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Preface

We are honoured to have been invited to edit the 5th
edition of the Vascular Surgery volume of Rob and
Smith’s Operative Surgery, as this is still considered the
definitive atlas of surgical technique. With the support
of the series editors we have made every effort to place
the reader at the shoulder of an expert in the assessment
of the preoperative status of the patient. During the
operation each author has attempted to guide the reader
through the details of the procedure, with particular
attention to the danger points in the operation and the
pitfalls, checks and balances which must be observed.
Similarly, in the postoperative period advice is given on
the likely complications and methods of their preven-
tion. Surgery is a rapidly evolving specialty, particularly
its relatively young offshoots such as surgery of arterial
and venous disease, and the editors have faced a
considerable dilemma in deciding which relatively

untried and experimental new operations should be
included in a standard textbook of this nature.

There is a current trend in textbooks to strive for the
topical and fashionable. We feel that this vogue can be
unfortunate as it confers the status of an accepted
procedure which should be part of the armamentarium
of every specialist surgeon on techniques which have
yet to prove their value in the cut and thrust of clinical
surgery. For this reason we have compromised and only
included those new operations which we have guessed
will find some place in the future of vascular surgery;
indeed, we have omitted some operations from this
edition which we feel have not proved their worth. We
hope to have an opportunity to revise this judgement in
the next edition.

C. W. Jamieson
J.S. T. Yao
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Intraoperative angiography
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Intraoperative angiography performed for the purpose
of obtaining information regarding suitability for revascu-
larization is usually referred to as prereconstruction
arteriography. Arteriography performed intraoperative-
ly after revascularization (completion arteriography) is
used to assess the distal segment of the reconstruction
as well as the run-off circulation. Both types of
intraoperative angiography provide useful information
that is clinically relevant: for example, the optimal site
for distal anastomosis if this could not be determined
before surgery, the potential for durable patency and
possible alternative procedures should the primary
procedure fail.

Prereconstruction arteriography

Prereconstruction arteriography is seldom necessary; in
fact, there is an inverse relationship with the quality of
and commitment to the performance of standard
angiography in an angiographic suite. Where adequate
visualization is not obtained, intraoperative prerecon-
struction arteriography can be performed with ease to
define run-off anatomy and potential for revasculariz-
ation' 3.

Cannulation of the femoral artery is one means of

performing prereconstruction arteriography and
avoids open distal wounds if, in fact, the likelihood for
revascularization is minimal. A butterfly needle is placed
into the femoral artery and contrast medium injected
with timed exposure to X-rays in the area of interest at
the knee, leg or foot.

In some cases, distal placement of a needle or
catheter may indeed be required if visualization is not
possible due to extensive obliterative disease. These
problems have in large measure been significantly
reduced by using digital angiographic techniques as an
adjunct to standard arteriography and complementary
Doppler flow studies. The former can increase the
likelihood of identifying crural vessels capable of
sustaining a bypass in an additional 20% of cases where
run-off could not be visualized by standard techniques®.
The latter has been demonstrated to successfully
localize distal vessels that can then be confirmed by
prereconstruction arteriography or direct surgical
exploration®.



2 Intraoperative angiography

Completion arteriography

Intraoperative arteriography performed immediately
after arterial reconstruction provides valuable inform-
ation as to technical adequacy of the operation and
prognosis for the durability of graft function®~®. The
derived information is, in fact, usually more accurate
than that provided by the preoperative arteriogram and
may thus alter the prognosis for the particular
reconstruction performed. Despite these favourable
aspects, including the advantage of simplicity of
performance, completion arteriography is not a univer-
sal routine. It is tempting at the conclusion of a long and
tedious operation to get the patient ‘off the table’. In
fact, completion arteriography requires but a fraction of
the overall surgical time, is easy to perform and is
inexpensive. Surgeons must adjust their attitudes to this
procedure which, with critical analysis of the findings,
will improve results and ultimately the fate of their
patients. Other monitoring techniques, though useful
and providing additional physiological information,
cannot supplant the important anatomical information
so readily available with completion arteriography,
particularly in demonstrating the run-off circulation.
Furthermore, the ‘hard copy’ of the operation becomes
the basis for directing the patient’s course in the future,
should secondary procedures become necessary.

The primary reason for performing a completion
arteriogram is to visualize any potential mechanism for
graft closure that would then enable either prophylactic
correction or prompt revision after graft closure,
depending upon individual clinical circumstances.
Other benefits that have accrued from the routine
performance of completion arteriography include re-
finements in technique which, in turn, have significantly

decreased the incidence of surgical errors. Many of
these technical faults would not otherwise have been
appreciated, even by sophisticated non-invasive
methods. In cases of severe distal atherosclerosis, the
discovery of run-off vessels not previously appreciated
or visualized by preoperative arteriography is reassur-
ing. If necessary, a synchronous sequential bypass can
be constructed or considered for a later date.

A completion arteriogram depicting a bypass
2 constructed to an isolated popliteal segment is
performed (Illustration 2a) and a distal anterior tibial
artery is visualized on a second exposure ([llustration
2b). Subsequent closure of the femoropopliteal bypass
enables a thrombectomy to be performed and a
sequential jump to the anterior tibial artery (Illus-
tration 2c¢).

Routine intraoperative completion arteriography for
revascularization procedures of the lower extremity has
enabled classification of the run-off and correlation of
these findings with subsequent graft -patency. In
instances of the most advanced obliterative disease,
fruitless and potentially harmful reoperative vascular
procedures may be obviated. Delayed graft closure due
to progressive atherosclerosis in the distal circulation
occurs frequently in patients showing poor run-off by
completion arteriography. This group, in particular,
needs to undergo periodic surveillance to enable
thoughtful consideration of prophylactic or therapeutic
correction.
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Intraoperative injecting methods

Several methods are available to the surgeon for the
performance of prereconstruction or completion arteri-
ography. It is important in all instances to avoid
exposure to radiation, particularly since operating room
personnel can otherwise suffer frequent exposure. The
use of lead aprons and shields is helpful but, in addition

to being burdensome and, to some extent, time
consuming, complete protection from radiation is not
afforded. For more than 15 years the author has used a
simple, inexpensive apparatus that enables injection of
contrast medium remote from the area of actual
radiation exposure.

Apparatus for intraoperative arteriography

3 The injection device consists of two 50-ml

disposable plastic syringes (A and B) coupled with
plastic tubing approximately 9 m in length. The system
is filled with water and purged of air. The volume of the
fluid is such that it allows one syringe to be extended to
its normal capacity (50ml) when the other syringe is
fully depressed. The second component of the device
consists of a holding fixture constructed of metal, plastic
or wood, the cross-section of which forms a U with
straight, perpendicular sides. This holder is 50cm in
length and has two slots located in the vertical sides of
the U at distances of 15 and 22.5cm from either end.
These slots accept the ‘wings’ of the syringes, holding
them in place. The empty syringe of the coupled
component is held in place by the holder which allows
it to be aligned with a third syringe filled with contrast
medium (C) that is delivered to the vascular system at
D. This third syringe is attached to the patient via
standard tubing and a 19-gauge butterfly needle. The
remaining hydraulic syringe can then be positioned
outside the operating room and, via the hydraulic link,
remotely operate the injectate syringe.
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4 The surgeon has a full view of the holding fixture

attached to a stand or intravenous pole just outside
the sterile field and good tactile feel of the injectate
syringe as the radiographer is directed to proceed with
the exposure.

Radiographic film in a standard 14 X 17 inch (35 X
45 cm) cassette is used; the cassette, placed in a sterile
plastic cover, is positioned directly under the area of
interest. Most intraoperative arteriograms at the
author’s institution are performed for lower limb
studies which include visualization of the mid-thigh and
downwards, including the foot. For popliteal recon-
structions, two or more radiographs are taken. One may
be all that is required for tibial or peroneal reconstruc-
tions. Single radiographs are also taken after carotid
endarterectomy.

Arteriography in the lower limb is usually preceded
by direct injection of 20—30mg of papaverine hydro-
chloride followed by a flush of dilute heparin solution.
Patients with a history of cardiac disease or who are
hypovolaemic must be observed closely for a possible
decrease in blood pressure due to vasodilatation. This
can be easily corrected with the rapid infusion of fluids.
In some instances it may be prudent to omit the infusion
of papaverine. A 19-gauge butterfly needle placed just
proximal to the area of interest, either into a native
artery or a graft, may be used. After completing the
procedure and removing the needle, haemostasis is
secured by direct pressure or placing a figure of eight
6/0 polypropylene suture.

When using the remote hydraulic syringe actuator,
timing of radiographic exposure depends on the
location of the cassette and the field to be visualized
with respect to the site of the butterfly needle in the
artery or graft. Normally exposure will be made 4—6s
after the start of the injection, when the contrast-
filled syringe is one-half to two-thirds depressed.

Non-visualization of a completion arteriogram is omi-
nous and suggests high resistance to flow that may result
in early failure of the vascular reconstruction. In most
instances proximal clamping of the graft or artery
proximal to the site where the butterfly needle is placed
is not performed. Arteriograms of excellent quality can
be obtained with the native and graft circulations open,
thus obviating the potential danger of repetitive
clamping.
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History

During the past decade, explosive developments in the
field of diagnostic ultrasound have occurred. Numerous
investigators have recommended the use of some form
of this technology to assess the anatomical, technical
and haemodynamic adequacy of vascular reconstruc-
tions during operation. Currently available alternatives
include continuous wave Doppler monitoring, pulsed-
wave Doppler spectral analysis, ultrasonic B-mode
imaging, duplex ultrasonography and, most recently,
colour flow imaging.

The technique and relative efficacy of each method of
intraoperative diagnostic ultrasound will be summa-
rized here, and recommendations made for their
application.

Principles and justification

Despite meticulous operative technique, technical and
haemodynamic defects can occur which compromise
patency of a vascular reconstruction. Such defects
include not only technical problems such as clamp
injury, intimal flap, and suture stenosis, but also platelet
aggregation and atherosclerotic plaque dissection,

luminal thrombus and inadequate outflow. Such defects
are frequently not detectable by mere visual inspection
or pulse palpation of the repair.

Objective assessment of the technical adequacy and
haemodynamic performance of an arterial reconstruc-
tion is a fundamental principle of vascular surgery.
When routine intraoperative arteriography has been
used to assess arterial reconstructions, vascular defects
warranting immediate revision have been identified in
5-10% of reported cases"?. While generally accurate
and readily available to the vascular surgeon, arteriogra-
phy is not without risk. The technique is also
cumbersome to apply in certain instances, such as
complex renal and visceral reconstructions, as well as
long bypasses requiring multiple exposures to assess the
entire reconstruction. In addition, while providing
anatomical information, arteriography does not assess
haemodynamic performance, a factor of critical import-
ance in outcome after bypasses to limited tibioperoneal
or pedal outflow tracts. The ideal method of intraopera-
tive assessment would thus provide both anatomical and
haemodynamic data. The method chosen and the
diligence with which it is pursued are also dependent
upon the nature and difficulty of the reconstruction as
well as the clinical consequences of failure. These
factors should be considered in the application of
ultrasound instrumentation at operation.
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Instrumentation and technique

Diagnostic ultrasound units suitable for intraoperative
use include Doppler ultrasonic flow velocity detectors
(continuous and pulsed wave), ultrasonic B-mode
imaging, and duplex scanning (including colour flow
imaging). Table 1 compares the relative advantages and
disadvantages of each technique.

Table 1 Comparison of available methods of intraoperative
ultrasound

Technique Advantages Disadvantages Recommended
use
Continuous Inexpensive Less sensitive Large artery
wave Doppler Simple No anatomical reconstructions:
Versatile data aortic, axillo-

femoral, femoro-
femoral bypasses
Confirm flow:

distal to
reconstruction

Pulsed Doppler Relatively No anatomical Difficult

simple data reconstructions

Sensitive Moderately

Predicts expensive

outcome
Duplex Anatomical and  Expensive Difficult
scanning haemodynamic  Complex reconstructions

data

Sensitive

Predicts

outcome
Colour flow Anatomicaland  Most expensive Difficult
imaging haemodynamic  Requires most reconstructions

data expertise

Sensitive

Predicts

outcome

.

Doppler flow analysis

The continuous wave Doppler flow detector remains
the most readily available, inexpensive and prevalent
method of intraoperative monitoring. A sterile Doppler
probe with a transmission frequency of 7.5—10 MHz is
acoustically coupled to surgically exposed vessels with
saline and used to assess blood flow velocity signals.
Abnormal flow patterns can be distinguished from
normal ones by audible interpretation of the frequency
shift and phasicity components of the Doppler signal
during the cardiac cycle. The target arteries below the
anastomosis should be examined, as well as the
perianastomotic region, and the native artery in the

vicinity of clamp applications. Flow at and just beyond a
stenosis will characteristically be associated with an
increased pitch of the Doppler signal. In addition to
increased pitch, turbulent flow may also be manifested
by a fluttering or ‘bubbling’ signal, usually indicative of a
haemodynamically significant stenosis. Severe vaso-
spasm, by reducing vessel diameter, may mimic the
Doppler characteristics of a true stenosis. Stenoses
which are not haemodynamically significant (less than
50% diameter reduction) do not usually produce an
obvious detectable change in the Doppler signal. An
occlusion at or distal to the recording site resulting from
thrombus or intimal flap will produce a characteristic
systolic thumping signal, with no diastolic component
because of absence of outflow.

The continuous wave Doppler detector has been used
to exclude residual stenosis after carotid endar-
terectomy, to monitor in situ saphenous vein conduits
for residual competent valve leaflets and arteriovenous
fistulae, to confirm flow in carotid shunts, and to assess
the pattern of blood flow in vessels remote from the
reconstruction (such as the mesenteric vessels after
aortic reconstruction or the pedal vessels after femoro-
popliteal bypass). When an abnormal signal is identified,
intraoperative arteriography should be performed to
confirm and characterize the lesion before re-
exploration.

The continuous wave Doppler instruments are
relatively inexpensive and easy to use. Routine intraop-
erative use of the continuous wave Doppler is an
extremely useful teaching device to expose surgical
trainees to the expected flow patterns in peripheral
arteries, as well as the characteristic signal abnormalities
associated with stenosis, outflow occlusion and technic-
al defects. Audible interpretation of the blood flow data
provided by this instrument requires experience, but
the basic physiological and haemodynamic principles
necessary for its use should be an integral part of every
vascular surgeon’s database.

The pulsed wave Doppler velocimeter allows greater
precision and accuracy in the analysis of blood flow
patterns than a continuous wave Doppler probe. A high
frequency (20 MHz) pulsed Doppler probe can be used
to interrogate in detail the blood flow characteristics in
surgically exposed vessels or bypass conduits. The
higher transmitting frequency allows the use of small
sample volumes, that is, points within the vessel in
which flow is detected.
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Computer processing (using fast Fourier spectral

analysis) of the pulsed Doppler signal permits
detailed categorization of flow disturbances and
measurement of angle-corrected blood flow velocities.
Blood flow patterns can thus be classified into three
clinically relevant categories: (a) normal or ‘laminar’
flow; (b) mild to moderate flow disturbance; and (c)
severe flow disturbance or ‘turbulence’, based on flow
velocity, waveform analysis and spectral criteria. The
spectral width (content) of the Doppler signal repre-
sents the range of blood flow velocities identified within
the sample volume. Laminar or non-disturbed flow is
characterized by widening of the spectral width
(so-called spectral broadening) only in late systole and a
peak systolic velocity of under 125cm/s. Mild to
moderate non-haemodynamic stenoses result in spectral
broadening throughout systole or into early diastole,
but peak systolic velocity changes are minimal (velocity
ratio of proximal versus distal to stenosis less than 1.5).
Spectral width and subsequently blood flow velocity
progressively increase as the severity of stenosis
worsens. Severe, haemodynamically significant lesions,
which reduce pressure and flow, show spectral
broadening throughout the pulse cycle with simul-
taneous reverse flow components and an elevated
systolic flow velocity in excess of 150 cm/s.

2 The presence of a severe flow disturbance corre-

lates with a major vascular defect (white arrow)
and should not be ignored. Immediate revision should
be considered. If there is any uncertainty, intraoperative
arteriography should be performed, and will confirm
the presence of a major defect in over 90% of such
cases. The detection of moderate flow disturbances
requires careful judgement and experience. Such
defects may occasionally serve as sites for platelet
deposition and cause early graft thrombosis. These
lesions may also predispose to the development of
myointimal hyperplasia during the intermediate postop-
erative period.
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Pulsed wave Doppler spectral analysis is suitable for
assessing carotid endarterectomy sites, in situ saphe-
nous vein bypasses, and renal and mesenteric recon-
structions. Routine intraoperative use of this modality
during carotid endarterectomy has documented its
utility in the identification of important defects in 5% of
cases which have the potential of leading to periopera-
tive thrombosis and stroke>.

Defects readily identifiable by B-mode imaging or
altered haemodynamics include intimal flaps, suture
stenosis, intraluminal platelet aggregation within the
endarterectomy site, and distal internal carotid artery
kinking (7able 2). Perioperative thrombosis virtually

Table 2 Characteristics of technical defects detectable with
intraoperative ultrasound

Type of defect ~ B-mode image  Flow disturbance  Low flow
Stenosis + + -
Intimal flap +/— + +/—
Retained valve  +/— + +/—
Luminal clot + + +
Platelet +/- + +/-

aggregation

never occurs if normal arterial flow patterns are
demonstrated during operation at the endarterectomy
site. This modality can also be used to examine the
entire in situ bypass conduit. Previous experience
documents a 5% incidence of residual competent valve
cusps at valvulotomy sites, and a 6% incidence of
anastomotic stenosis®. The presence of severe flow
disturbances is always associated with a major defect on
confirmatory arteriography. The flow pattern detected
by pulsed Doppler spectral analysis is also of prognostic
significance after distal lower extremity bypass. In
patients with critical limb ischaemia, a hyperaemic flow
pattern with antegrade flow throughout the pulse cycle
should be present, as well as a peak systolic velocity in
excess of 40 cm/s. The absence of these two findings
indicates high outflow resistance; if no technical error
or distal thrombosis is present, consideration should be
given to the addition of a sequential bypass to another
outflow vessel. In this setting, such a ‘jump’ or
sequential bypass will increase graft flow and improve
patency.

Pulsed Doppler instruments with spectral analysers
require more experience to use properly than con-
tinuous wave Doppler probes, and are more expensive.
The high-frequency pulsed Doppler probe offers con-
siderably more information, however, and may be
especially applicable for use during procedures in
which technical precision is critical, such as femorodis-
tal saphenous vein bypasses and mesenteric and renal
reconstructions.

Ultrasonic B-mode imaging

Real-time B-mode scanners for intraoperative use
generally use a 7.5-MHz or 10-MHz probe. This
transmitting frequency allows good resolution, and
defects as small as 1 mm are detectable. Sterile saline is
instilled in the wound, and acoustic coupling is
maintained by filling the end of a sterile sleeve
containing the transducer with acoustic gel. The probe
is hand-held by the operator and positioned directly
over the vessels at the depth of the surgical wound. The
real-time image is viewed on a video monitor and
critical portions of the examination can be stored on
videotape.

This modality has been used clinically to examine
carotid endarterectomy sites, aortofemoral and infraing-
uinal bypasses, and portocaval shunts. The high-
resolution imaging is extremely sensitive, and defects
have been identified in 30—40% of patients after
vascular reconstruction. Many of these defects are of no
clinical consequence, however, and do not adversely
affect either short- or long-term results. The haemody-
namic significance of any apparent defect identified is
also not provided by this technique. In addition to these
limitations, the degree of technical expertise required
to use this technique properly, and the high cost of such
instrumentation, have limited the widespread use of
intraoperative B-mode imaging for vascular reconstruc-
tion.

Duplex scanning

The duplex technique couples high-resolution B-mode
imaging and pulsed wave Doppler spectral analysis to
provide a theoretically attractive non-invasive method
of assessing vascular reconstructions. The technology is
especially useful because it provides both anatomical
and haemodynamic information. Duplex ultrasound
systems are expensive, but the same instruments
available in vascular laboratories providing comprehen-
sive testing can also be used in the operating room.

Duplex scanners consist of a high-resolution imaging
transducer (7.5—10 MHz) combined with a pulse-gated
Doppler velocimeter (5.0-7.5MHz). The Doppler
signals are analysed by fast Fourier spectral analysis. The
addition of imaging capability allows precise placement
of a single pulsed wave sample volume and accurate
assessment of the flow disturbance caused by any defect
identified on the B-mode image.

This modality has been successfully used during
operation for carotid, renal and mesenteric reconstruc-
tions. The velocity spectra recorded by this modality
and their interpretation are identical to those outlined
above for the pulsed wave velocimeter.

Duplex scanning requires a higher level of expertise
than either continuous wave or pulsed Doppler
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detectors. The team approach, with a vascular tech-
nologist in the operating room to assist the surgical
team, is helpful. The technologist can make adjustments
to optimize the image and velocity spectra while the
surgeon positions and manipulates the scan head in the
wound.

Colour flow imaging

Colour flow imaging represents a further development
and refinement of duplex scanning. Colour Doppler
flow mapping displays real-time images representing red
blood cell velocities throughout the entire blood vessel
lumen in contrast to standard duplex scanners which
present the velocity spectra of a single intraluminal
sample volume. Each digitized sample volume is
assigned a colour based on velocity and direction of
flow. The assignment of colour to flow direction
expedites vessel localization and allows more rapid
scanning of long vessel or bypass segments for
haemodynamic abnormalities. Colour hue or saturation
is proportional to the Doppler shift, which in turn
depends on the red blood cell velocity and the angle of
Doppler beam insonation. The degree of colour
saturation is thus indicative of the relative red blood cell
velocities. Less saturation of colour-coded pixels
correlates with areas of increased red blood cell
velocity.

We currently use a 7.5-10-MHz linear array colour
flow imager. Studies are performed with a fluid-filled
plastic wedge-shaped stand-off attached to the end of
the transducer. Acoustic coupling is maintained with
sterile saline and acoustic gel instilled into the end of a
disposable plastic sleeve, as outlined previously. The
probe is positioned over the exposed vessel or bypass
conduit and manipulated by the surgeon to image the
vascular repair in both sagittal and transverse planes.

Imaged arteries or bypass conduits are assessed for
alterations in diameter, intraluminal defects and colour
flow changes with each pulse cycle. Localized areas of
decreased colour saturation are associated with in-
creased red cell velocity and therefore stenosis. An
abrupt change in colour flow during the pulse cycle is
abnormal, and the so-called ‘mosaic’ pattern of red and
blue colours indicates sites of turbulence. A great deal of
experience is necessary to interpret colour flow data
properly. Characteristic variations in flow during the
pulse cycle must be understood. Blood flow may be
absent or reversed during the diastolic component of
the cardiac cycle in distal lower extremity bypasses and
native arteries. In addition, Doppler angle is of critical
importance since all colour assignments are angle-
dependent. In addition to the colour flow data, the
system can simultaneously display the Doppler velocity
waveform obtained by spectral analysis of the range-
gated pulsed Doppler. Inspection of this Doppler display
during the examination facilitates placement of the
sample volume and assignment of the Doppler angle.

With experience, colour imaging can be performed
more rapidly than standard duplex scanning. Carotid
endarterectomy sites and in situ saphenous vein
bypasses can ordinarily be examined in 5—10 min.

Recommendations for application
of intraoperative ultrasound

A proper vascular reconstruction is free from major
technical defects, restores or improves haemodynamics,
and is durable. To accomplish these ends, the recon-
structed arterial segment or bypass conduit must be
objectively assessed for its anatomical and haemodyna-
mic integrity. Ultrasound techniques for imaging and/or
flow detection are of great potential use in this regard.
The technique selected depends upon the type of
reconstruction performed, its degree of difficulty, and
the consequences of failure. Table 3 outlines important
technical points fundamental to all methods of intra-
operative ultrasound.

Table 3 Important technical considerations in using intraoperative
ultrasound

Proper acoustic coupling (saline, gel, gel within plastic sleeve)
60° Doppler angle of insonation
Centre stream localization of the pulsed Doppler sample volume

Use of highest frequency probe possible for both imaging and
flow assessment

Analysis of waveform characteristics, systolic and diastolic
components of the flow cycle

Measurement of peak systolic flow velocity

Performance of augmentation manoeuvres (flow should increase
in response to pharmacological vasodilatation with papaverine)

Continuous wave Doppler is inexpensive, simple and
versatile. Audible interpretation of the continuous wave
Doppler signal is probably sufficient to exclude major
technical error and document flow after operations on
large arteries with inherently low frequencies of
technical error and early failure. Such procedures would
include aortic reconstructions, axillofemoral and femoro-
femoral bypasses. The continuous wave Doppler probe
is also useful for documenting bowel viability after
aortic reconstruction by the presence of phasic arterial
flow along the mesenteric border of the intestine.
Arterial flow distal to the reconstructive site (i.e. the
foot after aortofemoral reconstruction) can also be
documented, and major intraoperative distal thrombo-
embolization excluded. Continuous wave Doppler is
also a useful teaching technique. For example, the
characteristic signals audible in the high-resistance
external carotid artery and the low-resistance internal
carotid artery can be demonstrated after carotid
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endarterectomy. However, for technically demanding
procedures such as carotid endarterectomy, infrainguin-
al bypass, and renal/visceral reconstruction, continuous
wave Doppler alone is not sufficiently sensitive.

For the latter technically demanding procedures, in
which technical imperfection can result in catastrophic
morbidity (stroke, limb loss, mesenteric or renal
infarction ), continuous wave Doppler assessment alone
is insufficient. In difficult vascular repairs and bypasses
to small (less than 3 mm) vessels, high-frequency pulsed
wave Doppler spectral analysis is preferred. This
technique lends itself to examination of the carotid
endarterectomy site; in addition, én situ vein conduits
can be completely examined. The technique is also
applicable to reversed and non-reversed vein bypasses.
Even though the entire graft is not examined after its
placement deep in an anatomical tunnel of the leg,
interrogation of the juxta-anastomotic regions, the
exposed portions of the bypass, and the distal target
vessels allows analysis of the magnitude and configura-
tion of the blood flow velocity waveforms. Absent
diastolic flow, low peak systolic velocity, and failure of
flow augmentation after pharmacological vasodilatation,
for example, would prompt arteriography to assess
patency of the outflow vessels. Pulsed Doppler is also
ideally suited to investigate renal and mesenteric
arterial reconstructions. This technique, when properly
applied and interpreted, gives reliable and useful
haemodynamic data and, by inference, anatomical data.

B-mode ultrasound imaging provides anatomical, but
no haemodynamic, information. It is cumbersome to
use, requires great expertise, and is sensitive but
non-specific. It is our opinion that the technique is of
little clinical use unless coupled with haemodynamic
information.

Standard duplex scanning and, more recently, colour-
flow imaging both hold great promise for intraoperative
use. Although expensive, the instruments available in
most vascular laboratories can also be used during
operation. Both techniques provide anatomical and
haemodynamic information, and, like the pulsed Dop-
pler, have special application after ‘difficult’ reconstruc-
tions. If no major defects are identified and flow patterns
are normal, the surgeon can be confident of the
reconstruction. Vascular reconstructions in which
moderate flow disturbances are identified should be
carefully scrutinized in their entirety. Intraoperative
arteriography should be performed if the significance of
a defect is in question, or if major flow disturbances are
present with no identifiable anatomical defects. A

Flow Ultrasound Recommended
disturbance image action
None/mild >

[[Noneimild | No further
—I B-mode normal studies
—[B-mode abnormal |->-
Arteriogram

—l B-mode normal }-—»-
B-mode abnormal
_| I—’- Immediate

revision

Figure 1 Diagnostic algorithm for surgical decision making based
on intraoperative duplex imaging of arterial reconstructions

scheme depicting a clinically useful decision tree to be
applied with the use of intraoperative ultrasound
assessment is illustrated in Figure 1. Anatomical defects
associated with severe flow disturbances should be
re-explored; confirmatory arteriography is unnecessary
in these instances.

Ultrasound in one of its various forms is of critical
importance in the routine intraoperative assessment of
vascular reconstructions. The continuous wave Doppler
probe is the mainstay, but new improved techniques
using pulsed Doppler, duplex scanning and, most
recently, colour flow imaging®, are becoming the
standard of care for selected, difficult reconstructions.
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The work of the peripheral vascular surgeon ranges
widely through the anatomy of the whole body and he is
required to command a wide range of anatomical
knowledge. This chapter outlines the standard tech-
nique for exposure of the major arteries.

Both diseased and healthy arteries may be surpris-
ingly friable, and rough dissection may cause severe
damage and be sufficient to jeopardize the result of the
vascular reconstruction. Gentleness must be observed
at all times and, in general, it is desirable to dissect a

little way from the exterior surface of the vessel so that
the inadvertent division of a branch can be treated by
ligation rather than requiring a suture flush with the
vessel wall. Good angiography is essential to forewarn
the surgeon of the presence of anatomical variations and
to minimize the need for fruitless exposure of vessels
which are not appropriate for the proposed operation.
In some cases the role of angiography has now been
replaced by duplex ultrasonography and shortly,
possibly, by magnetic resonance imaging.

1
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Exposure of the carotid artery

The patient is placed on the back with the head

extended and placed on a rubber ring. The head is
then turned away from the side to be operated on. The
incision is placed along the anterior part of the
sternocleidomastoid muscle as far as the angle of the jaw
and passes slightly backwards.

After incising the skin and platysma, the sterno-
2 cleidomastoid muscle is displaced posteriorly and
the internal jugular vein comes into view. The anterior
facial vein can be seen passing forwards.

3 The anterior facial vein is divided and the internal

jugular vein is retracted posteriorly exposing the
internal carotid artery covered with a layer of areolar
tissue.
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By dissecting along the medial border of the

common carotid artery the superior thyroid artery
will be seen and can be encircled with a sling. The
external carotid artery can also be controlled in the
same way, care being taken to locate the hypoglossal
nerve as it crosses the vessels high up in the wound. The
internal jugular vein is retracted backwards and the
vagus nerve will be seen between these two vessels. The
descending hypoglossal nerve runs down the front of
the common carotid artery. The slings around the
superior thyroid and external carotid arteries can be
used for retraction to expose the internal carotid artery
more fully.

5 If it proves necessary for more of the internal

carotid artery to be exposed then the stylohyoid
muscle should be divided as shown. More of the internal
carotid artery can be exposed by division of the
digastric tendon or subluxation of the jaw in a forward
direction.
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Exposure of the vertebral artery

For exposure of the vertebral artery an incision is
made obliquely just lateral to the sternocleido-
mastoid muscle.

The internal jugular vein is retracted laterally to

expose the vagus nerve which is also retracted
laterally. The carotid artery will be seen medially and
this should be dissected sufficiently to allow medial
retraction. Dissection in the angle between the artery
and the vein reveals the vertebral vein and behind it the
vertebral artery crisscrossed by branches of the cervical
sympathetic chain.

The internal jugular vein is exposed after dividing
the lateral part of the muscle.
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The vertebral vein and some elements of the

sympathetic trunk are divided with downward
extension of the incision to expose the whole of the
lower part of the vertebral artery before it passes
towards the vertebral bodies and also to expose the
subclavian artery from which it arises.

1 1 When the levator scapulae muscle has been
divided the anterior primary ramus of C2 will be

seen crossing the cervical part of the artery. Further

access to the artery can be obtained by dividing C2.

1 For exposure of the distal vertebral artery an

incision should also be made along the line of
the sternocleidomastoid muscle which, after exposure,
is retracted medially. The dissection should proceed
posteriorly, the carotid artery and vein being retracted
medially if necessary. The accessory nerve will be found
crossing the levator scapulae muscle and should be
protected. The upper end of the levator scapulae should
be divided with a scalpel passing an appropriate
instrument behind it to protect the structures lying
there.
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Exposure of the subclavian artery

1 2 An incision is made above the scapula, lateral to
the insertion of the sternocleidomastoid muscle.

1 The platysma and fascia are dissected to reveal
the omohyoid muscle, lymph nodes and fat. The
lymph nodes and fat should be displaced upwards.
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1 4 The phrenic nerve will be seen beneath the deep

fascia overlying the anterior scalene muscle
which can be felt as a band passing downwards and
medially. The brachial plexus will easily be seen or felt
laterally. A curved blunt instrument is passed behind the
anterior scalene muscle.

1 5 The anterior scalene muscle is divided carefully,
protecting the phrenic nerve which is best
performed by passing a sling around it.

Division of the anterior scalene muscle reveals
1 6 the subclavian artery and its suprascapular and
internal mammary branches. The vertebral artery can
also be seen medially.
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Exposure of the distal subclavian
and proximal axillary artery

1 The subclavian artery should be exposed as
already described, the incision being taken
across the clavicle. This can be divided as shown.

After division of the clavicle downward retrac-
1 tion reveals the distal part of the subclavian
artery as it crosses the first rib and the upper part of the
axillary artery beyond this.

1 9 The middle part of the axillary artery is exposed
by making an incision below the middle third of
the clavicle.
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20 The skin and deep fascia are incised and
branches of the acromioclavicular artery can be
seen coming through the clavipectoral fascia. The
pectoralis major muscle lies above and below these
branches.

2 For more distal exposure the pectoralis minor
2 muscle in the lateral part of the wound needs to
be divided completely. Retraction is required to access
the artery.

21 The muscle fibres of the pectoralis major are

divided after tying off the branches of the
acromioclavicular artery. The axillary artery can be felt
in the depths of the wound and exposed by sharp
dissection. One or two branches need to be tied to
expose it fully.
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Exposure of the brachial artery

3 This can be exposed throughout the upper arm
2 by an incision placed along its medial border just
behind the biceps muscle.

2 4 After incising the skin and deep fascia the biceps

muscle is retracted anteriorly and the triceps
posteriorly. The median nerve can be seen lying
superior to the brachial artery.

2 5 Further dissection will reveal the brachial vein
which can be retracted posteriorly to expose the
ulnar nerve.
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2 6 For exposure of the bifurcation of the brachial
artery an S-shaped incision should be made in
the antecubital fossa.

After division of the bicipital aponeurosis the
2 7 brachial artery and its bifurcation into the radial
and ulnar arteries will be seen where they pass between
the brachioradialis and flexor muscles. The median
nerve and basilic vein can be seen posteriomedial to the
artery.
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2 8 The ulnar and the radial arteries are exposed
through incisions on the anterior surface of the
forearm.

28

2 By dissection between the brachioradialis mus-

cle medially and the flexor carpi radialis muscle
laterally the radial artery will be exposed along with its
associated veins.

3 0 By dissection of the pronator teres and

brachioradialis muscles laterally and the flexor
digitorum sublimus muscle medially the ulnar artery
will be seen.
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3 For exposure of the ulnar and radial artery at the
wrist the incisions should be made as indicated.

3 The radial artery is very superficial and may be
palpated and exposed easily.

33 The ulnar artery is a little deeper but again is
relatively superficial and can be exposed before
it enters the deep aspect of the hypothenar eminence.
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Exposure of the ascending aorta
and arch branches
3 Various incisions are made to expose the

ascending aorta and its branches in the neck.
The most commonly used is a vertical incision.

The incision is deepened to the sternum from
3 5 the manubrium sternum to the xiphisternum. An
appropriate clamp such as a Roberts is passed behind
the sternum and a Gigli saw pulled through the tunnel.
This is then used to divide the sternum. An electric saw
can, as an alternative, be used to divide the sternum
from the front.
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3 After the sternum has been divided it is held
apart by self-retaining retractors.

3 The brachiocephalic vein will be seen and

should be retracted downwards to expose the
aortic arch and the roots of the brachiocephalic, left
carotid and subclavian arteries.



26  Exposure of major blood vessels

3 In order to expose the branches of the aortic
arch in the neck a transverse limb is added to the
vertical incision.

By division of the sternocleidomastoid and
39 anterior scalene muscles, the subclavian artery
can be seen and the phrenic nerve protected. This
allows various types of graft to be inserted between the
ascending aorta and its branches in the neck.
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Exposure of the descending
thoracic aorta
4 This is exposed through an incision in the fifth

or eighth intercostal space, depending upon
which level is to be exposed.

41 The thoracic cavity is entered by
a / removing the rib and the lung is
displaced forwards. The descending aorta will be seen
posteriorly.
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Exposure of the lower thoracic
and upper abdominal aorta

4 For exposure of the descending thoracic and

upper abdominal aorta a midline incision is
made in the abdomen with an extension through the
costal margin along the seventh rib for exposure of the
lower thoracic aorta and the fifth for exposure of the
upper thoracic aorta.

43 The rectus muscle and costal margin
a / are divided to allow exposure of the

pleura which is then opened.
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4 The diaphragm can be divided either trans-
versely close to the costal margin which avoids
damage to the phrenic nerve, or vertically which

damages the phrenic nerve but gives much better
exposure.

4 After division of the diaphragm the thoracic
aorta, liver, abdominal contents and spleen can
be seen.
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46

An incision is made in the peritoneum along the
lateral border of the spleen and colon.

The colon, spleen and pancreas are mobilized to
4 the right which exposes the abdominal aorta and
its main branches, the coeliac axis, the superior
mesenteric artery and the renal vessels. The left renal
vein can be seen crossing the abdominal aorta.
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Exposure of the abdominal aorta
and its branches

4 This is accomplished through a number of
transverse incisions (A), a midline incision (B),
or an oblique incision (C).

Superior mesenteric artery

4 The peritoneum on the left side of the duodeno-
jejunal flexure is incised carefully and the bowel
pushed to the right. This will expose the aorta.

Alternatively a transverse abdominal incision
5 can be used with the same incision in the
peritoneum close to the duodenojejunal flexure in
order to expose the aorta.
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5 For a retroperitoneal exposure the abdominal

muscles are divided as shown in Illustration 48
(line C) and the peritoneum displaced to the right. This
will expose the aorta and the kidney.

Coeliac axis

5 2 The coeliac axis is exposed after opening the
abdomen through a transverse or vertical
incision and opening the lesser omentum.
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After ligating the vessels in the greater omentum
5 the pancreas can be seen at the back of the lesser
sac and the aorta felt just above the level where the
crura Cross it.

5 4 The crura are divided to expose the aorta and
just above the stomach the origin of the coeliac
axis will be seen.
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Splenic artery

5 The splenic artery is exposed by dividing the
greater omentum along the lower border of the
stomach and displacing that organ proximally.

5

The artery will be seen running along the upper
part of the pancreas.
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Superior mesenteric artery origin

[; 7 The origin of the superior mesenteric artery can
S be exposed through a transverse or vertical
incision in the peritoneum lateral to the spleen and
colon.

[; The spleen, pancreas and stomach are mobilized
S 8 to the right exposing the kidney, the aorta, its
major branches and the renal veins. The origins of the
coeliac and superior mesenteric artery and other
branches can be accessed in this way.



36 Exposure of major blood vessels

9 For exposure of the superior mesenteric artery
5 lower down the intestine is mobilized to the
right and the artery, along with the superior mesenteric
vein, palpated in the free edge of the mesentery above
the jejunum. Incising the peritoneum will expose the
artery here.

Hepatic artery

6 Division of the lesser omentum allows exposure
of the hepatic artery as it crosses from the
coeliac artery.
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Renal arteries

6 The renal arteries are exposed using a transverse
or vertical incision after passing a sling around
the left renal vein which is pulled downwards.

62 6 The right renal artery is exposed by
/) incising the peritoneum lateral to the

duodenal loop and displacing it medially.



38 Exposure of major blood vessels

Exposure of the iliac artery

6 4 An oblique incision is made in the left iliac fossa.

To expose the iliac artery and vein the muscles
65 are divided and the peritoneum mobilized
medially, taking care to avoid the ureter which crosses
the bifurcation of the common iliac artery.

Exposure of the internal iliac artery

In order to expose this vessel, the common and
66 external iliac arteries are encircled with slings
and pulled laterally. This allows exposure of the origin
of the internal iliac artery which can be dissected free
with scissors.
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Exposure of the inferior vena cava

67 6 The vena cava is exposed by opening
/ the patient’s abdomen through a trans-

verse or vertical incision, incising the peritoneum
lateral to the duodenal loop and ascending colon, and
displacing these structures medially to expose the
entire vena cava retroperitoneally.
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Exposure of the portal vein

69 This is exposed in the free edge of the porta

hepatis. The hepatic artery is mobilized medially
and the bile duct likewise. The portal vein lies behind
these vessels.

Exposure of the splenic vein

70 As this structure lies behind the pancreas it is
best exposed by incising the peritoneum lateral
to the spleen as shown at A.

7 The spleen is then mobilized medially and the
vein will be seen running along the back of the
pancreas where it can be isolated if necessary.
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Exposure of the superficial and
deep femoral arteries

7 A vertical or oblique incision is made in the
groin.

7 3 The fascia overlying the vessels is cut with a pair
of scissors.
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7 4 A pair of Lahey forceps is passed behind the
artery and a sling passed around it.

7 5 Slings are similarly passed around the common
and superficial femoral arteries and the upper
branches of the deep femoral artery.
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76 For extensive exposure of the deep femoral
artery the small veins which often cross its
origin and lower down the circumflex femoral vein are
divided and the vessel fully exposed.

Exposure of the femoral artery

77 For exposure of the femoral artery in the mid 7 The vastus medialis and adductor longus muscles
thigh a vertical incision is made. are separated and the artery exposed.
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Exposure of the popliteal artery

79 Using a posterior approach an S-shaped incision
is made.

8 When the fascia and fat have been divided the
short saphenous vein will be seen. This has to be
divided to gain access to the popliteal fossa.

8 The medial popliteal nerve and vessels will be
seen passing between the two heads of the
gastrocnemius muscle and are suprisingly superficial.
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8 For exposure of the above knee popliteal artery

an incision is made in the lower medial part of
the thigh along the anterior border of the sartorius
muscle.

The incision is deepened until the long saphe-
8 nous vein can be seen and should be protected.
An incision is made in the deep fascia behind the nerve
and the sartorius muscle retracted posteriorly.

8 4 Using finger dissection the popliteal artery is felt
in the popliteal fossa lying anteriorly medial to
the vein.
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85 Appropriate retraction allows a sling to be
passed around it to provide access.

8 6 The below knee popliteal artery is exposed by
using an incision just behind the tibia, passing
backwards slightly near to the knee joint.

87 An incision is made in the deep fascia anterior to
the gastrocnemius muscle.
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The gastrocnemius muscle is retracted pos-
88 teriorly and the soleus muscle can be seen
attached to the tibia. The vessels passing behind it can
be felt above in the popliteal fossa.

8 By dividing the tendon of the soleus muscle

where it is attached to the tibia, the artery and
vein can be followed downwards. The artery in
particular is crossed by many small venous branches
which require careful ligation.
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Exposure of the long saphenous
vein

9 In order to remove the long saphenous vein
multiple incisions are made along it and the vein
exposed.

9 The vein is then removed through a continuous
incision. This is probably better as it does less
damage to the vein.

91 It is then removed by undermining the skin

bridges. The upper end of the vein can be found
first where it joins the saphenofemoral junction from
where it can be traced by duplex ultrasonography and
marked before surgery.
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Exposure of the crural vessels

9 The posterior tibial and peroneal arteries are

exposed by further detachment of the soleus
muscle from the tibia until the peroneal artery
disappears through the interosseous membrane half way
down the leg.

9 5 The fibula is exposed and a segment removed.

9

The peroneal artery is exposed in the lower half
of the leg by an incision on the lateral side.



50 Exposure of major blood vessels

9 Once the fibula is removed the artery can be
seen behind it.

97 The anterior tibial artery is exposed by an
incision over the anterior tibial muscles.

9 8 By dissection between the muscles the artery is

found deep on the interosseous membrane. It
can usually be located quite easily by finding a branch
and following this backwards.

The anterior tibial and posterior tibial arteries
9 are exposed at the foot or ankle by incisions
over the posterior tibial artery behind the medial
malleolus or anterior tibial artery on the dorsum of the
foot.
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Arterial suture and anastomosis

P. L. Harris MD, FRCS

Consultant Vascular Surgeon, Royal Liverpool University Hospital, Liverpool, UK

History

The principles of vascular repair with sutures were
established in the first decade of the 20th century by
Alexis Carrel, who in 1912 was awarded the Nobel Prize
for Medicine for this work. Since then, technical
refinements of suture materials have made possible
surgical reconstruction of most arteries, from the root of
the aorta to microvascular anastomosis or repair of the
smallest vessels, e.g. digital arteries or those on the
surface of the brain. Fine sutures on atraumatic needles
are best for arterial anastomosis. Silk was used for many
years, but it has now been replaced by synthetic fibres,
which are less traumatic to the vessel walls.

Principles and justification

Indications

There are three principal indications for operating on an
artery: injury, aneurysmal dilatation and occlusion.
Injury may result from sharp or blunt trauma and may
be associated with damage to other structures, e.g.
fractures of long bones. Iatrogenic injuries are in-
creasingly common, arising from arterial access either
for investigation or treatment. Another growing prob-

lem is that of self-induced arterial injury in main-line
drug abusers. Occasionally, radical surgery for malig-
nant disease may necessitate arterial repair. In most
circumstances reconstruction of a damaged major
artery is preferable to tying its ends, and this is
particularly true in the lower limb.

Although elective and emergency treatment of
aneurysmal and occlusive arterial lesions is mostly
within the province of vascular specialists, the need for
vascular repair may be encountered in all branches of
surgery and it is therefore essential that all surgeons are
familiar with the principles of arterial suture and
anastomosis.

Contraindications

Total ischaemia of a limb for several hours resulting in
massive muscle death is an absolute contraindication to
vascular repair, because not only will the limb not be
salvaged but fatal metabolic disturbance may ensue.
Severe compound or crushing injury with gross tissue
loss may also be an indication for amputation rather
than vascular repair.

Arterial repair is superfluous where there is an
adequate collateral circulation, as for example in the
case of an injury to the radial artery at the wrist with an
intact palmar arch.

Wherever possible, arterial suture should be avoided
in the presence of infection.
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Instruments
Clamps, needle holders and suture clamps

A wide selection of vascular clamps is essential. For
large intra-abdominal and thoracic vessels the DeBakey
Atraugrip range is effective, while for smaller arteries,
for example femoral, popliteal, subclavian, brachial and
carotid arteries, paediatric clamps of the Castaneda type
are suitable. A range of small bulldog clamps is useful for
controlling back bleeding from side branches, and for
delicate vessels the Schofield—Lewis type is safe and
effective.

Small peripheral arteries, including those distal to the
popliteal and brachial arteries, should never be clamped
as they are very sensitive to clamp damage. These
vessels should be controlled with fine atraumatic plastic
loops and by smooth round-ended atraumatic intralu-
minal catheters. Plastic loops may be colour-coded for
easy identification.

Arteries must be handled gently and only with
atraumatic non-toothed forceps.

Needle holders for vascular work must have fine
points in order to facilitate accurate placement of
sutures, and the jaws should be constructed from
high-quality materials such as tungsten in order to
ensure a firm grip of the needle. The range of sizes
available should take account of the fact that arteries
may be close to the surface or at considerable depth.

Rubber-shod clamps fashioned from small haemostats
with the jaws cushioned by fine rubber or plastic tubing
should be attached to the loose end of the suture in
order to keep it out of the way. Unprotected metal
instruments must never be applied to monofilamental
sutures, which are relatively brittle and easily damaged.

Suture materials

Non-absorbable sutures on atraumatic needles are
essential for arteries and there are three types in
common usage.

1. Monofilamental material, such as polypropylene
(Prolene), is very smooth and slips easily through the
tissues. This property allows the anastomosis to be
tightened easily by applying longitudinal tension on

the suture. Its main disadvantage is a tendency to
brittleness, and sutures of this type also tend to have
a ‘memory’ causing twist (kink). It is essential to use
several throws in each knot to ensure security.

2. The second type of suture is braided material coated
with an outer layer of polyester to make it smooth.
These sutures are less brittle and have no ‘memory’,
but do not slide so easily through tissues.

3. Polytetrafluoroethylene (PTFE) sutures are available
specifically for use with PTFE grafts. They are swaged
onto very fine needles in order to overcome the
problem of needle-hole bleeding from these grafts.
The suture material itself is very strong and has
excellent handling properties, but the needles are
comparatively fragile and are unsuitable for suturing
tough or calcified vessels and knots slip easily.

Arterial sutures may be single-ended with one needle
or double-ended with two. They are available in varying
sizes from 2/0 to 10/0. In general, the finest suture that is
strong enough for the job should be used. As a rough
guide, the following sizes are appropriate: 3/0 for the
aorta; 4/0 for the iliac arteries; 5/0 for the femoral artery;
6/0 for the popliteal and brachial arteries; and 7/0 for
tibial arteries.

For very fine work, a monofilament stitch is always
necessary, and magnifying loops should be used.

Preoperative
Heparin

In non-traumatic situations, it is usual to give systemic
heparin before application of the clamps. A standard
dose of 5000IU may be given. Alternatively, the dose
may be related to the weight of the patient, for example
1000 IU/kg body weight. It is not always necessary to
reverse the heparin, but one common practice is to
reverse half of the dose of heparin originally used with
the appropriate amount of protamine sulphate. (Pro-
tamine sulphate, 2 mg, neutralizes heparin, 10001U.)
For all arterial operations, a solution of heparinized
saline should be prepared for irrigation of open vessels
and instillation into vessels distal to a clamp. This is
made up from heparin, 5000 [U in 500 ml normal saline.
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Operation
SIMPLE SUTURE

Arteries are best opened longitudinally rather than
transversely for three reasons. First, a longitudinal
arteriotomy is easier to close; secondly, any thrombus
that accumulates on the suture has less tendency to
narrow the lumen; thirdly, it can easily be extended. A
transverse arteriotomy is difficult to close because the
intima retracts away from the outer layers and there is a
greater risk of intimal dissection and flap formation.

Longitudinal arteriotomies in large or medium-

sized arteries can usually be closed by simple
lateral suture. The needle must pass through all layers of
the arterial wall with every stitch, and care should be
taken to ensure that the intima turns outwards. It is
important to maintain a firm, even, tension on the suture
line and optimal spacing and size of each bite, which can
only be learned by experience. Even, regular spacing is
usually best, but occasionally irregular stitches may be
required to take account of calcified atheromatous
plaques.

CLOSURE WITH A PATCH

2 For vessels of less than 4 mm in diameter (which
usually includes the brachial artery) and where
there is loss of substance of the arterial wall that would
cause linear closure to narrow the lumen too greatly, it
is preferable to close the artery with a patch. This
technique can also be used to widen the lumen of a
vessel that has become stenosed by disease, for example
the deep femoral artery. For small vessels, a patch of
autologous vein should be used (the long saphenous
vein should not be sacrificed for this purpose). In larger
vessels, prosthetic material (either Dacron or PTFE)
may be used. An oval or rectangular patch is better than
an elliptical one with sharp points which tends to
narrow the vessel at each end.
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END-TO-END ANASTOMOSIS

This is most easily accomplished by the triangulation
technique, as described originally by Carrel.

Stay sutures

The transected ends of the vessels are first carefully

cleared of excess adventitia, because if this should
intrude on the lumen it will promote thrombosis. Three
stay sutures are inserted, the first being placed in the
centre of the back or deepest aspect of the anastomosis,
with the other two positioned so as to divide the
circumference of the vessels equally into three. Any
disparity in calibre can be compensated for at this stage.
Everting horizontal mattress or simple sutures may be
used. Sometimes it may be simpler to use just two stay
sutures placed either at the anterior and posterior
points or at each side, but this is not recommended as a
routine.

Interrupted sutures

4 Interrupted sutures should always be used for small

or medium-sized vessels. By applying gentle
traction to the stay sutures, each of the three segments
of the anastomosis is completed in turn commencing
with the two at the deepest aspects.

Continuous sutures

For larger vessels a continuous suture may be used,

commencing on each side of the deepest part of the
anastomosis. Care must be taken not to pull the suture
too tight and cause a purse-string effect.
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Single-stitch method

If there is difficulty in rotating the vessels, for

example at a large bifurcation, a single stitch may
be used. Commencing on the side nearest the operator,
the sutures are inserted from within the lumen to
complete the deep or posterior aspect and then
continued across the anterior aspect to the starting
point. Alternatively, a double-ended suture may be
commenced at the midpoint posteriorly and each side
completed in turn.

Parachute technique

Alternatively, the double-ended suture may be left

untied in order to allow a number of stitches to be
placed on each side before the graft is pulled down onto
the artery.

Inlay technique

This is the method used for abdominal aortic

aneurysms. A horizontal mattress stitch using a
double-ended suture is started in the middle of the back
of the graft, picking up a double layer of the aortic wall
at the neck of the aneurysm and inserting the needles
from inside the lumen.

The suture may then be tied and each side of the
anastomosis completed in turn. The needle should pass
from graft to aorta, and it is essential to take large bites
of the aorta to include all layers.
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END-TO-SIDE ANASTOMOSIS

This is the usual method of anastomosis for bypass
operations. The anastomosis should be oblique, and its
length should be approximately twice the diameter of
the lumen of the graft. The end of the graft should be
fashioned into a spatulate shape, so that on completion
of the anastomosis it adopts a ‘cobra head’ appearance.

Four-quadrant technique

A double-ended suture is placed at the ‘heel’ of the

anastomosis and stitching is completed along each
side of the anastomosis to the mid-point. If the ‘toe’ is
left free at this stage, the inside of the anastomosis can
be inspected to ensure apposition of the intima.

The ‘toe’ of the graft is then trimmed accurately to
size and secured with a double-ended suture to the apex
of the anastomosis. The procedure is completed by
closing the two remaining quadrants. The ‘toe’ and ‘heel’
are the most crucial points of an end-to-side anastomo-
sis, where there is the greatest risk of vessels becoming
narrowed. To avoid this risk at the toe, the starting point
should be offset to one side or other of the apex.
Alternatively, a number of interrupted sutures can be
placed around the toe.

Parachute technique

1 Where access is difficult or good visualization of

the anastomosis is impaired, this technique may
be advantageous. Using a double-ended monofilament
suture, a series of running stitches is placed at what will
become the ‘heel’ of the anastomosis, with the graft and
artery separated. These sutures are then pulled tight as
the vessels are approximated.



Arterial suture and anastomosis 57

SUTURING THE DISEASED ARTERY

Stronger material may be used for suturing densely
sclerotic or calcified vessels. Wherever possible the
needle should be passed from within the lumen to the
outside of the arterial wall in order to ‘pin back’ loose
plaques, and this requires the suture to pass from graft
to artery rather than vice versa. In the presence of
calcification it may be necessary to insert a large suture
around the whole plaque, in which case additional fine
adventitial stitches may be required for complete
haemostasis. Care must be taken that sutures are not cut
or frayed by calcified plaques. Caution must be
exercised in removing plaques or performing local
endarterectomy when suturing arteries.

Kunlin suture

1 If an endarterectomy has been performed, there

is a risk of intimal flap dissection at the
downstream edge. To eliminate this risk, sutures are
inserted to secure the intima. The needle passes from
outside to inside through an endarterectomized part of
the wall and back from inside to outside through the
atheroma to be finally tied on the outside.

Buttressing sutures

1 2 Disease may sometimes cause the arterial wall to
be friable so that it will not hold sutures, which
then cut out. This can be a cause of serious
haemorrhage. In these circumstances, the sutures
should be buttressed with pads of Dacron for large
arteries or small pieces of muscle for small arteries.
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NON-SUTURED ANASTOMOSIS

1 This technique has a limited application for the

treatment of dissecting aneurysms and some
atherosclerotic aneurysms involving the thoracic aorta,
where it may confer some advantages over conventional
suturing'. A rigid, Dacron-covered polypropylene ring
attached to the end of the graft is inserted on an
applicator within the lumen and held in place by tapes
ligated around the outside of the aorta.
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Technique of endarterectomy
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Principles and justification
Indications

Endarterectomy of an artery is indicated in the presence
of a short stenotic lesion (open endarterectomy) or, less
frequently, in longer occlusions, particularly when the
insertion of a synthetic bypass is contraindicated
because of the risk of infection.

Preoperative

Good quality angiograms are more important in patients
selected for endarterectomy than in those selected for
bypass because the exact nature of the stenotic process
must be evaluated with great care to make sure the
correct segment is treated surgically. In bypass it is only
really necessary for surgeons to know that the area
selected for the origin of the bypass and that selected for
the outflow tract are adequate.
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Operations
OPEN ENDARTERECTOMY
Incision

The diseased segment is isolated between arterial

clamps after full systemic heparinization of the
patient. A small incision is made longitudinally in the
artery, using a size 15 blade. The incision is deepened
very carefully and the knife is withdrawn as soon as
fresh blood is encountered, indicating that the arterial
lumen has been opened.

The incision is extended proximally and distally
with a pair of Pott’s scissors to cover the extent of
the stenotic lesion.

One side of the arteriotomy is lifted by the surgeon

and the other by the assistant. The surgeon seeks to
enter a plane of endarterectomy in the arterial wall
using a Watson—Cheyne dissector.
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When a good plane is located the dissector is

passed around the apex of the arteriotomy to
ensure that the plane remains constant on both sides of
the artery. The dissector is only passed around the
proximal extremity of the arteriotomy. The inner layers
of the vessel distal to the site of endarterectomy are
carefully left adherent to their attachments to the
remainder of the arterial wall.

The distal extremity of the stenosing plaque is then
carefully divided with Pott’s scissors, exactly at the
point at which it remains attached to the arterial wall, so
that no loose free flap remains which might lift in the
restored blood flow and cause occlusion of the artery.

Removal of plaque

Using the dissector, the plane of endarterectomy is

extended around the whole circumference of the
vessel in the proximal part of the arteriotomy, totally
freeing the plaque, which is then divided at the
proximal end of the arteriotomy and lifted out of the
vessel.
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If there is any suggestion that this distal extremity

of the endarterectomized segment may be loose,
two anchoring sutures are passed through the arterial
wall, through the endarterectomized segment and out
through the unendarterectomized intima, to anchor it in
place.

It is sometimes possible to divide the most distal
extremity of the plaque first, with sharp dissection, and
then to extend the plane of endarterectomy proximally,
dividing the endarterectomized core at the proximal
extremity of the arteriotomy; this is particularly useful
in carotid endarterectomy, where the plaque tails off
distally into thin, healthy artery.

Closure

Downflow and backflow are tested by momentary
release of each clamp. The arteriotomy is closed with
appropriate calibre polypropylene sutures, using 3/0
polypropylene for large vessels such as the aorta and 4/0
or 5/0 for smaller arteries. It is best not to close arteries
smaller than 5mm in diameter directly but to use a
patch to avoid the inevitable slight stenosis associated
with direct closure.

An interrupted suture is placed in the proximal
8 extremity of the arteriotomy and tied. A continuous
suture then starts at the distal extremity of the
arteriotomy and is advanced to meet the proximal
suture. After completion of the suture line the proximal
clamp is removed to drive air from the isolated arterial
segment before the distal clamp is removed.

After removal of the clamps the vessel is palpated
distal to the reconstruction to ensure that a palpable
pulse has returned, and the vessel distal to the
arteriotomy is observed closely for a few minutes to
ensure that dissection has not taken place in the newly
endarterectomized segment; this is immediately visible
as a blue discoloration of the arterial wall, as blood is
forced into it as the flap of intima lifts, and is associated
with a loss of the distal pulse, though a strong pulse may
persist in the dissection itself.
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SEMI-CLOSED ENDARTERECTOMY
Incision

This technique is suitable for longer occlusions and may
be performed through one or two arteriotomies. After
systemic heparinization the occluded segment of vessel
is exposed and clamps are applied above and below the
occluded area.

An arteriotomy is made distal to the area of

occlusion, extending into the occluded segment to
permit exposure of the distal extremity of the stenosing
plaque.

Removal of plaque

1 Using the same technique as for open end-

arterectomy, the arteriotomy is opened and the
distal extremity of the plaque is dissected free using a
Watson—Cheyne dissector, with a combination of sharp
dissection and Pott’s scissors.

1 A loop or arc stripper is then passed up in the

plane of endarterectomy to the proximal ex-
tremity of the occluding lesion. A loop stripper is
relatively safe but, unfortunately, will not easily traverse
an artery of varying lumen. An arc stripper will traverse
such a vessel, but there is a danger that it may be caught
in the wall if it is twisted as it is passed up and down the
vessel.



64 Technique of endarterectomy

1 2 After passage of the stripper proximally, arterial

forceps are gently closed on the arterial wall
with sufficient force to break the inner plaque but not
the outer layer of the wall. The artery is held in the
finger and thumb of the other hand while the clamp is
applied and the plaque can be felt to break, with
adequate pressure. The plaque is then milked distally
from the vessel by a combination of traction with a pair
of forceps and pressure of the finger and thumb of the
other hand.

1 The plaque may not rupture satisfactorily, or
3 fragments of atheroma may be left in the vessel
lumen; these may be removed using a pair of Martin’s
thrombectomy forceps.

If the plaque will not rupture it is important that
14 excessive pressure is not applied as this may
destroy the arterial wall. A second arteriotomy is then
made at the proximal extremity of the occlusion and the
plaque is divided under direct vision, to be withdrawn
distally.

Closure

The proximal arteriotomy is sutured first, as downflow
may then be tested to assess the adequacy of clearance
of the obstructed segment. The distal arteriotomy is
then closed, again ensuring that there is no evidence of a
dissection of the distal end of the intima which may
have to be anchored.
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EVERSION ENDARTERECTOMY

This elegant variation on the closed endarterectomy
technique was described by Wiley.

1 After systemic heparinization the occluded

segment of the vessel is clamped proximally and
distally and divided transversely at the distal extremity
of the occlusion.

1 A Watson—Cheyne dissector is inserted into the

plane of endarterectomy in the arterial wall and
the adventitia and outer layer of the media are everted,
allowing precise division of the adherent bands between
the core and the outer wall. After division of the core
the eversion is reduced.

1 The divided artery is then resutured, using
7 interrupted sutures to avoid stenosis. This
effectively anchors the distal, undivided intima. The
sutures should pass from the outer wall of the
endarterectomized vessel into the lumen of the
unendarterectomized vessel and out again, thereby
anchoring the distal intima.

Outcome

Endarterectomy is technically more demanding than a
bypass procedure and for this reason it has been
practised less frequently in recent years, but it does
have the advantage that sepsis is not so disastrous as is
infection of a synthetic graft, and the long-term results
of endarterectomy in most sites are comparable with
those of bypass.
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History

Early attempts to perform endoscopy of the car-
diovascular system were limited to the heart. Rigid
endoscopes were used to visualize intracardiac pathol-
ogy. While successful, these systems were too large to
be used in peripheral vessels. In addition, displacement
of the blood for clear visualization was difficult and was
based on a transparent balloon. Using rigid choledocho-
scopes, Greenstone was able to visualize the lumens of
large vessels in dogs and human cadavers in a blood-free
field!. In 1974 Vollmar and Storz reported clinical
success using a flexible choledochoscope?®. Crispin
(1973)? and, later, Towne (1977)* concurred that
angioscopy was a safe technique which minimally
prolonged the operative procedure, and was a potential
alternative to completion arteriography. Modern tech-
nology has produced high-resolution, small-diameter
angioscopes which provide high-quality images of even
small-calibre vessels. Coupled with efficient irrigating
systems, the lumens of many arteries and veins can now
be inspected.

Principles and justification

Angioscopy is a new technique whose precise role in
the care of patients with vascular disease is evolving. In
preliminary studies, angioscopy appears to be useful in
detecting technical errors, monitoring valve lysis during

the in situ bypass, and determining the adequacy of a
thromboembolectomy®. Completion arteriography is
the most common method used to evaluate the
anastomosis and run-off of a femorodistal bypass.
Completion arteriography also provides detailed anat-
omy of the run-off vessels. Visualization of run-off is
essential in making decisions such as whether to
reoperate or to anticoagulate. Completion arteriography
is also useful in evaluating options with late graft
failures. Patent distal vessels may be used for subsequent
reoperation. While completion arteriography is highly
specific, it is only a moderately sensitive test.> Other
intraoperative methods used to detect technical defects
include electromagnetic flow probes, B-mode scans and
Doppler spectral analysis.

Angioscopy offers another method of assessing the
technical quality of an infrainguinal bypass. In 112 lower
extremity bypasses Miller et al. reported that, in 48% of
the cases, surgical decisions were made on the basis of
angioscopy alone®. The angioscopic findings which
prompted a change in the surgical procedure included
incompletely cut venous valve leaflets and missed
arteriovenous fistulae in in situ grafts. Unfortunately,
comparative intraoperative arteriograms were per-
formed in only 16% of patients. In studies which
compared both techniques, angioscopy was more
accurate than arteriography in detecting technical
errors®. In one prospective study of 49 femorodistal
bypasses, Baxter et al. found that completion arterio-
graphy was highly specific (95% ) but not sensitive
(67% ) when compared with angioscopy’. The angio-
scopic findings in three grafts with normal arteriograms
(false negatives) revealed intimal flaps (two) and
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intraluminal thrombus (one). In 10% of the procedures,
angioscopy revealed a technical problem which required
an unanticipated alteration in the surgical procedure.
Angioscopic monitoring of the iz situ bypass is used
to limit the length of the skin incision and to ensure
valvular incompetence. For the first time since the
original description of the #n situ bypass by Hall in
1962, angioscopy permits the visualization of the
venous valvulotomy’. Valve incision performed during
an in situ bypass relies upon retrograde pressure (either
arterial or from an irrigation catheter) to close the valve
mechanism. A valvulotome is inserted and the venous
leaflet is torn blindly. Vein wall injury may occur at any
point but particularly when the leaflet is adjacent to a
small side branch. The use of angioscopy to monitor the
valvulotomy was introduced by Fleisher et al. in 19865
Damage to venous conduit could be avoided and
arteriovenous fistulae could be identified using the
angioscope. In this preliminary report, angioscopy did
not prolong the operative procedure and was not
associated with fluid overload. Later reports by Matsu-
moto and Mehigan® confirmed the utility of angioscopy
in performing in situ bypasses. The also recommended
using the angioscope to ‘prepare’ translocated vein
bypasses. Residual intact valve leaflets and persistent
arteriovenous fistulae were avoided using this method.
Miller et al. performed routine angioscopy following all
infrainguinal bypasses and found a 17% incidence of
retained valve leaflets and a 60% incidence of residual
arteriovenous fistula®. These partially torn valves may
create turbulent blood flow and be the site of later vein
graft stenosis. In our own experience, angioscopy
detected mid-vein graft abnormalities in only 4% of
patients, all of which were unrelated to an incomplete
valvulotomy. The lesions identified were sclerotic vein
segments. Recently, there has been enthusiasm to
perform pre-bypass angioscopy in all vein bypass cases
to identify vein abnormalities. Since the incidence of
undetected vein abnormalities in our experience is low
(4% ), routine pre-bypass angioscopy is not performed.
These abnormalities were found with completion
angioscopy and were corrected. Similar results have
been noted by Mehigan who found only one functional
valve leaflet in 55 patients and 3 patent side branches®.
An additional benefit of angioscopy is that the
operation may be performed without a long leg incision
to expose the full length of the vein. A high wound
complication rate has been associated with long leg
incisions. Since it is possible to identify major side
branches with the angioscope, only small cut downs are
required for ligation. However, the below-the-knee
incision for tibial artery bypasses is still required and
this area is the site of the majority of wound problems.

The treatment of lower extremity arterial emboli has
not changed significantly since the introduction of the
Fogarty catheter in 1963. In combination with systemic
heparinization, the Fogarty catheter has greatly in-
creased the rates of limb salvage from 70% to 99%.
Thromboembolectomy using the Fogarty catheter is a
blind procedure. The catheter is placed in the distal
arterial system and is withdrawn, using a subjective
estimation of arterial drag. It is often difficult to
selectively cannulate each of the tibial vessels. On
occasion, it is necessary to cut down upon the
infrapopliteal vessels and manually guide the catheter
into the appropriate tibial vessels. Rarely, the artery is
opened for passage of the catheter into each tibial
vessel. Commonly, a distal clot and debris remain after
what has been felt to be an adequate blind thrombo-
embolectomy.

Angioscopy offers the ability to direct the Fogarty
catheter into the tibial vessels without the use of
fluoroscopy or distal popliteal artery exposure. Under
direct vision, the Fogarty catheter is guided into the
appropriate tibial vessel and the clot is extracted'’.
Angioscopy-assisted thromboembolectomy may also
diminish catheter-related injuries by allowing visualiz-
ation of the thromboembolectomy while the procedure
is being performed. Under direct vision, only sufficient
distension of the balloon catheter is needed to remove
the thrombus.

Since prosthetic grafts do not have an intimal lining,
damage to the intima does not occur. However, the
pseudointima may be disrupted by the Fogarty catheter
producing free floating debris. Removal of this debris is
essential to ensure adequate prograde flow and prevent
distal embolization. Angioscopy is invaluable in identify-
ing mid-graft debris and inspecting the proximal and
distal anastomoses. Loose debris can be extracted with
brushes or biopsy forceps.

The development of lasers and other endovascular
procedures has created new indications for angioscopy.
Angioscopy allows the surgeon to guide such instru-
ments under direct vision and theoretically limit laser
ablation or atherectomy to the diseased arterial
segment.

Indications

Angioscopy is indicated (1) to detect technical
imperfection; (2) to monitor valve lysis during the in
situ bypass; (3) to inspect thrombectomized grafts and
arteries; and (4) to guide endovascular procedures.
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Equipment

A complete system including angioscopes, cameras,

monitors and other video components should be
dedicated to the vascular operating room. The operating
room nurses as well as the operating surgeon should be
familiar with all pieces of the equipment. Angioscopes of
different calibre should be available. At Northwestern
University three sizes are used: a 1.4-mm solid
non-steerable angioscope without an irrigating channel,
a 2.2-mm steerable solid angioscope without an
irrigation channel which allows a deflection of 120°, and
a 2.8-mm non-steerable angioscope with a 1-mm
irrigation channel. A 300-watt xenon light source is
used. The angioscope is coupled with a camera, video
monitor and 0.5-inch video cassette recorder. Still
photography may be obtained with special additional
equipment.

A dedicated system for irrigation capable of clearing
the lumen of blood is necessary. Our system provides
for high (150 mI/min) and low (50 mI/min) flow rates
with a continuous digital read-out of the volume of fluid
infused. The irrigation fluid is 0.9% sodium chloride
with 2000 units/l heparin. Since inadvertent fluid
overload is a potential complication, the digital read-out
feature is particularly helpful for the surgeon and
anaesthetist. Excessive pressures may develop in closed
arterial or venous segments producing overdistension
and damage to the vessel. Careful attention must be paid
to both the volume infused and pressure build-up.

Operations

ANGIOSCOPY-ASSISTED IN SITU BYPASS

Incision of the venous valves with the aid of
2 ! the angioscope is performed following
routine exposure of the saphenous vein, femoral vessels,
and recipient popliteal/tibial vessels. The proximal
venous valves are incised under direct vision. The
angioscope and irrigating system are introduced either
through the cut end of the saphenous vein or through
large side branches.
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4 A special flexible valvulotome, 100 cm in
a / length with a detachable cutting blade
(2.5mm) is used. The instrument is passed from below
using a blunt tip. The cutting blade is placed for valve
incision. The angioscope and irrigating system are
introduced through the open end of the saphenous vein
with an encircling vessel loop. Occasionally, it is
difficult to maintain a water seal with the vessel loop
alone and may require additional digital pressure. An
alternative method is to complete the proximal
anastomosis preserving several large side branches. One
branch is for the introduction of the irrigation system
while the second is used for the angioscope. Once the
angioscope is inserted, the vein is gently distended.
With gentle irrigation, blood entering from tributaries is
removed and the valve leaflets and the cutting
instrument can be seen. The cutting instrument is
placed at the leading edge of the closed valve and the
valve leaflet torn. Occasionally the valve mechanism is
adjacent to a side branch and with the angioscope it
becomes apparent how vein injury may occur during
the valvulotomy. The cutting edge of the valvulotome
will inadvertently lodge in the orifice of a tributary.
With the angioscope it is possible to redirect the
valvulotome for accurate valve incision. Once both
valve leaflets have been cut, the valve mechanism is
irrigated to confirm free flow.

Large venous tributaries are identified by either
passing the angioscope into their lumens or by placing
the cutting instrument into their orifice. The light of the
angioscope directs the dissection. This technique is
particularly useful when a long skin incision is not used
to expose the vein. Instead, several small skin incisions
are made to ligate arteriovenous fistulae.

The angioscope and valvulotome are passed down the
vein, sequentially disrupting each valve mechanism
encountered. Once all of the valvulotomies have been
performed, the angioscope is withdrawn, checking each
valve for function. The distal anastomosis is completed
in a standard fashion.
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ANGIOSCOPY-ASSISTED THROMBOEMBOLECTOMY

The surgical technique for lower extremity angio-
5 scopy-assisted thromboembolectomy does not differ
from the standard procedure. Indications for the
operation and the need for preoperative arteriography
are not different. The common femoral artery is opened
transversely and a Fogarty catheter is passed for the
retrieval of distal emboli and debris. The angioscope is
inserted through the transverse arteriotomy along with
an irrigating catheter. Using pump-driven perfusion, the
distal arterial circulation is cleared of blood. The
volume of infusion is carefully monitored by the
anaesthetist and the operating surgeon. The length of
the superficial femoral and popliteal arteries is in-
spected. Since the tibial peroneal trunk and peroneal
arteries are the most direct route for the Fogarty
catheter, careful inspection is made of the orifices of the
posterior and anterior arteries. If embolic debris
remains, the angioscope is left in a viewing position and
the Fogarty catheter is guided under direct vision into
the obstructed lumen. A gentle curve in the distal
portion of the Fogarty catheter is useful for guidance.
Steerable balloon catheters for thromboembolectomies
are being developed but are not currently available. The
angioscope and the Fogarty catheter are removed
simultaneously. In some instances where there is a firm
adherent intraluminal thrombus, biopsy forceps or
brushes have been used to dislodge the material. The
authors have not selected this approach but have used
repeated irrigations and catheter passage in an attempt
to remove these thrombi. It appears that the brush
technique is associated with significant intimal injury.
With the recent addition of intraoperative thrombolytic
therapy, angioscopy allows for an objective appraisal of
the efficacy of this mode of therapy. The authors have
limited experience with the modality. With the
complete removal of any visual thrombus, the arter-
iotomy is closed and an intraoperative completion
arteriogram is performed.

When it is necessary to perform a proximal iliac
embolectomy, proximal occlusion can be obtained by
inserting a balloon catheter No. 4 or 5 in the aorta and
withdrawing it to a position at the origin of the iliac
vessels. This allows for proximal inflow control. If there
is not significant back-bleeding from the hypogastric

vessels, it is possible to examine the lumen of the
external iliac and common iliac vessels. In selected
cases the authors have found occlusive disease in the
iliac artery which was responsible for initiation of the
thrombus with distal embolus.

With graft thromboembolectomies, completion
angioscopy is performed to ensure complete removal of
intraluminal thrombus and any loosened pseudointima.
When the graft is exposed distally, a Fogarty catheter is
used for proximal control. In prosthetic grafts a large
angioscope is used. The proximal and distal anastomoses
are inspected for evidence of neointimal hyperplasia.
Flaps of pseudointima are removed with a pair of
flexible biopsy forceps if necessary. Graft revision is
performed as needed.
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ANGIOSCOPY AS A TECHNIQUE FOR DETECTING
TECHNICAL ERRORS

Successful arterial reconstruction of the lower

extremity is dependent upon a number of factors.
These include adequate inflow, a suitable conduit,
sufficient run-off, and meticulous surgical technique. At
the end of the surgical procedure the angioscope is
inserted into the graft, either through side branches, a
large-bore angiocatheter or through open portions of
the anastomosis. The smallest diameter angioscope is
used. An irrigation catheter is inserted to provide a
blood-free field. The angioscope is passed into the distal
portion of the graft proximal to the anastomosis. The
anastomosis is inspected for loose intimal debris, flaps
or anastomatic narrowing produced by improperly
placed sutures. Depending upon the size of the distal
run-off vessel, it may be possible to pass the angioscope
into the distal arterial tree. In patients with in situ
bypasses the angioscope is withdrawn with irrigation to
ensure incompetence of all valves. Residual arterial
venous fistulae are detected by blood entering via their
orifice. Free floating intima and fronds of tissue are of
little consequence. Significant narrowing of the anasto-
mosis requires revision.

Outcome

Until recently there have been no prospective rando-
mized studies comparing routine angioscopy with
standard operative methods to improve infrainguinal
graft patency. Recently, Miller and colleagues found no
statistical difference in early patency (30 days) between
bypass grafts having either completion angioscopy or
arteriography (n = 250)''. There was, however, a clear
trend in favour of angioscopy. Twelve grafts failed
(4.8% ); four (3.1% ) in the angioscopy group and eight
(6.6%) in the control group. In addition, clinically
relevant decisions were made in 39 patients in the
angioscopy group compared with seven in the angiogra-
phy group. Overall it appears that angioscopy was more
sensitive to mid-graft and anastomotic problems than
arteriography. However, angioscopy was less sensitive
to lesions distal to the anastomosis. Thus angioscopy
and intraoperative arteriography are needed to assess
the body of the graft and the run-off vessels.
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History

Although there was early recognition that the vascular
system could be visualized by X-rays, it was not until the
1920s that radiologists were able to impress the medical
and surgical fraternity that arteriography was clinically
useful and important. Subsequent development was
slow while the search for a safe intravascular contrast
medium was pursued. Percutaneous needle puncture of
the aorta, the carotid artery and other major arteries was
developed and catheterization invariably required open
access to an artery — usually the brachial or femoral. In
1953 Seldinger pioneered the percutaneous method of
catheter introduction, and selective arteriography with-
out the need for general anaesthesia became a reality.
During the 1960s and 1970s demand for arteriography
was at its height and there has been continuous
development of catheters, guidewires, introduction
sheaths and non-ionic low osmolar contrast media over
the last decade. These developments have made
arteriography a much safer and more freely available
procedure throughout the world. Ironically, the de-
mand for catheter arteriography is now diminishing
with the introduction of new techniques such as digital

subtraction, ultrasonography, dynamic computed
tomographic scanning and magnetic resonance
angiography.

This chapter describes the technical details of
arteriography and outlines the new techniques for
comparison and to indicate future potential.

Principles and justification
Indications

Although the risks are low, modern arteriography puts
the patient at risk from ionizing radiation, iodine
hypersensitivity, procedural discomfort and compli-
cations. The indication for investigation should be clear
and the operator should understand what resulting
information is required. The procedure to be under-
taken and the radiographic exposures to be recorded
are varied accordingly. There are two major categories:
(1) organ arteriography, where definition of the
circulation through a specific organ is required; and (2)
‘anatomical’ arteriography, where the ‘plumbing’
arrangements in the presence of arterial disease need to
be defined. Table 1 on pp. 81-83 gives an indication of
the range and variation of the procedures.

Contraindications

There are no absolute contraindications to arterio-
graphy but there are many situations where it is wise to
be resistant and to balance carefully need against risk
and discomfort.

Wherever possible arteriography should be avoided
in the pregnant patient. Sepsis or disease at the puncture
site will increase risks of local complications. Bleeding
disorders and anticoagulant therapy will increase the
risk of haematoma formation and longer care after the
procedure may be necessary. Systemic hypertension
(diastolic pressure >100 mmHg) will similarly increase
the local risks. There is much debate about the
increased local risk of inserting needles and catheters
into arterial grafts and, on the whole, this is best avoided
if possible.
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Equipment
Needles/cannulae

The original method of introducing contrast medium
into the arterial system was by direct puncture of the
artery, for which special needles were designed. For
many years aortography was performed by translumbar
needle puncture. Similarly, cerebral angiography was
performed by direct puncture of carotid and vertebral
arteries. In many instances general anaesthesia was
needed and significant complications occurred. These
areas are now usually studied by catheter procedures
and direct needle injection is limited to the femoral and
brachial arteries.

Today’s needles are designed to gain atraumatic
access to arteries for the introduction of wires, sheaths
and catheters. Most have a basic design of an outer
needle or cannula and an inner removable stylet. The
stylet may be pointed or bevelled and is usually solid.
The outer portion is usually metal and blunt ended so
that it will not cause damage to the internal wall of the
vessel.

The dimensions of these needles vary but are usually
7—-12cm in length and about 1 mm in outer diameter.
The important selection is to choose the right needle for
the purpose in hand. Clearly, smaller needles are used
for children and small arteries. Cannulae usually have a
metallic bevelled inner needle over which a thin
polytetrafluoroethylene cannula fits snugly and can be
advanced over the needle once the tip lies in the arterial
lumen.

Wires

Wires are used through the puncture needle to gain
access to the arterial system, and again there is a wide
selection designed for different purposes. Most wires
are made of steel with an inner straight wire and an
outer wire which is tightly coiled. The main length of
the wire is rigid but the tip which is introduced into the
artery should be soft and flexible. For the majority of
patients a simple straight wire will suffice but J wires
are needed to pass through tortuous segments. J wires
need to be straightened before introduction through the
needle but take up their curve once in the artery.

In most cases the inner wire is fixed, but wires are
available with a movable inner core which allows
variation of the length of the flexible tip of the wire
while it is in the artery and avoids the need for an
exchange. A variety of diameters is available. The outer
metal coil is coated with polytetrafluoroethylene to give
a smooth surface. The inclusion of heparin in the

coating to reduce the risk of thrombus formation has
been popular, but this does not appear to have affected
the incidence of this complication. Complex wire
instruments are available which enable the operator to
deflect the tip of the wire, but these are cumbersome
and need considerable experience and expertise.

More recently, non-metallic hydrophilic wires have
been introduced which become extremely slippery
when wet. Their advantage is that they will pass
stenoses and difficult curves more easily than the
metallic wires, but they require considerable care as
they can readily slide out of the artery and out of the
operator’s hands during use.

The wire to be used has to be selected in conjunction
with catheter selection but in most adult cases a
0.035-in (8.89-mm) diameter wire, 100—150 cm long, is
used. Very long wires (250 cm) are available when it is
necessary to exchange a selective catheter for one of a
different shape without losing access to the origin of the
artery involved.

Dilators/sheaths

Dilators are rigid tubes with tapered tips which fit
snugly over a guidewire and stretch the puncture hole
through the soft tissues and arterial wall so that a softer
catheter can subsequently be introduced without
damage to its tip. Short, flexible connecting tubes with
good locking connections are used for injection through
needles, sheaths or dilators.

Sheaths are more rigid than cannulae and are used
when multiple exchanges of wires and catheters are
anticipated. They can be introduced either as part of a
needle set or over a guidewire. The proximal end is
fitted with a haemostatic valve through which wires and
catheters can be passed without trauma to the arterial
wall at the puncture site. The lumen of the sheath
understandably has to be slightly larger (0.5 Fr) than the
outer diameter of the largest catheter to be used, and
therefore many sheath sets have a flexible side arm
through which the sheath can be flushed with
heparinized saline to prevent local thrombus formation
while the catheter is in position.

Initially sheaths were not popular because of the need
to use a size larger than the catheter needed to do the
study, but as the use of small catheters has become more
widespread the use of sheaths has become more
acceptable. There is a good case for always using a
sheath where selective catheterization is contemplated.
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Catheters

There are many different catheters available to the

angiographer, some of which are designed for
specific procedures. A few of the basic shapes are
illustrated. The shape and size of the catheter tip is
chosen to suit the study anticipated and the shape and
size of the patient. There are no rigid rules and practice
varies considerably.

Catheters used for high-flow injections require
multiple (12—-16) side holes; catheters for selective
studies should have 2—3 side holes to allow local exit of
contrast without causing either a jet effect or recoil of
the catheter tip during injection; catheters for small,
highly selective injections or for embolization require a
single end hole.

The pigtail catheter is used in preference to the
straight flush catheter in situations where the vessels are
tortuous and the walls considerably diseased with
atheroma. It is the catheter of choice for traversing
aneurysms and segments involved in dissection or other
trauma.

Some of the selective catheters have to be straight-
ened for introduction and their shape reconstructed
within the aorta by using the opposite iliac vessels or
branches of the aortic arch. In the latter case the
operator should remember that extra length is required
to reach the arch of the aorta even if the arteriography is
limited to the abdomen.

Catheters are made of non-thrombotic substances
such as polyethylene, polyurethane or nylon and are
made to be as radio-opaque as possible. The wall
thickness is reduced as far as possible to allow
maximum lumen with the smallest outer diameter.
However, the walls have to be thick enough to
withstand the pressures required to inject contrast
media and to provide torque control for manipulation.

Most catheters are introduced via the femoral artery
and their length should be kept to the minimum
required for the procedure. In practice 60—80-cm
catheters are used for abdominal work and 100—120-cm
catheters for the chest, neck, head and upper limbs. In
adults most studies can be completed using 4-Fr or 5-Fr
catheters and selection is dependent on the technical
factors of flow rate requirement, catheter length,
contrast medium viscosity and injection pump charac-
teristics.

Clearly, the shape of catheter used for selective
studies is very important and some radiologists still
shape their own catheters for particular procedures.
Some selections are shown in Table 1 on pp. 81-83 but
there is no substitute for experience.

Contrast media

A contrast medium for arteriography requires a high
radiographic density, low viscosity, low toxicity and

rapid excretion. The early contrast agents (e.g. thorium
dioxide) were very toxic and were replaced by ionic
iodinated compounds (iothalamate, diatrizoate and
metrizoate) but these were viscous, caused a number of
circulatory side effects, and were nephrotoxic. They
have now been replaced by non-ionic iodinated
compounds (iopamidol, iohexol and iopromide) which
have a much lower osmolality (closer to that of plasma),
virtually no cardiovascular side effects, and are thought
to be less nephrotoxic. Patient acceptability is high.
They still contain iodine and there is still a low risk of
hypersensitivity reactions.

The radio-opacity of the compounds is related to the
iodine concentration, which is indicated in milligrams
per millilitre. For ordinary venous and arterial injections
concentrations of 300—-370 mg/ml are used, but where
an arterial injection is being made in conjunction with
digital subtraction radiography, 150-200mg/ml is
preferred.

The viscosity is lower in the lower concentrations
and is also lowered by warming the contrast agent to
body temperature. These factors are important in
allowing hand injections, obviating the need for
electrical pumps.

In general the total volume of non-ionic contrast used
in an examination should not exceed 4-5mlkg of
300 mg/ml medium, ie. 300-400ml per patient. In
some instances this guideline has been exceeded
without difficulty in patients with normal renal function.
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Drugs

Intravenous saline is required for flushing catheters and
needles. Some operators add heparin to their flushing
solution (1000—-5000 units/l saline). Heparin may also
be injected in higher concentrations during angioplasty
procedures.

Sedatives such as diazepam (Diazemuls) may be given
as a premedication or injected intravenously through
butterfly cannulae during angiography for patient
comfort. The author does not believe it is a necessary
routine. Diazepam (Valium) can also be used as a
premedicant.

Lignocaine (1-2% ) is used in volumes of 5—10 ml for
local anaesthesia at the puncture site. It can become
toxic and larger volumes should be used with caution.
Intravenous hyoscine butylbromide or glucagon may be
used to reduce bowel movement in intravenous digital
subtraction angiography of the abdomen. Blocking
drugs for hypertensive crises and emergency medical
support to treat cardiac arrests should be available.

In some parts of the world pharmacoangiography is
used; the circulation being studied is altered before the
injection of contrast medium but it is clinically
beneficial in very few instances.

Injectors

While many selective injections can be made with a
strong hand, a pressure injector is required when
injecting large volumes of contrast into the heart, the
pulmonary circulation, the aorta and its major branches.

A selection of commercial injectors which allow
control of the volume, the flow rate and the pressure
required is available. The injection can be linked with a
trigger to radiographic exposure. Pressures of over
1000 p.s.i. can be tolerated by some catheters and these
are needed for high injection rates through long narrow
catheters. A means of warming the contrast medium to
reduce its viscosity is important.

Radiographic equipment

A detailed description of radiographic apparatus is
beyond the scope of this chapter but, in general, good

results can only be obtained with good apparatus used
to its maximum performance. The arteriographer needs
to know what result is to be achieved and either have a
thorough knowledge of radiographic equipment or trust
in a first-class technician. It is very easy for the
inexperienced to irradiate patients excessively and to
waste quantities of film and contrast medium.

A good angiography room requires a high-output
generator, high-quality fluoroscopy, a high-speed tube,
fine focus, a suitable table, extensive movement facility
and the means of recording rapid events with great
detail. Most units are now mounted on a C arm or U arm
to allow multiplanar imaging with minimal adjustment
of patient position. For lumbar/lower limb arteriography
a stepping tabletop movement is an advantage.

There are many ways of recording the procedure and
the choice will depend very largely on the age of the
equipment. Cine film, rapid-sequence cut film, multi-
format small film, video, 105-mm rapid film and digital
storage are all available and their advantages and
disadvantages are hotly disputed. Where only cut film is
available for a permanent record, a film changer capable
of a rapid-sequence is required for most arteriography.
Radiographic sequences need to be planned in advance
of the injection and should be tailored to each
procedure and to each patient. Digitalization of the
fluoroscopic image with the ability to replay and to
select which part of the examination is to form the
permanent record has reduced the excessive use of
rapid-sequence exposures. In the past, high-quality
arteriography has only been available in a radiographic
room but mobile C arm image intensifiers with
high-quality digital subtraction images are now available
for use in the operating theatre.

Radiation protection

This is a very important subject and refers not only to
the protection of staff but to the protection of the
patient from excessive exposure to ionizing radiation; it
is governed by legislation in many countries. Local
control of procedures involving ionizing radiation
should be strict. Maintenance of equipment is important
for the detection of radiation leakage and the main-
tenance of good performance. Suitable lead aprons and
thyroid and eye protectors should be available and
radiation protection authority well defined.
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Preoperative

Preparation of patient

The patient should be assessed medically for the
procedure, contraindications defined, risks explained
and consent obtained. The site of puncture needs to be
cleaned and shaved. It is wise to limit food intake for
2—4h before arteriography but fluids should not be so
restricted as to produce dehydration. If necessary,
intravenous fluids should be provided in sick patients
and intravenous access should be readily available if
sedation is required.

Extra care should be taken when contemplating
arteriography in patients with renal failure, hepatic
failure, heart or respiratory failure, iodine hypersensi-
tivity, sickle cell disease, diabetes or abnormal serum
biochemistry. Patients with phaeochromocytomas may
undergo a hypertensive crisis during arteriography and
blocking drugs should be available. Arteriography
should be carefully considered in patients with the
Ehlers—Danlos syndrome and other connective tissue
disorders including that caused by excess steroids.
Where there is a previous history of iodine hypersensi-
tivity the exact reaction should be ascertained and,
where appropriate, steroid cover can be given and
should be started 24 h before the arteriography.

The operator should be aware of the increased risks of
infection from patients with hepatitis and human
immunodeficiency virus infection, and appropriate
safeguards should be taken for all staff.

Anaesthesia

The majority of arteriographic examinations are per-
formed with the patient awake, using local anaesthesia
at the puncture site. Oral or intravenous sedation may
be used for patient comfort. Analgesia can be given,
particularly to those patients suffering skeletal pain.
General anaesthesia adds further risks to the procedure
and should be reserved for the very young and for
patients who cannot keep still. Pain or discomfort

experienced during arteriography is an important
warning sign and sedation should not interfere with a
sensible rapport between the operator and the patient
unless really necessary.

Techniques
Needle puncture
Intravenous

Intravenous digital angiography using a bolus technique
may be performed from an intravenous cannula inserted
into a good-sized vein at the elbow. Local anaesthesia is
not usually required. A tourniquet is used to distend the
vein and a 14-Fr or 16-Fr cannula/needle set is used to
introduce a cannula into the vein for 1-2cm. The
cannula is fixed to the skin with tape and connected to
an injector with flexible tubing capable of withstanding
the pump pressure to be used — usually 150 p.s.i.

Arterial

Needle puncture of an artery should be performed at a
site where the arterial pulse is easily palpable, the artery
can be fixed in position, and the puncture site easily
compressed following removal of the needle or
catheter. Since the introduction of catheter procedures
and digital subtraction angiography, direct puncture of
the aorta, the carotid and the vertebral arteries is rarely
warranted. Common sites for simple arterial puncture
without catheterization are the common femoral and
brachial arteries.

For femoral artery puncture the groin is shaved and
cleaned. The femoral pulse should be examined and its
strength assessed. Distal leg arterial pulsation and the
state of the skin circulation of the feet should be noted.
The skin is cleansed with antiseptic and the pulse
identified high in the groin. Appropriate sterile gowns
are applied. Local anaesthesia is infiltrated into the skin
and around the artery. A small skin incision is made.
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2 A metal needle is held vertically between
a—C finger and thumb and inserted to rest on
top of the artery when the pulse can be felt in the
thumb. Experienced operators can attempt a single wall
puncture but in most instances the needle is advanced
through both walls of the artery. Support is given to the
artery and soft tissues above the puncture site with the
other hand while the hub of the needle is depressed
gently in line with the artery over the upper thigh. The
stylet is withdrawn and, using a gentle rotational
movement, the needle is slowly withdrawn until a good
pulsatile flow of bright red blood is obtained from the
hub. If the flow is bright red but shows little pulsation
the needle may need adjusting to lie centrally in the
lumen. Non-pulsatile flow of bright red blood may occur
distal to a stenosis, in which case it would be expected
that a reduced pulse would have been noted before the
procedure. The needle should be stabilized by the
weight of saline-soaked swabs or be secured to the skin
with tape and connected to a tap and flexible tubing.
This should suffice for lower limb studies in most
patients, but where the overlying soft tissue is deep the
cannula needs to be advanced cranially in the artery,
using an obturator or a short guidewire. Alternatively a
polythene vessel dilator can be inserted over a
guidewire. Free flow of blood should be checked with a
syringe containing saline, which should be used to flush
the needle regularly. A test injection of a few millilitres
of contrast medium during fluoroscopy will confirm the
correct position. Regular flushing with saline is required
to prevent thrombus formation.

For a high brachial artery puncture the arm is
abducted with the elbow extended. The radial pulse is
noted. The brachial pulse is identified against the
humeral shaft. The site is cleansed and draped and local
anaesthesia is infiltrated. Pain or paraesthesia in the
hand may be experienced if the adjacent nerves are
irritated. A small skin incision is made and a 16-Fr or
18-Fr needle/cannula set is chosen. The brachial artery
is stabilized with the index and middle fingers of one
hand while a cannula needle is held in the fingers and
thumb of the other. The artery is punctured obliquely
through both walls in the line of the artery with the tip
pointing centrally. The needle is slowly withdrawn until
blood is obtained at the hub. The needle is held firm
with one hand while the other gently advances the
outer soft cannula into the arterial lumen. During this
time flow from the hub will continue. The central
metallic needle is withdrawn, and pulsatile blood should
be seen from the hub of the cannula which is carefully
connected to flexible tubing and lightly secured with
tape. The cannula is flushed gently with saline, which
should not cause pain. The patient may feel the cold
saline pass to the hand. The intra-arterial position of the
cannula is checked with a contrast injection under
fluoroscopy. If a satisfactory intraluminal position of the
tip is shown, the cannula can be further advanced into
the artery for greater security and this is best performed

while gently flushing with saline. The new position is
checked as before and the cannula and connecting tube
fixed with tape. The arm can now be moved to the
patient’s side and positioned for radiography.

For a low brachial artery puncture the same
procedure is followed with the arm by the side and the
hand supinated. Puncture is made into the brachial
artery over the lower humerus.

The brachial artery is prone to spasm and a gentle and
patient approach is required. The artery needs only light
compression after the procedure and the radial pulse
and the circulation to the fingers should always be
checked.
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Percutaneous arterial catheterization

The majority of catheter procedures are carried out
through the common femoral artery with retrograde
insertion of the catheter, but if this is impossible
brachial and axillary routes may be used.

The preparation of the patient and the site of
puncture is the same as described for arterial needle
puncture except that it is often wise following skin
incision in the groin to use a pair of fine pointed forceps
to separate the soft tissues down towards the artery.
This is particularly so where the tissues are fibrotic as a
result of previous surgery, when there is an increased
risk of damaging the tip of the catheter while
introducing it. Before needle puncture, it should be
ensured that the chosen guidewire and catheter are to
hand and that the wire passes through the needle and
catheter!

The needle is inserted through both
3 a_ C arterial walls and withdrawn, as described
in Illustration 2b, until a good pulsatile flow is
obtained. While the hub of the needle is held close to
the thigh the soft end of the wire is inserted through the
cannula and passed into the iliac segment. This should
occur with no resistance and only a gentle touch is
required. If this is the case, the wire can be advanced
into the lower aorta and its position checked by
fluoroscopy. The needle is withdrawn over the wire and
the wire held at the groin while gentle pressure is
exerted over the artery. The wire is wiped with a saline-
soaked swab and the catheter introduced over the wire.
In general it is not necessary with 4-Fr and 5-Fr
catheters to use dilators but if larger catheters are to be
used serial dilatation over the wire is performed at this
stage.

Before the catheter tip is inserted into the groin the
caudal end of the wire should emerge from the catheter
hub. If it does not, the wire should be withdrawn further
until there is enough outside the patient to pass through
the catheter. The catheter tip is then inserted into the
femoral artery with a gentle rotational movement. The
wire is slowly withdrawn as the catheter is advanced,
and this can be monitored by fluoroscopy. The
exchange of catheter over the wire is completed below
the level of the renal arteries for aortography, but with
some selective catheters the wire is maintained near the
tip of the catheter until the correct position is obtained
and the wire is then removed.

Flow through the catheter is checked and a tap is
attached to the hub of the catheter. The catheter is
flushed with saline and the tap is turned off while
pressure is maintained on the syringe to prevent
backflow of blood into the catheter tip.

Flushing of the catheter should be performed
intermittently with a syringe. Pressure-bag continuous
flushing is suitable for catheters with single end holes
only.

If there is any resistance to the passage of the
guidewire, fluoroscopy should be used to check its
position. It may be necessary to change a straight wire
for a J-tipped wire to pass through a tortuous iliac
segment. If there is any doubt, the wire should be
removed and the flow of blood from the needle tip
reconfirmed. If resistance arises in the external iliac
segment a retrograde injection of contrast medium
under fluoroscopy should be made to check patency
and possible stenoses. If the obstruction lies higher up it
is possible to introduce a catheter over the wire in the
external iliac artery and to inject contrast medium
through the catheter while advancing it under fluoro-
scopic control. Usually, in this instance, it is wise to use
a combination of a pigtail catheter and J wire.
Alternatively, if the external iliac and common femoral
segments are shown to be clear, a sheath should be
introduced through which any combination of wire and
catheter can be used, according to the circumstances
prevailing.

Catheterization via arteriotomy

It is sometimes necessary to expose an artery surgically
to introduce a catheter and this is often done in infants
in preference to a percutaneous puncture of the
brachial artery.
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Protocols

Table 1 gives an indication of the standard protocols
that can be used for arteriography. Much will depend on
the type of radiographic equipment available, the
expertise and experience of the operator and, above all,
what is required of the examination.

Subtraction arteriography

This technique allows the subtraction of background
data from images, providing a picture of the contrast
distribution alone. For many years subtraction radio-
graphs have been created from cut film by obtaining a
negative film from an early mask radiograph without
contrast and manually placing it over the radiograph of
interest with contrast. A third radiograph is obtained by
light exposure through the first two superimposed. This
was time consuming and tedious but often valuable.
Computer digitalization of data allows this process to be
carried out instantaneously so that the result can be
visualized during a contrast run. Furthermore, the mask
may be changed easily and minor repositioning can be
achieved electronically.

This system has significantly reduced the time and
exposures required for arteriography and has greatly
increased radiographic sensitivity so that similar images
can be produced with a much lower concentration of
iodine in the contrast medium. The technique has led to
the development of intravenous digital subtraction
angiography, avoiding the need for arterial puncture to
study many of the major arteries. If arterial injection is
preferred the concentration of the contrast medium can
be reduced, allowing easier injections and reduced cost.
Intra-arterial injections are still necessary to obtain fine
detail and to study selected circulations.

The digital subtraction facility is now available on
mobile image intensifiers and can be used in operating
theatres. This opens new channels for intraoperative
management of patients, allowing angioplasty or embo-
lization to take place synchronously with surgery.

Aortography

The aorta can be readily visualized by intravenous
digital subtraction angiography.

An intravenous cannula is placed into a vein at the
elbow or, if needed, into the femoral vein. Contrast
medium, 30—50ml of 370 mg iodine/ml, is injected at
12—14 mUss, followed immediately by 30 ml saline. This
can be achieved from a single syringe using the
‘layering’ technique in which saline is first drawn into a
syringe, followed by the required quantity of contrast
drawn up with the syringe vertical and inverted. The
contrast medium forms a layer below the saline. A
flexible tube is used to connect the tube to a tap
attached to the cannula. Injection of the total volume of
contrast and saline bolus is made with the syringe
maintained in this position. Care must be taken to
ensure that the syringe and tubing are free of air.
Alternatively, a multiple side-hole catheter can be
introduced from an arm vein to lie in the superior vena
cava and 30-50ml of contrast medium injected at
15 mbs.

Visualization of the aorta depends upon the bolus
being maintained through the heart and pulmonary
circulations. Time for this passage is allowed before
imaging is started. Clearly the quality of the images
obtained with this technique depends heavily on
cardiac output. Poor output and dilated, poorly
functioning heart chambers degrade the image. The
thoracic aorta is visualized in right and left anterior
oblique projections, and the abdominal aorta in frontal
and occasionally lateral projections. Temporary bowel
paralysis is usually required to avoid movement
artefacts in the abdomen.

For intra-arterial studies a pigtail catheter is preferred
for thoracic aortic injections. The catheter is placed in
the ascending aorta well away from the aortic valve.
High flow rates are required (20—24ml/s) and the
catheter chosen must be able to withstand the high
pressures required (>1000p.s.i.) without splitting. In
the thoracic aorta 50-80ml of high-concentration
contrast medium are injected. If digital subtraction is
being used in conjunction with an intra-arterial
injection this volume is maintained but the contrast
medium can be diluted to 150-200mg iodine/ml,
thereby reducing viscosity and the pressure required for
high flows.



Arteriography 81

Table 1 Protocols for aortography and selective arteriography (normal sized adult)

Examination Method Contrast medium
Route Needle or Imaging Concentration Volume Rate (ml/s)
catheter (mg iodine/ml) (ml) (Pressure)
Thoracic aortography Peripheral 16-Fr PTFE 5-10-s delay, 1/s 370 30-50 + 12-14
(AP, LAO, RAO) i.v. DSA cannula, 30 saline (Low)
antecubital
fossa
SVC DSA 65-cm multiple 5-s delay, 1/s 370 25-40 12-14
side-hole 4-5-Fr (Low)
catheter
i.a. DSA Pigtail 5-Fr No delay, 3/s 300 60 20-25
90-cm catheter (High)
i.a. cut film Pigtail 5-Fr No delay, 3/s for 370 75-100 20-25
90-cm catheter 5s (High)
Abdominal aortography i.v. DSA 16-Fr PTFE > 8-s delay, 1/s 370 40-50 + 12-14
(AP, lateral) cannula 30 saline (Low)
SVC DSA Multiple side- > 8-s delay, 1/s 370 25-40 12-14
hole 4-5-Fr (Low)
catheter
i.a. Multiple side- No delay; 370 50-80 20-24
hole 4-5-Fr arterial 2/s for (High)
catheter 4s; capillary 1/s
for further6s;
venous 1/2-3s
for further 12+ s
Lower limb angiography i.v. DSA 16-Fr PTFE > 8-s delay, 1/s 370 40-50 + 12-14
Aorta - ankle cannula, 30saline (Low)
antecubital
fossa
SVC DSA 65-cm multiple > 8-s delay, 370 25-50 12-14
side-hole 5-Fr exposures 1/s at (Low)
catheter each level
i.a. DSA Pigtail 4-Fr 1-2/s at each 150-200 50 15
catheter level with (Medium)
overlap
Aorta-ankle, Pigtail 4-Fr or 1-2-s delay, 3 370 75-100 15
stepping table, straight 4-Fr exposures 1/s at (Medium)
cut film catheter below each level +
renals 4 films at every
other second at
ankle
Femoral arteriography ~ Femoral i.a. 16-G needle DSA: 1-2/s at 150-200 20 Hand
ipsilateral 5-Fr dilator each level,
retrograde delay as
required for
distal sites
Cut film: 370 50 8 ml/s or
moving table, hand
1/sin each
position and
delayed films at
ankle
Cut film: 370 30 8ml/s or
separate sites, hand
1-2/s (Strong)
Contralateral Cobra 5-Fr, DSA: 1-2/s at 150-200 20 8ml/s
catheter sidewinder5-Fr  each level delay
catheters as required for
distal sites
Cut film: 370 50 8ml/s or
moving table, hand
1/s in each
position and
delayed films at
ankle
Cut film: 370 30 8ml/s or
separate sites, hand

1-2/s

(Strong)



82 Arteriography

Table 1 Continued

Examination Method Contrast medium
Route Needle or Imaging Concentration Volume Rate (ml/s)
catheter (mg iodine/ml) (ml) (Pressure)
Popliteal arteriography ~ Antegrade Multipurpose DSA: 2/s 150-200 10 Hand
catheter 5-Fr/4-Fr, cobra Cut film: 2/s for 300 10 Hand
5-Fr/4-Fr, Mani 3s
catheters
Selective abdominal
angiography
Coeliac axis Femoral 65-cm cobra Cut film: 1-2/s 370 40-80 6-10
(AP, lateral) catheter 5-Fr, 90-cm for4s, 1/s for (Medium)
sidewinder 6s,1/2-3s for
5-Fr catheters remainder
(total 18-20
exposures);
delayed
exposures for
portal vein
DSA: 1/s for 300/150-200 40 10
duration (Medium)
Common hepatic Femoral 65-cm cobra As above 370 20-40 6-8
selective 5-Fr catheter (Medium)
catheter or hand
Gastroduodenal Femoral 65-cm cobra As above 300 10-15 Hand
selective 5-Fr catheter
catheter
Splenic Femoral 65-cm cobra As above 370 50 6-8
selective 5-Fr catheter for portal vein 60-100 6-8
catheter (Medium)
Superior mesenteric Femoral 65-cm cobra Cut film as 370 50-70 6-8
selective 5-Fr, 90-cm above
catheter sidewinder 5-Fr DSA: 1/s for 150-200 50 8
catheters duration
Inferior mesenteric Femoral 65-cm cobra Cut film as 300 15-30 Hand
selective 5-Fr, 90-cm above
catheter sidewinder 5-Fr DSA 150-200 20 Hand
catheters
Renal Femoral 65-cm Cut film as 370 6-15 4-6 or
selective femororenal above hand
catheter 5-Fr catheter
DSA 150-200 6-15 Hand
Upper limb
Upperarm Femoral 90-cm Cutfilm: 2/sfor 300 10-15 4-8or
catheter sidewinder 5-Fr 4s hand
catheter
Forearm Femoral 90-cm Cut film: 2/s, 300 10 4-6or
catheter sidewinder 5-Fr 3-4/s for fistulae hand
catheter
Brachial cannula  18-20-G PTFE DSA 3/s 150-300 10 Hand
cannula
Head and neck
General i.v. DSA 16-G PTFE 1-2/s 370 30-50 + 12-14
cannula, 30 saline
antecubital
fossa
i.a. DSA arch Pigtail 5-Fr 1-2/s 300 60 20-25
(High)
Femoral 90-cm Mani, 1-2/s 300 10-15 Hand
selective 90-cm side-
catheter winder 5-Fr
i.a. arch, Pigtail 5-Fr Cut film 370 75-100 20-25
injection per catheter No delays, 3/s (High)

femoral

for5s
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Table 1 Continued

Examination Method Contrast medium
Route Needle or Imaging Concentration Volume Rate (ml/s)
catheter (mg iodine/ml) (ml) (Pressure)
Selective
Common carotid Transfemoral 2/s for3s 300 10-15 Hand
catheter
Bifurcation Mani or 2/s for3s 300 10-15 Hand
sidewinder 5-Fr,
90-cm
Cerebral Mani or Cut film: 2/s for 300 10-15 Hand
sidewinder5-Fr, 2s,1/sforé6s
90-cm
Internal carotid Cerebral Mani or Cut film as 300 8-10 Hand
sidewinder 5-Fr, above 150-200 8-10 Hand
90-cm DSA: 2/s
Vertebral Cerebral Mani or Cut film as 300 4-8 Hand
sidewinder 5-Fr, above
90-cm DSA: 2/s 150-200 4-8 Hand

AP, anteroposterior; DSA, digital subtraction radiography; LAO, left anterior oblique; PTFE, polytetrafluoroethylene; RAO, right anterior oblique; SVC,

superior vena cava

4 For the abdominal aorta either a straight flush or a

pigtail catheter is suitable; it is placed over the 12th
thoracic vertebral body and contrast medium, 50—60 ml
of 370 mg iodine/ml, is injected at 20—22 ml/s. Imaging
during the arterial phase only is often all that is required
for ‘plumbing’ problems but for organ visualization
imaging during the capillary and venous phases is also
required. This may take over 20s after injection and
would carry a considerable radiation risk if the rapid
rate of exposure required for arterial events were
maintained throughout.

Lateral abdominal aortography is required when
disease at the origins of the coeliac axis, superior
mesenteric and inferior mesenteric arteries is sus-
pected. Arterial phase imaging only is required.

A left axillary/brachial artery approach may be
required when severe lower limb disease is present.



84  Arteriography

Selective arteriography

It is difficult to give comprehensive advice. Untutored,
unsupervised and inexperienced selective arteriography
can lead to major disasters. Table 1 on pp. 81-83 gives
outline details of the techniques used.

Carotid, vertebral and cerebral arteriography

Neurological sequelae may follow arterio-
5 a—C graphy of the head and neck, whether by
direct puncture (no longer advised) or by selective
arteriography. Meticulous attention to detail is required
here above all. Intravenous digital subtraction angio-
graphy or imaging from an aortic arch injection will
often suffice to indicate atheromatous disease at the
carotid bifurcation. Selective catheterization is required
in many other instances and should only be undertaken
by experts.

5b

5a

5cC
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Upper limb

Selective catheterization via a femoral puncture is

the route preferred by many but it carries a risk of
cerebral emboli from atheroma in the arch of the aorta
or its major branches if these are traversed or
inadvertently entered. An acceptable alternative for
imaging of the forearm is a direct puncture of the
brachial artery. A very rapid sequence of imaging may
be required when investigating fistulae. Fine-focus
detailed macroangiography is useful in examining the
digital arteries.

Chest and neck

Selective studies of the thyroid, internal mammary and
bronchial arteries can be performed for diagnostic and
therapeutic (embolization) purposes. These studies may
be difficult and should not be attempted by the
inexperienced.
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Abdomen

Selective studies of the abdominal organs
7a"" are very common. It is wise to obtain an
abdominal aortogram beforehand to identify the ana-
tomy. There are many anatomical variations of arterial
supply in the abdomen and the operator should be
familiar with them to avoid excessive contrast injections
and multiple radiation exposures. Cobra catheters will
suffice for the majority and are easier to control and
manipulate than the sidewinder type of catheter, which
requires reformatting after introduction. However, the

/a

/C

latter may be needed to get into the territory of the
coeliac axis. Renal artery catheterization is relatively
straightforward except when there is marked tortuosity
or aneurysm formation of the abdominal aorta or iliac
arteries.

Selective arterial studies of the adrenal glands have
virtually been replaced by computed tomography and

should not be undertaken lightly as there is a major risk
of adrenal infarction.

7b

7d
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Whenever selective catheterization of small arter-

ies is performed great care must be taken to avoid
thrombosis and embolization. The catheter may block
the artery and, if continuous flushing is not used,
thrombosis will ensue. Catheters should be withdrawn
into a major artery as soon as possible. Thoraco-
abdominal selective catheterization must always be
carried out with a thorough knowledge of the variations
of the arterial supply to the spinal cord. The main spinal
artery of Adamkiewicz frequently arises at the thoraco-
lumbar junction and damage to it must be avoided.

In general, selective catheterization is successfully
performed by a combination of correct selection of
catheter and gentle rotational and linear adjustment to
the position of the catheter tip; on occasion, the
judicious use of the guidewire to alter the shape and
torque of the catheter is needed to gain access to the
origin of an artery. Many of the newer thin-walled
catheters are liable to kink at the groin during
manipulation unless the guidewire is inserted through
this segment. If catheter and guidewire are advanced
together, with the tip of the guidewire proximal to the

3

tip of the catheter, there is an increased risk of thrombus
forming in the catheter tip and subsequently being
flushed into the circulation. When flushing, blood
should always be withdrawn into the syringe before
saline is injected. If free flow is not obtained, the
catheter is withdrawn into the aorta below the origin of
the renal artery before a further injection is attempted.
If in doubt, the catheter should be changed. In this
situation, of course, the use of a sheath with a
haemostatic valve at the groin avoids the need to pass a
wire through the thrombosed segment of the catheter.
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Lower limb

9 Studies of the arterial supply to the lower
a— limbs are very common and satisfactory
images can be obtained by intravenous digital subtrac-
tion angiography in most patients, but only to the level
of the popliteal trifurcation. Intestinal movement
artefacts may be a significant problem over the aorta and
the common iliac arteries. Many still prefer intra-arterial
injections, whether or not digital subtraction is being
used.

Alternatively, visualization of the lower aorta and the
whole of both lower limbs can be achieved by a single
aortic injection and a table top which moves in a
stepwise fashion. This ‘run’ can be supplemented by
further studies at single sites as necessary. The problem
is to get the timing right for both limbs and to minimize
the volume of contrast injected. Latterly this has
become less of a problem with the use of non-ionic
contrast media and digital subtraction. In most instances
a multiple side-hole catheter is introduced into the
lower abdominal aorta and the injection of 60—100 ml
of high-concentration contrast medium at 15ml/s is
made. Three exposures at 1/s are made at each position
of the table, allowing 1.5s for movement between
positions. More radiographs can be added at the ankle.

9b
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10 d In many instances greater detail of
a"' distal arteries is required, necessitating

unilateral injection into the common femoral artery.
Ipsilateral needle puncture using a short cannula or
dilator will often suffice. If there is no direct access,
contralateral catheterization can be performed with a
selective catheter which is manipulated over the aortic
bifurcation and advanced antegradely down the affected
limb. Similarly, catheters can be introduced via brachial
or axillary puncture when necessary.

Direct antegrade catheterization of the common
femoral artery can be performed for access to the
superficial femoral and distal arteries for diagnostic
arteriography, angioplasty and embolization. A high
puncture of the common femoral artery is desirable to
avoid entering the origin of the deep femoral artery
which lies posterior to the main channel.

Contrast medium, 20—25ml of 300—370 mg ijodine/
ml, is injected into the common femoral arteries and
proportionately less more distally. Radiographic se-
quences other than 1/s are often necessary where
stenosing disease causes significant delays in flow. Faster
sequences are needed to study arteriovenous malforma-
tions.

Postoperative care

It is very important that haemostasis is obtained
immediately after arterial procedures and this is
achieved by exerting pressure on the puncture site for a
minimum of 5 min. This time should be increased where
there is a prolonged coagulation time and in the
presence of hypertension. Excessive pressure is said to
be a cause of distal thrombosis. The state of distal pulses
and of the distal skin circulation at the end of the
examination should be noted and brief details of the
procedure, including the type and volume of contrast
medium used, recorded. It is often useful, for future
reference, to record which catheters were successfully
used during the procedure.

It is possible to perform 4-Fr and 5-Fr single catheter
arterial studies without the need for overnight hospital-
ization. The patient should rest for at least 4h after
arterial puncture and be accompanied for the next 24 h.
Excessive movement of the leg should be discouraged
but if good haemostasis has been obtained immediately
after the procedure it is unlikely that haemorrhage will
occur later. The patient is advised to apply light
pressure to the puncture site when moving or coughing.
Routine pulse and pressure records are not required
after 4 h unless medically indicated.

Complications
General

Reactions to the contrast media used during arterio-
graphy occur in fewer than 3% of patients. Major
reactions occur in fewer than 0.15% and fatalities in
0.005% . Hypersensitivity reactions are not dose related
and therefore skin testing is not recommended. Toxic
effects are dose related and are difficult to predict, but
occur more frequently in dehydrated patients and those
with renal and cardiac disease. Hypersensitivity reac-
tions include bronchospasm and acute anaphylaxis.
Toxic reactions include cardiac arrhythmias, cardiac
arrest, pulmonary oedema and a feeling of peripheral
warmth due to vasodilatation. Vasovagal attacks may
occur during the procedure, particularly in nervous
patients who are not adequately sedated. This can be a
problem in elderly patients where diazepam can cause
confusion.

In general most complications can be avoided, or at
least the incidence reduced to a minimum, by
meticulous attention to detail before, during and after
arteriography.

Local

Embolization

Thrombotic embolization rarely occurs distal to an
arterial puncture site unless there is local arterial
disease present at the time of the examination. Distal
small emboli may occur in the toes, reducing circulation
and producing discoloration. Large emboli will block
the popliteal artery or straddle the trifurcation. Surgical
intervention or clot dissolution therapy needs to be
rapid to be effective.

Thrombosis

Thrombosis of the femoral artery at the puncture site
has not occurred in the author’s experience but may
occur from overzealous compression after the pro-
cedure.

Dissection
Intimal dissection at the puncture site may occur during
introduction of a guidewire. The guidewire may be
advanced some distance unless the operator is careful
and sensitive to any resistance felt during the passage of
the wire. If the wire and needle are withdrawn there are
very rarely any significant sequelae. Repuncture is often
successful but another site may be preferred.

Dissection also occurs during selective catheteriz-
ation due to manipulation of the catheter or guidewire
tip. The common hepatic artery seems particularly
susceptible, possibly because of its shape.

Particular care should be taken where atheromatous
plaques are present in the aorta or carotid arteries.
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False aneurysm

A false aneurysm may be a late sequel at the puncture
site, particularly if a subcutaneous clot is allowed to
form or the patient is allowed to mobilize too quickly.
Such aneurysms may be readily shown by colour flow
ultrasonographic studies and careful compression over
the neck of the aneurysm may be effective treatment.
Otherwise surgical repair is necessary.

Arteriovenous fistula

A rare local complication in the groin is the formation of
an arteriovenous fistula between the femoral artery and
vein. Puncture of both structures, whether inadvertent
or not, is necessary. Simultaneous ipsilateral catheteriz-
ation of the femoral artery and vein should be avoided
wherever possible.

ANGLE L/@F CD-INYERT
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Other imaging modalities

Whereas angiography may remain as a gold standard for
arterial imaging, much can be achieved in selected
situations by the other imaging modalities of ultra-
sonography, computed tomography and magnetic reso-
nance. Ultrasonography and magnetic resonance imag-
ing have the advantage of not subjecting the patient to
exposure to ionizing radiation.

Ultrasonography

1 1 Simple ultrasonography is useful in the

a'—C diagnosis and follow-up of aneurysms,
the common sites for which are the abdominal aorta and
the common femoral and popliteal arteries. The length
and diameters (luminal and external) of the aneurysm
are easily defined. In the aorta it can be difficult to
define the relationship of an aneurysm to the origins of
the renal arteries, and distended gas-filled loops of
intestine degrade the quality of the examination. Duplex
ultrasonographic scanning combines ultrasonography
with Doppler analysis of blood flow and is very valuable
at the carotid bifurcation. It may also be used to ‘track’
the femoral and popliteal arteries where stenoses and
blocks may be analysed, but this is difficult and time
consuming. Colour flow is an additional facility that has
made flow analysis by Doppler much quicker and easier.
Alterations in normal laminar flow due to stenoses are
easily identified before spectral analysis. The technique
is now also valuable in assessing organ flow, particularly
in the liver, kidneys and their transplants.
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AMGLE L-@-F CD-INYERT CD-RES



Arteriography 93

Computed tomography

1 The aorta and major vessels can be
za_e visualized by computed tomography
without contrast enhancement but excellent visualiz-
ation of the lumen is obtained if dynamic scanning is
performed during contrast infusion. Aortic rupture,
dissection and aneurysm can be readily demonstrated in
the thorax and abdomen. In the abdomen, details of
luminal thrombus, wall calcification and periaortic
fibrosis are shown much more clearly than by
ultrasonography.

To avoid excessive radiation dose a combination of
computed tomographic scanning and ultrasonography is

recommended for the diagnosis and follow-up of
abdominal aneurysms.

12b

12d

12a

12cC

12e



94 Arteriography

Magnetic resonance imaging

1 ’_; This is a new technique which does not
J a_ C involve ionizing radiation and in which
multiplanar cross-sectional images of the body are
obtained. In most magnetic resonance image sequences
moving blood is shown by a signal void but new
sequences have been developed specifically to identify
arteries. A new era of magnetic resonance angiography
is emerging and the technique may become a major tool
in the diagnosis of vascular diseases.

13a

13b
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History

Carotid body or cervical paragangliomas are rare cases
for most surgeons. In addition, these tumours have a
reputation for being difficult to resect because of
impressive vascularity, arterial adherence and local
cranial nerve involvement. In fact, stroke and cranial
nerve dysfunction remain sobering risks of surgical
resection (Table 1). However, recent advances in
preoperative evaluation and surgical technique have
reduced perioperative complications to a reassuringly
low level. The following surgical strategy and technique
is based upon our long-term experience with over 150
carotid and cervical paragangliomas treated and fol-
lowed at the Mayo Clinic over the past 50 years'.

This chapter discusses three primary components of
surgical management. First, which carotid body and
cervical paragangliomas need resection? Second, what
are the necessary preoperative tests before tumour

Table 1 Postoperative complications

1935-1965 1966-1975 1976-1986

Tumours 70 46 37

Stroke 16(23)* 4 (9 12.7)

Cranial nerve dysfunction 32(46) 14(30) 15(40)

Respiratory obstruction or 4 (6) 12 0
tracheostomy

Mortality 4 (6) 12 0

*P = 0.003. Values in parentheses are percentages

resection? Third, what are the technical steps that
maximize complete tumour resection but minimize
neurovascular complications?

95
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Principles and justification
Indications

1 Regardless of age, nearly all patients with carotid
body and cervical paragangliomas should undergo
surgical removal of the tumour. This recommendation is
not based upon the malignant potential since most of
these tumours do not rapidly invade local structures or
metastasize to distal sites. These tumours do, however,
enlarge slowly but relentlessly to encase the carotid
arteries and adjacent cranial nerves. They may be
present for many years, even decades, before their
growth causes symptoms. Eventually they cause local
discomfort, cranial nerve deficits, dysphagia or death
from metastases. Malignant invasion or metastasis is
significantly more common in younger patients with
familial, bilateral or multiple paragangliomas. Finally,
neurovascular complications are much less common
when tumours are resected at a smaller rather than a
larger size. Stroke and cranial nerve deficits rise
dramatically when tumours exceed a volume of 7cm?.
Consequently, early resection is recommended.

In a few select situations, observation of a carotid
body or cervical paraganglioma may be wiser than
operation. Such an example would be an asymptomatic
small tumour noted incidentally in a medically debili-
tated elderly patient with limited life expectancy.
Observation is also appropriate in a patient with
bilateral carotid body tumours when resection of one
tumour has caused stroke or cranial nerve dysfunction
on that side (vocal cord paralysis, swallowing dysfunc-
tion or unilateral tongue paresis). Finally, computed
tomography (CT) and magnetic resonance image (MRI)
scanning allow accurate monitoring of small paragang-
liomas that may arise high in the neck or near the skull
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base where the risks of resection are heightened.
Consultation with a neurosurgeon and a head and neck
surgeon assists the general vascular surgeon in ascer-
taining the advisability of resecting such unusual glomus
tumours.

Preoperative

Several important questions must be answered before
operative intervention. What is the extent of the
tumour? Are other cervical paragangliomas present? Is
there any associated intrinsic carotid artery disease,
especially associated atheromatous disease at the
carotid bifurcation? Is there any preoperative cranial
nerve dysfunction? Finally, is the tumour metabolically
active, i.e. secreting catecholamines?

Tumour imaging

Several imaging methods can now diagnose and

define the anatomy of a carotid body or cervical
paraganglioma. The simplest method of ascertaining
whether a neck mass is a carotid body tumour is colour
flow duplex ultrasonography?. The tumour can be
localized to the carotid bifurcation, and its vascularity
can provide a rather impressive display of colour in the
mass. Ultrasound can also be used to measure tumour
size and search the carotid arteries for any sign of
atheromatous stenosis. The limitation of colour-flow
duplex ultrasonography is its inability to look low or
high in the neck for other paragangliomas.
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2 If multiple paragangliomas are suspected
S a / or if the identified tumour is extremely
large, CT or MRI scanning is useful. These methods can
clearly show the upper and lower limits of the neck

3a

region. They may also reveal tumour encasement of
local structures or invasion into the skull. MRI and
angiography are probably sufficient preoperative evalua-
tion for many patients.

3b

Finally, selective carotid arteriogaphy remains a

useful adjunct in preoperative evaluation. Classical-
ly, the diagnostic method of choice has been arterio-
graphy since it demonstrates the characteristic hyper-
vascularity of the tumour. An angiogram is also
extremely sensitive in identifying additional cervical
paragangliomas that are small and unsuspected. Of
course, this remains an excellent method to delineate
any atheromatous disease of the carotid bifurcation or
internal carotid artery. For large tumours (Shamblin
type III; see Illustration 1) the angiogram remains
essential for preoperative tumour embolization that can
decrease both troublesome vascularity and tumour
size3,
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Cranial nerve involvement

Approximately 10% of patients with cervical paragang-
liomas present with a preoperative cranial nerve deficit.
Consequently, careful assessment of these nerves is
mandatory before operation. This examination should
include indirect laryngoscopy to document vocal cord
movement. When unilateral vocal cord paralysis is
discovered and the hypervascular tumour appears
adjacent to, but not in, the carotid bifurcation, a
paraganglioma of the vagus nerve should be suspected.

Metabolic activity

Unlike other neural crest tumours, most carotid body
and cervical paragangliomas do not secrete significant
levels of catecholamines. Thus, routine urinary
metanephrines or catecholamines are not necessary. In
over 100 patients we have observed only three
symptomatic patients with carotid body tumours and
markedly elevated urinary catecholamines. They all had
distinct symptoms, including headaches, palpitations,
hypertension, photophobia, diaphoresis and dysrhyth-
mias. All three patients had other paragangliomas.
Consequently, preoperative catecholamine screening is
indicated in patients who have symptoms suggestive of
catecholamine excess, particularly those that have
familial, bilateral or other associated paragangliomas.

Operative strategy

Our experience has been extensive enough to recom-
mend ten key concepts that maximize complete tumour
removal and minimize the risk of neurovascular
morbidity.

Anaesthesia

General nasotracheal anaesthesia is recommended. A
nasotracheal tube allows greater displacement of the

floor of the mouth during retraction and dissection
beneath the mandible. Although it is seldom necessary,
subluxation of the mandible may improve exposure of
large tumours that extend toward the base of the skull.
Continuous electroencephalographic (EEG) monitoring
is optional but does provide a sensitive method to
detect hemispheric problems if internal carotid blood
flow is interrupted for any reason (e.g. kinking by
retraction, severe spasm with thrombosis or clamping
during arterial repair). Elevation of the patient’s head by
30-45° decreases jugular venous distension and may
minimize cerebral oedema from any carotid clamping.

Operation

Internal carotid blood flow must be protected and
maintained throughout the procedure. In the past,
carotid artery ligation was utilized to control haemor-
rhage and allow complete tumour resection. Sacrifice of
internal carotid blood flow resulted in a perioperative
stroke rate that approached 25% . Such a high stroke rate
is obviously no longer acceptable. None the less, some
patients still require arterial repair or replacement.
Consequently, a saphenous vein site should be prepared
for possible arterial repair or replacement. Carotid
shunts should also be ready.

Most patients (67% ) require no arterial repair’. In
about 10%, simple lateral suture repair of the carotid
artery will be necessary. More complicated arterial
reconstruction (patch, graft or end-to-end anastomosis )
may be necessary in up to 25%. A carotid shunt is
required in only 10%. The risk of neurovascular
complications, however, is significantly higher in
patients who require any type of arterial repair’. In fact,
nearly all strokes occur in patients who have arterial
repair or replacement during tumour excision. Adv-
ances in arterial management and repair have reduced
the risk of stroke to approximately 2—3% for all cases'
(Table 1).
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Incision

The cervical incision must provide clear and
5 adequate exposure for both vascular control and
cranial nerve preservation. For small tumours (less than
3—4cm in diameter), the best incision is along the
anterior border of the sternocleidomastoid muscle, an
approach that is relatively standard for carotid endar-
terectomy.

In contrast, larger tumours are more safely
approached through a modified T radical neck
incision.

Both these incisions generally result in good healing
and satisfactory cosmetic appearance.
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Dissection

A systematic dissection around the
7a—C tumour can minimize the risk of any
cranial nerve injury. Dissection can be sequentially
completed in three anatomical steps or zones (Jllustra-
tion 7a). Zone I includes the common carotid artery, its
bifurcation and adjacent vagus nerve. The initial step in
the dissection is to identify the common carotid artery
at the level of the omohyoid muscle and carefully
dissect away from the adjacent vagal nerve (Illustration
7a). Near the carotid bifurcation, a myriad of smail veins
draining the tumour can be controlled with bipolar
electrocautery. Zone II encompasses the external
carotid artery territory and the overlying hypoglossal
nerve, the underlying superior laryngeal nerve and the
more superficial marginal mandibular branch of the
facial nerve. Although these nerves may appear incorpo-
rated into the tumour, they can generally be separated
from the surface and preserved ({llustration 7c). Zone
III contains the internal carotid artery and the
confluence of several cranial nerves: the proximal
hypoglossal nerve, the upper vagus, the pharyngeal
branch of the vagus, the spinal accessory nerve, and the
glossopharyngeal nerve. Most serious cranial nerve
injuries occur in this crowded zone. An experienced
head and neck surgeon can be an invaluable assistant in
safely resecting large tumours that extend high into
zone III*.
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Bipolar electrocautery

safe tumour resection is bipolar electro-
cautery (lllustration 8a). The usual standard electro-
cautery allows for a zone of heat conduction around the
cautery tip. Such heat can injure adjacent cranial nerves.
On the other hand, the bipolar cautery only conducts
energy between the tips of the bipolar forceps and
allows nearly bloodless dissection along the tumour
surface as the surgeon attempts to dissect it away from
the adjacent arteries and nerves.

8 a One of the most important instruments for
/

Periadventitial dissection

The tumour should be dissected in the periadventitial
plane and not in the mistakenly recommended and
treacherous subadventitial plane. Subadventitial dissec-
tion will either lead to intraoperative haemorrhage as
one ventures into the arterial lumen or leave a
weakened spot on the artery that is prone to disastrous
carotid blowout.

Carotid clamping

Temporary carotid clamping after a small dose of
heparin (2500 units) may be necessary for safe
resection of tumours that are densely adherent to the
carotid bifurcation. This area can be easier to dissect
when the carotid bifurcation is not pulsating. This part
of the tumour resection is often the most difficult point
of dissection and an area where carotid injury is
relatively common (Zllustration 8b). Clamp time can be
relatively short (5—10min), and EEG changes seldom
occur. Consequently, a shunt is usually not necessary. A
small dose of heparin generally does not increase
bleeding and is also useful when the internal carotid
artery develops intense spasm. Such spasm is relatively
common in younger patients and can be so intense that
it causes local thrombosis or thromboembolism. A small
dose of intra-arterial papaverine may also alleviate
intense internal carotid spasm.
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Ligation of external carotid artery
This may be necessary for complete and

93— safe resection of some large tumours
(Illustration 9a). Adequate superior tumour exposure
may require identification of the facial nerve and its
marginal mandibular branch, some parotid gland
elevation, division of the digastric and stylohyoid
muscles, and occasionally submandibular gland resec-
tion (Illustration 9b)°. Mandibular subluxation is an
additional manoeuvre that may enhance high carotid
exposure. In our experience, ligation of the external
carotid artery may then be necessary in approximately

one-third of patients with large tumours (greater than
5-6cm in diameter; Illustration 9c). Such ligation
decreases tumour vascularity and size, reduces bleeding
and facilitates complete removal and dissection away
from the internal carotid artery. The internal carotid
artery in such cases is usually stretched and pushed
laterally but not encased by the tumour (Jllustration
9d). The internal carotid artery may be so tortuous after
tumour resection that a segmental resection and
reanastomosis of the artery may be necessary.
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Closed suction drainage

A generous dead space is often left after resection of
large tumours. Accumulation of blood or fluid in this
dead space can cause some difficulty with the airway
and also with swallowing. Consequently, we place a
closed suction drain for 24—48h.

Postoperative care

Patients should be monitored in an intensive care area
for 6-12h after operation. The major risks during this
time are peripharyngeal haematoma and swelling that
can compromise the airway. Rarely, unrecognized
subadventitial injury to the carotid artery will result in
catastrophic carotid blow-out that may not occur until
several hours after leaving the operating room. If a
sudden neurological deficit occurs, a bedside colour
flow duplex carotid scan is recommended to ascertain
patency of the carotid vessels and to detect any signs of
intraluminal thrombus. Any arterial occlusion or tech-
nical defect should be corrected in the operating room.
If no technical problems are identified, systemic
anticoagulation should be considered as well as a CT or
MRI scan to delineate any intracranial areas of embolism
or infarct.

Outcome
Staging

Over 20 years ago, Shamblin and colleagues at the Mayo
Clinic classified carotid body tumours according to the
difficulty of surgical resection® (see Illustration 1).
Type I tumours are well localized and easily resected.
Type II tumours adhere to and partially surround the
carotid vessels. Type III tumours surround the carotid
arteries. This classification, however, did not necessarily
correlate with malignant outcome. Since carotid body
and cervical paragangliomas rarely metastasize to local
lymph nodes, nodal involvement is inconsequential in
most cases, even in those with large tumours. Distal
metastases are also rare, but have been reported in
bone, lung, liver, kidney, pancreas, thyroid and heart.
Likewise, histological criteria for malignancy have been
suggested, but both benign and malignant tumours may
exhibit the same microscopic characteristics. Conse-
quently, the only sure evidence of malignant behaviour

is nodal or distal metastases. Preliminary DNA flow
cytometry of carotid body tumours in our own recent
experience (unpublished) suggests that most tumours
have an abnormal non-diploid pattern that may portend
more relentless growth. Such evidence substantiates our
recommendation for both the early and complete
resection of all carotid body tumours.

Results

Nearly all (95% ) carotid body and cervical paragan-
liomas can be completely resected. Perioperative
mortality rates are now low (2% ), with no deaths in our
past 15-year experience. Postoperative stroke is also
unusual and affects approximately 2% of patients. These
individuals are usually those with extremely large
tumours or arterial repairs or replacement.

Cranial nerve dysfunction remains the primary risk of
operation for these tumours. About 20% of patients still
face a permanent cranial nerve deficit, usually related to
tumours that originate in the vagus nerve which
requires resection for cure. Temporary cranial nerve
deficits are seen in another 20% of patients and usually
involve the hypoglossal or marginal mandibular nerves.

The survival rate of patients after complete carotid
body or cervical paraganglioma resection is encourag-
ing (Figure 1). Essentially, the survival rate is equivalent
to that of sex- and age-matched control subjects’.
Metastatic disease has developed in only 2% of our
patients in long-term follow up. Recurrence has been
noted in approximately 6%. In our experience, all
recurrent tumours have been observed in patients with
multiple or familial cervical paragangliomas.

Figure 1 Survival rate after complete carotid body or cervical
paraganglioma resection
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History

Isolated vertebral arterial occlusions re-
1 a / sulting in brain ischaemia are relatively
uncommon when compared with the occurrence of
combined carotid and vertebral lesions. Routine four-
vessel angiographic studies performed in symptomatic
patients for the Joint Study of Extracranial Arterial
Occlusions demonstrated that lesions of vertebral origin
were second in incidence only to those related to
carotid bifurcation.

There has, however, been a reluctance on the part of
vascular surgeons and neurologists to intervene aggres-
sively in patients presenting with vertebrobasilar
insufficiency syndromes. Surgeons have hesitated to
perform angiographic studies in patients who are often
extremely ill from brain stem ischaemia. The vertebro-
basilar circulation may be difficult to outline angio-
graphically without employing techniques specifically
designed for its study. When vertebral arterial lesions
are found, there is no universally applicable surgical
operation which will correct all of the vertebral lesions.
Furthermore, vertebrobasilar symptoms are frequently
relieved by operations on the carotid system which are
more attractive than vertebral operations since only
20% of total cerebral blood flow reaches the brain by
way of the vertebrobasilar system. Nevertheless, the
potentially great significance of the vertebral arteries in
pathological states has been documented by Williams
and by Hutchinson and Yates who, on the basis of
postmortem studies, concluded that the incidence of
severe cerebral infarction is higher with both carotid
and vertebral involvement, suggesting that the term
‘caroticovertebral’ be applied to ischaemic brain syn-
dromes as being more comprehensive.

Although relatively infrequently performed when
compared with carotid operations, operations upon the
vertebrobasilar system nevertheless constitute a signifi-
cant and important approach to the relief of ischaemic
cerebral symptoms, and perhaps preventing strokes and
prolonging life.
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Principles and justification

Anatomy

Although the blood supply to the brain traditionally is
described as being provided by an anterior (paired
carotid arteries) and a posterior (vertebral arteries)
circulation, the distinction between the two systems is
artificial and arbitrary in view of the interdependence
between the two systems by way of the normally
occurring collateral pathways, as well as those persisting
from embryonic life. This is further illustrated by the
ability of the vertebrobasilar system to compensate for
carotid vascular insufficiency, its flow increasing from
physiological levels of 45 ml/min to levels which can
compensate for deficiencies in the 750-800ml total
cerebral blood flow that can occur when severe carotid
lesions exist. The vertebral arteries ordinarily originate
from the subclavian vessels as their first branches, just
proximal to and posterior to the thyrocervical trunks. A
variation of this pattern of origin, necessary to properly
evaluate nonvisualization of a vertebral artery, relates to
the origin of the left vertebral artery from the arch of the
aorta. The vertebral artery is divided into four segments:
the origin, the intervertebral intraosseous segment, and
the horizontal or distal atlantoaxial portions being
extracranial, while the fourth segment is intracranial.
The vascular surgeon is concerned with the relatively
accessible extracranial portions, while the neuro-
surgeons are concerned with the intracranial segments.

The first segment of the vertebral artery, origin-
2 ating from the first part of the subclavian on its
superior—posterior aspect, passes upward and backward
between the anterior scalene muscle and the longus
colli muscle. It enters the transverse foramen, usually on
the sixth cervical vertebra, but occasionally on the fifth
or the seventh. It is covered by the vertebral vein,
usually just before its entrance into the transverse
foramen, and is surrounded by a plexus of sympathetic
nerves. The thoracic duct lies superficial to the artery
on the left side. Frequently there is marked redundancy
and curving of the first portion of the vertebral artery
and, when this configuration is most marked, definite
kinking of the vessel results. This portion of the vessel is
the one most easily approached surgically. It is partially
covered by the anterior scalene muscle, along whose
anterior border courses the phrenic nerve. The
thyrocervical trunk, recognizable from its branches (the
first part of the vertebral having none), arises from the
subclavian artery just anterior and distal to the vertebral
origin, and must be differentiated from the vertebral
artery which can easily be done if one remembers that it
has branches. The internal mammary artery arises on the
inferior border of the subclavian, while the costocervical
trunk originates on the posterior aspect of the second

part of the subclavian artery. These facts are critical in
attaining a dry field for a surgical approach to the origin
through the subclavian artery.

The intraosseous or second segment ascends through
the foramina of the transverse processes of the upper six
cervical vertebrae. The course of the artery is relatively
straight through the bony ligamentous canal. Occasion-
ally there are significant redundancies of the vertebral
artery which force it to protrude outside the bony canal
through the ligamentous portions. Within the canal the
artery is surrounded by a plexus of minute veins.

The third horizontal segment, also known as the distal
atlantoaxial portion, emerges from the transverse
foramen of the atlas and curves backward in a groove on
the upper surface of the posterior arch of the atlas. It
enters the vertebral canal as it angles forward to the free
edge of the posterior atlanto-occipital membrane. The
anterior ramus of the second cervical nerve lies behind
the lower part of the vertebral artery in the C1-C2
interspace. A portion of the venous plexus encountered
in the intraosseous portion of the vertebral artery may
be encountered at this level. One or more small
collateral branches may arise from the vertebral artery.

The fourth portion of the vertebral artery will not be
described.
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Pathology

Unlike the focal and almost un-
3a—e / varying disease encountered at the
carotid bifurcation, the pathological conditions that
affect the vertebral artery are more numerous. Most
commonly, significant involvement occurs at the very
origin of the vertebral from the subclavian artery where
the atherosclerotic process, frequently rampant in the
subclavian artery, impinges circumferentially upon the
first 1-2 mm of the vertebral artery, producing marked
stenosis. Except for the considerable redundancy of that
portion of the vessel, the intima of the first part of the
vertebral artery is otherwise uninvolved and is quite
smooth and thin. The subclavian plaque may be quite
extensive in an artery that can be friable and difficult to
manage upon removal of plaque from its intimal surface.
Where this involvement is of clinical significance there
is usually an atrophic or rudimentary contralateral
vertebral artery, or the pathological process may
involve both vertebral origins which are very rarely
ulcerated, unlike the situation when the carotid arteries
are affected. Other lesions that result in impairment of
flow through the vertebral system include compression
of the intraosseous vertebral artery by osteophytes,
atherosclerosis along the second and third portions of
the vertebral artery and herniations of the vertebral
artery from the intraosseous canal. Rarely there is
thrombosis of the first part of the vertebral artery which
may be patent in the intraosseous portion.

There is a wide variety of patterns of infarction of the
brain in the distribution of the vertebrobasilar arterial
system. Patients whose ischaemia progresses to the
stage of infarction are very often beyond the stage
where surgical intervention is helpful, but the areas of
involvement may include the occipital lobes, the
midbrain, the cerebellum and the medulla oblongata. In
most instances in which surgical intervention is helpful,
the patients have either very small infarcts due to
infrequent and small emboli which may originate in the
subclavian artery, or have symptoms in the anterior
cerebral cortices unrelated to carotid occlusive disease.
Primary haemorrhages in the distribution of the
vertebrobasilar system are beyond the scope of the
general vascular surgeon.
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Clinical syndromes

The clinical manifestations of interference with the
arterial supply to the brain are ordinarily classified as
either internal carotid artery territory ischaemia or
vertebrobasilar territory ischaemia. Involvement of the
vertebrobasilar system, although producing recog-
nizable syndromes involving the brain stem and the
cerebellar hemispheres and therefore relatively easily
recognizable, may, however, occur as non-localizing
symptoms, difficult to ascribe to the neural structures of
the vertebrobasilar arterial system. Vertigo, ataxia,
motor and sensory deficits which may be unilateral,
bilateral or alternating, abnormalities of eye movement
such as occur with dysfunction of cranial nerves III, IV
and VI, Horner’s syndrome, dysphagia associated with
dysarthria, motor and sensory deficits of the face which
may be unilateral, bilateral or alternating, are all strongly
suggestive of posterior circulatory vascular insuff-
iciency. On the other hand, severe or even mild
dizziness, drop attacks without loss of consciousness,
syncope of varying duration, headache and vomiting, are
often ascribed to conditions other than that under
discussion, yet may be associated with vertebral arterial
lesions and be relieved by their correction. These are
especially troublesome, either because their frequency
means they are considered atypical of vertibrobasilar
arterial insufficiency, or because they not infrequently
occur in older individuals associated with other
pathological conditions. Transient global amnesia,
ascribed to a variety of conditions, may be a manifest-
ation of vertebrobasilar insufficiency. If associated with
other symptoms such as hemianopia, either unilateral or
bilateral, then one might suspect that there are stenotic
vertebral arteries. When it occurs in the absence of
other symptoms, vertebrobasilar insufficiency as the
source might be overlooked.

Preoperative
Symptoms

Who should be suspected of having significant vertebral
arterial involvement sufficient to warrant angiographic
studies and surgical intervention? In our series of over
3000 operations on the extracranial vessels for stroke
prevention in which approximately 4% have been upon
the extracranial vertebral arteries, the symptoms which
led to diagnosis and operation can be classified as those
which were (1) clearly cerebral hemispheric; (2)
clearly brain stem; and (3) combined cerebral hemis-
pheric and brain stem, with an appreciable number
presenting with isolated seemingly non-focal symptoms.
Dizziness, including vertigo, was the most common
symptom, while focal cerebral symptoms, syncope,
diplopia, drop attacks, headache, ataxia, confusion,
generalized weakness, global amnesia, homonymous
hemianopia, and aphasia accounted for the remainder. If

more than one symptom complex is encountered with a
non-focal symptom, the indication for aggressive
investigation becomes stronger.

Physical examination and non-invasive studies

Physical examination may elicit the presence of carotid
arterial occlusive disease with or without obvious
involvement of the subclavian arteries manifested by
blood pressure differentials in the upper extremities.
Doppler scans of the neck and supraclavicular areas may
reveal the presence of carotid occlusive involvement
with impairment of flow antegrade in the vertebral
arteries. The specific examination of the vertebral
arteries non-invasively is difficult. Computed tomo-
graphic scans of the brain, positron emission tomo-
graphic (PET) scans and magnetic resonance imaging
may each reveal areas of infarction of either the anterior
or posterior parts of the brain or, with PET scanning,
there may be focal areas of cerebral ischaemia of the
posterior circulation. Ophthalmodynamometry, facial
thermometry and transcranial Doppler studies are of
limited value because the results are either not specific
for vertebrobasilar arterial insufficiency or are difficult
to interpret. The definitive study is radiographic.

Angiography

Patients suspected of having vertebrobasilar arterial
insufficiency require visualization of the entire intra-
and extracranial circulation to properly evaluate the
mechanisms by which ischaemia is occurring, as well as
to plan surgical procedures required for correction.
Currently, the preferred technique is by catheter
angiography of the aortic arch and its branches, with
selective cannulation of the arch vessels to permit
selective opacification of each of those arteries. Usually
percutaneous puncture of the femoral artery is per-
formed with retrograde passage of an appropriate
catheter into the aortic arch. Contrast injection is made
into each of the major vessels after cannulation of each
of the origins of the arch vessels has been performed. In
the visualization of the vertebral origins it is critical to
realize that the areas of stenosis are at the very origin of
the vessel, and these may be obscured by the overlying
subclavian artery. Positioning the patient to project the
vertebral origins is essential. The most common error
involving failure to visualize markedly stenotic lesions
of the vertebral origin can be avoided by appreciation of
the fact that the normal vertebral origin angiographically
is slightly flared, being widest at the origin from the
subclavian artery. If the projection visualized reveals
either parallel side walls of the first part of that vessel
immediately beyond the subclavian or if there is
tapering toward the subclavian artery, the true origin
has not been visualized. In such instances retrograde
brachial injections are performed through percutaneous
punctures of those vessels.
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A second area of importance involves visualization of
the distal vertebral artery which occasionally terminates
at the posterior inferior cerebellar artery, failing to join
the basilar artery. Such a vessel is probably not operable,
since a markedly stenotic vertebral artery would open
into a very small anastomotic branch. The basilar artery
must also be visualized because occasionally it is the site
of advanced atherosclerotic narrowing, and this must be
evaluated to determine the advisability of relieving
vertebral arterial stenoses.

General evaluation
Cardiac

Except for the occasional younger patient who presents
for surgery of the vertebral artery for non-degenerative
conditions, most patients are in the age group and in a
population in whom coronary artery disease is frequent-
ly encountered and may be severe. Cardiac evaluation
studies include determinations of the left ventricular
ejection fractions by radionuclide studies, thallium
stress testing, prolonged monitoring for silent myocar-
dial ischaemia and, ultimately, cardiac catheterization
with angiographic study of the coronary arteries. In our
experience cardiac catheterization is not primarily
indicated unless one of the other tests indicates the
presence of very advanced coronary artery disease. Left
ventricular ejection fractions of 30% or lower, thallium
stress testing that indicates transient deficits and silent
myocardial ischaemia monitoring that indicates a high
frequency and long duration of electrocardiographic
abnormalities are indications to perform coronary
angiography. When there is considerable involvement
of the left main coronary artery or if unremitting angina
pectoris is present, plans are made for performing the
cerebral and myocardial revascularizations simul-
taneously. If not, then the cerebral revascularization is
performed before any myocardial revascularization.

Renal

Evaluation of renal function is primarily by creatinine
clearance studies. Creatinine clearance values greater
than 15-20 ml/min, although markedly abnormal, are
usually considered sufficient to perform relatively
uncomplicated vertebral arterial operations unless it is
necessary to repeat the injection of large quantities of
radio-opaque iodinated compounds.

Other organ evaluations

Pulmonary function, coagulation parameters and evalu-
ation of life expectancy in the presence of malignant
neoplasms are as for other major surgical procedures.
Patients whose life expectancy is estimated to be
greater than 1 or 2 years are considered suitable
candidates for surgical intervention on the vertebral
arteries.

Anaesthesia

In general, operations performed on the first part of the
vertebral artery are satisfactorily carried out under
regional block anaesthesia. Those that require either
opening the vertebral bony ligamentous canal or those
on the third portion of the vertebral artery are better
performed under general anaesthesia. The use of
regional anaesthesia is recommended for its simplicity
and for the ability to accurately monitor the cerebral
status during the phase of clamping of the vertebral
arteries. General anaesthesia is required for the more
extensive operations where the bony canal may have to
be unroofed or where the C1-C2 interspace needs to
be exposed to permit distal bypass.

No shunts are used. In spite of the most extensive
extracranial occlusive arterial involvement, vertebral
artery clamping has been well tolerated.
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Operations

SUBCLAVIAN VERTEBRAL ANGIOPLASTY

Subclavian vertebral angioplasty has been our preferred
procedure to deal with ostial stenoses and their
associated kinks. Avoidance of endarterectomy has
obviated the need to deal with occasionally extremely
friable subclavian arteries, does not require clamping
the common carotid artery with the risk of producing
cerebral ischaemia, and eliminates the risk of carotid
antegrade embolization.

Incision

The incision is started one third of the way

between the manubrium sterni and the mastoid
process at the anterior border of the sternocleido-
mastoid muscle, and continued inferiorly and posteriorly
parallel to the clavicle.

Division of muscle

The clavicular head of the sternocleidomastoid
muscle is severed at its origin and permitted to
retract, and the internal jugular vein is dissected free
and retracted medially, avoiding the vagus nerve and the
recurrent laryngeal nerve which lie between the vein
and the common carotid artery. This exposes the
scalene fat pad which is incised medially and by blunt
dissection is freed from the underlying anterior scalene
muscle on whose anterior surface rests the phrenic
nerve covered by a thin fascial membrane.
The fat pad is developed so that it maintains only a
lateral attachment.
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Exposure of phrenic nerve
The phrenic nerve is dissected free to

7a / permit it to be retracted by the scalene fat
pad, avoiding metal retractors or tapes to achieve its
displacement from the operative field.

Exposure of vertebral artery

The anterior scalene muscle is divided inferiorly
8 and permitted to retract upward. Branches of the
thyrocervical trunk ordinarily cross anterior to the
anterior scalene muscle and must be divided for access
to the muscle.

The subclavian artery pulse is palpated medial to the
anterior scalene muscle inferiorly and the four major
branches dissected free. The vertebral artery is recog-
nized from its location (first branch of the subclavian on
the superior posterior aspect), absence of branches,
tortuosity and finally entrance into the bony canal.
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Arteriotomy

Arteriotomies in continuity of the vertebral and

subclavian arteries are performed by excising an
elliptical segment of the subclavian artery encompassing
the origin of the thyrocervical trunk, continuing the
opening upward on the anterior wall of the vertebral
artery to beyond the kink. This ordinarily results in
termination of the vertebral arteriotomy at least 1 cm
short of its entrance into the transverse foramen of C6.

Scheme for closure
1 The resultant opening in the subclavian and
vertebral arteries reveals the extent of the

plaque, the normal intima of the vertebral artery
beyond, and the placement of sutures to effect the
plication which eliminates the kink. A goes to Ay, B to
B,, C to C, etc.
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Plication

11 The plication is accomplished by ligating the

sutures on the outside of the vessels, resulting in
normal intima of the vertebral artery covering the ostial
plaque and ‘dog ears’ from the redundant vertebral
artery.

Correction of dog ears

The ‘dog ears’ are sutured to prevent bleeding,
1 starting the closure at the subclavian—vertebral
junction, continuing upward along the vertebral artery.
A second row may be needed to secure haemostasis.
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Suture of vein patch

1 3 The segment of long saphenous vein
a_C excised from the groin is opened

longitudinally and sutured as a vein roof patch closure
of the subclavian vertebral arteriotomy, starting the
closure at the distal angle of the vertebral arteriotomy,
maintained widely open with a soft rubber catheter. The
distal suture line is started with an everting horizontal
mattress suture of 6/0 or 7/0 Dacron and continued
downward as a continuous suture. The vein patch is
sutured to the subclavian artery with 5/0 suture
material.

Wound closure

Closure of the wound is achieved by releasing the
phrenic nerve from its scalene fat pad retractor,
repositioning the fat pad on top of the nerve and
arteries, and suturing the manubrial head of the
sternocleidomastoid muscle to its origin. The platysma
and skin are closed in layers. Drainage with a 12-Fr red
rubber catheter attached to suction is employed
infrequently, and is removed in 24—48h.
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VERTEBRAL TRANSPLANTATION OF THE CAROTID
ARTERY

Incision

1 4 Incision for performing reimplantation of the

vertebral artery into the common carotid artery
is as for subclavian vertebral angioplasty. The clavicular
head of the sternocleidomastoid muscle is divided, but
the anterior scalene muscle is not. The internal jugular
vein and vagus nerve are retracted laterally and the
carotid artery medially.

The subclavian pulse is palpated medial to the medial
border of the anterior scalene muscle after the scalene
fat pad has been dissected from medially to laterally.
The anterior scalene muscle is identified by palpation
and resembles the sensation obtained by palpating the
anterior aspect of the partially flexed proximal inter-
phalangeal joint of the index finger.

The vertebral artery is dissected from its origin to its
entrance with the transverse foramen of C6 and an
estimate is made of the amount of redundancy and
kinking which may be present. A 4-cm length of
common carotid artery is cleared and controlled
proximally and distally with tapes well below the
carotid bifurcation to avoid the risk of embolization.

Anastomosis

Heparin, 3000 units, is given intra-
1 Sa—C venously. The vertebral artery is
clamped just below its entrance into the bony canal and
divided just beyond its origin from the subclavian artery
after having been doubly suture ligated. The transected
end is swung medially to the carotid artery where a
3-cm segment is isolated between vascular clamps. A 4-
or 5-mm aortic punch arteriotomy of the lateral wall of
the common carotid artery can serve as the site of a
terminolateral vertebral—carotid anastomosis using 6/0
or 7/0 non-absorbable suture, starting the anastomosis
posteriorly with an everting mattress suture and
continuing circumferentially with a continuous over
and over everting suture.
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Use of Linton patch

1 To avoid producing ostial stenosis by
63— suturing to an often thick walled
common carotid artery it is our preference to interpose
a ‘Linton’ venous roof patch on an arteriotomy of the
common carotid artery.
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1 The site for anastomosis of the terminal
7a—C vertebral artery to the venous patch is
then prepared as the direct vertebral—carotid anasto-
mosis, either to a circular punch opening in the vein
patch or through a ‘trap door’ opening,

The usual precautions for avoiding cerebral emboliz-
ation are observed, flushing the carotid artery both
antegrade and retrograde and the vertebral artery
antegrade before making the final closure. The wound is
closed in layers.

Short vein graft

1 8 In the rare case in which the vertebral

a—C artery is too short to reach the carotid
artery, reversed autologous saphenous vein can be used
to achieve carotid—vertebral bypass.
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OPERATION ON THE SECOND SEGMENT OF THE
VERTEBRAL ARTERIES

Approach to the second segment of the vertebral
arteries requires entering the bony canal formed by
segments of the transverse processes of vertebrae
C4—C6. The exposure is satisfactorily performed by the
removal of the anterior portions of the bony and
ligamentous canal. It is upon exposure of the vertebral
artery that one encounters the extensive plexus of
venules which surround the artery and make the

dissection tedious. Nevertheless, this approach is
feasible and can be used to bypass occlusions of the first
portions of the artery, to relieve compressions from
osteophytes, and to reduce multiple herniations of the
vertebral artery between segments of the bony canal. It
is not usually necessary to operate on this area for
occlusive atherosclerosis.

Anatomy
1 The anatomy relating to the surgical approach to
the second part of the vertebral artery either for

decompression or for carotid—vertebral bypass pro-
cedures relates to the tranverse processes of the verte-
bral bodies which form the bony canal and the complex
longus colli muscle which has muscular fleshy attach-
ments to the bodies and transverse processes of the
cervical vertebral and tendinous attachments to the
anterior scalene muscle.

Skin incision and exposure of vertebral artery

2 The skin incision extends from the mastoid

process to the suprasternal notch anterior to the
sternocleidomastoid muscle. The incision is deepened
through the platysma and investing layer of deep
cervical fascia, retracting the scalene fat pad laterally
together with the sternocleidomastoid muscle, the
clavicular insertion of which can be divided to improve
exposure. The internal jugular vein, vagus nerve and
carotid artery are freed and retracted medially, dividing
the thyrocervical trunk branches if necessary.

The anterior tubercles of the transverse processes are
palpated laterally and the vertebral bodies medially, and
the depression between them identifies the roof
segments of the transverse processes forming the
transverse foramen. Overlying fascia is incised and, with
a perijosteal elevator, the attachments of the longus colli
muscle are cleared from these depressions in the
transverse processes CO—5—4—3.

The bony canal is unroofed with a small rongeur,
carefully inserting it from below upwards at each level,
staying against the posterior surface of the bone to avoid
injury to the vertebral artery and to the numerous small
veins which surround the vertebral artery. The vertebral
artery is freed from the plexus of veins surrounding it,
avoiding injury to the vertebral vein which lies
posterolateral to the artery. This part of the dissection is
tedious and results in annoying bleeding which must be
patiently controlled with cautery, haemostatic agents
and pressure.
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Vertebral artery reconstruction

The vertebral artery can then be exposed over
21 the number of segments necessary to either
decompress the artery, or to achieve sufficient exposure
to perform a bypass. The numerous veins are carefully
clamped and cauterized. Venous bleeding occurs
frequently, and is inevitable since the veins surround
the artery.

2 When decompression of the herniated artery is
2 required, liberation over three segments is
sufficient to convert multiple herniations into a
relatively gentle curvature. On only one occasion has
roof patch angioplasty been required. When
osteophytes require to be resected they can be
visualized. When a bypass procedure is needed the
common carotid artery has been used as the origin of a
long saphenous vein reversed autologous graft. In such
instances a roof patch has been placed on the common
carotid artery, and the smaller segment of long
saphenous vein sutured to it. End-to-side anastomosis
has been performed through trap door arteriotomies in
the side of the vertebral artery.

Closure of the wounds is performed in layers. Heparin
is not neutralized. Antiplatelet treatment is continued
indefinitely.
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RECONSTRUCTION OF THE DISTAL CERVICAL
VERTEBRAL ARTERY

The direct surgical approach to the third segment of the
vertebral artery, popularized by Kieffer and Bergeur, is a
procedure that has been resorted to infrequently in our
series, since most lesions requiring surgical intervention
can be dealt with in the more easily approached
proximal segments. It finds application most often for
acute trauma and arteriovenous fistulae in which the
vertebral artery can be ligated distally, but nevertheless
has specific indications when the pathological process is
of the mid and distal portions of the vertebral artery,
when the segment between transverse processes
C1-C2 offers the only segment for bypass procedures.
Although the surgical approach has been known since
Matas described it first in 1893, only recently has it
achieved any popularity.

Position of patient

The operation is performed by placing the patient in the
supine position, with the head turned away from the
operated side, avoiding excessive extension and rota-
tion.

Incision

2 The incision is made along the upper part of the

anterior border of the sternocleidomastoid
muscle, with an extension to the mastoid process. The
external jugular vein is divided.

Exposure
2 4 The parotid gland is mobilized from the
a_ sternocleidomastoid muscle. The post-
erior part of the internal jugular vein is isolated to a
level under the digastric muscle. The internal jugular
vein and the sternocleidomastoid muscle are retracted
apart, and the spinal accessory nerve identified approx-
imately 3—4 cm below the mastoid process. The nerve
needs to be mobilized to avoid trauma. The transverse
process of Cl1 is palpated in the upper part of the
incision, and the origins of the levator scapulae and the
splenius cervicis muscles are exposed under the
prevertebral fascia. The sympathetic fibres lie deep to
this muscle plane and are retracted medially. The
muscles described are divided along the lower border of
the transverse process of C1. The vertebral artery then
becomes accessible at the C1-C2 interspace where its
pulsations can be felt. The anterior ramus of the second
cervical nerve, which is behind the lower part of the
vertebral artery, can usually be left in place. When it is
on the anterior aspect of the artery it can be divided.

The superficial part of the vertebral artery comes into
view. Its posterior aspect is dissected free to permit its
control for the performance of an arteriotomy. If there
are collateral branches arising from the vertebral artery
they are preserved. The common carotid artery is
isolated and a segment of reversed long saphenous vein
is anastomosed to the side of the common carotid
artery, and to the side of an arteriotomy performed in
the arteriotomy of the vertebral artery. Occasionally an
additional length of artery is required, whereupon the
bony canal formed through the transverse process of C2
is rongeured away to expose an additional length of
vertebral artery. This results in the need to deal with the
plexus of veins surrounding the artery. End-to-side
anastomosis appears to be preferable to end-to-end
anastomosis which is technically more difficult to
perform. If there is atherosclerotic disease of the carotid
bifurcation it may sometimes be necessary to expose
the subclavian artery for use as the starting point of an
autologous saphenous vein graft.

The wounds are closed in layers. Antibiotics are
continued for 3 days, and antiplatelet treatment
indefinitely.
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BALLOON CATHETER TRANSLUMINAL DILATATION
OF THE VERTEBRAL ARTERY

In 1978 Gruntzig performed dilatation of coronary
artery stenosis with a flexible double-lumen balloon
catheter, a technique that has become widely used for
treatment of narrowed or occluded arteries in many
parts of the body. Attempts have been made to establish
the potential usefulness of this technique in the
vertebrobasilar system. Stenoses that are beyond the
usual operative fields, either at the junction of the
vertebral artery to the basilar arteries or at the
intracranial vertebral artery, have been successfully
carried out by exposing the vertebral arteries at the
level of the C1 and passing balloon catheters to the
intracranial vertebral artery under fluoroscopic control.

Lesions at the origins of the vertebral arteries have
also been dilated with balloon catheters. There are
insufficient data at present to fully evaluate these
procedures. The management of intracranial lesions in
high-risk patients in whom it is inappropriate to carry

out direct extracranial and intracranial bypass proce-
dures would appear to be the area of recommended
exploration.
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History

Most cerebrovascular accidents (approximately 60% )
are related to atheromatous disease of the extracranial
carotid arteries'. The first carotid reconstruction was
reported in 1954% In 1988, the Rand Corporation
published a report which reviewed the indications for
carotid endarterectomy and concluded that the oper-
ation was being overused?, and the role of carotid
endarterectomy has been questioned. Recently, the
efforts of a number of experts in the field have resulted

in the initiation of several randomized prospective
clinical trials designed to determine precisely the
natural history and associated stroke risk of carotid
artery atheromatous lesions*~%. The preliminary results
of these trials are now available, and some 40 years after
Eastcott’s initial report describing operative repair of a
carotid artery lesion, the proper role of carotid surgery
is finally being clearly defined.
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Pathology of carotid bifurcation
occlusive disease

Atherosclerosis

Atherosclerosis is the most common pathological
process affecting the cerebral circulation. The mani-
festations of atheromatous change in this area, however,
can vary, and both occlusive and degenerative aneurys-
mal lesions are well known. Occlusive stenoses,
however, are by far the most common. Clinically
important histological characteristics include: the rela-
tive proportions of fatty, fibrous and calcified material;
the presence of surface clot or ulceration; and the
degree of intraplaque haemorrhage. Soft irregular fatty
plaques which are not calcified represent high-risk
lesions. On the other hand, smooth fibrous and calcified
lesions are more stable and represent a lower embolic
risk.

Fibromuscular dysplasia

The precise incidence of fibromuscular dysplasia is not
known, but it is not common. Many different histologi-
cal subtypes have been described, including intimal
fibroplasia, medial fibroplasia, medial hyperplasia and
perimedial dysplasia’. The most common subtype found
in the extracranial carotid arteries is medial fibroplasia.
Mural dilatations forming microaneurysms are common
and form the basis of the classic ‘string of beads’
appearance observed angiographically. Intracranial
aneurysms are commonly associated with carotid artery
fibromuscular dysplasia and have been reported in
approximately 30% of patients. In addition, a significant
percentage of patients who present with a spontaneous
carotid artery dissection are found to have evidence of
fibromuscular dysplasia in the contralateral artery.

Intimal hyperplasia

Intimal hyperplasia is the abnormal sustained prolifera-
tion of cells and extracellular connective tissue matrix
that occurs as the result of injury to the arterial wall. In
the carotid bifurcation this injury typically occurs
following an endarterectomy. Grossly, these lesions
appear firm, pale and homogeneous. The involved area
is smooth and uniformly located beneath the endo-
thelium. Several mechanisms by which injury to the
vascular endothelium may lead to activation of the
medial smooth muscle cell have been suggested.
Postulated theories include haemodynamic factors,
alterations in lipid metabolism and complex interac-
tions between the arterial wall and circulating factors
such as platelets and components of the inflammatory
system.

Radiation injury

Radiation therapy has become a common form of
treatment for a variety of neoplasms, including those
affecting the head and neck. Damage to the vascular wall
alters its permeability to circulating lipids and impairs
its ability to repair structural tissue. Over the course of
the next few weeks endothelial regeneration and medial
fibrosis begin to appear. Finally, within several months,
the luminal surfaces become thickened and irregular.
These changes are characterized by fatty infiltration,
fibrosis and intimal regeneration. The medial fibrosis
and intimal thickening are responsible for the eventual
luminal narrowing seen following radiation injury.

Clinical patterns of cerebral ischaemia

Neurological events resulting from cerebrovascular
pathology can conveniently be divided into three
general categories based on the duration of symptoms.
The first group of patients are those who experience a
transient ischaemic attack (TIA), defined as an
ischaemic event that lasts no longer than 24 h. Typically,
the patient will report a focal neurological deficit, such
as weakness in a limb or slurred speech. It is implied in
this definition that neurological recovery is complete
and no residual deficit is present. If the neurological
deficit persists beyond 24h, but completely resolves
within 7 days, it is termed a resolving ischaemic
neurological deficit (RIND). Lastly, if the ischaemic
symptoms last longer than 7 days, the event is labelled a
stroke. The clinical significance of a RIND is unclear,
and it is considered by some to simply represent a
stroke with rapid and full recovery. The term stroke
implies irreversible brain tissue damage, even when
clinically some patients appear to recover full function
following a deficit which lasted longer than 7 days. It
remains unclear whether a RIND represents permanent
or reversible brain tissue damage.

Principles and justification

Indications
Atherosclerotic plaques

The role of carotid surgery in patients with asymptom-
atic carotid occlusive disease remains controversial. The
case for endarterectomy in asymptomatic patients is
based primarily on retrospective reviews studying
patients with appropriate lesions who were followed
but not operated on. To summarize the available data,
the mean stroke rate/year in asymptomatic patients not
treated by operations is about 5.0%, which could be
expected to lead to a S-year stroke rate of about 25%
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(Table 1). In surgical patients, the mean operative
mortality in patients with asymptomatic lesions is
1-2%, with a 30-day perioperative stroke rate of about
1.5%. The long-term stroke rate in operated patients is
1.3% in the first year and 0.5% each year thereafter
(Table 1)8. This would predict a 5-year incidence of
stroke of 4.8% (including perioperative strokes), which

Table 1  Natural and modified history of atherosclerotic carotid
bifurcation lesions

Stroke risk in ~ Stroke risk Stroke risk
first year (%) yearly after 5 years
thereafter (%) (%)

Symptoms at
presentation

Natural history

Asymptomatic 5.0 5.0 25.0
Transient

ischaemic

attack 10.0 6.0 34.0
Completed

stroke 9.0 9.0 45.0

Best medical therapy

Asymptomatic 5.0 5.0 25.0
Transient

ischaemic

attack 8.5 5.0 28.5
Completed

stroke 9.0 9.0 45.0

Surgical management

Asymptomatic 1.3 0.5 3.3
Transient

ischaemic

attack 3.0 1.5 9.0
Completed

stroke 7.0 2.2 15.8

represents an absolute reduction in the expected stroke
risk of 20.2% in favour of surgically treated patients.

Unlike asymptomatic lesions, the indication for
surgery in patients with symptomatic carotid lesions is
no longer controversial. Three prospective randomized
studies have now analysed the results of carotid surgery
in patients with a symptomatic ipsilateral lesion (Table
2).

Fibromuscular dysplasia

The mechanism by which fibromuscular dysplasia of the
extracranial carotid arteries causes symptoms is con-
troversial. Platelet clots or cholesterol emboli may arise
from the irregular luminal surface. Alternatively, de-
creased flow through a single critical stenosis, or
through a number of non-critical stenoses aligned in
series, may be the operative mechanism. It is likely that
the true aetiology in any given patient varies, and
combinations of these processes may also occur.
Unfortunately, the natural history of fibromuscular
dysplasia of the extracranial carotid artery in an
otherwise asymptomatic patient is not known. Most
authors agree, however, that currently asymptomatic
lesions should be carefully followed and that surgical
intervention should be reserved for those patients who
later develop symptoms’,

Recurrent carotid stenosis
The mean incidence of asymptomatic carotid restenoses

ranges between 7% and 15%, and between 1% and 5%
of developed restenoses are associated with recurrent

Table 2 Prospective randomized trials comparing carotid endarterectomy with the best available medical treatment

Study Number of patients ~ 30-day operative  Percentage Percentage Mean follow-up
mortality (%) reaching endpoint  reaching endpoint  (months)
(surgery group) (medical group)
Asymptomatic*
Veterans Administration
Cooperative* 444 1.9
Symptomatic
Veterans Administration
Cooperative* 189 7.7 19.4 11.9
>70% stenosis 7.9 25.6
<70% stenosis 71 6.7
North American Symptomatic
Carotid Endarterectomy Trial®
Stenosis (30-69%)*
Stenosis (70-99%) 659 0.6 8.0 18.1 24
European Carotid Surgery Trial®
Stenosis (0-30%) 374 1.4 11.8 6.2 36
Stenosis (30-69%)*
Stenosis (70-99%) 778 0.9 12.3 21.9 36

*Results not yet available
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symptoms® '°. It has long been recognized that the
natural history of recurrent carotid stenoses is not the
same as that of the original lesion in a given patient. The
risk of subsequent stroke or ischaemic events in these
patients is clearly different from that of primary
atherosclerotic lesions. This is probably related to the
pathology of the recurrent lesion. Smooth, fibrous,
intimal hyperplastic recurrent lesions, even of the same
or greater degree of stenosis than the original athero-
sclerotic plaque, are well tolerated by most patients.
This is probably due to the low risk of embolic events
related to these lesions relative to the soft necrotic
atherosclerotic plaques originally found in these pa-
tients.

Preoperative
Evaluation

Atherosclerosis is a systemic disease, and involvement
in other vascular beds must be identified. The
association between carotid and coronary involvement
with atherosclerotic changes is well known and must be
looked for. Any patient with a history of coronary artery
disease, suggestive symptoms, or silent abnormalities on
routine electrocardiography (ECG), should undergo a
comprehensive cardiac assessment prior to any cerebro-
vascular reconstruction.

Traditionally, most surgeons have held to the belief
that the complete evaluation of patients with cerebro-
vascular symptoms must include an accurate anatomical
delineation of the aortic arch, carotid bifurcation and
intracranial vasculature. Recently, however, the role of
diagnostic arteriography has diminished and duplex
scanning is emerging as an acceptable preoperative
evaluation technique. The duplex scan is an accurate
non-invasive imaging technique, and this, combined
with increased knowledge of the natural history of these
lesions, has caused the need for routine arteriography in
all patients with cerebrovascular disease to be ques-
tioned. The arguments for carotid endarterectomy with
or without preoperative arteriography have been
outlined recently by Gelabert and Moore'!. To summa-
rize, there is no question that arteriography exposes
patients to an increased risk which must be added to the
operative morbidity when calculating the overall risk of
surgical therapy; however, the need to image the entire
cerebrovascular tree from the arch to the intracranial
vessels is debatable. Clinically important proximal
disease is uncommon and is usually apparent on
physical examination. Furthermore, in the presence of a
critical bifurcation lesion, identification of additional
intracranial disease does not ordinarily alter the
patient’s management. Thus, the combination of a

careful history and physical examination, combined
with a reliable evaluation of the carotid bifurcation,
should safely identify candidates for operative interven-
tion.

Anaesthesia

Both local and general anaesthesia are accepted
procedures for carotid surgery. Local techniques usually
include a regional cervical block in combination with
direct skin infiltration of anaesthetic agents. Initial
sedation is normally achieved by gentle administration
of parenteral diazepam or a related agent. Mental
confusion, respiratory depression and hypoxia must be
avoided. Regional cervical block is easily accomplished
by infiltrating the cervical plexus with a mixture of 1%
lignocaine hydrochloride and 0.5% bupivacaine hydro-
chloride. Rapid skin anaesthesia with a prolonged
duration can also be obtained by this combination.
Subcutaneous injections, as well as deep injections
along the posterior border of the sternocleidomastoid
muscle to anaesthetize the superficial nerves of the
cervical plexus, complete the local block. Occasionally,
additional injections within the carotid sheath may be
required.

The advantages of local anaesthesia during carotid
endarterectomy are related to avoidance of the cerebral
and myocardial depressant effects of general anaesthe-
sia. First, neurological assessment during carotid surgery
is critical, and an awake patient is a very sensitive
cerebral monitor. Secondly, neurological status in the
immediate postoperative interval, a period during
which patients who undergo general anaesthesia are not
well monitored, is easily assessed. Finally, the improved
tolerance of the elderly or cardiac-impaired patient to
local anaesthesia allows a safer operation in these
high-risk groups of patients.

Despite these advantages, most surgeons prefer
general anaesthesia for patients undergoing carotid
surgery. General anaesthesia provides the most control-
led operative setting, including excellent airway control
and less movement in the operative field. Physiological
advantages include improved oxygenation, reduced
cerebral metabolic demand and increased cerebral
blood flow, particularly when halogenated anaesthetic
agents are utilized.

Regardless of the method of anaesthesia, accurate
blood pressure monitoring during carotid surgery is
essential. Therefore, all patients should have a radial
arterial catheter inserted prior to the induction of
anaesthesia. This line can also be used to measure
arterial blood gases and should be left in place to
monitor blood pressure during the immediate post-
operative period.
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Operations

CAROTID ENDARTERECTOMY
Position of patient

The patient should be positioned supine on the
operating table with the head rotated away from the
operative side. The head of the table is raised 10-15°
which reduces venous pressure and minimizes incision-
al blood loss. Depending on individual differences in
body habitus, the neck can be extended by the
placement of a small towel roll beneath the shoulders.

Incision

A longitudinal incision is made which follows the

ventral border of the sternocleidomastoid muscle.
The approximate position of the carotid bifurcation can
often be determined from the preoperative diagnostic
studies. Ideally, the incision should be centred longitu-
dinally so that the bifurcation is below the midpoint.
When necessary for additional exposure, this incision
can be continued caudad to the sternal notch, and
cephalad to the mastoid process>.
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Dissection

The plane of dissection remains along the anterior

border of the sternocleidomastoid until the belly of
this muscle can be reflected off the carotid sheath. Often
the posterior tail of the parotid gland is encountered at
this level, and when this occurs further dissection is
required. The gland should be mobilized and reflected
anteriorly rather than divided, which can cause
excessive bleeding and occasionally lead to a salivary
fistula. Once the carotid sheath is visualized, it should be
opened along the anterior border of the jugular vein,
which can easily be identified through the sheath. The
jugular vein is mobilized completely and any large
branches identified. The common facial vein is a
broad-based tributary, which commonly joins the
jugular vein just above the carotid bifurcation. This vein
provides a useful marker for the location of the carotid
bifurcation and, once identified, it should be divided
between ligatures. Particularly in high bifurcations, the
hypoglossal nerve can also be located deep to the facial
vein, and care must be taken to avoid inadvertent injury
to this structure.

After dividing the facial vein, the jugular vein can be
reflected laterally, providing exposure of the carotid
vessels. The vagus nerve which is ordinarily posterior,
can be located anywhere within the carotid sheath.

Therefore, in each case, its course must be identified
and protected to avoid injury. The laryngeal nerve,
which is usually recurrent, can arise directly off the
vagus and cross anterior to the carotid artery at this
level where it enters the vocal musculature. When not
recognized, division of this nerve will lead to vocal
paralysis. It should also be mentioned that, although this
anomaly is more common on the left side, its presence
has also been described on the right.

Once the sheath has been entered and all pertinent
structures identified and protected, the common
carotid artery is sufficiently mobilized proximally to
allow complete delineation of the extent of disease, and
to provide sufficient length in case a bypass shunt is
required. The bifurcation, external and internal carotid
arteries are then mobilized in a similar fashion. Reflex
bradycardia can occur during manipulation of the
carotid bulb due to stimulation of the carotid body. This
can be prevented, or reversed when necessary, by local
injection of an anaesthetic agent to block the nerves
arising from the carotid body. The external and internal
carotid arteries must be mobilized for a sufficient length
to clearly identify the distal extent of the disease. The
hypoglossal nerve must be carefully identified, particu-
larly when mobilizing the internal carotid artery.
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Carotid artery back-pressure measurement

Selective cerebral protection based on the

measurement of distal internal carotid artery
back-pressure was originally described by Moore et al.
Using this method, the adequacy of the collateral blood
flow to the ipsilateral hemisphere during proximal
artery occlusion is determined by measurement of the
back-pressure. A 22-Fr needle is bent 2 cm from the tip
at an angle of 45° and connected to an arterial pressure
transducer. The needle is inserted into the common
carotid artery with the angulated tip lying longitudinally
in the lumen and directed toward the bifurcation. First,
an open carotid artery pressure is measured, and this
should be compared with the radial artery line to ensure
that the pressure transducer is functioning correctly.
Then, with the external and proximal common carotid
arteries temporarily occluded, the internal carotid
artery back-pressure is recorded.

Although no precise consensus has been reached,
most reviews define the range of 30—50 mmHg as the
pressure below which cerebral protection is mandatory,
If this is the case, the clamps on the external and
proximal common carotid arteries are removed, and
preparations are made for the use of an internal bypass
shunt. Commonly cited objections to this method
include the inaccuracy of extracranial pressures in the
presence of an undiagnosed intracranial lesion and
variations in the values obtained with different levels of
anaesthesia, ventilation and other metabolic parameters.

Insertion of shunt

4 When an internal carotid shunt is required, several
principles should be appreciated. Most importantly,
full exposure of all three major carotid vessels is
mandatory. This allows for complete proximal common
carotid control and full appreciation of the distal extent
of disease in both the internal and external carotid
arteries. With the internal and external carotid arteries
controlled, the common carotid is occluded proximally
with a soft clamp. The arteriotomy should extend
comfortably beyond the distal extent of the luminal
disease. The distal internal carotid is allowed to
back-bleed, and an internal shunt with an appropriate
diameter is gently inserted. The authors prefer to use
the Javid shunt; however, other types are available. The
shunt is flushed, clamped and subsequently inserted
into the common carotid artery proximally. Snares
(Rumel tourniquets) are used to secure the shunt at its
insertion points, and the occluding clamp on the
common carotid is removed. Thus in the final
configuration, the shunt is in place with only a single
occluding clamp in its mid portion. This clamp is
removed slowly, watching carefully for air or debris
which may be visible through the proximal portion of
the shunt. Once the shunt is in place and cerebral
protection accomplished, attention can be directed to
the performance of a technically excellent operation.
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Clamping of carotid arteries

Performance of a technically perfect carotid

endarterectomy requires appreciation of several
time-honoured principles. Once adequate exposure is
achieved and cerebral protection (if necessary ) assured,
the internal, external and finally common carotid
arteries are clamped, in that order. The clamps should
be placed in such a way that the bifurcation can be
rotated exposing the lateral surface directly opposite
the orifice of the external carotid artery.

Arteriotomy

The arteriotomy is placed longitudinally along this
6 surface. This minimizes the risk of damaging the
bifurcation flow divider. Furthermore, by placing the
arteriotomy here, there is less chance of narrowing the
endarterectomized lumen during closure.
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Endarterectomy

7 Once the arteriotomy is complete, a
4 a'—' C thorough inspection of the luminal surface
is made, and any ulceration or mural thrombosis is
noted. The precise depth of the endarterectomy plane is
critical. Care should be taken to select the plane
between the diseased intima and the circular fibres of
the media. This allows complete removal of the
atheromatous process without compromising the
endpoint. More superficial planes risk incomplete
removal of complex plaques, and deeper dissections
inevitably lead to an abrupt step-up at the endpoint of
the endarterectomy.
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Completion of endarterectomy

Once the endarterectomy is completed, including

clearing of the external carotid artery and direct
visualization of both the proximal and distal endpoints,
the endarterectomy surface should be mechanically
irrigated with liberal amounts of heparinized saline
solution. This serves to remove small bits of atheroma-
tous or medial debris and can help to identify occult
intimal flaps. Any debris or small flaps that are identified
should always be removed by gentle downward or
lateral traction. Removing a fragment in the cephalad
direction can lead to inadvertent extension of the
dissection distally. It is of utmost importance to
carefully examine the external carotid artery, as it is
well known that technical failures in the orifice of this
vessel can lead to serious postoperative complications.
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Closure of endarterectomy

9 Closure of the endarterectomy site is
a / critical, and the tendency to hurry this
step of the procedure is perhaps the most common
cause of postoperative complications. If an adequate
evaluation of the collateral circulation has been made,
and if appropriate cerebral protection (if necessary ) has
been instituted, there is absolutely no need to rush this
portion of the procedure. Primary closure with 6/0
polypropylene suture is preferable and well tolerated. If
a shunt has been placed, the arteriotomy is closed with
the exception of an approximately 1-cm segment in the
middle of the defect. The common carotid is again
controlled, the shunt is clamped and removed, and the
carotid vessels are again flushed, beginning distally as
always. The arteriotomy closure is then completed, with
the vessels temporarily occluded. Alternatively, a
Satinsky partially occluding clamp can be used to
maintain flow while the arteriotomy is repaired.
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PATCH ANGIOPLASTY

Patch angioplasty is appropriate for small vessels,
particularly in women, and in reoperative cases.
Prosthetic material is chosen in most situations (Dacron
or expanded polytetrafluoroethylene (PTFE)), except
in cases of recurrent carotid stenosis where autologous
vein is preferable. An important principle when
patching a bifurcation arteriotomy is not to attempt to
construct the largest luminal diameter possible. Rather,
the original size of the vessel should simply be
approximated, and any unnatural luminal narrowing
avoided. This prevents large patulous arteries which can
become culs-de-sac for the later development of mural
thrombi.

1 O Whichever method is chosen, the

a / closure begins distally, and closely
placed sutures incorporating small bites of artery are
inserted until the carotid bulb and common carotid
artery are reached. Proximally, a second suture is begun
which proceeds distally. Before the suture line is
completed, the internal, external and common carotid
arteries are flushed. After the sutures are tied, the
internal carotid artery is allowed to back-bleed and
completely fill the carotid bulb. The proximal internal
carotid artery is again gently occluded and flow is
restored through the external system by removing the
clamps on the external and common carotid arteries
respectively. Finally, after several seconds the occluding
clamp is removed from the internal carotid artery.
When sutures are placed carefully and in an unhurried
manner, suture line bleeding is seldom a problem. On
occasion, pledgets of thrombin-soaked Gelfoam or fibrin
glue may be necessary, particularly when prosthetic
material is used.
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EXTERNAL CAROTID ENDARTERECTOMY
Technique

Endarterectomy of lesions of the external carotid artery
is indicated when flow reduction or ulceration in this
vessel has been determined to be the cause of significant
cerebrovascular symptoms. Most commonly this cir-
cumstance occurs following chronic occlusion of the
internal carotid artery. In this setting, the external
carotid artery can supply a significant portion of the
intracranial circulation via well-developed collaterals.
Therefore, embolization or the development of a
flow-limiting lesion in the origin of the external cerebral
circulation can cause significant symptoms in the
distribution of the previously occluded internal carotid
artery. This procedure is also very occasionally per-
formed to repair a proximal lesion before an extracra-
nial-to-intracranial bypass.

1 Dissection of the carotid bifurcation is carried

out in a fashion similar to a standard carotid
endarterectomy. After mobilizing the bifurcation and all
its major branches, a moment should be taken to
confirm that the internal carotid artery is totally
occluded. Occasionally, this vessel will be found to be
still patent, permitting a conventional carotid endar-
terectomy to be performed with restoration of ante-
grade flow through the internal cerebral circulation. If
internal carotid occlusion is confirmed by direct
inspection, the proximal carotid artery is clamped and
the origin of the internal carotid artery is divided flush
with the carotid bifurcation.

The arteriotomy through the orifice of the internal
carotid artery is positioned on the posterior lateral
aspect of the carotid bulb and continued distally onto
the external carotid artery beyond the distal extent of
the atherosclerotic lesion in that vessel. Under direct
vision, an endarterectomy of the external carotid artery
is performed. The plane of the dissection and the
handling of the endpoints is managed in the same
manner as a carotid bifurcation endarterectomy.

The arteriotomy is closed primarily. Great care
should be taken to contour the repair to provide a
smooth, tapered transition from the common carotid
artery to the endarterectomized external carotid artery.
Any residual luminal irregularities, such as a retained
stump at the site of the divided internal carotid, may
provide a cul-de-sac for the development of thrombotic
or platelet aggregates, leading to emboli and recurrent
cerebrovascular symptoms. If the external carotid artery
is small, it may be necessary to close the arteriotomy
with a patch. Either a prosthetic or autologous tissue
patch may be used. Both vein and a segment of the
chronically occluded internal carotid artery have been
used successfully for this purpose.
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INTERNAL CAROTID ARTERY DILATATION

Technique

Early in the experience with the surgical management of
fibromuscular dysplasia, most patients underwent resec-
tion of the diseased arterial segment and reconstruction
by either primary anastomosis or construction of an
autologous interposition graft. In 1968, Morris et al.
described the technique of internal carotid artery
dilatation, which has greatly simplified the surgical
correction of these lesions.

This procedure is best performed while the patient is
under general anaesthesia. The positioning, exposure
and initial dissection of the carotid bifurcation are the
same as for carotid endarterectomy. For this procedure,
however, it is particularly important to mobilize the
entire extracranial portion of the internal carotid artery.
In this way, the dilatation can be carried out under
direct visual and palpable control. Thorough mobiliz-
ation of the carotid bifurcation will also aid in the
cephalad passage of the carotid dilators by allowing
caudal countertraction during the procedure.

1 Once the arteries are all identified and mobil-

ized, the patient is systematically heparinized
and the common carotid artery is clamped proximally. A
1-cm longitudinal arteriotomy is made in the carotid
bulb adjacent to the origin of the internal carotid artery.
A 2-mm coronary dilator is then introduced into the
orifice of the internal carotid artery proximally and
carefully advanced. As mentioned, gentle caudal
countertraction on the carotid bulb while advancing the
dilator can be very helpful. The intraluminal position of
the dilator should be assessed continually by a
combination of visual inspection and external palpation.
The dilator is passed to the base of the skull and then
carefully removed. During the dilation, the surgeon will
often feel the disruption of each intraluminal septum as
the dilator is advanced.

Progressively larger diameter dilators of 0.5-mm
increments up to a maximum of 4.0mm are passed
through the diseased arterial segment in a similar
fashion. After each passage, the artery is allowed to
back-bleed though the arteriotomy to remove any
debris dislodged by the dilatation.

An alternative technique to progressive intraluminal
dilatation is the use of intraoperative balloon angio-
plasty. One theoretical advantage of this method is
avoidance of the potential arterial traction injury caused
by the repetitive longitudinal motion of the intraluminal
dilators. The results of this technique, however, though
favourable, have not been shown to be superior to the
standard dilatation procedure.

At the completion of the dilatation, the arteriotomy is
closed and antegrade blood flow is restored. As always,
completion arteriography is highly recommended to
confirm an adequate technical result.
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EXTENDED EXPOSURE TECHNIQUES

When a carotid artery bifurcates high in the neck, or
when there is extensive distal disease involving the
internal carotid artery, it may be necessary to obtain
additional exposure in the superior aspect of the
incision. Several techniques have been described to
increase the length of internal carotid artery that can be
approached. Surgeons performing carotid surgery
should be familiar with these manoeuvres.

The simplest and most important technique is to
extend the skin incision completely across the mastoid
process behind the ear. This allows additional mobiliz-
ation of the sternocleidomastoid muscle up to its
tendinous insertion. The spinal accessory nerve enters
the muscle at this level and must be preserved.

When additional exposure is necessary, the posterior
belly of the digastric muscle can be detached from its
insertion onto the mastoid process. The digastric
muscle consists of two muscle bellies united by a
rounded tendon. The posterior belly arises from the
mastoid process and the anterior portion inserts on the
mandibular symphysis. It is useful to appreciate the
superficial anatomical position of the posterior digastric
muscle when dissecting in this area. All important
neurovascular structures lie deep to the digastric
muscle at this level. Only the external jugular vein and
branches of the facial and great auricular nerves pass
superficial to the posterior belly of the digastric muscle.
Below the muscle, particular care must be taken to
avoid injury to the hypoglossal and spinal accessory
nerves, as well as the facial branch of the external
carotid artery. The stylohyoid muscle can also be
divided. This muscle stretches between the styloid
process and hyoid bone and its removal, along with the
styloid process, can provide additional exposure of the
distal internal carotid artery at the base of the skull.

When the disease extends very distally, it is possible
to gain additional exposure by anteriorly subluxating
the condylar process of the mandible. The displaced
mandible can be secured in place with wires. This
manoecuvre alters the geometry at the base of the skull
by turning a triangular space into a rectangle and
thereby enlarging the operative field.

Lastly, techniques by which the ramus of the
mandible is divided have also been described. This is an
involved procedure that greatly complicates the postop-
erative course, and the authors have never found this
manoeuvre to be necessary.

RECURRENT STENOSIS

The incision and principles of exposure when
approaching a recurrent carotid lesion are the same as
described for a standard endarterectomy (page 127).
The dissection is invariably more difficult due to
scarring from the previous procedure, and extra care
must be taken to avoid injury to the cranial nerves. The

hypoglossal nerve is particularly vulnerable as it can be
draped over the bifurcation by the scar tissue. Once
completely dissected, the common, external and
internal carotid vessels are clamped, and the bifurcation
opened using a longitudinal arteriotomy.

The histological property of carotid bifurcation
atherosclerotic lesions, which allows for the perform-
ance of a standard endarterectomy, is the ability to
casily develop a plane of dissection between the plaque
and the circular medial fibres of the arterial wall
Unfortunately, recurrent carotid lesions composed of
hyperplastic intimal tissue do not share this property.
These lesions are formed by intrinsic medial cells which
migrate across the internal elastic lamina and replicate
within the neointima. Thus, it is not possible to form a
precise plane of dissection that allows the removal of
the luminal narrowing disease without dangerously
thinning the remaining arterial wall. The surgical
approach to recurrent carotid lesions therefore, is patch
angioplasty rather than endarterectomy. On the other
hand, when the recurrent lesion is found to be
composed of ordinary atheroma, a standard endarter-
ectomy can be performed.

The choice of patch material includes prosthetic
material and autologous vein. There is a theoretical
argument that prosthetic material may contribute to the
hyperplastic intimal process, but this has not been
proved experimentally. In fact, it has been suggested
that autologous vein, with its intact endothelium
elaborating humoral growth factors, may be a greater
stimulus to a continued hyperplastic reaction in the
patched arterial segment. When vein is chosen,
saphenous vein is most commonly used, as experience
has shown that vein segments taken from the neck are
ordinarily too thin and should be avoided. Regardless of
the material chosen, the patch should always be
constructed in such a way as to approximate the original
size of the carotid bulb. Large patulous repairs may lead
to the accumulation of laminar thrombus and result in
distal embolism.

Occasionally, the recurrent disease is so advanced
that patch angioplasty is not feasible. In these rare cases,
reconstruction can be accomplished by the use of an
interposition graft.

Wound closure

Closure of the incision following a carotid operation
should be meticulous and adhere to all the basic
principles of surgery. The wound should be irrigated
generously with warm saline solution and perfect
haemostasis confirmed. The platysma is reapproximated
with a running suture, and the skin is closed with
stainless steel staples. Some surgeons prefer to place a
closed suction drain beneath the platysmal layer and
bring it out through a separate stab wound. A sterile
dressing is applied, and the patient is observed carefully
while awakening from anaesthesia.
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Postoperative care

Immediately after awakening from anaesthesia, a pre-
liminary neurological assessment should be made. The
patient is subsequently transferred to the recovery
room followed by the intensive care unit for careful
monitoring during the first 24h following surgery.
Particular attention should be made to assess systemic
blood pressure and neurological function frequently
during this period. In addition, careful wound observa-
tion is essential to detect the formation of a haematoma,
which may compromise the reconstruction or threaten
the airway. After 24h, the intra-arterial line and the
closed suction drain, if placed, can be removed, and the
patient is returned to the general ward. Most patients
undergoing carotid surgery are admitted to hospital the
morning of surgery and are discharged home on the
second or third day after operation. Before discharge,
the skin staples are replaced with adhesive Steri-Strips
and an appointment is made for the patient to return
within 2-3 weeks for the first follow-up after the
operation.

Complications

An uncomplicated carotid endarterectomy is a well-
tolerated operation. Tissue trauma and operative blood
loss are normally minimal, and patients are routinely
discharged from hospital on the second or third day
after surgery. For this reason, perioperative complica-
tions are particularly discouraging and must be avoided
at all costs. Operative intervention, particularly in
asymptomatic patients, will only continue to be justified
by keeping operative morbidity and mortality to a
minimum.

Technical errors

By definition, technical errors occurring during the
operation are preventable by adherence to good
surgical principles. One major cause of a technical
complication is incomplete or inadequate removal of
plaque from the endarterectomized segment. Distal
intimal flaps are common if care is not taken to directly
assess this endpoint. This complication can be mini-
mized by extending the arteriotomy beyond the distal
extent of the visible luminal disease. When a shunt has
been inserted, this manoeuvre becomes critically
important, otherwise it is not possible to adequately
visualize the distal endpoint. Very occasionally, tacking
sutures may be required to ensure a smooth transition
to normal intima. Regardless of the visual appearance of
the endarterectomized surface, a completion angiogram
should always be obtained to document the absence of
defects or narrowing following the arteriotomy closure.

Embolism occurring during or after carotid endarter-
ectomy is probably the most common cause of

postoperative neurological deficits. These events can
occur while the carotid artery is being mobilized.
Alternatively, embolism occurs during cross-clamping,
following the insertion of the internal carotid artery
shunt, or after restoration of flow. Placing the distal end
of a shunt first allows back-bleeding and removal of any
residual air or debris. Inserting the proximal portion
while the shunt is clamped at its midsection, allows
visualization of air or debris from the proximal common
carotid artery while the shunt is slowly opened.
Following completion of the endarterectomy, any
residual plaque should be carefully removed. Irrigating
the lumen with heparinized saline can be very helpful in
identifying and completely removing small fragments.
After closure of the arteriotomy, flow should first be
restored into the external carotid system to capture any
remaining intraluminal debris. Antegrade flow can then
be safely re-established into the internal system by
slowly removing the clamp on this vessel.

Cranial nerve injury

As described above, several peripheral nerves must be
identified and protected during the exposure of the
carotid bifurcation. Injury to these structures is another
source of postoperative morbidity following carotid
endarterectomy. In 1980, Hertzer reviewed the post-
operative complications in a series of patients under-
going carotid endarterectomy and found a 16%
incidence of cranial nerve injuries'?. All cranial nerve
injuries occurring during carotid surgery can be
prevented by becoming familiar with the normal and
possible abnormal anatomical neurovascular rela-
tionships and carefully protecting these structures
during the procedure.

Hypertension/hypotension

Blood pressure changes, both during and immediately
following carotid endarterectomy, are common and
potentially serious if not treated appropriately. The
aetiology of blood pressure fluctuations following
carotid surgery is multifactorial. One proposed mechan-
ism is damage to the baroreceptor mechanism located
in the carotid sinus. Devascularization or interruption of
the afferent nerves emerging from this structure
potentially reduce the sensitivity of this receptor to
changes in blood pressure. Conversely, endarterectomy
of the carotid bifurcation may lead to overdistension of
the thin-walled bulb and increased stimulation of the
carotid sinus.

Intraoperative hypotension associated with brady-
cardia due to stimulation of the carotid body should
respond promptly to the Jlocal injection of 0.5%
lignocaine hydrochloride into the tissues adjacent to the
carotid sinus. If this manoeuvre fails to restore normal
haemodynamics, an immediate cardiac evaluation
should be performed. Hypertension during or following
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carotid endarterectomy can usually be easily treated
with intravenous sodium nitroprusside. The require-
ment for intravenous antihypertensive therapy seldom
lasts beyond the first 24 h after operation, and patients
with long-standing essential hypertension can be started
on their oral medications following this interval.
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Innominate and aorto-
carotid reconstructions

Principles and justification
Indications

The indications for arch reconstructions in the presence
of appropriate lesions are anterior cerebral ischaemia,
posterior circulation ischaemia, global ischaemia or
upper extremity ischaemic symptoms. In the instance of
innominate artery disease, there may be combinations
of both neurological and upper extremity symptoms.
Less commonly, asymptomatic but significant lesions of
the innominate artery may be repaired in conjunction
with coronary artery bypass or in preparation for
planned major thoracic aortic, abdominal aortic or
visceral artery reconstructions.

Atherosclerosis is the usual aetiology of these
occlusive lesions; in the Western world, smaller
numbers of patients will present with Takayasu’s
arteritis or giant cell (temporal) arteritis. The present-
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ing symptoms in those patients with atherosclerosis may
be occlusive or atheroembolic in origin. The symptoms
in patients suffering from one of the arteritides are
occlusive by nature.

Contraindications

Contraindications to surgery include infections of the
sternum, mediastinum or neck. Severe cardiac dysfunc-
tion may preclude direct repair of the great vessels, but
combined coronary and great vessel reconstruction is
more usual in these patients. Axillary—axillary grafts,
subclavian—subclavian grafts, carotid—carotid grafts and
contralateral carotid—subclavian reconstructions are
alternatives in poor-risk patients and have been
described. Their pretracheal or presternal locations and
suspect long-term patency rates mitigate against them.
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Preoperative
Evaluation

Patients presenting with cerebral or upper extremity
lesions require full physical examination, with special
attention to their neurological function, pulse status
including auscultation, and upper extremities. Splinter
haemorrhages or the small bluish discolorations typical
of microemboli should be sought and noted if found.
Allen’s test or variants thereof may reveal digital artery
occlusions. Blood pressure measurements should be
obtained from both upper extremities. Chest radio-
graphs, duplex scans of the extracranial cerebral vessels
and evaluation of cardiac function if indicated should all
be obtained. The patient should undergo evaluation in
the vascular laboratory to provide documentation of the
status of the upper extremities and as a baseline for
postoperative evaluation. Aortography and views of the
great vessels and their run-off beds are absolutely
necessary to confirm the diagnosis, to localize and
document the nature of the lesions and to plan
operations.

Anaesthesia

These operations are performed with the patient under
general anaesthesia. Barbiturate or hypothermic cer-
ebral protection is rarely, if ever, necessary. Arterial
lines should be used for monitoring the patient’s blood
pressure. Selection of cannulation sites, especially if the
patient has multiple great vessel occlusive lesions,

requires good communication between the surgeon and
the anaesthetist. Central lines should not, as a rule, be
placed from the patient’s left side, as the left innominate
vein is either mobilized extensively or divided primarily
in many of these patients.

If available, electroencephalographic monitoring may
be used to assess cerebral perfusion and activity. If, as in
most cases, it is not available, stump pressure or some
other form of assessing cerebral perfusion should be
employed. Whichever method the surgeon finds most
comfortable for carotid endarterectomies will work in
this situation. Shunting is rarely necessary. Swan—Ganz
monitoring is not usually required.

Operations

INNOMINATE ARTERY ENDARTERECTOMY

This operation is reserved for patients with athero-
sclerotic lesions of the innominate artery. There are two
anatomical contraindications to performing innominate
artery endarterectomy: (1) severe atherosclerotic or
calcific disease of the aorta itself at the base of the
innominate artery, precluding safe haemostatic clamp-
ing or the development of a safe endarterectomy plane
proximally; and (2) inadequate distance between the
origins of the innominate and left common carotid
arteries, precluding clamping the former without
impairing flow through the latter’. As an extreme
example, a patient with a common brachiocephalic
trunk would not be a candidate for endarterectomy.

Position of patient

1 The patient is placed supine on the operating table

with the head turned towards the left. The patient’s
back is elevated on towels placed longitudinally
between the scapulae, and the head is supported in an
extended position on towels or a foam ring. The neck,
chest and upper abdomen are prepared and sterile
drapes are applied. The inferior edges of the ear lobes
are prepared and draped into the field as landmarks. The
patient’s arms are tucked to the side.
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Incision

A full length sternotomy incision is made. The

incision is extended into the right neck along the
anterior border of the sternocleidomastoid muscle. The
sternal attachments of this muscle may be taken down at
this time and reattached at the conclusion of the
operation.

Exposure of innominate artery
The thymus and pericardial fat are mobil-

3 a / ized as necessary. The left innominate (or
brachiocephalic) vein may be mobilized by division and
ligation of its tributaries. It is the author’s preference to
divide the vein primarily. Vascular clamps are placed
across the vein as it courses anteriorly to the innominate
artery and the vein is divided. The severed ends are
oversewn with horizontal and over-and-over running
4/0 polypropylene sutures.

Dissection and exposure of carotid artery

The sternal retractor is opened gradually to avoid

bony fractures and costochondral disruptions.
Using sharp dissection, the ascending arch just proximal
to the innominate artery, the origin of the innominate
artery and the origin of the left common carotid artery
are dissected free. The left common carotid artery needs
only to be visualized and not dissected circumferential-
ly. Visual and tactile inspection will reveal the state of
the aorta at the base of the innominate artery and the
distance between it and the left common carotid artery.
If the aorta is healthy and the left common carotid artery
sufficiently distant from the origin of the innominate
artery, the dissection for innominate artery endarter-
ectomy continues. The dissection is carried distally to
the origins of the right common carotid artery and the
right subclavian artery. The atherosclerotic process
usually extends into the subclavian rather than the
carotid artery. Intraoperative examination in conjunc-
tion with evaluation of the preoperative arteriogram
allows precise determination of the extent of dissection
needed. The vagus and recurrent laryngeal nerves must
be identified and protected. Small vessel loops may be
passed around them if desired. If more distal dissection
along the course of the subclavian artery is necessary,
the phrenic nerve must also be identified and protected.
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Aortic clamping

The patient is systemically heparinized. After the

anticoagulant has had time to circulate, vascular
clamps are first applied to the subclavian and carotid
arteries. If the symptoms are atheroembolic in origin,
clamping distally first is especially important. The origin
of the innominate artery is clamped with a stout partial
occlusion clamp that is narrow but deep, such as the
Wylie J clamp (Pilling), to encompass the aorta as well
as the origin of the innominate artery without impinging
upon the origin of the left common carotid artery. It is
the author’s practice to wait a full minute at this point to
ensure satisfactory flow through the left common
carotid artery.

Arteriotomy

A vertical incision is made in the anterior

innominate artery. Distally this incision extends at
least 1 cm beyond the last grossly evident atheroscler-
otic plaque. If necessary, the incision is extended into
the right subclavian artery, or more rarely the right
common carotid artery. Proximally, the incision is
carried down to the aorta.
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Endarterectomy

If the proximal innominate artery is
7a— grossly free of disease, the endarter-
ectomy plane is started just distal to the origin of the
innominate artery. It is developed circumferentially at
this point and the specimen divided. Using an arterial
elevator, the diseased intima and the inner media are
dissected free. The proper plane will have a yellow
specimen side and a blue patient side. If the parent
artery is purple rather than blue, the plane is too deep,
and if the parent artery is a pale yellow rather than blue
it is too shallow. Care is taken to do this on a broad front
encompassing the entire arterial circumference rather

than to create salients of endarterectomized artery amid
diseased artery. Such an approach allows more precise
delineation and treatment of the distal end of the
endarterectomy, which will usually end in a feathered
tail of atherosclerotic plaque. Tacking sutures of 6/0
polypropylene are used distally if necessary. These are
placed vertically using double-armed sutures placed
from within the artery overlying the change of plane.
The change of plane should be shallow, reflecting a well
developed, feathered endpoint. It is incorrect simply to
transect a thick plaque.
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Closure of arteriotomy

The artery is thoroughly irrigated with heparinized

saline. Any floating attachments to the vessel wall
are removed by pulling them perpendicular to the axis
of the artery. It is well known that the innominate
artery, like the subclavian artery, is a fragile structure. It
is impossible to overemphasize the gentleness and
precision with which the surgeon must work to achieve
a satisfactory endarterectomy and closure of this vessel.
If the artery is small, it may be patched with a woven
Dacron graft using 5/0 or 6/0 polypropylene. In the
author’s experience most arteries may be closed
primarily with these same fine polypropylene sutures.
Suturing should begin from both ends of the arteri-
otomy. Just before completing the closure, careful par-
tial opening of the proximal clamp is allowed, followed
by back-bleeding, first from the subclavian artery and
then the carotid artery. The lumen is flushed with hepar-
inized saline again. The closure of the arteriotomy is
completed and the subclavian clamp removed. There is
ample retrograde flow from this vessel to determine
suture line haemostasis. The proximal clamp is then
removed. If there are bleeding sites requiring repair, the
clamps are reapplied and appropriate repair is per-
formed with very fine polypropylene sutures. Flow is
restored first to the right subclavian artery and then to
the right common carotid artery.

Wound closure

Protamine sulphate is not given unless satisfactory
haemostasis cannot be achieved. A mediastinal drainage
tube is placed and brought out through a separate
inferior stab wound and secured to the skin with a heavy
silk suture. If the pleural cavity has been entered, a chest
tube is also placed. The sternum is closed with wire, the

presternal fascia and subcutaneous tissue with polyglac-
tin (Vicryl), and the skin with a running subcuticular
suture of polyglactin. The patient should be awakened
in the operating room to assess motor function of the
extremities.
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AORTOINNOMINATE ARTERY GRAFTING

Patients with arteritis, with failed previous arch
reconstructions, those with atherosclerosis whose
anatomy is not suitable for endarterectomy or, indeed,
all patients with occlusive lesions of the innominate
artery are candidates for aortoinnominate artery
grafting. The indications for operation are the same as
those for endarterectomy. Evaluation, anaesthesia and
monitoring techniques, positioning and preparation of
the patient are also identical.

Clamping of ascending aorta

Exposure of the mediastinal contents is initially the

same as for innominate artery endarterectomy but
the ascending aorta proximal to the innominate artery
must be dissected free. The intrapericardial ascending
aorta is most often soft and free of disease. A stout partial
occlusion clamp is placed as far laterally as is possible.
The author has found the Cooley curved multipurpose
clamp (V. Mueller) to be especially well suited to this
purpose. It is not necessary to heparinize the patient at
this point. A vertical aortotomy is made, and the aortic
wall separated with guy sutures of polypropylene.

Graft insertion

1 An 8-mm or 10-mm Dacron graft is chosen.
O Classically, woven Dacron grafts have been used
in this position. More recently, the author has found
collagen-coated knitted grafts to work well, and they are
currently preferred at his institution for their handling
and suturing characteristics. The graft is spatulated and
fashioned to fit the aortotomy. Care must be taken to
ensure that the aortotomy is not too long; equally
important little, if any, aorta should be excised (unless
needed for diagnosis) or the ‘toe’ of the graft will be
flattened, rather than smoothly curved, when the aorta
is opened. The anastomosis is performed using a
running 3/0 or 4/0 permanent suture. Either polypropyl-
ene or Dacron is acceptable. When the anastomosis is
completed, an arterial clamp is placed across the graft
just distal to the anastomosis and the partial occlusion
clamp is gently released to assess haemostasis. If more
sutures are necessary the aortic clamp is resecured
before repair. When haemostasis is achieved, the aortic
clamp is removed. At this point, the patient is
systemically heparinized. Control is obtained of the
right subclavian and common carotid arteries, and then
of the innominate artery. The innominate artery is
divided just proximal to its bifurcation and prepared
appropriately. The distal anastomosis is fashioned
end-to-end with running 4/0 polypropylene or Dacron
sutures. Just before completion of the anastomosis,
appropriate antegrade and retrograde bleeding is
allowed. The lumen is rinsed with heparinized saline

and the anastomosis completed. Flow is restored first to
the subclavian artery and then to the carotid artery.

As much of the innominate artery as is possible is
excised. The innominate stump is oversewn with
horizontal and over-and-over permanent 3/0 or 4/0
sutures. Division of the left innominate vein and
excision of the innominate artery allow maximum
decompression of the mediastinum. These manoeuvres,
plus lateral placement of the graft, help to prevent
occlusion of the graft in the confined space of the
anterior mediastinum when the sternum is reapproxi-
mated.

The conduct of the remainder of the operation is
identical to that of endarterectomy.
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AORTOCAROTID ARTERY GRAFTING AND
AORTOSUBCLAVIAN ARTERY GRAFTING

With multiple arch lesions, or lesions extending well
into the common carotid artery, as are often seen with
Takayasu’s arteritis, aortocarotid grafting rather than
aortoinnominate grafting may be necessary. If both the
innominate artery and the left common carotid artery
are to be reconstructed, a Dacron graft may be sutured
to the left lateral wall of the innominate graft as a side
arm to the left common carotid artery. This is done in
the upper mediastinum and is performed with a running
or permanent suture. It is most practicable to perform
this anastomosis before performing the distal innomin-
ate artery anastomosis. In order to ascertain the most
advantageous location for this anastomosis, the sternal
retractor may be relaxed to allow the grafts and the
mediastinal contents to assume more nearly their
permanent locations.

There are two schools of thought concerning the use
of bifurcated grafts. Crawford and his colleagues at
Baylor have favoured single limb grafts with side arms
added as necessary” 3. Practitioners at the Mayo Clinic

have also been advocates of that method®. Surgeons at
the Texas Heart Institute have found the use of
bifurcated Dacron grafts preferable in their practice.
Both methods are probably equally effective. The author
favours the use of single limb grafts because of their
decreased bulk in the mediastinum and their angulation
relative to the aorta.

If necessary, the carotid bifurcations are exposed
through vertical incisions based on the anterior border
of the sternocleidomastoid muscle. On the right, the
sternal excision may simply be continued or a separate
cervical incision made. On the left side, separate
cervical incisions are most commonly performed.
Tunnels along the native vessels are made, connecting
the incisions. If the distal anastomoses are to the
common carotid arteries, these are usually performed in
an end-to-end manner using running 4/0 or 5/0
permanent sutures. Those to the carotid bifurcation are
usually done in an end-to-side manner employing
running 5/0 or 6/0 permanent sutures.

1 Side arms to the subclavian arteries may be

added as necessary, although it is usually easier
to reconstruct the left subclavian artery from a
supraclavicular approach at the same or later operation.
Again 4/0 or 5/0 running sutures are used for this
purpose. It is best to reiterate at this point that care
must be taken to avoid injuring the phrenic nerve,
especially if bilateral subclavian artery reconstructions
are necessary.

Postoperative care

Patients should be cared for as they would be following
any thoracic procedure with haemodynamic and
ventilatory monitoring. In addition, patients should be
monitored as they are following carotid endarterectomy,
with careful serial assessment of their neurological
status. Pulse status of the right upper extremity should
be monitored and the blood pressure determined.
Deterioration of any of these parameters during the
postoperative period requires appropriate medical
response, whether surgical or not. Intravenous digital
subtraction arteriography is usually obtained at the
author’s institution to document the status of the
reconstruction. Patients are seen several times during
the first year and annually thereafter.
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Subclavian reconstructions

Principles and justification
Indications

Isolated proximal subclavian lesions are rarely symp-
tomatic because of the rich collateral arterial pathways
in the neck, upper chest and shoulder. Other synchro-
nous lesions of the extracranial cerebral vessels are
usually present in symptomatic patients. The notable
exception is a proximal subclavian artery lesion which
is the source of atheroemboli. Indications for recon-
struction include claudication of the upper extremity,
microemboli in the upper extremity from a subclavian
lesion, or vertebrobasilar insufficiency. Subclavian or
vertebral steal are terms often used to describe such
vertebrobasilar symptoms in the presence of a sub-
clavian lesion. The left subclavian artery is involved in
70% of the cases of subclavian artery occlusive disease.

Contraindications

Contraindications are few: current infection would be
the most compelling. As an extra-anatomic reconstruc-
tion avoiding entry into a major body cavity, this
operation is suited even for those patients with
coronary disease.

Preoperative

Evaluation

Evaluation for these patients is the same as for patients
with innominate artery occlusive disease.

Preparation of patient

If reconstructions to the distal axillary or brachial
arteries are anticipated, the axillae and the upper
extremities must be prepared and draped. One of the
lower extremities should also be prepared and draped
for harvesting of the long saphenous vein. Consideration

should be given to first rib resection, performed from
either a supraclavicular or transaxillary approach, to
allow adequate space for the graft to pass through the
thoracic outlet. These techniques are described in the
chapter on pp. 470—474.

Shunting of the carotid arteries may be necessary. If
the common carotid artery is still patent, the shunt may
be placed in the standard manner in the native vessel.
The patient’s baseline flow is thereby maintained. If the
parent vessel is not patent, the shunt may be placed and
secured in a graft limb. After the suture line is started
and a secure attachment assured, the shunt may be
placed from the graft to the artery.

The conduct of the remainder of the operation is
identical to those described previously. The cervical
wounds are closed by reapproximation of the platysma
with polyglactin and the skin with subcuticular
polyglactin. Drains are not used in the cervical wounds.
Again, these patients are awakened in the operating
room to assess movement of all four limbs.

Anaesthesia and monitoring

General anaesthesia is used. An arterial line should be
placed in the opposite extremity. Swan—Ganz catheters
and central lines are rarely indicated. Electroencephalo-
graphy, measurement of carotid stump pressure, or
assessment of cerebral perfusion by whichever method
works well for the surgeon, should be used. Shunting is
necessary only rarely.

Operations
CAROTID-SUBCLAVIAN ARTERY BYPASS
Position of patient

The patient is placed supine with the back elevated on
towels placed longitudinally between the scapulae. The
head is extended, turned to face away from the lesion
and supported on towels or on a foam ring. The neck
and upper chest are prepared and the ear lobe partially
exposed to provide a landmark.
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Incision
1 Both the common carotid and subclavian
arteries may be exposed through a single

horizontal supraclavicular incision 7.5-9 cm in length
placed 1-1.5 fingerbreadths above the clavicle. The
medial border is placed over the clavicular portion of
the sternocleidomastoid muscle. The incision is carried
through the platysma. The lateral head of the sterno-
cleidomastoid muscle is sharply divided. Any bleeding
vessels are cauterized. The muscle may be reapproxi-
mated at the conclusion of the operation. The scalene
fat pad is divided inferiorly between clamps and ligated.
Some surgeons routinely seek out and ligate the
thoracic duct. The author’s preference is to ligate it if
encountered. Its entry into the junction of the jugular
and subclavian veins is usually caudad to the field and
not seen. The anterior scalene muscle may easily be
palpated at this stage.

Exposure of phrenic nerve and subclavian
artery and its branches

1 3 The brachial plexus and the phrenic nerve are
identified and protected. The anterior scalene
muscle is incised, and the dome of the subclavian artery
identified just posterior to it. The dissection is extended
both proximally and distally to allow comfortable
placement of clamps and a generous anastomosis.
Branches of the subclavian artery may be divided
between clamps and ligated to facilitate this mobiliz-
ation. If at all possible, the internal mammary artery
should be preserved in case coronary grafting becomes
necessary later. The vertebral artery is usually quite
proximal to this dissection and left undisturbed. If the
presenting symptom is one of atheroembolization or if
the subclavian artery is not immediately preocclusive,
the artery must be dissected free proximal to the
vertebral artery to allow for ligation at that level.
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Graft anastomosis
1 Medial retraction allows exposure of the com-
mon carotid artery. The jugular vein and the

vagus nerve are identified and protected. A tunnel is
created posterior to the jugular vein and the sterno-
cleidomastoid muscle. A knitted Dacron graft, usually
7-8mm in diameter, is clotted and the patient
heparinized. The carotid artery is clamped. The
arteriotomy is made in the lateral wall. Care is taken that
the incision is not too long lest the anastomosis be
narrowed, as the graft is not spatulated but brought off
at a right angle. If shunting is necessary, the intraluminal
shunt is placed at this stage. The anastomosis is
performed with a running 4/0 or 5/0 polypropylene or
Dacron permanent suture. Appropriate antegrade and
retrograde flushing is allowed before completion of the
anastomosis. When completed, a clamp is placed on the
graft and flow is restored to the carotid artery.

The graft is brought through the tunnel posterior to
the jugular vein and the sternocleidomastoid muscle,
taking care not to injure the thoracic duct by traction.
Depending on the patient’s anatomy, the graft may be
placed posterior or anterior to the phrenic nerve. The
latter position is probably preferable. The position of
the nerve in relation to the graft should be specified in
the surgical notes in case reoperation becomes neces-
sary. Control of the subclavian artery is obtained and a
vertical arteriotomy made in its superior aspect. The
graft is spatulated and sutured end-to-side with a
running 4/0 or 5/0 polypropylene suture. Braided suture
material should be avoided when repairing the delicate
subclavian artery. Again, appropriate antegrade and
retrograde bleeding is allowed. If atheroembolization is
the aetiology or if the subclavian lesion is not
immediately preocclusive, a ligature is placed proximal
to the origin of the vertebral artery. Retrograde flow
through the subclavian artery into the vertebral artery
and antegrade flow into the extremity are thus ensured.
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SUBCLAVIAN—CAROTID ARTERY BYPASS

Isolated lesions of the proximal common carotid artery,
usually the left common carotid artery, in the presence
of a healthy, patent, ipsilateral subclavian artery are best
treated by subclavian—carotid artery bypass graft. The
operation is essentially the same as that of carotid—
subclavian artery bypass, obviously with reversed inflow
and outflow tracts. The subclavian anastomosis is
performed first in this instance. The distal anastomosis is
often at the level of the carotid bifurcation.

TRANSPOSITION OF THE SUBCLAVIAN ARTERY

The indications for subclavian artery transposition into
the common carotid artery are the same as those for
carotid—subclavian artery bypass grafting. This alterna-

tive for the correction of proximal left subclavian artery
lesions is appealing because prosthetic material is not
used and there is only one anastomosis®. More extensive
dissection proximal to the vertebral and internal
mammary arteries down into the thorax is necessary.
The same incision as for carotid—subclavian artery
bypass is used, and the carotid artery is exposed in the
same manner. The proximal dissection is aided by the
use of long, narrow retractors such as short Wylie renal
vein retractors which allow focused retraction in a
relatively deep space. When the dissection is complete,
the patient is given sodium heparin. The tunnel created
is the same as in the operations described above, i.e.
behind the jugular vein and the sternocleidomastoid
muscle.

1 The proximal subclavian artery, the vertebral
and internal mammary arteries and the distal
subclavian artery are clamped. The subclavian artery is
divided as far proximal to the vertebral artery as
practicable. The stump is oversewn with horizontal and
over-and-over 4/0 or 5/0 polypropylene sutures. The cut
open end is then transposed and brought behind the
jugular vein and the sternocleidomastoid muscle.
Control of the carotid artery is obtained. The arteri-
otomy is made laterally and slightly posteriorly. Again,
this anastomosis is made at a right angle. The
arteriotomy should not be too long lest the anastomosis
be narrowed. The anastomosis is sutured with running
4/0 or 5/0 polypropylene. The same manoeuvres of
antegrade and retrograde bleeding are performed.

The remainder of the conduct of the operation is the
same as for the previously described procedures.

Postoperative care

Patients should be cared for as they are following any
reconstructive operation for the arteries with careful
monitoring of the pulse status. In addition, the
neurological status of the patient should be assessed on
a frequent serial basis. As for the innominate artery
reconstructions, deterioration of any of the parameters
requires appropriate medical response. Again, before
discharge intravenous digital subtraction arteriography
is obtained to assess the baseline status of the
reconstruction.
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Surgical intervention should preferably avoid active
inflammatory episodes and the best guide is the
erythrocyte sedimentation rate (ESR). Stenoses de-
veloping during acute inflammatory attacks, however,
may require urgent surgical treatment, in which case it
is advisable to attempt to maintain the ESR below
40 mm/h with anti-inflammatory steroid therapy.

Principles and justification
Extracranial vessels

The indications are similar to those in atheromatous
carotid disease, ranging from critical stenoses of the
internal carotid artery or arch vessels associated with
appropriate symptoms, to stenosis in the brain with
visual disturbance, transient ischaemic episodes, syn-
cope and evidence of retinal emboli, plus the presence
of small retinal aneurysms. Advanced cases, with
arteriovenous retinal fistulae, are a contraindication to
surgery. Surgery may be considered for asymptomatic
critical carotid stenoses when other surgery, such as for
aortic stenoses due to vasculitis, must be undertaken.
These carotid reconstructions should precede the
definitive and more major procedure.

The best technique of reconstruction avoids direct
endarterectomy of the inflamed and stenosed segment,
and should consist of resection with end-to-end
replacement with autogenous vein, or aortocarotid or
subclavian—carotid bypass.

It is usually satisfactory to reconstruct flow in only
one side even if both sides are involved, and
simultaneous bilateral reconstruction is not advisable.

Atypical coarctation of the aorta

Surgery is indicated when the systolic blood pressure is
higher than 180 mmHg at rest, or when it rises higher
than 200 mmHg after gentle exercise, and is particularly
indicated when medical treatment fails to control
hypertension. Patients who respond well to medical
treatment should not be treated surgically unless the
stenosis becomes worse. The procedure of choice is
bypass of the stenosed area with an aortoaortic Dacron
graft.

Renal artery reconstruction

The indications for surgery are systolic hypertension
above 180mmHg or diastolic hypertension above
110mmHg. A renin ratio of more than 1.5 between
involved and uninvolved renal vein samples, or a renal
vein/peripheral vein renin coefficient of 0.24 or higher
are also indications for surgery.

The procedure of choice is transluminal angioplasty,
though its success rate is only 50%. Failure is an
indication for aortorenal bypass, with either autogenous
vein or a synthetic graft. Nephrectomy may be required
in patients with severe renal atrophy and poor or
negligible renal function on that side.
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Aortic incompetence

Surgery is indicated when regurgitation is more than 3°
on Seller’s classification and the left ventricular ejection
fraction is also more than 0.4. The procedure of choice
is aortic valve replacement, which may include
replacement of the aneurysmal ascending aorta by
Bentall’s technique.

Subclavian artery

Subclavian and innominate reconstruction is indicated
in patients with symptomatic cranial steal syndrome
(either left subclavian steal or, on the right side, carotid
plus vertebral steal to the subclavian artery) when this is
associated with persistent troublesome symptoms.
Bilateral simultaneous procedures are occasionally
indicated. The technique of choice is carotid—
subclavian bypass; in diffuse disease involving most of
the arch vessels, branched bypass from the ascending
aorta to both subclavian arteries or subclavian and
carotid arteries may be required.

Coronary artery surgery

The only indications for coronary artery bypass surgery
in Takayasu’s disease correspond to those in atheroma.
The techniques of choice are percutaneous angioplasty,
which may have a lower success rate than in
atheromatous disease or, should this fail or be
contraindicated, aortocoronary bypass.

Aneurysms

Saccular aneurysms must be treated by urgent surgery
as they have a very high risk of rupture. The indications
for surgery in fusiform aneurysms are comparable with
those in atheromatous disease, i.e. symptoms or definite
evidence of increase in size. The treatment involves
resection and replacement with a synthetic graft.



lllustrations by Peter Cox

Extracranial intracranial bypass
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Principles and justification

This operation was devised by Yasargil and Donaghy in
1967 to provide an additional blood supply to an
ischaemic cerebral hemisphere. Its advent appeared to
provide surgeons with the ability to revascularize the
brain in patients with carotid occlusions which until
then were untreatable. Other indications for extra-
cranial intracranial bypass are for high intracranial
carotid stenoses, or where a stenosis is present in the
main stem of the middle cerebral artery?. A rare
indication is to provide an alternative blood supply to a
portion of brain where the primary arterial supply has to
be sacrificed as part of therapy, for example, a patient
having an arteriovenous malformation removed from
the brain.

Many of these operations were performed in the
1980s for patients with few symptoms who simply had a
carotid occlusion, on the grounds that this type of
patient would benefit from an improved blood supply to
an underperfused brain>. Studies of cerebral blood flow
were seldom, if ever, performed to confirm this
hypothesis. A large multicentre study was organized by
Barnett in North America to examine the clinical value
of extracranial intracranial bypass in preventing stroke
and extending life*; 1377 patients were admitted to the

study, but a further 1695 were operated on outside the
trial on the grounds that surgical treatment was
considered ‘essential’ and it would have been unethical
to include these patients in the ‘medical’ arm of the
study®. Patients were followed for a mean of 55.8
months, and at this point there was no difference in the
morbidity or mortality rates of the operated group
compared with the medically treated group, who mostly
received aspirin. Strokes occurred with equal frequency
in both groups, and the mortality rates were almost
identical. Only 30%, however, were having or had had
transient ischaemic attacks at the time of entry to the
study, the majority having had a minor stroke. No
measurements were made of cerebral perfusion. Despite
its many flaws, this study appeared to signal the end of
extracranial intracranial bypass.

Smaller studies, however, have subsequently shown
that a subgroup of patients with reduced cerebral
reserve who have intractable symptoms of cerebral
hypoperfusion (repeated disabling transient ischaemic
attacks; ten or more per day) causing episodes of
unconsciousness can benefit considerably from extra-
cranial intracranial bypass®.
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Preoperative
Selection of patients and investigation

Cerebral hypoperfusion is the probable cause of
transient ischaemic attacks that occur on a frequent
daily basis and are brought on by effort or exercise.
Cerebral autoregulation may be severely embarrassed
when both carotid arteries are occluded, and under
these circumstances an increased demand for peripheral
blood flow may temporarily reduce cerebral perfusion.
There may also be a reduction in perfusion to a single
cerebral hemisphere when the circle of Willis is
incomplete. The cerebral reserve may be measured by
positron emission tomography’, xenon clearance fol-
lowing carbon dioxide stress and transcerebral Doppler
velocity measurements of the middle cerebral artery,
also in response to a carbon dioxide stress®.

Patients with appropriate symptoms being considered
for extracranial intracranial bypass must have evidence
of an occluded carotid artery related to the hemisphere
from which the symptoms are arising. They must also
have ‘hypoperfusion’ confirmed by one of the investi-
gations listed above. Carotid occlusion can be deter-
mined by duplex ultrasonography, but should be
confirmed by arteriography (intravenous digital sub-
traction arteriography or arch aortography). Computed
tomography or magnetic resonance imaging of the brain
should exclude other conditions such as a meningioma
or a chronic subdural haematoma, which may give rise
to similar symptoms. A neurological opinion is also
essential. These tests should identify the small number
of individuals who have severe disabling ‘hypoper-
fusional’ cortical symptoms with critically reduced
cerebral reserve. These patients, who cannot be helped

in any other way, benefit considerably from the
improved local cortical flow produced by an extra-
cranial intracranial bypass®.

Preparation of patient

Patients must be assessed for their fitness for operation.
This includes taking a careful history, which should
elicit any symptoms of atheromatous disease at other
sites such as the coronary, splanchnic or limb arteries. A
careful enquiry must also be made into their past or
present history to exclude associated disease. A full
examination should detect abnormalities in the heart,
lungs and peripheral circulation as well as determining
any permanent neurological damage. A full blood count,
chest radiography and electrocardiography are essential
preoperative investigations in all patients. The anaes-
thetist should see the patient before the operation and
confirm fitness for general anaesthesia.

Anaesthesia

After induction of anaesthesia the patient is paralysed,
intubated and then ventilated. The endotracheal tube is
attached to a long connecting tube to ensure that the
head and neck are free from all impedimenta. A cannula
is inserted into a peripheral vein, and an intravenous
infusion of crystalloid is commenced. A single dose of
broad-spectrum antibiotic is given intravenously
(amoxycillin with potassium clavulanate (Augmentin), a
cephalosporin, or amoxycillin alone).
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Operation
Position of patient

The head is shaved with electric clippers, and the
patient is placed in the full lateral position with the head
supported on a padded ring.

The course of the superficial temporal artery is

determined before the operation using a portable
Doppler ultrasonographic probe and indelibly marked
on the skin surface. The skin is then prepared with
chlorhexidine or povidone—iodine, and the head is
draped to expose the appropriate side of the scalp from
the ear to the vertex.

Incision

An incision is made over the trunk of the superficial
temporal artery, either just above or just in front of the
ear. The incision should only divide the skin, because
the artery often lies just beneath the deep layers of the
dermis. The edges of the wound can be retracted with
skin hooks until a suitable length of incision is available
to insert a self-retaining retractor. Small iris scissors are
used to bluntly part the skin edges. The superficial

temporal artery lies on the temporal fascia, and its
position can be confirmed by palpation. The surgeon
may wish to wear magnifying loupes during this part of
the dissection, but those with good natural vision will
not require this aid. The superficial temporal fascia is
divided and the artery freed from the surrounding
muscle.

The skin incision is extended as the artery is

dissected upwards. The vessel should be left within
its fascial sheath in order to avoid damage. Branches
should therefore be divided and sealed by diathermy
well away from the main trunk. Side branches can be
safely coagulated with bipolar diathermy. There are few
branches coming off the front or the back of the vessel,
most arising from either side, and once these side
branches have been divided a pedicle can be raised
containing the vessel. Either the posterior or anterior
division of the main artery is followed depending on
which branch appears to be the dominant vessel as
judged by Doppler mapping and arteriography. The
selected vessel is followed for a suitable distance
towards the vertex of the skull.
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A cortical branch of the middle cerebral artery

must now be prepared to receive the bypass. The
alternative approaches are a simple burr hole (which
may be enlarged) or to turn a skull flap. The former is
much simpler. The burr hole should be centred about
Scm above the external auditory meatus or about
1-2cm above the apex of the pinna. It can usually be
made through the same incision that has been used to
mobilize the superficial temporal artery.

The temporal fascia is divided in the line of the skin
incision, and the fibres of the temporalis muscle are split
in the same direction using diathermy. The cranium is
exposed by separating the temporalis muscle off the
bone with a periosteal elevator. A self-retaining
retractor is then inserted to expose an appropriate area
of skull. A perforator is applied to the brace and a hole is
bored into the skull through the exposed cranium. It is
again centred approximately 5cm above the external
auditory meatus. Firm downward pressure on the brace
cuts out a cone of bone through the skull. As the tip of
the perforator passes through the inner table of the skull

into the extradural space, the brace is felt to ‘rock’
slightly. When the bone chips are removed, a Mc-
Donald’s dissector can be carefully inserted between
the bone and the dura mater. A burr is then used to
widen the defect in the skull. The burr hole may then be
enlarged still further using bone-nibbling forceps.

Once a reasonable area of dura has been exposed, a

hook is inserted into the dural membrane which is
incised with a scalpel. This initial incision is extended
with scissors into a cruciate shape. The four points of
the dura can then be retracted and sutured to provide
casy access to the brain. At this point a cortical artery
can often be seen with the naked eye crossing the
surface of the brain. The artery appears bright red and is
easily distinguished from cortical veins, which are dark
blue in colour. The burr hole may be extended if an
artery is not seen. Alternatively, gentle dissection of the
pia mater using blunt forceps may demonstrate a vessel,
particularly if the operating microscope is used to view
the surface of the brain. The burr hole must be enlarged
if the artery lies to one side of the field or if it is not
easily visible.



Extracranial intracranial bypass 159

Once an artery is clearly seen, the operating

microscope is moved into position and focused on
the surface of the brain. Both the surgeon and the
assistant should be comfortably seated on either side of
the microscope, which is adjusted using an automatic
focus and zooming pedal until the surface vessels are
clearly visible. The pia mater is gently teased off the
artery using blunt dissection with watchmaker’s forceps
and microdissecting scissors. Between 1 and 2cm of
vessel should be freed from the surface of the brain.
Small side branches can be cauterized with a bipolar
diathermy before being carefully divided. Again, care is
taken to apply the diathermy well away from the main
vessel.

The distal end of the superficial temporal artery is
then prepared. A small bulldog clamp is applied
proximally, and the artery is divided distally and ligated.
The end of the vessel is dissected out of the surrounding
tissues in the pedicle, so that a ‘clean’ portion is
available for the anastomosis. The bulldog clamp is
released to ensure that there is a good blood flow from
the end of the artery.

Microvascular bulldog clamps are applied to either

end of the prepared segment of cortical vessel,
using a special spring applicator to apply and release
them. A longitudinal incision is then made into the
cortical vessel with a diamond knife and extended with
microscissors for 2—3mm (an appropriate length to
match the cross-sectional diameter of the transected
superficial temporal artery).

The cut end of the superficial temporal artery is then
brought into close apposition with the cortical vessels.
Both of the lumens are flushed with heparinized saline,
and it is extremely useful to have a device that both
flushes and sucks away any blood clots. This is primed
with heparinized saline.
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A suture is inserted into the apex of the free end of

the superficial temporal artery, from outside to
inside and this is then brought through the arteriotomy
in the cortical vessel from in to out.

This first suture is tied and another suture is put into
the heel of the anastomosis before being tied. All knots
are tied using needle holders by a microsurgical
technique, which must be learnt and practised regularly.
A third suture is then placed halfway between the first
two on one side and held out. This ensures that both
walls of the vessel are not inadvertently picked up
during subsequent suturing. Long ends are left on all the
sutures, and these can be used as retractors.

8 An assistant then holds the long ends of the middle

and apical sutures, and it is a simple matter to insert
two or three sutures on either side of the middle suture
to complete the back layer.

The superficial temporal artery is then turned
forwards and a middle suture is placed in the centre of
the far side. This is gently pulled up and other sutures
are inserted in the same way. Other techniques that
have been used include placing each individual suture
next to the initial suture all the way round or placing the
two original sutures 160° rather than 180° apart. Each
surgeon has his or her own preference.
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When the anastomosis has been completed the

clamps are removed from the cortical vessel and
the presence of any suture line bleeding is observed. If
large quantities of blood escape additional sutures must
be inserted to close the gap.

Eventually the suture line should be dry, and the dura
may be loosely closed around the superficial temporal
artery with 2/0 catgut. The bone chippings removed at
the time of making the initial burr hole are placed
around the vessels and the skin is closed with
interrupted 4/0 nylon sutures. A thin gauze dressing is
placed over the suture line and fixed with plastic spray.

Postoperative care

The patient should be awake as the last suture is placed
and the neurological state can be rapidly assessed.
Intravenous fluids are given for 24 h, and patients can
start on oral fluids in the recovery room. Neurological
observations should be made every 30 min to 1 h for the
first 24h, and anticonvulsants should be given for 6
weeks. Sutures can be removed on the seventh day, and
the patient may leave hospital before this if the recovery
is uncomplicated. The major complication of the
operation is stroke, usually associated with occlusion of
the bypass. Haemorrhage may also require reoperation.
Infection and epilepsy are rare. By carefully selecting
appropriate patients, good results are obtained.
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History

Aortic dissection is the most common catastrophe
involving the aorta. It occurs in approximately one in
every 300-500 patients and is more frequent than
rupture of an abdominal aortic aneurysm. Two impor-
tant contributing factors in the development of aortic
dissection are hypertension and disease of the aortic
media; an abnormality of the aortic media is present in
almost all cases. Lesions of the aorta which predispose
to dissection have been classified as elastic tissue
defects, muscular lesions or combined lesions of the
media. Marfan’s syndrome is a classic example of an
elastic tissue defect. Approximately 71% of patients
with cardiovascular manifestations of this syndrome
have aortic dissection. Elastic lesions are the most
common finding in patients presenting with aortic
dissection under the age of 40 years, while muscular
lesions predominate in patients over 40. Medial
degeneration is occasionally caused by a combination of
elastic and muscular lesions. Conditions such as
rheumatoid arthritis, scleroderma, giant cell arteritis,
granulomatous arteritis and ankylosing spondylitis are
associated with combined medial degeneration. Degen-
eration of the aorta with ageing and atherosclerosis
predisposes to dissection. Hypertension has been
identified in approximately 70% of patients with aortic
dissection. Dissection occurs with increased frequency
in conditions in which hypertension is common, such as
pregnancy, congenital bicuspid aortic valve and coarct-
ation of the aorta. Iatrogenic causes secondary to aortic

cannulation, catheterization procedures or intra-aortic
balloon placement are seen with increasing frequency
as the number of invasive procedures performed on the
cardiovascular system rises.

The condition is characterized by the development of
a haematoma which dissects longitudinally for variable
distances within the aortic wall. The source of the
haematoma is most often a transverse intimal tear. The
majority of aortic dissections begin subintimally and
progress to involve the middle to outer third of the
aortic media. A dissection may occur at any point along
the course of the aorta and progress circumferentially,
proximally or distally. This condition has the potential
to affect any organ system. The dissection may remain
patent as a false channel, terminate in thrombosis,
re-enter the true lumen by fenestration, or rupture into
the pericardial, pleural or peritoneal cavities. Complica-
tions that result from aortic dissection are often life
threatening; early diagnosis and treatment are therefore
essential. Associated complications such as myocardial
infarction, cardiac tamponade, aortic valvular insuff-
iciency, stroke, paralysis and visceral or extremity
ischaemia may initially obscure the diagnosis and delay
definitive treatment. A thorough history and physical
examination as well as a high index of suspicion best
serves the patient and leads to early diagnosis.
Untreated, 21% of patients will die within the first 24 h,
60% within 2 weeks, and 90% within 3 months.
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Classification

Multiple classifications and subclassifications of

thoracic aortic dissection have been proposed. The
majority are found to be detailed, cumbersome and
unnecessary. The classification which has been used
most commonly in the past is that proposed by
DeBakey. The classification proposed by the Stanford
University group we find to be simple and the most
useful. This classification is based solely upon the
presence or absence of involvement of the ascending
aorta, regardless of the site of origin of the intimal tear.
Dissections involving the proximal ascending aorta are
classified as Stanford type A, and dissections distal to and
not involving the ascending aorta are classified as
Stanford type B. This classification not only relates to
prognosis but assists in therapeutic decision making.

Principles and justification

The general management of all patients with aortic
dissection, whether acute or chronic, begins with
medical therapy. The plan is to alter the pathophy-
siology of dissection and prevent secondary complica-
tions. It is our recommendation that operative interven-
tion is indicated in virtually all patients with acute type
A (ascending) aortic dissections and in the majority of
acute type B (descending) thoracic dissections. In
addition, most chronic type A dissections will ultimately
require surgical therapy. The majority of patients with
chronic type B descending dissections can be managed
medically. In all patients who do not undergo initial
surgical management close surveillance is indicated in
order to detect late sequelae of dissection that may
require surgical intervention. Contraindications for
surgical therapy can be relative or absolute. Relative
contraindications include age and the degree of
physiological abnormality of vital organs. An absolute
contraindication to operation is a concomitant life
limiting condition, the course of which is similar to the
natural history of aortic dissection.

Management of the patient with aortic dissection is a
coordinated effort involving the emergency physician,
medical specialist, radiologist, cardiovascular surgeon
and cardiac anaesthesiologist. The patient will require
invasive monitoring for continued assessment and
management of both haemodynamic and laboratory
parameters while the evaluation is in progress. Provided
the patient is not hypotensive, drugs such as sodium
nitroprusside, trimetaphan camsylate or intravenous
propranolol are administered intravenously to lower the
mean arterial blood pressure and to decrease the shear
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forces and dp/dt on the aortic wall. The target mean
arterial blood pressure should be in the range of 50—80
mmHg. Beta-antagonists have been most useful in
attaining the desired pharmacological effect. Nitroprus-
side is effective in rapidly lowering the blood pressure
but has been shown to increase dp/dt in some instances.
Pharmacological management is tempered should
myocardial ischaemia, oliguria, or mental confusion
occur. Delay in evaluation, diagnosis and initiation of
treatment must be avoided.

The preferred diagnostic examination to confirm the
presence, location and extent of aortic dissection
remains the contrast aortogram. This examination can
be performed easily and is relatively undemanding for
the patient. Medical attention to the patient need not be
impeded during the conduct of this procedure.
Magnetic resonance imaging is an extremely sensitive
non-invasive procedure which may, when combined
with cine imaging techniques, provide not only the
diagnosis but information as to blood flow characteris-
tics within the false lumen. Its application, however, is
limited due to the time required to perform the
procedure and the technical difficulties encountered in
physically managing these critically ill patients during
the examination. The efficacy of transthoracic echo-
cardiography has also been demonstrated in this con-
dition and may provide a rapid method of establishing a
diagnosis at the bedside. Transoesophageal echocardio-
graphy has been particularly useful in determining
dissections involving the descending aorta. The sensi-
tivity of these modalities is limited and a negative
examination does not rule out aortic dissection.
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Operation

TYPE A DISSECTIONS AND DISSECTIONS OF THE
TRANSVERSE AORTIC ARCH

The authors believe that deep hypothermic circulatory
arrest and replacement of both the ascending aorta and
transverse arch to a point distal to the left subclavian
artery is the preferred approach to the repair of type A
and transverse aortic arch dissections. This approach
addresses the immediate possibility of retrograde
dissection resulting in aortic valvular incompetency or
death, as well as the late sequelaec of vascular
compromise of the brachiocephalic circulation or
pseudoaneurysm formation. Surgical management is the
same as for repair of transverse arch aneurysms.

Incision

A median sternotomy incision is used, with

extension into either the right or left neck to
provide adequate distal exposure of the innominate
vessels. The incision is carried along the anterior border
of the sternocleidomastoid muscle. The sternal and
clavicular attachments of the sternocleidomastoid
muscle and the strap muscles may be divided. The
innominate vein may also be divided but this is rarely
necessary and may result in swelling of the left upper
extremity postoperatively.

Cardiopulmonary bypass

Standard cardiopulmonary bypass techniques are

employed. This involves femoral arterial cannu-
lation and cannulation of the superior and inferior vena
cavae or right atrium. Cardiopulmonary bypass is
initiated and the patient is cooled systemically to a
nasopharyngeal temperature of 18°C. Simultaneously,
the heart is cooled topically with 4°C iced saline or
slush. A primary concern in these patients is preser-
vation of neurological function during the phase of
circulatory arrest. The patient’s head is packed in ice
while deep core cooling is accomplished. Phenobarbi-
tone is often added to the anaesthetic regimen, as it has
been demonstrated to provide a degree of cerebral
protection. Once cooling has been achieved, the usual
perfusion flow rates of 25-50mlkg per min are
reduced to less than 500 mlI/min or more commonly
discontinued altogether.
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Aortotomy

The aorta is opened and inspected. A false lumen is

often encountered initially, which may be circum-
ferential or partial. The wall of the true lumen is opened
and the coronary ostia are identified. The myocardium
is protected by administration of 500—1000ml of 4°C
hyperkalaemic cardioplegia solution instilled by hand-
held cannulae or by a retrograde perfusion catheter
placed in the coronary sinus. Topical hypothermia with
ice slush or continuous iced saline irrigation affords
additional myocardial protection throughout the period
of circulatory arrest. The goal is to maintain the
myocardial temperature in the range of 4—17°C.

Transection of aorta

The aorta is transected proximally and
5 a / distally. Clamping of the aorta or innomin-
ate vessels is usually not required during circulatory
arrest. The intimal tear is sought and, if present, is
included in the resected aortic segment. The tear is
commonly located anteriorly and to the right in type A
dissections. However, the intimal tear in type A
dissections need not be located in the ascending aorta. A
cuff of transverse aortic wall containing the innominate
vessels is preserved.
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Evaluation of the aortic valve

Aortic valvular regurgitation may be associated

with type A dissections. Inspection of the aortic
valve and coronary arteries is performed to rule out
involvement of these structures. A thorough evaluation
of the aortic valvular apparatus and coronary arteries at
this stage of the operation allows for planning and
choice of conduit for the repair. When the aortic valve
apparatus is irreparably damaged, replacement is
required. More commonly, regurgitation results from
prolapse of the aortic leaflets due to loss of commissural
support. Salvage of the native valve is preferable to
replacement, and this is feasible in the majority of type A
dissections. Even when the dissection involves the right
or non-coronary cusps, resuspension of the valve to the
graft is possible with polytetrafluoroethylene (PTFE;
Teflon) felt pledgets, preserving native valve tissue and
function. Valvular replacement rather than reconstruc-
tion is recommended in type A dissections resulting
from Marfan’s syndrome or aortoannular ectasia due to
the primary underlying pathology in these patients. A
decision to repair or replace the aortic valve is based on
the anatomical findings. A tube graft or valved conduit is
then chosen. Reconstruction of the proximal aorta and
valvular apparatus is reserved until after the distal aorta
and arch repairs are completed and cardiopulmonary
bypass is reinstituted. This technique minimizes dur-
ation of cerebral ischaemia.

Distal aortic repair

The distal aorta is reconstructed using a ‘sandwich’
7 technique. PTFE felt strips are placed on both the
adventitial and intimal surfaces to buttress the dissected
aortic wall. Felt may also be placed between the
dissected layers when necessary. The false lumen is
obliterated with a continuous 4/0 polypropylene suture.
A Dacron interposition graft is then tailored to
approximate the size of the distal aorta. This may
require an oblique transection in order to fashion the
graft to approximate the diameter of the distal aorta.
Recent experience in Europe with the use of vascular
glue in the management of aortic dissection has been
shown to be effective.
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Distal aortic anastomosis

The distal anastomosis is performed first.
83 / The anastomosis is performed with a long
(140 cm) 3/0 polypropylene suture. A very low porosity
woven Dacron graft is recommended (Ochsner—Woven
50 porosity). These grafts are haemostatic and do not
require preclotting. They allow for proper selection of
graft size while the patient is anticoagulated and on
cardiopulmonary bypass. However, we prefer to make
the graft completely non-porous by autoclaving the graft
after soaking it in heparinized blood or albumin. The
posterior suture line is begun by taking a narrow
horizontal mattress suture from the outside to the inside
of the graft and carrying the needle from the intima to
the adventitia of the aorta through the PTFE felt
buttresses. The anastomosis is begun at the mid-portion
of the posterior wall of the aorta and is carried
bilaterally in a running fashion. Meticulous attention to
technique in the presence of friable aortic tissue is
necessary to prevent haemorrhagic complications. An
aortic cross-clamp or balloon occluder may be utilized if
necessary to control backbleeding from the distal aorta.
This is unnecessary in the majority of cases.
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Proximal arch implantation

9 Following completion of the distal anasto-
a. / mosis the cuff of aorta including the
innominate vessels is prepared with PTFE felt buttresses
in a manner similar to the distal aorta. A window of
appropriate size is created in the superior aspect of the
graft. The aortic cuff is then sutured to the window in
the superior aspect of the Dacron graft using a long
(140 cm) 3/0 polypropylene suture.
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1 O Before performing the proximal anasto-
a—C mosis the innominate vessels are

flushed through the proximal limb of the graft to
remove retained air and debris. These vessels are then
temporarily controlled with clamps to prevent cerebral
embolism as cardiopulmonary bypass is slowly reinsti-
tuted to allow retrograde filling of the aorta. The distal
aorta is flushed through the graft. The graft is then
cross-clamped just proximal to the origin of the
innominate artery and the clamps on the innominate
vessels are released. This technique allows retrograde
perfusion to the innominate vessels while the proximal
aortic anastomosis is completed. Rewarming to 37°C is
begun once cerebral reperfusion is reinstituted using
standard cardiopulmonary bypass techniques. Rewarm-
ing is performed at a rate not exceeding 1°C every
3 min. Blood temperature is not allowed to exceed the
core temperature by more than 6°C in order to preserve
the integrity of cellular membranes.
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Fenestration technique

1 1 In chronic dissection, the outer wall of the aorta

becomes fibrotic, secondary to the dense
inflammatory process and healing of the adventitia. The
false lumen is often larger than the true lumen and
major branches of the aorta may be fed by the false
channel. Obliteration of the false lumen in the chronic
stage may not be possible or advisable because of the
disparity in diameters of the true and false lumen and
the potential for ischaemia in branches that may now be
fed by the false lumen. Fenestration or resection of a
portion of the false septum is often preferable.

Repair of pseudoaneurysm

1 2 Pseudoaneurysm formation may necess-
a. / itate resection and interposition grafts

to one or more of the innominate branches.
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Stabilization of aortic valve at proximal anastomosis

root is designed to accomplish both
stabilization of the aortic valve apparatus and preven-
tion of recurrent proximal dissection. To accomplish
this a ‘sandwich’ technique is commonly employed. The
adventitial surface of the aorta is buttressed with a PTFE
felt strip while a second felt strip is placed on the intimal
surface. An additional felt strip may be placed between
the walls of the true and false lumen. The layers are then
approximated circumferentially with a running 4/0
polypropylene suture, thereby obliterating the false
lumen. Care must be taken not to compromise the
coronary ostia or arteries, and tailoring of the PTFE strip
to accomplish this is often necessary. Preservation of the
aortic valve is accomplished with this technique.

1 3 a Reconstruction of the proximal aortic
!/

1 4 The proximal aortic anastomosis is
a / performed while the patient is re-
warming.



Surgical technique for aortic dissection 173

Aortic valve replacement
In patients with type A dissection in

1 5a / whom valvular repair is not possible,
replacement of the aortic valve is necessary. When the
integrity of the supra-annular aorta is good the proximal
aorta may be scalloped to preserve the coronary ostia.
Prosthetic aortic valve replacement is performed. This is
accomplished with a 3/0 mattress non-absorbable
suture. Either a mechanical or bioprosthetic valve may
be employed. The possibility of bioprosthetic valve
failure and reoperation must be taken into consideration
when selecting a tissue valve. The Dacron graft is
sutured in a supracoronary position. Replacement of a
failed valve can be accomplished through an incision in
the Dacron graft and would not necessarily require
replacement of the graft.

1 In the presence of insufficient supra-annular

tissue, or involvement of the coronary arteries, a
valved conduit must be utilized. Reoperation for a failed
composite valved conduit would require replacement
of both the valve and the conduit. A mechanical valved
conduit is therefore recommended in this situation as it
is more durable and less likely to require reoperation. A
separate valved conduit is usually required. After the
proximal anastomosis and valve implantation are
completed the valved conduit can be tailored and
sutured to the distal Dacron graft in an end-to-end
fashion.
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Reimplantation of coronary arteries

1 7 Reimplantation of the coronary arteries
a—C is required in the presence of a

composite valved conduit. This may be accomplished
by the method described by Bentall in which a portion
of the aortic wall is left attached to the coronary
arteries. Direct reimplantation of the coronaries to the
graft is performed with a ‘button’ of aorta around the
coronary ostia. Aneurysmal formation of the residual
aortic tissue has been decribed, so a small PTFE felt
‘washer’ may be tailored to externally buttress the
anastomosis of the aortic ‘button’ to the composite graft.
When it appears that too much tension will be present
on the coronary graft anastomosis the authors employ
Cabrol’s modification and insert a tubular graft (8-mm
Gore-tex) end-to-end to both coronary buttons and
side-to-side to the aortic graft.

Once graft placement has been completed, the heart
is resuscitated in the usual fashion. Heparin anticoagula-
tion is reversed with protamine administration. Judi-
cious use of intravenous procoagulants and topical
thrombogenic agents is recommended as bleeding from
the interstices of the graft is frequently encountered.
Postoperative coagulopathy is always a problem follow-
ing deep hypothermic arrest and is magnified in the
presence of aortic dissection. Procoagulants and compo-
nent therapy including fresh frozen plasma, platelets,
cryoprecipitate, packed red cells and, occasionally,
factor IX are necessary in the majority of cases. Frequent
reassessment of the coagulation status is mandatory
until adequate haemostasis has been achieved. This
assessment is performed by utilization of the activated
clotting times (ACT), prothrombin time (PT), partial
thromboplastin time (PTT), platelet count and thromb-
elastogram (TEG).
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Limited repair for type A dissection

18 a d Traditional repair of type A aortic

dissection is mentioned for complete-
ness. Standard cardiopulmonary bypass techniques with
moderate systemic hypothermia and myocardial preser-
vation are employed. In this repair the ascending aorta is
clamped proximal to the innominate artery. Replace-
ment of the ascending aorta is performed in the manner
described under type A and arch dissections (page 165).
The proximal anastomosis is performed first with this
technique. The aortic valve is repaired or replaced as
indicated and concomitant coronary revascularization
procedures may be performed if necessary.

This technique allows for continuous cerebral perfu-
sion. The authors reserve this technique for patients
with very limited type A dissections involving the
proximal or mid ascending aorta with no involvement of
the transverse arch. However, the authors feel strongly
that the majority of patients will have a better repair and
long-term result with ascending and arch aortic
replacement under deep hypothermia and circulatory
arrest.
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TYPE B AORTIC DISSECTION

Prevention of death and morbid sequelae are the
objectives in the management of patients with type B
aortic dissection. This includes aortic rupture, aneurysm
formation and extension of the dissection which can
result in paraplegia or vital organ ischaemia. The
principles of surgical therapy are to perform replace-
ment of the most involved portion of the descending
aorta and to restore vital organ and extremity perfusion.

Incision
Exposure of the descending thoracic

1 9a / aorta is accomplished through a stan-
dard left posterolateral thoracotomy.

Circulatory support in all cases is achieved with
2 partial femorofemoral cardiopulmonary bypass
or left atriofemoral bypass via right superior pulmonary
vein cannulation.

The incidence of renal insufficiency and spinal cord
injury has been lessened with the use of partial
cardiopulmonary bypass in aortic dissection. This
technique gives the best chance of renal and spinal cord
preservation. Systemic heparin anticoagulation required
for this type of circulatory support has not been a
problem. Exposure of one or both groins when
positioning the patient allows access for femoral arterial
and venous cannulation. A long fenestrated venous
cannula is advanced to the level of the right atrium. It is
rarely necessary to supplement the venous return with a
separate superior vena cava or pulmonary artery
cannula, since only partial cardiopulmonary bypass is
required. Surgical exposure of the descending thoracic
aorta should be limited to the immediate area of
dissection and greatest involvement. Extensive dissec-
tion may interrupt spinal cord collateral vessels and
predispose to paraplegia. Postoperative haemorrhage, a
potential complication due to the friable periaortic
tissue and anticoagulation, is also minimized with a
limited surgical exposure.
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Aortic clamping

Once partial cardiopulmonary bypass is initiated the
aorta may be clamped either proximal or distal to the
left subclavian artery, whichever affords best exposure
for the proximal repair. When a clamp is placed
proximal to the left subclavian artery, which is usual, a
separate clamp must be applied to the left subclavian
artery. The distal aortic clamp is then placed at the
appropriate level for distal repair. Injury to the left
recurrent laryngeal nerve is avoided. Application of the
aortic clamp in acute dissection may itself result in
intimal injury and must be performed carefully. The use
of clamps fitted with rubber padded inserts may
minimize this potential problem.

Aortotomy

The aorta is divided proximally and distally. An
2 attempt is made to preserve as many intercostal
branches as possible in order to minimize the risk of
spinal cord ischaemia. Small intercostal vessels are
oversewn with figure-of-eight 2/0 non-absorbable
sutures. Reimplantation of large intercostal vessels, as is
practised in descending aneurysm repairs, is rarely
indicated in dissections. The posterior aortic wall
remnant is left in situ to avoid the complications
outlined previously.

Obliteration of dissection

2 2 In acute type B dissections, obliteration

a ) of the proximal and distal false lumen is
accomplished with a ‘sandwich’ technique. Intimal and
adventitial PTFE felt strips are placed to buttress the
wall and all layers are oversewn with a running 4/0
polypropylene suture.

The patient incurs a greater risk of paraplegia in type
B dissection than with a descending thoracic aneurysm.
This difference has been attributed to non-perfusion of
the spinal cord during isolation and clamping pro-
cedures. Atherosclerotic thoracic aneurysms often
demonstrate progressive thrombotic occlusion of the
intercostal vessels without neurological impairment.
This implies development of an adequate collateral
which is rarely present in aortic dissection.
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Graft replacement

23 The graft of choice is a preclotted very
a"" low porosity Dacron graft (Ochsner—

Intravascular 50 porosity ). The proximal anastomosis is
performed first (llustrations 23a and 23b) A long
running (140 cm) 3/0 polypropylene suture is placed in
a horizontal mattress fashion in the graft and then sewn
to the aorta as described in the technique for type A
dissection repair.

Disparity in graft to aorta size can be corrected by
tailoring the distal graft. Before completion of the distal
aortic anastomosis, the graft is vented in a retrograde
manner by removing the distal aortic clamp (Illus-
tration 23c). This procedure allows for evacuation of air
and particulate debris within the graft. The distal clamp
is reapplied and the aorta is flushed antegrade. The distal
anastomosis is then completed ([llustration 23d).
Before re-establishing circulation through the graft the
suture lines are examined for bleeding by removing the
distal aortic clamp. If necessary, reinforcement of the
suture line is accomplished at this time with 3/0 felt
pledgeted horizontal mattress sutures while the aortic
pressure is low. The proximal clamp is then removed. In
most instances the wall of the in situ residual aorta will
require a running haemostatic suture to minimize
perioperative haemorrhage (Illustrations 23e and 23f).

Postoperative haemostasis is accomplished as out-
lined in the section on type A dissections.

Outcome

Operative mortality rates following repair of aortic
dissections are approximately 15% even at institutions
where there is wide experience in the management of
this condition. Postoperative cerebrovascular deficits
range from 7% to 10%. Postoperative follow-up and
evaluation on a routine basis must be continued, since
these patients are at risk indefinitely for redissection,
aneurysm formation and vascular compromise. The use
of computed axial tomography and cine magnetic
resonance imaging in this condition has been of great
assistance in non-invasive postoperative evaluation. In
most institutions postoperative angiography has been
reserved for situations which need clarification after
non-invasive techniques have been inconclusive.
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Principles and justification

Descending thoracic, thoracoabdominal, and suprarenal
aortic aneurysms present a challenge to the vascular
surgeon. Despite many advances in recent years, the
mortality and morbidity rates of surgical intervention
are high when compared with other vascular proce-
dures. Non-operative treatment of patients with thoraco-
abdominal aortic aneurysms or descending aortic
aneurysms has a poor prognosis with about one-quarter
of patients surviving for more than 2 years, while the
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operative mortality rate for repair of thoracoabdominal
and descending aortic aneurysms varies from 3% to
20% depending on the extent of the aneurysm" 2. It is
therefore clear that operative repair offers a better
chance of long-term survival for the patient. We believe
an aggressive approach should be taken towards repair
of these aneurysms, especially in mild to moderate risk
patients.
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Preoperative

Most patients with thoracic and thoracoabdominal
aneurysms are asymptomatic, although some patients
complain of chronic or intermittent back pain. Patients
may report a worsening or a new onset of back pain
before rupture which may be due to intramural
dissection, rapid expansion of the aneurysm, or even a
contained perforation. Chest radiography provides the
first suggestion of aneurysm in many patients but is
often misinterpreted as aortic tortuosity. Palpation of an
abdominal aneurysm that extends to the costal margin
may also be suggestive of a suprarenal or thoracoabdo-
minal aneurysm. Magnetic resonance imaging (MRI) or
computed tomography (CT) should be carried out to
determine the extent of the aneurysm, location of the
intramural thrombus, and potential relationships to the
visceral vessels. Patients frequently require a biplane
angiogram to evaluate disease in the visceral vessels.

Patients with aortic aneurysms are generally elderly
and have several coexisting diseases. The most common
risk factors are coronary artery disease, chronic
pulmonary disease and renal dysfunction. In order to
reduce operative risk, full evaluation should be carried
out for these and any other problems suggested by the
history and physical examination.

Minimum preoperative evaluation includes chest
radiography, measurement of serum electrolytes, com-
plete blood count, platelet count, coagulation profile
and arterial blood gas measurement. We routinely
include a duplex evaluation of the carotid arteries. If no
significant cardiac symptoms are present the patient will
usually undergo a stress electrocardiogram or dipyrida-
mole thallium scan as a screening test. If either of these
tests is positive, or if the patient has a significant history
suggestive of coronary artery disease, the patient will
undergo coronary angiography before operative in-
tervention. The presence of significant coronary artery
disease as demonstrated on cardiac catheterization will

be treated before aortic replacement. The diagnosis of
significant carotid artery disease on duplex scanning
(>70%) will lead to cerebral angiography and, if
confirmed, carotid endarterectomy before aortic
surgery. Patients are requested to refrain from smoking
for 2 weeks before the planned operation. They are
admitted to the hospital 24—48h before surgery for
bowel preparation, pulmonary toilet, and intravenous
antibiotics.

Anaesthesia

The participation of a skilled anaesthesiologist is critical
to the operative management of these patients> <. If the
procedure involves entering the chest cavity, a double-
lumen endotracheal tube is inserted using broncho-
scopic control. This will facilitate complete collapse of
the left lung, thus providing better exposure of the
descending aorta. Multiple monitoring lines are placed,
including a pulmonary artery line, radial arterial line,
and two large bore intravenous lines for infusion of
fluids via a rapid infusion device. In patients with
impaired cardiac function, transoesophageal two-
dimensional echocardiography is utilized during the
procedure. A lumbar intrathecal catheter is placed to
drain cerebrospinal fluid (CSF) both during and after
the operation, keeping the CSF pressures below
10mmHg. Steroids, thiopentone and mannitol are
administered before aortic cross-clamping to protect a
potentially ischaemic spinal cord. In addition, a Foley
catheter with a thermistor attachment is placed in the
bladder. The operating room is cooled and the patient is
passively cooled to 32—34°C; cooling the patient will
reduce the metabolic demand of the spinal cord,
thereby affording additional protection of the cord
against ischaemic injury.
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Operation

Aneurysms that involve the abdominal aorta and
1 extend to above the renal arteries are suprarenal
aortic aneurysms. Aneurysms that occur between the
left subclavian artery and the diaphragm are classified as
descending aneurysms. True thoracoabdominal aortic
aneurysms involve both the thoracic as well as the
abdominal aorta and are classified into four groups
based on the extent of aortic involvement. Type I
thoracoabdominal aortic aneurysms involve the aorta

Descending
thoracic

distal to the left subclavian artery and extend down to
the visceral vessels. Type II aneurysms involve most of
the descending and abdominal aorta. Type III aneurysms
involve less than one-half of the descending thoracic
aorta and the abdominal aorta. Type IV aneurysmal
involvement is all intra-abdominal; however, to gain
proximal control the lower thoracic aorta must be
clamped.

Incision

Descending aortic aneurysms are usually amenable

to resection through a standard fourth or fifth
interspace lateral thoracotomy. Sometimes, separate
incisions at the fourth and seventh interspaces are
required. Thoracoabdominal aortic aneurysms are
approached with the patient in the right lateral
decubitus position on an air controlled ‘bean bag’, with
the hips being permitted to fall into a semisupine
position. The incisions for thoracoabdominal aortic
replacement vary according to the type of aneurysm.
The incision for types I and II is made through the fifth
interspace and is connected to an upper midline or
paramedian abdominal incision. Types III and IV
aneurysms are usually approached through the eighth
interspace and the incision is continued obliquely
across the left side of the abdomen. The incision and
approach for a suprarenal aneurysm is by a standard
extraperitoneal approach below the diaphragm. The
dissection progresses in an extraperitoneal fashion.
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Dissection

The dissection is continued through the diaphragm

with the diaphragm cut in a circumferential fashion.
To facilitate later closure of the diaphragm, alternating
coloured sutures are used along the diaphragmatic
incision so that they can be matched by colour at
closure. The crus of the diaphragm is divided and the
entire aneurysm is examined and proximal and distal
control established.

Aortic clamping

Systemic heparinization is not used; however, 1000

units of heparin are given intra-arterially through
the aorta. The distal aortic clamp is placed first, then the
proximal clamp is placed and the occluded segment of
aorta is opened vertically. If a segment of narrowing is
noted along the aorta between two large segments of
aneurysm an intermediate clamp may be placed, and
therefore the proximal portion of aorta can be opened
first. The laminated thrombus is removed from the
opened aneurysmal sac.
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Intercostal reimplantation

A tightly woven graft of appropriate size is selected.

The proximal anastomosis is performed with 0
polypropylene (Prolene) on a V-7 needle. In order to
incorporate intercostal arteries near the anastomosis,
the graft is frequently bevelled posteriorly; the anasto-
mosis is then performed obliquely to include intercos-
tals with a posterior tongue of aortic tissue. We attempt
to revascularize as many pairs of intercostals as is
technically feasible. This may require multiple cuffs to
be reimplanted on the graft, or even a separate smaller
graft from the aortic graft to revascularize intercostals.
The clamp is sequentially moved distally in order to
restore the critical spinal cord blood flow as soon as
possible.

Visceral vessel reimplantation

The visceral vessels can be reimplanted into the

graft after excising an island of graft wall of
appropriate size to match the cuff of aorta containing
the visceral vessels. When possible, the coeliac, superior
mesenteric, and renal arteries are included in the aortic
graft as a single cuff. Alternatively, two cuffs are utilized,
usually including the left renal artery as a separate
anastomosis. In type I aneurysms the visceral vessels can
frequently be incorporated as an anterior tongue of the
distal anastomosis in a fashion similar to the way in
which the intercostals are incorporated as a posterior
tongue of the proximal anastomosis. Following reim-
plantation of the visceral vessels, care must be taken to
release the clamp slowly to minimize sudden
hypotension. Hypotension can be minimized by volume
loading with blood and crystalloid before declamping
and by the rapid transfusion of blood with a rapid
infusion system. Administration of bicarbonate, fresh
frozen plasma, and platelets is also required. The
visceral anastomoses are then closely inspected to
ensure patency and to check for excessive bleeding.



Descending and suprarenal aortic aneurysms 185

Distal anastomosis

The distal anastomosis can then be performed as

either a single distal aortic anastomosis or as a
bilateral iliac reconstruction (adding a bifurcation
graft), depending on the extent of disease.

Closure of aneurysm sac

When all the anastomoses are complete, the sac of

the aneurysm is tightly closed over the graft with a
running polypropylene suture. In some patients there
may be insufficient aortic wall remaining to close the
aneurysm sac over the graft. In these instances we use a
thin-walled polytetrafluoroethylene (PTFE) membrane
to completely cover the graft to provide tamponade of
any further bleeding. This is particularly helpful when
fibrinolysis or other coagulopathy exists and bleeding
occurs from needle holes or through the interstices of
the graft.

Wound closure

9 The diaphragm is repaired with interrupted mat-

tress sutures of non-absorbable material. High and
low lying posterior chest tubes are placed and brought
out through stab wounds in the midaxillary line inferior
to the incision. The wound is closed with interrupted
sutures of non-absorbable material.
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Postoperative care

After surgery the patient remains intubated, with no
attempts being made to wean from the respirator for the
first 24 h. Maintenance fluid is given at an initial rate of
125 ml/h, reduced in a stepwise fashion to 60 ml/h by
the third postoperative day. Urine replacement is
started immediately after operation and is stopped after
the first 12—24h. By the third postoperative day
mobilization of fluid will occur and frusemide may be
used to reduce pulmonary congestion. During the first
24—48h the patient is given low-dose dopamine
(2.5mg/kg) to aid in renal and visceral perfusion. The
chest tubes are ordinarily removed on postoperative
day 2-5. The intrathecal catheter is left in place for
24—72h and the CSF pressure is kept below 10 mmHg.

Outcome

We recently reported our first 150 consecutive cases of
thoracoabdominal aortic aneurysm replacement®. Over
96% of patients survived long enough to determine the
status of postoperative neurological function and the
overall 30-day mortality rate was 10%. Cardiac prob-
lems and coagulopathy were the leading causes of early
mortality; late mortality was most often caused by
multiorgan system failure. The most common cause of
morbidity was pulmonary insufficiency, occurring in
over 20% . Previous reports from other institutions have
indicated a high rate of neurological injury following
thoracoabdominal aortic aneurysm repair, with para-

plegia reported to be as high as 30% in some studies’. In
our series®> only 4% of the patients developed lower
extremity neurological deficits. The authors believe this
is due to our routine attempts to completely reimplant
intercostal arteries as well as to the use of the multiple
adjunctive measures which we have described above.

In summary, repair of descending thoracic, thor-
acoabdominal or suprarenal aneurysms is a high-risk
procedure. Proper preoperative evaluation of the
patient, coupled with appropriate perioperative care
and expeditious surgical technique, can reduce these
risks to acceptable levels.

References

1. Hollier LH, Symmonds JB, Pairolero PC, Cherry KJ, Hallett JW,
Gloviczki P. Thoracoabdominal aortic aneurysm repair: analysis of
postoperative morbidity. Arch Surg 1988; 123: 871-5.

2. Crawford ES, Crawford JL, Safi HJ, Coselli JS, Hess KR, Brooks B et
al. Thoracoabdominal aortic ancurysms, preoperative and intraop-
erative factors determining immediate and long-term results of
operations in 605 patients. J Vasc Surg 1986; 3: 389—404.

3. Hollier LH, Money SR, Naslund TC et al. The risk of spinal cord
dysfunction in 150 consecutive patients undergoing thoracoabdo-
minal aortic replacement. Am J Surg 1992; 164: 210-14.

4. Hollier LH, Marino RJ. Thoracoabdominal aortic aneurysms. In:
Moore WS, ed. Vascular Surgery: A Comprebensive Review. 3rd ed.
Philadelphia: WB Saunders, 1991: 295-303.

5. Crawford ES, Svensson LG, Hess KR, Shenaq SS, Coselli JS, Safi HJ et
al. A prospective randomized study of cerebrospinal fluid drainage
to prevent paraplegia after high-risk surgery on the thoracoabdo-
minal aorta. J Vasc Surg 1991; 13: 36—46.



lllustrations by Mark lley

Thoracic aorta to femoral artery

bypass

James S. T. Yao MD, PhD

Magerstadt Professor of Surgery, Division of Vascular Surgery, Department of Surgery, Northwestern

University Medical School, Chicago, lllinois, USA

Walter ). McCarthy MD

Assistant Professor of Surgery, Division of Vascular Surgery, Department of Surgery, Northwestern University

Medical School, Chicago, lllinois, USA

History

Arterial bypass from the descending thoracic aorta to
the femoral artery provides successful perfusion to the
lower extremity when a transabdominal approach to the
abdominal aorta is undesirable. The first reported
operation was performed in 1956 by Stevenson et al.'.
Several years later, in 1961, Blaisdell et al. used this type
of bypass around an infected abdominal aortic
prosthesis®. Since then, fewer than 160 cases have been
reported in the world literature>=>. In patients with
good surgical risk this procedure provides an alternative
inflow source for femoral artery reconstruction with a
long-term patency rate superior to the traditional
axillofemoral bypass.

Principles and justification
Indications

The indications for operation can be divided into three
categories:

1. Failed grafts: reconstruction after two previously
failed aortobifemoral bypasses.

2. Conversion of existing or recently failed axillary
popliteal or axillary femoral bypasses originally
placed for septic abdominal aortic conditions, e.g.
infected aortic grafts or aortoduodenal fistulae.

3. Hostile abdomen: this category includes patients
who had complex or multiple major abdominal
procedures or intra-abdominal infection, and those
who have received radiation therapy.

Preoperative
Assessment

Arteriographic detail of the femoral outflow is often best
provided by either transaxillary retrograde arterio-
graphy or, in the face of aortofemoral graft occlusion,
direct puncture of the axillary femoral or popliteal grafts
if these are patent. Arteriographic visualization of the
descending thoracic aorta is not absolutely necessary,
and this area can be studied using infusion computed
tomographic scanning.

Preoperative selection should be that used for
standard thoracotomy; without pulmonary resection,
the operation is less stressful than usual. Evaluation
usually includes a preoperative pulmonary function test,
cardiac assessment and arterial blood gas measurement.
If indicated, a Swan—Ganz catheter is placed for
intraoperative and postoperative monitoring.

Anaesthesia

Anaesthetic management is similar to that used for a
routine thoracotomy. In addition, a double-lumen
endotracheal tube allows collapsing of the left lung and
simplifies exposure of the supradiaphragmatic aorta.
The double-lumen tube is useful but not essential.
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Operation
Position of patient

The patient is positioned on the operating table

with the pelvis flat and the left side of the thorax
elevated 30° from horizontal. Position is maintained
with sandbag elevation of the left side of the chest. The
left arm is elevated and attached to the ether screen or
held in an arm holder. The prepared surgical field
extends from the left axilla to the lower thighs,
bilaterally.

Incision

The thoracoabdominal incision is placed in the 7th
interspace, crosses the costal cartilages and runs
obliquely on the abdominal wall, ending just beyond the
costal cartilage.

Exposure of thoracic aorta

Transection of the left rectus abdominis muscle is
followed by entry into the retroperitoneum beneath the
internal oblique fascia. Opening the peritoneum is
avoided. The diaphragm is incised directly beneath the
cut costal cartilage radially toward the aorta. The

diaphragmatic incision is made with the electrocautery
and is limited to the very periphery of the diaphragm.
The inferior pulmonary ligament is incised to expose
the aorta above the diaphragm. Circumferential control
of the aorta is gained with sharp and blunt dissection,
and a Silastic sling is placed. A nasogastric tube should
be placed to aid in the identification of the oesophagus.

Exposure of femoral artery

The groin incisions are performed after the aorta is
controlled. If a functioning axillary—femorofemoral graft
is in place, this may only entail isolating the existing
femorofemoral graft.

Retroperitoneal tunnelling

The left groin incision is extended with transection

of the inguinal ligament to gain entry to the
retroperitoneum. Blunt dissection by the surgeon’s right
and left index fingers completes the retroperitoneal
tunnel along the anterior axillary line. Even with an
obese patient this tunnel is short enough to allow easy
approximation of the surgeon’s right and left index
fingers. The tunnel is anterior to the spleen and left
kidney, and this approach avoids major retroperitoneal
veins.
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Femoral tunnelling

If a femorofemoral tunnel is required, it is usually placed
in the subcutaneous position.

Aortic anastomosis

After an adequate dose of heparin has been

administered, the thoracic aorta is clamped with a
partial occlusion clamp. If the aorta is large and the
patient is hypertensive, intraoperative control of the
blood pressure with a sodium nitroprusside drip must
be obtained. A 10-mm or 12-mm polytetrafluoroethylene
prosthesis is anastomosed to the aorta in an end-to-side
manner with 4/0 or 5/0 polypropylene sutures.

Femoral anastomoses

The graft is brought over the diaphragm and
through the retroperitoneal tunnel, and the distal
anastomoses are completed in an end-to-side manner.

Wound closure

Any existing axillary grafts are transected and oversewn
at the groin level and allowed to thrombose. The
diaphragm is closed around the graft with non-
absorbable sutures. The chest is drained with two chest
tubes, which are removed early after the operation.
Closure of the thoracoabdominal incision is often aided
by excising a portion of the costal cartilage.
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Postoperative care
Complications

Most complications are related to blunt dissection
during the tunnelling manoeuvre. These include rup-
ture of the spleen, bladder injury and bleeding from the
iliac vein.

Outcome

Since the initial report®, descending thoracic aorta to
left femoral bypass with femorofemoral bypass has been
employed in 21 patients over a 10-year period. This
surgical experience has recently been reported’. These
bypasses were placed to convert an axillopopliteal or an
axillofemoral graft to a more permanent inflow source
in 12 patients, after multiple failed attempts (at least
two) at intra-abdominal aortic repair in five patients,
and to avoid exploring the abdomen after extensive
retroperitoneal dissection or radiation in four patients.
In this series there was no perioperative mortality.
Perioperative myocardial infarction, stroke, or renal
failure requiring haemodialysis was also not encoun-
tered. With the follow-up of 1-120 months (mean, 44
months) the 4-year patency was 100%. A single graft
failed at 49 months, but was reopened by thrombec-
tomy and femorofemoral bypass. Thus, the extended
patency was 82% but the secondary patency remains
100% throughout. Since their thoracic operations,
patients have required five femoropoliteal, three femoro-
tibial, two deep femoral and two femorofemoral
operations.

Descending thoracic aorta to femoral grafting is a safe,
extremely durable arterial bypass. It is an excellent

reconstruction for survivors of aortic graft infection,
those with repeatedly failed aortic grafts, and for
patients for whom re-entering the abdominal cavity
would be hazardous.
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History

Aortoiliac reconstruction began with thromboendar-
terectomy of the aortoiliac and femoral segments. Open
endarterectomy was developed first by Dos Santos,
followed by the semiclosed technique and, finally,
eversion endarterectomy, still used by some. Concerns
about the technical challenge of thromboendar-
terectomy and the better long-term patency of aorto-
femoral bypass have caused many surgeons to abandon
this procedure. In recent years, attention has turned to
extending the bypass more proximally to adequately
address disease in the perirenal and visceral aorta, most
commonly through an extended retroperitoneal
approach. At the same time there has been a resurgence
of interest in iliofemoral bypass for patients with
unilateral iliac occlusion. Stenotic iliac lesions are now
often treated by percutaneous balloon angioplasty,
sometimes accompanied by distal cross-femoral recon-
struction. An axillobifemoral bypass is occasionally
used. Thus, there are now many alternatives in aortoiliac
reconstruction, and the approach is currently tailored to
each clinical situation®?.

Principles and justification

Reconstruction of the aortoiliac segment is usually
justified in patients with symptomatic arterial insuffi-
ciency of one or both lower extremities. The relatively
low morbidity and mortality rates associated with

aortofemoral bypass (2—-5% ) and excellent long-term
patency rates (about 90% ) justify this approach in
patients with symptoms of claudication who are
otherwise fit for surgery>. Patients with claudication
who are at increased risk for aortofemoral bypass can
often be treated by lower risk procedures, e.g.
iliofemoral bypass, cross-femoral bypass, axillobifemoral
bypass, or percutaneous angioplasty with or without
cross-femoral bypass. If there is an indication from the
physical assessment that one of these approaches is
possible, then angiography is appropriate to evaluate
higher risk patients with claudication for such interven-
tion.

Impending tissue loss with severe aortoiliac disease is
a firm indication for arterial reconstruction. Because
amputation is often the alternative in these patients, a
higher degree of operative risk is acceptable. As in
patients with claudication, however, the treatment
selected must be matched to the patient’s arterial
anatomy and clinical condition.

As a general guideline, patients with diffuse aortoiliac
involvement are best treated by aortofemoral bypass.
Unilateral iliofemoral reconstruction is reserved by the
authors for those patients with significant disease
restricted to a single iliac system and a relatively normal
aortic bifurcation. Percutaneous angioplasty has been
helpful in patients with discrete (usually less than 5 cm)
stenosis or occlusions of the iliac vessels. While some
clinicians advocate angioplasty in lesions up to 10 cm in
length, iliofemoral bypass is preferable if possible in
these cases. In poor-risk patients with bilateral iliac
disease, i.e. occlusion with contralateral discrete steno-
sis, the authors have not hesitated to employ unilateral
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angioplasty with cross-femoral bypass. In these cases, a
Palmaz stent is currently employed in conjunction with
angioplasty to protect the downstream reconstruction.

Preoperative

Assessment

In addition to a thorough history and physical
examination non-invasive vascular evaluation is impor-
tant. This should include segmental limb pressures and
Doppler waveform recording from the common femoral
arteries. Duplex ultrasonography may be helpful in
some patients to identify discrete iliac lesions amenable
to angioplasty, but it cannot currently replace biplane
angiography®. Angiography should include antero-
posterior views of the entire abdominal aorta including
the visceral vessels. Lateral aortic views are important
when perirenal disease is suggested on the anteropos-
terior aortogram or when a meandering mesenteric
artery is identified. Lateral aortography is the only way
to identify posterior aortic plaque and to visualize the
orifices of the coeliac and superior mesenteric arteries.
If stenoses of the iliac arteries are suggested, oblique
films may be necessary to delineate the extent of disease
further. Finally, when questions still remain as to the
significance of aortoiliac disease, pullback pressure
measurements may be necessary, often with the use of a
vasodilator such as papaverine. A pressure gradient of
more than 10 mmHg following injection of a vasodilator
is diagnostic of a haemodynamically significant lesion.
Distal films should include tibial run-off.

From the foregoing it is obvious that transfemoral
aortography is preferred whenever possible. This
provides the best information on distal run-off and
permits pressure measurement. In some cases of severe
iliac disease or aortic occlusion, transfemoral aortogra-
phy is not possible. Transaxillary or translumbar
aortography is an acceptable alternative. Use of small
catheters and the digital subtraction technique has
reduced complications from the transaxillary approach.
Lateral aortography is often needed in these cases and

may be cumbersome if a translumbar approach is used.
Intravenous digital subtraction techniques are seldom
detailed enough to provide information not available
after a thorough physical examination and non-invasive
study.

General evaluation focuses on the heart, lungs and
abdominal viscera. A history of angina, exertional
dyspnoea, postprandial abdominal pain, or hypertension
is sought. Laboratory evaluation includes chest radio-
graphy, electrocardiography, clotting profile and serum
creatinine concentrations. A history of untreated angina,
unstable angina, or unexplained cardiographic abnorm-
alities requires further evaluation, currently by stress
nuclear cardiography or 24-h electrocardiographic
monitoring. Patients with ischaemic myocardium at risk
may require coronary angiography, particularly before
elective surgery for claudication. Significant dyspnoea
or abnormal chest radiographic findings should prompt
preoperative pulmonary function tests. Patients with
hypertension and abnormal or borderline serum creati-
nine concentrations should have a creatinine clearance
performed before surgery, particularly if angiography
suggests renovascular diseasc.

Patient preparation

Patients should be admitted on the evening before
surgery for hydration. Intravenous hydration is particu-
larly important if angiography is performed on the day
before operation. Intensive preoperative monitoring
(including peripheral arterial and pulmonary artery
catheters) is indicated in patients with visceral vessel
involvement as well as in those at increased cardiac risk.
Optimal preoperative control of intravascular volume,
cardiac performance and vascular resistance is essential
in these patients to reduce perioperative morbidity.
Prophylactic antibiotics are administered within 1h
before skin incision and continued until all invasive
monitoring is removed. General anaesthesia is preferred
for these procedures. Supplemental epidural anaesthesia
may be useful in some patients, and this can be
continued for 24—48h after surgery in selected cases.
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Operations

Aortoiliac endarterectomy is still indicated in some
patients whose disease is limited to the distal aorta and
common iliac arteries. Although it may be technically
more challenging than bypass procedures, it avoids the
use of a prosthetic material. The more extensive
dissection of the aortic bifurcation required with this
procedure may increase the frequency of ejaculatory
dysfunction in men and is used sparingly in men for this
reason. Cases of aortic hypoplasia are best treated by
aortofemoral bypass. Endarterectomy is occasionally
useful when re-establishing flow in a contaminated field
or treating a graft infection. Thromboendarterectomy
can be performed through a standard retroperitoneal or
transabdominal approach.

STANDARD RETROPERITONEAL APPROACH
Position of patient and incision

For the standard retroperitoneal approach, the

patient is positioned with the left side elevated to
30—45°. This is readily achieved by a rolled towel or
bean bag. Reverse flexion of the table (jack-knife
position) is helpful for additional exposure. The incision
is begun just below the umbilicus just medial to the
lateral border of the rectus muscle and extends laterally
to the tip of the 12th rib.

The anterior rectus sheath is incised and the rectus

muscle is retracted (or occasionally transected) for
adequate medial exposure. The medial portion of the
incision is the most usual point at which the peritoneal
cavity is entered, and care should be taken to avoid this.
If the peritoneum is incised, it is immediately closed
with a running absorbable suture (3/0 or 4/0). The
external oblique, internal oblique and transverse
abdominis muscles are transected along the line of the
skin incision.
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Exposure of the aorta and iliac vessels

The retroperitoneal space is entered laterally and

the peritoneum and its contents are swept medially
using a gauze laparotomy pad. Mobilization proceeds
above the retroperitoneal fat and psoas muscle and the
genitofemoral nerve. In this approach, dissection is
anterior to the left kidney. The inferior mesenteric
artery is identified and divided for additional exposure.
From this point on the operation is identical to the
transperitoneal approach. At the conclusion of the
endarterectomy the rectus sheath, transverse abdominis
and oblique muscles are closed individually with 0 or
2/0 absorbable sutures.

Mobilization of the aorta and iliac vessels

Completion of the thromboendarterectomy re-

quires extensive mobilization of the aorta and iliac
arteries including their tributaries. Mobilization should
extend 2—3 cm proximal and distal to the known area of
disease and may include the distal abdominal aorta,
common external and internal iliac arteries, middle
sacral and lumbar arteries. The smaller arteries can be
controlled by Pott’s ties or small bulldog clamps.



Aortoiliac reconstruction: thromboendarterectomy and bypass grafting 195

Arterial incision

Incisions are made to encompass the proximal and

distal aspects of the proposed thromboendar-
terectomy. This can be accomplished by using two
incisions: one placed to the right of the inferior
mesenteric artery and extending down the right
common iliac vessel and a separate longitudinal incision
on the left common iliac artery. This technique
minimizes disruption of the preaortic autonomic plexus,
which is located to the left side of the aortic bifurcation.

Alternatively, three incisions can be made, separat-

ing the aortic and right iliac arteriotomies. In either
event the iliac arteriotomies must extend distally past
the end of the endarterectomy (usually at the iliac
bifurcation).
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Endarterectomy

The plane of cleavage is identified just deep to the

intima. This plane is developed using a clamp or
endarterectomy spatula. The dissection is carried
circumferentially throughout the diseased segment. The
inner core is divided proximally and distally with
scissors and the plaque is removed. Endarterectomy
may be facilitated by dividing the plaque proximally
early in the procedure to aid in developing the cleavage
plane. The endarterectomy is completed in a semiclosed
fashion using an intraluminal dissector between the
incisions. The endarterectomy is ended where the
plaque becomes attenuated, most often at the common
iliac bifurcation. The intima is cut flush at this point with
Pott’s scissors to avoid loose flaps.

Securing the intima

Following transection of the intima, it is inspected

closely and the area irrigated with heparinized
saline solution. If the intima is loose at its distal cut
margin, it should be anchored to the vessel with a series
of interrupted mattress sutures tied outside the vessel.
After inspection of the distal operative site, the entire
endarterectomy is flushed with heparinized saline to
remove any loose debris and thrombus.
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Closure of arteriotomies

The arteriotomies are closed with running 4/0 or

5/0 monofilament sutures. Before completion of
the closure, clamps are momentarily released first
distally and then proximally to flush out residual debris
or thrombus.

1 If necessary, the arteriotomies may be closed

with a patch of Dacron or polytetrafluorethylene
(PTFE). This is particularly helpful when the aorta is
small. The ends of the patch are rounded or squared off
to widen the distal ends of the arteriotomy. After release
of the clamps, bleeding is controlled by packs with light
pressure. Liquid thrombin or microcrystalline collagen
may occasionally be required. Significant suture line
leaks are repaired with interrupted 6/0 sutures.
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Alternative methods of endarterectomy

Eversion endarterectomy and semiclosed endar-
1 terectomy have been used as alternatives to the
method described here. Eversion endarterectomy in-
volves complete mobilization and transection of the
vessel involved, which is then turned back on itself.

12 1 3 The semiclosed technique usually in-
/ volves multiple transverse arteriotomies

and the use of a looped endarterectomy stripper. These
techniques are difficult for long segments unless the
operator is very familiar with them. They offer no
advantages over the approach described above.
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TRANSPERITONEAL AORTOILIAC AND
AORTOFEMORAL BYPASS GRAFT

This remains the most common procedure performed
for aortoiliac occlusive disease. A variety of prosthetic
materials is used. Currently, the authors’ preference is
collagen-impregnated Dacron or PTFE because of the
impermeable nature of the material. If standard knitted

or woven Dacron is used, it must be preclotted before
implantation. Using this approach, the proximal anasto-
mosis is infrarenal; while the distal anastomosis can be
to the common iliac, external iliac, or femoral arteries,
the authors believe that common femoral anastomosis is
indicated in the overwhelming majority of operations
performed for occlusive disease and is associated with
better long-term patency.

Incision

1 4 The preferred incision is a long midline one

extending from the xiphoid process to the pubic
symphysis, although a left paramedian or even a
transverse incision is employed by some surgeons.
When the graft is to be carried to the femoral arteries,
these are exposed by longitudinal incisions beginning
above the level of the inguinal ligament and extending
down over the femoral arteries low enough to expose
the common femoral bifurcation. Additional proximal
exposure of the distal external iliac artery can be gained
by curving the incision laterally parallel to the inguinal
ligament. The ligament can be retracted superiorly and
the artery exposed, often without transecting the
ligament.

Exposure of the abdominal aorta

1 The retroperitoneum is entered by incising the
5 retroperitoneal attachments of the duodenum
and mobilizing the ligament of Treitz. This incision is
begun as close to the duodenum as possible and
continued down the right side of the aorta. A flap of
posterior peritoneum is developed based to the left of
the aorta. This flap is used after completion of the bypass
to separate the graft from the visceral organs. The
lymphatic vessels overlying the aorta are divided
between ligatures or clips. Dissection proceeds prox-
imally until the renal vein is identified. Failure to
encounter this structure must alert the operator to the
possibility of a retroaortic renal vein. During dissection
the inferior mesenteric vein is mobilized and retracted.
Although the inferior mesenteric vein may be ligated if
necessary, this has not occurred in operations for
occlusive disease in the authors’ experience.

Infrarenal aortic dissection begins just below the
renal vein and continues for 2—3cm distally. The
importance of placing the proximal (aortic) anastomo-
sis high on the infrarenal aorta cannot be overempha-
sized. This area is most often free of disease and most
amenable to precise anastomosis. One or more pairs of
lumbar arteries may be sacrificed to obtain adequate
mobilization of the aorta. The aorta is encircled using
finger dissection if possible, although a curved vascular
clamp may be required. During these manoeuvres care
must be taken to avoid damage to the vena cava or
lumbar veins.
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Mobilization of the renal vein
In especially high lesions, additional

1 6 / 1 exposure can be gained by mobilizing
or dividing the renal vein. The authors prefer mobiliza-
tion to division and ligature. Mobilization may require
division of the gonadal vein to allow the renal vein to be
retracted superiorly. If the renal vein must be divided
this should be done close to its junction with the vena

cava and the ends oversewn with a double layer of 5/0
monofilament suture. When dividing the renal vein it is
important to preserve both the gonadal and adrenal
veins to provide venous outflow for the left kidney.
Whenever possible the decision to transect the renal
vein should be made before the gonadal vein is
sacrificed during mobilization of that structure.
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Clotting the graft

This step is always necessary when a non-coated knitted
Dacron graft is used, although it is not as important
when the less porous woven grafts are employed.
Preclotting serves two purposes: to seal the graft
effectively against leakage and to provide a smooth
fibrin lining at the blood—graft interface. When newer
impervious prosthetics are used, this step is not
required.

18 19 Before systemic heparinization, fresh
/ blood, 100 ml, is withdrawn from the

aorta or vena cava and placed in a basin. An
appropriately sized graft is selected for use. The graft
should be isodiametric or slightly smaller than the
artery for aortic reconstruction. In the authors’ experi-
ence the graft selected is more often too large than too
small for the vessels. One end of the graft is clamped,
and fresh blood is forced through the graft using a
catheter-tipped or bulb syringe. This procedure is
continued until leakage through the prosthesis is
minimal. The prosthesis is then flushed with heparinized
saline to remove any loose debris.
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Making the tunnel

2 Following removal of blood for clotting, the

retroperitoneal tunnel is made using blunt
dissection. Tunnelling is accomplished using finger
dissection from the abdominal and femoral incisions.
The tunnel begins in the abdomen behind the ureter
and directly over the iliac artery. Failure to remain
behind the ureter can result in postoperative ureteric
obstruction. In the groin, the plane is found immediately
over the femoral artery. Tunnelling is completed bluntly
and a long vascular clamp is guided through the tunnel
from below upwards. Dacron tape is left in the tunnel.

The patient is anticoagulated with intravenous
heparin, 100—150 units’kg. The arteries are clamped
distally first to avoid embolism, and the prosthesis is
inserted. At this point the inside of the prosthesis is
inspected, and any loose fibrin or clot is removed using
forceps or flushing techniques. After completion of the
proximal anastomosis, the graft will be filled with blood
to test for leakage and then flushed with blood to
remove debris before performing the distal anastomosis.

End-to-end proximal anastomosis

The proximal anastomosis may be end-to-end or
end-to-side. The former is preferable because of less
turbulent flow and more accurate suture placement.
End-to-end anastomoses have a particular advantage
when there is extensive juxtarenal aortic disease, as
they permit inspection of the proximal aorta, limited
thromboendarterectomy, and accurate placement of
sutures in the proximal anastomotic line. Every effort is
made to locate the proximal anastomosis high on the
infrarenal aorta.

2 The aorta is clamped proximal and distal to the
area proposed for anastomosis, and the aorta is

transected. The distal end of the aorta is oversewn with

a double layer of 3/0 or 4/0 polypropylene (Prolene).



Aortoiliac reconstruction: thromboendarterectomy and bypass grafting 203

A preclotted graft of appropriate size is then
2 anastomosed to the cut end of the aorta using a
running 3/0 or 4/0 polypropylene suture. The anastomo-
sis is begun on the posterior wall of the aorta. This
suture may be tied or a running parachute technique
may be used. The two ends of the suture are then
continued posteriorly and anteriorly to complete the
suture line. Whenever possible, the sutures proceed
from intima to adventitia on the aorta.

Alternative techniques include placing two equidis-
tant sutures to bisect the anastomosis or using
interrupted mattress sutures for the posterior wall or
the entire circumference of the anastomosis. While
these methods have their advocates, the authors have
not found them to be particularly advantageous in the
usual aortic reconstruction. It is most important that the
aortic sutures are placed in relatively good aorta with a
single motion whenever possible. Excessive torque on
the artery can result in needle hole bleeding or even
disruption of the proximal suture line.

End-to-side proximal anastomosis

End-to-side grafts are indicated in specific circum-
stances where it is important to preserve prograde flow
to the pelvis through the hypogastric vessels®. This is
most common when there are bilateral external iliac
occlusions with less disease in the aorta and common
iliac vessels. If inferior mesenteric flow is to be
preserved, proximal end-to-side anastomosis may be
used, although an end-to-end anastomosis with reim-
plantation of the inferior mesenteric artery may be
preferable. End-to-side anastomosis is also preferred in
patients with a small aorta. It may be used in patients
where the aortic segment to be used is soft and
disease-free. The exposure of the aorta is identical to
that already described.

A side-biting partial occlusion clamp may be
2 used; however, two aortic occlusion clamps are
preferred because this allows better exposure of the
arteriotomy. The upper clamp is applied in the standard
fashion above the level of anastomosis. The lower clamp
is applied from below in the axis of the aorta to occlude
the lumbar vessels as well as the distal aorta. End-to-side
anastomosis does not require mobilization of the
posterior aortic wall. An elliptical incision is cut in the
graft and the suture is begun at the distal aorta and the
‘heel’ of the graft as a mattress suture, which is tied and
then carried up each side. One suture is carried around
the apex of the graft so that this critical area can be
completed under direct vision. Suturing should always
proceed from inside to outside on the artery to avoid
raising a flap of intima. When the anastomosis is
complete, it is tested as described below.
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Testing the proximal suture line

2 The limbs of the aortic graft are clamped and the

aortic clamp briefly removed to allow the graft
to fill with blood. The graft is reclamped close to the
suture line and the aortic clamp again released to test
anastomotic integrity. Bleeding from needle holes is
usually controlled with pressure. Any large leaks,
however, are best repaired with interrupted sutures at
this point. Once the suture line is secure, the proximal
aorta is reclamped.

Prolonged clamping of the graft should be avoided
unless the character of the aorta precludes reclamping
the vessel safely. A cuff of graft may be placed over the
limbs of the bifurcation graft and brought proximally to
cover the anastomosis. This is particularly helpful when
the aortic cuff is friable and has been used routinely by
some surgeons with the hope of decreasing aortoenteric
fistulae.

End-to-side distal anastomosis

The distal anastomosis may be performed to the
common iliac, external iliac or common femoral artery.
While there are some advantages to avoiding an
anastomosis in the groin (lower incidence of wound
problems and avoiding an area of flexion), the long-term
patency of aortofemoral grafts may be superior to that of
aortoiliac grafts when performed for occlusive disease.
For this reason the distal anastomosis is usually carried
to the common femoral artery. As progressive disease is
frequent in the superficial and common femoral arteries,
it is important to site the femoral anastomosis low on
the common femoral arte<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>