Are There Surgical Implications to Aortic Root Motion?
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Background and aim of the study: By increasing the
longitudinal stress in the ascending aorta, downward
movement of the aortic root might promote the prox-
imal transverse tears seen in aortic dissections. The
study aim was to evaluate the influence of five com-
mon cardiac conditions on the magnitude of aortic
root displacement in cardiac patients.

Methods: Aortic root contrast injections were ana-
lyzed in 90 patients (mean age 68 years) to measure
downward motion of the root perpendicular to the
plane of the sinotubular junction (STJ).

Results: Displacement of the aortic root ranged from
0 to 14 mm (mean 4.8 mm). Patients with aortic insuf-
ficiency (AI) showed increased aortic root movement
(7.3 versus 4.3 mm, p = 0.003), whereas those with left
ventricular hypokinesis (3.7 versus 5.5 mm, p = 0.014)
or with myocardial hypertrophy (3.8 versus 5.1 mm, p

A majority of aortic dissections occur a few centime-
ters above the aortic valve, with a transverse intimal
tear (1). Abnormalities in the aortic wall probably pro-
mote dissections, but similar changes have been
reported with normal aging and may not alone cause
dissections (2,3). Hypertension and aortic dilatation
are other well-recognized risk factors for dissection,
because the mechanical stress in the aortic wall is pro-
portional to the blood pressure and the vessel diame-
ter. However, all of these reasons fail to explain the
common transverse orientation and proximal location
of the tear observed in aortic dissections.

Cinematographic and contrast injection studies, on
the other hand, have documented that the aortic root is
displaced downward during systole and returns to its
previous position in diastole (4). More specifically,
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= 0.073) exhibited reduced downward movement.
These variables were independent, and correlated
with the magnitude of aortic root motion. A stress
analysis of the aortic root, arch and branches of the
arch determined that the longitudinal stress approxi-
mately 2 cm above the STJ, in the outer curve of the
aorta, was increased by 32% in patients with AI com-
pared to patients without Al

Conclusion: Patients with cardiac conditions associat-
ed with increased aortic root motion such as AI may
be at greater risk of aortic dissection because of
increased longitudinal stress in the ascending aorta.
Therefore, Al should be used as an indicator and aor-
tic root displacement monitored to prevent the risk of
aortic dissection.
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cine-magnetic resonance imaging (MRI) studies
reported an average 8.9 mm axial downward motion
and 6° clockwise axial twist during systole in healthy
subjects (5,6). In a recent finite element study of the
aortic root, aortic arch and supra-aortic vessels, it was
found that the aortic root motion could significantly
increase the mechanical stress present in the aortic
wall, possibly determining both the tear location and
orientation observed in aortic dissections (7). Based on
the laws of physics, such an explanation clearly identi-
fied aortic root motion as an additional risk factor for
aortic dissection.

Despite these findings, those clinicians whose aim it
is to prevent aortic dissection from occurring require
more concrete information. To help in this respect, as a
first step, the goal of the present study was to identify
those patients who might be at a higher risk of aortic
dissection due to the magnitude of their aortic root
motion. Therefore, aortic root motion was measured in
a large series of patients and analyzed to determine
which common cardiac conditions (namely aortic
insufficiency, aortic stenosis, left ventricular hypokine-
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sis, myocardial hypertrophy and previous cardiac
operations) might be independent factors predicting
the magnitude of aortic root motion. The influence of
these predictors on the mechanical stress in the aortic
wall was then established by finite element analysis.

Materials and methods

Measurement of aortic root motion

Aortic root contrast injections recorded on 35-mm
cine films and compact discs were analyzed in 90 car-
diac patients (mean age 68 years; range: 43 to 88 years).
Cardiac conditions identified among patients are listed
in Table I. None of the patients had aortic dissection,
and 26 were examined for elective coronary artery
bypass grafting (CABG) but showed none of the listed
conditions.

Most aortograms were recorded with the left anteri-
or oblique projection, though some were in the right
anterior oblique view. The aortograms were analyzed
frame by frame, and the aortic root outlines in the most
upward and downward positions were traced on a
transparency. The base of two sinuses and the sino-
tubular junction (STJ) were marked. The outline of the
2-mm diameter angiocatheter present in the field was
also traced for distance calibration. The distances
between the marked points were determined using
image analysis software (Image-Pro; Media
Cybernetics). The actual-size downward motion (axial
displacement) of the aortic root perpendicular to the
plane of the sinotubular junction was measured in mil-
limeters.

Statistical analysis

Correlations between the patients’ parameters and
the magnitude of aortic root motion were investigated
using univariate and multivariate techniques. The
Wilcoxon rank sum test was used to determine the
presence of which cardiac conditions influenced aortic
root motion, at the 0.05 significance level. A linear mul-
tivariate model was then established based on the con-
ditions associated with a trend or a significant
difference in the aortic root motion. The graded values
of aortic stenosis (AS) and aortic insufficiency (AI)
were examined using Spearman’s correlation coeffi-
cient.

Stress analysis

To illustrate the mechanical stress associated with
different levels of aortic root displacements, a finite
element model of the human aortic root, aortic arch
and supra-aortic vessels was used. The model has been
described extensively and validated elsewhere (7). The
distal ends of the supra-aortic vessels and the aorta
were fixed in all directions to allow physiological
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deformation of the model.

The twist of the aortic root base was not included
because it was shown to have a minor influence on the
stress experienced by the aortic wall (7). A luminal
pressure of 120 mmHg was applied in combination
with axial displacement of the aortic root. In contrast
to the comparative stress analysis detailed previously
(7), the values of displacement were taken as the aver-
age values obtained from the statistical analysis of the
measurements in the patients with Al and without Al,
respectively.

Results

Magnitude of aortic root motion in patients

The mean downward axial displacement of the aor-
tic root during the cardiac cycle was 4.8 mm (range: 0
to 14 mm). The aortic root motion was between 0 and
7 mm in 73 of the patients (81%) (Table I).

Effect of cardiac pathology on aortic root movement

Root movement in patients with Al was significantly
greater than in those without Al (7.3 mm versus 4.3
mm, p = 0.003) (Table II).

Root movement in patients with left ventricular
hypokinesis (HKI) was significantly reduced to 3.7
mm, compared to 5.5 mm in patients without hypoki-
nesis (p = 0.014) (Table II).

The effect of myocardial hypertrophy was unclear,
but presence of the condition tended to reduce aortic
root movement compared to patients without hyper-
trophy (3.8 mm versus 5.1 mm, p = 0.073) (Table II).

Although previous cardiac operations may have
been thought to reduce aortic root motion due to
fibrotic adhesions, they were found not to play any sig-
nificant role on the magnitude of aortic root motion,
and neither did aortic stenosis (Table II).

A linear multivariate analysis established that grade
of Al, HKI and myocardial hypertrophy (HTR) were
independent variables that correlated with the magni-
tude of the aortic root axial displacement (DISP), such
that:

DISP (mm) = 5.379 (p <0.0001) + 1.186 x Al grade (p =
0.0016) - 1.611 x HKI (p = 0.0078) - 1.399 x HTR (p =
0.0355), with R? = 0.23.

This equation was based on the assumption that the
distribution of DISP was normal. The results were con-
firmed when log10 (DISP) was studied, making the
assumption unnecessary.

Stress analysis
The magnitude of the deformation due to aortic root
motion decreases distally as it affects the ascending
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Figure 1: Distribution of circumferential (A) and
longitudinal (B) stresses (MPa) in the aortic arch under
120 mmHg luminal pressure. In this control model, the

measured average 4.3 mm axial displacement of the aortic
root was applied to represent patients without aortic
insufficiency. Expected stress concentrations around the
ostia of the supra-aortic vessels were observed.
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Figure 2: Same as Fig. 1, but with 7.3 mm axial
displacement applied to the aortic root to represent the
average measurements in patients with aortic insufficiency.
The longitudinal stress in the outer curve of the ascending
aorta was increased by 32% compared to the control model.
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Table I: Measured aortic root axial displacement (DISP) in patients, and listed cardiac conditions.

DISP No. of Al HKI HTR CABG AS
(mm) patients count’ count count count count’
0-1 9 1(1/0) 6 3 2 3(0/3)
2-3 28 2(2/0) 11 10 6 9(1/8)
4-5 23 2(0/2) 13 6 2 7(2/5)
6-7 13 2(1/1) 3 2 1 1(0/1)
8-9 8 2(2/0) 2 0 1 2(0/2)
10-11 7 5(4/1) 1 2 0 2(1/1)
12-13 1 0(0/0) 0 0 0 0(0/0)
14-15 1 1(1/0) 0 0 1 10/1)
Total 90 15 (11/4) 36 23 13 25 (4/21)

"Partial counts of Al and AS are indicated in parentheses per severity range (I-II/III-IV).
Al Aortic insufficiency; AS: Aortic stenosis; CABG: Previous coronary artery bypass grafting; HKI: Left-ventricular

hypokinesis; HTR: Myocardial hypertrophy.

aorta, the transverse aortic arch, and the supra-aortic
vessels (7). The average stress across the vessel wall is
illustrated diagrammatically in Figures 1 and 2. The
specification of orientation is restricted to the region of
interest, including the aortic arch and the ascending
aorta.

Stresses with aortic root motion in patients without
Al

The results for mechanical stress in the control model
subjected to 120 mmHg pressure and 4.3 mm axial dis-
placement of the aortic root are shown in Figure 1.
Stress concentrations were present at the ostia of the
supra-aortic vessels, as expected. Between the brachio-
cephalic trunk and the left common carotid artery
(LCCA), the circumferential stress was approximately
0.44 MPa and the longitudinal stress approximately
0.27 MPa. Above the ST]J, the circumferential and lon-

Table 1I: Univariate statistics (Wilcoxon rank sum test;
two-sided comparison).

Condition No. of DISP” p-value
patients (mm)
(n =90)
AI/No Al 15/75 73 +37/43+26 0.003
HKI/No HKI 36/54 3.7x23/55+32 0.014
HTR/No HTR 23/67 3.8=+x27/51+31 0.073
CABG/No CABG 13/77 4.0+3.7/49+29 0.128
AS/No AS 25/65 4.6+34/48+29 0429
Average - 4.8+3.0
LC/No LC 64/26 45+3.0/55+31 0.076

“Values are mean = SD.
DISP: Aortic root axial displacement; LC: Listed conditions
(for abbreviations, see Table I).

gitudinal stresses in the aortic wall were 0.30 and 0.22
MPa, respectively.

Stresses with aortic root motion in patients with Al

At 120 mmHg luminal pressure, the circumferential
and longitudinal stresses did not change markedly
between the brachiocephalic trunk and LCCA when
7.3 mm axial displacement was applied to the aortic
root. The area where the most significant changes
occurred was in the outer curve of the aorta, about 2
cm above the STJ. In this region, the longitudinal stress
increased by 32% up to 0.29 MPa, while the circumfer-
ential stress was unchanged (Fig. 2).

Discussion

Magnitude of aortic root motion

The finding that measurements of axial displace-
ment of the aortic annulus (0-14 mm) in the present
study were in the same range as those reported by
Kozerke et al. (5) from three-dimensional (3D) MRI
(6.4-11.3 mm in healthy subjects) implies that the plane
of the aortogram is where most of the 3D displacement
of the aortic root occurs. The average displacement of
8.9 mm reported by Kozerke et al. in healthy subjects
may have been related to their relatively young age
(mean 32 years; range: 26 to 56 years) and a greater
elasticity of their aortae. By contrast, the present
patients were older (mean age 68 years; range: 43 to 88
years) with an average aortic root displacement of 4.8
mm. Interestingly, Kozerke et al. reported values of
aortic root displacement in four patients with aortic
regurgitation (mean age 60 years; range: 39 to 73
years), and found an average value of 6.5 mm (range:
3.4 to 10.2 mm), which agreed well with the present
findings. Most importantly, even though only a few of
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the present patients had a large aortic root displace-
ment (8-14 mm; see Table I), they may have been at
considerable risk of mechanical damage to their aortae
through acute (rupture) or chronic (fatigue-related)
events.

Cardiac pathology and aortic root movement

Aortic insufficiency admittedly leads to increased
stroke volume as a compensation mechanism. The
present results suggest that aortic insufficiency also
increases aortic root displacement in its axial direction.
Whether increased stroke volume is related to
increased or unchanged aortic root motion has been
debated, based on the results of studies focusing on
aortic displacement in the frontal-dorsal direction
using two-dimensional (2D) echocardiography (8-10).
Some values reported in the literature are very large
and do not agree with either the present findings or
those of Kozerke et al. (5), but pulsations of the aorta
are well known in severe cases of Al, and can even be
transmitted to the patient’s head (nodding or de
Musset’s sign). The augmenting influence of Al on aor-
tic root displacement was noted previously in a group
of 40 cardiac patients (7), and is confirmed in this larg-
er series by multivariate analysis.

Interestingly, in most clinical series, one-half to two-
thirds of the patients with proximal aortic dissection
exhibit aortic insufficiency. In contrast, less than 10% of
those patients with distal aortic dissection show aortic
insufficiency and, in the majority of cases, the murmur
derives from a condition which preceded the dissec-
tion, namely severe hypertension, valvular heart dis-
ease or annuloaortic ectasia (11,12). In view of the
present findings, it might be hypothesized that undi-
agnosed, pre-existing Al could have triggered aortic
dissection by increasing stress in the aortic wall.

The magnitude of aortic root displacement was
decreased in cases of left ventricular hypokinesis, most
probably due to reduced ventricular traction.
Myocardial hypertrophy showed a trend to lessen the
aortic root movement, but the reasons for this were not
clear. In contrast, Caruso et al. (13) recently showed
evidence that left ventricular hypertrophy may be
associated with aortic enlargement and subsequent
thoracic aortic dissection. The interplay between dif-
ferent conditions is complex however, and would
require further investigation.

Aortic wall stress

The significance of the aortic wall stress, in a com-
parative sense, and the validity of the finite element
model used in the present study, has been discussed
elsewhere (7). The 32% increase in longitudinal stress
in the ascending aorta between patients with and with-
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out Al shows the significant change when the average
aortic root motion is increased from 4.3 to 7.3 mm.
Even more detrimental effects are expected with larger
values of displacement found in some patients (7). It is
interesting that the model shows the location at 2 cm
above the STJ, in the outer curve of the ascending
aorta, to be where the largest increase in longitudinal
stress occurs due to aortic root motion. This is also the
exact location where most tears and dissecting chan-
nels are reported in patients with aortic dissection (1).
Given the threat posed by higher values of longitudi-
nal stress in the ascending aortic wall, it would be
important to measure aortic root motion by non-inva-
sive techniques such as 3D echocardiography in order
to assess an individual’s risk for aortic dissection. This
information would be valuable in the rationale to plan
surgical corrections in susceptible patients

Clinical extension of the study

As aortic root motion varies notably between
patients, and significantly increases the risk of aortic
rupture in cases combining a large displacement with
stiffer aortic tissue, one natural extension of the pres-
ent study would be to seek pharmacological agents
that would specifically target the magnitude of aortic
root displacement. This approach, which is aimed at
controlling blood pressure and cardiac contractility
(dP/dt), has already led to the implementation of suc-
cessful drug therapy in patients with acute aortic dis-
section (1). At the other end of the spectrum, crack
cocaine has recently been reported to increase the risk
of aortic dissection in humans. Although these mecha-
nisms may be multifactorial (14-17), the increase in
myocardial contractility translating into increased aor-
tic root motion may be a key factor. It would be inter-
esting to investigate these and other drugs with
respect to their roles on the aortic root motion, and not
just cardiac contractility.

In conclusion, the magnitude of aortic root axial dis-
placement appears to be influenced by cardiac
pathologies. While left ventricular hypokinesis and
myocardial hypertrophy were found to reduce aortic
root motion, Al significantly enhanced it. Due to the
direct impact of the magnitude of aortic root motion on
longitudinal stress in the ascending aorta (and there-
fore on the risk of aortic dissection and rupture), Al
appears to be a significant cardiac pathology with
regard to aortic dissection. Thus, it should be used as
an indicator and as part of the rationale to plan surgi-
cal corrections in susceptible patients. Alternatively,
drugs which would specifically target aortic root
motion and maintain it within a lower range would
offer potential protection against aortic dissection.
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