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EDITORIAL

Treatment of Thoracoabdominal Aortic Aneurysms in 2019: Endovascular or

open repair as first line treatment?

Athanasios Katsargyris, Eric LG Verhoeven

Department of Vascular and Endovascular Surgery, Paracelsus Medical University, Nuremberg, Germany

In the last decade, three options have emerged to treat thora-
coabdominal aortic aneurysms (TAAA): (i) open repair, (ii) end-
ovascular repair with the use of fenestrated/branched stent-
grafts (F/BEVAR), and (iii) hybrid repair consisting of visceral
debranching in conjunction with endovascular aneurysm ex-
clusion with standard stent-grafts. Open repair has been con-
sidered the first line treatment for appropriate-risk patients
and has benefitted with the development of adjunctive tech-
niques such as left-left heart bypass and neuromonitoring.'?
Endovascular approach has expanded the treatment options,
especially in patients “unfit for open repair”.>> Hybrid repair
enjoyed great interest about 10 years ago, but results were
disappointing and now seems to play a marginal role in some
patients unfit for open repair and with unsuitable anatomy
for endovascular repair.5” Marc Schermerhorn in our opinion
correctly summarized the current status of all techniques in
following quote: “The described hierarchy of treatment pref-
erences is mostly artificial, based on the historical reliability
of open repair and the investigational nature of endovascular
techniques.”

Ideally, a randomized controlled trial (RCT) would provide
a higher degree of evidence to answer the question whether
open or endovascular repair should nowadays be considered
as the 1% line treatment for most TAAAs. Such an RCT is cur-
rently not available, and will unfortunately probably never be-
come available given the inherent difficulties regarding timing
(quick evolution of endovascular techniques, different level of
operative skills, experience, logistics in participating centres)
and inclusion criteria (only patients deemed suitable for both
techniques). Despite the lack of RCTs, there are contempo-
rary data originating mainly from observational studies that
are useful to compare open with endovascular treatment of
TAAA.

In a propensity matched comparison with 341 patients,
two Italian groups demonstrated an early benefit of endovas-
cular repair with reduced perioperative respiratory morbidity
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compared to open repair. Mid-term survival and reinterven-
tion rates between the two methods were equal.’ A recent
analysis of the nationwide German DRG data with a total of
2607 patients showed that endovascular repair was increas-
ingly used over time (from 6% in 2005 to 76% in 2014) and is
currently the 1% line treatment for TAAA in Germany.'° Endo-
vascular TAAA repair with F/BEVAR was associated with a sig-
nificant reduction of in-hospital mortality [risk reduction (RR)
0.35, 0.24-0.51, p<0.001]. A meta-analysis of eight studies
comparing endovascular (831 patients) vs open repair (2231
patients) of TAAA showed significantly lower 30-day mortality
(RR: 0.63; p < 0.01), spinal cord ischemia (RR: 0.65; p = 0.05),
incidence of dialysis (RR: 0.44; p = 0.01) and length of hos-
pital stay (mean difference, 4.4 days; p < 0.01) for endovas-
cular repair.** Similarly, Locham et al. in a comparative study
of 879 patients (481 endovascular repair vs 398 open repair)
showed a significant reduction of 30-day mortality (5% vs
15%, p<0.001) and morbidity (2-3 fold reduction for all major
complications) for endovascular repair.'> One could therefore
cautiously conclude that endovascular TAAA repair provides a
significant early advantage over open TAAA repair.

Searching for long-term results reveals that durability of
open TAAA repair is not well-documented.’ The long-term pa-
tency of branch grafts to the visceral and renal arteries after
open TAAA repair is actually unknown. The largest available
series of patients with long-term angiographic follow-up of
branch grafts after open TAAA repair was published only re-
cently, in 2017 by Kouchoukos et al. including a total of 33
patients with a follow-up of more than 5 years.**

Durability of branches after endovascular TAAA repair has
been documented in multiple series'*?¢, with the longer term
outcomes being reported by the group of the Cleveland Clinic.
Mastracci et al. showed in a cohort of 650 patients with fol-
low-up duration up to 9 years that branches in F/BEVAR are
durable and rarely the cause of patient death (0.46% during
the whole follow-up period).’* Most importantly, the same
group showed excellent overall efficacy for F/BEVAR in the
long-term, as reflected by a freedom from aortic related mor-
tality of 98% at 8 years.'® Similar outcomes are also seen in
our series, with aortic related mortality <1% at 5 years in our
updated experience with more than 350 patients treated up
to now. Reinterventions mainly for branches are required in
almost 20% of the patients after 5 years, but most of these
reinterventions can be completed successfully by endovas-
cular means with minimal morbidity and zero mortality. Nev-
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ertheless, we also concluded that one should be critical with
patient selection, especially those at highest risk (ASA 1V), as
in these patients both early and late (unrelated) mortality are
significantly higher.'’

Financial costs also merit evaluation. Clearly, material
costs for F/BEVAR significantly exceed those of open repair.
But if one calculates the total costs and resources (materials,
hospitalization including intensive care unit costs, blood trans-
fusion costs), F/BEVAR may in the end be more cost effective
than open repair. As Locham et al. recently demonstrated, F/
BEVAR was almost 8,000 US dollars cheaper than open repair
(mean total cost 36.612 US dollars for endovascular vs 44,355
US dollars for open, p=0.004).*? This difference was driven by
higher morbidity and longer hospitalization after open repair.

Putting all of the above together, it appears that endovas-
cular repair of TAAA is associated with reduced perioperative
mortality and morbidity and lower overall costs compared to
open repair, while mid-term durability remains good provided
adequate individualized surveillance. If one adds the patient’s
preference, which is most commonly in favor of a minimal in-
vasive treatment, it seems reasonable to consider endovas-
cular repair as the first line treatment for most patients with
TAAAs. This statement should exclude patients with connec-
tive tissue disease and maybe some other younger patients.
This treatment shift has not been officially adopted by the cur-
rent guidelines yet, but F/BEVAR to treat TAAA is clearly the
real-life “first choice” in many countries nowadays.

Such a shift towards “endovascular first” has resulted in
growing endovascular experience in many centers worldwide.
But at the same time this leads unavoidably to decreasing ex-
perience in open TAAA repair. Certainly, the number of sur-
geons who can perform the traditional open TAAA operation
with good results is decreasing and will decrease further in
the future. And this may not be without consequences espe-
cially for cases that open repair is needed to correct failures of
endovascular repair.
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Abstract:

Introduction-Aim: Rupture is the most lethal complication in untreated cases of thoracoabdominal aortic aneurysms
(TAAAs). We performed a systematic review and meta-analysis attempting to identify all published reports on ruptured
thoracoabdominal aortic aneurysms (rTAAs) treated with open repair with the aim to assess the mortality rate and com-
mon complications.

Methods: We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A
thorough search of the English-language literature published until January 2019 was performed to identify studies rela-
tive to ruptured TAAAs. Data extracted from the eligible studies, included first author’s name, study year, type of study,
total number of patients with rTAA, number of deaths, mean age and mean follow-up period.

Results: Overall, 16 articles were included in the meta-analysis after application of inclusion and exclusion criteria. A to-
tal of 1,036 patients with ruptured aneurysms were included in the present analysis. Pooled mortality rate after open re-
pair of rTAAs from all 16 studies was 33.40% (95%Cl|=22.60-45.07; 12=92.5%, p<0.001). When we pooled data only from
four studies reporting data exclusively on rTAA, the pooled mortality rate was 47.77% (95% Cl=32.71-63.04, 12=84.4%,
p<0.001). Furthermore, we found a statistically significant decreasing trend in mortality rates over time (Q=4.13, p<0.04)
Cardiac event rate was 8.79% (95% Cl=1.55-20.20, 12=85.81%, p<0.001), pooled permanent paraplegia was estimated
at 5.56% (95%Cl=1.76-10.96) pooled stroke rate was 1.61% (95%Cl=0.01-6.67; 12=43.29%, p=0.17) and re-intervention
rate was 8.33% (95%Cl=2.86-15.82).

Conclusions: Rupture is a lethal complication in untreated cases of TAAAs and it is associated with an approximately 50%

mortality rate. Young and fit patients with contained rupture who are not shocked on presentation might have a better
outcome, especially if transferred in experienced centers.

INTRODUCTION artery reimplantation. However, despite the advances in open
surgical techniques, the morbidity and mortality rates for the
treatment of TAAs continue to remain considerably high. In a
recent metanalysis, the pooled mortality rate among patients
with TAAAs treated electively was 11.3%.! This metanalysis
also estimated a pooled spinal cord ischemia rate of 8.3%, a
stroke rate of 3.1%, whereas the need for permanent dialysis
rate was 7.9%.*

Open repair of thoracoabdominal aortic aneurysms (TAAs)
remains a technically demanding operation. Adjunctive strat-
egies especially used in the era of organ protection, have
improved the outcome of these patients and have reduced
the occurrence of paraplegia, renal failure, and mesenteric
ischemia. These strategies include distal aortic perfusion with

left heart bypass, cerebrospinal fluid drainage, and intercostal . .
Rupture is the most lethal complication in untreated cases
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Table 1: Overall, 16 studies were included in the meta-analysis after application of inclusion and exclusion criteria.

CPB: cardio-pulmonary bypass, PCPB: Partial cardio-pulmonary bypass,LSHB: left-side heart bypass, CS: clamp and sew, PLSFFB: partial left
sided femoro-femoro bypass,DHCA: Deep hypotermic cardiocirculatory arrest, MHCA: Moderate hypotermic cardiocircylatory arrest, CSFD:
Cerebro-spinal fluid drainage, ICAs: Intercostal arteries,MEP/SSEP: motor-evocated potentials/somato-sensory evocated potentials.
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MATERIALS AND METHODS

We used the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. Medical databas-
es included Medline, Scopus, EMBASE, Google Scholar, Ovid
and the Cochrane Library were investigated, while we also
searched manually the reference lists of the eligible articles
for additional articles. Keyword algorithm included “thoraco-
abdominal” AND “thoraco-abdominal” OR “aortic aneurysms”
OR “open repair” OR “ruptured.” Our main interest focused in
studies, published in English, reporting mortality rates after
open repair of ruptured thoracoabdominal aneurysms.

A thorough search of the English-language literature pub-
lished until January 2019 was performed to identify studies
relative to ruptured TAAAs.

Studies were included in the review if they:

e Provided detailed data on open repair of TAAAs;

e Presented data of the in-hospital mortality

e Described >20 patients

e Were published in the English language

e  Articles were excluded if they:

e Reported non ruptured TAAAs;

e Reported data for hybrid or endovascular reconstruc-
tions;

e Referred to treatment of infected TAAAs;

Two authors (GK, CNA) independently extracted and ana-
lyzed data and the final decision was reached by consensus.
Data extracted from the eligible studies, included first au-
thor’s name, study year, type of study, total number of pa-
tients with rTAA, mean age, number of deaths, complications
(if described). We thereafter calculated mortality rates in pa-
tients with rTAA (number of deaths / total number of patients)
for each eligible study. We expressed the rates as proportions
and 95% confidence intervals (95% Cls). We transformed the
values into quantities according to the Freeman-Tukey variant
of the arcsine square root transformed proportion and the
pooled mortality was calculated as the back-transformation
of the weighted mean of the transformed proportion, using
DerSimonian-Laird weights of random effects model and ex-
pressed as % proportion.

We also performed a second analysis deriving pooled mor-
tality rates after excluding three studies with very low mortal-
ity rates (<15%; sensitivity analysis). A methodological quality
assessment of the selected studies and analysis of heteroge-
neity and publication bias was performed. A meta-regression
analysis with mortality rates over time as a covariate was per-
formed in order to explore potential time trend upon mortal-
ity rates.

RESULTS

Our literature review identified a total of 16 articles 2-17 to
be included in the meta-analysis after application of inclusion
and exclusion criteria (Table 1). A total of 1,036 patients with
ruptured aneurysms were included in the present analysis.
An Egger’s regression analysis did not reveal significant pub-

lication bias (int = 3.36, p=0.07) among the eligible studies.
Pooled mortality rate after open repair of rTAAs from all 16
studies was 33.40% (95%Cl=22.60-45.07; 12=92.5%, p<0.001;
Figure 1).
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Furthermore, we found a statistically significant decreasing
trend in mortality rates over time (Q=4.13, p<0.04; Figure 2).

Mata-regression of Mortality Rate (rTAA] on Year
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We performed a meta-regression analysis with total number
of ruptured only cases per study as a covariate, which did not
reveal significant association with mortality rate. However, a
meta-regression analysis with total number of patients per
study (elective and ruptured) revealed a significant reverse
association between mortality rate and caseload (Q=4.13,
p=0.04). This is a potential indicator that busiest departments
dealing with larger number of elective and ruptured TAAs pre-
sented with better results in terms of mortality after rTAA re-
pair.

Sensitivity analysis evidenced a pooled mortality rate of
41.73% (95%Cl=31.68 — 52.13, 1>=88.8%, p<0.001), after exclu-
sion of three studies reporting mortality rates <15%.37° A sec-
ond sensitivity analysis after exclusion of the study by Cowan
et.al. showed a pooled mortality rate of 31.83% (95%Cl=20.68-
44.06, 1>=90.9%, p<0.001) from the remaining 15 studies.

When we pooled data only from four studies reporting



52 Hellenic Journal of Vascular and Endovascular Surgery | Volume 1 - Issue 2 - 2019

data exclusively on rTAA, the pooled mortality rate was 47.77%
(95% Cl=32.71-63.04, 1°=84.4%, p<0.001).25%13 Additional-
ly, when we considered morbidity data from only these four
studies, pooled cardiac event rate was 8.79% (95% Cl=1.55-
20.20, 1>=85.81%, p<0.001; data from all four studies), pooled
permanent paraplegia was estimated at 5.56% (95%Cl=1.76-
10.96)*® pooled stroke rate was 1.61% (95%Cl=0.01-6.67;
1’=43.29%, p=0.17)*® and reintervention rate was 8.33%
(95%ClI=2.86-15.82) > In the paper by Cowan et al. acute re-
nal failure (28.0%) and cardiac-related events (18.1%) were
the most common complications. More than half (51.2%) of
all deaths occurred within 24 hours after surgery.

DISCUSSION

We reviewed 1,036 patients, with ruptured aneurysms, and
we found an overall in-hospital mortality rate of 33.4% inde-
pendently of the type of aneurysm. Interestingly, when we
analyzed the data from four studies reporting exclusively the
outcomes on ruptured TAAs, the pooled mortality rate was
47.77%.%5%" The study of Cowan et al using national data
from the Nationwide Inpatient Sample, reported the largest
number of patients with 321 ruptured aneurysms and found
an overall “real-world” mortality rate of 53.8%.% Regarding the
morbidity associated with the technique, data from the four
studies reporting the outcome exclusively for ruptured aneu-
rysms, showed that the cardiac event rate was 8.8%, the per-
manent paraplegia was estimated at 5.6%, pooled stroke rate
was 1.6% and re-intervention rate was 8.3% %813

We found a relatively high heterogeneity between the
analyzed studies. This can be explained by whether the rup-
ture was contained or free and by the presence of haemody-
namic instability. Although it is known that contained ruptures
have a better outcome compared to free ruptures,*” unfortu-
nately, no specific data categorizing the patients according to
the haemodynamic status were provided by the eligible stud-
ies. In addition, the heterogeneity can also be explained by
the diversity in surgeon’s team case load and familiarity with
the procedure among the studies but it was also related to
the institution’s experience in managing the perioperative
care of these challenging cases.? A trend of lower mortality
in high-volume centers was shown in our study. Coselli et al
reported a 21.5% mortality rate while Svensson et al reported
a 18% mortality occurrence.**®

A recent metanalysis showed that the pooled mortality
rate among patients with unruptured TAAAs treated electively
was 11.3%." Our study provides evidence that the mortality
for open reconstruction in rTAAs is 3 to 5-fold higher than the
mortality in unruptured aneurysms. Previous studies have
questioned whether repair is worthwhile in all ruptured cases.
It has been suggested that patients in shock with a Crawford
type Il aneurysm have a poor prognosis and that intervention
should be offered only in the most favorable of these cases.®
Patients with types Ill or IV contained rupture who are not
shocked on presentation might have a better outcome, espe-
cially if transferred in experienced centers. Validation of prog-
nostic scoring systems for ruptured TAAs is lacking. However,
clinical experience has shown that free rupture, patient’s over-

all deteriorated functional status, advanced age > 76 years,
preoperative cardiac arrest and loss of consciousness are in-
dependent predictors of high risk of death.>*#*3 |t should also
considered that patients presenting with impending rupture,
represent a high-risk subgroup, having probably denied elec-
tive repair because of associated comorbidities.*® In the paper
by Cox et al. none of the patients with free rupture or with
preoperative hypotension or cardiac arrest survived.'” Other
studies showed that age > 77 years, female gender and preop-
erative renal dysfunction were also independent risk factors
for increased mortality.>®

Regarding the complications rate in patients with rTAAAs,
more than half (51.7%) presented with at least one postopera-
tive complication.? Acute renal failure of 28.0% and cardiac-re-
lated events of 18.1% were the most common complications
in patients who survived from open surgery.? More than half
(51.2%) of all deaths occurred within 24 hours after surgery.
Uncontrolled bleeding from dilutional coagulopathy caused
by massive blood loss and multiple organ failure were the
most common causes of death, >3

Interestingly, we found a statistically significant decreas-
ing trend in mortality rates over time. This finding can be ex-
plained by the evolution and improvements in surgical tech-
nique over time and the use of adjunct measures for organ
protection such as distal aortic perfusion with left heart by-
pass, cerebrospinal fluid drainage, and intercostal artery re-
implantation. This study has limitations. Only a few studies re-
porting outcomes exclusively for rTAAAs have been reported
in the literature. No detailed data for the type of aneurysm
and the outcome were described in the majority of the stud-
ies. In addition, only a few studies specified complications for
ruptured TAAs.Selection bias or referral patterns of ruptures
may have skewed these results.

In conclusion, rupture is a lethal complication in untreat-
ed cases of TAAAs. It is associated with an approximately 50%
mortality rate. Young and fit patients with contained rupture
who are not shocked on presentation might have a better out-
come, especially if transferred in experienced centers.
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In this issue of the HIVES Moulakakis et al.! reported system-
atic review and meta-analysis on open repair of ruptured
thoraco-abdominal aortic aneurysms (RTHAA). They searched
English-language literature published until January 2019 and
16 articles with 1036 treated patients with RTHAA were iden-
tified and included in analysis. They found that mortality rate
is improving over decades and it was substantially lower in pa-
pers reporting results of treatment of all TAAA including elec-
tive and ruptured comparing to papers reporting only RTHAA
(33% versus 47%).

The former group of papers had results that are compara-
ble with mortality rate of open repair of ruptured abdominal
aortic aneurysm (RAAA) which is, no matter how difficult still,
far easier clinical condition in comparison to RTHAA?,

Results are improving over the decades. It might be ex-
plained with centralization of care of patients with THAA.
Cowan et al.? reported higher incidence of mortality in low
volume centers and proposed centralization of THAA repair
which ten years later probably proved to have half reduced
mortality. In all twelve studies, from this systematic review,
that are reporting data for both intact an ruptured THAA, rate
of ruptured aneurysms was less than 10%.>* Among others
reporting only RTHAA, results from the literature are demon-
strating that they are high volume centers as well with 660 pa-
tients in 20 years in Zanetti group and 675 in Gaudino group.
Another reason for better results might be higher turndown
rate. In 1999 report from Bradbury et all suggested that pa-
tients in shock and type Il RTHAA have very poor prognosis so
all treatment efforts are questionable while others should be
transferred to high volume centers®. We might speculate that
such a strategy has led to selection of those patients with bet-
ter prognosis. Even the high volume centers are not reporting
turndown rate in this group of patients. From experience in
RAAA we know that turndown rate can be even 50%.°

Finally and most importantly surgical techniques changed
and this is what has significantly improved results. Improved
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intraoperative organ perfusion, neurological monitoring and
methods of preventions of spinal cord and kidney ischemia
are nowadays milestones of successful open repair of THAA
even more important in ruptured cases. Such a complex tech-
niques and expensive technologies performed by well-educat-
ed and experienced physicians in multidisciplinary teams are
possible only in centers of excellence.
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INTRODUCTION

A controversy still exists around the world on the best strat-
egy to treat ruptured abdominal aortic aneurysms (rAAA).
For decades open repair has been considered the treatment
of choice, though characterized by high and constant 30-day
mortality despite improvements in intensive care unit (ICU)
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and anesthesiology care.! Nowadays EVAR is becoming in-
creasingly popular in rAAA treatment. Both Society of Vas-
cular Surgery (SVS) and European Society of Vascular Surgery
guidelines recommend endovascular repair (EVAR) over open
repair for a rAAA if anatomically suitable,.* In the largest
meta- analysis so far, Van Beek et al by including 32 studies
investigated the short term survival after EVAR or open repair
for rAAA.* Based on the randomized controlled trials (RCTs) in
defined populations 30-day or in-hospital survival were equal
between EVAR and open repair, while based on observational
studies with probably more selection of patients EVAR per-
formed better than open repair.*

Hereby, based on the current literature and personal experi-
ence, we try to propose a step-by-step detailed protocol regard-
ing patients with rAAA that arrive at dedicated Hospitals having
the ability to perform both treatment modalities. The protocol
algorithm is summarized in figure 1 and analyzed below.

| ER physician suspects r-AAA I

v

[ Alerts Vascular Surgery On-Call Team |

4

4

Hemodynamically Stable
SBP = B0 mm Hg
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Cell salvage, RBC, FFP, PLT 1:1:1
Body temperature =36%C

Figure 1. Summary of the protocol algorithm.
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PROTOCOL

Emergency room

Information of a rAAA inside or outside the hospital should trig-
ger an immediate alert to the vascular on-call team. This team
should include at least two vascular surgeons, an anesthesiolo-
gist, OR staff and a radiology technician if available. Patients in
the emergency room presenting with a rAAA should be evalu-
ated according to hemodynamic stability (Systolic blood pres-
sure>80 mmHg). The preoperative management of the patient
should include securing intravenous (IV) access, two peripheral
large bore cannulas, blood cross match and restricted resusci-
tation (permissive hypotension).>® Central venous access and
arterial line are not necessary at this stage and there should
be no delay in emergency room (ER) in order to secure them.
Intravenous fluids and vasoactive medication should be avoid-
ed as long as possible. The concept of permissive hypotension
in which low systolic blood pressure (50-70 mm Hg) is accept-
ed, to the extent that oxygen delivery to the brain (conscious
patient) and the myocardium is maintained (no arrhythmias
or chest pain), until hemorrhage control is achieved should be
followed. This concept limits internal bleeding and associated
loss of platelets and clotting factors. Systolic pressures of 50-70
mmHg are acceptable for a short period of time.

Stable patients should rapidly undergo a computed to-
mography angiography (CTA) to assess anatomical suitability
for EVAR, while unstable patients should be transferred im-
mediately to the operating room without a CTA. Convention-
al exclusion criteria for EVAR are used and include: (1) aortic
neck diameter greater than 32 mm, neck length shorter than
10 mm, significant calcification (circumferential), thrombus
(>40%), or aortic neck angulation greater than 60 degrees; and
(2) iliac vessels less than 6 mm in diameter for delivery of the
main body graft or with significant tortuosity.’® Although the
planning phase for cases of ruptured aneurysms is often under
significant time restrictions, and perhaps with limited imaging
quality available, it is important to make the most of the imag-
ing and to spend a few extra minutes reviewing the possible
difficulties of each case. A dedicated three dimension (3D) re-
construction software could aid in performing accurate length
and diameter measurements and design properly the whole
procedure. In any case, the experience of the whole team and
the logistics of the hospital should be taken into consideration
when the suitability for EVAR is decided. We should also keep
in mind that the haemodynamic condition of the patient on
presentation may influence CTA image of the proximal neck
and, to avoid an intraoperative or late Type la endoleak, 30%
oversizing maybe preferable when treating a rAAA assessed by
CTA performed during permissive hypotension.?

To initiate and achieve a proper rEVAR programme it is
very important to retain a wide stock of available endografts.
Itis logical that due to logistic reasons it is not possible to have
all types of endografts, however an endograft with suprare-
nal fixation (28-36 mm diameter of main body) and several
limbs can really cover nearly all rAAAs. It is important that the
devices used for rAAAs should be the ones that the operator
routinely uses for elective EVAR and with which the operating
team has significant experience.??

Operating room

Stable patient with suitable anatomy: Stable patients with a
suitable anatomy determined by CTA should undergo EVAR.
Permissive hypotension is continued, and the patient is care-
fully monitored by the anesthesiology team (Monitor Anes-
thesia Care, MAC). The procedure should be performed un-
der local anesthesia. Use of local anesthesia helps to avoid
the hemodynamic changes associated with muscle relaxation
and general anesthesia. Emergency EVAR may be performed
under local anesthesia alone, but the anesthesiology team
should be prepared to emergency conversion to general anes-
thesia if necessary. The EVAR procedure can be accomplished
by the standard way. Systematic heparin administration could
be deferred until the rupture is sealed. The uni-iliac configu-
ration offers a fast and reliable solution, especially in inexpe-
rienced hands. However, bifurcated stent-grafts, as also stat-
ed in the recent ESVS guidelines®, offer a more physiological
solution with a shorter overall operation time in experienced
hands, and obviate the need for a femoro-femoral bypass. By
appropriately using occlusion balloons (described later), the
hemodynamic stability of the patient can mostly be ensured
during placement of a bifurcated stent graft without the need
to convert to a uni-iliac repair. The main indication for using
a uni-iliac system is in the setting of unilateral iliac occlusion
or a severely compromised access that cannot be overcome.

Stable patient with unsuitable anatomy: In patients an-
atomically unsuitable for EVAR as determined by CTA, open
repair should be performed. An aortic occlusion balloon could
be also used in a similar manner (as described later), as an
extra asset to preserve or restore intraoperative instability be-
fore exposing the proximal aortic neck. Induction of general
anesthesia should be commenced after draping of the patient,
in order not to affect patient hemodynamics during prepara-
tion. Central venous pressure and arterial line monitoring are
suggested for all patients undergoing rAAA open repair. The
lines should be secured before induction to general anesthe-
sia, but without causing unnecessary delay.

Unstable patient: Unstable patients should immediately
be transferred to the operating room without a CTA. To sta-
bilize patients, which seems necessary in about 10-20% of
them, aortic balloon occlusion can be used effectively. This
technique was also used in open repair in the earlier years,
when clamping proved difficult. The technique of balloon-oc-
clusion in rEVAR involves the use of a large compliant balloon
over a stiff guidewire, and inside a long (45cm in length), 12-
14F sheath to retain correct position. With proper training,
this technique can be applied in every unstable patient at the
beginning of the procedure.

After femoral access under local anesthesia is achieved,
we recommend placement of a large sheath (12-14 F, 45 cm)
in the aorta over a stiff guidewire. The sheath is placed in the
suprarenal position (at the level of 12T to L1 vertebra), to pro-
vide adequate passage and support for the occlusion balloon.
Within this sheath in place, a large balloon for aortic occlusion
is inserted and deployed above the renal arteries. After infla-
tion of the aortic occlusion balloon, an angiogram can easi-
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ly be performed through the same large sheath to assess for
anatomic suitability for EVAR. This should allow to determine
the eligibility for EVAR and make a definite choice between
rEVAR under local anesthesia or OR under general anesthesia.
The patient should be prepared for both types of anesthesia
immediately after arriving in the OR.

During intraoperative angiography to determine EVAR-eli-
gibility the vascular surgeon should take into account the an-
gulation, shape and length of the proximal aortic neck. The
length can be estimated with the use of a metric catheter.
However we must not forget that the angiogram shows only
the lumen and certain properties as the proximal aortic neck
diameter, the presence of thrombus or a tapered neck can-
not precisely be estimated. In every way in these cases the
decision on the proper endograft relies on the selection and
experience of the vascular surgeon.

In unstable patients with anatomic suitability for EVAR the
endovascular procedure is continued under local anesthesia.
The main body of the endograft is inserted from the contralat-
eral of the balloon side and deployed just below the renal ar-
teries. At this point, a repositioning of the occlusion balloon
to a more proximal position may be needed in order to ad-
vance the proximal tip of the endograft’s delivery system. The
12-14F sheath’s position must be maintained well above the
renal arteries until the main stent graft has been deployed, in
order not only to secure the position of the inflated balloon,
but also to facilitate the withdrawal of it after deflation, es-
pecially when endografts with suprarenal active fixation are
used. When the main endograft has been deployed in the de-
sired position, it’s delivery system is withdrawn and a second
aortic balloon is advanced inside the endograft and inflated
just below the renal arteries and inside the main body of the
endograft. The first balloon is then deflated, and removed
through the 12-14F sheath, which then should also withdrawn
in the aneurysm sac. Alternatively, if a second balloon is not
available, the first balloon can be used in the main graft’s ipsi-
lateral side after withdrawal. Since an infrarenal occlusion has
been achieved inside the main body of the endograft, cath-
eterization of the contralateral gate and completion of the
EVAR procedure could be performed, without time strain and
additional blood loss.

In unstable patients anatomically unsuitable for EVAR,
open repair should be attempted. Similar (as described above),
the aortic occlusion balloon could act as an initial endo-clamp-
ing to preserve intraoperative stability during the induction of
anesthesia and laparotomy. Such a maneuver also allows the
proper dissection and exposure of the proximal aortic neck to
achieve a safe proximal control. Afterwards the balloon could
easily withdrawn to the level of the iliac artery (usually at the
level of L4 vertebra) and used for an iliac endoclamping.

If the intraoperative hemoglobin level is <10 g/dL and blood
loss is ongoing, transfusion of packed blood cells along with
fresh frozen plasma and platelets in a ratio of 1:1:1 is recom-
mended. Fibrinogen and prothrombin complex concentrates
administration are recommended during massive transfusion,
whereas rFVlla should be reserved until all means have failed.

In the operating room the patients’ body temperature should be
maintained above 36°C using forced air warming blankets in or-
der to avoid blood clotting dysfunction and metabolic acidosis.™

Figure 2. Fluroscopy image showing A. The deployment of the aortic
balloon through a 14F sheath coming from the right groin (white ar-
row) and its inflation (black arrow) well above the renal arteries with
the subsequent angiogram through an 8F seath coming fom the left
groin.. B. The deployment of the main graft coming from the left just
below the renal arteries (white arrow), with the occlusion balloon
(black arrow) maintained above them. C. After withdrawal of the de-
livery system, an aortic balloon is advanced inside the endograft from
the left and inflated inside the main body of the endograft, below
the renal arteries. Subsequently, the cannulation of the contralateral
gate is achieved (black arrow) , D. Final angiogram after the success-
ful deployment of the bifurcated graft.

DISCUSSION

The primary goal of development of a rAAA protocol is to use
EVAR as the initial treatment for rAAAs in most cases, which is
the current recommendation of several vascular societies.>* Hy-
potension or hemodynamic instability on presentation should
not be considered a contraindication for rEVAR. A secondary
aim of the protocol is through introducing a stepwise approach,
to standardize the early patient’s management from the time of
presentation to the initiation of the procedure in the operating
room, independently of the final treatment choice.
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The establishment of such a protocol is not always easy and
requires an on-call multidisciplinary team of various medical
specialties and surgical staff, as well as the ability of each Hospi-
tal to perform adequately both treatment modalities in terms of
personnel capabilities and logistics. Pre-hospital and emergency
room personnel should be aware on the use of permissive hy-
potension, warming and intubation avoidance, factors that may
avoid exacerbation of hemodynamic instability. Anesthesiologist
should be informed to keep patients awake and apply permissive
hypotension until an adequate control of bleeding is achieved.
Those performing the procedure should be experienced in EVAR
as well as in open repair of AAAs. An always-available inventory
of various endografts, wires and catheters is also essential for
implementation of a rEVAR programme.

Patient selection seems to play a significant role on out-
come after rAAA treatment. In the IMPROVE study, crossover
between the two treatment arms was common, showing that
factors as hemodynamic instability and anatomic suitability
are critical for the therapeutic decision. Selection of patients
for achieving favorable results for rEVAR can only be accom-
plished with the establishment of a standardized protocol.
Some studies suggested that an EVAR-driven protocol for
treating rAAAs is associated with an improved outcome not
only for the EVAR treated patients, but as well as for those
treated by OR.»** Moore et al. by assessing 126 patients with
rAAA demonstrated that a predefined strategy that includes
rEVAR was associated with improved mortality.” These results
are in accordance with those published by Mehta et al. who
showed that emergent EVAR of hemodynamically stable and
unstable patients was associated with a reduction in mortality
(from 51% to 18%) once a standardized protocol was estab-
lished.® Both studies were conducted in high-volume centers
with highly experienced vascular teams.

CONCLUSION

With a standardized team approach, hemodynamically stable
and unstable patients with rAAA can be treated by endovas-
cular means. Unstable patients with rAAA may be particularly
benefited by EVAR and should not be excluded from repair.
Successful implementation of a systematic protocol relies on
a devoted experienced team of surgeons, anesthesiologists,
nurses, and surgical staff, coordination of pre-hospital and
emergency room care, and an adequate stent graft inventory.
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The treatment approach of Ruptured Abdominal Aortic An-
eurysm (RAAA) still remains a controversial field in vascular
surgery community mainly, because of the mortality it carries.
We still cannot recognize the point of no return for each in-
dividual patient, although this is inevitable for some patients
who arrive at the emergency department. And since mortality
is always present and mostly unaffected, there will always be
a challenging effort to improve treatment results.

As presented by Matsagkas et al.’ the new approach with
the endovascular treatment of the ruptured AAA offers sever-
al important advantages and is recommended from Vascular
societies globally. Minimizing trauma, avoiding general anes-
thesia, and difficult dissections during aortic exposure as well
as avoid clumping in the presence of retroperitoneal hemat-
oma are some of the benefits that indicate possible improve-
ment in survival following the new approach. Even more as
we noticed with our experience during the last two decades,
the evolution in the performance and efficiency of endovas-
cular grafts has widened the anatomical applicability, safety
and technical success rate of the procedure.? Low profile, su-
prarenal fixation with barbs and accurate deployment are im-
portant features that increase the chances of successful RAAA
treatment.

Unfortunately, the multicenter randomized controlled tri-
als conducted failed to prove the superiority of endovascular
approach®> which is observed in the results of experienced
vascular units.® There are some explanations of this fact. First
of all, as thoroughly described by the authors, a carefully de-
signed protocol in a dedicated vascular center, concerning this
new approach that is dependent on technology and proper
equipment, is necessary as already shown in several centers.”
As easy as it sounds, such an algorithm is quite difficult to be
established, especially in a Greek Hospital which is usually un-
derstaffed and luck of technical recourses is a usual condition.
Another very important aspect of the procedural success is
the experience of the operator which is often limited concern-
ing endovascular treatment. The latter, was one of the main
reasons for selecting open treatment and crossover between
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the groups in many trial cases, leading to bias in patient selec-
tion. As described from a number of dedicated centers®® and
also the authors opinion, the absolute endovascular first ap-
proach in all RAAA cases, could be a better solution in order to
reduce overall mortality, leaving open conversion and repair
in case of EVAR complication and technical failure. This can be
achieved with chimney renal reperfusion or with debranching
of the abdominal branches after graft deployment in cases of
short or no proximal neck. As already described, this group
of patients, even with open surgery and suprarenal clumping,
carry extremely high mortality.*

One of the most important developments in the diagnosis
and treatment of AAA, open or endovascular in my opinion is
the evolution of spiral computed tomography and the wide-
spread use of CT angiography. | would consider a necessary
step the 15 min. delay of the procedure in order to have a de-
tailed anatomical picture of the aneurysm, the proximal neck
and the iliac arteries. Having in mind the above information
the vascular surgeon can perform the operation quicker and
safer, whether he is planning open or “endo” approach. Even
more with today’s technology, CT scan images, can be sent
online from a peripheral district hospital during patient trans-
fer from another hospital in order to evaluate the aneurysm,
plan the operation and organize delivery of the necessary en-
dografts and other necessary equipment in case there are no
available in OR storage. Mean time from rupture to death is
almost 12 hours, so some extra minutes are not decisive in the
vast majority of cases.!* On the other hand though the interval
from rupture to diagnosis, to treatment, which can take sever-
al hours is extremely important for the survival and care must
be taken to provide quick diagnosis and transportation within
an organized health care system.

As described from the authors, hypotensive resuscitation,
in combination with coagulation control could be important
preoperative medical support steps in order to reduce blood
loss until the operation is carried out. Even more, graft evolu-
tion with newer generation low profile grafts and controlled
suprarenal fixation are contributing today to higher operative
success rates.

Finally as described according to the experience of the
vascular surgeon proper use of local anesthesia, percutaneous
approach, graft selection (Bifurcated/ Aorto-uniiliac) and bal-
loon occlusion bleeding control are technique developments
that can improve the results, but have to be evaluated thor-
oughly in the future. Another important factor which should
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be taken into consideration, in applying EVAR in RAAA, is the
abdominal compartment syndrome which carries very high
mortality. Again, early diagnosis, quick transfer and proper
management of the patient, has to be included in the treat-
ment protocol.

Concluding, it seems that endovascular RAAA treatment
offers a unique opportunity to improve the results in this criti-
cal and urgent medical condition but in order for these results
to widely appear, new trials incorporating the newer devel-
opments and experience on the field are needed and at the
same time, establishment of a treatment algorithm in every
vascular center is required.
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Abstract:

Published literature is supporting endovascular repair (EVAR) of ruptured abdominal aortic aneurysm (RAAA) and in the
recent years, papers about open repair (OR) of RAAA are scares. Does OR of RAAA has its’ own place in endovascular era.

Substantial rate of RAAA are not anatomically suitable which confirms necessity to conquer techniques of open repair,
even nowadays. Fast diagnosis and bleeding control followed by rational tactics and reconstruction strategies to perform
safe procedure in optimal time are very important. Postoperative care and medical management of hemodynamic con-
dition of the patient with thorough assessment of coagulation and timely diagnosis of any complication are important
for improved survival. This paper presents some of the detailed technical tricks used in high volume RAAA center that

has treated over 1500 patients during last 25 years.

Providing both options, would allow careful selection and probably optimal results. Lack of experience in elective pro-
cedures is devastating experience of new generation of vascular surgeons and therefore education of young vascular
residents and surgeons in open aortic surgery is of an utmost importance.

INTRODUCTION

Published literature is supporting endovascular repair (EVAR)
of ruptured abdominal aortic aneurysm (RAAA) and in the re-
cent years, papers about open repair (OR) of RAAA are scarce.
In the following text some literature data and our institutional
protocol based on more than 1500 patients with RAAA oper-
ated by OR since 1992 will be presented. (Figure 1)
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INDICATIONS FOR OPEN REPAIR OF RUPTURED AAA

As in elective cases EVAR has the same and very important
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advantages regarding treatment of ruptured AAA (REVAR):
avoiding laparotomy, aortic cross clamping and general anes-
thesia, together with significantly lower blood loss'. However,
multicenter randomized controlled trials showed relatively
unexpected results*®. The first of them is AJAX trial that has
been performed in 10 hospitals in the Netherlands?. Out of
total number of 520 RAAA 116 were randomized. According
to this study, majority of severe complications were more fre-
qguent in open surgical group, but not significantly. Then, pro-
longed postoperative mechanical ventilation, perioperative
blood loss and consumption of blood products have been sig-
nificantly higher in open surgical group. However, there was
no difference regarding the length of ICU and total hospital
stay while mean time of OR was shorter than mean time of
EVAR. Finally this trial did not show a significant difference re-
garding 30 day mortality between EVAR and OR of RAAA (21%
in the EVAR and 25% in the OR group)?. An IMPROVE trial has
randomized 613 (316 for EVAR and 297 for OR) RAAA from
30 centers®®. That trial, did not also show significant differ-
ence regarding 30-day mortality (35% for EVAR and 37% for
OR group), duration of procedure (The median length of the
EVAR was 180 minutes, while 199 minutes for OR) and 30 day
cost, between endovascular and open groups. At the same
time in cases under local anesthesia EVAR has been associat-
ed with a lower mortality than those under general anesthe-
sia. (Mortality in local anesthesia group was 13%, while 34%
was in general anesthesia group)®. ECAR trial that has been
performed in 14 hospitals in France between 2008 and 2013,
randomized 107 out of 524 patients with RAAA®. In this study
30 day mortality after open and endovascular repair of RAAA
was also equal (18% in the EVAR group versus 24% in the OR
group)®. In AJAX and ECAR trials less than 25% of all patients
with identified RAAA, were randomized®*. According to IM-
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PROVE, trial 30-day mortality after REVAR at relatively hemo-
dynamic stabile patients with good aortic anatomy was 25%.
Still, this group represents only 60% of patients with RAAA.
Namely, patients who were not suitable for EVAR and those
with severe hemodynamic instability have not been included.
Consequently these trials are not representing real life condi-
tions and it is difficult to follow them in clinical routine prac-
tice, even though randomized controlled trials are the best
option to compare different methods and procedures in the
era of evidence based medicine’.

In the real life, more than 80% of hemodynamically un-
stable patients with RAAA, if not treated immediately upon
admission, will die within two hours®. Prerequisites for EVAR
are multidetector computed tomography (MDCT) examina-
tion, available endovascular team, stent grafts and material.
In some countries and/or hospitals it is difficult or impossible
to provide these conditions within two hours upon admission,
and yet, without it EVAR is not possible while natural outcome
of RAAA is fast. REVAR is associated with relatively significant
incidence of abdominal compartment syndrome, which is fol-
lowed by a mortality rate of 60%°. REVAR is also associated
with high cumulative risk of secondary interventions during
the follow up period®. There is no significant difference re-
garding long term survival and quality of life between open
and endovascular repair of RAAA™ 2, All being said, OR of
RAAA is still very important. But, can we improve early surviv-
ing? Yes actually, we can. In the past 26 years, we managed to
decrease the 30-day mortality since more than 50% between
1991 and 2001, to 28% in the last two years 3%,

TECHNICAL CONSIDERATIONS

During OR of RAAA we use modified Crawford's strategy that
includes fast diagnosis, permissive hypotension, non-selective
supraceliac aortic cross clamping, cell saving and auto transfu-
sion, as well as fast and simple aortic replacement®.

Diagnosis

In unstable patients with abdominal or low back pain who
have pulsatile abdominal tumor and profound shock, we per-
form emergency surgery after ultrasonography confirmation
of RAAA. MDCT is performed prior to emergency surgery only
to patients with suspected RAAA or extensive suprarenal and
thoracoabdominal anerurysm or in hemodinamicaly stable
patients especially when diagnostic dilemmas are present or
endovascular solution is option due to comorbid conditions.
Thanks to previous strategy we significantly reduced the mean
time from arrival to emergency room to entering an operating
suite, from more than two hours during the first time of our
investigation, to just 43 minutes in the past 3 years>**, Unfor-
tunately we are not able to influence time since symptoms or
first medical examination. In our country no helicopter trans-
portation is routinely used for these patients. Our hospital is
24/7/365 aortic emergency referral center and all doctors in
the country are informed which is saving time due to avoiding
repetitive call to different hospitals. It is of interest to note
that durndown rate in our experience is very low, less than
5%, and it is only considered in patients with malignant ex-
tensive diseases or old age with poor pre-rupture condition.
Hemodinamic status is not reason for turndown in our clinical
practice'>*®. (Figure 2)

Abdominal/Lower back pain
Pulsitile abdominal tumor

7

Profound shock

S

Hemodinamic stable patient

(BP<70mmHg)
Dupplex Suprarenal or MDCT
Ultrasonography [> Thoracoabdominal I:> Confirmed RAAA
Confirmed RAAA Aneurysm suspected
Emergency Surgery

Figure 2. Diagnostic algorithm used in our settings prior to open repair of ruptured abdominal aortic aneurysms.
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Permissive Hypotension

One of the biggest mistakes in the initial RAAA treatment,
both during transport and upon admission, is an aggressive
restitution of circulatory volume. It increases arterial pressure
that, in addition, annuls the initial retroperitoneum tamponed
and leads to new bleeding with conversion of retroperitoneal
rupture into intraperitoneal one. Crawford was the first to
insist on “permissive hypotension”*¢. Volume should be com-
pensated to a level required to maintain consciousness and to
prevent ST depression?’.

Approach

A trans-peritoneal approach through a long midline incision
is the mostly used during OR of RAAA. This approach is more
comfortable for anesthetists, especially if patients are hemod-
ynamically unstable, or even if they require reanimation*’2%,
This approach enables easier exploration of the abdominal
cavity, as well as dissection of the iliac and femoral arteries,
especially on the right side. The patient is positioned supine
on the operating table. The operative field is prepped and
draped from the nipples to the knees before introduction of
general anesthesia with consequent relaxation (that can re-
duce intrabdominal pressure due to relaxation of muscles and
promote further bleeding). Immediately after intubation fol-
lows a midline incision, made from xyphoid (it can be excised
if necessary) to the pubis®**?. In patients with RAAA and exten-
sive proximal pathology towards suprarenal or even thoraco-
abdominal individual strategy is made based on patient con-
dition, MDCT findings and surgeons’ and his team experience.

Bleeding Control

We perform OR of RAAA routinely under supraceliac aor-
tic cross clamping. That is a fast, efficient and safe proximal
bleeding control, which, in addition, enables to prevent iat-
rogenic injuries in the presence of huge retroperitoneal he-
matoma. An experienced vascular surgeon needs less than
10 minutes - from the initiation of laparotomy to supraceliac
aortic cross clamping®**®. This procedure begins with resec-
tion of the left triangular ligament and retracting the left lobe
of the liver to the right. Then, the gastro hepatic omentum
is opened to allow entry into the laser sac. The nasogastric
tube is used to identify the esophagus and proximal part of
the stomach, which are retracted to the left. The final step, be-
fore aortic cross clamping, is splitting or resecting of the crura
of the diaphragm*2!, One should be advised that, during this
procedure, the first assistant retracts esophagus and stomach
downward to the left. Excessive retraction during supra celiac
aortic cross clamping might cause spleen injury. In most cases,
spleen repair is unsuccessful and requires early re-interven-
tion, due to prolonged hemorrhage. Because of that, we al-
ways perform splenectomy in such cases.

The removing and relocation of the proximal clamp from
initial supraceliac to infrarenal position, is not recommenda-
ble, however in cases of convenient anatomy this can be done
in selected cases. Namely infrarenal aortic cross clamping re-
quires additional dissection through retroperitoneal hemato-

ma that increases risk of iatrogenic injury of duodenum, aorta,
inferior vena cava, etc. In our last article we have found that
supraceliac aortic cross clamping longer than 35 minutes in-
creased an early mortality®***. In cases of prolonged suprace-
liac or suprarenal aortic cross clamping, we recommend renal
protection using cold renoplegic solution (500 ml NaCl, 5000
IU Heparin, 125mg Urbazon, 30 ml 20% Manitol). Initially,
250ml of this solution is administered into each kidney, with
the procedure being repeated if the kidney circulation is not
established after 30 minutes.

In the presence of large retroperitoneal hematoma the
dissection of iliac arteries should be also avoided to prevent
iatrogenic injuries of the ureters and iliac veins®*?*, Instead
that the distal bleeding control can be performed, by place-
ment of balloon occlusive catheters into both iliac arteries af-
ter opening of the aneurysm sac. (Figure 3)

Figure 3. A huge retroperitoneal hematoma caused by AAA rupture
which makes it difficult or even impossible the dissection of the infra-
and juxta-renal aorta as well as iliac arteries.

The Opening of the Aneurysm Sac

After proximal and distal clamping an omentum and trans-
verse colon are retracted cephalad, while the small bowel is
packed in the right hemi-abdomen. If more working space
is necessary, the small bowel can be temporary eviscerated
out of the abdominal cavity. In this case adequate protec-
tion with either warm moist towels or sterile plastic bags is
necessary>**. The aneurysm sack is opened longitudinally.
The course of that incision is important. Namely in cases of
ruptured AAA where anatomical landmarks are not perfectly
clear, it is important to open the aneurysm to the left (side
of the patient) to avoid injury to the duodenum. The opening
of the aneurysm sac is followed by removal of the thrombus
and by suture of patent’s inferior mesenteric (IMA) and lum-
bar arteries'®?'. The usage of self-retaining retractor placed in
the aneurysm sac allows ligature of lumbar arteries, as well as
suture of both proximal and distal anastomosis.
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Inferior mesenteric artery

According to our experience during OR of RAAA, IMA should
be ligated. That ligature has to be done at IMA origin from the
aneurysm sac to preserve left colic artery **° (Figure 4).

Figure 4. The ligature of the inferior mesenteric artery at origin from

the aneurysm sac to preserve left colic artery.

Aortic Repair

Vascular reconstruction during OR of RAAA should be per-
formed in the simplest method possible. The usage of bifur-
cated graft can increase mortality?*, but that was not con-
firmed by our last study®**. Anyway it is important to keep at
least one of the hypogastric arteries patent to prevent colonic
ischemia.

At patients with cardiac diseases, de-clamping may lead
to myocardial infarction or cardiac insufficiency. Bearing this
in mind, it is apparent that cooperation with anesthetist is ex-
tremely important. Namely, prior to decamping, the volume
should be substituted optimally to avoid hypotension and to
prevent hypo-perfusion of brain and kidneys®?*,

An evacuation of retroperitoneal hematoma

A development of ACS should be avoided by careful manual
evacuation of retroperitoneal hematoma. That is followed by
separate drainage of an abdominal cavity and retroperitoneal
space.

Cell Saving and Auto-transfusion

The intraoperative cell saving and auto-transfusion are oblig-
atory during OR of RAAA. According to our and some other
studies the intraoperative cell saving with auto-transfusion re-
duces significantly the 30-day mortality after OR of RAAA?224,

Postoperative complications

Postoperative complications after repair of ruptured abdom-
inal aortic aneurysm might not fit in few paragraphs. These
complications are mostly the cause of mortality in these pa-
tients since intraoperative death incidence is low®. One of
the most severe complications is abdominal compartment
syndrome and colon ischemia. In our algorithm intraabdom-
inal pressure is followed routinely after RAAA repair while
colonoscopy is performed in patients suspected for colon is-
chemia. In case of obvious signs of acute abdomen explora-
tive laparotomy is preferred. Routine colonoscopy might be
option for timely diagnosis however these patients should
be followed thoroughly since colon ischemia might occur any
time in the early postoperative time?.

CONCLUSIONS

Besides well-known advantages associated with endovascular
repair, multicenter randomized controlled trials did not find
significant difference regarding 30-day mortality between
open and endovascular repair of ruptured abdominal aortic
aneurysm. Endovascular repair offers improved survival when
it is anatomically feasible and when haemodinamic condition
of the patient allows. Providing both options, in high volume
center, would allow careful selection and probably optimal
results. Lack of experience in elective procedures is devastat-
ing experience of new generation and therefore education of
young vascular residents and surgeons in open aortic surgery
is of an utmost importance.
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Abstract:

Introduction: Endovascular aortic aneurysm repair using parallel grafts (chimney technique, ChEVAR) is an off-the-shelf
alternative technique in patients with challenging aortic anatomy when fenestrated or branched devices are contrain-
dicated or unavailable. This study reports the outcomes of ChEVAR for para-renal abdominal aortic aneurysm (AAA)
treatment in a single center.

Methods: This is a retrospective analysis of prospectively collected data. All patients suffering from a pararenal AAA and
treated with ChEVAR between May 2016 and February 2019, wereincluded.Proximal landing zones precluded any stand-
ard endovascular intervention and all patients were considered as high risk for open aortic surgery. As main outcomes
technical success, endoleak type la, overall mortality, freedom from target vessel occlusion,as well as reinterventions
were recorded and analyzed.

Results: Thirty patients (28 males; mean age 72 years) underwent Ch-EVAR.In 23 cases, patients were primarily treated
while 7 patients had a previous aortic procedure. Target vessels (TVs) included 51 renal and 11 superior mesenteric
arteries. 11 patients received three chimneys, 10 patients two chimneys and 9 patients one chimney. The median pre-
operative proximal neck length increased from3mm (range, 0-8mm), to 24.5 mm (range, 18-34 mm)using the chimney
technique. Technical success was 100%. Thirty-day mortality was 10% (3/30), whileno early re-intervention was need-
ed. During follow-up (range, 1-30 months), the survival rate was calculated at 73% (SE 9.9%), TVs primary patency rate
at 95% (SE 5%) and freedom from chimney graft-related re-interventions was 94.7% (SE 5.1%) at 24 months. In three
cases, a gutter endoleak was detected on the initial CTA and spontaneously resolved in all patients. In 2 cases, a type la
endoleak was detected (93.3% at 24 months, SE 4.6%). These patients are under close surveillance (2" and 3™ post-op-
erative month respectively).

Conclusion: The chimney techniqueallowsthe endovascular treatment of para-renal aneurysms according to each pa-
tient’s specific anatomy. It seems a feasible and safe option at least during the early follow-up period. Despite the mini-

mal invasive nature of the procedure, these patients remain fragile and need a meticulous perioperative care.

INTRODUCTION

Nowadays, the numerous advanced endovascular treatment
techniques offer a minimal approach in patients with complex
aortic aneurysm anatomy.* Chimney technique (chimney EVAR,
ChEVAR) using parallel grafts is an endovascular approach that
hasincreased its popularity during last decade.? ChEVAR is an
off-the shelf technique in the treatment of pararenal abdominal
aortic aneurysms (AAA), initially used in emergent cases or as a
bailout technique. Furthermore, when proximal or distal anato-
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my rules out a treatment with fenestrated or branched devices,
ChEVAR is an alternative management in complex aneurysms.3*

Despite the wider application andincreasing experience in
the use of ChEVAR in complex aortic aneurysm treatment, there
are persistingdilemmas concerning overall technical success,
endoleak la and chimney stent patency, as well as long-term
ChEVAR'’s durability and safety.? In clinical aspects, occurrence
of adverse events during the early follow-up is associated with
renal impairment or fatal superior mesenteric artery occlusion.*

The aim of this study was to report the early-outcomes of
ChEVAR for the treatment of para-renal AAAs at a single tertiary
vascular center.

METHODS

Study Cohort

From May 2016 to February 2019, 30 consecutive high-risk
patients (28 men; mean age 72 years) with AAAs extending
to or involving renal arteries were treated using the chimney
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technique. All patients had proximal landing zones precluding
any standard endovascular intervention and were at high risk
for open aortic surgery.

All cases were electively treated. In cases where FEVAR or
branched devices were indicated, patients’ decision to deny a
long waiting of 4 to 8 months for the fenestrated or branched
endograft was considered. A preoperative CTA of the thoracic
and abdominal aorta down to femoral arteries was performed
in all patients. During preoperative planning, CTAs were as-
sessed using center lumen line measurements for both the
aorta and the TVs, usingdedicatedsoftware (3Mensio Medical
Imaging BV, Bilthoven, Netherlands). Patients’ demographics,
preoperative and postoperative anatomic parameters, periop-
erative characteristics and outcome data were collected pro-
spectively. Informed consent was obtained from all patients.
The study was approved by the Institutional Review Board.

Periprocedural characteristics

Intraoperative management

All operations were realized under general anesthesia. After
the insertion of the sheaths, 50-1001U/kg of unfractionated
heparin were administrated to the patient. After the first op-
erative hour, activated clotting time (ACT) was calculated and
repeated each 30 minutes. In the case that ACT target (200-
300%) was not achieved, a further bolus administration of
heparin was demanded (501U/kg). Cerebral oximetry was ap-
plied in all cases as a standard of care.

Access

In all cases, bifemoral access was used for the insertion of the
main endograft. Concerning the parallel grafts, in cases of one
chimney a left brachial access was preferred with percutane-
ous puncture under ultrasound guidance, of the peripheral
brachial artery. Left axillary artery was dissected and two par-
allel sheaths were inserted when two chimneys were applied.
Right axillary artery was additionally used in cases of three
chimneys. In all cases, a complete CTA of the aortic vessels,
thoracic, abdominal aorta and iliac arteries was preoperative-
ly demaned and the anatomy of the upper and lower access
was carefully evaluated and taken into consideration.

Type of stents

A balloon expandable covered stent was preferred in all cas-
es where patient’s anatomy permitted a successful stenting
with a maximal stent length up to 57 mm. In any other case,
whenlonger stents were demanded, a self-expanding covered
stent was used. Relining with self-expanding stents was ap-
plied according to surgeon’s preference or in cases where an
inadequate angulation of the inserted stent was detected in
the intra-operative angiography.

Antiplatelet therapy

Double antiplatelet therapy, clopidogrel 75mg and aspi-
rin 100mg,was initiated in all patientsat least for the first
post-operative month, except those under anticoagulant reg-

iment with DOACs or VKA antagonist, where single antiplate-
let treatment was preferred. The duration of the double an-
tithrombotic therapy was reevaluated in 1%t and 6™ month of
follow-up according to patient’s characteristics and surgeon’s
preferences.

Follow-up

A standardized follow-up protocol including CTA of the ab-
dominal aorta and iliac arteries and laboratory testing was
performed between 2™ and 30" post-op day, at 12 months
and yearly, thereafter. Duplex ultrasonography with plain
x-rays was used as standard follow-up method at 6-month fol-
low-up, as well as in cases of uncomplicated CTA at discharge,
at 1** month. In any other case, a CTA was demanded.

Outcomes

As main outcomes technical success, presence of endoleak
type la, overall mortality, freedom from target vessel occlu-
sion, as well as reinterventions were recorded and analyzed.
Endoleak type la was considered as any high flow endoleak
provoked by an inadequate proximal sealing between the
main graft and the aortic wall. On the other hand, as gutter
endoleaks were considered all low flow endoleaks created be-
tween the main and the parallel grafts.

Statistical Analysis

Continuous data were reported as a mean * standard devi-
ation. Categorical data were expressed as absolute numbers
and percentage of prevalence (%) in the study cohort. In the
statistical analysisfor continuous variables the independent
t-test for normally distributed data and the Mann-Whitney U
test for nonparametric data were used. The Pearson x2 test
or the Fisher exact test was used for categorical variables, as
appropriate. Survival times were initially compared among
groups with the log-rank test and Kaplan- Meier curves were
generated. P value was considered significant when it was <0.
05. Statistical analysis was performed by SPSS 22. 0 for Win-
dows software (IBM Corp, Armonk, NY).

RESULTS

Patients’ demographics and anatomic characteristics

A total of 30 patients (28 men, age 72 years, range 68-81 years
old) underwent chimney procedures. In 23 cases, chimney
technique was used as primary treatment (Image 1, 2) while
in 7 patients a previous aortic procedure has been recorded
(Image 3). One patient underwent previous open repair for
AAA and was re-operated with ChEVAR for a para-anastomotic
aneurysm. In the remaining 6 cases, a previous failed EVAR
with endoleak type la was the indication of treatment. The
preoperative aneurysm diameter was calculated at 67 mm
(range 51-91mm) with a preoperative proximal neck length at
3mm (range, 0-8mm)while the neck length using the chimney
technique changed to 24. 5 mm (range, 18-34 mm).



68 Hellenic Journal of Vascular and Endovascular Surgery | Volume 1 - Issue 2 - 2019

Image 2. Post-operative CTA: The patient presented in Image 1 was treated with a triple chimney. All grafts are patent (Panel A & B). The
post-operative CTA revealed no endoleak (Panel C).

Image 3. Preoperative CTA of a patient with failed EVAR (Panel A, Endoleakla). The patient was treated with a triple chimney and a Nellix
device (Panel B & C). ChEVAR resolved the endoleak as presented in the post-operative CTA (Panel D).



Initial Experience with Chimney EVAR for the Treatment of Para- and Juxta-Renal Aneurysms 69

Perioperative characteristics

Target vessels were51renal (RA) and 11superior mesenteric
arteries (SMA). 11 patients treated usingthree chimneys, 10
patients two chimneys and 9 patients one chimney. 18 pa-
tients received an Endurant endograft (Medtronic Inc, Min-
neapolis, MN), 9 patients a Nellix sealing device (Endologix-
Inc, Irvine, CA),2 patients an Incraft device (Cordis, Cardinal
Health, Dublin, UK) and 1 patient a Bolton Relay endograft
(Vascutek, Terumo Aortic, Glasgow, UK). The decision for the
endograft used was according to patient’s specific anatomic
characteristics and surgeon’s preference. The oversizing of the
main aortic graft was varied between 23% and 30% (mean:
26,7%). Totally, we used for primary stenting 11 covered bal-
loon expandable stents for the SMA and 49 for the RAs (14
BeGraft,Bentley Innomed,GE, 7 Atrium V12, Maquet SAS, FR,
28 LifeStream, C. R. Bard, USA), and 2 self-expanding covered
stents for the RA (Viahban, W. L. Gore, USA) with a range be-
tween 5 and 10mm. Additionally, we used for relining self-ex-
panding covered stents, 6 for the SMA and 15 for the RA (E-lu-
minex, C. R. Bard, USA). Completion angiography showed no
type la endoleak in any of the patients at the end of the pro-
cedure. Technical success was 100%.

Median perioperative time was calculated at 214 minutes
(range 180-360 minutes) while the median radiation exposure
time was 43. 5 minutes (range 30-102 minutes). The median
contrast volume used was 200ml (range 120-300ml). Blood
loss was within acceptable limits as median transfusion vol-
ume was 535ml (2RBC/patient). After the procedure, patients
were usually transferred directly to the ward. However, some
patients had to be admitted to the ICU, usually due to pre-ex-
isting comorbidities. For these patients, median stay at the In-
tensive Care Unit (ICU) was 1day (range 0-10 days).

The overall 30-day mortality was 10% (3/30). An aneu-
rysm related death was recorded due to severe systemic in-
flammatory response syndrome (SIRS). The patient expressed
an extensive SIRS, a few hours after the end of the operation
(an Endurant endograft was used in this case), admitted im-
mediately in the ICU, but unfortunately, he never recovered
and eventually died10 days later due to multi-organ failure.
All 3 chimneys remained patent without any endoleak at 6%
postoperative day when he underwent a CTA. Two patients
(an 80-year-old and a 57-year-old male patient) died due to
myocardial infarction on the 2" and the 5% post-operative day,
respectively. Both suffered from severe coronary artery dis-
ease, even though with preserved EF preoperatively. During
hospitalization, 3 myocardial infarctions (2 fatal) and 2 strokes
were recorded. One patient suffered a left ischemic stroke due
to embolization probably from the aortic arch. 3 target vessels
were stented in this patient, via both axillary arteries. A sec-
ond patient suffered a stroke associated with visual blurriness
and mild instability due to embolization from the vertebral ar-
tery. Left renal artery was the target vessel in this patient. Left
axillary artery was used the catheterization.

Kaplan-Meier estimation forTVprimary patency rate was
95% at24months (SE 5%) (Figure 1). One renal stent occlusion
was detected at 6™ month follow-up. The patient remained

asymptomatic with a creatinine at 1. 7mg/dl during follow-up.
After extended discussion with him, he refused any further
intervention. He is under nephrological surveillance. Two tar-
get vessel stenoses were diagnosed during the 1%t month fol-
low-up, concerning 1 renal and 1 superior mesenteric artery.
The SMA stenosis was treated successfully by endovascular
means during the 2nd post-operative month using a balloon
expandable stent (Image 4).
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Figure 1: The cumulative patency rate was 95% at 24 months accord-
ing to Kaplan Meier

The patient with the renal stenosis was treated conserva-
tively ashe remained asymptomatic. A mild renal impairment
was identified with amaximum post-stenosis creatinine at 1.
7mg/dl with a preserved GFR >60ml/kg/1. 73m? and urine
output (creatinine baseline at 0. 9). Threegutter endoleaks
werediagnosed with CTA before patient’s discharge. All of
themresolved spontaneouslyduring the 1 month. Further-
more, at the initial CTA, type la endoleaks were identified in
2 patients treated with triple chimney and they are still under
surveillance (2™ and 3™ month respectively). The cumulative
endoleak type la and freedom from chimney graft-related re-
interventions rate was 93. 3% (SE 4. 6%) and 94. 7 % (SE 5. 1%)
at 24 months, respectively.

Three patients died during the follow-up period and the
overall survival rate during follow-up was calculated at 73%at
24 months (SE 9. 9%, Figure 2). A patient died the 6™ post-op-
erative month due to pneumonia. This patient suffered a
stroke with left hemiparesis the 2" post-operative day (1 of
the 2 patients that suffered a post-operative stroke). An em-
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Image 4. Plain X-rays revealed a post-operative SMA stenosis in a patient treated with ChEVAR (Panel A). The patient was treated with a bal-

loon expandable stent (Panel B & C).

bolic etiology is the most possible diagnosis, as the patient
had a mild aortic arch atheromatosis and both axial artery
accesses were used during a triple-chimney procedure. The
second patient suffered a fatal myocardial infarction the 5t
post-operative month. He had a medical history significant for
coronary artery disease. Another patient died two years after
the procedure because of alcoholic cirrhosis. No late aneu-
rysm related death was recorded.

Figure 2
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The cumulative survival rate was 73% at 24 months according to
Kaplan-Meier

DISCUSSION

Endovascular repair of pararenal abdominal aortic aneurysms
has gain popularity as an attractive alternative to open repair.®
ChEVARincreases the eligibility of endovascular aneurysm re-

pair in complex aneurysm anatomy with acceptable mortali-
ty rates and less morbidity than open repair.® ChEVAR seems
a safe option, with comparable morbidity and mortality to
FEVAR, especially in emergent cases or when custom-made
grafts are unavailable or contraindicated.® In high volume
centers, early mortality is as low as 1. 17% for the chimney
technique and 0. 58% for fenestrated EVAR.®

In this study technical success was 100%. Along this line,
in PERICLES registry and PROTAGORAS study, the intraopera-
tively technical success rate was 97. 1% and 100%, respective-
ly.>” With more than 500 patients treated with the chimney
technique and 898 parallel grafts implanted in target vessels
in PERICLES registry, ChEVAR seems a feasible option in para-
renal aneurysm repair.? Despite of the encouraging periop-
erative results, long-term durability and stent patency is an
oft-debated issue in these cases. During median follow-up,
patency achieves acceptable rates, more than 95%.8 Similarly,
in our study the cumulative TV primary patency rate was 95%
at24 months (SE 5%).

TVs graft occlusion seems a rare condition, mostly occur-
ring the early post-operative period, within the first 4 months
in the current literature.* In most renal cases, it is a silent com-
plication, associated with mild or reversible renal impairment.
Otherwise, superior mesenteric artery occlusion could be a le-
thal event, demanding urgent laparotomy.* In this study, one
renal occlusionseen at 6 months associated with mild renal
injurywas treated conservatively. During the follow-up, free-
dom from reinterventions was 94. 7%at 24 months (SE 5. 1%),
which consort with the current literature.> *°

Type la endoleak is characterized as the Achilles’s heel of
the chimney technique. Excessive or insufficient main stent-
graft oversizing as well as an inadequate seal zone length
(<20mm) are the main factors associated with high flow Ia
endoleak in ChEVAR. This classification of endoleak type la
according to its mechanism may instigate a more appropri-
ate management, as in these cases a further intervention is
obliged.* Lindblad et al report an incidence of 13%endoleak
type la in patients treated with parallel grafts in abdominal
aortic aneurysms during early follow-up.'? In this study, two
patients were diagnosed with type la endoleak and they are
under close surveillance (2" and 3™ post-operative month re-
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spectively). In both cases, an inadequate proximal seal zone
(<20mm) is recorded. The cumulative freedom from endoleak
type la was 93. 3% at 24 months (SE 4. 6%)

On the other hand, the challenging issue regarding the in-
evitable formation of “gutters” between the parallel and main
grafts provides more uncertainty regarding the technical and
clinical role of these type la endoleak. 13Gutter endoleaks
are physically low-flow endoleaks, not associated with sac
enlargement, with a tendency to disappear during early fol-
low-up. 130nly a few patients, presenting this probably be-
nign type of endoleak, seem to require reintervention. 13In
PERICLES registry, the persistence rate of gutter endoleaks at
17. 1 months follow-up was eliminated at 2. 9%. 11 Also, in
this study, all gutter-related type la endoleaks (3/3) were re-
solved spontaneously within first month. 13. 3% of patients
presented a gutter endoleak. With the wider use of the chim-
ney technique, more technical aspects, as stent graft position
and angulation, are investigated, promising an amelioration of
the current results. 14More studies are needed to identify the
role of gutter endoleaks, as in the current literature they are
generally described and included in type la endoleaks, despite
their different natural history and clinical impact.

Chimney technique is a readily dispensable solution for
the treatment of not only intact pararenal aneurysms but also
type | endoleaks in failed EVAR.* Especially in this series, two
Nellix devices were used in previous failed EVAR. No complica-
tion was recorded in technical or clinical aspects. Nellix device
seems to offer a good adaptation in previous endografts and
was associated with no endoleak (type la, or gutter) in our se-
ries. In ASCEND registry, 3 endoleaks within 154 patients and
90 days of follow-up were detected (1type la and 2 type Ib).
The freedom from type la endoleaks was 95. 7% and the free-
dom from all endoleakswas 94. 2% at 1 year.'® Youssef et al
reported also encouraging results with 100% technical success
rate and no endoleak®’, while other small series also support
these results.'®*° Even in cases of failed ChEVAR with Nellix, a
more proximal extension with a second Nellix is already de-
scribed with encouraging results in the 2-year follow-up.?

As perioperative mortality in ChEVAR is similar to open re-
pair and fenestrated EVAR, within the acceptable rate of 3.
1%, the parallel graft technique remains an attractive alterna-
tive in the treatment of pararenal aneurysms.'® Especially, in
elder patients, late outcomes, including overall mortality, are
similar to standard EVAR.?! High early mortality rate (10%) in
this series may be explained by the small number of high-co-
morbidity patients during the primary period of the learning
curve. Analogous results are presented also by Coscas et al
during their early experience report (4/16).?> During the fol-
low-up period, 3 non—aneurysm related deaths were record-
ed. The fragility of these patients is an aspect that should not
be disregarded. All patients were characterized as unfit for
open repair while a complex aneurysm anatomy remains an
independent factor of progressed disease. A high major ad-
verse event rate up to 8. 5% is described in the literature.! In
this study, 2 patients suffered a stroke (2/30, 6. 6%). In the
current literature, bilateral upper extremity access, aneurysm
rupture and an operation time >290 minutes are associated

with a significantly increased risk for adverse events, with an
incidence of clinical cerebrovascular events at 1. 9%.* Stroke
after ChEVAR is associated with a high mortality rate.!

The major limitation of this study was its retrospective na-
ture. The quite small number treated with ChEVAR and the
short-term follow-up may also lead to bias. The high early
post-operative mortality rate (3/30) represents an acceptable
number when the age and comorbidities of these patients are
kept in mind. Furthermore, the heterogeneity of endografts,
devices and stent grafts used during the procedures influence
the conformability of our results and hamper disciplinarian
conclusions.

CONCLUSION

Chimney technique permitsthe management of para-renal
AAAs according to each patient’s specific anatomy. It seems
a feasible and safe option at least during the early follow-up
period. Despite the minimal invasive nature of the procedure,
these patients need a meticulous perioperative care. Patients
suffering from extended aortic aneurysm disease remain frag-
ile during early follow-up, needing a close surveillance.

Acknowledgements: None
No conflict of interest.

REFERENCES

1 Bosiers M, Tran K, Lee J, Donas K, Veith F, Torsello G et
al, for the PERICLES Registry Collaborators, Incidence and
prognostic factors related to major adverse cerebrovascu-
lar events in patients with complex aortic diseases treat-
ed by the chimney technique, JVS, 2018, 1372-9

2 Donas K, Lee J, Lachat M, Torsello G, Veith F, on behalf
of the PERICLES investigators Collected World Experience
About the Performance of the Snorkel/Chimney Endo-
vascular Technique in the Treatment of Complex Aortic
Pathologies, The PERICLES Registry, Ann. Surg., 2015, 262
(3): 546-53

3 Wanhainen A, Verzini F, Van Herzeele |, Allaire E, Bown
M, Cohnert T et al, European Society for Vascular Surgery
(ESVS) 2019 Clinical Practice Guidelines on the Manage-
ment of Abdominal Aorto-iliac Artery Aneurysms, Eur J
Vasc Endovasc Surg, 2018, 1-97

4  Usai M, Torsello G, Donas K, Current Evidence Regarding
Chimney Graft Occlusions in the EndovascularTreatment
of Pararenal Aortic Pathologies: A Systematic Review with
Pooled Data Analysis, J Endovasc Ther, 2015, 22 :396-400

5 Donas K, Torsello G, Bisdas T, Osada N, Schonefeld E, Pi-
toulias G, Early Outcomes forFenestrated and Chimney
Endografts in the Treatment of Pararenal Aortic Patholo-
gies Are Not Significantly Different: A Systematic Review
with Pooled Data Analysis, J Endovasc Ther, 2012, 19:
723-8



72

10

11

12

13

14

Hellenic Journal of Vascular and Endovascular Surgery | Volume 1 - Issue 2 - 2019

Bruen K, Feezor R, Daniels M, Beck A, Lee A, Endovascular
chimney technique versus open repair of juxtarenal and
suprarenal aneurysms, JVS, 2011, 53 (4): 895-904

Donas K, Torsello G, Piccoli G, Pitoulias G, Torsello G F,
Bisdas T et al, The PROTAGORAS study to evaluate the
performance of the Endurant stent graft for patients with
pararenal pathologic processes treated by thechimney/
snorkel endovascular technique, JVS, 2016, 63 (1): 1-7

Moulakakis K, Mylonas S, Avgerinos E, Papapetrou A,
Kakisis J, Brountzos E et al, The chimney graft technique
for preserving visceral vessels during endovascular treat-
ment of aortic pathologies, JVS, 2012, 55 (5):1497-1503

Lachat M, Veith F, Pfammatter T, Glenck M, Bettex D, May-
er D et al, Chimney and Periscope Grafts Observed Over
2 Years After Their Use to Revascularize 169 Renovisceral
Branches in 77 Patients With Complex Aortic Aneurysms.
J Endovasc Ther, 2013, 20: 597-605

Chinsakchai K, Prapassaro T, Salisatkorn W, Hongku K,
Moll F, Ruansetakit C et al, Outcomes of Open Repair,
Fenestrated Stent Grafting, and Chimney Grafting in
Juxtarenal Abdominal Aortic Aneurysm: Is it Time for a
Randomized Trial?, Ann Vasc Surg, 2018, DOI: https://doi.
org/10. 1016/j. avsg. 2018. 08. 097

Donas K, Criado F, Torsello G, Veith F, Minion D on be-
half of the PERICLES Registry Collaborators, Classification
of Chimney EVAR—Related Endoleaks: Insights from the
430 PERICLES Registry, J Endovasc Ther, 2016, DOI: 10.
1177/1526602816678994

Lindblad B, Bin Jabr A, Holst J, Malina M, Chimney Grafts
in Aortic Stent Grafting: Hazardous or Useful Technique?
Systematic Review of Current Data, Eur J Vasc Endovasc
Surg, 2015, 50: 722-31

Ullery B, Tran K, Itoga N, Dalman R, Lee J, Natural history
of gutter-related type la endoleaks after snorkel/chimney
endovascular aneurysm repair, JVS, 2017, 65(4): 981-90

Tran K, Ullery B, Itoga N, Lee J, Polar orientation of renal
grafts within the proximal seal zone affects risk of early
type 1A endoleaks after chimney endovascular aneurysm
repair, JVS, 2018, 67 (4): 1034-41

15

16

17

18

19

20

21

22

Ronchey S, Fazzini S, Scali S, Torsello G, Kubilis P, Veith F et
al, Collected 445 Transatlantic Experience from the PER-
ICLES Registry: Use of Chimney Grafts to Treat Post-EVAR
Type la Endoleaks Shows Good Midterm Results, J Endo-
vasc Ther, 2018, 25(4): 492-8

Thompson M, Youssef M, Jacob R, Zerwes S, Reijnen M,
Szopinski P et al, Early Experience with Endovascular An-
eurysm Sealing in Combination with Parallel Grafts for
the Treatment of Complex Abdominal Aneurysms: The
ASCEND Registry, J Endovasc Ther, 2017, 24(6): 764-72

Youssef M, Zerwes S, Jakob R, Salem O, Diinschede F, Vahl
C et al, Endovascular Aneurysm Sealing (EVAS) and Chim-
ney EVAS in the Treatment of Failed Endovascular Aneu-
rysm Repairs, J Endovasc Ther, 2017, 24(1): 115-20

Martinelli O, Fresilli M, Irace L, Venosi S, Jabbour J, Picone
V et al, An alternative approach for treating a type la en-
doleak after conventional EVAR usingthe Nellix Endovas-
cular Aneurysm Sealing, Ann Vasc Surg, 2018, 49: 316.
e5-316. e10

Paraskevas K, Karouki M, Rehman A, Torella F, McWilliams
R, England A et al, Endovascular Aneurysm Sealing (EVAS)
Alone or in Combination with Chimney Grafts (chEVAS)
for Treating Complications of Previous Endovascular An-
eurysm Repair (EVAR) Procedures, Cardiovasc Intervent
Radiol, 2018, 41(7): 1015-20

van de Velde L, Zoethout A, Lardenoije J W, Reijnen M,
Secondary Endovascular Aneurysm (EVAS) Sealing in
Combination with Chimney Grafts to Treat Failed Chim-
ney EVAS, J Endovasc Ther, 2019, 15:1526602819830420

Tran K, Lee A, McFarland G, Sgroi M, Lee J, Complex end-
ovascular aneurysm repair is associated with higher peri-
operative mortality but not late mortality compared with
infrarenal endovascular aneurysm repairamong octoge-
narians, JVS, 2019, 69(2): 327-33

Coscas R, Kobeiter H, Desgranges P, Becquemin J P, Tech-
nical aspects, current indications, and results of chimney
grafts for juxtarenal aortic aneurysms, JVS, 2011, 53(6):
1520-27



A multiscale model for hemodynamic properties’ prediction after fenestrated endovascular aneurysm repair. A pilot study

73

A multiscale model for hemodynamic properties’ prediction after fenestrated

endovascular aneurysm repair. A pilot study

Stavros Malatos!, Anastasios Raptis?, Michalis A. Xenos'?, George Kouvelos?, Athanasios Katsargyris®,
Athanasios Giannoukas??, Eric L. Verhoeven*, Miltiadis Matsagkas??

!Department of Mathematics, Section of Applied Mathematics and Engineering Research, University of loannina, loannina,

Greece

2Laboratory for Vascular Simulations, Institute of Vascular Diseases, Larissa, Greece

3Department of Vascular Surgery, Faculty of Medicine, School of Health Sciences, University of Thessaly, Larissa, Greece
‘Department of Vascular and Endovascular Surgery, Paracelsus Medical University, Nuremberg, Germany

Abstract:

Aim: Fenestrated endovascular abdominal aortic aneurysm repair (FEVAR) has been increasingly applied for the treat-
ment of anatomically suitable short-necked, juxtarenal, and suprarenal abdominal aortic aneurysms (AAA). Blood flow
in the visceral vessels is maintained after FEVAR, but deployment of both the device and bridging covered stents might
give rise to hemodynamic conditions that could impair the long-term success of the treatment. The aim of the present
study is the development of a multiscale model that can reproduce hemodynamic flow in endograft models after FEVAR.

Methods: We reconstructed pre- and post-operative computed tomography scans of two patients treated with a cus-
tom-made fenestrated endograft. Blood flow properties were obtained by computational fluid dynamics (CFD) simula-
tions for the post-FEVAR cases. Specifically, pressure drop, velocity, wall shear stress and mean helicity were measured
during the cardiac cycle.

Results: No hemodynamic extremities with respect to the specialized wall shear stress (WSS) and helicity, based indexes
were observed. A coherent helical field characterized blood flow topology during the cardiac cycle, with two counter-ro-
tating helical structures. Regions of lowest time averaged WSS (TAWSS) in combination with high oscillatory shear index
(OSI) are the areas after the splanchnic vessels at the aortic wall. Flow in the superior mesenteric and renal arteries
remains almost unaffected after FEVAR. Important indices such as TAWSS, OSI and helicity are retained to almost normal
levels. Low WSS values followed by high OSI values suggest that specific regions are sensitive to flow separation and
probably to thrombus formation.

Conclusion: This pilot study shows the possibility of predicting non-invasively the hemodynamic performance of FEVAR
utilizing CFD. FEVAR does not seem to alter target vessel and aorta perfusion significantly allowing good perfusion of

visceral arteries.

INTRODUCTION

Fenestrated endovascular aneurysm repair (FEVAR) was first
reported in 1999 for the treatment of a juxtarenal aortic aneu-
rysm®. The technique was initially developed to treat high-risk
patients unfit for open surgery and anatomically unsuitable
for standard EVAR. Gradually, FEVAR has been increasingly
applied for the treatment of all anatomically suitable short-
necked, juxtarenal, and suprarenal aortic aneurysms. High

Author for correspondence:
Michalis A. Xenos

Assoc. Prof., Section of Applied Mathematics and Engineer-
ing Research, Department of Mathematics, University of
loannina, loannina, Greece, 45110

Tel: +30 26510 008262,

E-mails: xenosmichalis@gmail.com, mxenos@uoi.gr

ISSN 1106-7237/ 2019 Hellenic Society of Vascular and
Endovascular Surgery Published by Rotonda Publications
All rights reserved. https://www.heljves.com

volume centers have reported excellent perioperative and
midterm outcomes?3. However, FEVAR has also been associat-
ed with complications, such as loss of a visceral branch paten-
cy, stent fracture, endoleak, and graft migration®*.

Complications after FEVAR, such as target vessel thrombo-
sis, could be associated to potential alteration in hemodynam-
ics. Computational Fluid Dynamics (CFD) facilitates the identi-
fication of the hemodynamic conditions that might promote
the advent of complications, focusing in regions of expected
disturbances with high-resolution hemodynamics. Despite the
increased popularity of CFD simulations in endovascular com-
munity, there are few studies delineating the hemodynamics
in fenestrated endografts®®. Additionally, Ou et al. highlighted
hemodynamic variations in renal arteries with different stent
orientations, concluding that appropriate cephalic deployment
of a custom-made fenestrated endograft is a feasible strategy
to preserve hemodynamic stability and durability®. Kandail et
al. quantified the hemodynamic impact of flared renal stents
on the performance of fenestrated endografts**.
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The modeling of such hemodynamic flows requires spe-
cialized multiscale models due to the complexity of physiol-
ogy. There have been proposed holistic models of the arte-
rial system®!. Detailed three-dimensional time-dependent
models have been developed, describing a particular part of
the cardiovascular system. In these models the waveforms
obtained from 1D / 0D models, used as boundary conditions
for the 3D simulations!**3, The aim of the present study is the
development of a multiscale model that can reproduce hemo-
dynamic flow in endograft models after FEVAR.

MATERIAL AND METHODS

In this study, a multiscale model, composed of 1D and 3D parts
that can reproduce hemodynamic flow in endograft models
after FEVAR is presented. Through computational simulations,
the blood flow in an indicative FEVAR case is characterized,
drawing attention to the arteries that are supplied with blood

15t patient

Preop Postop
Figure 1. CT scans of the two patients pre- and post-operative cases.

3-dimensional patient-specific FEVAR model
Modelling approaches

The 3D model of the fenestrated stent-graft system, including
the renal and superior mesenteric arteries and the celiac axis,
was constructed using the CT scan of the treated patient. The
reconstruction of the DICOM images into a three-dimensional
model that preserves the geometry of the lumen postoper-
atively, was performed in the image processing and recon-
struction software, Mimics (Materialise, Leuven, Belgium).
The reconstructed geometry of the fenestrated endograft was
subsequently meshed with tetrahedral elements in the soft-
ware package ICEM CFD (Ansys Inc., Canonsburg, PA). After
mesh independence test, a numerical grid of 2 million cells
was considered sufficient to accurately predict the hemody-
namic flow in detail.

through the fenestrations in the splanchnic vessels. The mod-
el provides high-resolution hemodynamic analytics, such as,
time-averaged wall shear stress (TAWSS), oscillatory shear in-
dex (OSl), and local normalized helicity (LNH).

We studied the computed tomography (CT) scans, preop-
eratively and 1 month after FEVAR of 2 patients with a para-re-
nal AAA treated electively by FEVAR. The patients underwent
implantation of a custom-made fenestrated device at the De-
partment of Vascular Surgery, Paracelsus Medical University,
Nuremberg, Germany. Both patients gave written consent for
utilization of the imaging data. The first patient underwent a
double FEVAR (two fenestrations for the renal arteries and
one scallop for the superior mesenteric artery, SMA). The sec-
ond patient underwent FEVAR with three fenestrations (two
for the renals and one for the SMA) and one scallop for the
celiac axis, as depicted in Figure 1. Both patients received bal-
loon expandable bridging stent-grafts in all target vessels.

2"d patient

Preop

Governing equations

The numerical simulations were performed in the software
package Ansys Fluent (Ansys Inc., Canonsburg, US). Blood was
considered as Newtonian fluid with density, p=1050 Kg/m?
and kinematic viscosity, v = 3.2x10® m?/s. The unsteady and
incompressible blood flow is governed by the coupled non-lin-
ear system of transport equation such as the continuity and
Navier-Stokes equations:

V-u=20,
du

1 5
+(u-Viu=——Vp+vVouy, (1
at P

where u is the velocity vector, v is the kinematic viscosity,
p is the density and p is the blood pressure.
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Boundary conditions for the 3D model
1-dimensional holistic model

To perform CFD simulations, boundary conditions are re-
quired at the inlet and outlets of the model. The 3D model
of the fenestrated endograft has one inlet, at the suprarenal
abdominal aorta, and several outlets, at the superior mesen-
teric artery, celiac axis, renal arteries and common iliac arter-
ies. Given the lack of patient-specific information regarding
flow or pressure at the inlet and the outlets, we developed
a 1D model that can provide the required waveforms at the
points of interest for subsequent use in the 3D hemodynamic
simulations. Specifically, the 1D model is composed of a sys-
tem of elastic cylindrical tubes that enables the mathemat-
ical description of blood flow in an extended subset of the
arterial system, as displayed in Figure 2a. The tubes are in-

(a)

1D + 0D

MNCT 2

ter-connected with each other, meaning that the outflow
from the preceding tube defines the inflow to the succeeding
one, along with appropriate conditions at bifurcations'®*4, As
initial conditions the pressure and the flow waveforms in the
ascending aorta were introduced in the model. The 1D mod-
el can predict for each vessel the flow (q), pressure (p) and
cross-sectional area (A). The model relies on literature data for
the definition of the Young’s modulus, E, on each tube, while
the wall thickness, h, and base diameter, A of each segment
are patient-based. To include blood flow through the micro-
vascular system (smaller arteries, arterioles and capillaries), a
lumped-parameter model (3-element Windkessel) is attached
at each end of the network of tubes®®. Figure 2 shows a graph-
ical representation of the multiscale model that relies on 0D,
1D parts to export boundary condition for the high-resolution
3D hemodynamic simulations after FEVAR.

3D

(b)

"~ Hemodynamic inflow

[ mm@ L\ and outflow parameters

\

i
.

R

/d/‘

Figure 2. The multiscale arterial blood flow model.

Numerical solution

The governing partial differential equations! of blood flow are
discretized with the Finite Volume method. The resulting sys-
tem of algebraic equations is solved iteratively using the SIM-
PLE pressure-velocity coupling scheme and convergence was
achieved when residual error of each equation was equal to
10°. The cardiac cycle was considered to last 1s, with a fixed
time step of At = 0.0035s. The simulations were performed
for four cardiac cycles in two Intel Xeon processors (E5645,
2.40GHz, 12MB Cache, 5.86GT/s Intel QPI) of a Dell™ Preci-
sion™ T7500 workstation. We exclusively utilized the results of
the fourth cardiac cycle avoiding any dynamic disturbances of
the numerical solution in the initial three cycles.

Hemodynamic parameters

WSS-related properties. Besides wall shear stress (WSS), ad-
ditional WSS-derived properties were calculated. Specifically,

3-element Windkessel (0D model)

the hemodynamic analysis includes the time averaged wall
shear stress (TAWSS) over a cardiac cycle,

1 T
TAWSS(s) ZFJ- |Wss(s,t)|dt, (2)
o
and the oscillatory shear index (OSI),
1 T
=" wss(s,t)dt
0SI(s) = 0.5 1—"'| = (3)

1 T !
;fﬁ [WsS(s,t)|dt

where T is the duration of cardiac cycle, s the generic loca-
tion at the vessel wall and t is time*>*¢.

Helicity-related parameters. Helicity, H(s, t), is an index ap-
plied to quantify the interplay between rotational and trans-
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lational motion of blood and is defined as the scalar product
of the velocity field v(s, t) and the vorticity field, w(s, t) at a
location, s, in the flow field'’*%. The local normalized helicity
(LNH) is defined as,

_ v(st) w(st)

N = G Gl

(4)

The quantity LNH, is a function of space and time and is
an indicator of the intensity of helical structures and their
direction of rotation'’. Specifically, when the absolute value
of LNH is one, then the flow is purely helical, and when it is
zero, blood flow is characterized symmetric. The sign of LNH
dictates the right or left-handed direction of the rotation of
helical structures.

RESULTS

The proposed multiscale model of the arterial systemis able to
provide information on the flow, pressure and changes in the
cross section of the entire arterial system, Table 1. It can be
used to describe significant hemodynamic phenomena based
on appropriate non-invasive patient-based measurements.

Mean Arterial
Mean Flow,

Cross-sectional

Arteries q (ml/s) P;;s;ulr-leg; )p variation, A (%)
Ascending aorta 99.8 95.91 3.53
R. subclavian & brachial 7.49 86.88 4.90
R. com. carotid 7.49 78.21 6.21
Aortic arch (1) 84.91 95.01 3.68
Thoracic aorta 70.13 93.97 4.09
Celiac axis 0.54 93.85 411
Superior mesenteric 10.11 90.06 4.73
Abdominal aorta (I1) 59.47 93.42 3.75
R. renal 10.72 87.71 5.06
R. com. & external iliac 19.66 90.50 244
R. Internal iliac 4.53 79.57 1.16
R. Femoral 15.13 86.54 2.10

Table 1. Quantification of mean flow, mean blood pressure and per-
centage change in cross-sectional area, as derived from the model in
basic arteries during the cardiac cycle.

WSS-related parameters. The spatial WSS profile at peak
systole is displayed in Figure 3. It is shown that low WSS mag-
nitude applies on the main body of the stent-graft, WSS <
10 Pa, and higher WSS, in the range of 15-40 Pa, is observed
along the surface of the limbs, Figure 3 (a). On the wall of re-
nal arteries, celiac axis and superior mesenteric arteries, the
magnitude of WSS is in the range of 30-35 Pa, Figure 3 (b)-(e).

Figure 3. Wall shear stress at the maximum of the systolic phase. (a)
WSS in extended graft (abdominal and iliacs), (b) WSS in the celiac
axis, (c) WSS in the superior mesenteric artery, (d) WSS in the left
renal artery, and (e) WSS in the right renal artery.

The distribution of TAWSS on the surface of the lumen
showed that areas with higher values appear in the smaller
arteries, iliacs, mesenteric, celiac axis and renal arteries, in the
range of 4 - 8Pa, while smaller values of 2 - 4Pa, Figure 4 (a),
are observed on the main body of the device. In the superior
mesenteric, celiac axis and renal arteries, Figure 4 (b)-(e) the
value of TAWSS ranges from 2 - 9 Pa.

Figure 4. The profiles of time-averaged wall shear stress, (TAWSS)
during cardiac cycle. (a) TAWSS throughout the graft (abdominal and
iliacs), (b) TAWSS in the celiac axis, (c) TAWSS in the superior mesen-
teric artery, (d) TAWSS in the left renal artery and (e) TAWSS in the
right renal artery

The OSI has been proposed as a parameter that can give
an estimate of in-graft thrombus formation risk in correla-
tion with WSS and TAWSS® and characterizes whether the
WSS vector is aligned with the TAWSS vector throughout the
cardiac cycle. Elevated OSI levels are often accompanied by
low TAWSS, and together they serve as indicators for vascular
injury or dysfunction?’, as depicted in Figure 5. An OSI value
close to zero (0S| < 0.2) indicates that flow is unidirectional
at that location throughout the pulsatile cycle whereas a high
OSl value (OSI > 0.2) indicates that the flow oscillates forward
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and backward for the same periods of time during the entire
cardiac cycle?. At high OSI values blood flow induces the ret-
rograde flow, causing a greater change in flow direction near
the wall. In addition, this regions has a higher probability of
developing lesions, as OSI values>0.2 trend to the develop-
ment of endothelial dysfunction. Thus, OSl is a relatively sen-
sitive hemodynamic indicator of regional vascular remodeling.
In Figure 5, the areas in the renals mesenteric, celiac axis and
iliac arteries exhibits low OSI. On the contrary regions such as
the entrance of these arteries and a large portion of the aortic
lumen reveal an intense OSI.

PN

SR

Figure 5. The profiles of oscillatory shear index (OSI) during cardiac
cycle. (a) OSI throughout the graft (abdominal and iliacs), (b) OSI in
the celiac axis, (c) OSI in the superior mesenteric artery, (d) OSlin the
left renal artery and (e) OSI in the right renal artery.

Helicity-related parameters. In the main body of the
fenestrated device there are two, almost uniformly distribut-
ed helical structures in different directions, Figure 6 (a). In the
smaller arteries and at the entrance of the graft, these helical
structures are separated into individual smaller structures,
Figure 6 (b)-(e). The order of average helicity is |[LNH|<0.2.

Figure 6. The local normalized helicity (LNH) during the cardiac cycle.
(@) LNH throughout the graft (abdominal and iliacs), (b) LNH in the
celiac axis, (c) LNH in the superior mesenteric artery, (d) LNH in the
left renal artery, and (e) ) LNH in the right renal artery.

The above hemodynamic indices are similar for the two
patients, so we have decided to highlight the results obtained
from one of the two patients. We observe that the second pa-
tient exhibits slightly lower WSS values in the abdominal part
of the stent-graft, the remaining part exhibits similar behavior.
The second patient also presents lower OSl values but similar
LNH behavior with the first patient.

DISCUSSION

FEVAR has matured and became a valid alternative to open
surgery, especially in high-risk surgical patients. In the short
term, FEVAR success largely depends on the accurate preop-
erative planning, and the appropriate device design?, while
in the long-term, it seems important to maintain graft integri-
ty to avoid complications such as target vessel thrombosis or
endograft’s migration. Data obtained by CFD simulations may
theoretically aid to improve those devices and eventually lead
to a better long-term outcome.

CFD simulations may aid to evaluate the durability of
fenestrated stent-grafts and seem cost-effective and reliable
when used in conjunction with physiologically correct bound-
ary conditions®. In recent years, a number of multiscale ap-
proaches have been proposed to accurately describe blood
flow dynamics of compliant arterial vessels!**%, Multiscale
models are widely used as boundary conditions for advanced
3D patient-based models through simple Windkessel or
lumped models for the rest of the circulation. Simplified 1D
models, have been coupled with 3D model to determine the
hemodynamic characteristics and represents a significant step
forward for realistic representation of the cardiovascular sys-
tem?*28, In this study, a multiscale model was developed com-
posed of a 1D simplified model to describe blood circulation.
The data from the simplified model are used as boundary con-
ditions for advanced 3D patient-based FEVAR models. For the
microvascular system, a lumped-parameter model is attached
at each end of the circulation network. This pilot study shows
the possibility of predicting non-invasively the hemodynamic
performance of FEVARs utilizing CFD.

The notion of wall shear stress (WSS) is important in the
clinical practice due to the fact that a pathological profile of
shear stresses can impede atherogenesis, thrombosis, ad-
hesion of leukocytes, smooth muscle proliferation and en-
dothelial apoptosis?. Additionally, the parallel action of high
and low shear stresses at the aortic wall in connection with
irregularities of the lumen, could initiate the activation of the
platelets that could eventually lead to thrombosis®®*, For the
stented cases, the presence of low shear stresses might lead
to in-stent restenosis and possibly to limb occlusion that in
turn will force the patient to undergo additional interven-
tion®. In previous studies has been shown that the postop-
erative structures reveal a reduction in the maximum WSS
in the abdominal part of the graft compared to the normal
cases* *, Additionally, TAWSS has a significant difference be-
tween repaired and healthy cases during the cardiac cycle®®.
The combination of TAWSS and OSI could reveal regions more
susceptible to thrombus formation due to flow separation.
The results of the present study demonstrate that the regions
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characterized by the lowest TAWSS in combination with high
values of OSI are the areas after the splanchnic vessels at the
abdominal aortic wall.

Helical flow has been reported to play a positive role facili-
tating blood flow transport, suppressing disturbed blood flow,
preventing accumulation of atherogenic lipoproteins on the
arterial surfaces, enhancing oxygen transport from the blood
to the arterial wall, thus reducing the adhesion of blood cells
on the surface®. The helical arrangement of the flow visual-
ized at renals, superior mesenteric and celiac axis, has its en-
ergetic meaning in the compensative attempt of curling the
forward blood flow, to fill the space due to flow separation
at the wall. The results of the present study indicate that a
coherent helical field characterizes blood flow topology dur-
ing the entire cardiac cycle, with two counter-rotating helical
structures’. Additionally, a high level of LNH is instrumental
in suppressing low velocity/stagnation regions leading to a
healthy flow profile in the FEVAR. In a nutshell, the study re-
veals no significant changes according to the hemodynamic
indices. The clinical outcome of this pilot study is that FEVAR
does not alter target vessel and aorta perfusion significantly
allowing good perfusion of visceral arteries. Additional study
including a large cohort of patients is required to infer unques-
tionable clinical implications.

Limitations

The elastic properties of the graft material were not taken into
account in the 3D patient-based structure and the surface of
the lumen was modeled as rigid. Blood could be modeled as
non-Newtonian fluid, separating red blood cells from plasma,
which were considered in the current study as a single con-
tinuum medium. The geometric and structural parameters
employed in the 1D arterial model was based on bibliograph-
ic data. A future arterial model could be constructed with a
geometry and elasticity database derived from patient-based
measurements, and the model predictions would be com-
pared with non-invasive measurements.

CONCLUSION

The findings of this study show that the flow in the superior
mesenteric and renal arteries remains almost unaffected after
FEVAR retaining all important indices to normal levels. Howev-
er, low values of WSS followed by high values of OSI could sug-
gest that these regions are more sensitive to flow separation
and may become prone to thrombus formation.
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Surgical techniques during extra-anatomical vascular reconstruction to treat

prosthetic graft infection in the groin
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Vascular Surgery Unit, Department of Thoracic, Cardiac and Vascular Surgery
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Abstract:

Prosthetic graft infection is a serious complication after reconstructive vascular surgery and the most common anatomic
location of this condition is the groin. Traditionally, removal of the prosthesis to eradicate the infectious source and sub-
sequent extra-anatomic vascular reconstruction to preserve distal perfusion is considered the safest treatment option.
Tunneling of the new graft through uninfected tissues is technically challenging and can usually be performed through
three different routes, namely the ilio-psoas muscular lacuna, the obturator foramen and the wing of the iliac bone. We
report a single center five-year experience using these techniques emphasizing on technical remarks.

INTRODUCTION

Prosthetic graft infection represents one of the most feared
complicationsinvascular surgery. The goals of managing vascu-
lar graft infection involve eradication of the local and systemic
septic source and maintenance of adequate arterial perfusion
in the distal limb. In cases where either the interruption of the
arterial graft does not result in critical limb ischemia due to ad-
equate collateralization or the graft is already blocked, simple
excision provides the most straightforward treatment option.
On the other hand, in case of patent grafts which are essential
for distal limb perfusion, several preservation techniques have
been proposed which include serial wound debridement, anti-
biotic-loaded beads, negative pressure and rotational muscle
flaps.! The strategy of graft preservation is attractive because
it avoids the technical challenges and operative risks associat-
ed with in-situ or extra-anatomic vascular reconstruction, but
this treatment option should be limited in cases of segmental
graft infection sparing the anastomoses, single gram-positive
rather than polymicrobial or gram-negative infections and ex-
tracavitary locations. Subsequently, lots of patients are not
candidates for preservation techniques and in this case graft
excision along with in-situ or extra-anatomical reconstruction
is indicated. Again, in situ reconstruction has been mainly ad-
vocated for less invasive infections especially in intra-cavitary
location. The rest of the patients presenting with prosthetic
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graft infections may benefit from graft excision and extra-an-
atomical reconstruction through uninfected tissue planes. In
these cases, several surgical techniques have been described,
but these procedures are usually challenging and accompa-
nied by significant perioperative risks. The groin is the most
common site of vascular graft infection and 5% infection rates
have been reported.? We aim to report a single institution
case series of infected prosthetic grafts in the groin, in need
for graft excision and extra-anatomic bypass giving emphasis
on the surgical techniques used to treat these patients.

CASE SERIES

During a 5-year period 15 cases of graft infection in the groin
were identified at our institution. This accounts for 4.2% of all
lower limb arterial reconstructions involving the femoral artery
during the same time interval (15/357 limbs). The diagnosis of
infection was based on surgical, microbiological, and clinical
follow-up findings in all patients. Positive microbiological find-
ings or pus around the prosthesis, exposed graft in a disrupt-
ed wound, pseudoaneurysms with overlying cellulitis/inflam-
mation were considered indicative of graft infection. On the
other hand, in the absence of compatible operative findings
and negative microbiology or in patients who were not oper-
ated and presented a negative clinical and imaging follow-up
for >4months, the graft was declared uninfected. Among our
15 cases, preservation of the graft was possible in 3 and graft
excision in another 3 patients. Excision of the infected prosthe-
sis and extra-anatomical reconstruction was necessary in 9 pa-
tients (60% of all infected grafts). Overall these involved 2 axil-
lo-bifemoral, 1 aorto-bifemoral, 1 ilio-femoral, 1 femoro-femo-
ral and 4 femoro-popliteal bypass. All grafts were patent and a
consensus was made, based on clinical and imaging data, that
simple removal of the graft without additional revasculariza-
tion would most likely result in critical limb ischemia and sig-
nificant risk for limb loss. The procedures undertaken in order
to revascularize the limb through uninfected tissues were 2 il-
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io-femoral and 1 ilio-popliteal bypass through the wing of the
iliac bone, 1ilio-femoral and 3 ilio-popliteal bypass through the
muscular lacuna underneath the iliopsoas fascia and 1 thoracic
(descending) aorta - bifemoral bypass and 1 axillo-bifemoral
bypass through the obturator foramen. The conduit was ePT-
FE in all cases. Peri-procedural mortality was 11% (one patient

died due to respiratory tract infection) while during 18 months
mean follow-up, there were 3 major amputations. Secondary
patency was achieved in 5/8 cases during the same time inter-
val (Table 1). All 3 patients that needed amputation presented
graft occlusion with critical limb ischemia and no further op-
tions for revascularization.

clinical Prio Micro-organisms Management Graft Graft
presentation procedures g g Reinfection Patency
Deceased
Szilagyi Il Staphyl Ilio-f I'b th hili -
#1 Zlfagyt i, Femoro-Femoral aphylococcus lo-femora yp_ass rough tliac No Patent Due to Respiratory
Samson V aureus, Proteus wing . .
tract infection
L Thoracic (descending) aorta - .
Szil 1] . . Staphyl . . Alive, d d
#2 zifagyl Il Axillo-BiFemoral aphy oco?c.us . bifemoral bypass through right No Patent e Laeiete] Cretl
Samson IV aureus, Eschericia coli closure
obturator foramen
43 Szilagyi lll, llio-Femnoral Staphylococcus llio-femoral bypass underneath No Patent Alive, good wound
Samson V aureus muscular lacuna closure
S Graft limb (Previ to- .
Szilagyi lll, . Enterococcus, . BBl revqu aorto Occlud- Alive, Above knee
#4 Aorto-BiFemoral . bifemoral) to superficial femoral No .
Samson IV Acinetobacter i . ed amputation
artery bypass through iliac wing
Staphylococcus
45 Szilagyi lll, B Faalis] aureus, Below Knee |I|o-.p.opl|t¢.eal bypass No Patent Alive, good wound
Samson IV Pseudomonas through iliac wing closure
aeruginosa
Enterococcus
Szilagyi Il . ! Below K ilio-popliteal b Alive, d d
#6 zifagyl I Femoro-Popliteal Pseudomonas clowinee Ho .p.op : ga ypass No Patent e Lasietel fretl
Samson IV . through iliac wing closure
aeruginosa
47 Szilagyi lll, i A ] Staphyl_ococcus Below Knee ilio-popliteal bypass No Occlud- Alive, Abovg knee
Samson IV aureus, Acinetobacter through muscular lacuna ed amputation
48 Szilagyi lll, Raina e Staphyloco«;c.us . Below Knee ilio-popliteal bypass No Occlud-  Alive, Above. knee
Samson IV aureus, Eschericia coli through muscular lacuna ed amputation
Enterococcus
Szilagyi Il . . . ! Axilo-bif b th h Alive, d d
#o OXNIBYIIL asillo-BiFemoral Acinetobacter, xiio-briemoral bypass throug No Patent Wi Lipiete] FRlEl
Samson IV Klebsiella obturator foramen closure

- Szilagyi wound infection classification: I: Infectious involvement of the cutis; II: Infection of the Cutis / Subcutis not involving the graft;

II: Graft infection.

- Samson classification. | and Il similar to previous definitions, lll: Graft infection without anastomosis involvement; IV: Graft infection
involving the anastomosis, without complications; V: Graft infection associated with complications.

Table 1. Summary of characteristics of patients treated for graft infection in the groin.

From a purely technical perspective, extra-anatomic revas-
cularization and graft excision were always performed during
the same operation, with this sequence. Tunneling the new
bypass through uninfected tissue planes probably represents
the most challenging part of these procedures. Several tech-
niques have been reported to avoid the infected groin and we
have used 3 approaches in our series which were based on
previous experience with the use of these techniques in our
Department.>* The most widely reported approach is the ob-
turator bypass. During this procedure either the common or
the external iliac artery can serve as the donor vessel which
can be exposed through a standard curvilinear lower quadrant
incision and a retroperitoneal approach. The incision usually
starts around 1-2 finger-breaths (FB) above the mid-distance
between the pubis and the umbilicus and run from the lateral
edge of the rectus muscle, obliquely up to 1-2 FB supero-me-
dial to the anterior superior iliac spine (Figure 1).

Figure 1. Schematic of the possible extranatomic bypass routes.
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Through this incision the abdominal muscles are divided
and the peritoneal sac is bluntly mobilized in order to ap-
proach the iliac vessels. Through the same incision the obtu-
rator foramen is approached. Taking into account that the ob-
turator nerve and artery perforate the obturator membrane
at the posterolateral aspect of the foramen, it is advisable to
make the surgical incision at its anteromedial side. Since the
membrane is very dence, sharp rather than blunt dissection
should be applied. Regarding the target vessel, the mid-thigh
superficial femoral artery or the popliteal artery are most often
used which are exposed through standard surgical incisions.
We prefer this approach when the distal target vessel is the
superficial femoral or popliteal artery. The profunda femoral
artery may also be used but its exposure from the posterome-
dial side can be technically challenging and risks entering the
infected groin. We prefer to make the tunnel in the potential
space between the adductor longus and brevis anteriorly and
the adductor magnus muscle posteriorely. Since the longus

Retropedtoneal expasing of
the tomeman dise artény

Consrsa ol the praft

and brevis muscles arise from the anterior while the magnus
from the posterior rim of the external surface of the obturator
foramen, one can understand that this approach leads directly
to the obturator foramen. Direction of tunneling can either be
from inferior to superior or vice versa.

Regarding the other two surgical approaches, the retrop-
eritoneal exposure of the iliac arteries is performed as already
described. If the route through the wing of the iliac bone
is used, the internal surface of the iliac wing is approached
through the same incision used to expose the iliac arteries,
1-2 FB below the iliac crest. Then a separate short skin incision
is performed 1-2 FB below the anterior superior iliac spine at
its lateral side, to approach the external surface of the iliac
wing. With the aid of a drill, the bone is penetrated from the
outside keeping an oblique, upward direction. The void in the
bone should be =8-10mm wide in order to accommodate a
6-8mm vascular graft without a risk of stenosis (Figure 2).

Figure 2. A. Schematic of the tunneling of the iliac bone (with a 8-10mm drill) to facilitate passing of the graft.
B. Intra-operative capture emphasizing technical remarks of the procedure.

C. 3D reconstruction of a graft that passed through the wing of the iliac bone and another passed through the obturator foramen.

In the case of tunneling the graft through the muscular la-
cuna underneath the iliopsoas fascia a transverse incision of
the fascia is performed and the route of the tunnel is directed
downward and laterally. In this technique the graft is passed
lateral to the femoral nerve. Finally, the tunnel reaches the
anterolateral side of the upper third of the thigh and then de-
viates medially to reach the target vessel.

DISCUSSION

In general, prosthetic graft infection in the groin represents a
significant source of morbidity after lower limb revasculariza-
tion procedures and there have been reports suggesting that
its occurrence may reach rates as high as 10.6%.° A higher risk
for major amputation, need for surgical revision and readmis-
sion have been recorded for patients with surgical site infec-
tion compared to those without.® The relative risk for major
amputation has been recently reported to be 10-times higher
among subjects with graft infection, which is indicative of the
significant burden that this complication carries for patients
and healthcare professionals.? In our series one peri-operative
death was recorded, while during 18-months of follow-up 3
major amputations were performed which is close to rates

previously reported in the literature.® Our results are limited
by the low sample volume but most relevant reports share the
same limitation. The most recent study on the subject report-
ed on 18 obturator canal bypass procedures performed dur-
ing 18-years, while others have reported surgical treatment
of 14 patients during a similar time interval.>® Nevertheless,
besides reporting results in our patient population, the main
focus of the present report is to discuss surgical options dur-
ing extra-anatomical arterial reconstruction in the groin and
highlight the technical remarks of these procedures. We be-
lieve that these techniques may be useful and relevant in the
clinical setting, since removal of the infected prosthesis and
extra-anatomical reconstruction (as opposed to simple exci-
sion of the prosthesis or graft preservation techniques) is re-
quired in the majority of these cases (60% in the current series
and 79% in previous reports).>

In this regard, we describe three alternative routes to
pass a new conduit in patients with a prosthetic graft infec-
tion in the groin, needing graft excision and extra-anatomic
reconstruction. Each of these techniques has specific advan-
tages and limitations. The obturator bypass cannot be used if
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infection is present at the medial side of the thigh, involving
the adductor muscles. The lateral tunneling during passing
a graft through the muscular lacuna can be used in case of
limited groin infection not involving the upper thigh. Its origin
can be either the common or the external iliac artery. In the
presence of extensive groin infection tunneling through the
iliac wing provides a better route to avoid entering the groin
but may be more technically challenging. Moreover, during
this approach using the common iliac artery is recommended
as opposed to the external iliac in order to ensure a smooth
course of the graft and avoid kinking due to a vertical take-off
from the external iliac. An alternative to these techniques is
the axillo-femoral or axillo-popliteal bypass, but this is clearly
disadvantaged by the significantly longer conduits for which a
considerably shorter patency is anticipated.

All patients included in the current series were treat-
ed using synthetic grafts, routed through extra-anatomical
planes. An alternative option would be to perform in-situ re-
construction using venous conduits, such as the femoral vein,
but this technique has mostly been used during treatment of
intra-cavitary infections and would only apply in 2/9 of our
patients.” Moreover, the extent of infection was considered
significant and several microbial species (including gram neg-
ative) were cultivated in all current cases which could have
conferred a higher risk of re-infection in case in-situ rather
than extra-anatomical arterial reconstruction was performed.
Others have suggested the use of autologous venous grafts
even during extra-anatomic revascularization in an attempt to
reduce the risk of re-infection.® Nevertheless, taking into ac-
count that this risk is similarly low if synthetic grafts are used,
as long as they are routed extra-anatomically, the additional
burden accompanying preparation of autogenous grafts may
not be justified. The poor general condition of most of our pa-
tients along with the low experience of our center with these
techniques, were additional reasons to prefer the use of syn-
thetic grafts.

CONCLUSION

Prosthetic graft infection in the groin is a feared complication
in vascular surgery, which usually requires complex surgical
procedures to be treated. Despite the fact that the techniques
described here may be technically demanding, we believe
that they can broaden the armamentarium of the vascular
surgeon and aid in the surgical management of this challeng-
ing condition.

No conflict of interest.
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Influence of obesity and aging on the development of superficial vein
thrombosis in patients with primary varicose veins

Christos Karathanos, Petroula Nana, Konstantinos Batzalexis, Georgios Psaras, Konstantinos Spanos, Georgios Kouvelos,
Miltiadis Matsagkas, Athanasios D. Giannoukas

Department of Vascular Surgery, University Hospital of Larissa, Faculty of Medicine, School of Health Sciences, University of
Thessaly, Larissa, Greece

Abstract:

Introduction: Previous studies have demonstrated the relationship of various factors on etiology of superficial vein
thrombosis (SVT), although the association of obesity and aging as independents risk factors for the development of SVT
in patients with varicose veins (VVs) remains unknown. The aim of this study was to investigate the role of obesity and
aging as risk factors for SVT in patients with primary VVs.

Material and Methods: Retrospective analysis was conducted of prospectively collected data from 230 outpatients with
primary VVs. Demographic data, comorbidities and body mass index (BMI) were analyzed. According to medical history,
clinical examination and duplex ultrasound (DUS), patients were divided in 2 groups: patients with SVT and VVs, and the
control group with VVs but without thrombosis.

Results: 128 patients with a recent documented episode of SVT (85 women, mean age 56.16, SD 13.76) (SVT group) and
102 without any thrombotic event (control group) (75 women, mean age 48.67, SD 12.55) were included. Mean BMI
was 27.18kg/m? (SD 4.7) in the SVT group and 25.36kg/m? (SD 3.6) in control group. Compared to those with a normal
BMI (<25kg/m?), the overweight (25kg/m?>BMI<30kg/m?) and obese patients (BMI>30kg/m?) had an increased risk of
SVT by 1.8 - fold (OR 1.85, p=0.038, 95% ClI: 1.03-3.32) and 3.3-fold (OR 3.33, p=0.002, 95% Cl: 1.53-7.22), respectively.
Dislipidemia was associated with a higher risk of SVT (37% vs.18%) (OR 2.3, 95% Cl 1.26-4.42). Also, patients > 60yrs
showed an increased risk of SVT development by 3.5 fold compared to younger patients. In multiple logistic regression
analysis the SVT risk increased by 3.7% (OR 1.037, p=0.001, 95% ClI 1.04-1.06) for each year of aging and by 3.5 fold for
obese patients (OR 3.5, p=0.003, 95% Cl 1.53-8.05).

Conclusions: Obesity and aging appear to increase the risk of SVT development among patients with primary VVs with-
out any other known risk factor.

INTRODUCTION

The prevalence of varicose veins (VVs) in the general popu-
lation ranges between 20- 60%.! Superficial vein thrombosis
(SVT) of the lower limbs is a common disease reported to
affect 3-11% of the general population. In patients with VVs,

cumscribed by a red zone in an area with preexisting varices.?
Venous thromboembolism (VTE) is a complex disease involv-
ing interactions between acquired or inherited predisposi-
tions to thrombosis and various risk factors.Recent studies
have demonstrated that obesity increases the risk of VTE. &7

the prevalence of SVT ranges from 4- 59%>3, although in many
cases remains unrecognized and thus their incidence is un-
der reported. Usually SVT is located in the great saphenous
vein (GSV) at a rate of 60-80%, while in the small saphenous
vein (SSV) occurs more rarely (10-20%).* SVT is usually more
commonly detected in varicose tributaries than in main GSV
trunk. Clinically, it is presented as a sensitive hard cord, cir-
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However it is unclear whether obesity increases risk of SVT
in patients with VVs. Another risk factor of VTE is increase in
age.® Thus, the older the patients, the fewer risk factors are
needed for the development of VTE.® Currently, the associa-
tion of obesity and age with SVT in patients with VVs has not
been adequately studied. The objective of this study was to
evaluate the role of obesity and aging as risk factors for SVT in
patients with primary VVs.

MATERIALS AND METHODS

Study Design

A retrospective analysis of prospectively collected data of out-
patients with an acute or recent episode of SVT and primary
VVs referred to our tertiary center between April 2016 and
March 2018 was performed. Also patients referred to our de-
partment during the same period with VVs without a history
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of previous SVT were included as control group. Patients with
previous episodes of deep vein thrombosis (DVT) or pulmo-
nary embolism (PE), autoimmune disease, malignancy, hepat-
ic or renal insufficiency, recent surgery or trauma, prolonged
immobilization, pregnancy, sepsis, use of medications that
promotes thrombosis such an oral contraceptives or hormone
replacement therapy and patients receiving antithrombotic
agents for any other cause such as atrial fibrillation or anti-
platelet therapy were excluded.Demographic data, medical
history and clinical characteristics were recorded in databas-
es. The data obtained from each patient included gender,
age, body mass index (BMI), the presence of other diseases
such as hypertension, diabetes mellitus, dislipidemia, history
of smoking. Dislipidemia was defined from the presence of
serum total cholesterol>200 mg%, LDL>130 mg%, and/or tri-
glycerides>150 mg%. All patients were subjected to renal and
hepatic function control, and the levels of blood lipids were
measured after 16 hours of fasting.

According to medical history, clinical examination and du-
plex ultrasound (DUS), patients were divided in 2 groups: pa-
tients with SVT and VVs, and the control group with VVs but
without thrombosis (SVT or DVT).

Only outpatients with VVs that provided their consent
to participate to the study and fulfilled our inclusion criteria
were included

Duplex Ultrasound of the Veins

All patients underwent duplex ultrasound examination (DUS)
of the superficial and deep veins of the lower limbs. DUS was
used to diagnose SVT, to estimate the extent of the thrombus
to exclude the presence of deep vein thrombosis (DVT). SVT
was diagnosed when superficial veins were not compressible
under the probe. DUS were performed by the same vascular
surgeon with special interests in duplex scanning.

Body Mass Index

According to the World Health Organization (WHO), definition
of obesity is through the BMI. Body mass index was calculated
by dividing weight in kilograms by the square of the height in

Diseased Group

Control group

meters (Weight (Kg) / Height (m?)). Patients were categorized
in 3 subgroups: Patients with normal weight (18.5< BMI<24.9
Kg/m?), overweight (25<BMI1<29.9 Kg/m?) and obese (BMI>30
Kg/m?).

Statistical analysis

Statistical analysis was carried out with the use of SPSS ver-
sion 21.0 for Windows, SPSS Inc, Chicago, IL. Chi square tests
were applied to initially assess categorical variables. The odds
ratios were estimated with confidence intervals (Cl 95%). Sta-
tistically significant risk factors at p<0.20 were used in a logis-
tic regression model. Interactions of all statistically significant
factors at p<0.10 were then examined. All factors entered in
the final model had an observed significance level at <0.05.

RESULTS

The study population consisted of 128 patients in the SVT
group (43 men, age 56 + 13) and of 102 patients in the control
group (27 men, age 48 + 12).The GSV was involved in 61 (47%)
of the patients,SSV in 1 (0.7%) and varicose tributaries in 66
(52%).

Table 1 shows the main characteristics of the study pop-
ulation. Patients in the SVT group were older than controls
(p=0.001). Patients older than 60 years showed an increased
risk of SVT by 3.5-fold compared to younger (odds ratio 3.56,
p<0.001, 95% Cl: 1.90 — 6.68). Mean BMI was 27.18kg/m?
(SD 4.7) in the SVT group and 25.36kg/m? (SD 3.6) in control
group. More patients in the SVT group were overweight and
obese (Figl). Compared to those with a normal BMI (<25kg/
m?), the overweight (25kg/m?>BMI<30kg/m?) and obese pa-
tients (BMI>30kg/m?) had an increased risk of SVT by 1.8 - fold
(OR 1.85, p=0.038, 95% Cl: 1.03-3.32) and 3.3-fold (OR 3.33,
p=0.002, 95% Cl: 1.53-7.22), respectively. Dislipidemia was
also associated with a higher risk of SVT (37% vs.18%) (OR 2.3,
95% Cl 1.26-4.42).

In multiple logistic regression analysis the SVT incidence
increased by 3.7% (OR 1.037, p=0.001, 95% CI 1.04-1.06) for
each year of aging and by 3.5 fold for obese patients (OR 3.5,
p=0.003, 95% CI 1.53-8.05).

n (%)
No 128
Gender (Female %) 85 (73.5%)
Age(Mean, SD) 48 (12)
Age> 60y 63 (49%)
BMI (Mean, SD) 25 (3.6)
BMI <24.9 Kg/m? 44 (34%)
25<BMI<29.9 Kg/m? 52 (41%)
BMI>30 Kg/m? 32 (25%)
Dislipidemia 43 (37%)
Smoking 45 (35%)
Hypertension 32(26%)
Diabetes melitus 23 (20%)

Table 1. Main characteristics of the study population

n (%) p value Odds Ratio 95% ClI
102
75 (66.4%) 0.243
56 (13) 0.001
26 (25%) <0.001 3.5 1.90-6.68
27 (4.7) 0.001
55 (54%) 0.458
35 (34%) 0.038 1.85 1.03-3.32
12 (12%) 0.002 3.3 1.53-7.22
18 (18%) 0.054 2.3 1.26-4.42
33(32%) 0.743
25(24%) 0.598
16(16%) 0.672
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DISCUSION

The main objective of our study was to investigate the role of
obesity and aging in patients with primary VVs complicated
with SVT without any other known thrombotic risk factor. Our
data showed that obesity and aging are associated with an in-
creased risk of SVT development in patients with primary VVs.

The incidence of venous thrombosis rises from 0.001%
in childhood to nearly 1% in aged subjects.® As described in
POST (Prospective Observational Superficial Thrombophlebi-
tis) study the mean age of developing SVT is 60 years and it is
generally accepted that people younger than 40 years with a
venous thrombotic episode are likely to have a thrombophilia
defect.?

In most of the studies the mean age of the patients pre-
senting with SVT was lower than in our study. %! This may be
due the fact that these studies also included patients without
VVs, with a previous episode of DVT and/or PE and other risk
factors that promotes thrombosis. Moreover in some cases
SVT may occur with mild or asymptomatic clinical symptoms
and patients may not present for medical attention.

The risk of thrombosis increases with age. 3*? This may be
explained by a combination of factors such as reduced activi-
ty, decreased muscle tone, increased morbidity and damaged
vein system. Aging causes an increase in fibrinogen, and this
leads to formation of thrombin, increase of plasma viscosi-
ty and platelet aggregation.’* Concentration of FVII, IX and
others coagulations proteins is increasing without a propor-
tional increase of anticoagulants factors. ** Interleukinl (IL-1)
and C- reactiven protein (CPR) are increased, suggesting an
inflammatory condition, which is important factor in the de-
velopment of thrombus, particularly in elderly. * Furthermore
enhanced platelet activity and increase plasminogen activate
inhibitor (PAI-1) factor impairs fibrinolytic activity. 3 All the
above conclude that the older the patient the fewer risk fac-
tors are needed for the development of thrombosis. **2

In recent years, the prevalence of obesity has increased
in the western world to a concerning level. At least 250 mil-
lion people or 7% of the existing population are obese. The
number of overweight patients is 2-fold or 3- fold higher. Two
—thirds of all men and half of all women in Great Britain are
either overweight or obese.'* In the last decade obesity was
more than doubled, with an estimated prevalence of almost
30% of the general population.” According to Eurostat data,
the prevalence of obesity in Greece is among the highest in
the Western Europe. In men above 15 y.o is 26%, and in wom-
en 18,2%, which represents the highest and second highest
percentage respectively.

Severe obesity is an independent risk factor for the de-
velopment of VTE, especially when the weight exceeds 175%
of the ideal one.*® Predisposes to venous stasis and is asso-
ciated with many haemostatic disorders. Obesity enhances
thrombosis by increasing prothrombotic factors and impairing
fibrinolytic activity.'”*® Furthermore, obesity is considered as
a chronic inflammatory condition that promotes thrombosis,
either by increasing IL-1, TNFa and CRP, neither by causing ox-
idative stress.'® Several studies have described the association

of SVT with obesity.>*** In our study the overall risk of de-
veloping SVT was higher in obese patients, compare to those
with normal. The association remained fairly strong after ad-
justment for age.

Although we recognized obesity as a risk factor of throm-
bosis in patients with VVs, the presence of a significant num-
ber of obese patients may have influenced our results. Over
half of our patients were overweight and 25% in the diseased
group were morbidly obese. Mobilization of elderly and over-
weight patients is difficult and this has an obvious influence
on their ability to clear thrombus. Obesity also predisposes to
postthrombotic syndrome and vein ulcers.?*

Dislipidemia was also found as a risk factor for SVT. In a re-
cent study, dislipidemia was associated with an increased risk
of recurrence of SVT.?2 However, whether obesity on its own
or the associated dislipidemia is the triggering factor remains
to be clarified. The high levels of nonesterified fatty acids re-
leased in obesity increase the hepatic synthesis of triglycer-
ides and very low-density lipoprotein (VLDL), leading to lipid
disorder.” Lipid disordes are also accompanied by platelet
activation and hypercoagulabity with increased factor VII.>* A
possible limitation of our study is that we did not consider the
severity of venous disease according to CEAP (Clinical, Etiolog-
ical, Anatomical, Pathophysiological) classification. Patients
with different varicose status were included. Another limita-
tion is that we have not examined the existence / absence of
various symptoms in our patients. Also we did not check our
patients for insulin resistance, a factor that is associated with
a thrombotic predisposition.

CONCLUSIONS

Our study demonstrates that obesity and aging were associat-
ed with an increased risk of SVT development among patients
with primary VVs without any other known thrombotic risk
factors. Larger epidemiological studies are needed to confirm
the findings of our study.
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Abstract:

Correlation is a statistical technique assessing the association between two quantitative variables. Before performing a
correlation analysis, a scatter plot of the variables used should be drawn to check for linearity. For a normal distribution,
the “Pearson correlation coefficient” is used, with the assumption that the two variables have to be measured on either
an interval or ratio scale, outliers should be taken into consideration and the scatter plot should present fair homosce-
dasticity. When these assumptions are violated, “Spearman's rank-order correlation coefficient” is used, which is the
nonparametric alternative version of the Pearson correlation test. Both tests’ results range from -1.0 to +1.0, where r >
0 indicates a positive association, r < 0 indicates a negative relationship and r = 0 indicates no relationship. Of note, the
closer r is to +1 or -1, the more closely the two variables are related. In case of non-linear (curvilinear) correlation, in
which the ratio of change is not constant or when the variable’s distribution is not normal, the researcher can perform
a logarithmic or other type of transformation for one or both variables. Although very simple in use, correlation analysis
carries many misconceptions and misuses. When dealing with them, the researcher should be aware that a conclusion

about individuals should never be reached based on group-level data and that correlation does not imply causality.

INTRODUCTION

Increase your chocolate consumption and you might win a
Nobel Prize?

A very interesting study appeared in 2012 in the distinguished
journal “New England Journal of Medicine”*. The authors col-
lected a list of countries ranked in terms of Nobel laureates
per capita from “Wikipedia” and data on per capita yearly
chocolate consumption from the official website of the “As-
sociation of Swiss Chocolate Manufacturers”. A statistical cor-
relation test was applied thereafter, and, surprisingly, there
was a close, significant linear correlation (r = 0.791, P<0.0001)
between chocolate consumption per capita and the number
of Nobel laureates per 10 million persons in a total of 23 coun-
tries. Moreover, the slope of the regression line allowed them
to estimate that it would take about 0.4 kg of chocolate per
capita per year to increase the number of Nobel laureates in
a given country by 1. The authors concluded that “chocolate
consumption enhances cognitive function, which is a “sine qua
non” for winning the Nobel Prize”. But should we all change
our diet and start consuming more chocolate to increase the
chances of winning a Nobel Prize?
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What does correlation mean?

Correlation is a statistical term, indicating how strongly pairs
of variables are related and implicates association between
two quantitative variables. A common example is height and
weight; taller people are usually heavier than shorter people,
which highlights a correlation between height and weight in
the humankind. A classical example of correlation in vascu-
lar surgery is the size of the aneurysm and its % percentage
of risk for rupture; bigger aneurysms tend to rupture more
often. When applying a correlation test in statistics, the re-
searcher needs to answer two basic questions; 1) whether this
relationship is positive or negative and 2) which is the strength
of the relationship? A positive correlation indicates that both
variables increase or decrease in parallel (Figure 1), whereas
in a negative correlation the change between the two varia-
bles occurs in opposing directions so that increase in one is
followed by decrease in the other (Figure 2)2. As a result, we
conclude that height and weight have a positive correlation.
On the contrary, it has been reported that the incidence of
diabetes mellitus is rising and at the same time the incidence
of aneurysms is declining?, underlying a negative correlation.

Measures of correlation; the correlation coefficient

In order to measure the direction and strength of the associ-
ation between two variables, a statistical estimator should be
used, which is generally called “correlation coefficient” (r). It
ranges from -1.0 to +1.0; r > 0 indicates a positive association,
r < 0 indicates a negative relationship and r = 0 indicates no
relationship, while the closer ris to +1 or -1, the more closely
the two variables are related. As a general rule, r=-1.0 to -0.5
or r=0.5 to 1.0 indicates a strong correlation, r=-0.5 to -0.3 or
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r=0.3 to 0.5 indicates a moderate correlation, r=-0.3 to -0.1
or r=0.1 to 0.3 indicates a weak correlation, while r=-0.1 to
0.1 indicates a none or a very weak correlation. In any case,
p value<0.05 indicates statistical significance, which is the
probability that the researcher has found the observed result,
or a more extreme one, when the correlation coefficient was
in fact zero (null hypothesis). However, someone should be
careful, as statistically significant result does not necessarily
mean that there is a strong correlation; it simply tests the null
hypothesis?.

Which correlation coefficient should | use?

In cases of normal distribution?, the “Pearson product-mo-
ment correlation coefficient”, also called “Pearson correlation
coefficient” estimates the degree to which a relationship is
linear. Its main action is to draw a line of best fit through the
data of two variables and indicate how far away all these data
points are to this line of best fit. However, it does not rep-
resent the slope of the line of best fit. Basic assumptions of
Pearson correlation coefficient include that the two variables
have to be measured on either an interval or ratio scale, while
they can be measured in entirely different units. Furthermore,
the two variables should form a linear relationship, which
can be checked by plotting them on a scatterplot and visually
inspect its shape. Usually, the one variable is plotted on the
x-axis (horizontally) and the other variable is plotted on the
y-axis (vertically).

Moreover, outliers should be taken in to consideration, as
they might pose a very large effect on the line of best fit and
largely affect the estimate of Pearson correlation coefficient.
Additionally, the plot should present fair homoscedastici-
ty, which means that the variances along the line of best fit
should remain almost the same along the line. Another im-

negative correlation

T
X
Figure 2.

portant characteristic is that Pearson correlation coefficient
does not take into consideration whether a variable has been
classified as a dependent or independent variable. Although
Pearson correlation coefficient is widely used, it is common
in some publications to report the coefficient of determina-
tion, r?, which is the square of the Pearson correlation coef-
ficient r (i.e., r?). This index represents the proportion of the
variance that is shared by both variables and provides a meas-
ure of the amount of variation that can be explained by the
model.

The nonparametric version of the Pearson product-mo-
ment correlation is called “Spearman’s rank-order correlation
coefficient”, (p, also signified by r ) and measures the strength
and direction of association between two ranked variables.
This is an alternative to the Pearson correlation index, which
is used when assumptions of the Pearson correlation are vio-
lated. Of note, in cases of non-linear (curvilinear) correlation,
in which the ratio of change is not constant or when the vari-
able’s distribution is non-normal, the researcher can perform
a logarithmic or other type of transformation for one or both
variables.

Other types of correlation coefficient

In cases of ordinal association between two measured quan-
tities, the “Kendall rank correlation coefficient”, commonly
referred to as “Kendall’s tau coefficient”, is used and investi-
gates the similarity of the orderings of the data when ranked
by each of the quantities®. When one variable is continuous
and the other variable is dichotomous then the “point-biserial
correlation” should be used. (eg. correlation between a con-
tinuous variable, which is the monthly income measured in
Euros and a binary variable, which is gender, with males and
females as categories)®. Additionally, the “biserial correlation”,
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which is different from the “point-biserial” correlation”, is rec-
ommended when the dichotomous (binary) variable has an
underlying continuous distribution; for example, if O=low in-
telligence quotient (1Q), and 1=high IQ, the researcher should
use the biserial and not the point-biserial - correlation.

Major pitfalls in correlation analysis or “should I consume
more chocolate”?

Although many papers might present data on the correlation
between two variables, some important issues require special
attention when running a correlation test. First of all, a con-
clusion about individuals should never be reached based on
group-level data. As a result, a correlation coefficient at coun-
try level, must not be used to reach a conclusion about the in-
dividual level. Therefore, given that no data are known on how
much chocolate the Nobel laureates consumed, any conclu-
sions are rather speculative. Another major misinterpretation
of correlation is the idea that it implies causality. Correlation
only assesses the intensity of association between two vari-
ables and never explains the nature of this agreement’. The
two variables may show a correlation not because they are in-
fluenced by each other but because they are both influenced
by the same confounder. As a result, chocolate consumption
and winning the Nobel Prize do not have a causal relation. In
order to point out meaningless correlation, researcher use the
term “nonsense” or “spurious” correlation” in which “no sen-
sible natural causal interpretation can be provided”®. A clas-
sification of correlations has been provided by Haig in order
to highlight errors in interpreting statistically significant corre-
lations. Consequently, someone has to be very careful when
dealing with significant associations.

CONCLUSIONS

The correlation coefficient is a popular measure of the associ-
ation between two variables and can easily summarize a scat-

terplot in a single number. Two main estimators are common-
ly used in research, namely the “Pearson product-moment
correlation” and its nonparametric alternative version, called
“Spearman’s rank-order correlation coefficient”. Although
very simple in implementation and interpretation, researchers
should clearly understand the assumptions behind conducting
a correlation analysis and explain them in their methods in
order to avoid common errors and ecological fallacies.
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Abstract:

Tracheo-carotid and tracheo-esophageal fistula are rare and devastating complications of inappropriate endotracheal
tube cuff handling. We report a case of a patient presented with intermitted bleeding episodes through the mouth
and the endotracheal tube. The patient suffered the initial episode of hemorrhage 15 days after intubation, which was
controlled with volume expansion of the endotracheal tube cuff. Afterwards she underwent several other hemorrhagic
episodes, which were also managed each time with further cuff expansion. At last, during many repeated surgical at-
tempts to control the repeated and profound haemorrhage, the diagnosis of tracheo-carotid and tracheo-esophageal
fistula were subsequently made. Despite the aggressive efforts, the patient died due to septic shock and multiple organ
failure. Optimal endotracheal tube cuff handling followed by immediate and stepwise therapeutic approach in case of a
complication, along with the very high suspicion index can prove lifesaving in patients requiring prolonged endotracheal

intubation.

INTRODUCTION

The improvement of endotracheal tubes (ETTs) and the ad-
vances in mechanical ventilation have shortened the duration
of ventilatory support. Cuffed ETTs remain the cornerstone for
securing the airway and facilitating gas exchange. Inappropriate
ETT handling remains one of the leading causes of complications
related to mechanical ventilation, with cuff pressure, accidental
extubation, mucosal ulcerations, granulomas, tracheal stenosis,
and tracheo-oesophageal fistulae being the most frequent.

The first tracheo-carotid artery fistula following endotra-
cheal intubation was reported in 1984. In 2007 tracheo-oe-
sophageal fistula (TEF) and massive haemorrhage from tra-
cheo-arterial (left subclavian artery) fistula (TAF) described
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together for the first time. 2 Both TAF (abnormal linking be-
tween the trachea and an artery) and TEF (between the tra-
chea and the oesophagus) are rare (0.1-1% and 0.5-1%), with
extremely low survival rates (14,3%) and may develop even
within a few hours of intubation. The incidence of hemor-
rhage complicating the fistula between the trachea and the
common carotid artery is 4.3% [1, 2, 3, 4, 5].

CASE

A 37-year-old female with Guillain-Barre syndrome (GBS),
leading to progressive respiratory failure, was transferred in-
tubated to our hospital from another country, after several
failed extubation attempts, due to several episodes of pro-
found bleeding through the mouth and the endotracheal tube
(ETT), which were managed with further volume expansion of
the ETT cuff each time.

During admission the patient was mechanically ventilat-
ed and a small (~150ml) and repeated bleeding through the
ETT and the mouth was observed. Chest x-ray revealed a right
pneumothorax (a right chest tube was placed), and round dis-
tention of trachea (extra thoracic segment) corresponding to
the ETT cuff (Fig. 1). Lab findings were not specific, except for a
mild impairment of hepatic function (INR:1.22, aPTT:31.9, AST/
ALT:199/240, ALP:274, yGT:644, LDH:1461, CPK:230 CK-MB:26).
As far as the antibiotics are concerned the patient was treated
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with ceftazidime which was changed to sultamicillin and finally
to cefotaxime (all three of them at maximum dosage).

|

Figure 1. Chest Xray revealing the large endotracheal tube cuff

An urgent angiography of aortic arch revealed leak of con-
trast from the proximal segment of the right common carotid
artery along with great external deviation of the vessel (Fig.
2), and the patient underwent emergency operation. A partial
sternotomy and a right oblique cervical incision parallel to ster-
nocleidomastoid muscle confirmed the longitudinal erosion of
the right common carotid 1 cm after its origin and revealed a
fusiform disruption of the trachea around the ETT cuff, ipsilateral
complete erosion of the anterior tracheal wall and protrusion of
the cuff through the deficit (Fig. 3). The carotid artery erosion
was treated with a patch angioplasty with bovine pericardium
and a tracheostomy was performed at the level of the lesion.

g

)ﬁ

Right
Subclavian Artery

Figure 2. Angiography revealing the right carotid leak of contrast from
the proximal segment and the great external deviation of the vessel

i A T |
Figure 3. Oblong erosion of the right common carotid 1 cm after its
origin, fusiform distention of the trachea around the ETT cuff, ipsi-
lateral complete erosion of the anterior tracheal wall and protrusion
of the cuff through the deficit after the partial sternotomy and the
supraclavicular incision parallel to sternocleidomastoid muscle.

On the 6" postoperative day two new episodes of bleeding
were observed. However, CT angiography revealed no leak of
contrast. A second operation through a median sternotomy
this time revealed an extensive longitudinal oesophageal ero-
sion along the nasogastric tube with suppuration and medi-
astinitis, which was treated with left extomosis of the central
segment, mediastinal lavage, and insertion of drainage tubes.
A new erosion of the right common carotid artery at its origin
was revealed and was treated with ligation of the right com-
mon carotid and closure of its ostium at the level of innomi-
nate artery (Fig. 4).

E ool x
Figure 4. Extensive longitudinal oesophageal erosion along the naso-
gastric tube treated with left extomosis of the central segment, me-
diastinal lavage, and insertion of drainage tubes. Right common ca-
rotid artery erosion at its origin.
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Postoperatively in an attempt to control the septic shock
the patient was treated with broad spectrum antibotics and
aggressive support. Despite the efforts she unfortunately died
twenty-one days after the admission to our Hospital due to
septic shock and multiple organ failure.

DISCUSSION

We present the existence of non-traumatic, iatrogenic tra-
cheo-carotid and a tracheo-esophageal fistula due to pro-
longed endotracheal intubation and inappropriate handling
of the ETT cuff volume and pressure (continuous further vol-
ume expansion of the ETT cuff). Nowadays, cuffed ETTs re-
main the cornerstone for securing the airway and facilitating
gas exchange, while the improvement of endotracheal tubes
and the advances in mechanical ventilation have shortened
the duration of ventilatory support [4]. However, prolonged
endotracheal intubation and inappropriate ETT handling com-
pose the leading causes of complications related to mechani-
cal ventilation [6, 7].According to the current literature, early
tracheoastomy is suggested, if possible at 7 days after initial
intubation [8]. Inappropriate handling of the ETT and ETT cuff
volume and pressure may lead to mucosal injury, derange-
ment of microcirculation, mucosal ulceration and eventually
tracheal wall necrosis, and TAF formation, especially when
combined with hypotension, a high-positioned innominate
artery and excessive tube movements [1]. When it comes to
TEF formation steroids, advanced age, high airway pressure,
nasogastric tubes and respiratory and oesophageal infections
have been considered as the main causes [7, 9].

As far as the prevention of TAF and TEF is concerned, en-
dotracheal tubes with high compliance, low pressure cuff with
careful intra-cuff pressure monitoring, intermittent deflation
of the cuff, prevention of infection and hypotension, and im-
provement in the patient’s nutritional and immunologic status
are strongly advised to be part of the routine management of
any patient requiring intubation [7]. In our patient inappro-
priate ETT handling (an early tracheostomy was not perform)
and the continuous increases in the cuff volume, as a measure
to control the bleeding, were the main causes for both the
fistulae. Prolonged mechanical ventilation, nasogastric tube
placement, steroid administration and septic and hemorrhag-
ic shock further compromised the tracheal wall necrosis [1,
3,71

Early diagnosis of TAF and TEF is difficult, requiring a high
suspicion index. Any patient with an ETT or tracheostomy
tube, with >10 ml of haemorrhage from the tip of the tube or
unexplained upper airway leak should be immediately evalu-
ated for TAF or TEF, respectively. Once massive intra-tracheal
bleeding is observed, the patient should be transferred to the
operating room immediately, without manipulating the ETT
or expanding the volume of the ETT cuff, for explorative thor-
acotomy (median sternotomy with cervical expansion) [1, 3,
10].

Both lesions” management remain challenging, with ex-
tremely high mortality rates and early treatment is fundamen-
tal for survival. The over-inflation of the cuff should be one

of our main concerns, followed by digital compression of the
artery for TAF. If TEF co-exists, the ETT cuff should be placed
distal to the TEF within the trachea, while endotracheal and
oesophageal stenting may be necessary [3, 7, 10]. Post-opera-
tively, the cuff’s pressure should be 20-30 cmH,0 with the tip
of the tube not being compressed against the tracheal wall,
while only flexible nasogastric tubes should be used. Frequent
cuff pressure monitoring, minimal endotracheal tube move-
ment during suctioning, optimal nutrition, and spontaneous
breathing when possible are essential for a favourable result

[71.

CONCLUSION

We report the co-existence of non traumatic, iatrogenic TAF
and TEF due to inappropriate ETT cuff handling. Preventive
measures, high suspicion index, early diagnosis and surgical
treatment proves of outmost importance when dealing with
TAF and TEF.
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Abstract:

During last decade, the complete endovascular approach in complex aortic aneurysm improved the morbidity and mor-
tality rates in these cases. A 69-year-old male patient presented with a coexistence of an infrarenal abdominal aortic
aneurysm (AAA) and an additional saccular aortic aneurysm, just above the orifice of the celiac trunk. The two separate
aneurysms were treated simultaneously by endovascular means; the infrarenal aneurysm using a conventional infrare-
nal endograft, while the supra-celiac one combining a short custom thoracic endograft and a covered stent for the celiac
axis, applying the chimney technique. The computed tomography angiography of discharge showed a patent celiac stent
graft with complete aneurysms exclusion without any endoleak. During a 5-year follow-up, the graft remained patent
and the diameter of both sacs was diminished. Nowadays, combining several endovascular techniques, complex aortic
pathologies can be treated with a minimal invasive approach.

INTRODUCTION

During the last decade, a widespread interest in the complete-
ly endovascular treatment of the complex aortic anatomy an-
eurysms has been presented.! The improved morbidity and
mortality rate make more attractive a completely endovascu-
lar approach in many cases, especially in patients presenting
several comorbidities. Short-term results could be favorably
compared to open repair, with a mortality rate at 3.7%, prima-
ry patency at 94.8%, and primary-assisted patency at 95.1%.?
Even in long-term follow-up, a total endovascular repair of
complex aortic anatomy aneurysms seems safe and durable
with an aneurysm-related survival rate at 91% and late occur-

ring visceral stent occlusion at 4.4% at 5 years.?

We herein report a case of a patient diagnosed with two
coexisting aortic aneurysms; an infrarenal and a supra-celiac
one, treated by endovascular means, using the chimney tech-
nique.

CASE PRESENTATION

A 69-year-old man presented with the diagnosis of an infra-
renal abdominal aortic aneurysm (AAA) of 56 mm and a su-
prarenal saccular aneurysm of 40mm, just above the orifice
of the celiac axis (Image 1). His medical history was significant
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for hypertension, dyslipidemia, coronary artery disease with
previous CABG and heart failure with an ejection fraction at
40%, under treatment.

Image 1. Pre-operative CTA revealed a para-visceral saccular aneu-
rysm just above the orifice of the celiac axis (Panel A) and an infrare-
nal AAA (Panel B).

After an extensive discussion with the patient about the
different management options, an endovascular approach
with a conventional graft for the infrarenal aneurysm and a
custom-made tapered graft, combined with a self-expanding
graft for the celiac axis to exclude the supra-celiac aneurysm
using the chimney technique was decided. Under general an-
esthesia, a bifemoral and a left brachial access were used. The
celiac trunk was catheterized and stented using the self-ex-
panding covered stent (Viabahn, Gore, 8x100 mm). For the
treatment of the suprarenal aneurysm, a custom-made coni-
cal graft (Bolton Relay 34-30x80mm) was inserted in the prox-
imal aortic aneurysm. (Image 2) The distances between the
splanchnic vessels permitted such a solution, as an adequate
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sealing zone of 15mm between the coeliac trunk and the su-
perior mesenteric artery (SMA) was available. The proximal
landing zone had a median diameter of 29mm while the distal
supra-SMA diameter was 25.7mm. The tapered morphology
of the aorta at this level set the indication of a custom-made
endograft. For the infrarenal AAA, an Excluder endograft
(Gore & Associates, Inc, CA, USA) was used (main body 26-
14.5x160 mm, contralateral limb 16x120mm). Completion
angiography confirmed successful sac exclusion with no en-
doleak (Image 3). Post-operatively, the patient remained sta-
ble, while the renal or hepatic function were recorded within

T

normal limits. No spinal cord ischemia symptoms were arisen
post-operatively. The computed tomography angiography of
5t day showed a complete exclusion of the aneurysms, a pat-
ent celiac stent graft and no endoleak. The patient was dis-
charged the 6th post-operative day under double antiplatelet
treatment with aspirin 100mg and clopidogrel 75mg daily for
the first 6 months and single antiplatelet therapy with aspirin
100mg thereafter. During a 5-year follow-up, the aneurysmal
sacs were eliminated, the graft of the celiac artery remained
patent, and no endoleak was detected. (Image 4) This case
presentation was approved by the Institution’s Review Board.

B & Dee

Image 2. A fast custom-made device offered an off-the-shelf solution to the patient (Panel A & B).

Image 3. The celiac trunk was catheterized and stented (Panel A & B). The custom-made endografts was deployed (panel C). Completion
angiography revealed the exclusion of the sacs and the patency of the grafts (Panel D).
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DISCUSSION

Chimney technique has gained popularity as an off-the-shelf
technique for the treatment of complex abdominal aortic an-
eurysms, offering a safe and durable approach when fenes-
trated or branched endografts are contraindicated or unavail-
able.* It permits a tailor-made solution which is eligible to the
specific anatomical characteristics of the patient, using com-
mon material that are available at the surgeon’s daily routine
practice.® The off-the-shelf endografts offer the advantage of
the faster assessment-to-treatment time in a single or multi-
ple stage procedures when aneurysmal deformation includes
the para-visceral aorta.’

In this case, standard endovascular aortic aneurysm repair
(EVAR) was applied for the infrarenal aneurysm. For the iso-
lated para-visceral aneurysm, a custom-made solution was
selected. Despite its minimal diameter (40mm), the saccular
morphology of the aneurysm as well as its location, just above
the orifice of the celiac axis, were the main indications for an
immediate endovascular approach. According to the latest
ESVS Guidelines for the management of the aorto-iliac aneu-
rysms, saccular aneurysms should be confronted as a sepa-
rate aortic pathology. An infection should be excluded in any
case. The optimal treatment should be decided according to
the patient’s specific anatomy and risk factors. The higher risk
of rupture should be kept in mind and an early interventional
repair may be considered.® Furthermore, in this case, the ex-
tended comorbidities of the patient eliminated any option of
open repair.

Chimney technique was feasible as celiac axis was patent
and there was a sufficient distal landing zone at the moment
of treatment. Although, no conventional thoracic endograft
was applicable in this case, as all thoracic endografts have a
minimum length of 100mm. As the parallel graft of the celiac
trunk available was 100mm in length, a mismatch between
the two endografts was inevitable. Furthermore, the conical
formation of the aorta excluded any standard solution. In
this case, a fast custom-made tapered endograft of 80mm of-
fered a technically feasible alternative. A more complicated
solution, as a branch or fenestrated device could be achieva-

ble in this patient. The need for a four-vessel catheterization
and stenting for a limited aneurysmal disease, as well as the
cost-effectiveness of these devices, enforced the decision
through a parallel-graft technique.

In the current literature, there is scarce information con-
cerning the isolated para-visceral aneurysms. A case report of
a mycotic para-visceral aneurysm treated with fenestrated en-
dograft has already been reported.” Chimney technique offers
an alternative solution when fenestrated or branched devices
are contraindicated or unavailable in complex aortic anato-
mies as well as in cases of para-visceral aneurysms.® The eli-
gibility of the technique permits an endovascular approach at
the majority of the patients with complex aneurysmal disease,
excluding only the 17% of them at one series.> Furthermore,
the short and long-term encouraging data confirm the safety
and durability of the method in these cases.”?

CONCLUSION

Para-visceral aortic aneurysms could be completely treated
with endovascular technique. In the few cases reported so
far endovascular repair showed promising results, in terms of
safety and durability. An extended pre-operative planning and
knowledge of all disposable means is demanded to offer an
efficient treatment to each patient’s anatomic characteristics.
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VASCULAR IMAGE

Bilateral giant internal carotid artery aneurysms of the cavernous segment in

a young male

Stylianos Koutsias®, Konstantinos Spanos?, Athanasios D. Giannoukas?

Vascular Surgery Department, University Hospital of Larissa, Faculty of Medicine, School of Health Sciences, University of
Thessaly, Larissa, Greece
2Department of Surgery, Vascular Surgery Unit, School of Medicine, University of loannina, loannina, Greece

A 21-year old male, with known history of neurofibromatosis
type 1, presented to the emergency department with high
blood pressure (180/60 mmHg) and headache. Physical
examination revealed a bruit and a palpable mass in the neck
area bilaterally. Duplex scanning showed bilateral severe
carotid artery tortuosity and a suspicion of bilateral internal
carotid artery aneurysms in a more distal part of the arteries. A
computed tomography angiography confirmed (Image 1a) the
presence of bilateral giant internal carotid aneurysms (right
side 26mm, left side 34mm in diameter) of the cavernous
segment. A magnetic resonance angiography (Image 1b) was
undertaken at a later stage to help in the planning of their
treatment, however patient denied treatment. This pathology
is rare; open repair is accompanied with high morbidity and
mortality, while endovascular approach has been suggested
recently as another option.
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