Cerebrovascular Surgery

Medical Note
Intraoperative Blood Flow Measurement
during Arterial EC-IC Bypass Surgery
Courtesy of FT Charbel, M.D., F.A.C.S.
Introduction

When an arterial extracranial-intracranial (ECIC) bypass is selected to augment flow during
surgery for occlusive cerebrovascular disease, the
Charbel Micro-Flowprobe® assesses the patency
and adequacy of flow before, during and after
®
construction of the bypass. Transonic Flow-QC
either confirms that the bypass is working well, or
prompts a revision if a technical error is suspected.
Measurements are also taken periodically during
closure of the skin incision to make sure the
bypass has not kinked or twisted (See Case Report
on page 3).

Arterial Bypass

For an arterial bypass (Fig. 1), baseline flows are
first measured in the extracranial and intracranial
vessels. After the extracranial artery is cut, free
flow of the artery is measured by allowing the
cut distal end to bleed freely for 15-20 seconds
(Fig. 2). This free flow represents the amount of
flow at zero resistance or the “carrying capacity”
of the bypass, the maximum flow that the artery
can deliver.
Once the bypass is constructed, post-anastomotic
flow is measured (Fig. 3) in the donor artery. The
Cut Flow Index (CFI) is calculated by dividing the
Post-Bypass Flow by the Free Flow. If post-bypass
flow exceeds 50% of (CFI > 0.5), the bypass can be
considered successful. If bypass flow is below 50%
of free flow with no clinical justification such as a
poor quality recipient vessel, the surgeon should
reexamine the bypass for technical problems, and
revise if necessary.
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Fig. 1: Lateral view of an arterial workhorse STA-MCA EC-IC Bypass.
The STA is exposed, cut and anastomosed to the MCA via an
end-to-side anastomosis.

Fig. 3: Flow being measured on the
bypass after its anastomosis
to recipient artery.

Fig. 2: Measurement of free “cut” flow of
extracranial artery before anastomosis to an intrcranial artery.

Intraoperative Blood Flow Measurement
during Arterial EC-IC Bypass Surgery Cont.
Measurements Steps:

Measurement Protocol

Extracranial Donor Artery

Measure and record baseline flows in
recipient intracranial artery proximal
and distal to target anastomotic site.

1. Choose the appropriate size Probe to measure baseline flow
in the extracranial donor artery. Record flow on the EC-IC
Bypass Record.
Probe Size
Vessel Range, Outer Diameter
3 mm			
2.5 - 3.7 mm
4 mm			
3.3 - 4.7 mm
6 mm			
4.4 - 6.6 min
2. After cutting the extracranial artery, measure the free flow
in the donor (Fig. 2) to determine the flow or “carrying”
capacity of the bypass. Record flow on the EC-IC Bypass
Record.
3. After the bypass has been anastomosed to the recipient
vessel, measure post-bypass flow in the donor (Fig. 3) and
compare with free flow. Record flow on the EC-IC Bypass
Record.
4. If post-bypass flow in the donor artery is substantially less
(<50%) than free flow, reexamine the anastomosis and redo,
if necessary.

Intracranial Recipient Artery

1. Choose an appropriate size Flowprobe and measure and
record baseline flow in the intracranial recipient artery.
		
Probe Size
Vessel Range, Outer Diameter
1.5 mm		
1.0 - 1.5 mm
2 mm			
1.5 - 2.7 mm
3 mm			
2.5 - 3.7 mm
2. After the bypass has been constructed, measure flow in the
recipient vessel and compare to pre-bypass (bypass) flow.
Record flow on the EC-IC Bypass Record.
3. If post-bypass flow in the recipient artery is considerably
less than pre-bypass flow, reexamine the bypass and redo, if
necessary and press the PRINT button on the Flowmeter to
document the phasic flow patterns for the case record. If the
HT300-Series Flowmeter displays a negative flow, press the
INVERT button to change the polarity before printing the
waveform.

Select Flowprobe Size for Donor
Extracranial Artery
Measure in situ baseline flow in
donor extracranial artery
Cut donor extracranial artery
Measure and record free (cut) flow
in donor artery
Anastomose donor artery to
intracranial recipient to create
EC-IC bypass
Measure and record post-bypass
flow in donor artery
Calculate Cut Flow Index (CFI)
		
Post Bypass Flow
CFI = ———————
		
Cut ”Free” Flow

CFI < 0.5

Examine bypass for
kinks etc.; Analyze
recipient bed.

CFI > 0.5

Patent Bypass

Measure post-bypass flows at
proximal and distal recipient artery
sites to document surgical success.

Case Report: Blood Flow Measurement
Detects Embolus at Anastomosis
Courtesy: F.T. Charbel, M.D., F.A.C.S., Professor and Head, Neurosurgery, University of Illinois at Chicago, USA

Background

In 2004, University of Illinois at Chicago cerebrovascular surgeons F.T. Charbel and
S. Amin-Hanjani introduced the concept of a Cut Flow Index to evaluate the quality
of an extracranial to intracranial (EC-IC) bypass used to augment flow during
cerebral ischemia.1

EC-IC Bypass Surgery

A surgical team headed by Dr. Sepideh Hanjani undertook extracranial to intracranial (EC-IC) bypass surgery to create a bypass from the superficial temporal artery
(STA) to the middle cerebral artery (MCA).

Cut Flow Measured
Per their standard protocol, they measured the Cut Flow of the intended bypass
conduit, the STA, with a Transonic® Flowprobe. STA Cut Flow measured 82 mL/min
indicating that the STA had a good carrying capacity for use as a bypass.

Bypass Flow Measured
The bypass was created with the STA and bypass flow was measured. It measured
80 mL/min. The surgeons were pleased with an excellent Cut Flow Index of 0.98.
After repeated measurements and stable flows, wound closure commenced.

Last Flow Check before Wound Closure
Just before placing the last few skin stitches, the surgeon again rechecked the STA
bypass flow. To the surgical team’s surprise, the flow had dropped to less than 20
mL/min.

Embolus Removed/Flow Measured/Flow Restored

Measurement of free “cut” flow
of the extracranial bypass.

The wound was reopened and the surgeon discovered an embolus at the
anastomosis. The embolus had presumably formed in the STA during the surgery and had dislodged
after removal of the muscle retractors and had travelled into the anastomotic site. The microscope was
quickly returned into the field and Dr. Hanjani made a small cut in the recipient artery at a branching site
distal to the anastomosis. The incision allowed the thrombus to escape. Subsequent intraoperative flow
measurements corroborated restoration of flow in the bypass to the pre-embolus level.
STA

Flow Summary

Free Flow

82 mL/min

STA Bypass

80 mL/min

STA Bypass at wound closure

20 mL/min

STA Bypass after embolus release

80 mL/min

Cut Flow Index

0.98
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Flow Measurement Summary
Measure vessels and choose correct size Flowprobe. Add saline/cerebrospinal fluid as needed to
obtain good ultrasonic contact. When the flow reading is stable, press PRINT on a HT300-Series
Flowmeter or take a snapshot on the AureFlo® to document flow for the patient’s record.
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Intraoperative Blood Flow Measurement during
EC-IC Bypass Surgery Cont.
Equipment: Flowmeters

Intracranial and Extracranial Flowprobes
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Fig. 4: The AureFlo®
system continuously
measures, displays,
records and
documents absolute
volume flow.

Fig. 6: -MB Series & -MR-Series Charbel Micro-Flowprobes® are designed for deep intracranial surgery. Their long bayonet handle permits use under a surgical microscope. A
flexible neck segment permits the Flowprobe neck to be bent, as needed, to optimally
position the probe around a vessel.
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Fig. 7: Comparison of
Flowprobe bodies
of intracranial
Flowprobes (top)
and extracranial
Flowprobes (bottom).

Reflector

Fig. 8: -MB-S & -MR-S-Series Micro-Flowprobes (3 mm, 4 mm,
6 mm) feature a shorter bayonet handle and larger
flowsensing body to be used during on extracranial
vessels during EC-IC bypass surgery.
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Transonic Systems Inc. is a global manufacturer of innovative biomedical measurement
equipment. Founded in 1983, Transonic sells “gold standard” transit-time ultrasound
flowmeters and monitors for surgical, hemodialysis, pediatric critical care, perfusion,
interventional radiology and research applications. In addition, Transonic provides
pressure and pressure volume systems, laser Doppler flowmeters and telemetry systems.
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