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INTRODUCTION

We recently reported that after surgicd corredion for ventricular
septal defed (VSD) depresson o left ventricular (LV) short-axis
fractional shortening (FS) was locdized to the mid-septal and mid-
lateral walls [1]. We reasoned that regional changes in LV FS after
V SD closure were due to regional changesin short-axis crosssedional
shape and wall motion, due to changes in some @mbination d LV
preload, afterload and contradility. Until now, we have @nsidered
preload and afterload to have global effeds on FS and assumed that
the regionally heterogeneous change in FSrefleded a regional change
in contradility dueto locdized myocardia damage asociated with the
surgery itself. However, with changesin LV geometry, wall thickness
and presaure dter VSD closure, there could have been locd changesin
myocardia wall stress impaosing regiond variations in preload and
afterload onthe myocardium. To test whether changes in myocardia
loading may have been involved in causing the regionaly
heterogeneous change in FS after VSD closure, we eamined
estimates of locd wall stressin the LV short-axis immediately before
and after surgicd VSD repair.

METHODS
Intraoperative Data Acquisition

Pediatric patients undergoing surgicad correction o VSD by
Gore-Tex patch closure were studied using two-dimensiona
transesopheged echocardiography (TEE). Intraoperative TEE short-
axis crosssedions at the level of the papillary muscles were obtained
immediately before and after cardiopulmonary bypass (CPB). LV
presaure (LVP) was measured using a micromanometer inserted into
theLV.

Data Analysis
Three cadiac cycles from before and after defed closure were

chosen for eat patient. For ead bea, end-diastole (ED) was chosen
as the frame with the largest LV crosssediona area and end-systole
(ES) as the frame with the small est. These frames were then dgiti zed
for analysis on a personal computer. Using routines developed in
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Matlab, ED area(EDA) and ES area(ESA) were measured by manual
planimetry of the endacardia border, excluding the papill ary muscles.
Stroke aea (SA) was calculated as the difference between EDA and
ESA and area gedion fradion (EF,) as the fradional change in area
from ED to ES. For eat patient, EDA, ESA and SA were normali zed
by dividing by body surface aea ad the three beas averaged. The
results were then averaged over the entire patient group.

Segmental wall motion analysis to measure FS was performed in
Matlab using routines developed in this laboratory. One hundred
evenly spaced radial chords were generated from the centroids of the
traced baders and numbered clockwise so that chord 1 represented the
mid-posterior wall, 25 the mid-lateral wall, 50 the mid-anterior wall
and 75 the mid-septum. The ED and ES borders for eat cardiac cycle
were then superimposed on ead other by aligning their centroids
(floating centroid method). Fradiona shortening of ead chord from
ED to ES was cdculated by dividing the change in length of the chord
by its ED length. Again, the threebeas were averaged for ead patient
and the results averaged over the entire patient group.

Locd circumferential wall stress was estimated at these points
using the Laplace guation for a thick walled cylinder as described by
Janz [2]:

o =Pr/h (3)

where o is the drcumferential wall stress, P is presaure, r is the locd
circumferential radius of curvature & the endocardium and his the
locd wall thickness ED presaure (EDP) was taken at the beginning of
the rapid upstroke and ES presaure (ESP) at the beginning of the rapid
downstroke in LVP. Endocardia locd radius of curvature was
cdculated as the redprocd of locd curvature, found using a method
described by Matas et al. [3] and filtered using a 5-point moving
average filter. Locd wall thickness was cdculated as the difference
between the lengths of the epicardia and endocardia radial chords.
Average values of these parameters were cdculated for eat patient
from the three cadiaccycles and an average stresswas computed from
these, with the results averaged over the entire patient group.

2003 Summer Bioengineering Conference, June 25-29, Sonesta Beach Resort in Key Biscayne, Florida

Starting page #: 1033



RESULTS

As a preliminary study, 3 patients were analyzed. Immediately
following VSD closure they showed a deaease in EDA, SA and EF,,
as well as depresson d FS locdized to the septal and lateral wall
segments. This was consistent with previous results.

A plot of estimated regional ES wall stress (mm Hg) before
(PRE) and after (POST) surgery averaged over the 3 patientsis $own
in Figure 1, where dhords 1, 25, 50 and 75 represent the mid-points of
the posterior (post), lateral (lat), anterior (ant) and septal (sept) walls,
respedively.
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Figure 1. Estimated ES stress before and after VSD closure

Here we see alarge deaease in ES wall stressafter VSD repair
isolated to segments nea the mid-lateral and mid-septal walls, with
dight increases in stress elsewhere. The same pattern was e in
changes of LV radius of curvature. Also with defed closure, there was
a small regionally homogeneous increase in wall thickness and an
increase in ESP. There were no olvious changesin ED wall stress

DISCUSSION

Preload is the load imposed on the myocardium a ED and
afterload the load at ES. With al other myocardial properties held
constant, a change in preload or afterload will mean a change in the
amourt of myocadia contradion. So, regionaly heterogeneous
changesin preload or afterload in the LV could explain heterogeneous
changes in LV contradion. If aaute changes in either LV geometry,
wall thickness or presaure immediately following VSD repair are
regionaly heterogeneous, then changes in myocardial wall stress will
be so aswell.

Here we have shown regionally heterogeneous changes in locd
LV &fterload (ES o) due to aaute locd changes in ES radius of
curvature and wall thickness After surgery, ES radius of curvature
deaeased in the lateral wall and septum. At the same time, there was a
regionally homogeneous increase in wall thicknessand an increase in
ESP. An increase in ESP would tend to incresse myocardial wall
stress however the large deaease in radius of curvature in the latera
wall and septum combined with the uniform increase in wall thickness
meant an overall deaease in afterload in these segments.

In previous work, we speaulated that acute functional depresson
following VSD repair was due to locdized impairment of septal
function. It has been shown that when assessng regiona wall motion
with hypokinesia of oneregion, afloating centroid is drawn toward the
abnarmal segment, diminishing the ectent of abnormal motion and
projeding it to the contraateral wall [4]. Thus we suggested that the
observed deaease in FSin the mid-septum and mid-lateral wall may
in fad mostly have occurred in the septum and the deaease in latera
wall FSwas dmply an artifad of the use of a floating centroid. The

results shown here suggest that red changesin loading may occur both
in the septum and lateral wall.

Whil e the results from this analysis are promising, instability in
the measurement of locd radius of curvature must be resolved before
further work can be dore. Locd radius of curvature was found ly
taking the redprocd of locd curvature, a method that proved to be
very sensitive to noise in the tracel baders at low curvature, causing
large spikes in the estimated stress This meant that when stress was
averaged over multiple patients it was often daminated in certain
segments by the values from a single patient.

To properly optimize amethod to measure locd curvature, we
must determine the best number of neighbaring points to be used in
the fit. By cdculating the sum of squared errors (SSE) between locd
curvature measured from a manual tradng of an ellipse to the exad
analytically determined values of locd curvature we can determine the
best number of points to use when measuring locd curvature, as e
in Figure 2.
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Figure 2. SSE of measured local curvature for a varying
number of fitting points

Here the lowest SSE occurs when 9 points are used in the fit of
locd curvature. By this method we can improve our determination o
locd curvature and improve our estimates of regiona stress However,
the fad remains that our analysis uses a simple, isotropic cylindricd
model of the LV to estimate locd stress Because of the complex 3D
geometry of the LV, the highly nonlinea material properties of the
myocadium and the dfed of the presaure in the right ventricle on the
stress ®en in the interventricular septum, this may be apoar first
approximation d the adual regiond circumferential stressin the LV.
Future studies will explore the impad of using a geometricdly
redistic finite dement model.
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