cortex. No electrodes should be visible on any side of the array. The inserter should
be backed away carefully and removed from the frame.

Figure 17. Positioning pneumatic inserter. The wire-bundle has been manipulated so that the array is in the
target location. The inserter is in position and is being lowered so that it just contacts the array at the top of
the inspiratory cycle. The inserter head, the array, and the cortical surfacing underlying the array should all be
parallel.

Insertion of reference wires
Standard Blackrock Microsystems arrays come with 2 reference wires. Reference wires
are shipped with 1 cm of wire stripped of its insulation from the end. The standard
reference wire is often longer than necessary and may need to be trimmed depending
on placement. If the reference wires are trimmed, the last 1 cm of wire MUST be
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stripped of its insulation using fine forceps or a scalpel. Failure to strip the tips will result
in noisy signals.
The wires should be handled only with fingers or rubber-tipped forceps, and they should
be inserted to a location away from the array.
Some users prefer to feed the reference wire under the dura at the side of the
craniotomy such that the reference wire is out of the way for the remainder of the
procedure. Bending the tip of the wire to create a hook at the tip before sliding the
reference wire between the pial surface and dura facilitates feeding in the wire, as it
prevent the wire from jabbing into the brain and digging into tissue. A ‘hand-over-hand’
feeding method tends to be the most effective, as the wires can bend or spring back
fairly easily. Wires should be fed in so that they are flush with the cortex; any protruding
wire will make the final closure more difficult and can cause damage to the array or the
reference wires upon placement of the bone flap. This approach has the advantage of
getting the reference wires out of the way for subsequent steps, as a free/protruding
reference wire can make final closure more difficult. Do not cross reference wires or
touch the Utah Array with the reference wires.
If needed, the reference wires can also be placed epidurally after dural closure

Dural closure
After insertion a layered closure should be employed to protect the array and seal the
cranial vault. Options for layering between the dura and array include dural regeneration
matrix (e.g., Duragen), Gelfoam, Gore-tex, or artificial pericardium.
With the first layer down, the dura can then be sewn shut. We find that it is necessary to
reapproximate and suture only the 2 corners. This is sufficient to hold the dura closed
and allow for natural healing and resealing of the dura. As the dural flap can shrink
during the procedure it may not be possible to completely reapproximate the corners.
Excess tension will only rip through the tissue, so dural sutures should not be
overstressed when closing.

Boneflap replacement
The boneflap is thinned with a burr so as to avoid excessive pressure on the array and
wires. The boneflap is placed so that it abuts 2 sides of the craniotomy, away from the
wire bundle. Any sharp edges on the flap are smoothed before replacement, and the
abutting edges should be flush against the side of the craniotomy to promote
reintegration of the flap with the surrounding cranium. After smoothing and thinning the
boneflap should be positioned and the location of the screws for the Titanium strap
should be marked. Usually one Titanium (Ti) strap is sufficient to affix the boneflap
(Figure 14). This strap should be attached to the flap with at least 2 screws, and to the
skull with at least one screw on each side of the craniotomy. After positioning the flap
and marking the locations of all screws with a pen, the boneflap should be drilled for
screw holes. The drilling should be done away from the surgical field and can be done,
for example, by holding the flap by hand on top of a wooden tongue depressor. Holes
should pass completely through the flap. The Ti strap should then be screwed onto the
flap using appropriately sized titanium screws. These screws should be just long
enough to be fully embedded in the boneflap while protruding only minimally on the
underside. After the straps are affixed to the flap the boneflap should be repositioned in
the craniotomy, and the holes drilled in the skull. The boneflap and Ti strap as a single
piece should then be screwed onto the skull. When positioned properly the boneflap
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should be flush with the surrounding skull while not placing excess pressure on the
underlying array. If the flap can not be made flush with only slight downward pressure
then it should be taken out and thinned further.

Figure 18. Boneflap attached. The boneflap has been secured in the craniotomy with a Titanium strap. The
boneflap abuts the posterior and lateral edges of the craniotomy to aid in bone regrowth.

Closure
When the boneflap is reapproximated the Galea (Figure 15) and skin (Figure 16) can
be closed. The edges of the Galea should be reapproximated and sutured using 3-0 or
4-0 vicryl and an interrupted stitch. The Galea can be closed around the connector, or a
slit can be made in the Galea and it can be pulled over the connector.

Figure 19. Galea closure. The Galea is reapproximated and sewn so that it covers the craniotomy. Good
closure of the fascial layer improves wound healing and helps avoid skin erosion.
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The skin can then be closed (Figure 16) using an interrupted subcuticular stitch with 4-0
or 5-0 monocryl, or other monofilament suture. Alternative closure methods can be used
if desired, of course, but we have found that a subcuticular stitch decreases the
occurrence of dehiscence caused be the animal picking at the sutures. Usually a slit will
first have to be cut in the skin and the skin slipped over the connector. The slit should
be as small as possible without tearing the skin. If the pedestal is placed such that it is
in line with the main incision line, it may be necessary to close around the pedestal
egress through the primary incision. This closure method requires tight suturing to
achieve adequate skin approximation at the pedestal base. Make sure the connector is
covered, e.g. by a glove fingertip tied over the top, to keep blood and fluid away from the
contacts.
Once the skin is closed the glove tip can be removed, any fluid cleaned away with
alcohol, and the connector cap screwed on. Be sure to clean the grooves on the
connector of any blood or debris which may impede proper connection with the
acquisition equipment. Bacitracin can then be applied to the incision, if desired.

Figure 20. Skin closed. The connector has been pushed through a skin incision and the skin has been closed.
All that remains is to apply the protective cap and awaken the animal.
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Figure 21. Skin closed with the pedestal exiting in line with the primary incision. The primary incision is closed
around the pedestal and tight suturing will be required to close the breached skin around the pedestal.

Waking animal
The animal can then be awakened following standard protocol. This should be done
with the aid of properly qualified personnel. Briefly, after skin closure, the animal should
be weaned from the respirator and awakened. Stop delivery of the anesthesia and
reduce rate of ventilations to increase CO2 levels and stimulate respiratory drive.
Remove the animal from the stereotaxic frame – this must be done before the animal
awakes. Remove the E-T tube when the animal starts to breathe on its own, then
remove monitoring equipment including, SpO2 monitor, EKG leads, etc. Replace the
animal’s collar, if necessary, and return to cage. Setup a heat lamp to help the animal
maintain proper core temperature in the hours following the surgery.

Special Considerations
Suture and suturing
Suture material is used for closing the dura, fascia and skin, during this procedure
(Figure 17). Different material and techniques are utilized for each of these layers.
Nurolon, a non-absorbable, braided, nylon suture, with a non-cutting needle, is used for
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the dura. The suture thickness will depend on the size of the subject and may range
from 5-0 to 7-0 for different species and sizes. There is very little tension on the dura,
therefore simply approximating the edges with several stitches often suffices. Using the
two stay sutures placed to approximate the corners is recommended. Simple sutures
with several square knots will be sufficient for the dura. The fascia is closed with an
absorbable, braided suture such as Vicryl. Since there is some tension on the fascia 4-0
to 5-0 sutures are often necessary, but the size of the suture may change by species
and subject size. Again, simple, interrupted sutures with 3 square knots per stitch are
often sufficient. The skin is closed using absorbable, monofilament, nylon sutures such
as Monocryl. The skin is closed using interrupted subcuticular stitches. The
subcuticular approach prevents the animal from picking at the skin and disrupting the
suture. Using a running stitch may lead to opening of the entire wound if the animal
disrupts a single loop. Suture sizes of 4-0 to 5-0 may be used (the size may vary with
species). Major manufacturers of suture material often provide suturing guides and
training material to their customers. One example of this is a series of manuals by
Ethicon. Links to these manuals are provided below:
http://www.jnjgateway.com/public/USENG/5256ETHICON_Encyclopedia_of_Knots.pdf
http://www.ethicon.com/page/pdf/WoundClosureManual101702.pdf

Figure 22. Different sutures used for different tissues. A. Two black nurolon ligatures placed in the dura.
These ligatures hold the dura flap medially and are used to close the dura after array insertion. B. Fascia
closure using interrupted vicryl sutures near the end of the procedure. C. Scalp closure with subcuticular
interrupted monocryl sutures.
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Potential Complications: Bleeding
Bleeding is commonplace during surgery; there is often a large amount of bleeding with
the initial scalp incision. Most, if not all, bleeding may be controlled by simple pressure
on the tissue with gauze. This pressure should be held without interruption for up to 5
minutes. Intermittently releasing pressure to check if the bleeding has stopped or to
change the gauze will disrupt clot formation and lead to continued bleeding. On
occasion, cautery may be used to stop bleeding skin vessels. Tying off bleeding vessels
is rarely, if ever, required on the scalp during this procedure. There is rarely any
bleeding in the fascia (particularly with the use of blunt dissection technique); however,
the surface of the skull may have small bleeding vessels after the periosteal membrane
is scraped off. These bleeding vessels will respond to pressure and there is rarely ever
any need for hemostasis adjuncts such as bone wax or gel foam. Bleeding may occur
when a dural vessel is cut or when the skull is removed and part of the dura is adherent
to the inner table of the skull. This may cause serious injury to the animal through
formation of subdural or epidural hematomas. Fortunately, bleeding in the dura is not
common and when it does occur, is easily controlled by pinching the area of bleeding
with fine-tipped forceps and waiting for hemostasis or with the application of local
pressure. With bleeding in the dura, the underlying brain is exposed to blood. While the
effects of fresh blood on the brain surface is unknown in terms of early post operative
recording quality, it may be advisable to minimize the cortical contact with blood utilizing
frequent irrigation and hemostasis. The surface vessels on the cortex may also bleed.
This can occur, for example, when the dura is adherent to the underlying membranes
and elevation of dura rips open these vessels. Bleeding of surface vessels is of some
concern. First, it is more difficult to control bleeding by the application of pressure on the
cortex since this may cause damage to the cortical structures. Second, bleeding from
large cortical arterioles may lead to ischemic injury to cortical structures, which are
supplied by these vessels. Finally, accumulation of blood in the subdural space may
lead to mass effect causing damage to brain structures and, in the extreme case,
leading to herniation syndromes and death of the animal. Gentle pressure with gauze or
a surgical sponge leads to successful hemostasis in the majority of cases. Bipolar
cautery is another technique, which may be utilized. In the rare event of continued
bleeding, dissection, proximal and distal control of the bleeding arteriole and ligation of
the vessel may be necessary. Bleeding is also commonly seen after the array is
pneumatically inserted into the cortex. This is from direct injury to small vessels on the
cortical surface and is self-limited. The bleeding is often seen layering under the
arachnoid membrane and irrigation of the blood is not possible unless the arachnoid
membrane is removed. Arachnoid membrane removal is not advised.

Closure options, pros and cons
The goal is to attain a low profile, minimally bulky subcutaneous implant isolated from
the external environment with preservation of as much of the animals own tissues as
possible.

Acrylic
Acrylic closure should be reserved for animals with prior acrylic skullcaps and those
animals with chronically infected wounds, which do not heal and form large skin ulcers.
When using acrylic, the wire bundle reaching from the connector to the array should be
protected with layers of silastic. There should also be a silastic seal over the skull defect
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to prevent penetration of acrylic or the curing compounds from making contact with the
brain. Exposure of large open skin wounds may make the animal susceptible to
infection or lead to large inflammatory reactions. In a series of several monkeys, a
syndrome of fever, lethargy and loss of appetite was seen for 3-5 days after acrylic
application (unpublished observations) and lasted for 3-5 days with spontaneous
resolution.
A thick solution of acrylic is laid down in layers after securing the skull defect and
debridement of skin edges. A series of anchoring screws are placed in the skull to hold
down the acrylic cap (Figure 18). Care must be taken to cool the brain with frequent
saline irrigation, as the acrylic cures with an exothermic reaction.

Figure 23. Acrylic cap. A. Coverage of the craniotomy defect with silastic and an anchoring screw. B. Final
appearance of the acrylic cap.

Ti-mesh
Titanium mesh may be used to cover the skull defect if the bone flap is not adequate or
damaged. A titanium mesh sheet is trimmed to fit the craniotomy opening and screwed
into the skull with Ti-mesh screws placed in holes drilled into the skull (Figure 19). The
sharp edges are inverted in order to prevent trauma to the overlying skin. The titanium
mesh cover should be kept at a low profile to prevent undue pressure on the overlying
skin. Pressure on the skin may lead to skin breakdown and ulcer formation. Silicon is
used to cover the wire bundles
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Figure 24. Titanium mesh closure. Titanium mesh can be used to cover the craniotomy defect. Silicon covers
and protects the wire bundles. The silicon, titanium mesh and titanium mesh screws are indicated with arrows.

Bone flap
Of all the closure techniques, the bone flap technique has been recognized to be the
most favorable and perhaps next to acrylic application, easiest to implement. For this
procedure, it is necessary to preserve the intact bone flap after performing the
craniotomy. The bone flap can be preserved in saline solution for the duration of
surgery. After the dura is sutured and Duragen / Gore-tex layer laid down, the bone flap
is placed in the craniotomy defect so that two sides of the flap are in contact with two
sides of the craniotomy defect. Since the craniotomy is created with a burr, the bone
flap will be smaller than the defect. It is often necessary to thin the inner table of the
bone flap with a drill for it to accommodate the additional bulk of the implant and Goretex
layers. It may also be necessary to place grooves in the inner table of the flap to
accommodate the wire bundle. After trimming, cleansing and thinning, a titanium bar is
screwed onto the flap (screw holes are drilled) on the surgical table. Screw holes are
placed on the skull and the flap with the attached bar is screwed down to the skull
securely (Figure 20). The fascia and skin are closed over the bone flap as discussed
above.
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Figure 25. Boneflap attached. Application of a bone flap to cover the craniotomy defect. The bone flap and
titanium bar secured by screws are depicted with arrows.

Observing animal regarding percutaneous
connector
Following surgery, the animal’s scalp must be examined at regular intervals. The tissue
surrounding the connector may require frequent cleansing or debridement in the weeks
following surgery. Over weeks and months, this tissue will eventually heal and require
less care. The connector must be capped securely to prevent serous wound drainage
from infiltrating the connection surface or side grooves. This may lead to failure of the
connector to make contact with the recording apparatus. The integrity of the connector
should also be checked. The connector may become loose if the animal strikes it
against the cage or if the screws fail. If this occurs, titanium bars may be screwed
across the base of the connector to augment stabilization of the connector.

Common signs of discomfort, how to evaluate
primate health
Animals are like young pediatric patients. They cannot verbalize their complaints.
Researchers have to infer, through the animals’ behavior, if they are in pain or if they
feel ill. Ill monkeys appear different than their normal selves. They may be seated in
their cages with their legs drawn in or may hold their heads if they are in pain. Their
eating habits also change. Decrease in appetite or decreased enthusiasm with regard to
favorite treats are warning signs. Also, abrupt changes in their training behavior may be
a clue. If the animal suddenly shows decreased success in its training routine, this may
indicate the presence of pain or infection or point to anther ailment. Early administration
of analgesia is recommended. Examination of the animal may be necessary if these
signs are present. This may require sedation of the animal, laboratory studies and
occasionally x-rays. It may be necessary to insert an intravenous line and administer
fluids to prevent dehydration if the symptoms are prolonged. If the animals are febrile or
show signs of infection, empiric antibiotic therapy may be indicated. Early involvement
of the veterinary staff is essential.
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Appendix
Includes a quick reference of the key steps of the implant procedure, and some useful
checklists.

Surgery key steps
Prepping animal










Shaving scalp, neck and face
Induction/intubation
Placement in stereotax – alignment, lidocaine, ensure security, positioning (may need
vertical extenders for lateral connector placements)
Placement of leads, thermometer, IV, heating pads, drapes, etc.
Place cautery plate if using cautery (generally not necessary)
Begin taking vitals
Prepping surgical field
o Betadine thoroughly, cut outer layer of bar wrapper, use sterile gloves and
discard tools afterward
Drape field – cover everything except cranium, leave opening for bar, after draping cut
inner stockinette from bar on implant side.

Opening


















Open and prepare surgical instruments (pen, scalpel, forceps, scraper, etc)
Mark incision line on scalp, can also mark approximate position of connector(s).
Incise skin, do not penetrate fascia (depending on incision plan), blunt dissect skin from
fascia (Galea), flap or retract skin
Incise galea, retract. Can use suture with hemostat to hold out of way
Scrape skull periosteum, clean and dry skull
Locate landmarks, mark off craniotomy and approximate connector locations
Craniotomy
Remove boneflap, place in sterile saline
Smooth bone edges, esp. on side where wire bundle enters craniotomy
Locate sulcal landmarks through dura if possible, if unable to locate landmarks, incise
dura on 3 sides to expose cortex
Determine position of connector(s) accounting for strain relief, depth of craniotomy,
positioning and angle of array. [can prebend wire bundle downward if dura already
retracted, this aids in wire placement]
A channel can be drilled in the skull in which the wire bundle can traverse the space
between the connector and craniotomy. this will aid in protecting the bundle and reduce
the height of the protective silastic, reducing skin erosion
Mark one or 2 holes through connector base. drill hole and screw down connector
Drill rest of holes for connector and screw down
Incise (major dural and communicating vessels will need to be avoided) and retract dura
if not done already, pre-suture corners of dura

Insertion


Position array by careful manipulation of the wire bundle with rubber-tipped forceps,
taking care not to bang electrodes against bone or cortex. Ensure that wire incorporates
strain relief (S-bend), is nearly flush with and parallel to the cortical surface. Ensure that
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array is lying on the cortex and is parallel to the underlying cortical surface. Array
placement should avoid large cortical vessels such as those that run in sulci.
Turn on and test inserter before placing in manipulator
Position micromanipulator for insertion
Dry surface of array to avoid splatter when inserting and to keep array from sticking to
inserter piston
Turn on pump, lower inserter (recheck placement), enable
Activate inserter when array is at highest point, i.e. just at the end of the inspiratory
phase of the respiratory cycle. Alternatively, ventilator can be turned off briefly while final
positioning of inserter and inserter activation occur
Ensure complete insertion of array. (Parallel and flush with surface.)
Remove inserter

Closure

















Size and cut 1st Goretex/Duragen/Gelfoam layer. If using Gore-tex, Goretex should be
slightly larger than open dural window and should be tucked under dura on all sides.
Cut slits for wire bundle
Close dura and suture corners
Trim reference wires, strip insulation from end, insert under dura using rubber-tipped
forceps, wires should lie flat
Size boneflap, thin with burr where necessary. Avoid placing too much pressure on
underlying array. Boneflap should abut 2 craniotomy edges leaving gap on side of wire
bundle.
Approximate location of Ti strap(s). minimum # of straps for proper security should be
used. Mark location of holes in flap and skull
Drill holes in bone flap on hard surface, affix Ti strap(s) with screws
Position flap in craniotomy making sure flap is flush with skull (thin flap with burr if
necessary), drill skull holes and screw down
Close galea with ~4-0 vicryl. If necessary galea can be incised and pulled over
connector
Incise skin for connector opening, minimum slit size, pull skin over connector
Suture skin with e.g. monocryl, can close connector hole with purse-string suture if
necessary
Clean skin with gauze and saline to remove blood and betadine
Remove glove tip from connector
Apply Bacitracin to incision
Wake animal

Waking animal post-op









Turn off anesthesia
Decrease respiration rate to increase CO2
Remove animal from stereotaxic frame
Remove ET tube when animal sufficiently awake
Remove EKG electrodes, temp probe, etc.
Replace collar
Return animal to cage
Heat lamp
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Medications
Pre-op Meds
 Dexamethasone
 Antibiotics(e.g. Claforan)
 Ketamine
Post-op Meds
 Antibiotics(e.g. claforan for 7 days)
 Analgesic(e.g. buprenex, as needed)
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Checklists
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Instruments/Tools
Gas Sterilization:
Ti Mesh
Ti Mesh cutting tool
Droppers
Inserter switch
Tap handle/Hand drill
Fabric adhesive tape
Weigh boats
Silastic tips
Goretex

Micromanipulator set-up
Circle clamp for inserter
mounting
Bar for Micromanipulator
Manipulator Tower
Applicators
Anchors (T-bolts)
Wrench
Cautery tool

Steam Autoclave:
Rongeurs
Iridectomy scissors
Forceps
Needle holder
Hemostats
2 final preps (1 w/scissors &
forceps)
Scalpel handle
Scraper
Coated forceps
Blue drill bits & stoppers
Thomas screwdriver
Titanium Screws
Cortex screws

Rulers (steel, mm)
Toothbrush, stainless steel
Scissors & forceps (2 packs)
Electrode arrays in holder
Aluminum bowls with gauze
OR towels/drapes
(2L,4M,6S,8clamps)
Stockinette over stereotax bars
Same side as implant
Stryker drill
Halo
Hex Wrench Set
Jeweler's screwdrivers
Titanium Screw tool

Surgical Set-up (Non-sterile):
Syringes (1cc, 5cc, 10cc, 60cc)
Fabric adhesive tape
Gauze sponges
Scalpel blades
Pen & log book, computer
Isofluorane
Sterile markers
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Extra drill
Suture
Collar key
Ketamine
Sterile acrylic
Wonkulator
Saline
37

Drug Intake
MONKEY:
WEIGHT:
DATE:
KETAMINE
15 mg/kg
100mg/mL
0.15 mL/kg
TIME
DOSE

CLAFORAN
50mg/kg
300mg/mL
.16mL/kg
TIME
DOSE

BUPRENEX
.01mg/kg
0.3mg/mL
.03 mL/kg
TIME
DOSE

TIME

DOSE

OTHER:
Atropine

0.01 mg/kg
0.54 mg/mL
.019 mL/kg

Valium (Diazepam) 0.1mg/kg
5 mg/mL
0.02 mL/kg
Dexamethasone

0.5 mg/kg
2mg/mL
0.25 mL/kg

Weight day of surgery:
Intubated at: with #tube
IV line in at: 1 drip every 5 seconds. 5% dextrose/0.45% saline
Collar off and shaved:
In frame at:
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Vital Signs
MONKEY:
WEIGHT:
DATE:
PROCEDURE:
SURGEONS:
TECHNICIANS:
TIME

CO2
LEVEL

RESP
RATE

ISOFL
LEVEL

BP

BODY
TEMP

HEART
RATE

NOTES

:00
:15
:30
:45
:00
:15
:30
:45
:00
:15
:30
:45
:00
:15
:30
:45
:00
:15
:30
:45
:00
:15
:30
:45
:00
:15
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TREATMENT RECORD
ID#____________________________ WT:_______
Surgical Procedure: __________________________________________
PI: ___
EXT:
ANASTHESIA: ______________ LENGTH: __________
ANTIBIOTICS:_____________________ DOSE:_____________ DAYS:_________________
_____________________ DOSE:_____________ DAYS:_________________
_____________________ DOSE:_____________ DAYS:_________________
ANALGESIC:_______________________ DOSE:_____________ DAYS:_________________
DIET: REGULAR:____________ SPECIAL__________________________________________

DATE

DRUG

DOSE

TIME
A.M. P.M.

COMMENTS

INTLS

A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
A.M. P.M.
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Notes:
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