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INFRARENAL AORTIC

aneurysm than when it bypasses occlusive
discase, @ probably 5 per cent or less
over a ten-year follow-up period. Convers
ly, anastomotic aneurysms are more com-
mon when aortoiliac bypass is done for
aneurysmal disease than when it is done for
occlusive disease. The total late failure rate,
including late graft occlusion, recurrent
(anastomotic) aneurysm, and aortoenteric
fistula, probably is well under 10 per cent
now that porous, compliant, knitted Dacron
prostheses and stronger synthetic suture
materials are being used routinely by most
vaseular surgeons. The management of the
latter two complications is dealt with
Chapters 79 and 80, respectively.
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THE MANAGEMENT OF
THORACOABDOMINAL
AORTIC ANEURYSMS

Ancurysmal involvement of the upper ab-
dominal aorta and its major visce
branches may represent simply a more prox-
imal than usual extension of a pnmml\
infraren:
imately 50 per cent of cases, it also may in-
volve the lower descending thoracic aorta
and constitute a true thoracoabdominal aor-
tic aneurysm. As a group, these ancurysms
pr a very serious challenge o the
surgeon in terms of successful operative
management, but they may be resected su
cessfully with graft replacement in most
instances.

The major problems encountered in
operative management of thoracoabdominal
aneurysms relate to the gnitucde of the
operative procedure, usually requiring entry
into both abdomen and thorax; massive
blood transfusions; temporar u.n—upunn
of arterial blood supply to vital or;

supplied by the celiac, superior 1
and renal arteries:
the spinal cord, which may result from inter-
ruption of upper lumbar or lower intercostal
arieries,

Aneurysms arising in the upper abdomi
nal aorta and lower descending thoracie

fied according 1o etiolog:

extentof the |Cil0ll orunderlying pathol ngl(
process. They may be atherosclerotic
secting, _p]uilil . traumatic, or mycotic, or
may result from weakness or absence of elas-
tic tissue in the aortic wall on a congenital or

DWARD GaRRETT, M.,

Hammatory basis. They may be fusiform
and extensive, or sacciform and localized,
However, at least 75 per cent of those en-

ions appear to
gin and fusiform in

vsms of the upper abdominal aorta
~.uh|m ttoall the complications described
for infrarenal aortic ancurysms, namely, ex-
pansion and rupture, compression or ero-
sion of adjacent organs, spine, or body wall
with symptoms produced according 1o loca-
tion and extent of the lesion. The likelihood
of serious symptomatic presentation
cre th size, and associated hyperten-
sion increases the risk of rapid progression
of the lesion. Peripheral emboli and stenosis
or thrombaosis of visceral artery branches also
may occur, The relative incidence of the
above problems is not well established owing
»f large reported series of these

DIAGNOSIS

Any pulsatile mass palpable in the epi
trium or upper abdomen may represent an
ancurysm of the upper abdominal aorta.
Plain x-rays frequently reveal calcification in
the wall of the aneurysm, and may provide
some indication of the location of the lesion.
Sonography also may be helpful (see Chap-
ter 76), but arteriography. including abligue
and lateral views, usually is necessary to
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Thoracic Aortic Aneurysm

CUMULATIVE PROPORTION SURVIVING
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Infrarenal Abdominal Aortic Aneurysm Repair:
Long-Term Survival
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Kulik et al

Acquired Cardiovascular Disease

Dateomes after thoracoabdominal aortic aneurysm repair with

L8 H Ew L

hypothermic circulatory arrest

Alexander Kulik, MD, MPHL? Catherine F. Castrer,

Objectives Recent advanees in endovas

of thoracoabdominal aoric anexIrysms. In this comtext we eval

aneurysm repais using cardiopulmonary bypass

Methods: From January 1986 (o December 008, 218 patiests (mean age.63 & 14
dominal asstic ancurysm repair with cardiopalmonary bypass and hypothermic cif)
dextent I, 57 (26%) patients; Crawford extent IL 91

repair was as follows: Crawfor
extent 110, 70 {32%) patients. Degenerative andurysms
patients underwent emergency operations.

were present in 160 a

and hermic circuld

Results; The mean durations of cardi y bypass
4] 4 12 miswites, respectively. Stroke occurred in 8 (3.7%

10 (4.6%) patierns (8 with paraplegia and 2 with paraparesis). Temporary dialysis
sequired in 3.6% of hospital survivors, Thirty-day and 1-year morvelity rales were.
e 30-day mortality reie was 33.3% compared with
(# = D01), Five- and 10-year survivals were 55% and 23 %, respectively. Twel

Adier emergency operations, th

eration on the graft s conliguous acrta A @ mean of §£3

of freedom from reoperaROR WEre 87% and 60%, respectively.
Conclusions: Cacdiopulmonary bypass with hygothermic circulatory arfest can
it MHHQA@BS\ end-org
murbidity rates do ot exceed those reponed foremkulampah. wikh particyl
patiests undergoing elective operations. (J Thorae Cardiovasc Surg 2014341

misal aortic aneurysm A, P

Several approaches exist for the open surgical repair of thot-
acoabdominal aorlic aneucysms (TAAAS), including the
clamp-and-sew 1echinique and tie use of distal perfusion ei-
ther with partiat fieft heart) or Lot candiopulmasary ‘bypass
(CPB). These strategies can be supplemented with epidural
conling, cerebrospinal fuid (C5F) drinage, renal e Vis-
ceral perfusion, and the monitoring af wotor and somatesen-
sory evoked potentials to prevent visceral, renal, and spimal
cord ischemic injury (SCH.! i

CPB with intervals af hypothermic circulatory armesk
4 wchmique for the pevtection of the
o during complex cardiae and proxi-
rocedures. 1t has been uged tess fre-
s. lts advanlages aver other
ude winimal aortic di i

Iy

n)pa'-itms.andspinaiu

years after the inivial prg

and the elimination o
aortic clampiog. 10 4
arch, a blopdless fiel
giom circuit, and cedy
zatiom, which can
provides protection
and abdominal orgy
evoked poientials
visceral asteries.”
Endovascubar ste;
first application for
sbdominal and desd
inciude the use of
hranched stent 203

fismed the feas
pronches 1o TAAA

proac]

including The avoidance of 2 {horacoabdoniifial

RN.? and Nicholas T. Kouchoukos, MD"

culas surgery have put imto question the Tole of open operative reatment.
tuated our experignce with thoracoabdominal aortic

and hypothermic circulatory arrest.

Sl 1 thoracaab-

Author

Year Mortality* Stroke

PP

Crawford
Kieffer
Kouchoukous

(TAAA 1)
Safi

opar, T it o

1987
1994
1995

1998

17.6%
27.0%
8.6%
23.0%
29.0%

0.0%
0.0%
3.8%

11.8%
8.3%
5.7%

13.0%  13.0%
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less posiapeTative pain, lisnited Imonary contplications,

and more tapid recoveries ©171® Advocates for these
yechniques have now Dbrought into question the curent rol¢

<o open surgical Tepair. Nevertweless, the
csks of death and SCII persist with 1ese Ew

endovascular srategies as well a5 complications and
coneerns regarding e durability of TAAA stent graft
repair.”’ In fhis contexs yie reviewed our experience ith
apen TAAA repair using CPB and HCA.
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Results
1999 - 2014

1183 patients @ 1251 thoracic or

thoracoabdominal aortic repair

Hypothermic circulatory arrest
required for 33 patients (2.6%)

Median age: 60

2@ 100



Results

Post-operative hemodialysis required in
9.1% of patients

Overall, 30-day mortality was 8 (24%)



Recent Experience With Thoracoabdominal
Aneurysm Repair

Richsrd P. Cambria, MO: Davia ©. Brewster, M, Ashby . Moncare, MD:
Bengt Ivarsson, MD; &. Clement Darling, MD; L Kenneth Davison, MD; William M. Abbott, MD

‘« Thoracoabdominal angurysm repalr was carried out InS5 extending 0 the diaphragm but approached with thoracoabdemi-

patients during the petiad from January 1978 o June 1988. nal incisions, were also excluded. A total of 55 patients underwent
Considering the volume of axperience and application of & oms, 45 of which were elective rocedures, 10 were
tor pi tive and e mEnBg formed wrgently for ruptured (n.=6) o acutely symptomatic
ivided as follows: group 1 1978 to 1985 ns, The volumme of experience, outine adoption of
by Crawford, and routiné intracper-
features of B two gIoUPS ditterad only t by u speciaiived anesthesia teum permit
emenjency operatiens (groap 1 [5116, 30%’ v8 group 2 [2/29, division of the tatal experience Trto two time intervals,
#%]). Operative mortatity in slective i i

s Impror I’muplilglﬂtnlgsﬁ)ndmup2(lsﬂé
supstantially In recent expetience igroup 150%] vs group 2 o June 1888) (Fig 1). In group 1, there were 18 elctive ]
7.4%]). Significant reductions in total cperative time, opera- urgent grocedures, whils the respective figures far group 2 were
Hvé bioad 10ss, and total AoFlic cross-clamping times parsh 27 und 2. Chinical and demographic craracterietics of the groups 1
eled and, in pact, explvined the improvement in overall and ¢ patients were similar and are summazized as follows:

surgical results seen in groun 2 patients. Spinal cord Injury S

i 7.2% af the entire conort. Noniata) but Teled — Characteristic e
compiications ‘aceurrad In 25% of group 2 patients, with the Sex, ratio, MIF 28119, 21
most commaon being prolonged vertiietory assisiance (12%). Smwnz":‘ (Nod 84 t-&i‘-‘s&;
Curren casults with thotacoabsominal xneurysm it both Hypertension, % Y
estabiish it safety and helplo provide guidstcas In selecting History O oronasy artery disease, % 40

patieals for efective repa’
{Arch Surg. 1989:1 24:620-824)

Associaved viseeral oetlusive disease, % 45
History of infrarens] ortit sneurysm
repuir, % (N9.) 25 (14/55)

W relatively ncommen, aneveyarns that iMvolve  Notable among (eSS charaeteristits were the frequency of asso-
the theracoabdominal gorta, and/or that segm &

> 4 ent of n‘;u&vmen\ot!lm!ﬂ_dluln,p?\'nr'm\'nrénl‘.Intur)‘l’n!l repaif,
the aorta from which the visceral yessels arise, present and an exeess of female patients when compared with the knawn
the surgeon with a umque challenge ta pre death from - prepanderance of male_patients when censidering infrarenal ab-
rupture while avoiding the potential cormp jons of ex- duminal aortie aneurysms.

tensive sortic rep t, Successful it of ‘Mot aneurysms were degenerative Eat!‘.n.m‘cleﬂlic! in rature,
{hese extensive anewrysms on @ routine ‘casis is HOW & :"’m‘\:ﬂ%f:: F-\;:u:gl%.:h;;‘mu:\n:mcmuwnm
reality, owing largely to the experience and techniques - 4 iehi. Aneviye were

reported by Crawfora. Yet, correction.of & thoracoabdom- mﬁ: "J ;:" ‘;2:1 ':,"ﬂ::’ according 1o the scheme of
inal aneurysm remains & ormidable undertaking, 81d  sbdominal s type 11, leh. subelavian o gort
expertente outside Houston has been relatively limited. A type 111, dista Y

Bbeen rel I I descending thoracic gorta and vary
recent vencrt fram the Mayo Clinic while datailing exoel-  of the abdominal orta: and type 1V, toral abdoninal aorta. The
lent results, emphasized the frequent major morbidity that  distribution of patients by aneurys: ype is ulA.mmInl.ad inFig2.

may mc:‘-!npar!y‘-hurdwdbdﬂmi‘l\al aortie replacement. This classification is vseful in discussi hnical
Crawford’s technigques for the treatmert of thoracoab- pl_wptminn‘ in‘-d.diliqn to stratifying the risk for spinal cord
domainal ateurysins were reported in 1974 and they were WU Surgery in the 25 group 1 patients wib inconsiste
first apolied # the Massachusetts Genersl Hospiial in respect to e of the inclusion technique (20, yes;
1978, sidering both the numwers of patients treated
and the averall results of surgical therapy, eur recent

g

operated on withou!, systemic heparin/shunms/byp:

experience with thoraconbdominal zneurysm repaic has  the G rawford inchusian technigae. Current diagnestic rv
improved substantially, and forms the basis of thiz report. inciude the complementary (not corpetitive! use of computed
R, tomographic seanning ard complete aortegeaphy. M
PATIENTS AND METHODS e imAging scanning has ‘neen useful in recent experiance ifa
Tae hospital and surgears offce secords of i) putionts who  uettionel gartic disseetion is raised.’ - )
underwent. thoracoabdominal aottis repiasement for anelcysm Anesthetic management i8 srandardized and involves & high-

Auring the pesiod from January 1978 (when he Crawford iiclusion, * $3t€ 135 Teiigue w the primary anesthetis. A doule;
{achnigue was first utilized) to June 1968 wir O tewed, However, ~\nmen andot eheal tube ie mandatory far all type 1 and tTPe n
ion technique wan mat rodis wly appiied until 1985 ancurysm tepairs. Monitoring inclodes a Tight radial artery
pers | reconstruction fot stel i catheter and palmonary arcery thermodilution catheter. Hyper-

dis or & cergion, ass;tiated with proximal clemping, i8 maniged with
“adium vitroprusside and nitrogtcerin. Sodium ‘iearbonate in-
fusion is started, and eurther necds are met at enelamping. Blood
pressure support during snelampivg is augmented with phenyl-
Hogisal, Btonand  ephrive or dopamine, Other eucrently employed adjunts include
opese, Draeson comtinpoua cold (4°C) pertiaion of renal arteries during clamping,
i J liberat uf:d of ’nu\n:t;»\. m of ;l‘uum-lmpru:\-ud vw.-ruur
or M. e Gy Asoaal Mesting ot 1o New € . s, snd fntrathecal cetheter drainage of rerebrospinal fruid
Bask bulors U e Sepis Ay nglind Surgienl (logt Y5 patierte) ) saver spinal cord protection it may sonfer.
Mrcasthaserts Conenal Hoapits. 15 Pariman 5, Reimplantstion of Titercostsl arteries has been irregularly a3

i plied. The vechrieal aspects of aortic reconstruetion are largely

20 Arch Surg—Vo: 186 MRKERHm ww arhourg com at Houston ACKITY of Medicine, on October 16, 20ppurysm Repair~Cambria et 8l
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Spinal Cord Protection

1. Distal aortic pressure
2. Moderate hypothermia
3. CSF pressure
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Results

1999 - 2014

1183 patients @ 1251 thoracic or

thoracoabdominal aortic repair

Median age: 60

2/3@ 1/3@



Operative Factors

Variable

Intercostal Artery Reattachment 39%
Pump time 44 min
Aortic Cross-Clamp Time 46 mMin

Adjunct use 7 4%



Results

Spinal Cord Ischemia N P

Overall 79/1896  4.1%



Neurologic Deficit

Multiple Logistic Regression Analysis

Variable OR o
TAAA Extent Il 0.41 0.0001
Renal Dysfunction 2.28 0.03
(+) Adjunct 0.26 0.0004
Aortic Clamp Time 1.01 0.1



Aortic Clamp Time




Risk of Spmal Cord Ischemia

Rib % %éfh Rib
:;-:'J f

"I /

/\ /\ /\ /\ /\ /\

éth

4'-/. »

Normal I I 1l 'V V

Clamp-&-Sew Era  15% 31% 7% 4%
Current Era <2% 4% <2% <2% <2%



Spinal Cord Ischemia
X-Clamp and Go Era




Spinal Cord Ischemia
Adjunct Era
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