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1.0 PURPOSE

The purpose of this guide is to aid in the placement and fixation of the QFlow 500
Perfusion Probes in neurosurgery cases and to help interpret the data recorded by the
Bowman Perfusion Monitor

The successful use of the Bowman Perfusion Monitor requires that:

e The probe is inserted at the proper site and to the proper depth for the given
indication;

e The probe is kept fixed at this location;

e The data are properly interpreted.

The following sections should aid in this process.

2.0 AUDIENCE

This guide is intended for use by anyone involved in the care of neurosurgery patients
who are being monitored with the Bowman Perfusion Monitor. Basic knowledge of
neuroanatomy and procedures is assumed.

3.0 BACKGROUND

Hemedex has developed thermal diffusion technology that continuously and
accurately measures real-time absolute blood flow in organs, muscle and tissue. The
system consists of a patient monitor, a connector cable and minimally invasive,
flexible microprobe measuring 1 mm in diameter. To measure blood flow, the probe
is inserted into the target tissue (approx. 25 mm deep and the sensor at the probe tip
quantifies perfusion in the spherical volume of tissue surrounding the sensor. The
surface of the sensor is heated to a small increment above the tissue baseline
temperature; while another sensor (8 mm) back from the tip monitors and
compensates for baseline tissue temperature changes. The power dissipated by the
heated sensor is a measure of the heat transfer into the tissue. The total heat transfer
consists of a thermal conduction component, measured by the K value, and the
thermal convection component, which is related to tissue blood flow. Through very
complex computer algorithms, the monitor is able to take the raw power data,
determine the K value and quantify the absolute blood flow.

The monitor also has an intuitive graphical user interface, a color screen, and a
thermal printer. Fifteen days of data can be stored on the monitor and data can be
downloaded to a computer for storage and analysis.
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4.0 FREQUENTLY ASKED QUESTIONS (FAQS)

1. How do you insert the Monitor’s QFlow 500 Probe?
a. Similar to other cerebral probes, e.g. intraparenchymal ICP probes, which are
inserted via a burr hole.
b. The probes can also be tunneled under the scalp.
c. For full details see Section 5.1 and 5.2.

2. Where do you implant the probe?
a. The probe should be placed in the vascular territory at risk for ischemia, or in
an area you are interested in measuring CBF.
b. The probe tip should be completely surrounded by white matter.

3. What risks are there in implanting the Probe?
a. Same as implanting other minimally invasive, intraparenchymal probes.
b. Contraindications are the same as catheter insertion into tissue.
c. Histological studies reveal only minimal tissue destruction, and no bleeding
around insertion track.
d. There have been no signs of inflammation, edema, or thermal damage (tissue
temperature is never heated above 41 C (105.8 F), as mandated by the FDA.

4. At what depth is the probe tip placed?
a. The probe tip should be placed approximately 25 mm below the dura. This
ensures that the probe tip is in white matter.

5. How do I know I have the probe tip in a good location?

a. Good placement is determined by a good K Value (<5.8). If your K Value is
too high, the probe tip may be next to a thermally significant vessel which
flow is confounding the measurement or the brain may be periodically moving
against the probe from the cardiac cycle.

b. If the K Value is too high the Monitor will alert the user. It is for this reason
you should check your K Value prior to securing the probe in place or
breaking sterile field. To overcome the high K Value simply move the probe
by either advancing it or pulling it back 1 mm.

c. Another way to ensure proper depth placement is with a CT scan. The probe
is radio-opaque and, although you will not be able to see the depth markings,
you will be able to see the probe and if the tip is positioned in white matter.

6. What are the technique sensitivities of the QFlow 500 Probe?

a. The probe will calibrate itself by measuring tissue temperature and
conductivity (K) prior to measuring perfusion. This process typically lasts a
few minutes (approximately 4 minutes depending on the level of perfusion).

b. If the probe is moved, it will automatically recalibrate itself.

c. Placing the probe near a thermally significant vessel will give a high K Value.

www.hemedex.com 5 Main Line: 1 617 577 1759
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d. During recalibration you cannot obtain perfusion measurements.
Recalibration will be performed after 30 minutes (unless the default settings
are changed), and will be done automatically.

e. The Monitor is sensitive to electrical noise such as that produced by
electrocautery equipment. If the interference is great enough the Monitor will
need to recalibrate.

f. The tissue being measured must be thermally stable; therefore, external
influences such as irrigation may cause a thermally unstable environment and
inhibit perfusion measurement.

7. What other limitations are present?

a. The Monitor will not heat tissue above 41 C (105.8 F); therefore, if a patient
has a temperature around 39.5 C (103.1 F) the Monitor will not be able to
measure perfusion. Once the patient s temperature comes down below this
threshold, the Monitor will automatically start measuring perfusion again.

b. The measurement is focal in nature; specifically, the probe measures perfusion
in the small, spherical volume of tissue surrounding the distal tip of the probe
(a sphere of tissue about 4-5 mm in diameter).

8. Does the focal measurement reflect the regional blood flow?

a. The best answer to this question comes from Vajkoczy et al, 2000, Journal of
Neurosurgery 93:265-274, who utilized the probe in patients and compared
perfusion measured with the Bowman to that measured with the Xenon CT
perfusion method.

b. Vajkoczy et al found that in the 16 patients tested, XeCT and Bowman
perfusion were correlated very well. Ideally, a correlation fit line would have a
unity slope and zero intercept. The actual slope found was very close to unity
(1.01) and the intercept was very close to zero (-1.56 ml/100 g-min). For this
correlation, measurements with both techniques were registered in time and
space. The XeCT images were taken from a 5 milliliter region of white matter
surrounding the Bowman probe. So from this study we can conclude that the
focal perfusion probe that measures in a 0.03 ml volume correlates with
regional perfusion measured in a 5 ml volume. The regional perfusion
measurement is indicative of the flow in the vascular territory.

c. Proper use and interpretation of this regional perfusion data can be a benefit,
especially when the probe is placed in the region or vascular territory most at
risk for ischemia. For the indication of subarachnoid hemorrhage (SAH), the
regional perfusion measurement could selectively sample CBF in an
individual vascular territory at risk for vasospasm (MCA versus ACA). This
should improve the detection of vasospasm and permit therapy targeted to the
affected territory.

9. What is the maximum time a Probe can be left in situ?
a. The probe is indicated for 10 days implantation; however, it will work for up
to 20 days.

www.hemedex.com 6 Main Line: 1 617 577 1759
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10. Are the probes reusable?
a. No, the QFlow 500 Probe is a disposable, single-patient use item.

11. Is the Probe MRI compatible?
a. No, the QFlow 500 Probe is not MRI compatible.
b. If the patient needs an MRI it will be necessary to remove the probe.

12. How sensitive is the QFlow 500 Probe?
a. 0.1 ml/100g-minute.

13. What else will the Monitor measure?
a. The Monitor will measure baseline tissue temperature near the tip of the probe
(the proximal, sense thermistor is taking the temperature reading) and absolute
cerebral tissue perfusion.

14. Can the Monitor accommodate more than one probe?

a. The monitor is a single channel device. If you want to simultaneously monitor
more than one QFlow 500 Probe you will need additional Monitors.
Alternatively, 2 Probes could be intermittently measured with a single
Monitor.

15. Can the Bowman Perfusion Monitor interface with other patient monitors?
a. The Monitor provides both analog and digital outputs which can be interfaced
with other patient monitors and data acquisition systems by the user.
b. Digital data is streamed through a serial port and can be uploaded to a laptop.
c. The analog output can be connected to a Philips bedside monitor with an
OpenLink module. Contact Hemedex for assistance.

16. How much data can be stored/retrieved?
a. The monitor can collect data at a rate of once a second and there is enough
memory to store these data for 15 days.

17. Does the Probe need to be calibrated or zeroed?

a. No, the probe does not need to be zeroed or calibrated like other catheters.
However, the monitor does automatically go through a calibration phase to
ensure accuracy of the measurement. The user does not need to do anything to
calibrate the probe.

18. How long does Calibration take?
a. Calibration typically takes a few minutes depending on blood flow; the higher
the flow the quicker the calibration process and vice versa.

19. Does the Monitor have alarms?
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a. Yes, the Monitor can be set to alarm if the perfusion reaches above or below a
certain threshold for a user-defined time period (i.e., a quick spike above or
below the alarm thresholds will not set off the alarm). The Alarms are not
enabled by default; the user needs to enable the alarms and set the bounds.

20. Can you print a trend or just the numerical values?
a. You have the option to print the following 4 items:
I. Print perfusion, i.e., what you see on the monitor graph
i. Print perfusion and temperature (on the same strip)
iii. Print a list of the K Values
iv. Print the current Monitor settings

21. Is the probe sensitive to motion artifact?

a. Yes, the probe is sensitive to motion artifact. If the probe tip is moved
significantly in relation to the tissue where it s implanted, the monitor will be
forced into recalibration. However, if the motion is minor then the monitor
will not be forced into recalibration but, you will see sharp spikes in on the
monitor graph; these spikes can range from 0 250 ml/100g-min.

b. In the ICU environment it is less likely to experience motion artifact than in
the OR setting. When using the probe intra-operatively there are confounding
factors such as irrigation, retraction, and surgical manipulation. These factors
often lead to probe displacement and, in turn, motion artifact.

22. Can the data be smoothed?
a. No, at this point in time the data cannot be smoothed. However, the time range
can be adjusted so that the data can be spread out over time, which allows for
more detailed viewing at specific points in time.

23. Can the average or mean be displayed or printed?
a. No, the monitor gives perfusion measurements in real time only and, currently,
does not have the capability to display a mean or average CBF measurement.
b. However, if you printout the data it is easier to see what the average value was
for the last 30 minute perfusion run.

24. What is the correlation between CBF and ICP, CPP, PO,, MAP, etc.?

a. If pressure autoregulation is intact then you should expect to see CBF stay
constant regardless of MAP changes within a certain range. However, in a
traumatized brain or following certain vasodilator agents, CBF may become
blood pressure dependent. This means the autoregulation mechanism has
been compromised and, as a result, CBF will increase as arterial pressure rises,
causing an increase in cerebral volume.

b. The increase in cerebral volume will cause an increase in ICP. Conversely,
without autoregulation, if MAP decreases so does CBF, causing a decrease in
blood volume and, eventually, a decrease in ICP.
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5.0 PROBE INSERTION
Proper probe insertion requires consideration of the following:

e The probe measures focal perfusion in a volume of approximately 0.25 cc.
0 Placement should be made into the tissue or vascular territory of
interest.
e The probe uses a thermal technique for quantification of perfusion.
o0 The measurement may be affected by rapid changes in tissue
temperature (irrigation, rapid infusion of fluids, etc.).
e Motion of the probe will cause artifact and possibly recalibration if severe

enough.
0 The probe should be properly fixed to the bolt or sutured to the
scalp.
5.1 Intra-Operative Probe Insertion

5.1.1 Intra-Operative Indications and Probe Insertion Site Selection
5.1.1.1 Aneurysm Repair Surgery

The probe should be inserted into the vascular territory downstream
from the temporary arterial occlusion (TAO).

5.1.1.2 EC/IC Bypass Surgery

The probe should be inserted in the vascular territory most affected by
the bypass to assess the adequacy of flow.

5.1.2 Intra-operative Insertion and Fixation Protocol

During intra-operative procedures, the measurement of perfusion may be
affected by:

e Thermal instability from tissue cooling via the open craniotomy;
e Thermal instability from fluid irrigation;

e Probe motion from tissue retraction;

e Reduced perfusion from tissue compression via retraction;

e Probe motion from external interference;

e Electrocautery, especially unipolar (Bovie).
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Based on these considerations, it is recommended that the probe be inserted
though a burr hole just adjacent to the craniotomy to reduce thermal and
mechanical interference to the probe.

5.1.2.1 Insertion through a burr hole adjacent to the craniotomy

Figure 1 below shows a rendition of the placement of the probe though
a burr hole adjacent to the craniotomy. In the event that post-operative
monitoring is desired, it is best to forward tunnel the probe.

The procedural steps for the probe placement with tunneling are as
follows:

e Create Burr Hole

0 At the site for probe insertion, use a scalpel with a #15
blade to make a linear incision 2-3 cm long and carry it
to the bone.

0 Use a self-retaining retractor to provide bone exposure.

0 Using a 2.7 mm drill bit, drill through the outer and
inner tables of the skull taking care to minimize any
potential for damage to the dura or the underlying
structures.

0 If necessary, use a sterile flush to enhance visibility.

0 Make an incision in the dura using a #11 blade or
bipolar, securing hemostasis as necessary.

e Create Tunnel

0 Use a 14-gauge Tuohy needle to tunnel the probe under
the scalp by inserting the needle from the site of the
burr hole, under the scalp to exit at the desired location
approximately 6 cm from the burr hole.

0 Remove any trocar that may be in the needle lumen.

0 Pass the probe tip through the lumen in the distal end of
the Tuohy needle and advance the probe tip toward the
burr hole.

o While holding the probe in place, slide the Tuohy
needle out from under the scalp and discard.

e Insert Probe

0 Using the blue centimeter markings on the probe shaft
as a guide, insert the probe through the burr hole to a
depth of 25 mm below the level of the dura into the
white matter.

e Suture scalp over burr hole as necessary.

e Loop 4-5 cm of probe slack in a circle around the site where the
probe exits from under the scalp and secure the probe shaft
with three sutures spaced evenly apart.

www.hemedex.com 10 Main Line: 1 617 577 1759
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Figure 1: Drawing of the QFlow 500 Probe placed via a burr hole and tunneled adjacent to a craniotomy.
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5.1.2.2 Insertion through the craniotomy

Based on neurosurgeon preference, the intra-operative placement of
the probe through a burr hole may not be desirable. In this case, the
probe may still be placed through an open craniotomy. However, extra
care must be taken to position the probe at the edge of the craniotomy
away from the main surgery site to minimize artifact from retraction,
irrigation and mechanical interference.

The figure below shows a rendition of the placement of the probe
though the craniotomy. In the event that post-operative monitoring is
desired, it is best to forward tunnel the probe. Also make sure to insert
the probe through the site of one of the burr holes that was used to
create the craniotomy. In this way, when the bone flap is put back in
place, there will be an opening for the probe shaft to exit.

The procedural steps for the probe placement through a craniotomy
with tunneling are as follows:

Create Tunnel

0 Use a 14-gauge Tuohy needle to tunnel the probe under
the scalp by inserting the needle from the edge of the
craniotomy, under the scalp to exit at the desired
location approximately 6 cm away.

0 NOTE: The needle cannot slide over the blue
connector at the end of the probe. Therefore, it is
necessary to feed the needle from inside the incision
site out towards the exit site.

0 Remove any trocar that may be in the needle lumen.

0 Pass the probe tip through the lumen in the distal end of
the Tuohy needle and advance the probe tip toward the
craniotomy.

o While holding the probe in place, slide the Tuohy
needle out from under the scalp and discard.

e Insert Probe

0 Using the blue centimeter markings on the probe shaft
as a guide, insert the probe to a depth of 25 mm below
the level of the dura into the white matter.

e Loop 4-5 cm of probe slack in a circle around the site where the
probe exits from under the scalp and secure the probe shaft
with three sutures spaced evenly apart.

e Confirm adequate placement of the probe by checking the K

value. See Section 5.1.2.3.

www.hemedex.com 12 Main Line: 1 617 577 1759
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Figure 2: The placement of the QFlow 500 Perfusion Probe via a craniotomy and tunneled.
5.1.2.3 Confirm K Value

Confirm adequate placement of the probe by checking the K Value.
Connect the probe to the umbilical cord and Monitor and the
measurement will automatically begin. After about 3 minutes, the
Monitor will go into calibration and display a K Value. If the probe is
not in a good location you will receive an error message, High K
value Suggest reposition perfusion probe .

o If you have a high K Value (>5.8), move the probe 1 mm by
either advancing it or pulling it back.

o The monitor will automatically try to recalibrate. However, if
Temperature Stabilization Phase is taking too long, press

Measure Perfusion to request an earlier calibration.

0 After confirming placement with a good K Value (4.9 < K <=
5.8), allow the measurement to continue and fix the probe and
umbilical cord to the drape.
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5.1.3 Potential Sources of Interference Encountered in the OR
5.1.3.1 Irrigation

Tissue irrigation close to the entry location of the probe may cause
thermal instability in the reading and prevent an accurate measurement
of blood flow and/or induce a longer stabilization time.

5.1.3.2 Retraction

Retraction can affect the measurement by 1) inducing the cerebral
tissue to move relative to the probe, thus causing a motion artifact; and
2) by decreasing the blood flow by compression of the tissue behind
the retractor. Therefore it is suggested that the probe be placed away
from the site of retraction.

5.1.3.3 Electrocautery

Electrocautery, both unipolar (Bovie) and bipolar, can cause electrical
interference with the Monitor. This interference can introduce noise
into the perfusion data and possibly cause the monitor to automatically
recalibrate. The operation of the device should return to normal, as
soon as the electrocautery ceases.

Options, part 1
Perfusion  ATemp Alarms Sta

= LERIE Automatic

—— Cycle Run
NoLabel Stored Da

N

19:44, Tuesd ov 1, 2005

Figure 3: Interference in the perfusion measurement from bipolar
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5.1.3.4 Probe movement

Probe movement may be caused by retraction or by external
interference with the probe shaft. Linear movement of the probe along
the insertion track causes a characteristic artifactual spike in the
perfusion measurement. This is recognized by the Monitor which then
produces an error message. If the motion is significant enough, the
monitor will automatically recalibrate. See Section 5.2.3.3 for an
example of probe motion artifact.

www.hemedex.com 15 Main Line: 1 617 577 1759
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5.2 Bedside ICU Probe Insertion

5.2.1 Indications and Probe Insertion Site Selection

5.2.1.1 Subarachnoid Hemorrhage

For patients with subarachnoid hemorrhage (SAH), Fisher Grade llI,
IV or V, a probe should be placed in the vascular territory most at risk
for vasospasm.

Site of Vascular Territory at | Suggested Probe Implantation Site
Aneurysm | risk for Vasospasm
ICA MCA, ACA Ipsilateral to aneurysm
10 mm anterior to the coronal suture
60 mm lateral to midline
MCA MCA Ipsilateral to aneurysm
10 mm anterior to the coronal suture
60 mm lateral to midline
ACA ACA ipsilateral Ipsilateral or contralateral to aneurysm
ACA contralateral 10 mm anterior to the coronal suture
20 mm lateral to midline
AcomA ACA ipsilateral Ipsilateral or contralateral to aneurysm
ACA contralateral 10 mm anterior to the coronal suture
20 mm lateral to midline

5.2.1.2 Traumatic Brain Injury

In order to maximize the diagnostic information, the probe should be
placed in a frontal lobe in tissue that is most at risk for secondary,
ischemic injury. Care should be taken to insure that the probe is not
placed in a contusion, infarct, or a hematoma. It is suggested that the
probe be placed ipsilateral to the primary injury, in viable tissue. A CT
scan should be taken to insure the probe is properly placed. Based on

neurosurgeon preference,

however, the probe may be placed

contralateral to the primary contusion to monitor the less affected
hemisphere.
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ICU Insertion and Fixation Protocol

5.2.2.1 Tunneling

Create burr hole

(0]

O 00O

O OO

Shave and prep the determined site and exit area (for
tunneling) using aseptic technique.

Drape the shaved, prepped area.

Mark the incision site with a marking pen and ruler.
Consider injecting the area with a local anesthetic.

Use the #15 blade/scalpel to make a linear incision 2

3 cm long and carried to the bone.

Use the self-retaining retractor to expose bone

Prepare drill according to manufacture s instruction.
Using a 2.7 mm twist drill, drill through the outer and
inner tables of the skull taking care to prevent any
damage to the dura or underlying structures.

If necessary, use sterile saline to flush the site for better
visibility.

Make an incision in the dura using a # 11 blade/scalpel
or bipolar, securing hemostasis as necessary. Visually
confirm that there are no obstructions to probe
insertion.

Create tunnel

(0]

Use a 14 gauge Tuohy needle to tunnel the probe under
the scalp by inserting the needle into incision site and
moving under the scalp to exit 6 cm from scalp
incision.

NOTE: The needle can not slide over the blue
connector at the end of the probe. Therefore, it is
necessary to feed the needle from inside the incision
site out towards the exit site.

Remove and discard any trocar.

Pass the Probe tip into distal end of needle (exit site)
and out proximal end (incision site); slide the needle
from the Probe and discard.

Insert probe

(0]

Using the centimeter markings on the Probe as a guide,
insert the Probe to a depth of 25 mm subdurally into the
target (white matter) tissue.

Before breaking the sterile field, confirm adequate
placement of the probe by checking the K Value. For
instructions, see Section 5.2.2.3.
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0 After confirming placement with a good K Value, allow
measurement to continue and suture dura and scalp as
necessary.

Clean and dry the Probe site.
Attach Hemedex Fixation Disk

o If desired, attach the probe shaft to the scalp using the

Hemedex Fixation Disk (Catalog Number 3600).

o Position the disk onto the Probe via the slit (as
described in the Disk instructions for use).
o Slide the Disk onto the scalp and secure Disk in place
with sutures.
0 Close the clamp completely, ensuring that the Probe is
still adequately positioned (25 mm deep, subdurally).
0 If necessary, apply adhesive dressing.
e Loop 4-5 cm of probe slack in a circle around the probe exit
site and secure shaft to scalp with three (3) sutures spaced
evenly apart.

= Apply appropriate dressing to burr hole and probe exit site.

» |If appropriate, tape the blue probe connector to the patient s
neck or shoulder to minimize movement.

e Be sure to position the umbilical cord in such a fashion to
prevent accidents and minimize movement.

Figure 4: Insertion of the QFlow 500 Perfusion Probe via a burr hole and tunneled
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5.2.2.2 Cranial Bolt

o Create burr hole

(0}

Shave, prep, and drape the insertion site using aseptic
technique.
Mark the insertion site with a marking pen and ruler.
Consider injecting the area with a local anesthetic.
Use the #15 blade/scalpel to make a linear incision 2 3
cm long and carried to the bone.
Use the self-retaining retractor to provide bone exposure.
Prepare drill according to manufacture s instruction.
Drill through the outer and inner tables of the skull taking
care to minimize any potential for damage to the dura or
underlying structures.
If necessary, use sterile saline to flush the site for better
visibility.
Make a cruciate incision, in the dura using a # 11
blade/scalpel or bipolar, securing hemostasis as necessary.
If the opening in the dura is not sufficient, the probe will
not properly track into the cerebral tissue.
Visually confirm that there are no obstructions to probe
insertion on the tissue surface.
Insert the cranial bolt.
Follow manufacturer s instructions.
Be sure to attach the compression cap for the QFlow
500 Probe.
Insert probe
Remove QFlow 500 Probe from package. Be sure
to mark the probe for adequate depth insertion.
Feed the Probe through the corresponding port of
the bolt, being careful not to bend the rigid tip of the
Probe.
Using the centimeter markings on the Probe, glide
the Probe to a depth of 25 mm subdurally into the
target (white matter) tissue. Make sure to account
for any space left between the end of the bolt and
the dura.
Before breaking the sterile field, confirm adequate
placement of the probe by checking the K Value. See
Section 5.2.2.3 for instructions.
Secure the bolt locking mechanism as described by bolt
manufacturer.
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Figure 5: Drawing of the QFlow 500 Perfusion Probe fixed with a cranial bolt

5.2.2.3 Confirm Reading

Before breaking the sterile field, confirm adequate placement of the
probe by checking the K Value.

The K value for white matter should be 4.9 to 5.8 mW/cm-C.
Connect the probe to the umbilical cord and Monitor and the

measurement will automatically start. After a few minutes, the
Monitor will go into calibration and display a K Value. If the probe is
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not in a good location you will receive an error message, High K
value Suggest reposition perfusion probe .

o If you have a high K Value (>5.8) move the probe 1 mm by
either pulling it back or advancing it.

o0 The monitor will automatically try to recalibrate. However, if
Temperature Stabilization Phase is taking too long, press

Measure Perfusion to request calibration earlier.

o After confirming placement with a good K Value, allow the
measurement to continue and fix the probe to the bolt or the
dressing; cover with tape.

o If appropriate, tape the blue probe connector to the patient s
neck or shoulder to minimize movement.

o Position the umbilical cord in such a fashion as to prevent
dislodgment and minimize movement.

5.2.3 Potential Sources of Interference Encountered in the ICU
5.2.3.1 Fever

The Bowman Perfusion Monitor automatically suspends measuring
perfusion when the tissue temperature reaches 39.5 C or above.
Perfusion measurement is automatically resumed when the tissue
temperature drops below this level.

The device is designed to operate in this way because the FDA
mandates that tissue must not be heated above 41 C. The probe will
heat the tissue up by 1 C above the baseline of 39.5 C. This leaves a
safety factor of 0.5 C.
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5.2.3.2 Rapidly changing temperature

The probe does contain a reference temperature sensor that permits the
monitor to compensate the signal for changes in patient temperature.
However, when the tissue temperature changes rapidly, this may
induce drift in the perfusion measurement. Any drift in perfusion
measurement is corrected at the next recalibration.

Plug in probe and press Start to start me
Perfusion  ATemp e St’

= Temp Automatic

mif100g-—min K Cycle Run

” NoLabel Stored Da

03:00 03:10 03:20 03:30 Pr'

10:50, Saturday, Nowv 12,

Figure 6: CBF measurement artifact during 03:00 to 03:10 as a result of an abrupt cerebral
tissue temperature decrease of 0.2 C in 5 minutes (temperature data not shown). Note that the
recalibration and the subsequent CBF values displayed after 03:20 show that CBF was most
likely steady the entire time from 03:00 to 03:20.
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5.2.3.3 Probe movement

Probe motion causes an artifact in the measurement with an
apparent and characteristic spike upward in perfusion
measurement. This is caused by the fact that the distal sensor
must rapidly re-establish the thermal field in the tissue at the
site where the sensor has been translated to. If the perfusion
measurement does not return to the pre-motion level, the
monitor will automatically recalibrate.

Scroll time of displayed data

Perfusion ATemp Alarms

= UEL Automatic

ml#100g—min K Cycle Run

MoLakbel
20

14:51:30 14:52:00 14:52:30 14:53:00
13:28:01, Monday, Oct 24, 2005 12:432:00, Monday, Oct 24, 2005

Figure 7: Motion artifacts (at 14:52:10 and 14:52:38) which temporarily cause the CBF measurement to
artifactually increase. For small motions, the CBF value returns to its level prior to motion. In the event that
the CBF does not return to its pre-motion level, the monitor will automatically recalibrate.
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6.0 PROBE INSERTION CASES

6.1 Correct Probe Insertion into the ACA vascular territory

Scroll time of displayed data

Perfusion ATemp Alarms

= REE Automatic
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40

0
14:05 14:10 14:15 14:20
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Figure 8: The Bowman Perfusion Monitor above
shows the white matter cerebral blood flow (CBF) is
steady at approximately 25 ml/min-100 g and the K
value is 5.423 (normal range 4.9 to 5.8).

The CT scan (left) shows that the CBF Probe is
placed at the proper depth (25 mm below the dura). In
this case, the probe is inserted into the ACA vascular
territory in an SAH patient on day 1 post hemorrhage.
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6.2 Misplacement of the Probe Sub/Epidural

Yiew Data

Perfusion Alarms Se_t'
Time Ram

Automatic
mi/100g—min K Cycle Run

Figure 9: The Bowman Perfusion Monitor above shows
the artifactual CBF measurement as a result of the probe
tip placed subdurally. Note the significant variability and
a subnormal level of flow. The K value is high,
approximately 6.5.

The CT scan (left) shows the CBF probe misplaced
subdurally.
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6.3 Misplacement of the Probe into the Lateral Ventricle

Plug in probe and press Start to start me
Perfusion  ATemp Alarms St'

UBIL; Automatic

mif100g—min K Cycle Run
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0
20:52

09:58, Sunday, Nov 16, 2003 07:53, Friday, Nov

Figure 10: The Bowman Perfusion
Monitor above shows the artifactual CBF
data for this probe while it was in the
ventricle. Note the significant and
artifactual variation in CBF over the 5-
minute  measurement window. These
artifactual variations in CBF measurement
are caused by respiration and heart rate
induced CSF fluid motion around the probe
tip in the ventricle. Also, in this case, the K
value is slightly higher than normal (5.932).

CT scan shows that the CBF probe is
misplaced into the ventricle.
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6.4 Misplacement of the Probe too Deep

Perfusion ATemp Alarms

= REE Automatic

ml/100g—min K Cycle Run _
MoLabel Stored D

20:11, Tuesday, Mov 2, 2004

Figure 11: The CT scan above shows that the probe is inserted too deep (41 mm below the dura). Normally, the
probe should be 20-25 mm below the dura. At such a depth, cardiac and respiration induced brain motion cause
the CBF measurement to artifactually fluctuate due to small amounts of probe-tissue relative motion. This also
causes the K value to be artifactually high (6.194). The Bowman Perfusion Monitor above shows the
corresponding artifactual CBF measurements.
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7.0 CEREBRAL BLOOD FLOW MEASUREMENT CASES

7.1 CBF during aneurysm repair surgery

Scroll time of displayed data

Perfusion ATemp
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Figure 12: The Bowman Perfusion Monitor above shows the intra-operative measurement of CBF in the MCA
vascular territory during temporary arterial occlusion ( Clip On to Clip Off ) of the M2 segment while the
permanent clip is being repositioned on an M3 bifurcation aneurysm.
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7.2 CBF during EC/IC Bypass Surgery

Figure 13: The annotated view of the Bowman Perfusion Monébove shows 30 minutes of intra-operative
CBF measurements made in the MCA vascular territmyjng an EC/IC bypass using the saphenous vein to
connect the common carotid artery (CCA) to the MGlate the hyperemia after the release of the byglassp

and the subsequent establishment of a new andrhjBie level.
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