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Side-to-side reverse superficial temporal artery to M4 middle cerebral artery bypass
for common carotid artery occlusion with bonnet collaterals: illustrative case
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BACKGROUND The bonnet bypass was initially described for common carotid artery occlusion. Considered a second-generation bypass, it augments
intracranial perfusion with contralateral external carotid artery flow through an interposition graft running over the scalp vertex. However, the traditional
first-generation low-flow superficial temporal artery (STA)-M4 middle cerebral artery (MCA) bypass may be enhanced by performing a side-to-side (S-S)
bypass with an intraluminal suture technique (fourth-generation bypass) to increase perfusion through antegrade and retrograde flow.

OBSERVATIONS The authors present a reimagined S-S STA-M4 bypass in the case of a patient with symptomatic common carotid occlusion, in
which the ipsilateral STA filled in a reverse fashion from the contralateral external carotid branches over the scalp vertex (bonnet collaterals). By
performing an S-S anastomosis, the authors were able to improve cerebral perfusion and avoid the multiple anastomosis sites of the bonnet bypass.

LESSONS The patient had a good recovery with resolution of his preoperative symptoms. Follow-up angiography showed a patent bypass supplying
the MCA territory through retrograde flow in the frontal and parietal limbs of the STA, converging at the anastomosis site. In this report, the authors
present a new fourth-generation bypass dubbed the “S-S reverse STA-M4 MCA bypass.”

https://thejns.org/doi/abs/10.3171/CASE2177
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Common carotid artery (CCA) occlusion is a rare cause of ipsi-
lateral cerebral hypoperfusion, ischemia, and hemorrhage. Risk fac-
tors include hypertension, hyperlipidemia, diabetes, ischemic heart
disease, and smoking. Rarely, erosion of the cervical vasculature
from head and neck cancer may result in carotid blowout syndrome
and subsequent occlusion. The incidence of carotid blowout due to
head and neck cancer with radiation is 4.5%-21.1%." Treatments
include covered stent placement and open surgical or endovascular
occlusion with or without cerebral bypass.

The risk of stroke in surgical carotid occlusion is as high as 30%
in unselected patients.? In those with inadequate collateral blood
supply, bypass surgery may be considered. Extracranial-intracranial
(EC-IC) bypass is a reperfusion surgery designed to improve cere-
bral blood flow with direct supply from an EC source. However, the
traditional first-generation EC-IC bypass operation, the end-to-side
(E-S) superficial temporal artery (STA) to M4 middle cerebral artery

(MCA) bypass, is not an option in CCA occlusion since the external
carotid artery (ECA) branches have been compromised. In this
case, a second-generation bypass using saphenous vein or radial
artery interposition graft from the ipsilateral subclavian artery is an
option. When the subclavian artery is unavailable, the contralateral
ECA may be used as the donor in the so-called bonnet bypass.>*
In patients with an occluded CCA, ECA branches may fill in a
reverse fashion through collaterals across the scalp vertex. These
collaterals may be so robust that they may serve as the donor in a
low-flow bypass.” We have come to term these vertex collaterals
the “bonnet collaterals.” A recent report described a side-to-side
(S-S) modification of the traditional STA-M4 MCA bypass, including
several advantages of this technique, such as capitalizing on the
antegrade and retrograde flow in scalp vessels.® We applied these
observations in a case of CCA occlusion due to neck cancer with
carotid blowout in which the ipsilateral subclavian artery was

ABBREVIATIONS CCA = common carotid artery; EC-IC = extracranial-intracranial; ECA = external carotid artery; E-S = end to side; ICG = indocyanine green;
MCA = middle cerebral artery; S-S = side to side; STA = superficial temporal artery; TIA = transient ischemic attack.
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FIG. 1. A and B: Preoperative computed tomography perfusion scans showed diminished cerebral blood
flow in the right hemisphere with preserved cerebral blood volume, indicating the brain was at risk. C: The
time to peak was dramatically elevated on the right.

unavailable as the donor. In this patient, the ipsilateral ECA
branches, including frontal and parietal STA branches, filled in a ret-
rograde fashion from the contralateral ECA through the bonnet col-
laterals over the scalp vertex. By performing an S-S reverse STA-
M4 MCA bypass, we were able to take advantage of the blood flow
in both limbs of the STA.

lllustrative Case

History and Preoperative Evaluation

A 59-year-old man with a 7-year history of tonsillar squamous
cell carcinoma status post radiation and chemotherapy presented
with chronic ulceration and an exposed right carotid sheath. He had
a pectoral flap reconstruction performed by our otorhinolaryngology
team. He developed a ruptured pseudoaneurysm at the carotid bulb
and underwent emergency ligation of the CCA.

In the days that followed, the patient experienced repeated epi-
sodes of perfusion-related weakness in his left extremities when
mobilizing, thought to be limb-shaking transient ischemic attacks
(TIAs). Medical treatments were maximized, but he remained bed-
ridden. A perfusion scan showed poor perfusion in the right cerebral
hemisphere with preserved cerebral blood volume, indicating signifi-
cant risk to the brain (Fig. 1). The various cerebral revascularization
options were considered. However, the right subclavian artery was
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FIG. 2. Preoperative angiograms showed reverse flow in the right STA
branches (arrows). A: An anteroposterior view of mid-phase left ECA
injection revealed blood flow across the vertex through bonnet collater-
als (asterisk). B: A transorbital oblique late-phase left ECA injection
showed predominantly reverse flow in the right frontal and parietal STA
branches.

2| J Neurosurg Case Lessons | Vol 1 | Issue 19 | May 10, 2021

not accessible as a donor because of oncological disease and
treatments in the neck.

A preoperative catheter cerebral angiogram revealed limited collat-
eral flow to the right hemisphere through a small anterior communicat-
ing artery. A left ECA injection revealed collateral flow to the right ECA
branches through robust collaterals in the vertex (bonnet collaterals).
The right frontal and parietal STA branches as well as the right occipital
artery were supplied in a retrograde fashion across the scalp vertex
from contralateral ECA branches (Fig. 2). This robust retrograde filling
of the right ECA branches provided an opportunity to perform a reverse
STA-M4 MCA direct bypass. We also considered an S-S anastomosis
in order to take advantage of retrograde flow in both the frontal and pa-
rietal STA branches.

Operation

The patient was continued on aspirin 81 mg daily through the sur-
gery. His mean arterial pressures were maintained at 90-100 mm Hg
during the operation. He was positioned supine with his head turned
to the left in rigid fixation. Doppler ultrasound was used to outline the
arterial vessels across the vertex. The ultrasound confirmed that the
majority of the flow was retrograde from distal to proximal, although
there was some degree of antegrade flow as well.

The parietal STA was dissected using the operative microscope.
Its diameter was 2 mm. A standard 6-cm craniotomy was fashioned,
and the dura was opened. A vertically oriented M4 recipient was se-
lected to decrease rotational forces on the graft. It measured 1.1 mm
in diameter. The arachnoid covering the recipient M4 was opened
widely. An indocyanine green (ICG) angiogram with the FLOW 800
software analysis tool (Carl Zeiss Meditec) and flow probe testing
confirmed dominant retrograde flow and a small amount of antegrade
flow in the parietal STA. Our S-S anastomosis approach was de-
signed to take advantage of both the retrograde and antegrade flow.

Temporary anastomosis clips were placed on the parietal STA
and M4 MCA. The vessels were opened with a 27-gauge micronee-
dle and Potts microdissecting scissors. The lumens were washed
with heparinized saline. Indigo carmine was used to define the ves-
sel edges. The anastomosis was performed with two running 10-0
nylon sutures with an intraluminal suturing technique along the back
wall. Anchoring stitches were placed at the distal and proximal as-
pects of the arteriotomies. An entry stitch brought the distal suture
into the intraluminal space. The back wall was sewn using a run-
ning technique, placing loose stitches first and tightening them as a



FIG. 3. Intraoperative images of the S-S STA-M4 MCA bypass. A: Preoperative ICG angiogram (not pictured)
showed delayed antegrade flow in the M4 branch and mostly retrograde, but some late-phase antegrade,
flow in the STA. A vertically oriented M4 recipient was selected. B and C: The S-S bypass was completed us-
ing an intraluminal suture technique on the back suture line and extraluminal sewing on the front suture line.
D: Intraoperative ICG angiogram showed filling of all four bypass limbs. E: FLOW 800 analysis showed uni-
form flow in the STA and M4 branch.

final step. An exit stitch brought the suture to the extraluminal
space, where it was tied to the tail of the second anchoring stitch.
The extraluminal suture line was then completed (Fig. 3).

The anastomosis clips were removed, and there was good blood
flow in all four limbs of the anastomosis. A postanastomosis ICG an-
giogram with FLOW 800 analysis revealed a patent bypass (Fig. 3).
The total clamp time was 65 minutes. The bone flap was thinned to
accommodate the graft. During each stage of closure, STA flow was
confirmed with Doppler imaging.
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FIG. 4. The postoperative angiogram showed filling of the right MCA
by way of reverse flow (arrows) in the right frontal and parietal
branches of the right STA. A: A transorbital oblique late-phase left
ECA injection showed robust flow across the scalp vertex through the
bonnet collaterals, with filling of the right MCA territory through a patent
bypass fed by reverse flow in the frontal and parietal branches of the
right STA. B: A magnified lateral view shows filling of the MCA territory
through an S-S reverse STA-M4 MCA bypass (asterisk).

Postoperative Care

The patient was extubated in our neuroscience intensive care
unit. He was mobilized slowly with a goal systolic blood pressure
> 140 mm Hg. He had several minor limb-shaking TIA events, but
these were dramatically reduced compared with the preoperative
period. He was able to be discharged to rehabilitation.

At discharge from rehabilitation, he was able to ambulate 1000
feet without assistance. He had a good recovery at home. At the
time of his 30-day postoperative visit, he was able to ambulate
around his house without assistance. By 90 days, he was doing
work around the house, including mowing the lawn.

A 2-month postoperative outpatient catheter angiogram was ob-
tained. This showed a patent S-S reverse STA-M4 bypass with ret-
rograde flow in both the parietal and frontal branches of the right
STA, converging on the bypass site and supplying nearly the entire
right MCA distribution (Fig. 4). The patient provided his written con-
sent for this report, and institutional review board approval was
waived.

Discussion

Observations

The aim of cerebral revascularization surgery is to restore perfu-
sion to the brain and prevent future stroke. Indications include
moyamoya disease,”® IC atherosclerosis,® carotid compromise, '
and complex aneurysm treatment.""'? Direct and indirect bypass
approaches have been described, although the direct approach of-
fers the advantage of immediately improved perfusion and perhaps
better bypass graft durability."*="> There does not appear to be a
difference in complication rate between the direct and indirect
approaches. ™"
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FIG. 5. Schematic maps of the S-S reverse STA-M4 MCA bypass. The arrows indicate direction of blood
flow. A: Coronal view. B: Sagittal view of the bypass hemisphere. Figures were generated with images
from Servier Medical Art licensed under a Creative Commons Attribution 3.0 Unported License.

Limb-shaking TIA represents a unique situation in which reduced
cerebral reperfusion causes significant TIAs when the patient mobi-
lizes. As seen in our case, this can be a disabling condition. Our
patient remained bed bound prior to the bypass operation. Direct
cerebral bypass has been described for limb-shaking TIA, and the
most common approach is STA-MCA direct cerebral bypass.'® With
cerebral revascularization, patients may have recovery of function
and reduced risk of stroke.™

In the case of CCA occlusion, STA-MCA bypass may not be an
option because ECA vessels may have been occluded. However,
these branches may fill in a retrograde fashion from contralateral
ECA branches across the scalp vertex and may provide an excellent
source for revascularization.'"~'® We have come to term these ves-
sels “bonnet collaterals.” A second innovation in this case is the S-S
anastomosis approach, which allowed us to take advantage of retro-
grade flow in both the frontal and parietal branches of the STA. This
flow converged on the bypass site, potentially increasing blood supply.

The traditional bypass options for CCA occlusion include direct
bypass with an interposition graft from the ipsilateral subclavian
artery and bonnet bypass from the contralateral ECA with interpo-
sition.>*'% Retrograde flow in ECA branches along with an S-S
anastomosis together provide a third option, the S-S reverse STA-
M4 MCA bypass. These observations underscore the importance
of studying collateral flow and direction of flow in ipsilateral ECA
branches in CCA occlusion.

Interposition Graft in Bypass Surgery

One advantage of our approach in this case was avoiding the
need for interposition graft. The subclavian to CCA, subclavian to
internal carotid artery, and subclavian to MCA bypasses have been
described.'® These require neck dissection and at least two anasto-
mosis sites. In our case, previous neck radiation and a pectoral flap
precluded this approach. The bonnet operation also involves at
least two anastomosis sites and multiple incisions.>* While cerebral
bypass anastomosis patency is generally > 90%, it stands to rea-
son that multiple anastomosis sites may increase the risk of graft
failure. Moreover, graft site infections may be as high as 10%.2%2"

Several generations of cerebral bypass have been described."
The first generation is the low-flow EC-IC bypass, and second-
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generation approaches involve interposition graft with saphenous
vein or radial artery graft. The third- and fourth-generation ap-
proaches use nearby vessels and innovation in suture technique
(e.g., intraluminal suture technique) to decrease incisions and anas-
tomosis sites in an effort to create increasingly elegant, efficient by-
pass constructs."" Our reimagined bonnet bypass is an example of
this effort. The S-S reverse STA-M4 MCA bypass is a fourth-gener-
ation bypass approach for CCA occlusion that avoids several of the
limitations of previous bypasses for CCA occlusion.

S-S Anastomosis

S-S anastomosis offers the advantage of preserving flow in both
limbs of the bypass graft. It allows the recipient vessel to receive
antegrade and retrograde flow. This was recently demonstrated in
EC-IC bypass for moyamoya disease in which the distal STA sup-
plied natural transosseous collaterals and could not be cut and
used in the normal E-S configuration.5 Our group has also used an
S-S approach in moyamoya disease with natural transosseous col-
laterals from the STA with good results (personal communication,
E. W. Church, MD, February 1, 2021).

In the present case, the retrograde flow in the parietal and fron-
tal branches of the STA converged at the STA common trunk. This
allowed us to take advantage of flow in both limbs of the STA, con-
verging at the anastomosis site following bypass. We were able to
confirm this with an intraoperative ICG angiogram and postoperative
angiogram. The retrograde flow in both limbs of the STA converged
at the anastomosis site. The S-S configuration potentially increases
blood flow to a blood-starved cerebral hemisphere, although this re-
mains to be proven definitively. The S-S anastomosis configuration
will probably play an increasingly important role in cerebral bypass
and may be practiced in a live rat model.?2

Innovation in Cerebrovascular Bypass Neurosurgery

From its earliest days, cerebrovascular neurosurgery has been a
field of creativity and innovation. Despite the disappointing bypass
trials in 1985 and 2013, bypass technique continues to evolve.*2*
A MEDLINE search combining the terms “cerebral,” “bypass,”
“revascularization,” and “EC-IC” shows an early rise in the number
of references in the mid-1980s, followed by a modest decrease in



1990. Since that time, there has been a dramatic increase in writing
on cerebral bypass. Over 1000 references were published in 2020.

The present case represents a small example of how we may
continue to move our field forward by combining new techniques
and observations. As we share these experiences, we can create
new bypass approaches, future cerebrovascular bypass neurosur-
geons may be encouraged, and we may improve patient care. This
process calls for courage and creativity as well as honesty when
approaches do not work. Although we saw some success in this
single case, it remains to be seen whether our approach will be
useful for other similar patients.

Lessons

We present a direct cerebral bypass for common carotid occlu-
sion, dubbed “S-S reverse STA-M4 MCA bypass” (Fig. 5). This by-
pass takes advantage of natural bonnet collaterals in the scalp
vertex that may fill the STA in a reverse fashion from the contralat-
eral STA in the case of common carotid occlusion. An S-S anasto-
mosis allows the bypass to fill from both directions and offers
potentially increased cerebral perfusion in the short and long terms.
This reimagined bonnet bypass is an example of continued innova-
tion in cerebrovascular bypass neurosurgery.
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