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CHAPTER 32

Perioperative Specific Complications
in Aortoiliofemoral Reconstruction

Roberto Bartolucci, Enrico Leo, Filippo M Di Matteo, Enrico De Antoni

Il lower-extremity revascularisation procedu-
res have a rate of general and specific com-
plications related to patient’s status and to
surgical action.

Acute general complications comprise cardiac com-
plications, deep vein thrombosis and wound infection.
The cardiac complications, especially myocardial ische-
mia, remain the most common cause of morbidity and
mortality after surgical revascularization procedures for
peripheral arterial diseases. A high rate of these deaths
are related to atherosclerotic heart disease (1) and the
incidence of myocardial infarction after aortoiliofemoral
reconstruction is 0,8 - 5.2 % (2,3).

In 1997 a randomised prospective trial on deep
venous thrombosis prophylaxis in aortic surgery (4) did
not show any increased incidence of deep vein throm-
bosis after aortic surgery in the control group compared
with the patients which had received prophylaxis the-
rapy.

In the same year, another study on deep vein throm-
bosis following vascular surgery (5) reported an inciden-
ce of 9.8% after aortic or distal revascularization. The
patients undergoing amputation showed the highest
incidence of deep vein thrombosis (5).

The incidence of wound infection in aortoiliofemoral
reconstruction is often related to groin infection after
aortofemoral bypass. The incidence of laparotomic mid-
line wound infection is very low. The incidence of
wound infection is higher when aortofemoral recon-
struction is associated to a procedure for inguinocrural
disease.

The incidence of death after aortofemoral recon-
struction is reported from O to 3.3% and it is usually

TaBLE 1

Perioperative specific complications
in aortoiliofemoral reconstruction

Acute graft limb thrombosis

Spinal cord ischemia

Acute renal failure

Ureteral injury

Groin lymphatic complications (lymphatic
fistula/lymphocele)

Bowel ischemia

related in the clinical series to myocardial complications
(6,7,8).

In this chapter, we present acute specific complica-
tions after aortofemoral reconstruction (Table ).

Acute graft limb thrombosis

Acute graft limb thrombosis occurs rarely after aortic
surgery for occlusive disease. When this complication
occurs it is related to acute thrombosis of the graft or,
more frequently, of its limb and the reported rates are 1
- 3% (9).

The causes are usually twisting or kinging of the graft
limb or technical problems at the distal anastomosis site,
particularly the femoral anastomosis site.

In other cases, acute graft occlusion and acute leg ische-
mia can occur as result of intraoperative or perioperati-
ve thromboembolism.

Spinal cord ischemia

Since the first clinical report by McCune (10) in
1956, the cases reported in the literature are 111,
seventhy (63%) for abdominal aortic disease (39 ruptu-
red abdominal aortic aneurysm) and fourthy- one (37%)
for aortoiliac occlusive disease (11).

The spinal cord ischemia most frequently occurs
after emergency operation for ruptured abdominal aor-
tic aneurysm.

Spinal cord ischemia after abdominal aortic surgery
is a rare but devasting event that continues to haunt the
vascular surgery. Szilagyi in 1978 (12) noted only a
0.25% of incidence of paraplegia or parapareris after
3614 abdominal aortic procedures. The same author
reported that incidence of paraplegia after abdominal
aortic aneurysm is 1 : 400 and after aortoiliac recon-
struction for occlusive disease is 1 : 5000 (13).

The symptoms of spinal cord ischemia of the lower
extremities include sensory and motor deficits associa-
ted with bladder/rectal incontinence with conservation
of vibratory and propriocettive sensation, thus reflecting
damage to the anterior horn of the spinal cord.

The etiology of spinal cord ischemia includes inter-
ruption of the arteria radicularis magna, prolonged aor-
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tic occlusion, intraoperative hypotension, atheromatous
embolization and interruption of the internal iliac artery
circulation (14,15,16) (Table II).

TasLE 11

Etiology of spinal cord ischemia after
abdominal aortic surgery (13)

Interruption of the arteria radicularis magna
(Adamkiewicz's artery)

Prolonged aortic occlusion

Intraoperative hypotension

Atheromatous embolization

Interruption of the internal iliac artery
circulation

Older studies (17,18) indicated that the arteria radi-
cularis magna was the major source of blood supply to
the anterior spinal artery in the distal thoracolumbar spi-
nal cord region. Later studies (19,20) on the contrary
have demonstred the importance of the blood supply
from the lumbar aorta and hypogastric vessels to the
spinal cord.

The blood supply to the cord consists of an intrinsic
and an extrinsic network of arteries (14,15,21).

The intrinsic blood supply is composed of three lon-
gitudinal systems: one anterior and two posterior spinal
arteries.

Intramedullary anastomoses between the anterior
and the posterior spinal systems are nonexistent along
the circumference, where the arterial vasa coronae
coalesces. The anterior spinal artery extends the full
40cm to 45cm length of the spinal cord, but it can be
so narrow at the distal thoracic level that it cannot com-
pesate for an interrupted radicular artery, thus increa-
sing the risk of infarction after loss of a single radicular
artery (22).

The anterior spinal artery is, therefore, the major
indipendent source of spinal cord perfusion and inad-
vertent interruption of the largest of its segmental radi-
cular arteries has been implicated as the principal cause
of spinal cord ischemia (14).

The extrinsic blood supply to the spinal cord is a seg-
mental medullary artery that supply the anterior median
spinal artery and the spinal arteries, which are present
at each vertebral level.

The anterior spinal artery is fed by these segmental
medullary arteries, which originate from the subclavian,
intercostals and lumbar arteries. Perfusion of the distal
spinal cord is derived from the lumbar, ileolumbar and
lateral sacral arteries that anastomose with intrinsic spi-
nal arteries at the level of the conus medullaris.

The arteria radicularis magna is located between T9
and T12 in 75% of the cases, but if it originates abnor-
mally high, or is compromised, these lower lumbar arte-
ries that anastomose with the intrinsic network may
contribute significantly to the blood supply of the termi-
nal spinal cord (15).

In general, when the arteria radicularis magna is
compromised, the pelvic blood supply may be critically
important.

Spinal cord ischemia after abdominal aortic recon-
structive procedures is multifactorial and it remains
unpredictable, random and unpreventivable. However,
the avoidance of profound hypotension, prolonged
clamping (especially supraceliac clamping), embolization
and revascularization of internal iliac artery in selected
case, may minimize the possibility for spinal cord injury
(Table IILIV,V).

TaBLE III

Types of ischemic spinal cord injury —Pathological
findings (15)

Type I: cord injury associated with global
ischemia to the distal cord and the
conus

Type II: anterior spinal column lesion

Type Il and IV:  nerve roots and lumbosacral
plexus lesion

Type V: segmental spinal cord infarction

Type VI posterior spinal column ischemia

TaBLE IV

Types of ischemic spinal cord injury — Clinical
manifestations (15)

Type I: flaccid paraplegia

Type II: anterior spinal artery syndrome —
flaccid paraplegia, loss of pain and
temperature sensation with pre-
servation of proprioception and
vibration sensation.

Type Il and IV: asymmetric motor and sensitivity
deficits with or without bladder and
bowel incontinence

Type V: lesion to the cord at the specific
level caused by embolization or
hypoperfusion

Type VI: loss of proprioception and vibra-

tory sensitivity alone

-t
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TABLE V

Types of ischemic spinal cord injury — Prognosis (11)

Type I: poor long term recovery

Type Il frequently seen after thoracic or
thoracoabdominal reconstruction
(minimal long term improvement)

Type lll e IV: favourable prognosis because the
lesions are at the axonal level

Type V: favorable

Type VI favorable

Acute renal failure

Acute renal failure remains a significant complication
of aortic reconstructive procedures (23,24).

The reported incidence in aortoiliac bypass is 0 to
4.6%, with previously renal dysfunction that increases
risk (25,26). One important etiologic factor is reduction
and redistribution of renal artery blood flow with cross
clamping application (27).

In 1959 Powers (28) found that the aortic cross
clamp application in healthy dogs caused significant
reduction in renal artery blood flow and this was asso-
ciated with oliguria and histologic features of acute tubu-
lar necrosis.

Nanson (29), in the same year, obtained similar
results in terms of renal function and histologic features,
but did not observe significant reduction of renal artery
blood flow. Others works (30,31,32) found only a trans-
ient reduction in renal artery blood flow with minimal
effects on renal function.

Abbot in 1973 (33), using a 133 xenon washout
technique to measure the renal artery blood flow, descri-
bed the phenomenon of corticomedullary shunting. He
noted an immediate reduction in total renal artery blood
flow on cross-clamp application and a return to normal
after 90 minutes of occlusion. There was a significant
reduction in flow to the renal cortex, that paralleled the
effect on total renal artery blood flow whereas there was
an accompaning increase in medullary flow. These
changes were progressive with time throughout the
occlusion period and persisted for at least one hour after
clamp removal.

In 1977 Cronewett (34) using different radioactive

substance could demonstrate neither a decrease in renal
artery blood flow nor corticomedullary shunting.
In retrospective clinical studies the acute renal failure is
related with peripoperative hypotension (35), preopera-
tive renal impairment (23), renal vein ligation (36,37),
renal artery atheroembolism (38), increased intrabdomi-
nal pressure after operation (39) (Table VI).

In 1984 Gamulin (40) reported significant reduction
in renal artery blood flow and corticomedullary shunting
associated with cross clamping in human beings.

TaBLE VI

Historically advocated factors of acute renal failure
in aortofemoral reconstructions

Cross-clamping

Perioperative hypontension

Preoperative renal impairment

Renal vein ligation

Renal artery atheroembolism

Increased abdominal post-operative pressure

Although sympathetic — mediated vasocostriction
has been implicated (41), pharmacologic blockade did
not abolish the response (42). Other factors, such as
increased renin release (43), renal prostaglandins (44)
and kallikrein (45) may also be involved (Table VII).

TasLE VII

Factors involved in renal failure during aortofemoral
surgery (41-45)

Sympathetic-mediated vascocostrction
Renin release

Renal prostaglandins

Kallicrein

However, cross-clamping has an important role. This
is confirmed in Welch’s study (46), that reported a signi-
ficant reduction in renal artery blood flow immediately
after cross-clamp application with resolution at the
removal (46).

Three major class of clinical patterns of post-ische-
mic acute renal failure may be identificated: isolated
renal ischemia in protected kidneys as seen during
resection of thoracoabdominal aneurysms (47), partial
(or intermittent) renal ischemia as seen in patients with
poor left ventricular function following cardiac surgery
or ruptured abdominal aortic aneurysms (48) and seve-
re form that tends to evolve into oliguric acute renal fai-
lure, frequently fatal (49).

The renal protection during aortic operation is
essential and it is obtained through different types of
methods (Table VIII).

TasLe VIII

Methods of renal protection

Intravenous renal expansion

Isovolemic hemodiluition (Welch)

Renal hypotermia

Intravenous sodium nitroprusside

Mannitol

Furosemide, cathecolamines, beta adrenergic blockers
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Intravenous renal expansion, with the possibility to
monitor and optimize systemic hemodynamic carefully
in the operating room and intensive care unit, has great
clinical impact in terms of minimizing ischemic renal
injury (47). It is important to avoid episodes of hypovo-
lemia and hypotension, since the autoregulation beha-
vior of the renal circulation is lost in experimental post-
ischemic acute renal failure (50). Thus, renal blood flow
becomes pressure dependent, transient hypotension
produces recurrent renal ischemia that can induce new
episode of tubular necrosis.

The acute isovolemic hemodiluition is a process whe-
reby acute blood loss is replaced immediately with cell-
free plasmalike fluids, with circulating blood volume
being mantained in its normal range (51). The resultant
reduction in hematocrit decreases blood viscosity, dimi-
nishing the ability of red blood cells to form rouleaux and
cell aggregates, and increases blood flow to most organs.
A consequence of reduced hematocrit is decreased OXY-
gen content per unit volume but this is compensated by
increased flow velocity or shear rate (51), with improved
flow in the microcirculation and normal or enhanced
oxygen extraction by tissues. Isovolemic hemodiluition
also maintains CO during aortic operation (46).

Cold (4°C or 5°C) hyperosmolar crystalloid solution
(with or without mannitol, heparin, methyl prednisolo-
ne) can be infused into the renal ostia (52,53).

Because oxygen consumption falls by 7% for each
Celsius degree that temperature is reduced, the meta-
bolic needs of the tubular cells are reduced by almost
50% at 30° C.

The sodium nitroprusside is used frequently during
aortic cross-clamping to control proximal hypertension
and unload the left ventricle, but caution is necessary.

The administration of sodium nitroprusside, in expe-
rimental dog model, has demonstrated that the proximal
hemodynamic pressure is normalized at the expense of
reducing distal mean aortic pressure, cortical renal and
juxtamedullary renal blood flow (54). Distal spinal cord
flow also fell.

Mannitol is purposed to attenuate the reduction of
renal cortical blood flow that occurs before, during and
after renal ischemia, while increasing glomerular ultrafil-
tration pressure (47-49,51). Mannitol also increases the
velocity of proximal tubular fluid (filtrate) flow, thereby
flushing necrotic tubular debris nephrons, preventing
relieving of tubular obstruction (55). Its free radical sca-
vanger effects may also attenuate post-ischemic acute
renal failure.

The effect of furosemide (55), cathecolamines (dopa-
mine HCI) (56) and beta adrenergic blockers (57) is
mediated by reducing vascular resistance in the renal
microvascular system and by increasing the rate of tubu-
lar fluid flow, thereby preventing tubular obstruction and
increasing ultrafiltration pressure.

Ureteral injury

Ureteral lesions occur infrequently during an aortoiliofe-
moral reconstruction. The incidence is higher in inflam-
matory aneurysms and in redo surgery.

Groin lymphatic complications

The first report on groin lymphatic complication
after vascular surgical procedures appeared in 1940 and
described lymphorrhea after venous ligation (58).

Croft (59) reported the first groin lymphatic compli-
cations after an arterial reconstructive procedure in a
patient in whom lymphorrhea developed after a femo-
ro-femoral bypass.

Such problem is a well-recognized on most vascular
surgery department. In the aorto-ilio-femoral bypass
graft the incidence is reported from 1.5 to 3.5 % (60).

The etiology of groin lymphatic complications is not
clearly know but presumably is due to disruption of
lymphatic channels or lymph nodes during dissection (60).

Risk factors for groin lymphatic complication include
poor operative technique, inguinal adenopaty, scar tis-
sue and repeated groin operation, extensive groin dis-
section, surgery for limb salvage, distal leg infection.

Lymphorrhea (lymphatic fistula) is frequently diagno-
sed during the peripoperative period, whereas the
lymphoceles are recognised later, usually during the first
postoperative control.

The superficial cutaneous lymphatics drain the skin
and superficial fascia into the inferomedial and inferola-
teral superficial inguinal nodes. The deep lymphatics of
the legs follow along the branches of the femoral artery.

The treatment of lymphorrhea includes implantation
of the damaged lymphatic channel into adjacent vein,
marsupialization and open packing, application of
thrombotic agents, thigh closure of the overlying tissues
with pressure dressing, bed rest with leg elevation,
observation and ligation of the leaking lymphatic
(61,62,63).

Resolution of lymphorrhea has been reported in
most patients who undergo conservative nonoperative
therapy, but protracted lymphatic drainage may occur
especially in the presence of prosthetic grafts (64,65).

Kwaan (66) was the first to document the improved
outcome treated with early operation.

Early surgical intervention for lymphorrhea and
lymphoceles shortens hospital length of stay and lowers
the incidence of graft and wound infection (66,67).

Treatment of lymphoceles is also controversial and
includes immobilization, repetitive aspirations, pressure
dressing, percutaneous catheter drainage, radiation the-
rapy, sclerosis and operative excision of the cyst wall
with ligation of the leak site (68,69).
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Because lymphoceles are associated with a closed
wound, the risk of infection seems less. Because of limi-
ted experience with reexploration, most surgeons prefer
conservative treatment except for large, progressive and
persistent lymphoceles.

An argument against early surgical treatment for
groin lymphatic complication is the fear of exposing the
graft and subsequent graft infection.

The technical challenge in the operative repair of
such complications is the identification of the open
lymphatic channels.

Bowel ischemia

Intestinal infarction after reconstructive surgery of
the abdominal aorta was mentioned for the first time by
Moore in 1954 (70) and has been recognized as an
infrequent but dramatic complication of this type of sur-
gery.

Several retrospective studies have shown its occur-
rence to be 1% to 2% with an associated mortality of
40% to 100% (71,72,73,74).

These studies report the incidence of the intestinal
ischemia to be higher after operation for aortic
aneurysm, especially in ruptured cases, than after ope-
ration for aortoiliac occlusive disease.

The patent inferior mesenteric artery (IMA) is usually
ligated or its orifice sutured during aortic reconstruction.
Because of the many collateral routes in this area, this
procedure is usually well tolerated unless the colonic cir-
culation is dependent on a contribution solely from the
IMA (74).

The connections between the superior mesenteric
artery (SMA) and IMA, and which one contributes the
most to the collateral circulation when either major
artery is occluded, are both sources of controversy (75).

Much of the confusion arises from terminology, as
there is general agreement on the precise arterial ana-
tomy. There are typically three paths of communication
between the two circulations:

a) the most peripheral artery, which is closest to the
wall of the intestine and which supplies vasa recta to
it (marginal artery of Drummond);

b) a more centrally placed artery of larger calibre,
which usually represents a direct anastomosis of the
middle colic and the left colic arteries (central ana-
stomotic artery);

¢) an artery that runs in the base of mesentery of the
colon and joins the proximal portion of the middle
colic artery to the point where the middle colic artery
and ascending branch of the left colic artery join (arc
or artery of Riolan).

In addition to communications with the SMA, the
IMA has collateral pathways with the celiac axis via

aberrantly derived middle colic arteries, the internal iliac
branches, the femoral artery via the external iliac system
and branches of the abdominal aorta.

The severity of ischemia-induced intestinal injury is
inversely related to blood flow (76).

Reduction of blood flow to the intestine may be a
reflection of generalized poor systemic perfusion, as in
shock or with a failing heart, or a result of local mor-
phologic or functional changes of the splanchnic vascu-
lature.

Whatever the cause, the results of intestinal ischemia
are the same: a spectrum of injury ranging from com-
pletely reversible functional alterations to transmural
hemorrhagic necrosis of portions or all of the bowel.
Colonic ischemia is the most common form of ischemic
injury to the intestinal tract (77).

Today, colonic ischemia is recognized to manifest a
spectrum of injury including: 1) reversible colopathy
(submucosal or intramural hemorrhage); 2) transient
colitis; 3) chronic ulcerating colitis; 4) stricture; 5) gan-
grene and 6) fulminant universal colitis.

The role of oxygen-derived free radicals has been
demonstrated (78,79,80).

These molecules are generally produced in small
quantities by enzymes such as xanthine oxidase in the
small intestine or aldehyde oxidase in the colon. During
intestinal ischemia, enzymes capable of synthesizing
free radicals derived from oxygen and their substrata are
produced in large quantities. These molecules possess
major cellular toxicity and are responsible for tissular
lesions (80).

It has been shown experimentally that inhibitors of
xanthine oxidase reduce the permeability of the intesti-
nal wall and attenuate the intensity of histological
lesions, the risk of necrosis and perforation, and morta-
lity (81).

Owerall, factors that contribute to post-operative
colonic ischemia include rupture of the aneurysm, hypo-
tension, operative trauma to the colon, hypoxemia,
dysrhythmias, long cross-clamp time and improper
management of the IMA during aneurysmectomy.

Collateral blood flow to the left side of the colon after
occlusion of the IMA comes from SMA through the Arc
of Riolan, the central anastomotic artery or the margi-
nal artery of Drummond, and from the internal iliac
arteries through the middle and inferior hemorrhoidal
arteries.

If these collateral pathways are intact, postoperative
colonic ischemia can be minimized. Aortography to
determine the patency of the celiac axis, SMA, IMA and
internal iliac artery is advisable. The presence of a
meandering artery does not allow safe ligation of the
IMA, because the blood flow in the meandering artery
frequently originates from the IMA and reconstitutes an
obstructed SMA (75).
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Ligation of the IMA is safe only when angiography
confirms that the blood flows in the meandering artery
from the SMA to IMA (75).

Reimplantation of the IMA and revascularization of
the SMA are required when the SMA is occluded or
tightly stenosed and the IMA provides inflow to the
meandering artery.

Occlusion of both hypogastric arteries on the preo-
perative arteriogram indicates that the rectal blood flow
depends on collateral flow from the IMA or from the
SMA through the meandering artery. In this circum-
stance, reconstitution of flow to one or both hypogastric
arteries is desiderable at the operative time.

During surgery, cross-clamp time should be minimi-
zed and hypotension must be avoided. If a meandering
artery is identified, it should be carefully preserved.

Because the serosal appearance of the colon is not a
reliable indicator of collateral blood flow, several
methods have been suggested (75) to determine the
need for IMA reimplantation (Table IX).

When IMA reimplantation is deemed necessary, the
artery should be excised with a patch of aortic wall and
the patch sutured into the side of the aortic prosthesis.

TaBLE IX

Methods for determine the need of IMA reimplantation

- stump pressure < 40 mmHg in transected IMA

- mean IMA stump pressure / mean systemic blood
pressure < 0.40

- absence of doppler ultrasonographic flow signals
at the base of mesentery during temporary IMA
inflow occlusion

- tonometric determination of intramural pH of the
sigmoid colon

The difficulty in accurately assessing colonic ische-
mia postoperatively and the significant mortality rate
associated with its occurrence mandate postoperative
colonoscopy in high-risk patients.

In these cases, colonoscopy is routinely performed
within 2 to 3 days of the operation.

All of the ischemic colon must be resected. Primary
anastomosis after resection is contraindicated because
of the potential danger of a leak and contamination of
the aortic prosthesis.

(1

2

(3)

(4

(5)

(6

R

(7

8
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