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Surgical Treatment of Coar ctation of the Aorta Using
Trapezoidal Aortoplasty
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Objective- Trapezoidal aortoplastyisatechnical va-
riant of end-to-end anastomosi s, which, based on elements
of geometry, aimsat increasing thediameter of theaortaat
the level of the suture, therefore reducing the occurrence
of residual or recurrent pressuregradientsintheshortand
long run.

Methods- After resecting the coarcted area and duc-
tal tissue, 3 trapezoidsare confected in each aortic stump,
which, when confronted, create a suture line with a sinu-
soidal aspect (zigzag). Thirty-three patients underwent
surgery with thistechnique, 22 (66.7%) males, with ages
ranging from 3 monthsto 36 years(mean of 9.84 + 9.69).

Results - No immediate or late deaths occurred.
Follow-uprangedfrom1.1to 7.6 years(mean of 3.6 + 3.4).
Most patients became asymptomatic with normal blood
pressurelevels, enabling the discontinuation of antihyper-
tensive therapy (P<0.0001). A significant reductioninthe
pressure gradients was observed on Doppler echocardio-
graphy and during cardiac catheterization (P<0.001). The
analysis of theimages of aortography showed good anato-
mical continuity in theregion of the anastomosis, and the
mor phometric study of the aorta reveal ed the beneficial ef-
fects of the techniqueindicated by theincreasein the cali-
ber of the aortain the distal segment of the arch, isthmus,
and descending portion.

Conclusion - Trapezoidal aortoplasty showed satis-
factory clinical resultsthat allow itsapplicationin all
casesindicated for end-to-end anastomosis.
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Advancesin the diagnosis and surgical treatment of
coarctation of the aorta changed the natural history of the
disease, causing asignificantimprovementin patients' life
expectancy and quality of life. Several surgical techniques
have been proposed and used; however, recurrences and
other complications have been reported.

Currently, dilation of thecoarctation of theaortaby an-
gioplasty is performed and provides good results. It isthe
first therapeutic modality to be considered for children, ex-
cept for neonatesand infants, and for postsurgical recoarc-
tations. Surgery has become more and more restricted to
the correction of complex coarctations, completely alevia-
ting the obstructionwithlow morbidity and mortality, allo-
wing aortic growth proportional tothepatient’ sgrowth. Ne-
verthel ess, the exact moment of surgical indicationisstill
controversial to an asymptomatic, normotensive, apparen-
tly healthy child. On the other hand, it is aconsensus that
symptomatic patients should undergo surgery promptly.

Although all techniquesal ready described have appli-
cations, the 3following methodshaveemerged asexcel lent
for routinerepair of coarctation of theaorta: 1) aortoplasty
withasubclavianflap* preserving or not blood flow to the
ipsilateral (Ieft) upper limb; 2) end-to-end anastomosiswith
resection of the coarctation of theaorta?®; and 3) extended
aortopl asty withwidening of the stenotic areawith synthe-
tictissue®. All methodshave applicationsand limitations.

Aortoplasty withasubclavianflap or subclavian'sflap
angioplasty includestheuse of autologousnatural tissueto
widen the stenotic area, avoidstension in the sutureline,
doesnot requirelargeregional dissection, andleavesnocir-
cumferential scar. However, thistechnique not only inter-
rupts blood flow to the left upper limb with a potential
growth delay 5, but also maintainsthetissue of ductusarte-
riosus enabling the appearance of an aneurysminthelong
run. On the other hand, subclavian’sflap angioplasty with
blood flow preservationtotheipsilateral upper limb®hasthe
characteristics of aortoplasty with a subclavian flap, but
does not require asection of the subclavian artery to serve
asaflap. Theoriginof thesubclavianartery intheaortaisre-
located, widening the stenotic area.
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I'n addition to removing the coarcted area and the
ductal tissue’, which arepotentially pathol ogic, end-to-end
anastomosi shasthe advantage of encompassing the proxi-
mal tubular hypoplasias. Itsweak pointsincludetensionin
thesutureline, occasional technical difficultieswith more
extensive dissections, and the presence of potentially re-
tractilecircumferential scars.

The advantages of extended aortoplasty with wide-
ning with synthetictissuearesimilar to those of aortoplasty
withasubclavianflap, except for thesmaller need for regio-
nal surgical dissection and preservation of the blood flow
totheleft upper limb. Thedisadvantages of that technique
are asfollows: maintenance of the coarcted areaand the
ductal tissue; theneed for synthetic material for widening of
the stenotic region; and theincidence of aneurysm closeto
theaorticwall oppositetheflap®.

The prosand consof thesetechniques should be mea-
sured intermsof resultsindicated by mortality; residual or
recurrent pressure gradients, complicationsrelated to the
method itself, such asaneurysms, damageto nervetrunks,
chylothorax, dysfunction of theleft upper limb, paraplegia,
and bleeding.

Until thepresent time, di stinctionsbetween theseme-
thods have not been possible, despite the great experience
acquired over theyears. Themajor criterion of distinctionis
theincidenceof residual or recurrent coarctation, whichhas
been themotiveof many modificationsand new proposals,
in an attempt to suppress or minimizethese events. One of
thesetechnical proposalsistrapezoidal aortoplasty ¢, which
aims at optimizing the end-to-end anastomosis and at
avoiding the appearance of residual or recurrent gradients
that result from surgical technical problemsor fromtheinca-
pacity of the aortato grow at the level of the anastomosis
proportionally to the patient’s devel opment.

Thisstudy aimed at retrospectively assessing theim-
mediateand lateclinical results, theoccurrenceof residual
pressure gradients and recoarctations, and the growth of
theanatomical portionsof theaortadetermined by trapezoi-
dal aortoplasty, anew techniquefor the surgical treatment
of coarctation of the aorta.

M ethods

The study comprised 33 patients with coarctation of
theaorta, 22 (66.7%) males, withagesranging from3months
to36years(meanof 9.8+ 9.7). Thepatientswerereferredto
or wereseeking medical careintheMedical Section of Con-
genital Cardiology of the Instituto Dante Pazzanese de
Cardiologia, in S&o Paulo. They were operated onfrom 04/
15/1993t002/18/2000 by the same surgeon.

Seventeen (51.5%) patientshad theisol ated anatomi-
cal formof thedisease, and 16 (48.5%) had oneor moreasso-
ciated congenital cardiac defects, fibroelastosis(3 - 18.7%)
and persistent ductusarteriosus (3 - 18.7%) being themost
frequent ones.

The preoperative clinical dataof the 33 patientsrefer
tothepresenceof symptomsresulting from thedisease; 27
(81.8%) patients were symptomatic, and the remaining 6
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(18.2%) wereoligosymptomatic. Twenty (60.6%) patients
had hypertension, 5 (15.2%) had mild hypertension, and 8
(24.2%) werenormotensive. Twenty-three (69.7%) patients
were using hypotensive medication, only 1 (3%) patient
used no medication, and noinformation about use of medi-
cation existed in 9 (27.3%) cases. The electrocardiogram
showed sinusrhythminall (33 - 100%) patients, 15 (45.6%)
of whom had left ventricul ar hypertrophy, 4 (12%) had nor-
mal tracings, and morethan half (18 - 54.5%) had other el ec-
trocardiographic changes. Thepreoperative Doppl er echo-
cardiogram performedin all patientsassessed the pressure
gradient at the level of the coarctation of the aortain 22
(66.7%) patients. Thirty-one (93.9%) patients underwent
cardiac catheterization with obtainment of angiographic
imagesinall of them and assessment of therespectivegra-
dientsin only 16 (48.4%) patients. Aortography, intheleft
anterior obliqueview, enabled themorphometric andysisof
theproximal and distal portionsof theaorticarch, isthmus,
and descending aortain 31 patients, according to the me-
thodology of Moulaert et al °,

Theinclusioncriteriafor trapezoidal aortoplasty were
based on the foll owing anatomi es of the coarctation of the
aorta: 1) inthediaphragm or usually preductal shelf, which
could obstruct theentire aortic lumen or leave an eccentric
orifice; 2) inring, hourglass, or waist, withalocalized intro-
flexion of theaorticwall withthickening of theintimaor me-
dia; 3) an anatomy of the defect different from those pre-
viously specified, but to which the application of the end-
to-end anastomosi stechniquemay be cogitated. Theexclu-
sioncriteriawereasfollows: 1) segmentary, tubular, or hypo-
plastic coarctation of theaorta, ie, extensive narrowing af -
fectingtheentireaorticwall, withareductioninthelumenin
asegment, usually theaorticisthmus(isthmic hypoplasia);
and 2) defectsin atypical locationsin thetransverse arch,
andinthethoracic or abdominal portion of theaorta.

The technique proposed was based on geometric
considerationsconceivedinasimplemodel, inwhichatube
of circular sectionwithad diameter wastransversally cut at
itsaxisto create 2 cylinderswith orificesinitsextremities.
After longitudinally opening these cylindersand exposing
their lateral surfaces, 2 rectangleswithap baseequal tothe
perimeter of thetubewere obtained, asshowninfigurel.
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Fig. 1- Sectionof 2 cylinderswith orificesand exposureof their lateral surfaces, with
obtainment of the corresponding rectangles.
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Theextremitiesof thefirst cylinder and of therectangle
werecut; 3 piecesintheformof atrianglewereremoved and
intercalated every 120°. Thetriangleswereequilateral with
sidesof length L, forming 3trapezoidswithasmaller baseof
length| andlarger base of lengthrt.d/3 (fig. 2).

Observing the cylinder opened in arectangle, the
angles0°,120°, 240°, and 360° represent thepositionsof the
verticesof theequilateral triangleswith L sides. Thisproce-
durewasrepesated, asecond cylinder wascut fromthesame
tube, and 3triangleswere cut in the extremity and fromthe
rectangle, thistime, however, fromitsupper face, intercala-
tedinthesamemanner and alsoforming 3trapezoids. This
second cylinder wasaspecular imageof thefirst. The2 cy-
linders were juxtaposed resembling the coupling of the
teeth of 2 gearwheels, ie, the teeth of 1 penetrating the
spaces between theteeth of theother (fig. 3). Inthisfigure,
thevertices of thetriangles of thefirst cylinder areindica-
ted by thenumbers 1, 2, and 3, and thevertices of thetrian-
glesof thesecond cylinder by thenumbers1’,2',and 3'.

If thematerial iselagtic, the perimeter of eachrectangle
may be extended by traction, sothat thetrapezoidsof 1 cy-
linder may perfectly fitwithinthetrianglesof theother cylin-
der (fig. 4).

During this procedure, each vertex of thetrianglesis
extended until alength equal to the smaller base of the
trapezoid (L) and, consequently, the perimeters (p) of the
rectanglesare extended to P, causing asignificantincrease
inits perimeter (P> p). As 3 vertices of zero length are
replaced by 3 segmentsof L length, the new perimeter will
beP=nd+ 3L. Transferringthefittothecylindrical form, a
greater perimeter (P) results, anditsdiameter (d) will alsobe
greater, passing to D, which may be calculated by the fol-

lowingformula: P=tD=mnd+ 3L, and, therefore, D=d+3L.
T
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Fig. 2 - Two cylinderswith the corresponding rectangles, from where 3 triangular
pieceswerecut, forming 3 trapezoidsin specular images.
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Fig. 4- Elastic coupling of the 2 rectangles.

Thefinal diameter will be proportional totheL sideof
thetriangles, whichisameasuredirectly associated withthe
depth of theindentations. It isworth noting that theindenta-
tions should not be very shallow, because, if so, they would
hinder areasonable coupling. On the other hand, being
deeper would not be advantageous, because a good cou-
pling would also bedifficult, duetothedifferencesbetween
thesides of thetriangles and the bases of the trapezoids.

Figure 4 showstriangleswith L sides and trapezoids
withan| smaller baseand a2l larger base. Adopting these
measures, thevalueof L asafunction of thediameter of the
original tubecould be calculated. Thedepth of theindenta-
tionsisthe height of thetriangles; therefore, the height of
thetriangleshould beapproximately half of thediameter of
the tube.

md = 2L, ie L= nd
3 6
h=+3L andreplacingL: h:n_\]é.d or h=0.45d
2 12

Transporting these principlesfor applicationin biolo-
gical tissues, whose capacity of spatial adaptation to the
most diverseformsisfull, one may concludethat thefinal
result of the coupling to the cylinders has asinusoidal as-
pect, suchasinfigures5and 6, whereasignificantincrease
inthe perimeter and diameter (P>pand D > d) isobserved.

In the operating room, theinitial approach to the pa-
tient consi sted of monitoring thecardiac rhythm and cathe-
terizingtheright radial artery, providing continuouscontrol
of mean blood pressure. After anesthetic induction, the
subclavian vein was catheterized and vesical probing was
performed. The patient wasputintheright lateral decubitus
position, and the surgical accesswas performed through
|eft posterol ateral thoracotomy inthe4thintercostal space
withstrict control of hemostasis. Then, theregion of thedis-
tal transversearch, theisthmus, and the descending portion
of theaortauntil the coarcted areaweredissectedintheme-
diastinal pleuraand thefollowing structureswereisol ated:

Fig. 3- Approximation of the 2 cylindersandrectanglestofit similarly to theteeth of
agearwheel.
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Figs. 5and 6 - Final result of the coupling of the cylindersand rectanglesin biological
tissue, with anincreasein the diameter and perimeterswith an aspect of sinusoidal fit.
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the ligamentum arteriosum (or patent ductus arteriosus),
the coarcted region, the left subclavian artery, the distal
portion of the aortic arch, including the | eft carotid artery,
andalargepart of thethoracicaorta(fig. 7).

After systemicheparinization (1 mg/kg of weight), the
proxima and distal stumpswere pinched withtweezers, the
ligamentum arteriosumwas sectioned (or theductusarterio-
suswas sutured), and the coarcted region, including the
ductal tissue, wasresected, whichresultedintheformation
of freestumps(fig. 8). Then, 3trapezoidswerecut by resec-
ting 3identical and equidistant wedgesin specular imagein
each stump (fig. 9). Anastomosiswasthen initiated with
continuousor separated stitches, approximating thevertex
of 1trapezoidtotheintertrapezoidal depression of theother

Fig. 7- lllustrativedrawing of theregion of the coarctationisol ated with patent duc-
tus arteriosus.

P

Fig. 8- Illustrativedrawing of theaortic stumpspinched with tweezersand resection
of the coarcted region, including the ductal tissue.

$ae

Fig. 9- lllustrativedrawing of the creation of thetrapezoids(3) in each stump.
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Fig. 10 - Illustrative drawing of the beginning of the suture with approximation of
thetrapezoidsin each aortic stump.

Fig. 11 - Illustrativedrawing of theready anastomosiswith thesinusoidal lineof su-
ture(zigzag).

stump, likeagearwhed (fig. 10). Figure11illustratesthefi-
nal anastomosis, asinusoidal line of suture (zigzag) being
observed.

Despitethesmaller caliber of theaortain children, this
technique coul d be performed according to the methodol o-
gy described. In addition to the usual anesthesiaconcerns,
mean blood pressurewasawaysmaintai ned around 60/70
mmHg, and, many times, the use of peripheral vasodilators
(sodium nitroprussi de) washecessary. Oncethe suturewas
concluded, and according to theactivated coagul ationtime,
protaminewasadministered to neutralizetheheparin. The
following steps were then performed: reassessment of he-
mostasis, synthesis of the parietal pleura, drainage of the
cavity, and closure of thethorax by planes. The patient was
then sent to the postoperativerecovery unit, under theregi-
men of constant surveillancefor aperiod of 48 hours. Once
theclinical parameterswerestabilized, thepleura drainwas
removed and the patient transferred to the ward, from
where, if good postoperative conditions were maintai ned,
the patient wasdischarged on approximately the 7th posto-
perativeday (PO).

Clinical assessments and the residual gradients and
stenoseswere precociously analyzed during thein-hospital
phase, and later, the patientswerefollowed up, thelast am-
bulatory visitinformation being considered.

The hospitalization phase was assessed based on the
followingclinical and surgical parameters: eventsoccurring
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inthe operating room, intheintensive care unit, andinthe
ward until hospital discharge, and mortality. Thelatephase
of evolution was assessed based on thefollowing clinical
and|aboratory parameters: presenceof symptoms; presen-
ce of blood pressurelevelsabovethenormal levelsfor the
patients’ age; presence of residual pressure gradients
(mmHg) on the Doppler echocardiogram obtained on the
last ambulatory visit; presence of residual pressure gra-
dientsdetermined throughintra-aortic blood pressuremea-
surement (mmHg) in the region of the anastomosison the
occasion of thehemodynamic re-study; presenceof residu-
al stenoses (%) based on theimages of the site of the anas-
tomosis and its relation to the segments of the thoracic
aortaobtai ned through magnetic resonanceimaging during
early or lateevolution.

M orphometric analysiswas performed by comparing
the images of the ascending aortawith those of the seg-
mentsof thetransverse and descending aortaontheleft an-
terior obliqueview obtained on angiography and magnetic
resonance. Percentage values were attributed to the diffe-
rent segmentsof theaortaasfollows: 100%tothecaliber of
the normal ascending portion of the aorta; a minimum of
60% to theproximal segment of theaortic arch; 50%tothe
distal segment; 40%to theisthmus; and 70%to the descen-
ding aorta®®. Lower percentage valuesin each anatomical
portion were considered hypoplasias.

Because thiswas aretrospective analysis aiming at
demonstrating only the results obtai ned with the method,
comparisonswith acontrol group werenot performed.

The statistical analysiswas performed in regard to
blood pressurelevel sand need for medication by usingthe
McNemar test 1. Inthedescriptiveanalysis, the datarefer-
ringto blood pressuregradientsand themorphol ogical and
anatomical parametersweresummarized asmeans, medians,
standard deviation (SD), and minimumand maximumva ues
(annex). To assessthe distribution of the variablesand to
identify the presence of discrepant values, diagramsof the
box-pl ot typewerebuilt 2. Inthecomparative analysisbet-
ween the results before and after surgery, the valueswere
expressed as means + SD. The paired Student t test was
used for statistical comparison **, and the hypothesis that
thedatafollow anormal distribution wasassessed withthe
Shapiro Wilk test . In the caseswherenormality could not
be assumed, the comparison was also performed by the
nonparametric Wilcoxon signed rank test %, In all studies,
only the patients assessed in both situations, before and
after surgery, were considered. Theresultswhose descrip-
tivelevels(Pvalues) werelower than 0.05wereconsidered
statistically significant. SPSSfor Windows, version 8.0, was
usedfor calculation.

Results
Surgery was uneventful in al 33 patients. No distor-
tion or bleeding was observed in thedissectionsand suture

lines of theanastomoses. In 1 patient who had poor collate-
ral circulation, after the coarcted areawas pinched with
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tweezers, the mean blood pressure measured inthe descen-
dingthoracicaortawasapproximately 20 mmHg, whileinthe
transverseaortait was 70 mmHg. Inthesecircumstances, a
surgical bypasswasinstalled between the aortic arch and
the thoracic aortato ensure blood flow and distal blood
pressure and to avoid possible subsequent medullary le-
sions. Theimmediateevolution of thispatient wasordinary
with no signsof neurological impairment.

Considering the trend towards hypertensionin the
first moments after surgery, hypotensive medications (I1V
sodium nitroprusside) were used in more than 90% of the
patients.

Two patients had complicationsin this phase. The
first devel oped abdominal distension that regressed after
the 2nd PO day, and the 2nd complained of paresthesiain
thelower limbsthat disappeared on the 5th PO day. Except
for these 2 patientswho were discharged from the hospital
onthe 17th and 33rd PO days, the other patientswere dis-
charged between the 7th and the 11th PO days, all in good
clinical condition. Noin-hospital deathsoccurred.

The patients were followed up in the outpatient care
clinicsof theMedical Section of Congenital Heart Diseases
of theInstituto Dante Pazzanese, which allowed obtai nment
of middle- andlong-term evol utionary information. Follow-
up ranged from 1 year and 1 monthto 7 yearsand 5 months
(meanof 3.6years,; SD of 2.2 years).

Doppler echocardiography was performed in 30 pa-
tients, magneticresonanceimagingin 27, and hemodynamic
re-study by catheterizationin 15, with obtainment of data
and assessment of the presence of residual gradientsand
stenoses, in addition to themorphol ogical and anatomic as-
pect of theaortic arch and segments, including theregion of
the anastomosis and descending aorta.

Asalmost half of the patients (15/45.4%) were 2 years
old or younger, characterization of the complaint of symp-
tomsby thepatientswasdifficult, only thereport provided by
parentsbeing considered. Therefore, comparison of theclini-
cal databefore and after surgery provided thefollowing re-
sultsregarding the presence of symptoms: inthe preoperati-
vephase, 27 (81.8%) patientsweresymptomatic; 6 (18.2%)
wereoligosymptomatic, and nonewasasymptomatic. After
surgicd repair, all (33- 100%) patientsbecameasymptométic.

Regarding blood pressure levels, in the preoperative
phase, 8 (24.2%) patientshad normal blood pressure (dias-
tolic=80mmHg), 5(15.2%) had mild hypertension (diastolic
between 80 and 100 mmHg), and most (20/60.6%) patients
had diastolic blood pressure> 100 mmHg. After surgical re-
pair, 4 (12.1%) patients remained with mild hypertension
(diastolicof 90 mmHg), and only 1 (3%) had diastolic hyper-
tensionaround 100 mmHg. Of the 25 hypertensive patients
prior to surgery, 20 managedtorevert tonormal (P<0.001).

Regarding the need for medication, thegreat majority
(23-69.7%) of patientsused medication prior to surgery, ex-
cept for 1 (3%) patient, who used none, and 9 (27.3%) pa-
tientsabout whom no referenceto therapy wasmade. After
surgery, most patients managed to discontinue the use of
medication (20- 60.6%) (P<0.001), 10(30.3%) patientsre-
mained on medication, and no referenceto the use of medi-
cationswasfoundfor 3 (9.1%) patients.
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Regarding pressure gradients on Doppler echocar-
diography and on cardiac catheterization, preoperative
Doppler echocardiography was performed in 30 (91%)
patients, and in 22 (67%) the pressure gradient was asses-
sed at thelevel of the defect, themeanvalueof 66.1 mmHg
with SD of 17.6 being obtained. After surgery, these data
were assessed in most patients (30 - 91%), itsmean value
being 20.1 mmHgwith SD of 8.2 mmHg. Thesevalueswere
not assessed in 11 patientsin the preoperativephaseandin
3 (9%) patientsin the postoperative phase.

For comparing the mean gradients before and after
surgery, 21 patientswith measurementsin both phaseswere
considered. Noviolation of thenormal distributionwasob-
served in either phase. The paired t test indicated asignifi-
cant reduction (P<0.001) of 40.8 mmHg (fig. 12).

Inthe preoperativeperiod, cardiac catheterizationwas
performedin 31 (94%) patients, andinonly 16 (48.6%) were
thepressuregradientsassessed (mean of 66.1 mmHg; SD of
20.9). After surgery, catheterization was performed in 15
(45.5%) patients, the mean value of the pressure gradient
and SD being, respectively, 7.1 and 10.8 mmHg. Theseva-
lueswere not measured in 17 (51.5%) and 18 (54.5%) pa-
tients, respectively, before and after the procedure.

Eight patientswho had undergonetheexaminationin
the preoperative phase did not undergo it after surgery; on
the other hand, 7 patients with postoperative assessments
had no preoperative measurements. Therefore, for compa-
rativeanalysis, only 8 patientswereleft with measurements
inboth periods. Theanalysisindicated that the patientshad
asignificant reduction in the pressure gradient, changing
from715+18.8t01.1+2.1mmHg.

Because many patients had no pressure gradient after
surgery (value equal to 0), the distribution of valueswas
asymmetric, and, consequently the Shapiro Wilk test rejec-
ted the hypothesis of normality in this phase. For thisrea-
son, the values were compared using the nonparametric
Wilcoxontest, which alsoindicated asignificant reduction
inthepressuregradient (P=0.01) (fig. 13).
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Fig. 12 - Gradient measured on Doppler echocardiography before and after surgery
with valuesexpressed asmean + SD, median and graph of thebox-plot type.
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Asthe patients did not undergo magnetic resonance
imaging inthe preoperative phase, comparison betweenthe
resultsbeforeand after theintervention could not be perfor-
med. Therefore, 27 patientswere studied after surgery, 21
(63.6%) of whom showed no stenosesat thesiteof theanas-
tomosis, and 6 (18.2%) showed a percentage reductionin
thecaliber ranging from 9%to 46% (mean of 9.5+3.7).

Morphometric analysis was performed using angio-
graphic images of the contrasted aortain theleft anterior
obliqueview and magneti c resonanceimaging, considering
themethodol ogy recommended by Moulaertetal. °.

Aortography wasperformedin 31 patientsinthepreo-
perative phase. After surgery, only 15 patients underwent
aortography, 27 underwent magnetic resonance, and the
meanvaluesareshownintablel.

The values obtained in aortography before and after
surgery were compared in 14 patients. In the box-plot dia-
gram(fig. 14), somedatawereidentified asdiscrepant becau-
sethey had values below and above the others.

Analyzing theresultswith the paired t test, asignifi-
cantincreaseinthecaliber of theisthmusand of the descen-
ding aortawasobserved, amean of 20% and 16%, respecti-
vely (tab. 11).

Inthelong-term evolution, no patient died.

Inregard to the analysis of residual stenoses and
growth of the anastomosis, 2 cases of trapezoidal aorto-
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Fig. 13 - Gradient measured on catheterization in the preoperative and postoperative
phaseswith valuesexpressed asmean + SD, median, and graph of thebox-plot type.

Tablel - Percentage values of the segments of the aortic arch, isthmus,
and descending aorta obtained on angiography before and after
surgery and on postoper ative magnetic resonance imaging

Segment of the Aortography  Aortography POP Magnetic

Aorta% beforesurgery  after surgery resonance imaging
(N =30) (N =15) (N=27)
Proximal 67.1+15.1 68.9+ 8.1 71.9+11.1
Distal 52.2+14.3 62.8+ 9.8 57.5+13.3
Isthmus 40.8+16.7 61.3+15.6 59.4+14.5
Descending aorta 74+22.5 88.1+12.4 83.6+16.1
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Fig. 14 - Segmentsof the aortaobtained on aortography beforeand after surgery. Va
luesexpressed as percentages consi dering the descending aortaas 100%, mean+ SD,
median and graph of the box-pl ot type.

Table Il - Comparisons of the different segments of the aorta on
aortography before and after surgery
Segment of the ~ Before After Paired t test Meandifference
Aorta% (P) 95% Cl
Proximal 69.3+ 153 676+ 6.8 0.72 -1.7
[-11.8; 8.4]
Distal 538+ 13.2 612+ 7.8 0.12 7.4
[-2.1; 16.8]
Isthmus 40.7 + 17 60.6 + 15.9 0.001 19.9
[10.4; 29.3]
Descending 722+ 17 88.6+ 12.7 0.02 16.4
[3.6; 29.1]
Base: 14 patients.

plasty stood out, because they had postsurgical residual
pressure gradients on Doppler echocardiography and on
cardiac catheterization, and stenosison magnetic resonan-
ceimaging. Oneof these patients had been diagnosed with
coarctation of the aorta+ fibroel astosis, and was 3 months
old at thetimeof surgery. Threeyearsand 1 month after sur-
gery, the patient wasasymptomati c and without medication,
hisblood pressurewas130/70 mmHg, and hispressuregra
dient was 28 mmHg on Doppler echocardiography and
25 mmHg on cardiac catheterization. On angiography, a
certain degreeof residual isthmichypoplasiawasobserved.
The second case was afemal e patient, who had been diag-
nosed with coarctation of the aorta+ dextrocardiaand ope-
rated upon at the age of 15 years. Right after hospital dis-
charge, she had pressure gradients of 23 mmHg and of
35mmHg, respectively, on Doppler echocardiography and
on cardiac catheterization, and a46% stenosison magnetic
resonance imaging. The preoperative aortography also
showed isthmic hypoplasia, which persisted after surgical
correction, although the caliber of the anastomotic region
was satisfactory. Neverthel ess, shewas asymptomatic and
normotensive on her last follow-up visit. I nstead of under-
going trapezoidal aortoplasty, these 2 caseswould bebetter
treated with asurgical technique that considered isthmic
hypoplasia
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The evolutionary dataon afemale patient diagnosed
with isolated coarctation of the aortaand aged 11 years at
thetimeof surgery areworth noting. On magnetic resonan-
ceimaging performed on the 11th PO day, a37% stenosis
wasobserved; however, inthe 7th month, onre-study with
catheterization and magneti c resonanceimaging, asignifi-
cantincreaseinthecaliber of theisthmusand of theanasto-
mosiswasobserved, with apressuregradient of 11 mmHg
and stenosisof 10%. Thesefindings suggest the occurren-
ceof growthduringthat period. Onthelast clinical revision,
the patient wasasymptomatic, using no medication, and no
pressure difference was observed between the upper and
lower limbs.

Discussion

For the patient with coarctation of the aorta, the effect
of surgery isdynamic ** and encompasses compl ete sup-
pression of thestenosis, and residual transient or definitive
or evenrecurrent coarctation may occur. Thesurgical tech-
nigue to be used depends on each case and influences the
clinical evolution of thepatient. Thesurgery may havecom-
plications, both immediately after surgery and in thelong
run, and, despitethe good resultsof the extended aortopl as-
ty, the appearance of dilationsin thewall oppositethe ex-
tension has been shown, probably due to the exaggerated
resection of the diaphragm, and only 1 case of dilationin
thegraftingitself wasdescribed 6%,

Oneof theconsequencesof thelack of bloodirrigation
caused by ligature and section of theleft subclavian artery
inaortoplasty with asubclavianflapistheischemiclesion
of theleft upper limb, which resultsfrom the surgical me-
thod used. In noninvasive analysiswith Doppler echocar-
diography and temperature assessment in the upper limbs
of patientsundergoing ligature and transection of the left
subclavian artery ®, an immediate drop in blood pressure
witharapidreturnto approximately 70% of that intheoppo-
sitearm was observed, aswas|ow temperaturein thefirst
week with subsequent normalization, suggesting recruit-
mentinthecollateral circulation. Theimpaired arm showed
good toleranceto exercise and amild reduction in muscle
mass, suggesting that ligature of the subclavian artery may
be performed without greater consequences.

Persistenceof arterial hypertensionafter correctionhas
been attributed to the late indication for surgery in coarcta-
tion of theaorta'®*®, That iswhy the patient, oncediagnosed
with coarctation of theaorta, should bereferred for surgical
or percutaneoustreatment. Ebaid and Afiune® havedrawn
attention to situationsthat passunnoticedin clinical history
and on patient’ sphysical examination, resultinginthelack of
adiagnosisand of adequate management.

From the clinical point of view, patients undergoing
trapezoidal aortoplasty had a good response to surgical
treatment, because accordingto dataonthelast clinical re-
vision, the symptoms disappeared in most patients, with
blood pressure normalization and reductionintheneedfor
antihypertensivemedi cation. However, in somecases, inde-
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pendent of age, maintenance of therapy wasrequired, with
eventual discontinuation over time. Thesedatasuggest the
nonoccurrenceof residual or recurrent coarctation. Despite
the good results, the performance of subsidiary examina-
tionsfor anatomical and functional assessment of trapezoi-
dal aortoplasty was useful, and a statistically significant
dropinthegradientswasobserved on Doppler echocardio-
graphy, on cardiac catheterization, and on magnetic reso-
nanceimaging. Greater gradient valueswere observed on
echocardiography as compared with those on catheteriza-
tion, but agood statistical correlation between these me-
thods was not possible.

Theseresultsreinforcetheideathat Doppler echocar-
diography, givenitsfacilities, isagood method for long-
termfollow-up of patientsundergoing surgical correction of
coarctation of theaorta. However, adetail ed clinical exami-
nationisregquired, with assessment of arm/leg pressuregra-
dients, pressure and angiographi ¢ determination on cathe-
terization, accompanied or not by magnetic resonance, to
safely establishthediagnosisof recoarctation. Our patients
who had pressuregradients> 20 mmHg on echocardiogra-
phy, except for 2 cases, showed no pressure gradientson
catheterization nor areductioninthecaliber onmagneticre-
sonanceimaging.

Several studieshavedrawn attention to recoarctation,
tryingto correlateit to factors, such asthetechnique used,
patient’sageat thetime of surgery, and the presence of car-
diac defects associated.

Metzdorff et al %, considering thelow index of recur-
rence and absence of long-term potential adverse effects
with the end-to-end anastomosi stechnique, recommend it
forinfantsbelow theage of 8 weeks, and present aliterature
review for those bel ow the age of 2 months, in whom the
end-to-end anastomosi sand aortopl asty with asubclavian
flap techniqueswere used. The number of children treated
with aortoplasty withasubclavianflapwassmall, withama
ximum 2-year follow-up and 13%recurrence, theresultswith
end-to-end anastomosi sheing similar, with no statistical dif-
ference. Mortality for both techniquesis around 20%.
These authors have concluded that, when the end-to-end
anastomosis cannot be performed, the aortoplasty with a
subclavian flap may be useful in severely ill newborn in-
fantsand in special circumstances.

Korfer et a 2 believed that recoarctation wasduetoa
flaw in surgical reconstruction, because, frequently, asmall
portion of the stenosisis removed because the surgeons
usually fear that the proximal and distal stumpsmay not be
approximated. |ncompl eteresectionleadstothickeningand
areductionintheelasticity of themargins, which doesnot
allow the growth of the anastomosis. Other authors 224
agreeand refer tothe study by Elzengaand Gittenberger-de
Graoot 2, who histol ogically showed theductal tissueexten-
ding to half of the circumference of the aortaat thelevel of
the coarctation. These authorsbelievethat that tissueisa
pathol ogical component of theaorticwall, and, if not remo-
ved, it may causerecoarctation duetoretraction and fibro-
sis. Therefore, they concluded that, when the end-to-end
anastomosisisused, recurrenceisdueto lack of growthin
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the circular anastomosis, contrary to that which occurs
when using aortoplasty with asubclavianflap and extended
aortoplasty, inwhichthefibrosisand internal proliferation
of the coarcted tissue, if untouched, can cause restenosis.

Trapezoidal aortoplasty ®isasurgica method for cor-
recting coarctation of theaorta. It isatechnical modification
of theend-to-end anastomosisthat, in additiontoremoving
the coarcted areaeliminating the presence of theductal tis-
sue and theinner spur, it causes an increase in the inner
aorticdiameter at thesiteof anastomosis. Itisnot amethod
of indiscriminate application for either adultsor children,
anditsmethodology isidentical tothat of end-to-end anas-
tomosis. It cannot be used in the cases of tubular hypopla-
siawith or without involvement of theaorticarch. Itisworth
emphasizing that, when performing trapezoidal aortoplasty
inavessel whoseoriginal diameter isidentical tothediame-
ter of the stumps, according to the already described princi-
ples, thefina resultisanincreaseinthecaliber of theregion
of suture. On the other hand, when the diameters of the
stumpsaresmaller thantheoriginal diameter of thevessel,
anatomical recomposition of thecaliber of thevessel isob-
served after the anastomosisis concluded. From the mor-
phological point of view, it providesanincreaseintheaortic
lumen, aiming at avoiding theappearance of residual pres-
sure gradients due to restenosesin the long run. The sinu-
soidal and nonlinear disposition of thesuture may beapro-
tectivefactor fromfibrousretraction, becausearadial distri-
bution of thelines of force exists and actsin thistype of
unusual suture, in addition to allowing theincreasein the
diameter of the vessel asthe patient grows.

Factors, such as associated cardiac anomalies and
age below 2 weeks, significantly contribute to increased
mortality intheshort andlong run. Inaserieswith 333 chil-
dren, 54% under the age of 1 year, Tawes et al 2° showed
that surgical mortality wassmall (2.8%) for thepatientsol der
than 6 months, and that almost half of thosewith heart failu-
re could be saved with early surgery. Other authors? con-
cluded that the low surgical mortality rate was due to
aggressivetherapy with cardiac catheterization and emer-
gency surgery, and to thefact of having avoided hypother-
mia, inadditionto adequaterelief of theobstruction.

However, no consensusexistsregarding theideathat as-
sociated cardiac anomalies may influence surgical mortality,
whichislow when completerelief of the obstructionisobtai-
ned, associated with appropriate postoperativecares. Theuse
of aortoplasty with asubclavian flap hasbeen considered by
someauthorsasafactor that decreasessurgical risk 2%,

Despitetheexistenceof severa patientsaged < 2years
inthetrapezoidal aortoplasty series, noearly or latemortali-
tieswereobserved after surgical repair of theanomaly.

According to Moulaert et al 1° and based on the mor-
phometricanaysisof theaorta, theproximal segment of the
transversearchishypoplastic if itsdiameter islower than
60% of thediameter of theascending aorta, than 50% of the
diameter of thedistal segment, and than 40% of thediameter
of theisthmus.

Siewerset d *, morphometrically analyzing agroup of
patientswith hypoplasia of the arch and coarctation of the
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aorta, reported that the so-called “widened” correction *
should be used for those whose diameter of thetransverse
arch/ascending aortaratio (aortic arch ratio) waslower than
0.25 and thosewho had undergone correction of thedefects
by the techniques of aortoplasty with a subclavian flap or
end-to-end anastomosis of thetransverse arch.

On morphometric analysis, the effect of trapezoidal
aortoplasty inthegrowth of theaortic archandisthmuswas
clearly positive. Thecaliber of theproximal segment of the
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archwasnot altered; on the other hand, the distal segment
andtheisthmushad astatistically significantincrease. Itis
worth noting that poststenotic dilation in the descending
aortaisobservedinpractically all casesof coarctation of the
aorta, and themorphometric analysisof the seriesof trape-
zoidal aortoplasty showed anincreaseinthecaliber of this
segment after surgery. Thismay bedueto thetime el apsed
after surgery, during which, many children dueto their
growth increased these values.
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