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Summary

Background. Endovascular aneurysm repair (EVAR)
has been proved to be effective and safe in the elective
management of abdominal aortic aneurysms (AAAs). Initial
reports concerning endovascular management of ruptured
aneurysms have been promising.

Objective. To determine the outcome of endovascular
repair of ruptured aneurysms in the local setting.

Materials and methods. Patients who presented with
ruptured AAAs were considered for endovascular repair
if they were haemodynamically stable and had suitable
aneurysm morphology for EVAR.

Results. Ten patients (9 males, 1 female) with a mean age
of 74.9 years were treated. All aneurysms were successfully
excluded using aorta uni-iliac stent grafts in 7 patients and
bifurcated stent grafts in 2 patients. In 1 patient who had
had a previous EVAR, a proximal extension device was
used. Two patients died in the peri-operative period (30-day
mortality of 20%) and 1 patient died after 2 months. Seven
patients are still alive. No endo-leaks occurred in any of the
survivors.

Conclusion. Endovascular repair of ruptured AAAs is
feasible with acceptable peri-operative mortality and short-
to medium-term results.

Endovascular repair has become an accepted modality for the
elective treatment of abdominal aortic aneurysms (AAAs),
with many reports'™ attesting to its feasibility and safety. Two
recent randomised trials>® have reported a two-third reduc-
tion in the 30-day mortality rate with elective endovascular
repair of AAAs compared with conventional open surgery
(1.6% and 1.2% for endovascular aneurysm repair (EVAR)
compared with 4.6% and 6% for conventional repair).

The reduction in the morbidity and mortality achieved by
EVAR in the elective setting gave hope of improved results
for ruptured AAAs (rAAAs) using the endovascular method.
The first case report of successful endovascular exclusion of a
rAAA was published in 1994.” Since then, a number of larger
series have confirmed the feasibility of endovascular repair of
rAAAs. 5"

In 2003, having gained considerable experience with EVAR
in elective repair of AAAs (68 cases), we decided to under-
take a study on the feasibility of endovascular repair of rup-
tured AAAs. This is a report on the first 10 cases.
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Material and methods

All patients who presented to our unit with a suspected
rAAA were evaluated according to the algorithm in Fig. 1.
We followed the following management protocol, as used in
the Catharina Hospital, Eindhoven, Netherlands."

1. The management team consists of a vascular surgeon
with endovascular expertise, and the full range of supporting
personnel as appropriate for conventional open surgery for
rAAAs.

2. Once the diagnosis of rAAA is considered, a policy of
hypotensive resuscitation is followed where the systolic blood
pressure is maintained between 70 mmHg and 100 mmHg.
This prevents further retroperitoneal bleeding while main-
taining cerebral and renal perfusion. The diagnosis is con-
firmed by spiral computed tomography (CT) scan, with the
responsible surgeon being present during the examination.
Immediate assessment of aorta iliac anatomy is made during
CT examination (Fig. 2). Depending on whether the infrare-
nal neck appears suitable and access through one of the iliac
arteries is possible, the operating team is notified whether
open surgical or endovascular repair will be performed.

3. The standard preparation for treatment of rAAAs is per-
formed, including adequate venous access, blood samples for
routine laboratory studies, cross-matching of blood group,
urethral catheterisation, etc.

4. The patient is transferred to the operating room where
radial artery canalisation for continuous blood pressure moni-
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Fig. 1. Protocol for the management of patients with suspected
ruptured AAAs (D = surgery).



toring is performed. Blood pressure
is maintained below 100 mmHg and
nitrates are used to treat pressures
higher than that. Pain and anxiety are
treated appropriately.

Fig. 2. CT scan of rAAA indicating position of
right renal artery.

Fig. 3. Angiogram confirming the position of the

renal arteries.

Fig. 4. Aorta-uni-iliac device in position.

5. The femoral artery on the side of
the best iliac anatomy is exposed under
local anaesthesia. An introducer sheath
is placed in the artery and standard
angiography is performed to visualise
the level of the renal arteries (Fig. 3).
The final decision is made as to whether
EVAR is applicable, and if this is not
the case, the team proceeds with open
repair.

6. If the morphology and
anatomy is suitable for EVAR a
femoral arteriotomy is made and
an appropriate proximal compo-
nent of the aorta-uni-iliac device is
introduced and deployed
at the infrarenal position
(Fig. 4). The second com-
ponent of the endovascu-
lar graft is then selected
and introduced into the
distal part of the endograft
and deployed within a
suitable segment of either
the common or external
iliac artery. A completion
angiogram is performed to
confirm adequate sealing
of the proximal and dis-
tal landing zones and to
check for endo-leaks (Fig.
5). At this stage the site of
rupture should have been
sealed and no further seri-
ous bleeding should occur.

7. General anaes-
thesia may now be
induced. The contralat-
eral common iliac artery
is occluded by using
a closed stent graft
(occluder). A femoro-femoral
bypass is performed and the
groin wounds are sutured.

8. The patient is admitted to
the intensive care unit (ICU)
and treated accordingly.

Patients who were shocked,
haemodynamically unstable or
with syncope and who were
previously considered unfit
for elective repair, were not
accepted for endovascular
treatment.

Results

A total of 10 patients received
EVAR for rAAAs. There were
9 males and 1 female, with a

median age of 74.9 years (range

68 - 84 years). The patients had
the usual risk factors for atheroscle-
rotic disease, viz. hypertension (N =
8), dyslipidaemia (N = 4), smoking
history (N = 9), ischaemic heart dis-
ease (N = 4) and respiratory insuf-
ficiency (NN = 7). There were no
diabetics. All patients were haemo-
dynamically stable, with initial blood
pressures ranging from 80 mmHg to
140 mmHg. Blood pressures above
100 mmHg were treated with nitrates.

Fig. 6. Aortocaval fistula.
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Fig. 5. Completion angiogram.
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Mean haematocrit on admission was
32% (range 28 - 41%). A CT scan
confirmed rupture as well as anatomi-
cal suitability for EVAR in all patients.
Arteriography revealed an aortocaval
fistula in 1 patient (Fig. 6).

The Talent (Medtronic AVE) aorta
uni-iliac device with fem-fem cross-
over bypass was used in 7 patients and
a bifurcated stent graft in 2 patients.
One patient developed a ruptured
aneurysm due to a type 1 endo-leak
after a previous elective EVAR and
this was managed by placing a prox-
imal extension cuff. All aneurysms
were successfully excluded. Two
patients died in the peri-operative
period, 2 and 6 days postoperatively
(peri-operative mortality rate 20%).
The median stay in the ICU was 3.4
days (range 2 - 11 days). The median
total hospital stay was 7 days (range
5 - 16 days). One patient died after
2 months and 7 patients are still alive
(70% survival), the longest survival
being more than 3 years. No endo-
leaks have been detected during fol-
low-up.

Discussion

Elective repair of AAAs has become
a relatively safe procedure, with the
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30-day operative mortality ranging between 4% and 12%.
In contrast rAAAs remain a medical and surgical catastro-
phe, with most centres reporting mortality rates of around
50% (ranging from 32% to 70%).'*'® Intra-operative mor-
tality has remained almost constant at 20% over the past 5
decades. Some improvement has been made in postoperative
mortality, which is attributable to improved care in specialist
intensive therapy units.'” Surgical repair of rAAAs is also one
of the most difficult of vascular surgical procedures and few
individual surgeons repair more than 10 aneurysms annu-
ally.”

Certain problems associated with conventional open repair
of rAAAs contribute to the high morbidity and mortality and
may be avoided by using endovascular repair. These include
the following.

1. Open repair requires general anaesthesia, which causes
relaxation of the abdominal muscles with subsequent loss
of abdominal wall tamponade, which potentially increases
haemorrhage. Patients with rAAAs are also usually in a state
of compensated shock with maximal peripheral vasoconstric-
tion. The release of the sympathetic tone on the induction
of general anaesthesia may cause complete cardiovascular
collapse. Lachat et al.?! have shown that the use of local
rather than general anaesthesia during endovascular repair of
rAAAs may favourably influence operative outcome.

2. Laparotomy leads to loss of abdominal wall tampon-
ade and is also associated with intra-operative hypothermia
(which exaggerates bleeding due to coagulopathy), third
space fluid losses, postoperative ventilatory impairment, etc.

3. Dissection of the aortic neck may cause damage to the
renal, adrenal, lumbar and gonadal veins. Up to 68% of
patients who die in the peri-operative period have an associ-
ated iatrogenic injury, these injuries being more common in
those patients presenting with hypotension.*

4. Aortic cross-clamping increases cardiac stress with
increased cardiac after-load. It also leads to visceral and renal
ischaemia (after suprarenal clamping), and lower limb isch-
aemia with the systemic complications of ischaemia-reperfu-
sion injury.”

5. Opening the retroperitoneal haematoma converts a
contained rupture into a free rupture which may cause addi-
tional blood loss.

EVAR has been shown to have fewer adverse effects on
cardiac, respiratory and renal function.?®*> EVAR also has
a reduced inflammatory (cytokine) response. Cytokines are
implicated in the development of multiple organ failure,
which is the leading cause of peri-operative mortality after
surgery for rAAAs.**?’

A number of studies, including 3 prospective studies, have
reported on the use of EVAR in rAAAs. The average opera-
tive mortality was 24% (9.5 - 45%).%'"*** In the prospec-
tive studies the comparative mortality for conventional open
repair ranged from 41% to 50%.'*** In the series by Buth
et al.®® the peri-operative benefit extended into the postop-
erative period, with a 74% 6-month survival in the ruptured
EVAR group compared with 52% in the surgical group.

12,13

Technical aspects

Bifurcated stent grafts as well as aorta uni-iliac stent grafts
with femoro-femoral crossover have been used in the treat-
ment of rAAAs. Advantages of the aorta uni-iliac devices are
that they are quick and easy to deploy and produce rapid haemor-
rhage control and can be used to exclude contralateral common
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iliac aneurysms.***' Special devices have been developed, specifi-

cally for use in rAAAs. These stent grafts are of a modular uni-iliac
configuration and consist of a variety of ‘tops and bottoms’ that
can be fitted together intra-operatively. As few as 8 components (4
proximal and 4 distal) are required to cover the full spectrum of
aortic morphology and are made available as a ‘rupture kit’.

Anatomical considerations

Endovascular repair relies on certain anatomical requirements
for complete aneurysm exclusion. Aneurysms that rupture
are associated with larger diameters than their intact coun-
terparts.” It has been suggested that larger aneurysms have
more adverse morphological features which may increase the
technical difficulty and therefore reduce the applicability of
the endovascular technique. Several authors,****?** however,
have reported the applicability of EVAR in about 60% of
abdominal aortic aneurysms.

Morphological constraints centre on the suitability for cre-
ating an intact seal in the infrarenal aortic neck. Neck lengths
of a least 15 mm and less than 30 mm in width are generally
required. Deviation from these recommended criteria may
increase the number of complications, with a higher second-
ary intervention rate.'®*>’® The Eindhoven group consider a
neck of < 10 mm in length and > 30 mm in diameter, as well
as inaccessible iliac arteries, as excluding criteria for endovas-
cular repair.?®

Assessment of aneurysm morphology

Contrast-enhanced spiral CT has become the investigation
of choice in the assessment of elective aneurysms for EVAR.
Willmann ez al.”” have established that spiral CT can provide
the necessary data for endograft planning in patients with
rAAAs. The Nottingham and Eindhoven groups specifically
rely on thin-slice spiral CT without any reconstructions.”"'
Ultrasound is unreliable for the diagnosis of rupture and has
not been validated in the pre-operative assessment of intact
aortic morphology, particularly of neck length and diam-
eter.”® The experience of Veith and Ohki® suggests that digital
subtraction angiography (DSA) may provide sufficiently
accurate data on aneurysm morphology to successfully treat
ruptures with the Montefiorri customisable aortic uni-iliac
system, but whether it can be used reliably to predict aneu-
rysm suitability and stent graft size for other commercially
available devices remains uncertain.

Postponing treatment for pre-operative CT scanning may
be a concern. In the Eindhoven and Zirich series it took
10 - 15 minutes to obtain an emergency spiral CT scan and
during this investigation the operating room was prepared for
the operative procedure, making the actual time delay even
less.?®?7

Applicability rate

In the reported studies the applicability rate of EVAR in
rAAAs varied from 27% to 78%.'>'"*"*** The concept of
ruptured EVAR will lose much of its appeal if it can only be
applied in the minority of patients. The current eligibility cri-
teria for rAAA are based on the recommendations for elective
EVAR, and it may be appropriate to consider less stringent
anatomical criteria for patients with rAAAs. A prospective
multi-centre study (the ERA study)*' was launched in 2003
to assess the applicability, clinical performance, safety and
effectiveness of stent graft placement in rAAAs. These results
are pending.



We have lost patients to the study because of delayed refer-
ral which caused them to arrive at our unit in an unstable
state. We have also been unable to manage a number of
patients because of the unavailability of the endograft rup-
ture kit.

Long-term durability

The EUROSTAR data*»* showed a cumulative rupture rate
of aneurysms following EVAR of 1% per annum, with an
annual secondary intervention rate of 10%. Although con-
cerns about the durability of endovascular repair are justifi-
able in relatively fit patients with a long life expectancy, these
concerns are of less relevance in patients with rAAAs where
the major outcome is peri-operative mortality. Secondary
procedures, if necessary, can be carried out in an elective set-
ting usually via the endovascular route.*

Conclusion

Endovascular repair of rAAAs is feasible and holds the
promise of decreasing the mortality and morbidity of this
devastating condition. This treatment modality is available in
South Africa and should be considered for suitable patients.
Patients with suspected rAAAs should be referred immedi-
ately to specialist units while adhering to the policy of hypo-
tensive resuscitation. Appropriate ‘rupture Kkits’ should be
available at all times.
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