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INTRODUCTORY ADDRESS
Permanent circulatory access — past,
present and future

J.J. COLE, R. O. HICKMAN, M. B. DENNIS, JR., W. JENSEN AND
B. H. SCRIBNER, Guest Lecturer

In this chapter the term ‘permanent’ is used to indicate life-long circulatory
access as distinguished from various forms of temporary circulatory access,
such as the placement of a needle in a vein to provide a route for intravenous
infusion. Furthermore, the term ‘circulatory access’ as we use it here can be
either direct or indirect. Examples of the latter are the use of the peritoneum
for long-term dialysis or the subcutaneous route for the continuous infusion
of insulin. In the following pages we will describe some of the important
evolutionary steps in the history of permanent circulatory access and the
interesting interplay among some of the modes of access that have evolved
during the last 20 years. We will also discuss possible future developments.

The history of permanent circulatory access began on 9 March 1960, with
the placement of an all-Teflon arteriovenous (A-V) shunt in the left arm of
the world’s first maintenance haemodialysis patient!. Although this device
represented a very poor solution to the need for permanent circulatory
access, it got the job done during the first 2 years of maintenance haemo-
dialysis and the patient survived 11 years without any renal function of his
own. He died, not from loss of circulatory access, but from a myocardial
infarction.

It is noteworthy that Teflon was selected for use in the first cannula design.
The right substance was selected for the wrong reason. A surgical colleague
had told us that Teflon should be tried because of its low tissue reactivity.
Much later we realized that the ‘non-stick’ ultrasmooth surface of Teflon was
what prevented the early shunts from clotting. Had we chosen any other
plastic, the original shunts undoubtedly would not have remained patent.
Instead, it was chosen because a roll of Teflon tubing of the correct size, as
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judged by the intuition of the engineers and physicians involved, happened to
be on the shelves in the Central Supply division of University Hospital. Had
this material, intended for use as insulation for electrical wiring, not been
available and another chosen instead, results of the initial cannulation might
have ended quite differently.

Another significant evolutionary step occurred when silicone ‘rubber’ was
introduced into the cannula system. Whereas the development of the all-
Teflon A-V cannulas represented the first step in achieving successful long-
term blood access, use of these cannulas usually was limited to a few weeks or
months, with flows progressively slowing as the vessels immediately proximal
to the cannula tips closed. Believing this problem to be due to recurring
trauma at the junction of the cannula tip and vessel caused by cannula
rigidity, we sought a material which would serve as a ‘shock buffer’, prevent-
ing movement of the vessel tips as the arm was rotated. Silicone rubber, a
newly available biologically compatible polymer from the Dow Corning
Company, eventually was selected for use in this application? and remains a
major contributor to successful circulatory access to the present time.
Incorporation of a tubular silicone rubber segment as part of the blood
conduit immediately produced a two- to threefold improvement in cannula
longevity.

In 1966 the course of haemodialysis blood access was abruptly and
dramatically altered by the Cimino group’s announcement of the successful
use of the A-V fistula, thereby making possible permanent blood access for
many dialysis patients3. It is ironic that the means for a surgically created
vascular fistula had existed long before 1960, but the idea simply had been
overlooked by the many investigators seeking a better means of circulatory
access for dialysis. The originators are to be commended for their innovation
and perception.

Although the A-V fistula greatly extends the longevity of blood access for
most dialysis patients, it is subject to failure by thrombosis, stenosis, infec-
tion, and haematoma at the venipuncture site. These occasional compli-
cations, plus the fistula’s principal disadvantage, i.e. the need to perform
painful venipuncture, have fostered research for a permanent percutaneous
blood access method which continues to the present. Notwithstanding these
drawbacks, the A-V fistula presently is the most widely used method for
dialysis blood access in the world.

Our story now shifts to peritoneal dialysis. In 1963 Dr Fred Boen, while
working in Seattle, addressed the serious problem of peritonitis in patients
maintained on this therapy. Boen resorted to what he called the ‘single-stick
method’ of peritoneal access, which simply meant that a new intraperitoneal
catheter had to be inserted for each dialysis. Using this approach, Boen
demonstrated for the first time that long-term peritoneal dialysis could be
administered with an acceptably low infection risk for the patient and that it
was a serious therapeutic alternative to haemodialysis for the treatment of
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end-stage renal disease*. A new treatment option for the patient with chronic
renal disease had been established.

A vyear or so later, Palmer, Quinton et al. developed a new ‘intramural’
cannula for peritoneal dialysis®. Quinton, who had worked with our group in
the development of the all-Teflon and later the Teflon—silicone cannulas,
chose silicone as the material for the Palmer—Quinton peritoneal catheter.
This appliance was an extruded tube with perforations through the wall of the
terminal segment for fluid flow, and with sufficient compliance to be
atraumatic to the abdominal viscera. Although this catheter had numerous
other desirable features, it, like its predecessors, produced unacceptably high
rates of infection.

The final step in the evolution of the bacteriologically safe peritoneal
catheter occurred when Tenckhoff and Schechter modified the design of the
Palmer—Quinton catheter and applied Dacron felt cuffs to its exterior®.
Tissue ingrowth into these cuffs effectively produced sinus closure and
resulted in a dramatic drop in the incidence of infectious complications. With
this final development, home peritoneal dialysis became a realistic possibility
which soon was realized when the necessary home peritoneal equipment was
devised.

In 1969 we developed the concept of ‘the artificial gut’’ to provide life
support for patients with chronic bowel disease. Compared to home haemo-
dialysis, which at that time had a history of 5 successful years behind it, this
idea was indeed simple. We put a side-arm on an A-V shunt and used it to
infuse parenteral nutrients, which recently had been shown both to sustain
life and to support normal growth and development®. The side-arm worked
perfectly when we tried infusing 50% dextrose into dialysis patients.
However, when the technique was tried on patients with bowel disease the
shunts clotted. What we had not foreseen was that patients with bowel
disease usually have poor peripheral veins that thrombose readily and, unlike
uraemic patients, they also have a normal clotting mechanism.

As the realization began to sink in that the concept was on the verge of
failure, a severely malnourished patient with Crohn’s disease arrived for
treatment. In a desperate effort to save this patient’s life, we decided to try
infusion into a major vessel. After preliminary tests in sheep, the catheter was
implanted in the superior vena cava of the patient and used over the ensuing
weeks to bring him back to near normal weight. This early hyperalimentation
catheter consisted of a Teflon intravascular segment coupled to a flexible,
percutaneous silicone catheter segment to which the fluid administration
system was connected. Based on the experience with the Tenckhoff
peritoneal catheter, a subcutaneous Dacron cuff was employed with this
catheter to serve as an infection barrier and to anchor it.

Subsequently a revised catheter was prepared constructed wholly of
silicone rubber and equipped with an extravascular Dacron cuff. The intra-
vascular length of this new catheter was increased to place the tip in the right
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atrium where more rapid dilution of the concentrated glucose solutions,
required to maintain caloric balance, would take place. This basic catheter
design has since become the safest form of indwelling vascular access yet
devised and is now employed for purposes not envisaged at the time of its
original creation.

One such application began in 1972 with patients at the Fred Hutchinson
Cancer Research Center in Seattle undergoing bone marrow transplants for
leukaemia®. It was obvious that long-term circulatory access in these patients
was required for a multitude of reasons and that in many this was impractical
because of poor peripheral vessels due to previous therapy. Initially the
hyperalimentation catheter was employed for the administration of blood
and blood products, and for the withdrawal of blood specimens. However,
the internal diameter of the catheter was too small and often clotted when
used in this manner, even though it terminated in the atrium.

This experience led to the development of a catheter similar in design and
placement to the original hyperalimentation catheter but with a larger
internal diameter, 1.6 mm instead of 1.0 mm. Since its redesign this catheter
has been placed in over 2000 patients in the city of Seattle, most of whom
were under treatment for oncology conditions. This catheter and the hyper-
alimentation and peritoneal dialysis catheters are available from Evergreen
Medical Products, PO Box 296, Medina, Washington, 98039 USA. Catheters
have been in place from 7 days to 4 years. The youngest patient was 2 months
old. In addition to blood administration and withdrawal the catheter is used
for the administration of electrolytes, antibiotics and chemotherapeutic
agents to these patients. The major catheter problem in the oncology patient
is infection. The infection rate in this high-risk group has been reported at
between 1 infection per 490 and 1 per 850 days!®.11,

Recently, another variant of the basic hyperalimentation catheter has
come into increasing use. This is the double-lumen catheter used to facilitate
oncology treatment by permitting uninterrupted administration of nutrient
solutions through one channel while the second lumen is used to deliver all
other solutions and for blood sampling. This approach simplifies care and
also improves overall nutritional balance since one channel is dedicated to
hyperalimentation.

Looking back to 9 March 1960, it is remarkable indeed how widespread
the use of the several forms of circulatory access has become. In a little over
two decades, therapies that are access-dependent have reached a point where
well over 100 000 patients are on long-term haemodialysis and peritoneal
dialysis. Additional thousands are on long-term parenteral nutrition and also
anticancer therapy.

With this brief span of time for perspective it seems useful to review the
present limitations of circulatory access and also to speculate on where this
emerging field may evolve in the future.

Two trends in medicine suggest an expanding future need for circulatory
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access. The first of these is the abolition of infectious disease as the principal
cause of death in the western world!2, and a corresponding change in the
focus of medicine to the treatment of chronic illness. Implicit in this emerging
trend is the need to provide more specialized and focused therapies, some of
which must be repeated at intervals and which require blood access. Haemo-
dialysis and peritoneal dialysis are established examples of this trend. Others
which are presently evolving include plasmapheresis, haemodetoxification
and bone marrow transplantation and cancer chemotherapy. Soon, new
procedures such as enzyme haemoperfusion and immune complex removal
also may be routinely employed and will be heavily dependent on long-term
access.

The second influence which may affect the future expansion in need for
circulatory access is economic rather than technological. As the cost of
overall health care rises, counter-pressures are exerted to reduce cost
wherever possible in order to extend limited health care resources. The
existence of percutaneous access may be of increasing importance in this
trend since it is convenient to use and may permit various therapies to be
administered on an outpatient basis, and even in the home. This potential is
exemplified by both haemodialysis and peritoneal dialysis. An emerging
example which also reflects this trend is the continuous, variable admini-
stration of insulin via intravenous or subcutaneous catheters to achieve
euglycaemia in the diabetic.

Despite the numerous advances in circulatory access that have occurred
during the last 20 years, the same fundamental problems which caused failure
of the earliest crude dialysis cannulas affect performance of all access
methods at the present time. None of the methods, direct or indirect,
functions without the constant risk of infection. Further, those methods
which directly involve the bloodstream and vessels also may be compromised
by the threat of vessel stenosis.

Infection should now be considered the most important threat to the
longevity of percutaneous prostheses since it is potentially life-threatening
when it develops. Standard treatment for infected catheters consists of
administering antibiotics once infection is detected. Often, however, this
proves insufficient, with infection persisting despite drug therapy or
recurring once therapy has been discontinued. We have noted on several
occasions that when infected peritoneal dialysis catheters which failed to
respond to antibiotics were replaced by sterile catheters in the same tract,
infection cleared. These observations point to the need to examine therole of
the implant in the infectious process, to determine how organisms remain
viable even when antibiotics fill the lumen and surround the intraperitoneal
portion of the prosthesis. The implication of these findings is that organisms
are somehow being harboured on the catheter, perhaps in minute irregular-
ities on the catheter wall, and that alteration in the physical or chemical
nature of the catheter material might greatly increase the ease of dealing with
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this problem when it occurs.

Historically the build-up of intimal smooth muscle cells with resultant
stenosis of the vascular channel has been repeatedly described as a cause of
failure at the tip—vessel junction of silicone—Teflon cannulas. It is
unfortunate that the common terminology used to describe the end result of
this process, ‘clotted cannulas’, has had the effect of shifting research for a
means of prevention from the true cause, tissue hyperplasia, to the cannula
materials themselves in the hope that the development of materials more
biocompatible would prevent cannula failure.

This same problem of cellular proliferation continues to plague fistulas
and vascular grafts, the build-up occurring both at venipuncture sites and at
the graft—vein junction. We have observed smooth muscle cell proliferation
also causing stenosis of catheterized peripheral vessels!3. If a means of
preventing or delaying this process can be found, it will greatly enhance the
longevity of a variety of access methods. In the arm we have noted that the
process of stenosis of catheterized vessels does not occur when there are no
collateral veins available for the shunting of blood. This observation is
further supported by the long-term success of the hyperalimentation catheter
which passes through the superior vena cava into the atrium. Whether or not
this ‘single-channel’ principle is valid and can be applied to vascular implants
elsewhere in the body is presently unclear, but cOntrolled experimentation to
explore the idea seems warranted.

Long-term circulatory access via the larger vessels began with the Thomas
femoral shunt and later the right atrial hyperalimentation catheter. More
recently the necessities of cancer chemotherapy have expanded use of the
central vessels. This trend seems likely to continue, as higher blood flow rates
are sought for faster treatment, and because these higher flows more rapidly
dilute medications which are potentially thrombogenic or sclerosing. As the
more peripheral sites are used up or found to be unsatisfactory we will turn
increasingly to the upper arm, the thigh and the central vessels. Conceivably
use of the renal vessels for access in haemodialysis patients will eventually be
common. The idea was discussed in 1960 but to our knowledge has never been
employed.

Catheters with multiple conduits and puncturable surfaces are now being
introduced, signalling a trend towards greater convenience and specializ-
ation. Perhaps soon we will use exteriorized vascular grafts composed solely
of living tissue. It seems clear that the trend is at present towards increased
use of percutaneous access prostheses due to convenience and freedom from
discomfort. Nevertheless, it should be noted at this time, when access
methods and their uses are proliferating, that the limiting factors remain the
same as in the early 1960s — infection and stenosis.
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Microsurgery for distal A-V fistula in
children

P. BOURQUELOT

INTRODUCTION

In 1966 Brescia and Cimino described the distal A-V fistula at the wrist. At
the present time it is the best angioaccess for haemodialysis, but due to the
small diameter (1 mm) of the vessels, difficulties are observed in small
children with conventional techniques.

In the 1960s microsurgery! developed and successful small vessel sutures of
about 1mm diameter were successively reported by Jacobson (1960,
1.5 mm), Buncke (1966, 1 mm) and Acland (1969, 0.5 mm).

Microvascular surgery is now used on a routine basis by surgeons. Since
1977, in our Department of Urology, microsurgery is used for all distal A-V
fistulas in children and adults. The technique, the instruments and the results
will be described in this chapter.

MICROSURGERY

Microinstruments are characterized by small precision tips, light weight,
balanced proportions, and dull, non-reflective surfaces. In microsurgery,
virtually all surgical movements have been reduced to a pinch mechanism
between thumb and index finger, guided by vision through the operating
microscope. As forceps we prefer the type as initially proposed by the Swiss
Dumont factory. They are classified according to the width of the bit: no. §
forceps is our preferred one. The needle-holder and scissors are derived from
the Gastroviejo type. One of the scissors must be very small for the incision of
the vessels. The ideal microvascular clamp has to be atraumatic and to
possess a sufficient closing pressure to prevent bleeding and accidental
disruption. Acland has perfected a series of clamps of varying widths and
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closing tension. The smallest one (Al, VI) is used. The diamond knife
provides an extremely sharp cutting surface, most useful to initiate the
opening of the artery. Its principal disadvantage is high cost.

Frequent irrigation of the wound is necessary to prevent desiccation, to
improve visualization, to irrigate the clots out of the vessels and to float the
vessel edges apart. Background material is placed behind structures to
improve visualization. We prefer the colour to be yellow. Bipolar coagul-
ation is most helpful in coagulating the branches of small vessels during
dissection. The alternative is to divide them between two sutures. Standard
coagulation should not be used for microvascular surgery, as the current will
extend into the main vessel and destroy it. We use 10-0 Ethilon® microsutures
with B.V.8 needle with a diameter of 50 um. The microscope that provides
excellent help is the Zeiss®0.P.M.I. 6D. It has two binoculars allowing two
surgeons to work together face to face. The focus is 200 mm. A foot control
panel changes zoom magnification, translation and focus. One can operate it
without touching, and sterilization is not necessary. Magnification ranges
from 4 to 40 x . Illumination is provided by fibre-optic light source. It is a
very efficient instrument, rather expensive, but it is very strongly built and it
can be used by surgeons of different specialties.

Skill in microsurgical techniques has to be acquired on the animal. The best
way toinitiate this is to spend a week in master class, to overcome initial diffi-
culties. Thereafter it will take several months in the research laboratory to
perfect microsurgical skills. The rat is the most widely used experimental
animal for surgical training and research: housing is easy, short-term experi-
ments can be done, costs are low. Sutures of the aorta (2 mm), femoral artery
(1mm) and epigastric artery (0.5mm) are ideal models. Any organ
transplantation can be done in the rat, including kidney transplantation.
Fetal microsurgery in rabbits can be the next step.

MICROSURGICAL ANGIOACCESS

Preoperative evaluation of the radial and the ulnar artery at the wrist is easy
to perform with the help of a Doppler apparatus. Evaluation of the cephalic
and basilic vein is much more difficult because of the thickness of the
subcutaneous tissue in very young children. A venogram s necessary to assess
the vein from wrist to elbow and the adequacy of the run-off proximally. The
vein may have been damaged mainly at the elbow by repeated punctures or by
some previous vascular access procedures which may sometimes preclude the
creation of a distal arteriovenous fistula on both forearms.

The operation is performed under general anaesthesia. The operative
microscope is used immediately after incision of the skin. A relatively
extensive mobilization of the vein is necessary to bring it to the artery without
tension or kinking. All the branches are ligated. The vein is divided distally. A
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long incision is made to spatulate the vein. The dissection of the artery has to
be very gentle to avoid spasm, for which papaverine may help. Branches are
severed after ligation or bipolar coagulation. External arterial diameter
varies from 0.8 to 1.2mm; vein diameter varies from 1.0 to 1.6 mm.
Dilatation of both vessels is prohibited, not only with the Fogarty® catheter
but also with saline. The intima should never be grasped. The anastomosis is
side (artery) to end (vein). The length of the anastomosis is made equal to
three times the diameter of the vein. Vessels are heparinized only between the
clamps. Four running stitches are used. After release of the clamps a sterile
Doppler probe is placed on the vein to check the permeability of the fistula. In
small children a continuous murmur may be absent during the first post-
operative hours and patency has to be checked by transcutaneous Doppler
examination later on.

Secondary surgical procedure may be necessary some weeks later. This
may involve a second anastomosis for stenosis, or superficialization of a vein
which is situated too deeply.

CLINICAL EXPERIENCE

Between January 1977 and March 1982, 31 distal arteriovenous fistulas have
been created in 24 children with microsurgical techniques. In 26 cases the
radial artery, and in five cases the ulnar artery at the wrist, were used. In six
children chronic haemodialysis had already been started through a more
proximal A-V fistula when the distal fistula was created. Secondary surgical
procedures were necessary nine times: three for re-anastomosis, six for super-
ficializations of the vein. Mean weight of the children was 7600 g
(4500—10 000 g) and the mean age was 20 months (8—36 months).

There were 12 failures: two thrombosed immediately after surgical
procedure, four thrombosed later before maturation, six never developed. In
addition, one child died before the beginning of dialysis, and one patient was
lost for follow-up. In the 17 successful fistulas the vein expanded sufficiently
to be used for haemodialysis. Seven of them have not yet come into use while
10 are being or have been used. The mean delay between operation and the
first needle puncture was 4 months (1-10 months). At the present time 15
fistulas are patent with a mean patency rate of 20 months. During the follow-
up four children died and five children had a successful kidney transplant-
ation.

DISCUSSION

Microsurgery is particularly applicable for the distal A-V fistula in small
children. The smallest child having successful creation of a distal A-V fistula
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is the case reported by Sicard? in 1978; the child weighed 14 kg. In the same
year Gagnadoux? reported immediate thrombosis in 50% of distal fistulas in
children under 20 kg. The benefit of microsurgery is obvious in our series: 31
distal fistulas were performed in 24 children under 10 kg. The immediate
thrombosis rate is 6%, and the definitive success rate (i.e. usable for haemo-
dialysis) is 54%. This brings us to the conclusion that microvascular surgery
is a must for vascular access in small children, where it provides in skilled
hands a usable access in most of the children.
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Utilization of the ‘anatomical snuffbox’
for vascular access in haemodialysis

U. BONALUMI, D. CIVALLERI, G. ADAMI, E. GIANETTA AND
F. GRIFFANTI-BARTOLI

It is widely accepted that the arteriovenous fistula is the method of choice in
achieving vascular access for maintenance haemodialysis. Since the first
report by Brescia and co-workers!, numerous modifications have been made
concerning both site of the procedure?=5 and type of anastomosisé’.

The ‘anatomical snuffbox’ (AS), at the base of the thumb between the
tendons of the extensor pollicis muscles, can be a desirable site for starting
vascular surgery for haemodialysis. The following advantages favour this
procedure:

(1) very simple operation with easy access to the vessels;

(2) extensive vascular segment for venipuncture:

(3) possibility of performing a new A-V fistula at the distal forearm in
case of failure.

The reports on utilization of AS for vascular access are few?38 and, to our
knowledge, no attention has been given to the end-to-end anastomosis at this
location.

MATERIAL AND METHODS

From 1 January 1972 to 31 December 1981, 213 patients were submitted to
end-to-end A-V fistula at the AS for haemodialysis. There were 85 females
and 128 males ranging in age from 15 to 72 years. Mean age was 47 years.
Patient follow-up ranged from a minimum of 1 month to a maximum of 120
months.

Under local anaesthesia a 3 cm longitudinal incision is made at the AS
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Figure 2.1 Site of incision for performing arteriovenous fistula at the ‘anatomical snuffbox’

(Figure 2.1). The cephalic vein is mobilized for a distance of 2—3 cm. Caution
must be exercised in order to avoid lesions of a superficial radial nerve
branch. The fascia between the tendons is incised and the subfascial layers are
gently dissected. After ligation and interruption of two main small branches,

Figure 2.2 The vessels have been prepared for anastomosis. Woman'’s hair clips are utilized as
atraumatic clamps
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the artery is mobilized for about 3 cm. Atraumatic clamps are applied to
occlude the vessels which are then ligated and sectioned as distal as possible
(Figure 2.2). The vessel lumens are gently dilated and then washed out with
heparinized saline by means of a small catheter which is introduced into the
vein and pushed up along the forearm to be sure of vein patency. It is
mandatory to have the artery making the loop and the vein to be in a straight
line in order to avoid angulation of the vein. A double semicircle anastomosis
is performed in a continuous fashion with 7/0 monofilament or woven
suture (Figure 2.3). Magnification loupe or other ocular devices are not used.
On release of the clamps there must be an immediate thrill and bruit before
one can consider the operation a success. The fistula is usually not used
before a period of 10—15 days in order to allow the arterialized vein to
distend. If the fistula could not be used for regular haemodialysis it was
considered a failure. A-V fistulas that stopped functioning within the first
48 h were considered to be an immediate failure. The survival curve for all the
A-V fistulas was calculated by the life-table method®.

Figure 2.3 The end-to-end anastomosis is completed. Note that the artery makes the loop and
the vein is in a straight line

RESULTS

The operation was tolerated quite well. Bleeding from vascular suture line
developed 3 h after surgery in one patient, requiring a revision with closure of
a small anastomotic leak. Infection was never observed. Figure 2.4 shows the

17



ACCESS SURGERY

A-V fistula survival curve for all the patients. Survival rate was 83% at 12
months and 49% at 72 months.

Twenty-four fistulas (11%) stopped functioning within the first 48 h.
Thrombosis, responsible for 100% of these immediate failures, was due to
technical errors at operation and/or hypotension and/or small size of the
vessels.
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Figure 2.4 Survival curve of 213 arteriovenous fistulas at the ‘anatomical snuffbox’

Forty-two fistulas ceased functioning 10 days to 72 months after surgery.
Twenty-one of these late failures were due to aneurysm formation and
subsequent thrombosis as a result of repeated punctures of the arterialized
vein at the same site. Ten fistulas thrombosed because of prolonged
hypotensive episodes. Two fistulas failed because of a haematoma constrict-
ing the vein which developed after needle puncture. One fistula thrombosed
after an abdominal operation. Another failed because the cephalic vein did
not dilate in spite of the presence of a thrill, due to the blood flow diversion
towards a deep vein. Seven fistulas failed for unknown reasons from 10 to 60
days after surgery.

Ischaemic complications, distal venous hypertension or cardiac failure
never occurred.
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DISCUSSION

The great improvement in dialysis techniques and improved knowledge of the
management of maintenance haemodialysis patients have considerably
prolonged the life of these patients. Therefore one of the most important
problems regarding the future of these patients could be the progressive
reduction in angioaccess for venipuncture. For this reason there is general
agreement that surgery for haemodialysis should be performed as distal as
possible in order to spare vessels.

The ‘anatomical snuffbox’ can be considered the most distal location
available for vascular access for haemodialysis.

In our opinion the end-to-end anastomosis is preferable to the side-to-side
and end-to-side technique for the following reasons:

(1) easier anastomosis technique;

(2) no local venous hypertension as compared to the side-to-side tech-
nique!®11;

(3) no possibility of a steal syndrome!0-12;

(4) lower risk of cardiac failure!3.14,

Before operation it is important to verify the presence of a suitable vein and
a normal pulsating artery at the AS. The vein is confirmed suitable when
measuring 3—4 mm after instrumental dilatation. A highly calcified artery

Figure 2.5 A 10-year-old arteriovenous fistula. Note the regular distension of the whole
arterialized venous tract
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must be discarded for anastomosis if the blood flow from the sectioned vessel
is considered inadequate or the suture is impracticable because of the wall
stiffness. Vein patency must be ascertained along the forearm as far as the
antecubital fossa. It is mandatory to create an arterial loop and to have the
vein in a straight line because of the more elastic and consistent wall of the
artery.

Fifty per cent of the late failures were due to aneurysm formation for
repeated needle venipuncture at the same site and subsequent obliteration of
the segment. Two factors seem to lead to this complication: preference for
inserting needles in dilated areas by dialysis personnel, and the pressing desire
of the patient to be punctured always at the same site because of skin insensi-
bility. The correct fistula management should consist in changing the site of
venipuncture at the time of every dialysis, thus allowing 4 regular distension
of the whole venous tract (Figure 2.5).

In case of failure, reoperation at the AS is inadvisable because of the lack
of material for a new anastomosis. The creation of an A-V fistula at the wrist

is facilitated by the enlarged diameter of both artery and vein by the previous
fistula in the AS.
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Side-to-side, side-to-end or end-to-end
anastomosis for Cimino—Brescia fistula?
Preliminary report of a randomized study

B. FORSBERG, L. FORSBERG, E. LINDSTEDT, H. WESTLING AND
T. WHITE

Arteriovenous fistula in the forearm has been the established technique for
vascular access in haemodialysis treatment for the last 15 years. The fistula is
usually constructed between the radial artery and the cephalic vein if these
vessels are available. The anastomosis may be performed side-to-side as was
originally described by Cimino, Brescia and others in 1966. It can also be
performed side-to-end or end-to-end, and each anastomosis technique has its
advantages and disadvantages. To compare the usefulness of various
anastomosis techniques we started a randomized study in 27 uremic patients
who were prepared for haemodialysis treatment.

PATIENTS AND METHODS

None of the patients had previously been operated upon, and healthy vessels
were found at operation. If the anatomical conditions allowed optional
anastomosis technique to be used the patient entered the study. In the first
group of 10 patients the standard side-to-side anastomosis was performed
5 mm in length. In the second group of eight patients the cephalic vein was cut
distally and connected to the side of the artery making a smooth loop. The
third group of nine was operated exactly as the second group but a ligature
was tied around the artery just distal to the anastomosis, making it function-
ally an end-to-end anastomosis.

One primary failure occurred in the side-to-end group. In this group
another fistula ceased to function after the patient received a kidney
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Figure 3.1 Difference in blood pressure in thumb before and after compression of fistula

transplant 6 months later. Apart from this, 16 renal transplantations were
performed among the patients without interfering with the function of the
fistula. No other secondary failure has occurred after 3 years of use.

The systemic blood pressure of the arm was measured using a mercury
sphygmomanometer. The blood pressure of both thumbs was measured by a
strain gauge device. Differences ih blood pressure between arm and thumb
were noted before operation and 3 months thereafter. The systolic blood
pressure of the arm was higher than that of the thumb before operation. This
blood pressure gradient was found to be equal on both sides. After operation
the gradient was more pronounced on the fistula side. Comparisons were
made between the three groups of fistulas concerning the changes of the
blood pressure gradient of the operated arm. The non-operated arm was used
as reference (Figure 3.1). The pressure gradient increased with a mean of
64 mmHg in the group of the side-to-side fistulas, with a mean of 39 mmHg in
the side-to-end group and of 18 mmHg only in the end-to-end group. The
patient with the most pronounced gradient in the side-to-side group had a fall
in systolic blood pressure in the operated arm of 125 mmHg, from 170 in the
upper arm to 45 in the thumb.

These variations were found to be statistically significant when comparing
the side-to-side group with the end-to-end group; using Wilcoxon’s test of

Figure 3.2 Difference in blood pressure fall between thumbs, 3 months after A-V fistula
operation
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unpaired samples the p value was less than 0.05. We also tried to estimate the
function of the fistula, studying the thumb blood pressure on the operated
side before and during compression of the fistula (Figure 3.2). The increase in
thumb blood pressure after this procedure was more pronounced in the side-
to-side group than in the other groups. The mean increase in thumb blood
pressure was 59 mmHg in the side-to-side group, 43 mmHg in the side-to-end
group and 22 mmHg in the end-to-end group. This difference was significant
using Wilcoxon’s test.

The blood flow through the brachial artery was measured with Doppler
technique in eleven patients (Figure 3.3). There was a wide range of variation
of flow from 350 ml/min to 910 ml/min. The arteries and veins of the
patients were at operation found to be of almost the same size, the radial
artery between 2.5 and 3 mm and the cephalic vein between 3 and 4 mm.

Fistuia flow
ml/min

[

'

1000

500

TT 1 1T 7117

Side-to-side Side-to-end
End-to-end

Figure 3.3 Blood flow (Doppler) through the A-V fistula in 11 patients

Some of the patients with highest blood flow were found in the side-to-side
group, but this material is small and any significant differences between the
groups could not be found.

DISCUSSION

Thus these findings indicate a steal of blood pressure from the arterial
collaterals to the fistula. None of the patients had clinical symptoms of
arterial steal.

This study shows that side-to-side anastomosis might be the best choice in
patients when a high blood flow is needed. Today the fistula function of all
patients in this study is quite sufficient when used in ordinary haemodialysis
treatment. When considering the increasing treatment with haemofiltration
where a minimal flow of 300 ml/min is necessary, some of the fistulas in this
study might not have been acceptable. Also in patients with small veins at
operation side-to-side anastomosis might be the best choice, obtaining the
highest blood flow.
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Arteriovenous fistula at the elbow for
maintenance haemodialysis

C. MORIS AND P. KINNAERT

Over the past years, in an attempt to maintain good vascular access for
chronic haemodialysis in uremic patients, an increasing number of arterio-
venous (A-V) fistulas in the antecubital fossa have been performed in our
department.

This type of A-V fistula was chosen when a more distal fistula had failed,
or when the forearm veins were unsuitable for the standard A-V fistula. The
purpose of this presentation is to report our experience with four different
types of elbow A-V fistulas and to provide actuarial data on the survival of
this type of vascular access as well as on its complications.

MATERIAL AND METHODS

Between January 1976 and December 1981 a total of 119 A-V fistulas at the
elbow were realized in 103 patients. Over half of the patients had at least one
A-V fistula operation before. The age of the patients ranged from 19 to 81
years. Two-thirds of the patients were women. Half of the patients were over
50 years of age.

Follow-up ranged from 6 months to 6 years. Twenty-six patients were in
poor condition and died during follow-up. Five patients were lost for follow-
up. When either the cephalic or basilic vein in the forearm was still patent and
of sufficient calibre, it was dissected free, placed in a U-shaped subcutaneous
tunnel created at the volar aspect of the forearm, and:

(a) sutured end-to-side to the brachial artery in the antecubital fossa (Figure
4.1a). If the veins in the forearm were inadequate, there was still the
choice out of three possibilities:
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(b) if a perforating vein at the elbow is present and of good calibre, it is

sutured end-to-side to the brachial artery (Figure 4.1b);

(¢) the median cephalic vein can be anastomosed to the brachial artery

(Figure 4.1¢); or,

(d) if the basilic vein in the upper arm is of good calibre, it is dissected free
to the axillary vein and positioned in a subcutaneous tunnel at the volar
aspect of the upper arm and sutured end-to-side to the brachial artery in
the antecubital fossa. The subcutaneous positioning of the vein makes it

accessible for puncture (Figure 4.1d)1.2.

Of the 119 A-V fistulas at the elbow, 31 were realized with a vein of the
forearm (type a), 27 with an elbow perforating vein (type b), 25 with the
median cephalic vein (type ¢) and 36 with the proximal basilic vein (type d).

The operations were performed either under general or local anaesthesia.

RESULTS

The overall immediate failure rate was 9.2%. It was slightly higher for
women (10.3%) than for men (7.1%). There was no significant difference in
the immediate failure rate of the four types of fistula (Figure 4.2). Throm-
bosis was responsible for 85% of these failures. Other causes were infection,

false aneurysm or cardiac failure.
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Figure 4.2 Life-table curves for the four different types of elbow A-V fistulas
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We had 103 elbow A-V fistulas available for life-table calculations. The
overall patency rate was 82% at 1 year and 68% at 2 years. The fistula
survival rate was lower in women (respectively 81% and 62% at 1 and 2 years)
than in men (82% at both 1 and 2 years). The fistula survival rate between the
four types of elbow A-V fistulas is shown in Figure 4.2. There were no late
failures among the elbow perforating vein A-V fistula (type b). This 100%
survival rate differs significantly from the rates calculated for the other types
of fistulas. At 2 years, survival rate was 64% for the forearm vein A-V fistula
(type a), only 48% for the median cephalic vein A-V fistula (type c) and 63%
for type (d) fistulas. The difference of survival between these latter three
fistulas is not statistically significant.

Various complications were observed: a long-lasting oedema was present
in eight patients. It eventually disappeared. Two patients presented with a
false aneurysm which was responsible for haemorrhage; one of the fistulas
had to be ligated for that reason.

Infection at a puncture site occurred five times. Adequate antibiotic
treatment was successful in all but one case, where the infected segment had
to be excised to avoid septicaemia. All but one patient had good flow-rates,
allowing adequate dialysis. One patient developed cardiac failure, but it is
doubtful whether the fistula was responsible: its ligation did not improve
clinical status. :

Ischaemia seems to be by far the most frequent side-effect of this type of
fistula: out of 50 patients, carefully interviewed and examined, 23
complained of some degree of ischaemia. In most cases, however, symptoms
were very mild, like a cold, pale hand or sometimes Raynaud’s syndrome-like
phenomena when exposed to cold. Simple precautions, such as wearing
gloves outdoors and avoiding contact with cold water, diminished or even
abolished symptoms. Six patients complained of typical intermittent
claudication of the hand (defined as a cramping pain that occurred during
exercise and disappeared quickly at rest) but again, this was not disabling.
Two patients presented with very mild trophiclesions of the nails (irregularity,
small holes). Symptoms of ischaemia were more frequently observed in
women (28%) than in men (18%).

DISCUSSION

Patients were selected for an elbow A-V fistula either because of the poor
quality of their vessels in the forearm or because a more distal fistula had
failed. With smaller-calibre arteries and veins and a greater tendency to
vasoconstriction, it is not surprising to find a higher proportion of women
selected for this type of fistula as well as a higher failure rate, and more
frequent ischaemia. The reason for the high incidence of ‘steal syndrome’
with the elbow A-V fistula, could be its haemodynamic similarity with a side-
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to-side A-V anastomosis. It has been reported that the incidence of ischaemic
symptoms was higher with a side-to-side anastomosis at the wrist than with
an end-to-side or end-to-end technique’. Compared to wrist A-V fistula
survival rates at 1 year are not different (respectively 85% for wrist A-V
fistula, and 82% for elbow A-V fistula), but a little lower at 2 years (83 and
68% respectively)?. Mild ischaemic symptoms are a little more frequent in
elbow A-V fistula, respectively 42% in wrist A-V fistula and 46% in elbow
A-V fistula®. Compared to saphenous vein graft fistulas, complications were
less frequent and patency rates were higher. For saphenous vein graft fistulas
patency rates are 75% and 48% at 1 and 2 years respectively?.

In our hands elbow A-V fistulas offer a good alternative when a radial
cephalic fistula has failed or cannot be realized due to unsuitable veins. It has
the advantage of avoiding the use of prosthetic material or bovine hetero-
grafts. Itis technically simple and requires only one vascular suture. It results
in a good functioning fistula with high flow-rates and few complications.
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The arteriovenous fistula in the tabatiére
J. LANDMANN, F. HARDER and P. TONDELLI

The A-V fistula in the snuffbox (tabatiére) distal to the wrist extends
accessible vessel length distally leaving the proximal segments intact for
further use. Eighty-eight A-V fistulas in the tabatiére have been done from
1972 to 1981. Four patients have been lost to follow-up. The remaining
84 patients have been on haemodialysis until renal transplantation or death
on an average of 2.6 years. Of these 84 fistulas 59 functioned well, five
showed poor function and twenty failed at some time. The outcome of these
25 insufficient fistulas is presented in Table 5.1. Eighty-eight per cent of all
patients were finally on haemodialysis with a tabatiére or Cimino fistula.
Major vascular changes as the cause of renal failure have been found to
unfavourably influence the outcome of these A-V fistulas: in four of six
patients with vascular pathology the fistula failed. Comparing the different
surgeons having done such fistulas shows the correlation between experience
and success. Due to the proximity of suitable arterial and venous branches in
the tabati¢re the A-V fistula at this site represents an access that can be
created easily and rapidly without jeopardizing the construction of any one
of the more proximal fistulas if it fails.

Table 5.1 Initial result and eventual modification of 84
tabatiére fistulas

Initial result Good Poor Occlusion

Final access
Tabatiére 59 1 4 64
Cimino 2 8 10
Other 2 8 10

Total 59 5 20 84
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Forming of arteriovenous fistula and arteriovenous shunt by one operation
A. ONCEVSKI and K. CAKALAROSKI

We present an original approach in utilization of the distal segment of A.
radialis and V. cephalica to form an A-V shunt made simultaneously with the
formation of the Cimino A-V fistula between the A. radialis and V.
cephalica.

This is applied in order to reduce the traumatization of the patient,
rationalization of vascular access and facilitation of haemodialysis while the
Cimino fistula matures.

Our first experiences (nine cases), where we always respected the anatomi-
cal and functional features of blood vessels, are encouraging. The objective
of our paper is to present this method as a viable vascular approach.

Preoperative regional block with guanethidine may improve patency rates of
arteriovenous fistulas
M. B. THOMSEN

Regional intravenous sympathetic block with guanethidine (RGB) was given
to patients before construction of A-V fistulas and the effect on early failure
rate is investigated in a prospective randomized trial.

Direct type lower forearm fistulas were constructed in 34 patients with
renal failure. Seventeen patients were pretreated with RGB and 17 served as
controls. RGB was performed essentially as an intravenous regional neural
block for local analgesia only the anaesthetic was substituted by guanethidine
(0.25 mg/kg body weight). Patency of less than 2 weeks was classified as early
failure. Resting arterial flow (RAF) was determined by occlusion plethysmo-
graphy ontwo occasions, before and 20 h after block or at equivalent interval
in controls. Blood flow through the fistula was measured electromagnetically
during operation and venous and arterial diameters as well as arterial BP
were recorded. Fistula blood flow resistance was calculated as BP x flow-!.

Blood flow before blockade was 3.8+1.3 ml x 100 ml tissue~! X min-!
(mean + SD) and rose to 9.7 +3.2 after block (»p<0.001). The mean intra-
individual increase in RAF in blocked arm was 5.8 +3.4 (p<0.001). In
patients treated with hydralazine as an antihypertensive drug there was only a
small increase in blood flow (2.6 + 2.6; p>0.05). In patients not so treated the
mean intraindividual increase was 7.8 + 1.9 (p<0.001). At operation there
was as significantly lower mean flow resistance (1.7 = 0.6) in blocked arms
than in non-blocked (3.8 +2.6; p<0.05). Among 21 non-hydralazine
patients there was one early failure in 10 RGB-treated individuals and three
early failures in 11 controls.

The conclusion is that RGB lowers flow resistance in AVF and may be of
value in reducing early failure rates.
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Conversion of the external ‘short shunt’ to an intern~a1 arteriovenous fistula
A.GARCIA-ALFAGEME, J. A.CHACON,A.YANEZ,L.RODRIGUEZ,
E. LEGARRETA, N. ESKUBI and J. GARCIA-ALONSO

In this paper we are analysing the results obtained in 120 patients in which we
have used our ‘short shunt’, placed in the forearm in order to begin the
haemodialysis programme with urgency. After obtaining a good ‘maturation’
of the veins, the device is removed and an internal A-V fistula is performed on
the same vessels. The haemodialysis is continued by venipuncture of the new
fistula.

The follow-up has been a minimum of 6 months. In 77% of the patients
this was the definitive vascular access. We have had complications in 23% of
them; in 15% the A-V fistula is well functioning after a short rest, in the other
8% the fistula failed, of these, 4% was due to bad handling of the external
shunt previous to its transformation. The other 4% had very bad superficial
veins which failed with most access techniques, so we had to use a vascular
graft.

The results with this ‘short shunt’ conversion technique are comparable
with the conventional A-V internal fistula. It is of immediate and permanent
use, and thus contributes to save the ‘vascular access-reserve’ of these
patients, which is a guarantee of their survival.

Transformation of Buselmeier shunts into arteriovenous fistulas for haemo-
dialysis

J. ROTTEMBOURG, P. ROJAS, M. C. GUIMONT, G. VALLANCIEN,
P. FRANTZ and M. BITKER

When the creation of an arteriovenous (A-V) fistula is not immediately
possible, temporary upper limb implantation of a Buselmeier shunt (BS)
offers adequate blood flow maintenance haemodialysis and allows further
transformation into the A-V fistula using the same vessels. Between October
1976 and December 1981 a BS was implanted in 58 adults with end-stage renal
failure (30 males, 28 females, mean age 54.8 + 12.6 years). Implantation was
made near the wrist close to the radial (53 cases) or ulnar (5 cases) side.
Implantation of a shunt was decided in 14 cases after immediate failure of an
A-V fistula construction and in 44 cases as a first-choice procedure because
either emergency dialysis was required (12 cases) or small size of blood vessels
made the creation and rapid use of an A-V fistula (32 cases) difficult. Very
small vessel tips (size 18—20, outside diameter 1.8~1.3 mm) were used in 30
cases on the arterial site and in 18 cases on the venous site. In all cases haemo-
dialysis was easily performed immediately after the implantation of the BS.
Transformation of the shunt into A-V fistula was successful within a delay of
46 + 22 days in 48 cases (82%); two surgical procedures were required in four
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cases. Transformation was avoided because of local complications in six
cases. Haemodialysis using the single-needle procedure was performed
within 24-50 h following the transformation. Blood flow rates measured in
10 patients using the Doppler technique increased from 60 + 12 ml/min on
the radial artery before BS to 180+46 ml/min on the BS, and to
226 +48 ml/min on the A-V fistula. The technique proposed offers an
efficient and safe temporary vascular access for haemodialysis and represents
a challenge to other procedures including the use of a subclavian catheter.

Is vessel size a limiting factor in determining success of dialysis fistula?
D. T. REILLY, R. F. M. WOOD and P. R. F. BELL

The longest-lasting procedure for vascular access is the wrist fistula; it would
be advantageous to increase the number of primary wrist fistulas in patients
who are now undergoing other access procedures because of small veins. To
determine whether fistulas adequate for dialysis could be constructed despite
small veins and low flow at operation, 33 consecutive fistula operations were
studied. At operation vessel dimensions and blood pressure were measured
and flow was determined with an electromagnetic flowmeter. Over a mean
follow-up time of 7 months, 19 fistulas had been used for dialysis and seven
not yet used. Nine patients developed thrombotic or stenotic complications:
mean flow for this group was 221+189ml/min compared with
222 + 171 ml/min for the whole group. Blood flow correlated with arm blood
pressure but there was no greater incidence of problems in patients with low
flow, low blood pressure and smaller veins. It is concluded that development
of fistulas is independent of the absolute flow rate achieved at operation and
other factors such as a relative thrombotic tendency should be investigated.

Bilateral radiocephalic arteriovenous fistulas for prolonged vascular access
K. ONO

In order to prolong the useful life of A-V fistulas for haemodialysis, we have
adopted the following policy. Whenever possible, bilateral radiocephalic
wrist A-V fistulas are created in patients under the age of 50 who showed no
evidence of cardiac failure. Autogenous vein was used only if revision
procedures were necessary. Fistulas were always needled by the surgeon who
operated on the patient, and when two fistulas were available, these were
used alternately. Fifty-two cases were divided into two groups, depending on
the number of available access sites. Those with single sites had a fistula at the
wrist, elbow or upper arm, depending on the availability of vessels. The
results are shown in Table 5.2. Access was significantly prolonged in patients
with bilateral fistulas. The haematocrit (Hct) was also higher in this group.
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There was no clinical evidence that bilateral fistulas had any adverse effect on
the cardiovascular system. In addition, the cardiothoracic ratio (CTR) was
not different in the two groups. In conclusion, bilateral fistulas allow
alternate needling, which helps to significantly prolong fistula life and allow
for unexpected failure of one of them. Careful use of each site with one
person inserting the needle may also be important. This approach prolongs
fistula life and may avoid the necessity of using more complicated procedures
or synthetic graft materials.

Table 5.2
No. of No. of Age Duration Longevity CTR Hct
A-V fistulas patients of haemodialysis of access
1 26 48 53 months 32 months 47.9% 26.0%
2 26 47 57 months 48 months 46.8% 29.0%

Arteriovenous shunts transformation into arteriovenous fistulas
M. ELSENER, P. Y. MEAULLE, C. QUESADA, M. FORET,
H. MEFTAHI, F. KUENTZ, and E. DECHELETTE

For the past 3 years all our A-V shunts have been placed near the wrist, in
view of future A-V fistula transformation of the employed blood vessels.
This was performed on 34 patients at a mean 41 days after A-V shunt placing
(extremes at 18 and 98 days). Efferent A-V shunt vein arterialization is
clinically checked in order to determine earliest possible two needle puncture,
and use as a fistula; the A-V shunt is still functioning during this type of
dialysis. If blood flow is sufficient and allows for efficient dialysis, the A-V
shunt is transformed into an A-V fistula during the following days.

All our patients were dialysed on the newly created A-V fistula from A-V
shunt blood vessels, at latest 48 h after surgery. The only problem sometimes
encountered was postoperative oedema which required temporary single-
needle puncture. This type of A-V fistula was studied from 1 to 40 months (a
mean of 12 months). In three cases, initial, non-functional A-V fistula
(previous thrombosis, or small blood vessels in a child) was replaced by an
A-V shunt. This allowed for a subsequent functional A-V fistula trans-
formation of the same blood vessels developed by the A-V shunt.

At present A-V shunt placing in the upper limb is always performed for its
future A-V fistula transformation, or in order to arterialize or preserve blood
vessels that are too small for an immediate A-V fistula creation.
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Invited comment on papers and posters in
Surgical technique and microsurgery

B. HUSBERG

Standing here as the first in a row of invited commenters I feel disadvantaged
in one way and privileged in another. On the one hand I have to make
comments based on very short abstracts of presentations and posters that I
have heard or seen as complete presentations only within the last 2 h. Even
more important, I think that you ladies and gentlemen have not had the time
to study the posters yet. On the other hand, being first I can extend my
comments outside the limits of this session, thereby stealing the planned
remarks by my successors and knowing there is nothing they can do about it.

A dependable vascular access is literally a question of life and death for
many of our patients. It is therefore not surprising that this small but rather
specialized field of surgery has now become mature enough to merit its own
international congress and the organizers deserve great credit for realizing
this. Access surgery should not be looked upon as a specialty on its own, but
every surgeon who works within it should have training and knowledge in
order to avoid beginners’ mistakes and to contribute to a high-quality care for
this sensitive group of patients. We are all aware of the strong correlation
between experience and success in this field.

The two major groups of patients in need of access surgery today are
uraemic patients and patients in need of vessel-irritating cytostatic or
nutritive treatment. Naturally the ‘access surgeon’ also meets occasional
patients with other problems, as for instance in my own experience a 1-year-
old child with haemophilia in need of regular dependable access for anti-
haemophilic globulin administration or a markedly obese asthmatic woman.
It is important to realize that vascular access surgery is not a single inter-
vention, but requires the handling of patients over a long period of time, even
decades. This handling involves not only surgical procedures, but also care of
the patient before the first surgical procedure and between the procedures.
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Before the first surgical procedure it is important to protect the vessels of
the extremities as much as possible. The surgeon interested in vascular access
surgery should be consulted as soon as there is a suspicion that such surgery
may be required, and he should give instructions and advice about the
management of the veins used for injections, infusions and blood sampling.
Great care should be taken to save as many veins as possible for future
vascular access surgery. Postoperatively the access surgeon might be
consulted regarding, for instance, aneurysm formation, infections, steal
phenomena and needling accidents.

The surgeon who performs the first surgical procedure has the golden
opportunity to get a good fistula which can last for a long time. I think that
most of us agree that this first operation should preferably be done without
the use of transplanted material as a simple direct arteriovenous (A-V) fistula
side-to-side or end-to-side. If a graft has to be used I think it should preferably
be placed straight, with the arterial anastomosis distally rather than in a
U-shaped fashion in order to diminish the risk of kinking, to make it easier to
needle, and probably give less risk for cardiac strain and steal. The patient’s
own autogenous vein should always be the first choice as graft material.
However, when there is an urgency to give dialysis treatment we seem to have
a slight difference of opinion. We all agree that we should try to preserve the
vascular tree as much as possible and a separate Scribner shunt should not be
inserted for temporary use until the A-V fistula is developed. Today in
posters by A. Garcia-Alfagemeef al., J. Rottembourg et al., M. Elsener et al.
and A. Oncevski e gl. we can learn about ingenious methods to use the same
site for a temporary shunt and an A-V fistula. The shunt is then at a later
stage transformed into a fistula or the shunt is inserted into the distal stump
of the transected artery; right after that an end-to-end A-V anastomosis is
constructed. Personally I think that such a shunt must jeopardize the fistula
by creating an infectious risk. A counter-argument put forward by Dr
Rottembourg in his poster is that a shunt to a small vein has a greater chance
to remain open than a fistula to a small vein. Personally I do not believe this,
provided that microsurgical technique is used. This review is supported in a
poster belonging to this session by Dr Reilly from Leicester, Great Britain.
He can find no correlation between flow-rate or vein diameter during the
operation and the later development of the fistula. So what is my proposal to
save vessels and allow immediate treatment of the patient?

During the last 3 years we have always been able to gain time enough for a
fistula to develop by peritoneal dialysis treatment or haemodialysis through a
femoral vein catheter repeatedly inserted in the groin by the Seldinger
technique. We have patients that have received twice-weekly maintenance
dialysis for more than 4 months through such repeated groin vein punctures.

In spite of the fact that the main title for this first section of our congress
includes the word ‘microsurgery’, only Dr Bourquelot in an invited
presentation has really been talking about this and microsurgery is not
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mentioned in the poster presentations. One would hope that this is due to the
fact that everybody accepts that delicate microsurgical technique with the use
of optical magnification should be used in all patients. I think it is clear that
even though it is technically possible to perform A-V fistulas in adults with
standard surgical management it is a great advantage to use microsurgical
technique and magnification. This gives a higher quality of all the surgical
details, and decreases the risk for occlusion. Whatever success rate one has
with standard technique it will improve further with a microsurgical one. In
other words: ‘if you are good, you will be super-good; if you are bad, you will
be less bad’.

I would then like to turn my attention to the individual presentations. In
the past there has been much discussion about end-to-side, end-to-end or
side-to-side fistulas. Today we have heard from the group in Lund that there
is really no great difference between these three types, and this seems to be
supported by other oral and poster presentations. The risk for occlusion
seems to be about the same with all three types and the life-span also appar-
ently is about the same. The one disadvantage of the side-to-side anastomosis
could be a tendency to widening and thus a too high shunt-flow.

The reason why there is a difference in thumb blood pressure after side-to-
side and side-to-end anastomosis must be that the distal venous branch in the
side-to-side fistula will soon have an incompetent valve. Otherwise you
would in both instances from a physiological standpoint have a side-to-end
situation. Also in the presentation by Dr Forsberg it is claimed that the steal
of blood from the thumb is greater with a side-to-side than with an end-to-
end fistula. ‘Steal’ is then defined as blood-pressure difference in the thumb
before and after compression of the fistula. Personally I do not quite see that
point. One should not expect a difference of thumb pressure at all before and
after compression of an end-to-end fistula, unless of course a lot of arterial
collaterals have developed bridging the gap down to the distal arterial stump.
In my opinion, and from a technical standpoint, one of the great advantages
with a side-to-side fistula is that the distal vein branch offers such a nice site
for introduction of an embolectomy catheter or diluted contrast medium in
case of trouble after completion of the anastomosis or at a reoperation.

Some other points of technique regarding the first operation for vascular
access have been stressed in presentations belonging to this section. In one
poster and one oral presentation by J. Landmann e a/. and U. Bonalumi et a/.
respectively the use of the ‘tabatiére anatomique’ or ‘anatomical snuffbox’
for vascular access is recommended, and large series of patients are
presented. It is obviously a comparatively simple technique of anastomosing
the cephalic vein and radical artery end-to-side or end-to-end and it has the
advantage of an anastomosis localization far distally in the arm.

This gives ample possibilities for reoperations more proximally, better vein
length for use, and, as pointed out by the authors, probably carries less risk
for cardiac strain. No prospective randomized comparison of patency rates
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versus the standard fistula is presented, which is unfortunate because of
course we need to know that we are not depriving our patients of statistical
chance to get a good working first fistula by the ‘snuffbox’ procedure. Still
the results of the ‘snuffbox’ operation seem good enough and certainly sucha
comparison is not easy to do.

Everybody has experience with the shunts which have failed, and with the
problems one runs into when trying to re-establish the vascular access in these
patients. Moris and co-workers describe the use of elbow A-V fistulas in
adults in a series of patients which to a large extent have had surgical
procedures more distally or where there were other difficulties. The authors
used the brachial artery for anastomosis to a perforating vein or to the basilic
or cephalic vein. They had a difficult group of previously operated patients
but in spite of this there were only 10% immediate failures. However, there
were a large number of patients who had a steal syndrome or claudication and
it seems logical that there should be more steal problems when the fistula is
created to the brachial artery than to either of the two forearm arteries. I
quite agree with Dr Moris that basilic veins on the upper arm should be
surgically transposed to a more superficial position to facilitate later
needling.

In a poster presentation by Dr K. Ono from Japan it is claimed that we
should give our patients two A-V fistulas whenever possible, thereby
diminishing the frequency of fistula punctures thus increasing fistula
survival. This is somewhat contradictory to the feelings of at least our
nephrology colleagues who seem to think that frequent haemodialysis use is
good for a fistula. Perhaps the presented results should be interpreted with
some caution as to my understanding the one- and two-fistula group patients
were not randomized, rather the one-fistula patients were those that only had
one available fistula site.

Few adjunctive methods to improve patency have been studied and used in
vascular access surgery. I am thinking of platelet disaggregation drugs or
drugs decreasing blood coagulability which seem logical in patients with high
tendency to vascular occlusions. One of the reasons for the minute interest in
this problem may be the fact that uraemics which represent the majority of
these patients have a ‘built-in’ platelet function inhibitor, in other words
uraemia per se inhibits platelet aggregation. This obviously is of considerable
help in the management of these patients. However, as already mentioned,
we now often create fistulas in non-uraemic, perhaps even hypercoagulable
patients. We can, in a poster by Dr M. E. Thomsen, learn about such an
adjunctive measure to facilitate vascular access surgery. Dr Thomsen shows
that a preoperative intravenous regional sympathetic block with guanethidine
significantly improves the blood flow in the arm, thus also in the fistula,
thereby decreasing the failure rate. The technique is probably a helpful
adjunct in the handling of patients with high tendency to fistula occlusions. It
would be interesting to learn how long this sympathetic block remains post-
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operatively as the common practice alternative, of course, is to operate in a
brachial plexus anaesthesia, thus in a temporary sympathetic block.

Dr Thomsen has informed me that the control patients had brachial plexus
block and that the sympathetic block after such a procedure will last about
2 h as compared to about 2 days in guanethidine-treated patients.

In summary I think that this first section of our congress has pointed to
several possible improvements in the handling of our patients which could
diminish our fistula failure rates. I hope I have at least put some wood into
the fire for a following general discussion. During this session I have realized
that certainly among access surgeons there is an excess of different opinions.
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7
Non-invasive assessment of the capacity of
arteriovenous fistulas

J. A. van GERWEN, C. M. A. BRUYNINCKX, M. J. C. van GEMERT
AND P. G. G. GERLAG

INTRODUCTION

For efficient treatment by haemodialysis a surgically created arteriovenous
(A-V) fistula should fulfil two criteria:

(1) it must be easy to puncture (e.g. not too deep, not near an important
artery, etc.);

(2) the flow through the fistula should be great enough to enable an
adequate treatment in a relatively short time.

In order to fulfil this last criterion the flow through the artificial kidney
should be at least 200 ml/min. The total flow through the fistula should
exceed the flow through the artificial kidney by at least 50%. This extra flow
is needed to carry away the cleared blood and thereby prevent recirculation of
blood that has been cleared. We call this extra flow the carrier flow. This
means that the total flow through the fistula should be at least 300 ml/min
and preferably more than 400 ml/min. During a haemodialysis session the
flow through the artificial kidney and/or the carrier flow may appear too
small. Then there are two explanations possible:

(1) the total amount of blood flowing through the fistula is too small for
adequate dialysis treatment;

(2) the needle or needles with which access is gained to the circulation have
been placed wrongly.

It is of practical importance to distinguish between these well-known
clinical situations. In one case a simple replacement of the needles is all that is
needed to solve the problem. In the other case a revision of the fistula or
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construction of a new fistula is required. Sometimes this can be a very
demanding operation.

In other fields of vascular surgery it is known that the angiogram bears
little relation to the haemodynamic capacity of the vessels!. The same applies
for the fistulogram although this investigation is indispensable when a
revision of the fistula is contemplated. That is why we looked for haemo-
dynamic parameters of the functional capacity of surgically created A-V
fistulas.

MATERIALS AND METHODS

In our vascular laboratory we examined 52 patients with a surgically created
A-V fistula. All patients were at the time in the haemodialysis programme of
the nephrologic department of our clinic (heads: Dr P. F. L. Deckers and
Dr P. G. G. Gerlag). We measured the systolic pressure in the index finger
non-invasively by the cuff occlusion technique (Figure 7.1). A specially
constructed pressure cuff (width 2 cm) encircles the ground phalanx and a
photocell is attached to the pulp of the finger. This photocell detects the
finger pulse which is graphically depicted by the photoplethysmograph
(PPG). The pressure cuff is inflated to suprasystolic pressures. This
obliterates the finger pulse. The pressure cuff is then deflated gradually
(2mmHg/s). On the moment of the first return of the finger pulse the
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Figure 7.1 Method of measuring the systolic finger pressure. P = pressure in the cuff; Pf = cuff
pressure at the moment of the return of the finger pulse; PPG=photoplethysmograph
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pressure in the cuff is taken as the systolic finger pressure. The measurement
is repeated twice and the mean of these three measurements is given as the
systolic finger pressure with undisturbed fistula flow (PfO). This series of
measurements is done again with digital compression of the efferent part of
the A-V fistula by a second examiner. The mean of these measurements is
given as the systolic finger pressure with occluded fistula flow (Pf®). The
difference of these two pressures (Pf®-Pf0), the so-called ‘finger-pressure
difference’ has been studied.

Next we registered the Doppler signals of the brachial artery with undis-
turbed fistula flow (VO) and during digital compression of the efferent part
of the fistula (V@®). These signals were obtained with a commercially
available Doppler apparatus (Versatone® bi-directional Doppler model D9)
with zero-cross output. From a series of 10 registrations we calculated
manually the mean frequency shift. Dividing this mean frequency shift
obtained during undisturbed fistula flow by that obtained during compres-
sion of the efferent part of the fistula rendered the so called ‘velocity index’
Vo/Ve).

- A oleBo|e—C 4,
Pfe - Pfo 120 « o
{mm Hg) ‘.
100 .
80- <t
60 T
100" ) ... .: ¢
11 .
T PR "'"g";o
o2 [TA 7 o8

100 200 300 400 500 600 700
—_— Im_e‘c.(ml/min)

Figure 7.2 Relationship between the finger-pressure difference (Pf ® —Pf0) and the maximal
obtainable extracorporeal flow (I c.c.). Pf ® =systolic finger pressure during compression of the
efferent part of the fistula; Pfo =systolic finger pressure during undisturbed fistula flow. Im.e.c.
<300 ml/min - poorly functioning fistula (<= A =); 300 <Iy.e... <400 ml/min = moderately
functioning fistula (< B —); I, .. 2> 400 ml/min — well-functioning fistula («+C—//—*).
Numbers 1 to 11 inclusive denote individual patients (see text)
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In order to establish the value of the finger-pressure difference and the
velocity index as parameters of the haemodynamic capacity of fistulas, we
had to know the actual amount of blood that was flowing through these
fistulas. Since we had no equipment to assess this fistula flow directly, we had
to look for an indirect but reliable measure of fistula function. We decided
upon the maximal flow that could be obtained briefly through the artificial
kidney during three subsequent dialysis treatment sessions. This maximal
flow was achieved by maximizing the capacity of the dialysis pump during a
period of several minutes. The flow through the artificial kidney was exactly
measured by the roller-pump flowmeter. We called this ‘the maximal obtain-
able extracorporeal flow’.

RESULTS

Finger-pressure difference
In Figure 7.2 the finger-pressure difference is depicted on the vertical axis and
the maximal obtainable extracorporeal flow on the horizontal axis. A
maximal obtainable extracorporeal flow of more than 400 ml/min denotes a
good fistula, a flow between 300 and 400 ml/min a moderate fistula, and a
flow under 300 ml/min a poor fistula.

A finger-pressure difference of more than 20 mmHg was associated invari-
ably with a good fistula function. Of the 10 patients with a smaller difference
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Figure 7.3 Changes in the finger-pressure difference (Pf ®-Pf0)) and the maximal obtainable
extracorporeal flow (Im.e.c) in four patients with poorly funetioning fistulas whose fistulas had
been revised. Number, followed by a prime sign (') denote the situation after revision; numbers
without this mark denote the situation before revision (see also Figure 7.2)
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five had a well-functioning fistula. Four of the five patients with a more or
less poorly functioning fistula were reoperated, e.g. their existing fistulas
were revised. Figure 7.3 shows the results of these revisions on the finger-
pressure difference and the maximal obtainable extracorporeal flow. There
has been a substantial rise in the finger-pressure difference and a concomitant
improvement of the total fistula flow.

Velocity index

Figure 7.4 represents the Doppler velocity curves of the brachial artery of a
fistula arm. During the first six heart cycles the efferent part of the fistula has
been compressed and during the last five cycles this compression was
released. It can be seen that especially the diastolic flow increases substanti-
ally when the fistula is open. Figure 7.5 shows the relationship between the
velocity index and the maximal obtainable extracorporeal flow. There is a
very clear demarcation between the good fistulas on one side and the poorly
and moderately functioning fistulas on the other side. Also patients 6 to 9
inclusive — who had a finger-pressure difference below 20 mmHg, but a good
fistula function — are correctly defined by this index as having good fistulas.

DISCUSSION

Our results suggest that finger-pressure measurements have no clinical
significance in patients with A-V fistula. This is not true. We observed five
patients with complaints regarding their fingers which were suggestive of
ischaemia. In all five patients the systolic pressure in the index finger of the
fistula arm had an absolute value of less than 60 mmHg. It is known that a
low intraluminal pressure in the arteries of the fingers can lead to a total
spastic occlusion of the digital arteries, especially in the case of cold sensi-
tivity2. By banding the efferent part of their fistulas we raised the finger

-+ - —_—

Fistula compressed Fistula open

Figure 7.4 Original tracing of the transcutaneous CW-Doppler velocity waveforms during
compression oOf the fistula and undisturbed flow through the fistula
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Figure 7.5 Relationship between the velocity index (Vo/V @) and the maximal obtainable
extracorporeal flow (Im.e.c). VO=mean frequency shift of the Doppler signal of the brachial
artery during undisturbed fistula flow; V @ as V 0 but with compression of the fistula. Numbers
1 to 11 inclusive denote individual patients (compare with Figure 7.2)

pressure, which was intermittently measured during the operation, to
90 mmHg or more. These patients were afterwards free of complaints while
the flow through their fistulas remained adequate. In another paper the
theoretical explanations for these observations have been elucidated3. For
this very reason we consider the measurement of the systolic finger pressure
with undisturbed fistula flow, and during compression of the efferent part of
the fistula, mandatory in the work-up of patients with an A-V fistula.

The haemodynamic capacity of surgically created A-V fistulas can be
assessed non-invasively by measurement of the mean frequency shift of the
Doppler signal of the brachial artery during undisturbed fistula flow and
during compression of the efferent part of the fistula. Finger-pressure
measurements under the same circumstances are required to evaluate the
possibility of finger ischaemia as a consequence of the fistula.
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A prospective study of the correlation
between rheological factors and fistula
failure

D.T. REILLY, R. F. M. WOOD AND P. R. F. BELL

INTRODUCTION

An increasing number of patients are being maintained on long-term
haemodialysis for end-stage renal failure. The longest-lasting form of
vascular access is the Brescia—Cimino radiocephalic fistula at the wrist,
which may have a patency rate in excess of 65% at 4 years!. There is,
however, a group of patients with recurrent fistula thrombosis which may be
life-threatening if access proves impossible to maintain. In a prospective
study of 157 patients undergoing fistula construction, although failure was
more common when fistulas were constructed from small vessels, it was
impossible to predict fistula failure from factors such as age, sex, vessel
diameter, and time before use for dialysis!. Furthermore flow rates at the
time of operation did not correlate with subsequent success or failure of the
fistula?2. The remaining possibility was that differences in thrombotic
tendency might be detectable in patients with access problems.

At first sight, uraemic patients in end-stage renal failure should have few
thrombotic problems; they have a low haematocrit and hence a low blood
viscosity, and there is a well-known bleeding tendency in uraemia which has
been related to a platelet defect3. However, shunts and fistulas often
thrombose, and the reduction in failure rate by the use of sulphinpyrazone
suggests that platelets may be implicated®. Whole blood viscosity or
haematocrit has been found to be of importance in both arterial® and venous$
thrombosis, and differences in viscosity might be a factor in fistula
thrombosis. Similarly, low fibrinolytic activity has been demonstrated in
venous thrombosis’. There are no published studies of prospective investi-
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gation of the reasons for fistula failure. This study is an attempt to examine
differences in thrombotic tendency between patients undergoing fistula
construction, and includes a retrospective study of patients on maintenance
haemodialysis with and without past thrombosis.

MATERIALS AND METHODS

Patients

Twenty patients aged 23—60 years on maintenance home haemodialysis using
an arteriovenous (A-V) fistula were studied on the day after dialysis. There
were 10 patients with a mean follow-up time of 48.5+25 months with no
previous fistula thrombosis, and 10 patients with a mean follow-up of
34.5+18 months, who had had two or more fistula thromboses. Forty-two
patients in end-stage chronic renal failure aged 42 + 12 years were studied on
the day before construction of an arteriovenous fistula. Five had had
previous access surgery. All fistulas were constructed by the same surgeon.

Methods
In both groups blood was taken for the following assays:

Platelet adhesiveness: Adeplat T glass-bead column (Immuno Ltd).
Platelet count: determined by light microscopy.

Table 8.1 Patients on maintenance haemodialysis: comparison between those with and
without past thrombotic problems

Past No Two-sample
thrombosis thrombosis I-test
(n=10) (n=10) (p value) (=2 a)

Age (years) 45.7 51.8
Platelets (x 109/1) 222+64 217+66 0.87 n.s.
Aggregation extent (%) 79+7.6 69.5+13.4 0.08 *
ADP threshold (umol/l) 1.1+£0.7 1.9+1.3 0.12 n.s.
B-Thromboglobulin (ng/ml) 176 +24 15122 0.04 *
Adhesion (%) 12.9+14.3 13.6+7.0 0.89 n.s.
Creatinine (umol/1) 825+182 698 +259 0.24 n.s.
Haematocrit (%) 32.5%6.2 29.1+8.6 0.33 n.s.
Whole blood viscosity (cps):

11.5s-! 7.70+1.83 53%2.4 0.03 *

230 s-! 3.48+0.64 3.25+0.65 0.43 n.s.
Fibrinogen (g/1) 4.2+1.1 4.8+0.6 0.16 n.s.
Fibrinolytic activity (ngml~1h~1) 254+ 81 262 +81 0.83 n.s.
Plasma viscosity (cps) 1.73+£0.13 1.80+0.11 0.23 n.s.
Red cell filtration index 0.45+0.08 0.44+0.13 0.87 n.s.

*Significant; n.s. =not significant
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Platelet aggregability: in platelet-rich plasma: Aggregometer (H. Upchurch
Ltd.), on the principle of Born8. Aggregation extent and the threshold level
adenosine diphosphate (Sigma) causing a biphasic response were
measured.

Plasma betathromboglobulin: radioimmunoassay (BTG-RIA, Amersham)
by the method of Ludlam®.

Whole blood viscosity at 37 °C: Wells—Brookfield microviscometer (Brook-
field, Mass) at two shear rates, 11.5 s-! and 230 s-1.

Plasma viscosity at 25 °C: Coulter—Harkness capillary viscometer.

Red cell deformability: filtration of 5% red cell suspension in autologous
plasma through S um pore-size polycarbonate filters (Nucleopore) by the
method of Dodds!?.

Plasma fibrinogen: clot weight determination after recalcification of citrated
plasma.

Fibrinolytic activity: a modification of the method of Moroz and Gilmore!!
using !Z[-fibrin labelled tubes prepared from human !25]-fibrinogen
(Amersham)!2,

Haematocrit and serum creatinine were also measured.

RESULTS

Patients on maintenance haemodialysis

An overall comparison between the thrombotic and non-thrombotic patients
(Table 8.1) shows that despite a similar platelet count (222:217 x 10°1-!) the
thrombotic group had a higher extent of platelet aggregation (79:69.5%) a
lower threshold response to ADP (1.1:1.9 umol/l), and a higher -thrombo-
globulin level (176:151 ng/ml) although only the latter reached statistical
significance (p=0.04). Platelet adhesion was similar in both groups.
Haematocrit and whole blood viscosity were higher in the thrombotic group;
at low shear rates this was significant (p=0.03) despite slightly lower plasma
viscosity and fibrinogen levels. Fibrinolytic activity and red cell filterability
were similar in both groups of patients.

Patients undergoing construction of an A-V fistula

The mean follow-up period after fistula construction was 8.7 months (1—18).
Five patients with previous access surgery were excluded from analysis
because of uncertainty as to whether previous thrombosis was related to
surgical technique or to a thrombotic tendency. The outcome and patency of
the 42 fistulas is shown in Figure 8.1. Of the 37 patients with first-time
fistulas, nine without problems had been followed up for over a year and
could be compared with the eight patients developing thrombosis within a
year. The results of this comparison are shown in Table 8.2. There was no
difference between the two groups in: age, sex, creatinine level, haematocrit,
cause of renal failure, type of fistula, size of vessels, size of anastomosis,
blood pressure, or type of suture material used.
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Figure8.1 Patency of 42 consecutive A-V fistulas and outcome of complications. E~S: end-to-
side; S-S: side-to-side
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Table 8.2 Chronic renal failure patients followed up for over a year: comparison between
patients with and without later thrombotic problems

No thrombosis ~ Thrombosis Two-sample t-test
(n=9) (n=8) (p value) (=2a)
Age (years) 43+14 40=+15 0.7 n.s.
Platelets ( x 10%/1) 17155 277+88 0.01 *
Aggregation extent (%) 72+ 14 79+ 14 0.35 n.s.
ADP threshold (umol/1) 2.53+1.69 1.28+1.61 0.18 n.s.
B-Thromboglobulin (ng/ml) 9021 123 +65 0.27 n.s.
Platelet adhesion (%) 21+14 14+11 0.27 n.s.
Creatinine (umol/1) 1039+239 1012+ 256 0.84 n.s.
Haematocrit (%) 25.8+4.5 25.8+5.5 0.99 n.s.
Whole blood viscosity (cps):
11.5s-! 536+1.5 4.43+1.62 0.24 n.s.
230s! 2.87+0.32 2.71£0.43 0.40 n.s.
Plasma fibrinogen (g/1) 4.87+2.36 3.98+1.38 0.46 n.s.
Plasma viscosity (cps) 1.74+0.21 1.52+0.1 0.03 *
Fibrinolytic activity (ngml -1 h—1) 198 +102 291 +121 0.16 n.s.
Red cell filtration index 0.45+0.15 0.37+0.11 0.27 n.s.

*Significant; n.s. =not significant

Whole blood viscosity was lower in the thrombotic group at both low and
high shear rates, although this did not reach significance. The patients with
thrombosis had a significantly lower plasma viscosity (p=0.03) and a lower
fibrinogen, although in contrast their fibrinolytic activity was raised
(291:198 ngml~ ' h~1). The results of the platelet function tests showed that
there was apparently greater reactivity in the group that later suffered
thrombosis; there was a higher extent of aggregation (79:72%), a lower
ADP threshold (1.28:2.53 umol/l) and a higher p-thromboglobulin level
(123:90 ng/ml). Platelet adhesiveness, a very variable estimation, was lower
in the thrombotic patients but not significantly so. The whole blood platelet
count, however, was significantly higher in the thrombotic group (p=0.01).

In view of these differences an attempt was made to estimate the risk of
thrombosis by multivariate regression analysis using the GLIM software
computer program!3. The program examines each variable for its value in
discriminating between the patients with no problems and the patients with
thrombotic problems. Having picked out the best discriminants, it assigns to
each variable a certain weighting such that when the variables are added the
maximum separation is achieved between the groups. The useful discrimin-
ants were whole blood platelet count, f-thromboglobulin level and plasma
viscosity. These values were assembled into a formula which allowed the two
groups to be separated without overlap:

x =76.7 + 0.19 (platelet count) — 100.6 (plasma viscosity) + 0.43
(f-thromboglobulin).
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Figure 8.2 Graphical representation of separation of fistula patients into thrombotic and non-
thrombotic groups using GLIM multivariate analysis. PC=platelet count, PV =plasma
viscosity, BTG = f-thromboglobulin

The values of ‘x” were calculated for each patient, and are shown in Figure
8.2.

DISCUSSION

On comparing rheological factors in dialysis patients with and without
thrombotic problems, significant differences suggesting a tendency to
thrombosis were found in the patients with previous access site thrombosis.
These differences could be the result, rather than the cause, of thrombosis
and a prospective study was therefore necessary to test the hypothesis that
patients with ‘thrombotic’ blood tests were truly at risk of thrombosis. The
final numbers available for analysis in the prospective study are small,
because of the need for adequate follow-up before assigning a patient to the
group at low risk of thrombosis. Despite the small numbers, significant
differences emerged. In particular, the whole blood platelet count was more
important than other parameters of platelet function. It seems reasonable
that this should be taken into account; whole blood platelet count has been
described as an index of thrombotic risk for example in peripheral vascular
disease!4. It is more difficult to explain the lower plasma viscosity of the
thrombotic group. Plasma viscosity correlates strongly with fibrinogen but is
also affected by other plasma proteins: fibrinogen was slightly lower in the
thrombotic group, but other proteins were not measured. Although
fibrinogen has been implicated as a risk factor for myocardial infarction!s,
studies on the outcome of peripheral vascular reconstruction have shown no
influence of fibrinogen!%. The fact remains that it was possible to separate the
thrombotic from the non-thrombotic patients without overlap using
preoperative blood tests, something that was not possible in the previous
study using technical factors such as vessel size!.

The construction of a formula for thrombotic risk does not of course
establish the validity of the supposed differences between the two groups; in
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order to prove the formula it should then be applied prospectively toa further
group of patients to confirm whether thrombotic risk can be accurately
predicted. This would allow prophylaxis of fistula thrombosis with platelet
inhibitory agents in the small group of high-risk individuals and would avoid
the drawbacks of drug therapy in the remaining patients.
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The role of angiography in vascular access
surgery

R. F. SLIFKIN, M. HAIMOV, M. S. NEFF, A. EISER, A. BAEZ,
E. AMARGA AND S. GUPTA

Maintenance of reliable access to the circulation continues to be a vexing
problem for haemodialysis patients and the medical staff. responsible for
their care. With the current dialysis population ageing!-? and the almost
universal acceptance of elderly? and diabetic* patients for maintenance
haemodialysis, preservation of existing access is vital. We found angiography
to be a safe technique that is helpful in planning new access procedures and
diagnosing problems in established access. This report will review the
techniques utilized, list the indications for, and demonstrate representative
findings in the angiographic procedures done in our dialysis population
over the past 8 years.

MATERIALS AND METHODS

Seventy-five angiograms were done in 50 dialysis patients over an 8-year
period. Techniques utilized included:

(1) Brachial artery angiography. The brachial artery was cannulated at the
antecubital fossa utilizing an 18-gauge Teflon ‘over the needle’ catheter.
Twenty millilitres of 60% diatrizoate meglumine and diatrizoate
sodium injection USP (Renografin-60) was diluted with 40 ml of normal
saline in a 60 cc syringe and injected by hand?. Serial films were taken
with a rapid sequence film exchanger.

(2) Graft angiograms. Contrast was diluted as above and injected by hand
via a 16-gauge haemodialysis needle placed in the graft close to the
arterial anastomosis. A single film taken while injecting was usually
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adequate. To visualize the arterial anastomosis the graft was occluded
by hand or by blood pressure cuff while injecting.

(3) Fistula angiograms. Contrast was diluted as above and injected by hand
via a haemodialysis needle placed at an appropriate point in the fistula
depending upon the location of the lesion to be visualized. To visualize
the arterial anastomosis the needle was placed in a vein close to the
anastomosis and pointed towards the anastomosis. The outflow from
this vein was occluded by hand or by tourniquet during the injection. In
all cases the arterial vessel of the fistula was well demonstrated. In most
cases a single film taken while injecting was adequate.

RESULTS

Table 9.1 lists the types of access visualized by angiography. The majority of
the procedures were done for problems in grafts as opposed to arteriovenous
(A-V) fistulas. The large number of problems in polytetrafluoroethylene
(PTFE) grafts reflects the fact that this has been the graft material of choice
in our programme during most of the period covered by this report.

Table9.1 Arteriovenous access visualized by

angiography
Grafts total 54
Bovine heterograft 16
Polytetrafluoroethylene graft 37
Dacron 1
Fistulas total 17
Miscellaneous procedures 4

Table 9.2 Indications for angiography

Grafts
High ‘venous’ pressure
Expanding aneurysms
Saline ‘return’ upon dialysis indication
Venous congestion of extremity
Sepsis — undetermined aetiology
Difficult cannulation
Repeated clotting

[0

ANV W W

Fistulas
High ‘venous’ pressure
Inadequate ‘arterial’ flow
Expanding aneurysms
Venous congestion syndrome
Cosmetic appearance
Ischaemic hand

N — N — N

Miscellaneous
Ischaemic extremity after access closure 4
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Table 9.2 lists the indications for angiography, and Table 9.3 the findings.
Repeated clotting of a graft, high ‘venous’ pressure in the dialysis circuitry
and saline ‘return’ via the ‘artetial’ needle upon initiation of dialysis were
signs of venous stenosis either at the anastomosis of a graft or in the vein
immediately draining the venous needle of a graft or fistula. Figure 9.1
demonstrates a graft angiogram with a venous anastomotic stenosis in a graft
that had a high ‘venous’ pressure.

Table 9.3 Diagnosis at angiography

Grafts
Total venous obstruction 6
Venous anastomosis stenosis 25
Proximal venous lesion or ‘skip’ lesion
Pseudoaneurysms
True aneurysms
Normal 1
Intraluminal obstruction

W N WO

Fistulas
Proximal arterial stenosis
Venous stenosis proximal to anastomosis
Ulnar steal
Tortuous complex of veins
Total venous obstruction
Proximal venous lesion or skip lesion

[ P R Y

Miscellaneous
Radial artery clotted from previous fistula — absent ulnar
artery 4

Venous congestion of the access extremity and expanding aneurysms are
almost always signs of complete occlusion of the main vein draining the
access. With fistulas venous congestion was usually found in those
constructed with a side vein anastomosis when the proximal limb of the vein
became occluded. Figure 9.2 is a fistula angiogram of a fistula with an
expanding aneurysm. The skin over this aneurysm was paper-thin. The main
vein draining this area of the fistula is totally occluded. Figure 9.3 is a PTFE
graft angiogram in an arm with massive venous congestion of the arm,
forearm and hand. The congestion increased with each dialysis. The axillary
vein is totally occluded well above the venous anastomosis. The collateral
vein draining the graft developed a stenotic lesion leading to the venous
congestion syndrome.

Inadequate arterial flow in a fistula usually indicated a stenosis in the main
vein draining the fistula anastomosis or a lesion in the artery feeding the
fistula. We did not find lesions directly at the fistula anastomosis that led to
inadequate arterial flow. Ischaemia of the hand usually occurred in a radial
artery fistula constructed as a side artery leading to a ‘steal’ syndrome from
the ulnar circulation. Figure 9.4 is a brachial angiogram of a patient with an

61



ACCESS SURGERY

Figure 9.1 (See text) Arrow points to stenosis due to venous anastomotic hyperplasia

ischaemic hand due to a side artery fistula. It demonstrates blood flow
directly from the ulnar artery into the fistula leading to a ‘steal’ from the
ulnar circulation. This was treated by ligation of the distal radial artery.

Angiography in patients with sepsis and bacteraemia demonstrated
infected pseudoaneurysms in two patients and an infected true aneurysm at
the site of a branch ligature in a bovine heterograft. Two graft angiograms
done in septic patients were normal.

Normal graft angiograms were found in all cases where the angiogram was
done for difficult cannulation. However the X-ray demonstrated the course
and depth of the graft to the staff and was a teaching aid for better cannul-
ation of these grafts. Three normal graft angiograms were found where high
‘venous’ resistance was reported. This was probably due to less than optimal
needle placement in these grafts.

Brachial angiograms were done in patients with ischaemic hands due to
radial artery fistulas that had closed spontaneously or had been surgically
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Figure 9.2 (See text) Large arrow points to occluded vein; small arrow points to expanding
aneurysm

closed without complete relief of ischaemia. In all of these patients ulnar flow
was absent or poor. In one patient a graft from the brachial artery to the
distal radial artery stump alleviated the ischaemia.

The only complications were two perivascular injections in fistulas that
occurred because the dialysis needle inadvertently was pushed into the back
wall of the fistula vein while moving the patient from the dialysis unit to the
radiology department. Other than pain immediately upon injecting there
were no sequelae from these perivascular injections.

DISCUSSION

Access angiography has proven to be a valuable, safe and effective tool to
demonstrate anatomic pathology in vascular access®’. Graft and fistula
angiograms can be done quickly via a dialysis needle utilizing the simplest of
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Figure 9.3 (See text) Large arrow points to occluded vein; small arrow points to stenotic
collateral vein

radiographic techniques, a single film of the extremity. We found brachial
angiograms with seqential films to be necessary in only two circumstances;
when dynamic lesions such as ‘steal’ syndromes had to be demonstrated and
when the anatomy had to be visualized for access planning. This was especi-
ally helpful in patients with extremities already ischaemic from previous
access procedures and in diabetic or elderly patients who have a high
incidence of peripheral arteriosclerotic lesions.

Figure9.4 (See text) Arrow points to distal radial artery with flow from ulnar artery into fistula
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When we demonstrated the presence of a normal access in patients with
cannulation problems or unexplained sepsis we were able toavoid unnecessary
access surgery. The angiogram was also useful as a teaching tool in these
cases.

Specific surgical procedures or percutaneous transluminal angioplasty can
be planned based on angiographic findings leading to access salvage. It is our
recommendation that all clotted grafts that can be declotted have operative
angiography immediately to demonstrate the arterial and venous anatomy.
Any pathology found should be corrected at that time. We also recommend
that angiography be done for the indications listed in Table 9.2.
Demonstration of pathological lesions in fistulas and grafts can lead to inter-
vention that may prolong the life of the access.
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Abstracts of posters in
Techniques for monitoring during
long-term follow-up

Spectral analysis of the Doppler signal in evaluation of arteriovenous shunts
J.M. VAN BAALEN, J. J. JAKIMOWICZ and J. A. FLENDRIG

Thrombosis of an A-V shunt is an important late complication that may
result in loss of the access. Most often this is due to an obstruction at or just
distal to the venous anastomosis. As the flow through a vessel will not be
reduced unless the stenosis exceeds 90—95% narrowing of the lumen this
obstruction will present itself at (near) occlusion. By means of non-invasive
examination we tried to detect stenoses at an early stage.

In a pilot study we performed Doppler ultrasound examinations in 12
patients. A continuous-wave Doppler flowmeter (Medasonics Versatone D9)
was used in combination with a real time spectral display of the frequency
analysis of the Doppler signal (Unigon Angioscan). All patients had a PTFE
(Gore-Tex) graft placed subcutaneously as an A-V haemodialysis access. The
shunts were functioning from 1 to 54 months, mean 19.6 months. In all
patients we tried to locate the arterial and venous anastomoses. In three
patients we were unable to screen the arterial anastomosis as it was situated
underneath the venous outflow traject. In the velocity profiles we compared
the degree of spectral broadening and the peak velocities during systole and
diastole as they were sampled over the anastomoses and the traject in
between. In three patients a definite aberrant spectrum was found over the
venous anastomosis with a sharp rise in peak systolic velocity and severe
broadening of the Doppler spectrum. These patients were submitted to
angiography. The non-invasively detected lesions were confirmed. In these
patients both the site and the degree of stenosis could be predicted by non-
invasive examination. This technique will be further evaluated in an already
started prospective trial.
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Transvenous serial-xeroarteriography (TSXA) — a new non-invasive angio-
graphic method for arteriovenous fistulas in haemodialysis patients
K. KONNER, H. M. KARNAHL, J. EVERS and G. MEIDER

In order to avoid the risks and disadvantages of the commonly used angio-
graphic methods in A-V fistulas a new non-invasive technique was evaluated.
Fifty-millilitre ioxotalamic acid are injected intravenously in the contra-
lateral forearm. Using a cassette changer, TSXA allows visualization of both
arteries and fistulated veins of the other arm, where 5% of the contrast
medium injected arrive after the passage of heart and lung. A-V fistulas of 78
patients on chronic haemodialysis were examined. In all cases TSXA gave
information about morphologic and functional alterations such as stenosis
(n=33), aneurysms (n=12), reduced arterial output (n=4) etc. No side-
effects were observed.
Transvenous serial xeroarteriography:
(1) is largely free of risk, avoiding arterial puncture or catheterization;
(2) shows the real haemodynamic situation of A-V fistulas, a pressure cuff
not being necessary;
(3) reliably identifies morphologic and functional alterations by a serial
exposure technique;
(4) makes surgical planning more precise, careful and time-saving;
(5) can be performed ‘prophylactically’ before complications of A-V
fistulas arise.

Phlebography in the management of fistula complications
D. T. REILLY, H. J. PEARSON, E. M. WATKIN and R. F. M. WOOD

The functional life of an arteriovenous fistula can be considerably increased
by the recognition of remediable anatomical problems in the fistula. A radio-
graphic technique described by Anderson et a/l. (1979) has been evaluated in a
series of 36 consecutive fistula problems. The commonest abnormality
shown was stenosis in the venous run-off (17) followed by thrombus (7),
increased distal flow (3) and arterial stenosis (1). No abnormality was shown
in eight phlebograms. In only three phlebograms was the information
unhelpful, whereas in seven patients operation was avoided by the demon-
stration of a normal phlebogram. It is concluded that careful radiographic
assessment of malfunctioning fistulas are an essential part of management.

The arteriovenous fistula on the upper limb: technique and follow-up
F. QUINTANA RIERA, F. CASTRO, R. LERMA, C. LISBONA,
R. MARTINEZ CERCOS, J. PUNCERNAU and

F. VIDAL-BARRAQUER

We present more than 400 A-V fistulas on upper limb carried out in the last 4
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years. We describe the techniques used which preferably are end-to-side
anastomosis between vena cephalica and arteria radialis. When it is not
possible we use anastomosis between arteria brachialis and superficial veins
of the elbow fold.

We comment on the complications arising because of the surgical
technique and others shown up during the evolution of the A-V fistula. We
comment also on the diagnostic methods used. Among them we point out
some cases of distal ischaemia because of arterial insufficiency and oedema
of the upper limb because of proximal venous thrombosis. As a conclusion
we note:

(1) The efficiency of the A-V fistulas in the elbow fold when it is not
possible to make them on the wrist;

(2) Itisadvisable to discard previously any ischaemic arterial pathology or
venous thrombosis that, being asymptomatic, could expose the limb
when we perform an A-V fistula on it;

(3) The strict control of the A-V fistula evolution permits the early
diagnosis of the damage and its possible recovery.

Quantitative Doppler and ultrasound measurements in surgically created
arteriovenous fistulas of the arm
L. FORSBERG, T. HOLMIN and E. LINDSTEDT

Arteriovenous (A-V) fistulas, surgically created between the radial artery and
the cephalic vein according to the method described by Brescia e al. (1966)
have been performed at our hospital for more than a decade to be used for
dialysis and cytostatic infusion.

Eighty-three patients with well functioning fistulas were examined with
10 MHz directional, CW Doppler. Forty-five patients also with fistulas
functioning well were examined, some at multiple instances giving 77
measurements in all with § MHz Doppler. Thirty-eight fistulas belonging to
the latter group were also examined with 10 MHz. Sixty-three of the fistulas
examined with 10 MHz and 56 of the fistulas examined with 5§ MHz had
diameter measurements performed with B-scan ultrasound of the feeding
artery — the brachial artery — making possible volume flow measurements.

One hundred and ninety-eight (198) flow velocity measurements with
directional CW Doppler of A-V fistulas of the arm made it possible to
establish a ‘normal’ value of 50 cm/s (30—70 cm/s) in fistulas with adequate
function. Diameter measurements performed with B-scan ultrasound using a
5 MHz transducer with an axial resolution of 0.3 mm make the volume flow
measurements especially in patients with thin vessels less accurate, but the
rapid developments in transducers will probably reduce this problem in years
to come. Doppler flow velocity measurements with or without volume flow
calculations are totally non-invasive and can be repeated without problems
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for the patients giving valuable information about the hemodynamic changes
due to fistulas.

Prospective angiographic investigation of vascular access in haemodialysis
M. M. ELSEVIERS, A. M. DE SCHEPPER, H. A. VEREYCKEN,
R. VAN HEE, R. LINS, G. A. VERPOOTEN and M. E. DE BROE

A prospective angiographic investigation of vascular access (VA) in
haemodialysis patients was started in November 1979, During this 26-month
period 179 angiographies were performed in 79 patients, within the 2 months
following the VA construction and repeated once a year (‘routine’ examin-
ation: 70%). Additional angiographies were performed, when clinical
problems arose (‘urgent’ examinations: 30%): decreased flow, infection,
haematoma. Immediate complication rate was 16%, mainly consisting of
minor reactions due to contrast medium. In 9% a haematoma was observed.
The results of the angiographies are summarized in Table 10.1. Table 10.2
represents the therapeutic consequences of these investigations.

Table 10.1 Observed abnormalities at different levels of VA

Vas afferens Anastomosis Vas efferens

Routine Urgent Routine Urgent Routine Urgent
(n =109) (n=45) (n =109) (n=45) (n=108) (n=48)

Normal (%) 92 87 77 65 59 38
Abnormal (%) 8 13 23 35 41 62
Narrowing 6 5 15 7 32 19
Thrombosis 3 3 - - 5 8
Aneurysm - - 2 1 2 -
Dilatation - - - 1 9 4

Table 10.2 Therapeutic consequences

Routine Urgent
(n = 145) (n=99)
(%) (%)
Unchanged use 82 4
Change of puncture side 9 13
Correction 4 13
New VA 5 30

To conclude, angiography of VA in haemodialysis patients has diagnostic
and therapeutic relevance. The complication rate is acceptable. The clinical
and prognostic importance of the high incidence of narrowing at the level of
the vas efferens, observed in routine angiographies, needs further investi-
gation.
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Invited comment on papers and posters in
Techniques for monitoring during
long-term follow-up

P. MICHIELSEN

In his guest lecture at the opening ceremony, Dr B. Scribner mentioned the
extremely important observation that in a small number of patients external
A-V shunts can be tolerated during many years without problems. It is clear
that, if it would be possible to determine why this subpopulation is protected
against the usually occurring shunt problems, a major advance would be
achieved in the prevention of these complications. In this line we have heard
this afternoon an excellent paper of Dr. Reilly in which it is convincingly
demonstrated that it is possible to predict which patients will be at risk of
thrombotic complications of A-V fistulas. Thrombotic patients were found
to have a greater extent of platelet aggregation and a higher f-thrombo-
globulin level before fistula construction. This opens the way for therapeutic
trials designed to prevent thrombosis in the selected group of patients at risk.
Thrombosis is, however, only a small part of the problems that can occur in
patients with A-V fistulas. In Dr Reilly’s series of angiographies the incidence
was seven cases of thrombosis in 36 consecutive fistula problems. Stenoses at
the venous outflow were far more frequent and the same was found by other
groups. It would be important to extend the nice prospective studies of Dr
Reilly to see if such stenoses occur more frequently in the subgroup of
patients at risk of thrombosis.

The papers and posters concerned with monitoring of the A-V fistulas can
be divided in two groups: those using the Doppler technique and those using
angiography. Dr Bruyninckx presented elegant experiments in which he
measured the influence of closing and reopening a fistula on systolic finger
pressure and Doppler velocity ratios in the arteria brachialis. It is, however,
disappointing to note that it was not possible with these techniques to
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determine reliably which fistulas had an adequate flow for efficient dialysis.
Forsberg et al. did Doppler flow measurements on well-functioning fistulas.
They found a normal flow velocity of 50 cm/s (30—70 cm/s) over the arteria
brachialis. They were, however, unable to determine exactly the diameter of
the vessels by B mode scan, so that the flow calculations were inaccurate. The
major advantage of these non-invasive studies is that they can easily be
repeated, At this time, however, it is not proved that they provide more
information than the observation of the blood-flow through the dialyser
during the dialysis procedure. An attempt to further improve this technique is
presented by van Baalen et al, By real-time spectrum display of the frequency
analysis of the Doppler signal they were able to detect a stenosis at the site of
the venous anastomosis. This result was obtained in patients with a PTFE
(Gore-tex® ) graft which is a special situation; there is no indication that this
technique could be used for the localization of stenoses in standard A-V
fistulas.

If the practical significance of Doppler flow velocity measurements seems
thus very limited, angiography is already well introduced in clinical practice.
There seems to exist a general agreement on the fact that angiography is
useful for preoperative investigation of difficult cases and for diagnosis in
fistula problems. Both the presentation of Slifkin and the poster of Reilly are
convincing arguments in favour of the selective use of this technique in
patients with fistula problems, Is it also useful to perform angiographies in
patients with well-functioning fistulas? This is suggested in the posters of
Quintana Riera et al. and of Konner et al. These last authors performed 24
prophylactic angiographies which led to 10 surgical revisions. From these and
the following data it is clear that even in patients with well-functioning
fistulas angiography can disclose localized stenoses, generally located at the
outlet. To justify routine prophylactic angiographies it must, however, be
demonstrated that these stenoses are progressive and that early operative
repair is superior to a delayed operative repair once inadequate blood flow
during dialysis has occurred. Such a question could be resolved only by a
well-controlled prospective trial. After informed consent is obtained patients
must be randomly allocated to a group in which routine prophylactic angio-
graphies are performed and a group with selective angiographies only. This is
the only way to determine if early diagnosis is useful and if the advantages
outweigh the side-effects of the investigation. To submit dialysis patients
with a well-functioning fistula to a series of routine angiographies is a
difficult decision which raises ethical problems. It is therefore highly
regrettable that the group of Elseviers’ submitted 79 patients to 145 routine
angiographies without a control group. This considerable and impressive
effort cannot thus answer the fundamental question of the therapeutic
relevance of routine angiography. This study only confirms the high evidence
of unsuspected abnormalities in well-functioning fistulas. In this study the
contrast medium was injected in the arteria brachialis and the complication
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Figures11.1and 11.2  Side-to-side anastomosis (SSA) between brachial artery (BRA) and basilic
vein (BASV) with superficial repositioning of the vein 3 years after surgery. ST =stenosis;
PA =puncture area; AA =accessory artery; AL =arterial loop

rate was 16%. The Andersen technique was used to obtain the data presented
in the poster of Reilly. From the discussion it was apparent that there was no
consensus as to which technique is to be preferred. An interesting new
technique is presented in the poster of Dr Konner et al. Using Xerox filmsin a
special cassette changer he injects the contrast medium intravenously in the
contralateral arm and obtains beautiful pictures of the fistula vessels
(Figures 11.1 and 11.2). In 78 patients no side-effects were observed — but
50 ml of contrast medium is still needed for angiography with this technique.
Another more recent technique which also allows injection of low doses of
contrast medium in a vein in the opposite arm is intravenous digital subtrac-
tion angiography'. This is a computer angiography with a high-resolution TV
system. The radiation image is converted in an analogue video signal which is
taken to a digital converter and stored. During angiographic examination
two pictures are ‘frozen’. The first store contains a picture before the contrast
medium has reached the arteries; the second the picture with contrast
medium. After digital subtraction of the two pictures, the low contrast levels
remaining are amplified. Figure 11.3 illustrates the results obtained in a
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Figure 11.3 Elbow A-V fistula between arteria brachialis and vena basilica. Intravenous digital
subtraction angiography (courtesy Professor A. Baert)

fistula at the elbow. It is likely that this method will progressively replace the
previous ones. A decrease in the incidence of side-effects and an improve-
ment in the quality of the image will certainly broaden the indications for
angiography in the long-term monitoring of access vessels.
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Access surgery in children: a big problem?

F. G. M. BUSKENS, S. H. SKOTNICKI, H. REINAERTS AND
M. C. J. de JONG

INTRODUCTION

Encouraged by more than 10 years experience with haemodialysis and
consequently with vascular access in adults, a department for dialysis in
children was started at the Radboud Hospital of the University of Nijmegen
in July 1977. Up to December 1981, our experience with vascular access in
children covers a period of 4% years. We approached this kind of surgery
with some reluctance especially because the results, described in the literature
at that time, were not very encouraging. Now, looking back after 412 years,
in this group of young patients most of the problems seem to have been
overcome and the results have not been as bad as expected.

PATIENTS AND RESULTS

From July 1977 until December 1981, 42 children were presented for haemo-
dialysis. Of these children 14 were suffering from acute renal failure and 28
from chronic renal failure. The indications for urgent dialysis in the above-
mentioned 14 children are presented in Table 12.1. Three patients died: two
post-traumatic and one after an orthopaedic operation (reconstructive
osteotomy). The duration of acute dialysis ranged from 4 to 56 days with a
mean of 18 days. In all instances a Scribner shunt was used, situated in one of
the lower legs. In six of the 14 patients a revision of the shunt was necessary
within 2—8 days, and four of them needed more than two shunts and one
patient had to be operated five times.

The group of 28 patients with chronic renal failure consisted of 16 boys and
12 girls. The age of these 28 children at the time of the construction of the first
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Table 12.1 Causes of acute renal failure in 14
children

Trauma with intra-abdominal bleeding 5
Extensive surgery 3
open-heart surgery
laparotomy for malignancy
reconstructive osteotomy

Haemolytic uraemic syndrome
Angiography

Cytostatic drugs

Poisoning by paraquat

[T S ]

vascular access ranged from 3 to 16 years with a mean of 11.8 years. In 21 of
the 28 children, who were considered for regular haemodialysis, a primary
A-V fistula, according to Cimino—Brescia, was created in the non-dominant
forearm. The fistula was made either end-to-side at the wrist or side-to-side at
the elbow. In seven patients the first vascular access was a Scribner shunt in
the lower leg constructed at the acute onset of the renal failure. Later on an
A-V fistula was created. The time between construction of the A-V fistula
and its successful use for dialysis varied from 5 to 12 weeks.

In 25 children an attempt for an A-V fistula according to Cimino—Brescia
was made. In 15 cases this was successful and a useful fistula resulted (60%).
Out of the 16 Cimino fistulas performed at the wrist, 10 were still functioning
when transplantation took place or were still patent up to the time of the end
of the follow-up (524 months). In the cases of primary failure of the Cimino
fistula, a second attempt was made twice direct postoperatively and twice
after 8 and 12 months. These four A-V fistulas were still functioning up tothe
time of transplantation (5—26 months). In one patient with a primary failure
a saphenous vein graft was inserted in a U-shape in the forearm. This attempt
was unsuccessful and necessitated repeated surgery to obtain vascular access.
The patient ultimately died from uraemic pericarditis. Another patient in this
group also proved to be very difficult to help. A second A-V fistula failed and
a bovine graft in the upper leg was constructed. Revision of the venous
anastomosis was necessary at 3 months and several times afterwards,
however without satisfactory result. Recently another bovine graft has been
implanted in the contralateral upper leg.

In five patients primary vascular access was attempted at the elbow site.
Two of these A-V fistulas were still functioning at transplantation. In one
case a Cimino fistula was created in the other arm with good result. In two
patients a bovine graft was implanted in the upper leg. One was functioning
well until transplantation (10 months later) and one is still being used at the
end of the follow-up (7 months).

Out of the seven patients with an acute onset of chronic renal failure, who
had received primary a Scribner shunt in the lower leg, three received at a

78



ACCESS SURGERY IN CHILDREN

later stage an A-V fistula at the wrist and another three a bovine graft in the
upper leg. One bovine graft developed an aneurysm and was ligated. After a
temporary Scribner shunt a useful Cimino fistula was made. In the last
patient of this group a third attempt to make an A-V fistula was successful.

Early or late thrombosis of the primary A-V fistula was seen in 11 patients.
One patient developed cardiac failure, due to massive shunting. Problems
with venous hypertension or ischaemia were not observed. There were no
postoperative infections. Infection at the site of puncture occurred three
times. One of these fistulas with a mycotic aneurysm was lost. In one
occasion an aneurysm was observed in a bovine graft a few weeks after the
start of dialysis. Ligation of the graft was performed. Intimal hyperplasia at
the venous anastomosis of a bovine graft, frequently seen in adults, was
encountered once in a boy of 9 years. Repeated reoperations could not save
the fistula in the long run. Recently, in this patient, another bovine graft
fistula in the contralateral upper leg was successfully performed.

DISCUSSION

When considering the above results and comparing them with reports from
the literature, the result of our vascular access in children seems quite satis-
factory. This may be favourably influenced by the fact that the children in
Nijmegen were transplanted quite early in the course of their disease. The
time between the first dialysis and transplantation ranged from 5 to 26
months with a mean of 11.3 months. There are few surgeons, who opt in the
first instance for an A-V fistula, as we do. Gagnadoux!-?2 from Paris and
Sicard? from St Louis follow the same policy. They-also opt primarily for an
A-V fistula in the forearm. L’Opez Uriate* from Mexico prefers a saphenous
loop in the forearm. As an alternative he makes an anastomosis between
femoral artery and saphenous vein, just above the knee, but these fistulas are
not very useful, because of the deep position of the vein. Knaepen et al.’
prefer the saphenous-vein loop as primary access procedure. They assert that
in a Cimino fistula the flow through the small vessels is too low and that
consequently the enlargement of the forearm veins, necessary for easy
percutaneous- cannulation, is often delayed for a long period. We
acknowledge their argument, but if it is possible to make the fistula a long
time before use — and that means at least 6—9 weeks before dialysis treatment
— one will have a good fistula. It is therefore important that the nephrologist
presents the patients at the earliest possible moment.

Other authors, including VanderWerft and Wellington’, prefer in children
the use of artificial material like bovine or PTFE grafts. On the assumption
that the cephalic vein is too small for a good flow through the fistula.
However, since the results of vascular access by various surgeons with their
various techniques are not better than our results, we intend in the future to

79



ACCESS SURGERY

follow the same protocol. Our first choice for vascular access will remain an
A-V fistula according to Cimino, also in children.
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Conversion of Teflon—Silastic shunts to
A-V fistulas in small children with chronic
renal failure

A. E. DAUL, N. GRABEN, R. WINDECK AND K. PISTOR

INTRODUCTION

Access to blood is still the most important determinant for continued well-
being of patients with end-stage renal failure, maintained on haemodialysis
(HD)!73. The two types of vascular access used most frequently are the
internal arteriovenous fistula as introduced by Brescia—Cimino and the exter-
nal Teflon—Silastic shunt of Quinton—Scribner#3. For chronic HD treatment
the internal fistula represents the vascular access of choice, whereas in acute
renal failure HD is started via a Scribner shunt in many centres?. In
paediatric nephrology an immediate start of HD often becomes necessary
because of acute onset of renal failure with rapid and — unfortunately often
irreversible — deterioration of renal function. In this situation the A-V fistula
is unsuitable since, particularly in children, many weeks or months may pass
before an accessible vessel has matured. Therefore in these cases a Scribner
shunt is used most commonly, later being abandoned in favour of a Cimino
fistula on the contralateral forearm®. By this procedure, valuable vascular
access sites are already wasted in the first weeks of dialysis treatment.

In order to conserve vessel resources, we endeavoured to convert external
shunts to internal A-V fistulas. After studying the literature we found that
little thought had been given in the past to the problem of shunt conversion.
We came up with only three reports with a total of 43 cases with shunt
conversion, all being performed in adults”~9, Since we already had gathered
good results with shunt conversion in 62 adults, we felt encouraged to try this
procedure also in children.
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TECHNIQUE

For acute HD we insert exclusively a straight in-line A-V shunt between the
radial artery and the cephalic vein'®. In children who need subsequent HD
treatment we attempt shunt conversion as soon as a dilated and accessible
vein is visible. Under local anaesthesia we begin with a 3—-4 cm straight skin
incision proximal to the skin outlets of the Silastic tubes and between both
cannulated vessels.

Proximal to the vessel tips the radial artery and the dilated cephalic vein are
mobilized, freed of connective tissue and adapted side to side. After that a
15-18 mm anastomosis is constructed by side-to-side technique (Figure
13.1). We use this technique in order to create a large anastomosis and to
obtain sufficient blood flow even through small vessels. Prior to completing
the anterior suture line, fistula function is examined by relieving the arterial
occlusion, followed by instillation of heparinized saline into the vein. After
complete closure the appearance of a typicalthrill is awaited before the
vessels distal to the fistula are ligated. Finally the vessel tips are removed by
external traction through their original skin outlets, thereby avoiding
contamination of the wound. Then the skin incision is closed. The patients
are observed in the hospital overnight and the fistula is used within 1-2 days.

Figure 13.1 Shunt conversion is shown before closure of the anterior suture line of the
anastomosis. Vessel tips are still in position. Proximal to the anastomosis both vessels are
occtuded by a rubber loop

PATIENTS AND RESULTS

Between January 1979 and March 1982 in‘our unit 251 Teflon—Silastic shunts
were inserted and 241 Cimino fistulas were created. Out of these in 74
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patients A-V fistulas were constructed, using the dilated vessels of previous
external shunts. In children this has been achieved in 12 cases so far. This
group consisted of six girls and six boys aged 4—14 with a body weight
between 11.5 and 56 kg; 10 of them had a body weight under 30 kg.

The time interval between construction of external shunts and conversion
to A-V fistulas was between 29 and 194 days, with a mean of 73 days.
Conversion was successful in 11 of 12 attempts and the newly created A-V
fistulas were accessible within 1-2 days. In one child early thrombosis
occurred subsequent to local infection. Uncomplicated wound infection was
seen in another child. In April 1982 11 of 12 fistulas were still functioning
with a lifespan of 140—1127 days.

DISCUSSION

A-V fistulas can be considered to be suitable as vascular access of choice in
children, if chronic HD treatment becomes necessary®112. Only in a few
paediatric nephrology centres are external shunts preferred in order to avoid
frequent venipunctures with the associated pain and psychological pressurel3,
A-V fistulas must be constructed early in the course of the disease, i.e. weeks
or months before HD treatment becomes unavoidable. However, under
certain conditions it may become absolutely necessary not to wait until a
fistula has matured. In these cases one may be forced to use an external
Teflon—Silastic shunt®14, Intermittent use of Sheldon catheters or peritoneal
dialysis has proved to be less favourable in our experience.

Our results show that this external Teflon—Silastic shunt between radial
artery and cephalic vein can successfully be converted into an A-V fistula.
Since the diameter of the cannulated vein increases considerably through
arterial blood flow, it may be immediately punctured for subsequent chronic
HD treatment after conversion.

Previous use as an external shunt does not adversely influence the outlook
for later functioning of the fistula. From our experience, as well as from
other vascular surgeons, one may expect that function of converted shunts in
small childrenis better than that of primary constructed A-V fistulas. Weattri-
bute this to previous dilatation of the vessels. Although there is the imminent
danger of wound infection, among our patients this never became a
prevailing problem. Only in two patients did localized wound infection
occur, caused by Staphylococcus aureus. To avoid these complications, it is
necessary to convert only those external shunts which show no signs of
infection. If shunt infection is suspected it is essential to await the success of
antibiotic treatment. After a 1-2-week interval free of recurrence, shunt
conversion can be planned.

An important prerequisite of successful shunt conversion is to construct
the external Teflon-Silastic shunt as an in-line version. This variation of the
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original Scribner shunt offers some notable advantages in children: less
foreign material is implanted, which may favour wound healing and
diminish the risk of wound infection!%15, Particularly in small children with
small upper extremities pressure necrosis of overlying tissues will be avoided.
In addition, better blood flow properties are obtained by avoiding the curved
shape of the original Scribner shunt!%15, Shunt clotting occurs less frequently
in in-line shunts, and in such cases mechanical or fibrinolytic declotting is
easier. Last but not least the in-line shunt can be constructed further distal in
the course of the vessels, thereby conserving the more proximal segment for
future shunt surgery. Although the use of the hand may be reduced
temporarily, this must be weighed against optimal use of vascular resources.
By our technique of shunt conversion in children, we obtain optimal access
from the same vascular site for acute and for subsequent chronic HD
treatment, thereby conserving alternative vessel sites for the future.
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Central venous catheter for total
parenteral nutrition in small children

R. DEREERE, J.-M. BOUTON AND P. DECONINCK

INTRODUCTION

Total parenteral nutrition (TPN) has contributed a great deal to recent
progress in pediatric surgery, particularly in neonatal surgery!. Neonates,
and even more so premature infants, have a low calorie reserve? and tolerate
poorly suboptimal conditions. Therefore, a steady infusion of the correct
amount of TPN is important in that age group. The peripheral venous
network is quite rapidly exhausted if used for this purpose as well as for the
intravenous administration of several drugs, for blood and/or plasma
transfusions. A central venous catheter seems to be an efficient way to
administer TPN for long periods of time in satisfactory conditions. Thus the
peripheral network remains available for intravenous antibiotics, blood, etc.
The risk of skin necrosis by subcutaneous infiltration, as may be seen
occasionally when infusion pumps are used, is avoided. Finally the patient is
more comfortable, not being submitted to repeated venipunctures.

This chapter will deal with a few technical aspects only. An important
point is the choice of the right catheter. Because this catheter will be
implanted for a long time, it should not irritate the venous wall, nor should it
be thrombogenic. It is generally accepted that Silastic and other silicone
catheters are the best3.

MATERIALS AND METHODS

Between January 1980 and February 1982 we inserted a total of 82 central
venous catheters: 46 infant-sized Vygon catheters and 36 Silastic catheters.
Seventy-eight catheters were introduced in the superior vena cava (Table
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14.1), most often through the internal jugular vein, less frequently through
the external jugular vein or the greater superficial arm veins. Only four
catheters were put in the inferior vena cava, through the great saphenous vein
or the epigastric vein*. The greater risk of venous thrombosis and/or
infection through this route explains why so few cases had a central venous
catheter in the inferior vena cava.

Table 14.1 Choice of access vein

Superior vena cava 78
jugularis interna 61
jugularis externa 6
basilica-cephalica 11

Inferior vena cava 4

saphena magna
epigastrica inferior

[ S8 1

After the patient is intubated and anaesthetized, all catheters are placed by
the same surgeon. A standardized technique is used. The operative field is
widely disinfected with iodophore solution and carefully draped. A 12 cm
incision is made at the level of the internal jugular vein, which is easily
exposed between the sternal and clavicular heads of the sternocleidomastoid
muscle. The jugular vein is dissected over 1 cm. Between two stay sutures,
which are used for control of bleeding, a small circular 6/0 suture is put on
the anterior surface of the vein. In its centre, a punctiform incision is made
and an infant-sized silicone tube, flushed with saline, is inserted under X-ray
control for positioning of the tip at the entrance of the right atrium. The
circular suture is tied and the stay sutures are removed. Catheter tube and
connecting device are separated and tunnelization to the nipple areola is
carried out, making sure that the catheter is not kinked in front of the jugular
vein. Retro-auricular tunnelization is avoided to allow free access to the
venous network of the scalp. Tunnelization from the great saphenous or
from the inferior epigastrica is on the abdominal wall. The two-piece
connecting device with a conical tightening system is then secured to the
catheter tube, which is cut at the desired length to allow correct dressing.

A catheter prolongator, flushed with saline, is also attached. A non-
adherent dry dressing is put around the catheter exit. Catheter and dressing
are fixed to the skin with ¥ inch (12 mm) wide Steristrips and covered with a
dry gauze dressing. A loop of catheter tube is brought on top of this dressing,
fixed again with Steristrips and covered with another dry gauze. On top of
this comes the connecting device, which is fixed with Steristrips and covered
with a large dry gauze, hiding the Steristrips entirely. This entire dressing is
now covered and fixed to the skin with Steridrape, reinforced with Steristrips
at the borders and occasionally with Kling bandage. This dressing should not
be changed and should guarantee excellent fixation and sterility. Catheter
prolongator and sterile intravenous fluid administration set are connected
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with a 0.2 um bacterial filter in between. This connection is covered with an
iodophore-saturated dressing and changed daily by one of the surgical
residents in operating room dress.

TPN solution is prepared daily by a specialized team under a laminar flow
hood, everything being kept sterile until connected to the catheter
prolongator by the surgical resident. In this manner, 82 central venous
catheters were introduced in 61 patients: 40 males and 21 females. The total
duration of TPN was 2004 days, with a mean of 33 days and a maximum of
210 days. Age distribution is shown in Table 14.2.

Table 14.2 Weight and age distribution
of children who underwent TPN

22 prematures 1—-30days 32
under 1000g 3 1—6 months 12
1000—-1500g 4 6—12months §
1500-2500g 15 1-12years 12

TOTAL 61

Indications were gastrointestinal-tract surgery in 37, cardiac surgery in 10,
malignancies in five and miscellaneous in nine. Eleven patients had two or
more catheters, with a maximum of six catheters in one patient. This was a
premature infant with a birth weight of 1100 g and presenting with necrotiz-
ing enterocolitis (NEC) at 2 weeks of age. The first catheter was removed 2
months later, after the patient had recovered. A new episode of NEC made
TPN again necessary. The patient had several complications such as sepsis,
superior vena cava syndrome and inferior vena cava syndrome. Eventually
she did well and is now thriving on a normal diet. The complications are listed
in Table 14.3.

Table 14.3 Catheter complications

Accidentally or erroneously removed 6
Plugging of catheter 7
Catheter infection with sepsis 2
Removed for suspicion of sepsis

(negative catheter tip culture) 5
Superior vena cavasyndrome 2

Inferior vena cavasyndrome 1

TOTAL 23

DISCUSSION

In several instances sepsis was suspected and the catheter removed. Most
often, culture of the catheter tip failed to show any growth. Obviously,
nursing care is critical in TPN. Accidental or erroneous removal and plugging
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of the catheter should be avoided. Vena cava syndrome occurred in two
patients in whom a new type of Vygon catheter was used. This material was
therefore abandoned. In conclusion, a central venous catheter seems to be the
preferred route for TPN, especially in small children with a life-threatening
condition. To achieve an acceptable morbidity and a good reliability, a
sufficient turnover and a whole team, with surgeons and pediatricians,
dieticians, pharmacists and high-level nurses are necessary. A chain is as
strong as its weakest link.
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Abstracts of posters in
Access in children

Arteriovenous fistula in children using a pre-arterialized vein
F. CERIATI, I. R. MARINO and C. CAVICCHIONI

In paediatric hemodialysed patients it is often very difficult to realize a lasting
vascular access with a balanced flow rate. To perform an effective surgical
management without a serious injury to the vessels of the arm, and without
causing cardiac failure, we have realized twelve A-V shunts between ulnar
artery and cephalic vein in the forearm. This vascular access allows us to
dialyse the patients and, at the same time, we can obtain the arterialization of
the cephalic vein. About 60 days afterwards, we performed an A-V fistula
between brachial artery and the pre-arterialized cephalic vein, by continuous
silk suture. At the same time, using another forearm vein, we performed a
new external shunt to continue the dialysis treatment, waiting for wound
healing of the A-V fistula. By this method we obtained good results, without
complications.

Access surgery in childhood
H. ERASMI, S. HORSCH, R. SCHMIDT and H. PICHLMAIER

With the ever-increasing number of dialysis-dependent children shunt
surgery has become more important. At the University Hospital of Cologne
between 1972 and 1981, 69 internal blood accesses were created in children
with a mean age of 11 years. We have distinguished 43 Cimino and 17
brachial fistulas; nine bovine heterografts were also implanted.

The complications and function of different fistulas were compared. It is
shown that Cimino fistulas are the most successful. The brachial fistula hasa
higher rate of complications: development of aneurysms and difficulties in
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puncture. Therefore, in situations where the peripheral vessels are unsuitable
for a direct anastomosis between artery and vein a bovine heterograft should
be implanted.

Angioaccess in small children hemodialysed for acute or chronic uraemia
L. BERARDINELLI, G. STORELLI, L. MILITANO and A. VEGETO

Paediatric or adult patients weighing less than 25 kg coming from five Italian
centres were treated for uraemia. An external femoral shunt was prepared by
us in almost all cases of immediate necessity of haemodialysis in very small
children. An end-to-side anastomosis of the Dacron knitted portion of an
Allen-Brown shunt has always been constructed on a superficial artery
considering the possibility of complications and eventual necessity of surgical
replacements. An alternative useful technique adopted by us particularly in
small children needing immediate dialysis is the composite shunt. This
consists of the anastomosis of a venous homograft end-to-side to an artery. A
Ramirez Teflon—Silastic cannula is then placed in the free end of the venous
graft. Two principal patterns of internal arteriovenous fistulas were used for
chronic patients: side-to-side proximal fistula between the brachial artery
and an antecubital vein, and angioaccess with organic prostheses
(homologous vein or bovine carotid graft). The proximal fistulas were
performed either for direct utilization or for preparing the vascular bed for
graft interposition. In the cases of unsuitable upper limb vessels vascular
grafts were inserted in the thigh with high success rate.

Use of arteriovenous fistulas for long-term parenteral nutrition in children
Y. REVILLON, D. BOUGLE and C. RICOUR

In order to allow the vascular access required by long-term cyclic parenteral
nutrition (PN) a programme of arteriovenous (A-V) fistulas has been
developed in children. There were 17 children aged from 5 months to 18
years, with large intestinal resections or chronic adynamic bowel disease. 30
A-V fistulas were performed: humeral: 17, femoral: 13. Six could not be
achieved and spontaneous thrombosis occurred in seven cases before use.
The last 17 had been used for total (n=4) or partial (n=13) cyclic PN.
Parenteral intakes varied from 12 to 80 kcal kg ! day ! (glucose 70%, lipid
30%) and from 90 to 600 mg N kg ! day ~ !.

Normal growth was observed in all but two of the children. Septic, trophic
or haemodynamic complications did not occur. Six A-V fistulas thrombosed
after 10 (x1) months of use, mainly in younger children; nine others are
functioning after 4 months to 3 years.

These results show that: (1) so far the creation of A-V fistulas in infants less
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than 1 year old is not valid; (2) the long life of A-V fistulas without side-
effects makes them an appropriate alternative to central catheters for long-
term PN.

Single needle haemodialysis (SND) via subclavian vein
C. D. MISTRY, R. GOKAL and N. P. MALLICK

Adequate vascular access is essential for patients requiring haemodialysis.
This is usually achieved by the use of a fistula or the Scribner shunt. In
situations where temporary but immediate vascular access is required, the use
of the subclavian vein catheter technique with SND has major advantages
over the Scribner shunt.

Using this technique 12 patients (five male, seven female) were dialysed for
a mean period of 4 weeks (range 1-9 weeks). Indication for the use of this
technique were thrombosis or lack of an A-V fistula (6), and CAPD patients
without vascular access requiring short-term haemodialysis (5). Nine patients
had more than one subclavian puncture for exit site infections (4), cannula
thrombosis (3), inadequate blood flow (1), leakage from the cannula site (1).

A major problem was that of catheter exit site infection (12 episodes) and
one episode of septicaemia. These were successfully treated. Catheter
patency was maintained by heparin infusion through the catheter (500 units
in 5 ml normal saline 6-hourly), which the patients were able to perform
themselves. Five patients were able to go home with the catheter in situ after a
median inpatient stay of 8 days. There was no morbidity associated with
catheter insertion and adequate biochemical control and blood flows were
obtained.

Subclavian vein catheterization provides immediate and adequate access
for dialysis, preserves a vascular access site and has a very acceptable
morbidity. SND using this access provides good biochemical and fluid
control and appears to be superior to the Scribner shunt.

Subclavian vein catheterization in infants
J. H. BERGMEIJER, N. M. A. BAX, F. W. J. HAZEBROEK and
J. C. MOLENAAR

From January 1981 till January 1982 a subclavian venipuncture procedure
for parenteral alimentation was carried out 19 times in 14 surgical patients
under the age of 1 year. Five patients underwent the intervention twice. Ages
ranged from 5 weeks to 7 months. Mean weight was 3060 g, ranging from
1690 to 7000 g. The subclavian route was successful in nine cases, in five
cases a line was introduced in the jugular vein, in three cases in the femoral
vein and in the remaining two cases a peripheral vein was used. No serious
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complications occurred in connection with the puncture. Reposition of the
catheter was required on five occasions. Pneumothorax did not occur, one
infant developed a hydrothorax. Catheters remained in position an average
of 14 days, the longest for 1 month. Most catheters were removed on
suspicion of sepsis. This was confirmed in only two cases.
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Invited comment on papers and posters in
Access in children

P. KINNAERT

Vascular access in young children remains a challenge for the surgeon.
However, the various papers and posters of this symposium show that in the
last few years some solutions have been found and that surgeons try
continuously to improve their techniques. Buskens, Skotnicki, Reinaerts and
De Jong (‘Access surgery in children: a big problem?”) created A-V fistulasin
28 children with a 60% immediate success rate. In the cases where the primary
procedure failed, they succeeded in constructing another access device during
a second operation. They conclude that the A-V fistula is the first choice in
children who must be treated by haemodialysis. They favour the side (artery)
to end (vein) anastomosis which should always be preferred to the end-to-end
anastomosis because the flow through the fistula is 30% higher when the
distal portion of the artery remains patent!. Thus, we hope to decrease the
immediate failure rate and ameliorate the late patency rate of these devices. If
a steal syndrome occurs it is always possible to ligate the distal radial artery.
This technique avoids also the venous hypertension in the hand sometimes
seen following side-to-side A-V fistulas at the wrist. Daul, Graben, Windeck
and Pistor (‘Conversion of Teflon—Silastic shunts to A-V fistulas in small
children with chronic renal failure’) and Ceriati, Marino and Cavicchioni
(‘Arteriovenous fistula in children using a pre-arterialized vein’) describe
ingenious techniques to convert an external A-V shunt into an A-V fistula,
the idea being to dilate the veins with the shunt and construct an A-V fistula
more easily when the vessels are larger. These procedures are interesting to
know for children who present themselves with a shunt already in place
because they preserve other vascular access sites. However, I am reluctant to
systematically insert cannulas in the vessels of small children. Indeed, with
proper technique, A-V fistulas can be constructed when the veins are large
enough to be cannulated by paediatric vessel tips. Eventually we can use
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microsurgical techniques as shown by Bourquelot?. Incidentally we always
use at least magnifying glasses when we construct a fistula (even in adults). In
our earlier experience with external A-V shunts there was a high incidence of
clotting of cannulas, moreover infection was not infrequent. These compli-
cations would prevent the use of the same vessels for construction of the
subsequent A-V fistula. Moreover, because of the length of the cannula, the
necessity to create a subcutaneous tunnel and the fact that the anastomosis
must be performed above the tip of the cannulas, one may lose, in the
smallest children, as much as one-third of the length of the vessel.
Berardinelli, Storelli, Militano and Vegeto (‘Angioaccess in small children
hemodialysed for acute or chronic uraemia’) favour the A-V fistula
constructed in the antecubital fossa. We have also used this device in small
children with very satisfactory results’. When the operation is well planned
the fistula can be made without altering the venous drainage of the forearm.
The veins of the forearm can be utilized later on for the creation of a fistula if
needed when the child grows up. When haemodialysis has to be instituted
quickly, Berardinelli et al. recommend the Allen—Brown shunt in the thigh or
a composite shunt, the arterial branch of which is composed of a venous
homograft anastomosed to an artery and intubated with a Ramirez
Teflon-Silastic cannula. These interesting techniques should not be used
systematically. One should keep in mind that it is rather difficult to keep the
orifices around the cannulas in the thigh clean, especially in small children,
because of the proximity of the perineum. If treatment is required immedi-
ately, peritoneal dialysis should be tried first in the younger patients and an
A-V fistula should be planned only when blood chemistry and haemo-
dynamics are stabilized. In the biggest children (weighing more than
20-25 kg), single needle haemodialysis (SND) via the subclavian vein as
described by Mistry, Gokal and Mallick in adults is another possible method.
It preserves all the vascular access sites. In order to maintain the patency of
the catheter, the authors inject heparinized saline every 6 hours. In our unit
we infuse heparinized saline through the catheter only at the end of each
dialysis session and put the whole device under a sterile dressing. The patient
is instructed not to touch this dressing between dialysis sessions. Since we
adopted this protocol there has been no increase in the frequency of clotting
episodes but the morbidity due to infections has diminished substantially.
Erasmi, Horsch, Schmidt and Pichlmaier (‘Access surgery in childhood”)
report their experience with 69 internal blood access devices. Brescia—Cimino
fistulas gave the best results but it should be mentioned that this type of
fistula is usually performed in the children with the best vascular supply.
Brachial fistulas were more difficult to puncture and aneurysms developed.
In her abstract, Mrs Erasmi concludes that bovine heterografts should be
implanted when distal vessels are unavailable. Fortunately, this statement
has been corrected in the poster where the bovine graft is considered to be the
last choice. .Indeed, pseudo-aneurysms have been described with this
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material® and there is an increased risk of infection due to repeated puncture
of foreign material and problems may arise with grafts in straight position
because of the presence of a non-growing conduit in a growing limb.

Vascular access for hyperalimentation is another challenge for the
surgeon. Dereere, Bouton and Deconinck (‘Central venous catheter for TPN
in small children’) used the classical central venous catheter inserted surgic-
ally through various veins (jugular, basilic, internal saphenous or epigastric
vein). With careful surgery and rigid asepsis during subsequent manipulation
of the catheter, they obtained satisfactory results. Bergmeijer, Bax,
Hazebroek and Molenaar (‘Subclavian vein catheterization in infants’)
report a shorter series of catheters inserted percutaneously with similar
results. However, the main and most dangerous complication of these
catheters remains infection. Therefore, other solutions were searched for.
Révillon, Bouglé and Ricour (‘Use of arteriovenous fistulas for long-term
parenteral nutrition in children’) tried to create A-V fistulas for hyper-
alimentation. While most of the children with renal failure have a series of
features which facilitate the creation of an A-V fistula (low haematocrit,
alterations in the coagulation system, increased plasma volume, high cardiac
output) the patient who needs hyperalimentation has usually a normal or
nearly normal haematocrit, a normal or low blood pressure and he may be
slightly dehydrated. Consequently, the creation of a functioning A-V fistula
is not an easy task for the surgeon. Révillon ez a/. report an immediate failure
rate of 43%. Moreover, the hyperalimentation mixture favours thrombosis
which occurred in six of the 15 fistulas that were used. However, the most
important point in their work is that no septic episode was recorded. There-
fore, the technique should be explored further.

In conclusion, the conditions that should be fulfilled by an ideal vascular
access are:

(1) It should preserve as much as possible the vascular supply of the child.

(2) Itshould not prevent normal activities. This means that we should avoid
external devices that destroy vascular access sites. Because of the risk of
disconnection or the risk of infection by soiling of the dressings, the
children are not allowed to play normally. The external device always
reminds them of their disease. Psychological problems can occur not
only in children but also in parents>.

(3) It should be easy to use, which means that the fistula should be easy to
puncture and that its flow should be high enough to allow adequate
dialysis. Therefore, we have not investigated the distal fistulas in small
children because in our experience they take a very long time to mature
and we prefer the elbow fistula in these situations.

(4) Thecomplication rate should be low and the late patency rate high. This
is best obtained by internal access devices constructed with the child’s
own vessels.
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(5) One very important point is that the vascular access device should be
used correctly. This means that the surgeon is not only involved in the
creation of the A-V fistula but that he should supervise its utilization by
regularly meeting the nurses and the paediatricians in order to discuss
the vascular access problems. [ am convinced that it is only by such
teamwork that we will be able to improve our results in the future.

Finally it should be stressed that kidney transplantation is the only acceptable
treatment of renal failure in childhood and that the haemodialysis or
peritoneal dialysis period should be as short as possible.
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A comparative study in angioaccesses
for haemodialysis using homologous
saphenous vein, bovine and PTFE graft

L. BERARDINELLI, C. BERETTA, E. POZZOLI AND A. VEGETO

Interposition of prosthetic material for arteriovenous communications
became an indication for access surgery if there are no possibilities to
construct a direct arteriovenous fistula. This study will describe and analyse
the results of 202 arteriovenous and graft fistulas out of a total experience of
684 vascular access procedures. The frequency of complications and the out-
come of reoperations of homologous saphenous vein, bovine carotid and
extended PTFE grafts are specially compared.

MATERIALS AND METHODS

Between 1968 and 1981, 684 new vascular access procedures and 172
reoperations have been performed on471 patients by the same surgical team.
No patients had vessels suitable for construction of a regular Brescia—Cimino
forearm fistula.

From 45 dialysis centres in Italy 245 men and 226 women, aged from 6
months to 83 years, came to our hospital. All patients had been operated else-
where, for an average of seven arteriovenous vascular procedures. All
operations were done using local anaesthesia, with minimal patient dis-
comfort.

Prior to the insertion of a graft the patency of the venous outflow was
ascertained by phlebography. The grafts were indifferently placed across the
joints, if necessary. Grafts were not cannulated for at least 3 weeks after
insertion and the technicians were not aware of the nature of the graft. Only
in one case was the patient’s own saphenous vein used as a graft. The
homologous saphenous veins, obtained from routine saphenectomy and pre-
served in an ordinary refrigerator, were used as graft in 130 cases. In the last
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S years the veins have been chosen based only on their integrity and sterility,
without regard to the major ABO blood group compatibility. In 59 cases
there was no suitable vein available and a bovine graft interposition was
performed. We now use bovine carotid grafts with a larger diameter than we
used originally.

In comparison with a venous graft we double the amount of heparin to
prevent clotting due to the lack of an endothelial layer in the bovine graft
during the anastomosis of this graft. We also found it technically useful to
grease the external surface of the carotid graft with sterile Vaseline oil for
easier passage through the subcutaneous tunnel. Expanded PTFE was used in
nine, and human umbilical vein graft (Dardik) in three, cases. The grafts were
placed at the upper or lower limb, indifferently in straight or loop-shaped
tunnel position. All patients were dismissed with platelet disaggregating
agents.

RESULTS

The best surgical results were observed with the homologous saphenous vein
graft, with a mean function time of 13 months and a maximum function of 6
years. The bovine graft has a mean function time of 5.6 months (maximum 35
months). The worst clinical results were noted with artificial material: in fact
only one PTFE graft is still functioning after 3 months (mean survival time
1.7 months). The tolerance for repetitive punctures is better for all biografts,
if compared with the artificial graft.

Table 17.1 Functioning of vascular grafts

Allografts  Bovine  PTFE

Number of vascular accesses 130 59 9
Mean life (months) 13.9 5.6 1.7
Number of reoperations 46 28 5
Mean prolongation of graft life 6.4 1.2 1.1

after reoperation (months)

No serious vascular insufficiency, nor arterial steal syndrome, were noted
in our cases. We believe that this complication depends on the surgical
technique and size of the anastomosis, rather than on the graft material itself.

The immediate thrombosis observed in the first month after operation was
seen seven times in 130 homologous venous grafts (5.3%) and five times in 59
bovine carotid grafts (8.4%). In our experience a stenosis at the venous end of
the bovine graft occurs frequently about the Sth—6th month of function. A
phlebography is recommended when the venous pressure arises during
haemodialysis. On the other hand dilatation is the most frequent complica-
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tion in the venous graft at the arterial side. Eight aneurysms were seen
(6.1%), four of them successfully corrected later. No aneurysm was seen in
59 bovine grafts, but we have had the opportunity of resecting aneurysms in
grafts installed by other surgeons.

Rare episodes of early infection were seen by well-controlled biografts,
without loss of function of the fistula. ’

In six venous grafts (4.6%) and three bovine grafts (5%) we later lost the
fistula due to infection. After reoperation there was an increase in function
time of 6.4 months for homologous vein grafts, 1.2 months for bovine grafts
and 1.1 months for PTFE grafts. Due to the infection risk of the thrombosed
graft, most of the PTFE grafts must be totally removed, while all except one
biograft could be left in situ after thrombosis. The experience with umbilical
vein graft (Dardik) was too short, but we saw late erosions of the overlying
skin in patients with a small amount of subcutaneous tissue.

DISCUSSION AND CONCLUSIONS

Intimal hyperplasia at the venous anastomosis of bovine graft has often been
reported!-3. However, our experience with heterograft is satisfactory.
Investigations in the problems of the tensile strength could lead to improve-
ment in the quality of this biograft. We cannot explain the disappointing
results obtained with PTFE grafts in contrast with other authors*?. Neither
intraoperative contamination nor contact with Betadine or alcohol were con-
firmed®. The main factor responsible for this unsatisfactory outcome could
be the ‘prefilling’ of the PTFE graft with blood, as we usually do, in order to
prevent twisting.

The best results were obtained with homologous saphenous grafts, whose
advantages, at least in our opinion are: lowest cost of preservation, free
availability in a vascular surgery division, absence of legal problems and
excellent functional results’.
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Bovine xenograft — a useful tissue for
construction of arteriovenous fistulas
for chronic haemodialysis

M. DECURTINS, G. K. UHLSCHMID, P. BUCHMANN,
S. GEROULANOS AND F. LARGIADER

Haemodialysis, performed for the first time in 1943, has since 1960 become a
successful method of treatment of chronic renal insufficiency. In 1978 there
were 8000 patients on chronic haemodialysis in Switzerland and in the same
year one new patient in 20 000 inhabitants needed haemodialysis.

For the performance of routine haemodialysis adequate vascular access is
one of the most important prerequisites!. The great number of operative
techniques and materials described since the first creation of an A-V fistula
illustrates the fact that the individual vascular situation is to be considered for
the construction of such access.

In accordance with various authors we can only agree that the best long-
lasting results can be achieved with a simple arteriovenous (A-V) fistula on
the forearm (Brescia—Cimino)2~4. Between 1975 and 1980, 181 such fistulas
were performed at our department.

In cases where a simple A-V fistula was impossible to construct, or where
immediate onset of haemodialysis was indicated, graft fistulas were
constructed by the interposition of autologous veins’ or in recent years in an
increasing number of patients with xenogeneic or allogeneic material. In the
present chapter we summarize our results with xenogeneic materials used for
the construction of graft fistulas.

MATERIAL AND METHODS

Between 1975 and 1980 in 81 patients (46 females and 35 male) with a mean
age of 44 years (6—68 years) an overall number of 115 arteriovenous graft
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fistulas using non-human material were constructed. The bovine xenografts
are prepared from denatured calf carotid arteries with diameter 4—5 mm and
an approximate length of 10—30 cm (Solco—Graft®) treated with dialdehyde.
Artificial vascular prostheses were prepared from polytetrafluorethylene
(PTFE) (Gore-tex®).

The construction of the graft fistula was done in the majority of cases in
local anaesthesia using lidocain 2% with an addition of adrenalin; in infant
patients usually under general anaesthesia. Depending on the vascular
conditions of the patients a straight graft from the radial artery to one of the
superficial veins distal or proximal of the fossa cubiti was used or if necessary
connected to one of the deeper cubital veins accompanying the artery. In
cases of insufficient flow in the radial artery the graft was connected to the
cubital artery and pulled through a subcutaneous channel U-shaped to one of
the veins in the fossa cubiti. In cases where the graft had to be positioned on
the upper arm, a straight graft was used between the cubital artery and one of
the veins of the upper arm or a graft was drawn from the brachial artery in the
bicipital sulcus U-shaped to one of the accompanying veins in the bicipital
sulcus (Table 18.1).

Table 18.1 Localization and shape of the A-V graft

Straight graft  Curved graft

Forearm (n = 85) 60 25
Upper arm  (n =13) 9 4
Thigh (n=1) — 1

On the arterial side a side-to-end anastomosis, on the venous side an end-
to-end or end-to-side anastomosis was performed using synthetic suture
materials (Tevdek, Prolene) of 6/0 or 7/0 strength. Postoperatively a
drainage of the anastomotic region for 24 h was established and the arm was
kept elevated for 2—4 days. For thromboprophylaxis a single intraoperative
dose of 5000 units of heparin (liquemin) intravenously followed by the same
dose every 6h for 24h was applied. Chronic thromboprophylaxis with
thrombocyte inhibitors will be discussed later. Statistical evaluation is
performed using the X*-test. The experimental set-up and the preparations for
scanning electron microscopy are described in another publication®.

RESULTS

Bovine xenograft

After an observation period of 1-48 months, 33 of the 99 xenografts were
still used for haemodialysis access. During the same period 21 patients died
with functioning graft fistula and in six patients the xenograft A-V fistula was
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Figure 18.1 Cumulative, actuarialized overall-graft function rate (xenograft)

unnecessary after successful renal transplantation. Altogether 39 fistulas had
to be abandoned in this period and replaced by new constructions.

The cumulative rate of function of our 99 graft fistulas is shown in Figure
18.1. For the first 12 months the risk of fistula failure of 38% has been
calculated from this curve.

A clear-cut dependence of the function of a graft fistula from its
geometric course (straight or curved) was not found. In the curved types of
grafts, however, significantly less thromboses were found compared to the
straight grafts (p<0.05) (Table 18.2).

Table 18.2 Occurrence of complications in straight and loop grafts

Straight graft  Curved graft

(n=69) (n=30)
Thrombosis (n=41) 33 8*
Infection (n= 8 7 1
Aneurysm (n=10) 7 3
Haemorrhage (n= 2) — 2

*p<0.05

Thromboses of a xenograft fistula are the most frequent complications in
this type of vascular prostheses. Reason for thrombosis could be found in
62% (n = 26) of these complications. In 19 cases intraoperatively or by pre-
operative phlebography a localized long stenosis, approximately 1 cm long,

105



ACCESS SURGERY

Figure 18.2 Peak period of occurrence of graft thrombosis for stenosis at the graft—vein
anastomosis and thromboses caused by narrowing of the vein above the graft—vein
anastomosis

in the region of the draining vein immediately proximal to the venous
anastomosis with the graft could be found. The majority of these 19 fistulas
had once or repeatedly been thrombectomized before the stenosis had been
diagnosed. It becomes obvious from Figure 18.2 that at least 2 months, and in
the mean 8 months, passed between the construction of the fistula and the
first symptoms of venous narrowing. In six cases where the stenosis was at the
venous anastomosis, the thrombosis of the fistula occurred within the first 2
months (Figure 18.2).

The reason for thrombosis of the fistula could not be elucidated in 38%
(n=16), even though a narrowing of the entire A-V system could be excluded
by intraoperative revision. More than half of these thromboses occurred in
the first month after construction of the fistula. Another frequently observed
complication was the formation of aneurysms (n=10). In seven cases this
was an aneurysm of the spurium type, in two cases an aneurysma verum at the
arterial anastomosis and once a dissecting aneurysm arising from a point of
repeated puncture. Eight of these 10 aneurysms could be corrected success-
fully by operation.

In all eight cases of graft infection the xenograft had to be removed for
effective treatment of the infection. In three cases an infection became
evident a few days after revision of the xenograft; in one case a xenograft
infection occurred in the frame of an acute cholecystitis with septicaemia.

In two cases revision of a xenograft for massive haemorrhage was
necessary. Untreatable haemorrhage from a puncture channel after haemo-
dialysis and once from the arterial anastomosis made surgical intervention
successfully necessary.
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Of the patients with a xenograft A-V fistula 51% (n=>51) were treated
postoperatively with a daily application of thrombocyte aggregation
inhibitors (Colfarit), 29% (r = 29) received dicoumarol derivatives (Sintrom
or Marcoumar) and in 19 patients no medical thromboprophylaxis was
performed. In those patients receiving thrombocyte aggregation inhibitors
significantly less thromboses (p<0.05) were observed compared to those on
chronic anticoagulation or without thromboprophylaxis (Table 18.3).

Table 18.3 Occurrence of graft thromboses related to type
of thromboprophylaxis

Thromboses (n)

Thrombocyte agglutination

inhibition (n=51) 11*
Anticoagulation (n=29) 13
No thromboprophylaxis (n=19) 9
*p<0.05

On average the 99 xenografts were punctured for the first time for haemo-
dialysis on the 5th postoperative day. Only 10 grafts developing aneurysms
between 6 and 52 weeks after the first puncture were used on the 2nd post-
operative day. Otherwise no connection between an early puncture of the
graft fistula and any other complications could be found.

The artificial vascular prosthesis

Of the 11 artificial vascular prostheses, five (45%) had to be removed after 3
months due to infection, five because of thrombosis after an average of 6
months after implantation. One patient died 1 month after construction of a
graft fistula due to cardiac insufficiency.

Allogeneic umbilical vein grafts

Of the five allogeneic umbilical vein grafts three thrombosed irreversibly
within the first 3 months and one graft had to be removed because of
infection after 1 month. One umbilical graft is still used for haemodialysis 21
months after implantation, however, following thrombectomy after 17
months.

A new xenograft (Solco-P®)

Recently we have implanted a new type of bovine xenograft treated with
adipin acid and digested with ficine in five patients. By this new preparation
of the graft an additional elasticity of up to 20% of its original length can be
achieved, which is especially important for the avoiding of kinking in curved
xenografts. Comparative experimental examinations (Table 18.4) with this
new type of graft showed it to be less thrombogenic. In contrast to other
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grafts examined its inner surface is still recognizable after 6 weeks or covered
by a neoendothelium which grows onto the inner surface of the new type
xenograft starting from both suture lines. Histologically no eosinophilic or
histiocytopathic proliferation was observed. The occlusion rate after 6 weeks
is 29%, significantly lower than in the conventional bovine xenografts®.

Table 18.4 Results of canine experiments listing the
frequency of thromboses for different graft types
after 6 weeks®

Occlusion rate after 6 weeks n %
PTFE (n=34) 34 100
Umbilical vein (n=12) 12 100
Dacron (n=34) 26 77
Old bovine CA (n=32) 21 66
New bovine CA (n=136) 14 39

CA = carotid artery

From a clinical point of view it is too early for a definite judgement of this
new material. We can, however, say that this type of material is much easier
and smoother for suturing.

DISCUSSION

Since 1975 we have used allogeneic, xenogeneic or synthetic materials for the
construction of A-V fistulas for chronic haemodialysis in cases where a direct
conventional A-V fistula was impossible to construct. In recent years, how-
ever, the importance of such grafts has diminished as patients with bad
vascular conditions are better treated by chronic ambulant peritoneal
dialysis.

Because of the poor experiences with allogeneic umbilical vein (high rate of
thrombosis) and synthetic vascular prostheses (high rate of infections) bovine
xenograft proved to be the best alternative. Concerning the synthetic vascular
prosthesis, however, we have to admit that our material is too small for
statistical relevance. Other authors have experienced excellent results with
this type of graft>’. Among the prerequisites for achieving good results with
this type of graft are special septic conditions and a particular technique of
puncture. These conditions seem, however, not to be fulfilled in our
institution as we are performing the surgical service for a great number of
dialysis stations.

Autologous veins, especially the great saphena vein, achieve at least as
good long-term results as xenograft interpositions®. A major disadvantage of
this type of graft is the relatively long hospitalization of at least 1 week due to
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the removal of the vein and the high rate of complications when puncture is
performed too early. Therefore we use autologous veins only in rare cases.

The cumulative, actuarialized risk for a definitive failure of the bovine
xenograft fistula in our patients within the first 12 months was 38%. This is
between the failure rate of 14 and 63% reported by other centres8.

Thromboses are the most frequent reasons for the loss of function of
xenograft fistulas. Interestingly enough straight grafts show thrombosis
significantly more frequently than do curved grafts (p<0.05). The reason
for these thromboses could be found in 60%. In 19 cases a venous stenosis or
narrowing a few centimetres cranially of the venous anastomosis with the
xenograft was the reason for such a thrombosis, in six cases a narrowing of
the venous anastomosis was the reason for the thrombosis. The time of
occurrence of these two complications is important. The narrowing of the
venous anastomosis occurred exceptionally after the first 2 months. The
stenosis or narrowing of the efferent vein occurred always later than 2, in the
average 8, months after the construction of the fistula. Therefore, throm-
bosis occurring after the first 8 weeks should always be a warning of a
narrowing of the draining vein, and always needs angiography or immediate
intraoperative revision of this part of the graft fistula.

The cause of this narrowing of the vein is not clear®. Among others,
haemodynamic factors are considered causative for the appearance of
intimal hypertrophy or deposits of fibrin in the region of the draining
vein!®!1 ]t is obvious that in our material this type of venous narrowing
occurs significantly more frequently in straight graft fistulas (p<0.05) which
might support the above hypothesis.

After various periods of use for chronic haemodialysis 10% of our xeno-
graft fistulas developed aneurysms. This frequency is comparable with that
of other reports!2-13, In over 80% of these cases the complications could be
corrected successfully by surgery.

Xenograft infection, on the other hand, necessitated removal of the graft
in all cases. Our rate of 8% xenograft infection is comparable with the rate of
4-25% reported by other authors!415,

Of the other complications described after graft fistula construction, such
as oedema of the arm, ischaemia, steal syndrome or cardiac decompensation
due to a high A-V shunt volume, could not be found in our material!0-11.14,

The question of thromboprophylaxis in patients with xenograft fistulas is
not answered conclusively in the literature. In our patients we found a
significantly lower rate of thrombosis under thrombocyte aggregation
inhibitors as compared with the group treated with chronic anticoagulation
or the group without any medical thromboprophylaxis (p<0.05). A possible
explanation of this fact might be the easier application of aggregation
inhibitors.

As we see one of the principal advantages of xenograft fistulas in the
possibility of its early use, we consider an interval of 2—3 weeks between
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construction and use of xenograft fistulas as advocated by other authors!+1!
not necessary. From our observations we cannot find any influence of the
time of first puncture of the graft on its function.

The new type of bovine xenograft, being more elastic, less prone to kinking
in the curved form, and less thrombogenic in an experimental set-up,
represents probably a very useful new generation of xenograft material.

CONCLUSIONS

The results after implantation of human umbilical vein (n=15) were poor
because of high frequency of thrombosis, and after implantation of synthetic
vascular grafts (PTFE) (n=11) a high incidence of local infections was
observed. In most patients therefore a bovine xenograft (n=99) was used.
After a follow-up of 1—-60 months the calculated failure rate for the first year
is 38% . The most common complication was thrombosis, with better results
in curved than in straight grafts (»<0.05). Early thromboses were caused by a
narrow anastomosis, late thromboses by venous narrowing proximal to the
anastomosis. The time delay between construction and first use of the fistula
had no influence on the survival rate of the fistulas. Long-term anti-
thrombocyte medication showed better results than anticoagulation
(»<0.05). A new type of xenograft, more elastic, experimentally less
thrombogenic and less prone to kinking, seems to be a promising step
forward in the improvement of grafts used for access surgery. From our
experience we recommend the use of bovine xenografts for fistula formation
whenever the construction of a normal, direct A-V fistula is not possible.
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Experience with the PTFE graft in the
construction of vascular access for
haemodialysis

M. HAIMOV AND R. SLIFKIN

The peripheral arteriovenous fistula as originally described by Brescia et al. is
the vascular access of choice for patients on chronic haemodialysis!. For the
patient with unsuitable peripheral vessels for a standard peripheral arterio-
venous {(A-V) fistula, A-V communications have been constructed utilizing a
variety of vascular substitutes. This report deals with the experience with 225
PTFE grafts (expanded polytetrafluoroethylene) in the construction of
vascular access for maintenance haemodialysis.

MATERIALS AND METHODS

Two hundred and twenty-five PTFE grafts were used in the construction of
vascular access for haemodialysis. Fifteen of these grafts were of the non-
reinforced type and 210 were of the reinforced type; 210 of these grafts were
placed in the upper extremity and ten grafts were placed in the lower
extremity. The various configurations of the A-V communication have been
described in previous publications?. All operations were performed using
local anaesthesia on an ambulatory basis. In the forearm the grafts were
placed between the radial artery and the antecubical vein or between the
brachial artery and brachial vein in a ‘U’-shaped fistula as described by May
et al3. In the upper arm grafts are usually placed between the brachial artery
and the brachial or axillary vein in a straight fashion. No systemic anticoagu-
lation or antibiotics were administered.
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Table 19.1 PTFE grafts for vascular access

Months  Total Open Closed IP* CP¥

0-3 225 216 9 96 96
3-6 215 211 4 98 94
6-9 191 182 9 95 89
9-12 172 164 8 95 84
12-18 151 145 6 96 80
18-24 141 136 5 96 77
24-30 127 121 6 95 73
30-36 101 96 5 95 69
3648 86 82 4 95 65
48-60 63 59 4 93 60

* Interval patency
T Cumulative patency

Table 19.2 Grafts for vascular access — cumulative patency

Autogenous Bovine

Months PTFE (225) vein (30) heterografts (91)
0--3 96 93 95
3-6 94 86 88
6-9 89 76 82
9-12 84 51 76
12- 18 80 33 59
18-24 77 20 42
24-30 73 17 30
30-36 69 10 24
36--48 65 6.6 24

RESULTS

The cumulative patency rates for the 225 PTFE grafts are outlined in Table
19.1. The initial patency rate was 96%; 84% at the end of 1 year; 77% at the
end of 2 years; 69% at the end of 3 years; 65% at the end of 4 years and 60%
at the end of 5 years. Patency rates were calculated according to the life-table
method. In Table 19.2 the cumulative patency for the PTFE graft is
compared to similarly calculated patency rates for 30 autogenous saphenous
vein grafts and 91 bovine heterografts used for similar purposes and similar
configurations during an earlier experience. Full details of this experience
have been published?. The 1-year patency rate for the PTFE graft was 84%
compared to 51% for the autogenous vein graft and 76% for the bovine
heterograft. The 2-year patency rate for the PTFE was 77% compared to
20% for the autogenous vein graft and 42% for the bovine heterograft. The
4-year patency rate for the PTFE graft was 65% compared to 6.6% for the
autogenous vein graft and 24% for the bovine heterograft. The causes for
vascular access failure are outlined in Table 19.3. The main causes for failure
were thrombosis (14%); aneurysm (1.3%); ischaemia (1.7%); trauma
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(2.6%); primary infection (1.7%); secondary infection (4.4%). Again the
causes for failure in the bovine heterograft and autogenous vein series are
given for comparison. All percentages are calculated as proportions of the
total number of grafts.

Table19.3 Grafts for vascularaccess — causes for failure (percentages)

Bovine Autogenous
Cause PTFE* heterografts vein
Thrombosis 14 23 97
Graft aneurysm 1.3 10.9 —
Ischaemia 1.7 4.3 —
Trauma 2.6 5.4 3
Primary infection 1.7 4.3 —
Secondary infection 4.4 16.4 —
DISCUSSION

Based on the experience described in this report we have concluded that the
PTFE graft is a satisfactory vascular prosthesis when used for the construc-
tion of a vascular access for haemodialysis. Patency rates with the PTFE
graft when used for that purpose were found to be superior to previously used
substitutes, i.e. the autogenous saphenous vein and the bovine heterograft,
although inferior to the peripheral A-V fistula which remains the access of
choice for patients with renal failure requiring access for haemodialysis. The
graft should not be used in any patient in whom a satisfactory peripheral A-V
fistula could be constructed. Since the patency expectancy of these grafts is
limited it should not be used in patients in whom dialysis is not antici-
pated in the very near future. The main cause for graft failure was thrombosis
caused by rising venous resistance secondary to intimal hyperplasia which
occurs at the point of graft vein anastomosis. If this lesion is recognized and
diagnosed prior t