
Open Access
Full open access to this and 
thousands of other papers at 

http://www.la-press.com.

Clinical Medicine Insights: Cardiology 2012:6 141–144

doi: 10.4137/CMC.S9789

This article is available from http://www.la-press.com.

© the author(s), publisher and licensee Libertas Academica Ltd.

This is an open access article. Unrestricted non-commercial use is permitted provided the original work is properly cited.

Clinical Medicine Insights: Cardiology

C A S e  r e p o r T

Clinical Medicine Insights: Cardiology 2012:6 141

stenosis of a Reconstructed Aorta caused a paradoxical 
Diastolic pressure Gradient After norwood Operation

Satoshi Masutani, Hirofumi Saiki, Hirotaka Ishido and Hideaki Senzaki
Department of pediatric Cardiology, Saitama Medical Center, Saitama Medical University, Saitama, Japan. 
Corresponding author email: hsenzaki@saitama-med.ac.jp

Abstract: An infant with hypoplastic left heart syndrome showed paroxysmal episodes of bradycardia, hypotension, and hypoxemia 
upon crying after modified Norwood operation. Echocardiography showed decreased right ventricular ejection with grade III tricuspid 
regurgitation, a markedly enlarged aortic arch, and accelerated blood flow distal to the enlarged aorta. Aortography demonstrated an 
aneurysmal neo-aorta with an apple-shaped appearance. The pressure measurements revealed intriguing aortic hemodynamics: the 
diastolic pressure of the ascending aorta was lower than that of the descending aorta (42 mmHg vs. 52 mmHg) despite no systolic 
pressure gradient. Markedly reduced compliance in the ascending aorta relative to that in the descending aorta, which was suggested 
by the difference in time constant of aortic pressure decay, may explain this hemodynamics. Impaired coronary circulation caused by 
lowered diastolic pressure in ascending aorta was indicated by reduced subendocardial viability ratio, and may account for her symptom 
and lowered ventricular ejection. The patient’s condition was indeed significantly improved by surgical correction of the aortic shape. 
This case highlights the importance of aortic shape and properties after Norwood operation.
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Aortic arch obstruction is a relatively common 
complication after the Norwood procedure and can be 
deleterious by causing an increased afterload on the 
single ventricle, resulting in ventricular dysfunction,1 
tricuspid regurgitation, and an imbalance in the sys-
temic-to-pulmonary blood flow ratio.2 Although a 
systolic pressure gradient produced by the stenotic 
reconstructed aorta best characterizes this complica-
tion, our case presented in this report showed that a 
paradoxical diastolic pressure gradient without an 
evident systolic pressure gradient was associated with 
hemodynamic deterioration after Norwood operation, 
possibly due to impaired coronary perfusion.

case Report
A full-term newborn girl with a birth weight of 2926 g 
had hypoplastic left heart syndrome characterized 
by mitral atresia, aortic atresia, and hypoplasia of 
the ascending aorta and the aortic arch. A modified 
Norwood operation3 was performed on day 22 after 
birth, following bilateral pulmonary artery banding 
and continuous infusion of prostaglandin E1 to keep 
the ductus arteriosus open. The main pulmonary artery 
was transected and anastomosed to the ascending 
aorta and the aortic arch, which was enlarged using 
an autologous pericardial patch. A ringed graft 
(diameter, 4 mm) was placed from the right ventricle 
to the pulmonary artery as a source of pulmonary 
blood flow.

During the postoperative recovery period, the patient 
showed paroxysmal episodes of bradycardia, hypoten-
sion, and hypoxemia upon crying.  Echocardiography 

revealed decreased right ventricular  ejection with 
grade III tricuspid regurgitation, a markedly enlarged 
aortic arch, and accelerated blood flow distal to the 
enlarged aorta. The aortic arch enlargement was con-
firmed using aortography; the aortography showed an 
aneurysmal neo-aorta with an apple-shaped appearance 
(Fig. 1). The site of the aortic arch aneurysm corre-
sponded with that of the pericardial patch plasty.

The pressure measurements obtained using a 
high-fidelity micromanometer4 before performing an 
angiography showed intriguing aortic hemodynamics 
(Fig. 2). Although there was no systolic pressure 
gradient across the aneurysmal neo-aorta, the diastolic 
pressure of the ascending aorta (proximal end of the 
aneurysmal neo-aorta) was lower than that of the 
descending aorta (distal end of the aneurysmal neo-
aorta) (42 mmHg vs. 52 mmHg). The time constant 
of the diastolic pressure decay5 (0.30 s vs. 0.67 s) 
was more than 2-fold smaller in the ascending aorta 
than in the descending aorta, indicating much lower 
compliance in ascending aorta.

Because balloon dilation failed to relieve the 
discrepancy in the size of the ascending and descending 
aorta, surgical repair was subsequently performed; the 
repair dramatically improved her symptoms as well 
as right ventricular ejection (fractional area change, 
from 12% to 20%) and reduced tricuspid regurgitation 
(from Grade III to Grade I–II).

Discussion
In an infant after modified Norwood opera-
tion, we observed aneurysmal formation of the 
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Figure 1. (A) Aortograph (lateral view) showing the markedly enlarged aortic arch. (B) Schematic representation of the enlarged aortic arch.
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reconstructed aorta. The aneurysmal site could pre-
sumably have been dilated because of the distending 
pressure attributed to the resistance to forward flow 
at the anastomosis site (distal end of the aneurysmal 
neo-aorta). Previous reports also depicted the occur-
rence of the enlargement of neo-aorta with homograft6 
as well as autologous patch plasties.7 Influence of the 
type of materials used on the occurrence of aortic arch 
enlargement remains unclear and needs to be clarified 
in the future study. Interestingly, unlike many other 
patients who had stenotic neo-aorta, the patient showed 
a paradoxical diastolic pressure gradient without sys-
tolic pressure gradient: the diastolic pressure of the 
ascending aorta was lower than that of the descending 
aorta (Fig. 2). The great difference in the time constant 
values of diastolic pressure decay between ascending 
and descending aorta implied that the compliance 
of the ascending aorta was much lower than that of 
the descending aorta,5 and the distal end of the aneu-
rysmal neo-aorta served as a valve during diastole. 

 Aortopulmonary collateral shunts in this patient were 
only minimum on aortography, which was supported 
by echocardiographic demonstration of no aortic flow 
reversal during diastole, and thus could not account 
for the diastolic pressure gradient.

The unique aortic hemodynamics may have resulted 
in an inadequate coronary blood supply because 
of the paradoxically lowered diastolic pressure of 
the ascending aorta and may be responsible for the 
symptoms of heart failure in our patient. This hypothesis 
is supported by the fact that the subendocardial 
viability ratio of 0.7,8 which is calculated as the time-
tension index divided by the diastolic pressure time 
index (an index of myocardial oxygen supply/demand 
balance), was less than 70% of the mean value 
(1.1 ± 0.2) obtained from 31 control subjects with a 
small ventricular septal defect (unpublished data).

A systolic pressure gradient across the anastomosis 
site is a hallmark of the existence of a stenosis. 
However, our case indicated that discrepancy in 

Figure 2. Analog recording of pressure measurement was performed using a high-fidelity micromanometer mounted on a 0.014-inch guidewire; the 
guidewire was advanced from the ascending aorta to the descending aorta. 
note: The ascending and descending aortic pressures were 82/42 mmHg and 82/52 mmHg, respectively, showing the paradoxically low diastolic pressure 
of the ascending aorta, without a systolic pressure gradient.
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the size of the ascending and descending aorta and 
low compliance of the surgically created neo-aorta 
could cause significant hemodynamic deterioration 
even without an evident systolic pressure gradient. 
Further, the present case emphasizes the importance 
of the surgical design of the neo-aorta in the Norwood 
operation.

Acknowledgements
We thank our departmental colleagues who performed 
the catheterization studies.

Author contributions
Analysed the data: SM. Wrote the first draft of the 
manuscript: SM. Agree with manuscript results and 
conclusions: SM, HS, HI, HS. Jointly developed the 
structure and arguments for the paper: HS, HI, HS. 
Made critical revisions and approved final version: 
HS. All authors reviewed and approved of the final 
manuscript.

Funding
Supported by Medical Research Grants from Kawano 
Memorial Foundation (H.S.), and Saitama Medical 
University Internal Grant (H.S.).

competing Interests
Author(s) disclose no potential conflicts of interest.

Disclosures and ethics
As a requirement of publication author(s) have 
provided to the publisher signed confirmation of 

compliance with legal and ethical obligations includ-
ing but not limited to the following: authorship and 
contributorship, conflicts of interest, privacy and 
confidentiality and (where applicable) protection of 
human and animal research subjects. The authors 
have read and confirmed their agreement with the 
ICMJE authorship and conflict of interest criteria. 
The authors have also confirmed that this article is 
unique and not under consideration or published in 
any other publication, and that they have permission 
from rights holders to reproduce any copyrighted 
material. Any disclosures are made in this section. 
The external blind peer reviewers report no conflicts 
of interest.

References
1. Larrazabal LA, Selamet Tierney ES, Brown DW, et al. Ventricular function 

deteriorates with recurrent coarctation in hypoplastic left heart syndrome. 
Ann Thorac Surg. 2008;86(3):869–74; discussion 869–74.

2. Ashcraft TM, Jones K, Border WL, et al. Factors affecting long-term risk 
of aortic arch recoarctation after the Norwood procedure. Ann Thorac Surg. 
2008;85(4):1397–401.

3. Sano S, Ishino K, Kawada M, et al. Right ventricle-pulmonary artery shunt in 
first-stage palliation of hypoplastic left heart syndrome. J Thorac Cardiovasc 
Surg. 2003;126(2):504–9.

4. Senzaki H, Chen CH, Masutani S, et al. Assessment of cardiovascular 
dynamics by pressure-area relations in pediatric patients with congenital 
heart disease. J Thorac Cardiovasc Surg. 2001;122(3):535–47.

5. Reuben SR. Compliance of the human pulmonary arterial system in disease. 
Circ Res. 1971;29(1):40–50.

6. Ehsan A, Singh H, Vargas SO, Sachweh J, Jonas RA. Neoaortic aneurysm 
after stage I Norwood reconstruction. Ann Thorac Surg. 2005;79(3):e23–5.

7. Shuhaiber JH, Patel V, Husayni T, El-Zein C, Barth MJ, Ilbawi MN. Repair of 
symptomatic neoaortic aneurysm after third-stage palliation for hypoplastic 
left heart syndrome. J Thorac Cardiovasc Surg. 2006;131(2):478–9.

8. Buckberg GD, Fixler DE, Archie JP, Hoffman JI. Experimental subendocardial 
ischemia in dogs with normal coronary arteries. Circ Res. 1972;30(1): 
67–81.

http://www.la-press.com

