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ATTACHMENT TO LAENNEC IN IDENTIFICATION OF THE REASON
FOR ARTERIAL HYPERTENSION

TANJA LUKANOVIC!, RAJKA LULIC-JURJEVIC!, TAMARA ZIGMAN?, IVAN RAZUM?

The subject of this paper "Coarctation of the aorta"” was chosen with the purpose of attempting to suggest the importance of
early detection of coarctation of the aorta in the medical care of infants, children and adolescents by pediatricians and physicians
and, at in the same time, to point out the clinical importance of skilled physical examination in the care of patients. A diagnosis of
the coarctation of the aorta can be made by using only the auscultation method. Findings indicating elevated blood pressure and
minutuous auscultation of the heart can be absolutely sufficient to confirm diagnosis of coarctation of the aorta. The importance of
early diagnosis of the disease lies in the aim to prevent all the severe consequences that coarctation of the aorta can involve. Coar-
ctation of the aorta is associated with premature cardiovascular disease in adult life. Early detection and treatment is important to
prevent shortening of the life-span of these individuals.
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Introduction

Coarctation of the aorta (CoA), a
juxtaductal type, is not a rare reason for
arterial hypertension in pediatric clinical
practice. Diagnosed and then repaired
early in life, aortic coarctation is a poten-
tially curable cause of hypertension (1).
Diagnosis of CoA can be readily made
by using the elementary skills of physi-
cal examination that include inspection,
auscultation, and palpation (2-4). With
their knowledge, talents, experience and
primordial use of their senses - of sight,
hearing and touch - doctors cannot fail in
diagnosis of CoA, and cannot endanger
their patients. Coarctation of the aorta is
a "simple" heart disease and, at the same
time, a very "complex" one, "simple"
due to the simple anatomic change, the
most frequent being a circular narrow-
ing of the aorta, and very "complex" due
to all the physiopathology that occurs
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with the narrowing of a segment of the
descending aorta (5). In the first place,
that includes arterial hypertension in the
proximal part of the body, above the ob-
struction.

The diagnosis of CoA can be made
using only one instrument, a stethosco-
pe, by linking the data obtained through
measurement of blood pressure, and by
the identification of systolic murmur in
the left interscapular region. Advanced
technology such as ultrasound and ma-
gnetic resonance will confirm diagnosis
of coarctation established by using ele-
mentary medical skills.

Reminiscence

René Théophile Hyacinthe Laénnec,
a French physician, invented the stet-
hoscope in 1816, while working at the
Hopital Necker-Enfants Malades in Pa-
ris. Paris was the capital of the medical
world in that period, from 1800 to 1850.
The Parisian medical community was
the bright light that attracted physicians
from all over the world and medicine
was influenced profoundly by what has
come to be known as the French School
(4, 6). French medicine still attracts phy-

sicians from all over the world. Laénnec
presented his invention in a talk at the
Academie de Médecin in the February
of 1818, later publishing the classic tre-
atise "De I'Auscultation Médiate". René
Laénnec named the instrument for medi-
ate auscultation the stethoscope, which is
derived from the Greek "stethos"-chest,
and "skopéo"-to examine, inspect. (6, 7).
We are now in the 21* century, while the
name of Laénnec's invention has remai-
ned unchanged, that is, we still use the
same term - stethoscope - even though
a period of almost 200 years has elapsed
since its first presentation to colleagues
in Paris.

Coarctation of the aorta

Lesions of the aortic arch or proxi-
mal portion of the descending aorta are
common and account for about 5-9% of
congenital disorders of the heart and gre-
at vessels (1, 8, 9). Etymologically, coar-
ctation means narrowed, constricted, or
compressed and is of Latin derivation.
Latin coarctatus "co" + "artare" to com-
press (from artus-tight) (7). CoA can be
defined as a discrete area of narrowing of
the aorta at the point of insertion of the
ligamentum arteriosum (1).
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In some earlier descriptions, the lesi-
ons were classified as the "infantile" type
of coarctation, which, it was thought,
usually produced severe symptoms in in-
fancy and the "adult" type, which usually
produced symptoms in older children or
adults. The infantile type of coarctation,
also known as tubular hypoplasia of the
aorta, or preductal coarctation, was cha-
racterized by diffuse narrowing of the
aorta proximal to the ductus arteriosus.
Because the ductus arteriosus is patent
during infancy, and blood may flow from
the right ventricle and pulmonary artery
to the descending aorta, the term coar-
ctation of the aorta with systemic right
ventricle was used to describe this ano-
maly. The adult type of coarctation was
defined as a localized narrowing of the
aorta in the region at the junction of the
ductus arteriosus or ligamentum arterio-
sum with the aorta, and the term juxtadu-
ctal coarctation described this localized
narrowing of the aorta. There is usually
a circumferential narrowing that often
produces a greater degree of obstruction
of the lumen than suggested by the exter-
nal appearance (8).

The classification of coarctation into
infantile and adult types is no longer ac-
ceptable, because infants can have also a
localized aortic narrowing in the region
of the ductus arteriosus and may deve-
lop severe cardiac failure in the newborn
period (8). Morphogenesis and the etio-
logy of the CoA are not clearly known.
Existing diverse hypotheses about the
disturbance in the aortic arch are as fol-
lows (9):

e The hemodynamic theory proposed
by Rudolph includes the alteration in
fetal hemodynamics related with tu-
bular hypoplasia of the aorta.

e The mechanical theory proposed by
Skoda of abnormal extensions of the
ductus arteriosus into the aortic wall
as the factors responsible for closure
of the ductus aretriosus after birth,
with constriction of the ductus tissue
in the aorta resulting in coarctation.

e Other theories:

= genesis of coarctation could be
due to abnormal cell migration of
the neural crest;

= CoA as a disease inherited in an
autosomally dominant way pat-
tern.

Pathological anatomy

e Narrowing: The mere term "coar-
ctation of the aorta" indicates that
the aortic lumen is narrowed. Found
more often as localized and circular,
just distal to the left subclavian arte-
ry. Histological examination eviden-
ce is hyperplasia of the media cells,
and the sclerosis of the intima.

e Dilatation of the descending aorta
below the lesion.

o Consequence of the coarctation. CoA
should be regarded as a diffuse arte-
riopathy (8):

= Collateral circulation such as be-
tween the intercostal and epiga-
stric vessels, scapular and mam-
mary vessels, vertebral and spinal
vessels, for revascularisation of
the descending aorta.

= Aneurysmal formations such as
aneurysms of the circle of Willis,
so-called "berry aneurysms", are
thought to occur in about10% of
individuals with CoA, but their
true incidence is not reliably kno-
wn. They appear to occur in adult
life and to be associated with
longstanding hypertension. It is
proposed that there is an under-
lying degenerative change in the
media.

*= A modification of the coronary
vessels and the histologically pro-
liferative and degenerative chan-
ges in the vessel's intima-media
hypertension, and the hypertro-
phic left ventricle due to the arte-
rial.

e Associate cardiovascular lesion:

= Tubular hypoplasia and coarcta-
tion may both occur in the same
individual.

= Aortic atresia has associate jux-
taductal coarctation in about 75-
80% of infants.

= Ventricular septal defect, trabe-
cular or muscular, or perimem-
branous in location.

= Patent ductus arteriosus.

= The bicuspid aortic valve is fre-
quently associated, but the repor-
ted incidence varies widely, from
between about 30-80%. It is ge-
nerally thought that about 50% of
individuals with CoA have bicu-
spid aortic valves. However, of all
the individuals who have bicuspid
aortic valves, only about 5-8%
has aortic coarctation (8).

= Severe narrowing of the mitral
orifice due to a supravalvar steno-
tic ring, papillary muscle abnor-
malities, parachute mitral valve,
and subvalvar aortic stenosis may
be associated with CoA as the
Shone complex.

o Associate extracardiovascular lesion
or risk factors:

= Juxtaductal coarctation of the aor-
ta is commonly associated with
Turner syndrome, being present
in about 15% of these individuals

(8).
= Trisomy 13.
= Trisomy 18.
= Crouson syndrome.
= Fetal Hydantoin syndrome.

= Fetal Valproit Effect.

Physiopathology

The fundamental problem lies in the
mechanism of blood pressure elevation,
arterial hypertension. The cause of hy-
pertension above the coarctation and hy-
potension below the coarctation is, in the
first place, a mechanical issue. The other
factors that interfere to raise the blood
pressure are:

e activation of the renin-angiotensin-
aldosteron (RAS) system provoked
by renal hypoperfusion;

e dysregulation of the aortic arch baro-
receptors;
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e clevation of systemic peripheral va-
scular resistance (1, 8, 10).

Clinical semiology

The first detection of the disease is
from the newborn period till late child-
hood, often before the age of 15 years
(8). Circumstance of discovery of CoA:

e Most often by auscultation of systolic
murmur.

e Or, by finding arterial hypertension;
the condition of coarctation of the
aorta may first be recognized when it
is appreciated that a child or adole-
scent has hypertension.

e The eye being caught by a particular
morphology of the body, unusual ha-
bitus, athletic thorax on thin legs.

e By presented symptom links to ce-
phalic hypertension - epistaxis, ver-
tigo, headache.

e By presented symptom links to hy-
potension of an inferior limb - a cold
foot.

Physical examination

The contrast between signs of hyper-
tension above the obstruction and signs
of hypotension below the obstruction of
the aorta is clearly evident.

e [nspection:

= The upper part of the trunk and
arms are frequently well develo-
ped, whereas the pelvis and the
lower extremities are slender.

o Auscultation:

= Elevation of the systolic and dia-
stolic blood pressure in the arms.
Usually, the arm blood pressu-
res are moderately increased
from between 130 to 160/90 to
110 mmHg and the leg pressures
range from 75 to 100/65 to 85
mmHg, but higher arm pressures
may occur, particularly in adults
(8). If the left subclavian artery
is involved in the coarctation, the
left arm pulse may be weak and
the pressure low.
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= The heart is not usually enlarged
clinically but there may be a pro-
minent apical impulse.

= The first sound is normal; the
second sound may be increased
at the upper right sternal border
when hypertension is marked.

= A systolic ejection click is frequ-
ently heard along the left margin
of the sternum, and it usually in-
dicates the presence of a bicuspid
aortic valve.

= A soft continuous murmur pre-
sent over the left side of the spine
along the scapular margin, which
could be due to flow through the
coarctation, but could be related
to flow through large collateral
arteries such as the intercostal or
scapular vessels.

= A harsh systolic ejection murmur
of grade 2 to 3/6 intensity may be
heard at the upper right sternal
border if aortic stenosis is pre-
sent.

Palpation:

= The pulses in the arms are strong
but the femoral and dorsalis pul-
ses are decreased.

= The quality of the pulses in the
lower limbs depends on the seve-
rity of the lesion and the collateral
circulation.

= In severe obstruction, femoral
pulses may not be palpable.

= If obstruction is less severe, or
with good collateral circulation,
the pulses may be weak but de-
layed as compared with the arm
pulses.

= The large collateral arteries may
be palpated over the lateral and
inferior scapular margins and
above the clavicle.

Complementary examinations

Electrocardiography: in children is
variable, usually it shows a normal
pattern or an increase in left ventri-
cular forces.

e Chest Radiography: the heart size is
normal or moderately increased and
there is prominence of the left ven-
tricle. An indentation may be seen
along the left margin of the aortic
shadow just beyond the arch; this has
been termed as 3 sign.

e Ultrasound Examination: in the
hands of skilled echocardiographers,
the diagnosis can be made with as-
surance, so that is usually possible to
refer the patient for surgery without
additional studies (8).

The important information that sho-
uld be obtained by ultrasound includes:

= definition of the presence of and
site of obstruction;

= site of origin and morphology of
the large arteries arising from the
aorta;

= estimation of the severity of ob-
struction;

= patency of the ductus arteriosus;

= definition of associated intracar-
diac or great vessel malformati-
on;

= Doppler flow studies are often
helpful in defining the site of co-
arctation;

= continuous wave Doppler flow
may demonstrate two flow veloci-
ties within a single envelope.

e Magnetic resonance imaging (MRI)
is a very elegant technique for expo-
sing the CoA. By providing the mor-
phologic image, this technique can
describe perfectly the aortic arch (9).

Principles of Management

The conventional treatment of coar-
ctation in children and adults is surgical.
Surgical repair of CoA has a very low
risk of mortality. Operative complica-
tions include hemorrhage from injury,
chylothorax from injury to the thoracic
duct, and spinal cord ischemia resulting
in paraperisis or paraplegia. Of these, the
most feared is paraplegia (1, 8, 9). The
use of balloon angioplasty is not recom-
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mended as a primary procedure for relief
of coarctation because of the high inci-
dence of complications, it is now con-
sidered to be appropriate treatment for
recoarctation (1, 8-10).

If the cardiac failure can be con-
trolled by medical therapy, it has been
recommended that surgery be delayed to
the age of 3 to 5 years. The aortic diame-
ter reaches about 50-60% of adult diame-
ter by 3 to 4 years of age. Based on studi-
es, a significant gradient did not develop
until the aortic diameter was reduced by
50% and it was hypothesized that, even
if the aorta did not grow after surgery,
its diameter would be adequate even in
adult life (8). So, the timing of the repair
is most important. When aortic repair is
performed in patients younger than 5 ye-
ars, blood pressure normalizes in up to
80-90% of cases. When CoA is repaired
later in life, in teenagers or adults, two-
thirds of patients may have persistent
chronic hypertension despite successful
surgical repair with no residual pressu-
re gradient. Hypertension tends to be
"fixed" on account of structural vessel
abnormalities (1).

Surgery should not be delayed if
there is marked hypertension or if the-
re is evidence of marked left ventricular
hypertrophy on the electrocardiogram,
particularly if associated with ST and T
wave changes (8). Repair of coarctation
does, however, reduce the risk of cere-
bral hemorrhage or cerebral vascular
complications, as well as the risk of aor-
tic rupture. Although the effects of relief
of coarctation on the risk for infective
endocarditis are not known, it is recom-
mended that antibiotic prophylaxis for
infective endocarditis be continued after
surgery. This is particularly important
because many of these individuals have
bicuspid aortic valves (8).

Postoperative evolution in the
distance of time

Despite operative repair, subjects
who have had coarctation of the aorta
still remain at high risk of cardiovascu-
lar morbidity and mortality. Systemic
hypertension at rest and during effort is
a well-known complication of patients
after successful coarctation of the aorta

repair. The pathophysiological course of
hypertension in this condition is not fully
understood, and several functional and
anatomic factors have been proposed as
possible explanations (5, 11-13). Anato-
mic factors, such as narrowing at the site
of intervention, aortic arch hypoplasia,
and type of surgery, as well as functional
abnormalities, such as baroreceptor dy-
sfunction, altered responsiveness of the
renin-angiotensin system, abnormal re-
sponse to sympathomimetic agents, and
increased arterial resistance of the upper
limb associated with structural alterati-
ons of the arterial wall, have been propo-
sed as the causes of this finding.

Early vascular remodeling in upper
limb conduit arteries has been detected
in children and young adults, even after
successful and early surgery. The deter-
minants of vascular remodeling in post-
coarctectomy subjects are unclear. Three
parameters for functional arterial wall
alterations were calculated: distensibilty,
stiffness and elasticity (12). There is now
a large body of literature that describes a
consistent vascular phenotype of the con-
duit arteries proximal to the CoA repair
site. This phenotype includes increased
intima-media thickness, increased stif-
fness, and reduced vasoreactivity of the
precoarctation arteries (5, 11-13). Recen-
tly, aortic arch geometry was reported in
association with hypertension at rest in
patients with successful CoA repair.

A study by French authors from 2004
is the first to report the role of postope-
rative aortic arch geometry in vascular
remodeling in subjects having undergo-
ne successful CoA repair (11, 12). These
novel findings have clinical relevance, as
aortic arch geometry appears to identify
subjects at high risk of abnormal blood
pressure response and adverse vascular
remodeling. Aortic arch morphology by
the shape on magnetic resonance images
is qualitatively classified as "Gothic",
"Crenel", or "Romanesque". Gothic arch
had a triangular form, Crenel arch had a
rectangular form, and Romanesque arch
had a semicircular rounded form. Gothic
arch geometry observed after successful
CoA repair is a strong predictor of large-
artery abnormality in the pre-CoA arte-
rial bed, including vascular thickening,
stiffening, and dysfunction (11).

Assessment of aortic arch geometry
using MRI and studying vascular functi-
on in these subjects may be important in
predicting the risk of late hypertension,
a major cause of cardiovascular morbi-
dity and mortality late after CoA repa-
ir. Aortic imaging might consider arch
geometry, as well as being a screening
tool for detection of discrete re-CoA or
late aneurysm formation (11, 12). Isola-
ted systolic hypertension, influenced by
the stiffness of large arteries, is the most
common subtype of hypertension after
CoA repair and is a major risk factor for
stroke, coronary artery disease, and total
cardiovascular mortality (5, 11, 12).

Conclusion

Coarctation of the aorta is a lesion
of the aortic arch or proximal portion of
the descending aorta and accounts for
about 5-9% of congenital disorders of
the heart and great vessels. Symptoms
are attributed to upper body arterial hy-
pertension. A systolic vascular murmur
can be heard over the region of stenosis.
The importance of early diagnosis of the
disease lies in the aim to prevent all the
severe consequences that coarctation of
the aorta can involve. The diagnosis of
the aortic coarctation can be made using
elementary medical skills. In present-day
times we are witnesses to the fact that
the time pressures of modern practice,
combined with advances in diagnostic
technology, seem to undermine the value
of these skills.

LITERATURE

—_

. Shepherd RFJ, Puga FJ. Early repair of coar-

ctation of the aorta improves hypertension
control. Mayo Clinic. Cardiovascular update
2005; 3: 1-3.

2.Pelech AN. The physiology of cardiac auscul-
tation. Pediatr Clin North Am 2004; 51: 1515-
35.

3. Reilly BM. Physical examination in the care of
medical inpatients: an observational study. The
Lancet 2003; 362: 1101-5.

4. Romains J. Hommes Médecins Machines. Pa-
ris: Flammarion; 1959.

5.De Caro E, Trocchio G, Smeraldi A, Calevo
MG, Pongiglione G. Aortic arch geometry and
exercise - induced hypertension in aortic coar-
ctation. Am J Cardiol 2007; 99: 1284-7.

33



T. Lukanovi¢ i sur. Attachment to Laénnec in... Paediatr Croat 2009; 53 (Supl 1): 30-34

6.Major RH, Delp MH. Physical diagnosis. 5* 10. Sasolas F. Coarctation aortique. In: David M, 13. Hager A, Kanz S, Kaemmerer HM, Schreiber

ed. Philadelphia-London: W.B. Saunders Com- Floret D, editors. Pneumologie Cardiologie. C, Hess J. Coarctation long-term assessment
pany; 1957. Paris: SIMEP S.A. 1986; 1707-12. (COALA): significance of arterial hypertensi-
on in a cohort of 404 patients up to 27 years
7. Klai¢ B. Rjec¢nik stranih rijeci. Tudice i posu- 11. Ou PH, Bonnet D, Auriacombe L, Pedroni E, after surgical repair of isolated coarctation of
denice. Zagreb: Nakladni zavod MH; 1987. Balleux F, Sidi D et al. Late systemic hyperten- the aorta, even in the absence of restenosis and
sion and aortic arch geometry after successful prosthetic material. J Thorac Cardiovascu Surg
8. Rudolph AM. Congenital disease of the heart: repair of coarctation of the aorta. European 2007; 134: 738-45.
clinical-physiological considerations. 2" ed. Heart Journal 2004; 25: 1853-9.
New York: Futura Publishing Company, Inc;
2001. 12.0u PH, Celermajer DS, Mousseaux E, Giron
Aggoun Y, Szezepanski I et al. Vascular remo-
9. Coarctation de l'aorte. Available from: URL: deling after "successful" repair of coarctation.
http://www.cardiopratiquesousse.org.tn J Am Coll Cardiol 2007; 49: 883-90.
Sazetak

PRIVRZENOST LAENNEC-u PRI OTKRIVANJU UZROKA ARTERIJSKE HIPERTENZIJE

T. Lukanovié, R. Luli¢-Jurjevié, T. Zigman, I. Razum

Tema clanka "Koarktacija aorte” izabrana je sa svrhom ukazivanja na vaznost rane dijagnoze koarktacije aorte u dojencadi,
djece i adolescenata koje medicinski nadziru pedijatri, lijecnici Skolske i obiteljske medicine te istovremeno odabranom temom isti-
canje klinicke vaznosti primjene uobicajenih medicinskih vjestina fizikalnog pregleda. Sama metoda auskultacije moze biti dovoljna
za postavljanje dijagnoze. Nalaz povisenog krvnog tlaka na gornjim ekstremitetima i minuciozna auskultacija srca ce biti sasvim
dovoljne u potvrdi dijagnoze. Znacaj rane dijagnoze bolesti lezi u potrebi sprjecavanja svih teskih posljedica koje koarktacija sa
sobom nosi. Rano otkrivanje i rano lijecenje koarktacije sprijeciti ce skracenje Zivotnog vijeka osoba koje pate od ovog oblika bo-
lesti srca, jer je koarktacija aorte vezana uz prerano nastupajucu kardiovaskularnu bolest odraslih.
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