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erebral arteriove- 
nous malformations 
(AVM) are abnormal 
channels of blood 
between arteries and 
veins in the brain. 

These channels offer less resistance 
to blood, causing increased blood- 
flow. When this occurs, the arteries 
that supply the blood and the veins 
that drain the AVM grow. Easier 
flow through the AVM allows blood 
to be stolen from surrounding tis- 
sue. Resultant symptoms range 
from headaches and blurred vision 
to transient ischemic attacks UTAS) 
and 

Grading AVMs 
AVMs are graded according to their 
size, the importance of the brain tis- 
sue in which they lie, and their pat- 
tern of venous drainage, with grade 
I having the least risk for surgical 
removal and grade V having the 
greatest risk for surgical removal. 
Points are assigned to the different 
categories into which the AVM falls. 
Total points equal the grade of the 
AVM (Table I).' 

Occasionally, grade I or I1 AVMs 
pose a problem for surgical localiza- 
tion when they are deep within the 
parenchyma or in critical areas of 
brain function. With the use of 
stereotaxis, these small lesions can 
be reliably located with less anes- 
thesia time and minimal trauma to 
the surrounding tissue.', 

Patient Selection 
Individuals harboring AVMs nor- 
mally show symptoms before they 
reach 30 years of age.5 The patient 
may present with a variety of symp 
toms including seizures, sudden 
headache, often with a loss of con- 
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sciousness, and diplopia (double 
vision). A lumbar puncture may 
show blood in the cerebrospinal 
fluid (CSF), which is indicative of 
subarachnoid hemorrhage. 
Preoperative workups include a CT 
or MRI scan and four-vessel cere- 
bral angiography i f  the AVM is too 
small to be detected by CTor MKI. 
After determining the location, size, 
and grade of the AVM, a decision is 
made as to a need for a stereotactic 
technique for resection. 

Development of Stereotaxis 
The history of stereotaxis dates 
back to the early 1900s when it was 
used primarily for experiments on 
animals. The first human applica- 
tions were for the drainage of 
abscesses and with ventriculogra- 
phy6 It was not until the invention 
of computed tomography (CT)and 
magnetic resonance imaging (MRI) 
that the real capabilities and possi- 
bilities of stereotaxis were fully 
realized. Today, stereotaxis is an 
indispensable tool in areas such as 
gamma knife radiosurgery and 
closed brain biopsies. 

Stereotactic principles are based 
upon using three-dimensional coor- 

Table 1.Grading Factors for AVMs' 

Size of AVM 
<3 cm: 1 Pt 
3-6 an: 2 pts 
>6 an: 3 pts 

Eloquence of Brain Tissue 
Eloquence: 1 Pt 
Less eloquence: 0 pts 

Drainage Pattern 
Deep veins: 1 Pt 
Shallow: 0 pts 

dinates to provide exact localization 
within the aanial vault. These three- 
dimensional coordinates are derived 
from two-dimensional positions out- 
side the head. The distances are 
measured from these positions to a 
specified target within the brain and 
input into a computer for processing 
into usable coordinates. These coor- 
dinates are then used to determine 
the path of entry and target location 
within the skull." 

Tools Used in Stereotaxis 
Stereotaxisis performed with the 
following tools: 

Head Ring.The head ring pro-
vides a stable point of reference by 
being firmly attached to the patient's 
skull with four sterile CT or MRJ 
compatible headpins (Figure 1). The 
pins, which are attached to carbon 
rods that do not show on CT or 
MRI, do not hinder imaging or arti- 
fact the final copy. A special wrench 
is used to tighten the pins. The head 
ring must also be adaptable to the 
Mayfield bed attachment for skull 
fixation during aaniotomy. Because 
the patient is usually under general 
anesthesia for the craniotomy, intu- 
bation can be performed before the 
placement of the head ring Head 
rings that allow jaw extension are 
available so that intubation can be 
safely carried out without compro- 
mising the airway." 

Localization Headbox. The local- 
ization headbox is placed over the 
head ring. It contains nine vertical 
and diagonal rods that resemble a 
bird cage when in place. When inter- 
sected by a CT or MRI scanning 
plane, the rods show an artifact out- 
side the skull on the final film. This 
is the basis of determining the dis- 
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Figure 1.The fixated head ring pro- 
vides an immovable point of refer- 
ence once applied to the skull. 

tance and final stereotaxic position 
of.the lesion and is known as the 
stereotaxic reference plane." 
CT or MRI Scanner Software. 

CT or MRI scanner software must 
be compatible with the type of 
stereotactic system being used. It 
must provide a roller controller- 
type cursor to determine the X and 
Y coordinates by plotting the visual 
artifact of the CT or MRI scanning 
plane through the localization head- 

Computer. A separate computer 
processes all of the data provided 
by the scan and turns the figures 
into usable stereotactic three-dimen- 
sional values that can be registered 
on the arc-quadrant. 

Figure 2. Stereotactic arc-quadrant 
and components. 
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The Arc-Quadrant. The arc- 
quadrant is the device that actually 
determines what physical route and 
point of entry the surgeon will use 
to reach the malformation (Figure 
2). The arc consists of a square base 
that is adaptable to the head ring 
and an arc that spans the length of 
the base. It is graduated in millime- 
ters in all dimensions for precise 
placement of coordinates. The three 
ranges of motion within the arc 
include the (1) anteroposterior (AP), 
(2) lateral, and (3) vertical. 
Accessories used with the arc 
include a left half arc, right half arc, 
guide block, guide tube, and reduc- 
er bushing. 

Phantom Base. The phantom 
base allows the surgeons to double- 
check the coordinates in a three- 
dimensional stereotactic space 
before actually beginning the 
surgery (Figure 3). The base repre- 
sents the patient's brain with the 
ability to place the target anywhere 
within its borders using the vertical, 
lateral, and AP coordinates of the 
previously computed target point. 

At National Naval Medical 
Center in Bethesda, Maryland, we 
use the Cosman-Robert-Wells 
(CRW) Stereotactic System made by 
Radionics of Burlington, Massachu- 
setts. This system is extremely accu- 
rate and very user-friendly. 

Supplies and Instrumentation 
At the naval medical center, sup- 
plies are ordered from Central 
Sterile Receiving (CSR) the day 
before surgery (Table 2). 

The operating microscope on a 
contraves stand is placed in the 
room with a video camera mounted 
on the scope. The camera is hooked 
to a television monitoring system to 
allow the surgical technologist to 
view the procedure and anticipate 
the surgeon's needs. This also 
enables the rest of the surgical team 
to observe the procedure. The surgi- 
cal technologist in the scrub role 
must be aware of the vasoactive 
drugs on the field. 

The circulator must ensure that 
extra supplies are available in the 
room to avoid having to leave the 
room during the procedure. 
Appropriate headlights and light 
sources are available as well as the 

Figure 3. Phantom base. 

surgeon's loupes. The circulator 
must ensure that there is a full tank 
of nitrogen with the tank attach- 
ment turned on and ready for use. 
Positioning supplies include 
eggcrate for pressure points, pil- 
lows, axillary rolls, and a gelpad for 
the bed. A warming blanket is laid 
on the operating room bed before it 
is made to maintain intraoperative 
patient temperature control. The 
Mayfield bed attachment and 
stektactic Mayfield adapter for the 
head ring should be placed near the 
bed. Items for placing the stereotac- 
tic head ring on the patient's head, 
the stereotactic phantom base, and 
computer are placed on a separate 
table or stand in the room. 

The Phalen and Mayfield table 
are positioned to facilitate moving 
in and over the draped patient. The 
bipolar machine and electrosurgical 
unit are positioned where the 
patient's feet will be when the oper- 
ating room bed is turned. Three suc- 
tion wall units are available with 
suction canisters. The microscope is 
assembled to provide either an 
opposing view or a side-by-side 
view, depending on the patient's 
position, and balanced with the 
proper lens size. It is imperative 
that the neurosurgeon check the 
microscope before scrubbing his or 
her hands. If the surgeon may 
require a separate rnicrobipolar 
machine, it should be made avail- 
able to prevent time loss in switch- 
ing cords. 

Patient Preparation 
The patient is brought into the 
room. The neuroanesthesiologist 
places a radial arterial line for 
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Table 2. Supplies, Instruments, and Accessories Used for Stereotactic-Guided Craniotomy 

Supplies 
2 Split sheets 
Footdrape 
Phalen and Mayfield table drapes 
Large basin for emesis and square 

basins 
Magnetic needle pad 
Marking pen 
Arachnoid beaver blades 
2 No. 10 Blades, 3 No. 15 blades, and 3 

No. 11blades 
3 Packs of radiopaque sponges 
Sterile handtowels 
Gowns and gloves 
3 Suction tubings 
Instrument pouches 
16-F Catheter, 5-cc balloon Foley 

catheter, and insertion kit with 
urimeter 

2 Aesepto bulb syringes 
Prep tray 
4 Extra Mayo stand covers 
2 Saline cans 

Accessory supplies 
3 2Gcc Syringes 

drawing blood gas and monitoring 
intraoperative blood pressure in 
addition to the standard blood pres- 
sure cuff. A central line is also 
placed in the patient's right atrium 
for central venous pressure moni- 
toring. A pulse oximetry probe is 
placed on the patient's finger for 
monitoring blood oxygen satura- 
tion. Two large-bore IVs are placed 
in case mass volume replacement is 
necessary. An electroencephalo- 
graph (EEG) technician places EEG 
leads on the patient's scalp to moni- 
tor brain wave activity. This may be 
necessary if the neurosurgeon 
requests burst suppression. 

Burst suppression decreases the 
brain's need for oxygen by decreas- 
ing the amount of electrical activity. 
This allows the neurosurgeon to 
cross-clip major arteries in the brain 
while decreasing the risk of 
ischemia or infarction. This is 
accomplished by giving the patient 
massive amounts of barbiturates. 

The neuroanesthesiologist 
induces the patient with an IV anes- 
thetic such as thiopental sodium. 
The patient is then intubated as the 
nurse anesthetist inserts a Foley 
catheter into the bladder to monitor 

2 18-gal Angiocaths 
Microscope drape 
Absorbable gelatin sponge (Gelfoam) 
Bone wax 
2 x 14 Oxidized cellulose (Surgicel) 
Miaofibrillar collagen hemostat 

(Avitene) 
21-gal Needle 
Dural hook 
Uncoated monofilament polyglactin 

910 suture: size 0,2-0,3-0 on CT-1,4 
0 on dura needle 

2 35-Wide staplers 
Dermahooks 
Bicollagen sponge 
3 Packs of Raney clips 
Thrombin 
Bacitracin 
0.25% Bupivicaine hydrochloride 

1:200,000 epinephrine 
Ventricular catheter 
Stereotactic stockinette 
Cushing clip boats 
Cottonoid (sizes: 1/8 x 1/8; 1 /4 x 1/4; 

1/2 x 1/2; 3/4 x 3/4; 3 x 6 )  
Radiopaque cottonballs 

urine production. 
After the endotracheal tube is 

secured, the neurosurgeon places 
the head ring on the patient. The 
rods and pins on the head ring are 
sterile. Povidone-iodine ointment is 
placed on the tips of the pins to 
stem infection and prevent air 
emboli from entering the venous 
system. For supratentorial AVMs, 
the ring is placed with the base 
even at the level of the nose and 
parallel to the orbitomeatal and 
intercanthal lines. This varies wide- 
ly with lesions that are infratentori- 
a1 or temporal. The head ring can be 
tilted to compensate for lateral 
lesions and this is best achieved 
with the patient in a sitting position. 
With the patient under general 
anesthesia, the circulator must help 
support the patient's head. Care 
must be taken not to harm the 
patient's cervical spine during 
app1ication.B" 

After application of the head 
ring, the patient is transported to 
MRI for radiographic examination. 
The localization headbox is placed 
over the head ring, and the patient 
is transferred into the MRI chamber. 
No metal objects are allowed 

Papaverine 
5F Malleable suction catheter 

Instrumentation 
Craniotomy set with rongeurs and 

Raney clip appliers 
Stereotactic arc (Cosman-Robert-Wells) 
Greenburg retractor with (Sugita) mal- 

leable~ 
Aneurysm clip tray (Sugita) 
Leyla bar retractor with bed attachment 
Rhoton dissector set 
Rhoton and Frazier suction tips 
Insulated bipolars with nonstick tips 

and cord 
Drill (Midas Rex) 
Drill attachments B-1, 0, C (Midas Rex) 
Drill bits B-l,0-2, C-1 (Midas Rex) 
Microscissors, curved and straight' 
Cushing silver clip appliers 
Fine needle drivers 
Micro bayonets and bipolars 
2 Adjustable suction regulators 
Operating microscope (Zeiss) 

around or near the chamber. The 
neuroanesthesiologist maintains the 
patient's anesthesia with an MRI-
compatible anesthesia machine. 
Images of the patient's brain are 
taken at 1.5-mrn intervals with the 
localizer headbox attached and the 
neurosurgeon measures the distance 
from the artifacted headbox rods 
outside the skull to the targeted 
AVM within the brain. This is 
accomplished with a roller con- 
troller trackball cursor. When the 
cursor is placed on each of the nine 
artifacted rods, the MRI. scanner 
produces an XY coordinate that is 
then processed into usable stereo- 
tactic coordinates by the-comp~ter.~ 

In the operating room, the surgi- 
cal technologist readies the field 
(Figure 4). The craniotomy set is 
opened and set up to facilitate keep- 
ing open whatever side of the 
Phalen table will be facing the sur- 
geon. Raney clips are loaded onto 
the appliers, absorbable gelatin 
sponge is cut to size and soaked in 
thrombin, and oxidized cellulose is 
cut to size. Preoperative local injec- 
tion should be available, such as 
0.25% bupivicaine hydrochloride 
with 1:200,000 epinephrine. A 
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Figure 4. Instnunentation for 
craniotomy. 

vasodilator such as papaverine 
should also be on the field. All 
drugs are labeled to prevent an acci- 
dental mix-up. The dermahooks are 
loaded on hemostats to retract the 
scalp. An inventory is done for the 
microinstnunents and the 
Greenburg retractor to ensure that 
all pieces are present. Two suction 
tubings are precut and placed on 
the suction regulators. A wide selec- 
tion of micro AVM and aneurysm 
clips, ranging in size from 1 mm to 
7 nun, are placed on the field 
(Figure5). The CRW arc is then 
assembled. The sterile phantom tar- 
get probe is placed in the phantom 
base. All drapes, surgical gowns, 
and gloves are readied. 

Once the patient is removed 
from the scanner, the localization 
headbox is removed and the patient 
is wheeled into the operating room 
and transferred to the operating 
table. All pressure points are 
padded with attention to bony 
prominences and nerve plexuses 
and an electrosurgical grounding 
pad is applied. The bed is then 
turned to whichever direction the 
neurosurgeon desires, dependent on 
the approach to the AVM.The 
patient's head is marked, then 
prepped with a povidone-iodine 

Figure 5. Aneurysm and AVM clips. 
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scrub and paint solution. The scrub 
person then does a needle and 
sponge count with the circulator. 

The gowned and gloved neuro- 
surgeons take the CRW arc and 
place it on the phantom base to con- 
firm the entry points that were pre- 
calculated on the Radionics comput- 
er. The bottom of the CRW is 
unsterile and must be treated as 
such. The target points are then set 
on the phantom base (Figure 6). 
After confirmation of the entry 
points in a simulated stereotactic 
space, the patient is draped. 

A footdrape is laid and a piece of 
iodine-impregnated incision drape 
(Ioban) is placed over the top of the 
intended incision site on the head. 
A sterile segment of 6-in. stockinette 
is rolled over the top of the head 
ring until it covers the entire field 
from the top of the patient's head to 
the base of the ring. Scissors are 
used to cut holes in the stockinette 
where the CRW foot pieces will rest 
on the base of the ring. A new ster- 
ile scissor cuts a hole in the stock- 
inette where the incision will be 
made, exposing the Ioban under- 
neath. Another layer of Ioban is 
applied over the incision site to 
hold down the stockinette and pre- 
vent fragments from entering the 
wound. Split sheets are then laid 
just under the base of the ring to 
prevent interference with the 
CRW's foot placement. After drap- 
ing, the electrosurgical cord, bipolar 
cord, microbipolar cord, and two 
suctions attached to suction regula- 
tors are passed to the circulators. 
Light handles are applied (Figure 
"\
/ I .  

The CRW arc is then locked into 
place over the patient's head. The 
coordinates are set and the incision 
site is determined. The arc is low- 
ered and the scalp is infiltrated with 
a solution of 0.25% bupivicaine 
hydrochloride with 1:200,000 epi- 
nephrine. A No. 10 blade on a No. 3 
handle is used to make the scalp 
incision. Raney clip appliers are 
placed at the edges of the scalp for 
hemostasis. Periosteal elevators dis- 
sect the periosteum away from the 
bone. A Leyla bar is attached to the 
operating table opposite the reflec- 
tion of the scalp flap. A radiopaque 
sponge is placed over the scalp and 

6. Surgeon checks and con- 
firms figures on phantom base 
before beginning procedure. 

dermahooks are pierced into the 
galea and attached to the Leyla bar. 
The bar is then tightened, retracting 
the flap. 

The drill is loaded with the B-1 
bit on the B attachment to make an 
initial hole for placement of the 
footplate on the B-1 attachment. The 
B-1 bit on the 8-1 attachment is then 
used to turn a bone flap. The bone 
flap is dissected away from the dura 
mater with a No. 3 Penfield dissec- 
tor, then removed and soaked in a 
concentrated bacitracin solution. 
The C-I bit on the C attachment is 
then used to drill dural tacking 
holes around the edge of the cran-
iotomy. The bone flap is drilIed in a 
similar manner to facilitate suturing 
of the bone flap back to the skull at 
the end of the case. 

Before entering the dura, four 
fresh wound towels are placed 
around the incision and the attach- 
ments for the Greenburg retractor 
are placed in position on the head 
ring. Two primary and floating sec- 
ondary arms with flexible snake 
retractors are positioned. A 4-0 
uncoated monofilament polyglactin 
910 suture on a dura needle is used 
to tent the dura to the skull to avoid 
slippage of the dura beneath the 
skull and to prevent an epidural 
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igure 7. Completed draping 
procedure. 

hematoma from developing. A 
dural hook is used to elevate the 
dura away from the arachnoid and 
a No. 15 blade on a No. 7 handle is 
used to make a durotomy. A 
Penfield No. 4 dissector is used to 
probe the subdural space. With 
toothed Gerald pickups and 
DeMartel dural scissors, an elliptical 
shape is cut in the dura. The dural 
flap is reflected away from the now 
exposed brain, and 4 0  suture is 
used to tack the dura to the galea, 
holding the dura out of the way. 

The CRW arc is again raised over 
the brain and the coordinates set. A 
ventricular catheter is passed 
through the reducing bushing to 
indicate where the cortical incision 
will be made in the arachnoid mat- 
ter (Figure 8). From this point on, 
only warm lactated Ringer's solu- 
tion is used to irrigate the brain. 
This solution more closely matches 
the brain's natural pH level. 

The surgical technologist drapes 
the microscope, which is then 
swung into place over the patient's 
brain. If possible, the natural sulci 
overlying the AVM is opened with a 
beaver blade and bipolar cautery, 
and the underlying gyri is incised in 
the same manner. At times, it may 
be necessary to remove part of the 
gyrus to get exposure to the AVM; 
exposure is accomplished with 
bipolar and suction. All brain tissue 
not currently in the neurosurgeon's 
site is covered with a wet bicollagen 
sponge or nonadherent polytetraflu- 
oroethylene (polytef). At intervals 
during the brain dissection, the 
CRW arc is raised and the ventricu- 
lar catheter is passed to show the 
direct route. This minimizes unnec- 
essary damage and resection of nor- 
mal brain tissue. A tape tag such as 
a sterile tape strip at the end of the 

catheter acts as a depth gauge and 
tells the neurosurgeon how much 
further to dissect. 

The Greenburg retractor is 
moved into position with Sugita 
malleables at the working ends. A 
padding buffer such as wet polytef 
is used to line the surface of the 
malleable retractor to allay unneces- 
sary pressure during retraction. 
Once the part of gyrus overlying the 
AVM is removed and the retractors 
are in place, the CRW arc is again 
raised. The coordinates are set and 
the catheter is passed to confirm 
that the surgeons have located the 
correct place. Once the AVM is visu- 
alized, the dissection of the lesion 
begins. 

At this point, the surgical tech- 
nologist must be alert to everything 
that is happening under the micro- 
scope. The AVM may rupture or 
bleed at any time. Rhoton dissectors 
and microscissors should be readily 
accessible. Avoid giving the surgeon 
oxidized cellulose unless it is specif- 
ically requested as it will adhere to 
the vessels and the nidus of the 
AVM and could rip the walls when 
removed. The aneurysm clips are 
brought to the Phalen table so they 
are quickly available. 

The neurosurgeon begins dissect- 
ing the arachnoid away from the 
AVM with a beaver eye blade and 
microsassors. Hemostasis is main- 
tained with a microbipolar, 
absorbable gelatin sponge, and cot- 
tonoids. The AVM is gently dissect- 
ed away from the parenchyma with 
Rhoton dissectors. Microcottonoids 
are placed to develop a plane 
between the AVM and the brain. 
The feeding arteries are clipped 
with aneurysm clips and cut. The 
clip must be wet before application 
to prevent adherence to the vessel if 
removal is necessary. Deep draining 
veins may cause sudden bleeding 
and access to them is sometimes a 
problem. The surgical technologist 
should be aware of this danger and 
prepare for the worst. A large sup- 
ply of absorbable gelatin sponge, 
oxidized cellulose, and cottonoids 
should be available. 

Imgation must be kept normoth- 
ermic to prevent vasospasm and 
injury to the brain. A temperature 
slightly above 110°F is usually suffi- 

Figure 8. Arc is raised to confirni 
durotomy entry point with a 
ventricular catheter. 

cient. Once all feeding arteries and 
draining veins are clipped or cau- 
terized, the AVM is then removed 
en bloc. The surgical technologist in 
the scrub role must always record 
the number and type of clips 
implanted. If any major parent 
arteries seem to be in spasm, drops 
of papaverine are applied to allevi- 
ate the problem. 

Once excision of the AVM is 
complete, the cottonoids are 
removed and a powdered microfib- 
rillar collagen hemostat is applied 
to the wound and left to sit for 5 
minutes. The microfibrillar collagen 
hemostat is then irrigated and the 
wound is examined for any further 
bleeding. The retractors are 
removed from the brain and the 
edges of the brain that were in con- 
tact with the malleables are exam- 
ined. 

Closure of the dura is camed out 
with 4-0 uncoated monofilament 
plygladin 910 suture on a dura 
needle. Toward the end of dural clo- 
sure, a small durotomy is left open 
and microirrigation is introduced. If 
the irrigation returns with a high 
amount of blood, the dura must be 
reopened and examined for possible 
bleeding. The microscope must 
remain sterile until this is complet- 
ed or until it is determined that the 
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AVM space has not re-bled. The 
durotomy is then closed and the 
bone flap is replaced using 0 
uncoated monofilament polyglactin 
910 sutures passed through the 
original holes drilled at the begin- 
ning of the case. The galea is reap- 
proximated with 3-0 uncoated 
monofilament polyglactin 910 
suture. Staples are applied to the 
skin and a nonadherent dressing 
with a petroleum gauze and 4 x 8 
plain sponges are taped into place 
with a headwrap consisting of two 
self-adherent bandages (Kling), two 
gauze bandages (Kerlex), and tape. 

The patient is transported to the 
neurosurgical intensive care unit for 
postoperative observation. 

Postoperative Results and 
Complications 
Postoperative results are related to 
the size and location of the AVM. 
Mortality is less than 5% and mor- 
bidity is less than 10% following 
this pr~cedure.~ 

Typically, the patient will under- 
go cerebral angiography postopera- 
tively to confirm total eradication of 
the AVM. Care is taken to avoid 
raising the patient's blood pressure 
above 140 systolic to prevent cere- 
bral perfusion breakthrough.= With 
an uncomplicated postoperative 
period, the patient may be released 
in 1 week following surgery. A 
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Taking the CE Exams 

To make the most of the continuing education exams that appear 
monthly in the journal, keep in mind the following suggestions: 

The test questions are taken directly from the continuing educa- 
tion article. Choose your answer based on the information present- 
ed in the article itself. Do not choose a response based on your per- 
sonal experience. 

Note the deadline for submitting continuing education exam 
answer sheets. This date can be found on the page where the exam 
question are located. Exam sheets will not be processed after the 
published deadline. 

*Continuing education exams are graded on a pass/fail basis. 
Examinees must answer 70% of the questions correctly to receive 
credit. If a question is deemed to be unclear or invalid, an incorrect 
answer will not be counted against the examinee's score. 

*Continuing education exams must be submitted with payment. 
No answer sheet will be graded unless accompanied by a check or 
money order for the correct amount. 

*Each month's exam need not be mailed separately. Exams and 
payments may be accumulated over several months and sent in one 
envelope. One check or money order can be submitted for multiple 
exams. 
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