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Aortoiliac Reconstructive Surgery Based Upon the Results of Duplex
Scanning

E. S. van der Zaag, D. A. Legemate*, T. Nguyen, R. Balm and M. J. H. M. Jacobs

Department of Vascular Surgery, Academic Medical Centre, Amsterdam, The Netherlands

Objective: to evaluate whether duplex scanning can replace angiography i patients operated for aortoiliac obstructive
disease.

Design: retrospective.

Materials and methods: between January 1995 and October 1996, 44 patients underwent vascular surgery of the
aortorliac tract The study population was droided into two groups; patients operated upon the results of duplex scanning
only and patients who also underwent angiography prior to surgery. The additional value of angiography and the
differences between both groups concerming unexpected peroperatie findings, early postoperative failures and the need
for additional radiological or surgical interventions m the first three postoperative months were studied

Results: Duplex scan group: 22 patients were operated upon the results of duplex scanming only In two patients surgical
strategy had to be changed. Early postoperative graft occlusion occurred m one case. A haemodynamically significant
graft stenosis within 3 months of surgery occurred m one patient. Duplex/angrography group 22 patients underwent
both duplex scannmng and angiography. Six patients underwent diagnostic angiography after failed duplex scanming In
10 patients angiography was part of percutaneous translununal angioplasty prior to surgery In six patients angiograms
were performed after successful duplex scanning Angiography failed mn two patients and added mformation i four of
16 patients. Unexpected findings at operation occurred in four patients Graft stenosis within 3 months was detected n
three patients

Conclusion: after successful duplex scanming iformation obtammed by angiography has only a limted impact on
therapeutic decision-making In the majority of patients vascular reconstructive surgery of aortoiliac arteries can be

planned based on duplex scanning only.
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Introduction

When patients are selected for aortoiliac reconstructive
surgery based upon the results of duplex scanning,
additional angiography is usually still performed to
plan the definitive surgical approach. However, duplex
scanning may replace diagnostic angiography because
both the aortoiliac and femoropopliteal arteries can be
accurately assessed. In a recent meta-analysis, based on
results of both conventional and colour-coded duplex
scanning, we reported a pooled sensitivity of 80% and
specificity of 95% for the detection of stenosis greater
than 50% in the aortoiliac arteries. If duplex scanning
has to differentiate between open or occluded aorto-
iliac arteries, the sensitivity becomes even greater than

* Please address all correspondence to D A Legemate, Department
of Vascular Surgery, G4-105, Academic Medical Centre, University
of Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam-Zuidoost, The
Netherlands

Table 1. Surgery for aortoiliac obstructive disease.

Treatment Duplex  Angiography Total
group group

Aortobi-hac bypass 3 0 3

Aortobifemoral bypass 5 4 9

Iliobifemoral bypass 1 0 1

Ihofemoral bypass 5 8 13

Femorofemoral crossover 7 10 17

bypass

Endarterectomy of the 1 0 1

ihac tract

Total 22 22 44

90% and these figures may be higher if colour-coded
duplex scanning is used."” In view of the high accuracy
of duplex scanning compated to angiography, the need
for preoperative angiography must be questioned.
Several reports describe the potential of duplex scan-
ning in clinical decision-making.>"® If a lesion can
be treated by percutaneous transluminal angioplasty
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Table 2. Preoperative work-up in patients operated for aortoiliac obstructive disease.

i Lesion Anglography
St * Occ t Diagnostic Interventional ~ Add Decisive for
mformation surgical strategy
Duplex scan group 22 5 17 1% 18 0
Angiography group 22 3 19 12 10 10 6

* Stenosis

t Occlusion

1 Intraoperative anglogram for successive femorocrural bypass

§ Intraoperative transluminal dilatation of superficial femoral artery

Table 3. Treatment strategy in patients treated for bilateral aortoiliac obstructive disease.

Case  Duplex scanning Strategy Discrepancy between — Treatment change Unexpected findings at
Aortoiliac duplex and operation
anglography
1 L* Stenosis PTA EIAt No No No
R Occlusion Tliofemoral bypass Progression of No No
occlusion
2 L Stenosis PTA CIA No No No
R Occlusion Thofemoral bypass No No No
3 L Occlusion Iliofemoral bypass No No Yes§
R  Stenosis PTA EIA Stenosis <50%3 Procedure abandoned No
4 L Occlusion Femorofemoral No No No
crossover bypass
R Stenosis PTA EIA No No No

*L=Left/R =Right

t Percutaneous transluminal angioplasty of the external thac artery (EIA)/common iliac artery (CIA)

1 After multiplane views and intra-arterial pressure measurements

§Due to calafication of the arterial wall end-to-side anastomosis 1s converted mto end-to-end anastomosis

Table 4. Treatment strategy in patients operated within 6 months after percutaneous transluminal angioplasty.

Case  Duplex scan Strategy Discrepancy between Treatment Duplex Strategy Unexpected
Aortotliac tract duplex and change surveillance findings at

anglography operation

1. Stenosis PTA EIA* No No Reocclusion Ihofemoral bypass No

2 Stenosis PTA EIA Acute occlusion Thrombolysis Reocclusion Thofemoral bypass No

3 Stenosis PTA CIA Lesion extention into PTA Aorta bif. ~ Reocclusion Aortobifemoral Yest
aorta bypass

4 Occlusion PTA EIA No No Reocclusion Iiofemoral bypass  No

5 Occlusion PTA EIA No No Reocclusion Iiofemoral bypass No

6 Stenosis PTA EIA No No Restenosis Iiofemoral bypass ~ Yest

* Percutaneous transluminal angioplasty of the external 1hac artery (EIA)/common thac artery (CIA)
1 Due to calaification of the aorta the proximal anastomosis 1s reimplanted more proximally
}Due to perivascular cicatrisation of the common 1liac artery as a result of prior operation, the iliofemoral bypass 15 converted into a

femorofemoral crossover bypass.

(PTA), duplex scanning can correctly select these
patients in over 80% of cases.*” Only three studies,
however, describe the role of duplex scanning in plan-
ning surgical approach.*™ A theoretical decision ana-
lysis showed a good agreement between a surgeon’s
decision based on duplex scanning versus that based
on angiography.® Two studies described the use of
duplex scanning as the sole imaging modality in a
selected, small number of patients. In one of these, all
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patients also underwent on-table angiography prior
to surgery anyway.”"

In our hospital the decision to schedule a patient
for a PTA is routinely based upon the results of duplex
scanning only, and mn an increasing number of patients
surgical reconstructions are performed without angio-
graphy. This applies mainly to reconstructions of the
aortoiliac tract, as assessment of the cruropedal out-
flow is necessary for femorodistal bypasses and duplex



Preoperative Duplex-scanning

Table 5. Intraoperative findings and clinical outcome in patients
operated for aortoiliac obstructive disease.

n  Operation Restenosis Remntervention
Unexpected <3 months <3 months
findings*
Duplex scan 22 2 1 1
group
Anglography 22 4 3 0
group

* Intraoperative findings which changed surgical strategy.

scanning of these arteries is, as yet, insufficiently val-
idated.” In a retrospective study we analysed the con-
tribution of duplex scanming to the work-up and
clinical decision-making in patients operated for aorto-
iliac obstructive disease, to determine whether angio-
graphy was needed after successful duplex scanning.

Patients and Methods

All patients referred to our vascular laboratory for
aortoiliac duplex investigation between January 1995
and October 1996 were 1dentified. Aortoiliac re-
constructive surgery was performed in 47 of these
patients. Only those patients who were operated
within 6 months after duplex examination were ana-
lysed. In three patients this time span exceeded 6
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months. The remaining 44 patients consisted of 28
men and 16 women ranging in age from 29 to 82
years. The mndications for operation were disabling
claudication in 29 patients, rest pain in 14 patients and
1schaemic ulceration in one patient. The results of
duplex scanning and angiograms were collected and
analysed.

Duplex scanning was performed with a Hewlett-
Packard sonos 1000 or 2000. The aortoiliac segments,
common femoral and the orifice of both the deep and
superficial femoral arteries were routinely examined
on both sides (with a 3.5-4.5MHz probe). Femo-
ropopliteal outflow of the affected limb was also as-
sessed, whereas crural arteries were not investigated.
Peak systolic velocity (PSV) ratios were used to grade
stenoses; a lesion with a PSV-ratio greater than or
equal to 2.5 or occlusion was considered as haemo-
dynamically significant."** The results of duplex scan-
ning, including the length of the lesions, were drawn
on an anatomical line diagram, providing the vascular
surgeon with a road map to plan the surgical technique.

Intra-arterial digital subtraction angiography via ret-
rograde femoral puncture was performed using the
Seldinger technique. Stenoses were graded based upon
cross-sectional diameter reduction and considered
haemodynamically significant if greater than 50%.
Monoplane views were taken routinely. When the
results of the duplex scan were not in accordance with

Intervention needed

[ Aortoillac and femoropopiiteal duplex scan

PTA indicated

Aortoiliac surgery indicated

Femoropopliteal surgery indicated

Results of duplex scan unequivocal

Resuilts of duplex scan equivocal

Schedule for PTA Schedule for surgery

Angiography

Schedule for surgery

Fig. 1. Algorithm of preoperafive work-up in patients with peripheral arterial obstructive disease.
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PSV | Ratio | EDV

CIA = Common 1liac artery
CFA = Common femoral artery
PA = Popliteal artery

Fig. 2. Results of duplex scanning reported on a standard data sheet

the monoplane angiography, multiplane views were
made or intra-arterial femoral pressure measurements
were performed: an absolute peak systolic brachial-
femoral pressure gradient greater than 20 mmHg at
rest, or a drop m femoral to brachial index greater
than 15% after administration of papaverine, was con-
sidered haemodynamically significant.”

Based on preoperative work-up, the study popu-
lation was divided retrospectively into a duplex scan
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group (those who were operated on without additional
angiography) and an angiography group (those who
had both duplex scanning and additional angio-
graphy). The results of anglography were compared
with duplex scanning to assess the additional value
of angiography. Surgical reports were reviewed to
detect differences between both groups concerning the
occurrence of unexpected intraoperative findings and
changes of the surgical approach. Blood systolic ankle
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pressure, results of duplex surveillance and the oc-
currence of reinterventions (PTA or surgery) were
reviewed to detect differences i clinical outcome be-
tween both groups in the course of the first 3 post-
operative months. The Wilcoxon paired-test was used
to compare pre- and postoperative blood systolic ankle
pressure measurements.

Results

Preoperative work-up

Duplex scan group. Based on the results of the duplex
scan, 22 patients underwent vascular reconstructive
surgery of the aortoiliac tract without additional angio-
graphy (Table 1). The median time between duplex
examination and operation was 60 days (range: 2-135
days).

Angiography group The other 22 patients underwent
duplex scanning as well as angiography before oper-
ation (Table 1). For this group of patients the median
time between duplex examination and operation was
52 days (range: 1-126 days). There were no com-
plications after angiography. In 12 patients additional
angiography was performed solely for diagnostic
reasons and in 10 patients angiography was part of
percutaneous treatment prior to surgery (Table 2). Of
the 12 diagnostic angiographies, six were necessary
because duplex scanning failed due to obesity The
other six patients underwent an angiogram after suc-
cessful duplex scanning. In four patients this diag-
nostic angiogram added no new information regarding
the surgical strategy. In two patients the guidewire
could not pass the atherosclerotic lesion in both groins
and angiography failed. In these patients the final
decision (for an aortobifemoral bypass) was therefore
based on duplex scanning alone Of the 10 patients
who had percutaneous treatment prior to surgery, four
were scheduled for a combination of both per-
cutaneous and surgical treatment for bilateral aorto-
iliac obstructive disease based on duplex scanning
only (Table 3). The other six patients had to be operated
after early graft stenosis of PTA of the aortoiliac tract.
Both the patient selection for percutaneous treatment
and detection of early failures were based on the
information of duplex scanning (Table 4). Four of
these 10 angiograms performed during percutaneous
treatment did add new mformation which changed
the percutaneous approach, but did not affect the
surgical strategy
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Intraoperative findings

Duplex scan group. In two patients the surgical strategy
had to be changed, as unexpected findings occurred
during operation (Table 5). In the first case, en-
darterectomy of the occluded external iliac artery was
extended into the common iliac artery, as a pinpoint
stenosis was detected intraoperatively in the common
iiac artery. In the second case a patient received a
femorofemoral crossover bypass instead of a com-
bination of an endarterectomy of the common femoral
artery and a transluminal dilatation of a stenosis of
the 1psilateral common iliac artery, because the entire
iliac tract appeared to be calcified and virtually oc-
cluded, making it unsuitable for percutaneous treat-
ment

Two of the 22 patients underwent on-table angio-
graphy for complementary outflow reconstructions,
which was already scheduled preoperatively, one, to
assess the suitability of the crural arteries for successive
distal bypass surgery and one because of a tran-
slummal dilatation of a stenosis m the superficial
femoral artery

Angiography group. In this group of patients four un-
expected findings occurred during operation (Table 5).
In two patients the proximal end of the graft had to
be anastomosed more proximally because of excessive
calcification. In one, the option of an end-to-side ana-
stomosis was converted mto an end-to-end ana-
stomosis because of unexpected dilatation of the
abdominal aorta. In the final patient the common
iliac tract could not be explored because of excessive
scarring after previous vascular reconstructive surgery
and the planned iliofemoral bypass was converted
mto a femorofemoral crossover bypass.

Clinical outcome

Duplex scan group. Early failure of one graft occurred
(Table 5). One hour after intial surgery, duplex scan-
ning confirmed acute thrombosis of the graft and a
surgical thrombectomy was successfully performed.
All patients recovered well after surgery and median
ankle-brachial indices rose from 54% (range: 0-109%)
preoperatively to 75% (range: 45-111%) postoperativey
(n=15, p<0.05). In one patient, duplex surveillance
detected a haemodynamically significant graft stenosis
during the 3 months following surgery.

Angiography group. There were no early failures of
surgical treatment in this patient group (Table 5).
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Median ankle to brachial indices rose from 35% (range:
0-56%) up to 77% (range: 27-100%) postoperatively
(n=14, p<0.05). In three patients haemodynamically
significant graft stenoses were detected within 3
months. Because of persistent rest pain due to infra-
inguinal obstructive arterial disease, one patient
underwent distal bypass surgery 1 week after initial
aortobifemoral bypass surgery.

Discussion

This study shows that in a considerable number of
patients with aortoiliac obstructive disease re-
constructive surgery can be performed on the basis of
duplex scanning only. Preoperative angiography was
mainly performed as part of a percutaneous inter-
vention (10/44) or because of inability to visualise the
entire aortoiliac tract (6/44). Six out of 44 patients
underwent a diagnostic angiography after successful
duplex scanning. These examinations were probably
performed out of habit, although there might have
been a well-founded reason which can be difficult to
discern in a retrospective study like this.

In both groups, unexpected findings occurred which
required a change in surgical strategy. No significant
differences were found, however, between the groups
and there was no difference in the need for additional
intervention during the 3 months following surgery.

Over the past years the use of duplex scanning has
radically changed the pre-interventional work-up in
our patients. An algorithm of our current work-up is
shown in Fig. 1. Duplex examinations are not requested
in our vascular laboratory if no intervention is con-
sidered. Diagnostic angiography is always asked for
when duplex scanning shows that the patient needs a
femorodistal bypass or if it is not clear whether a PTA
might be possible. However, some papers indicate that
in selected cases femorodistal bypass surgery mught
be possible without additional angiography.”**'*

If the duplex examination 1s performed according
to a standard protocol by well trained vascular tech-
nologists and results are reported on a data sheet
which combines information on changes in cross-sec-
tional area based on PSV-ratios, and with an anatomacal
line drawing in which length and localisation of lesions
are precisely indicated (Fig. 2), the vascular surgeon
can plan the surgical approach without the need for
angiography. Duplex scanning of the renal, the inferior
mesenteric and internal iliac arteries is time-consuming
and for the inferior mesenteric and internal iliac ar-
teries insufficiently validated. Therefore these arteries
are not routinely scanned. However, for most patients

Eur J Vasc Endovasc Surg Vol 16, November 1998

E. S. van der Zaag et al.

treated for obstructive aortoiliac disease, information
concerning the patency of inferior mesenteric and
internal iliac arteries 1s not essential when planning
the surgical technique.

The technologist and vascular surgeon should dis-
cuss the (abnormal) results of duplex scanning or
unexpected intraoperative findings, to improve the
diagnostic performance. A preoperative work-up
based on duplex scanning alone is beneficial for the
patient as it 1s performed in the outpatient clinic
and excludes the discomfort and risks of unnecessary
angiography.

In conclusion, this study shows that after successful
duplex scanning information obtained by angiography
has only a limited impact on therapeutic decision-
making when aortoilliac reconstructive surgery is
needed. Angiography should be reserved for those
patients in whom the results of duplex scanning are
equivocal.

References

—_

Koetemay MJW, HartoG pEN D, Prins MH, KroMmHOUT ]G,
LeGemATE DA, Jacoss MJHM. Diagnosis of arterial disease of
the lower extremuties with duplex ultrasonography Br | Surg
1996, 83 404-409
2 De Vrirs SO, HuNink MGM, Porak JE Summary recerver-
operating characteristic curves as a techruque for meta-analysis
of the diagnostic performance of duplex ultrasonography m
peripheral arterial disease Acad Radiol 1996, 3 361-369
3 Epwarps JM, CoLpweLL. DM, GoLpMaN ML, STRANDNESS DE
The role of duplex scanning i the selection of patients for
translumiunal angloplasty | Vasc Surg 1991, 13 69-74
4 WaYMAN MR, GirieseiE I, Ruckiey CV, Arran PL, FOwkes
FGR Screening patients with claudication from femoropopliteal
disease before angioplasty using Doppler colour flow imagmg
Br ] Surg 1992, 79 907-909
5 SMET DE AAEA, Visser K, KitseLaAR PJEHM Duplex scanning
for grading aortoiliac obstructive disease and guiding treatment
Eur ] Vasc Surg 1994, 8 711-715
Ersman BHP, LEGEMATE DA, HEIJDEN vaN DER FHHWM, Vos b
HJ, Mar1 WPTHM, ExkeLsoom BC The use of color-coded duplex
scanning in the selection of patients with lower extremuty arterial
disease for percutaneous transluminal angioplasty a prospective
study Cardwovasc Intervent Radiol 1996, 19: 313-316
7 VArTY K, NYDAHL S, BUTTERWORTH P, ERRINGTON M, Boria A,
BeLr PRE Lonpon NJM Changes in the management of critical
Iimb 1schaemua Br | Surg 1996, 83. 953-956
8 Konrer TR, AnDROS G, POrTER JM, CLOWES A, GOLDSTONE ],
Joransen K, Raxer E, Nance DR, STRanDNEss DE Jr Can
duplex scanning replace arteriography for lower extremuty ar-
terial disease Ann Vasc Surg 1990, 4 280-287
9 PEMBERTON M, NYDAHL S, HARTSHORNE T, NAYLOR AR, BELL
PRE, LonpoN NJM Colour-coded duplex imaging can safely
replace diagnostic arteriography in patients with lower-limb
arterial disease. Br | Surg 1996, 83 1725-1728
10 Ersman BHP, LEGEMaTE DA, HErJpEN vAN DER FHWM, Vos pE
HJ, MaLt WPTHM, Eikersoom BC Impact of ultrasonographic
duplex scanning on therapeutic decision making m lower-limb
arterial disease Br | Surg 1995, 82 630633
11 LeGeMATE DA, TEEUweN C, HOENEVELD H, ACKERSTAFF RGA,
ErxeLeoom BC Spectral analysis criteria in duplex scanning of

=2}



12

13

Preoperative Duplex-scanning 389

aortothac and femoropopliteal arterial disease Ultrasound Med
Biol 1991, 17 769-776

LeGeMATE DA, TEEuUwEN C, HoENEVELD H, E1kELBOOM BC Value
of duplex compared with anglography and pressure measure-
ment m the assessment of aortoiliac arterial lesions Br | Surg
1991; 78 1003-1008

KARrRAcAGIL S, LOFBERG AM, GRANBO A, LORELIUS LE, BERGQVIST
D Value of duplex scanning m evaluation of crural and foot
arteries in imbs wath severe lower-limb 1schaemua A prospective

comparison with anglography Eur | Vasc Endovasc Surg 1996,
12 300-303

14 KoeLemay MJW, LeGemMaTE DA, Van Gurr ], PonsoN AE,
REeEKERS JA, Jacoss MJHM Colour duplex scanning and pulse-
generated run-off for assessment of popliteal and cruropedal
arteries before peripheral bypass surgery. Br | Surg 1997, 84
1115-1119

Accepted 27 January 1998

Eur J Vasc Endovasc Surg Vol 16, November 1998



