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Four-Dimensional Flow
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Procedure With Valve
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Valve-sparing aortic root replacements have accept-

able reintervention rates in patients with failed

pulmonary autografts after a Ross procedure. In our

50-year-old patient with post-Ross valve-sparing

aortic root replacement, we report preoperative and

postoperative 4-dimensional flow magnetic resonance

imaging capturing changes in peak systolic velocity,

3-dimensional systolic flow profiles, and aortic wall

shear stress that may predict a decreased risk of

aortic dilation, a common complication in repeated

Ross procedures.

(Ann Thorac Surg Short Reports 2023;1:392-394)
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p to 25% of patients require reoperation within
15 years of the Ross procedure; neoaortic insuf-
ficiency and autograft dilation are the

commonly cited concerns requiring intervention.1

Patients with fenestrations and leaflet prolapse were
once thought to be poor candidates for valve-sparing
aortic root replacement (VSARR), but high-experience
centers currently perform successful post-Ross VSARRs
with concurrent valve repair.

Noninvasive 4-dimensional (4D) flow magnetic reso-
nance imaging (MRI) is a useful diagnostic tool in
determining complex hemodynamic patterns in the
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ascending aorta and aortic root after VSARR.2 Previous
studies have shown that elevated aortic wall shear
stress (WSS) detected on 4D flow MRI is associated
with aortic wall degeneration on histopathologic
evaluation, which may help identify patients at risk for
progressive aortic dilation.3

We report an intraoperative video assessment of
autograft salvageability with 4D flow MRI showing
favorable postoperative hemodynamic changes in a pa-
tient who underwent VSARR for a failing pulmonary
autograft.

A 50-year-old man who previously underwent a
Ross procedure at the age of 33 years presented with
severe aortic valve regurgitation that originated cen-
trally along the coaptation of the noncoronary and
left coronary cusps. A short right coronary cusp resul-
ted in an anteriorly directed regurgitant jet into the
left ventricular outflow tract and significant flow
reversal in the proximal descending aorta. The pul-
monary autograft dilated to 5.5 cm, and ejection frac-
tion was 45%.

In the operating room, an examination of the auto-
graft showed prolapse and fenestrations of only the left
coronary cusp, which was determined to be repairable
with triangular resection and fenestration closure
(Video). The right and noncoronary cusps were repaired
by central free margin plication, and all cusps had an
effective height of 10 mm after repair to reduce the
risk of prolapse. The aortic annulus measured 27 mm
before repair and 23 mm after repair by St Jude
sizer. At the end of the case, there was no observed
aortic insufficiency. The patient was discharged on
postoperative day 4.

At 4 weeks after intervention, we performed follow-
up 4D flow MRI, allowing us to compare flow, peak
systolic 3-dimensional (3D) WSS patterns, and systolic
peak velocities in the aorta before and after surgical
intervention. Preoperative 4D flow MRI showed an
aberrant flow profile with a posteriorly directed
flow jet in the ascending aorta and a right-handed
helix formation (Figure 1). Conversely, postoperative
4D flow MRI demonstrated restored hemodynamics
consistent with those from previous successful
VSARRs.4

The WSS quantification (Figure 2) demonstrated a
marked reduction in mean aortic WSS after VSARR by
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FIGURE 1 Four-d imens iona l flow magnet ic resonance imaging. (A ) S ide- to-s ide compar ison of peak systo l ic 3-

d imensiona l s t reaml ines in the aor ta before ( le f t ) and af te r ( r ight ) the surg ica l procedure . (B ) F low ve loc i t ies in the aor t ic

root and ascending aor ta af te r va lve-spar ing aor t ic root rep lacement .

FIGURE 2 (A ) Peak systo l ic wal l shear st ress vectors as seen on

magnet ic resonance angiography preoperat ive ly and (B)

postoperat ive ly .
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33% (mean preoperative aortic WSS, 1.2 Pa; mean
postoperative aortic WSS, 0.8 Pa), indicating a
reduced risk for aortic remodeling and progressive
dilation. Flow velocities throughout the aorta
decreased after intervention (Figure 3). Flow through
the pulmonary homograft did not change significantly
after the procedure. Preoperative peak systolic
gradients in the pulmonary homograft were 40 mm
Hg, and 10-month postoperative peak gradients were
38 mm Hg.

Notably, at 10 months after intervention, our patient
showed favorable clinical status. He had an aortic valve
peak gradient of 12 mm Hg, a mean gradient of 7 mm Hg,
and an ejection fraction of 56% with trivial aortic
insufficiency.

COMMENT

Our report and video provide a comprehensive example
of assessing pulmonary autograft valve salvageability
and concurrent 4D flow MRI assessment of a post-Ross
procedure VSARR with concurrent valve repair. We
prefer the David procedure in Ross reoperations over the
Yacoub procedure because of its ability to stabilize or to
reduce (as in this case) the autograft annulus and allow
reproducibility in concomitant cusp repair.

The 4D flow MRI analysis demonstrated a shift to-
ward physiologic hemodynamics after intervention.
Preintervention 3D systolic flow streamlines in the aorta
showed a pronounced right-handed helix formation, an
eccentric flow profile seen in severe valve insufficiency.
Postintervention 3D systolic flow streamlines
demonstrated qualitatively less helical flow and reduced
eccentric flow in the ascending aorta, which indicate a
normalization of valve flow and aortic root volume
consistent with previous successful VSARR procedures
(Figure 1).4

WSS has been extensively studied and associated
with increased progressive dilation of the aorta, a com-
mon complication requiring reoperation. Our patient’s
marked decrease in global aortic WSS may contribute to
lower rates of adverse remodeling throughout the aortic
wall and explain the favorable 10-month postoperative
echocardiographic findings in the report.3,5 We
hypothesize that the residual postoperative WSS in the
sinotubular junction and ascending aorta proximal to
the innominate artery seen in Figure 2 is likely to be



FIGURE 3 Peak ve loci t ies in the nontubu lar junct ion , ascending

aor ta proximal to the innominate artery , and dis ta l to the le f t sub-

clav ian ar te ry before and af te r in tervent ion .
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due to the mismatch in the biochemical properties of the
less-compliant Dacron graft and the aortic tissue.6 Our
team is not concerned with progressive dilation of the
ascending aorta because of the marked decreases in
postoperative WSS stress and the well-documented
successes of Dacron grafts in resisting dilation.7

Postoperative 4D flow imaging demonstrated
decreased peak velocities throughout the aorta
(Figure 3). Lower velocities and acceleration throughout
the aorta are hypothesized to reduce energy loss at the
aortic wall and to enhance long-term protection of the
ventricle. Interestingly, our findings differ from typical
post-VSARR findings on 4D MRI, which have been
documented to have increased velocities throughout the
aorta compared with preoperative findings.4 These
reported increases in velocity are likely to be due to
the absence of the Windkessel effect in the Dacron
graft. However, our patient achieved lower
postoperative velocities throughout the aorta,
indicating successful valvular hemodynamics that
overcame the expected unfavorable increase in velocity.

Last, there was no significant change in peak velocities
through the pulmonary homograft that demonstrated
concern for complications. Increased velocity through the
body of the pulmonary homograft (as in this case) is
typical after the initial Ross procedure and rarely leads to
severe complications after 6 months of follow-up.8

Noninvasive 4D flow MRI analysis of WSS, peak ve-
locities, and helical flow profiles in the aortic wall may
become a novel, accurate, and reliable tool to plan pro-
cedures and to guide follow-up care.

The Video can be viewed in the online version of this article [https://doi.org/

10.1016/j.atssr.2023.05.001] on http://www.annalsthoracicsurgery.org.
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