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Persistent fifth aortic arch: a single-center experience, case series
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Background: Persistent fifth aortic arch (PFAA) is an extremely rare congenital cardiovascular
malformation and there is limited data in the literature. The objective of this study is to enhance our
understanding and diagnosis of PFAA from echocardiography and computed tomography angiography (CTA)
findings, and to evaluate the application of echocardiography in the diagnosis of PFAA.

Methods: We retrospectively reviewed five cases of PFAA diagnosed from October 2016 to September
2019 at the Affiliated Children’s Hospital of Capital Institute of Pediatrics. We described their diagnosis by
echocardiography and CTA findings, and medical history.

Results: Five cases of PFAA were identified in the study. Patients aged from 3 to 48 months and
weighed from 4 to 12 kg presented different clinical symptoms upon clinical examination. All the patients
completed a primary echocardiographic assessment; however, the first two patients were misdiagnosed by
echocardiography and was confirmed by supplemental CTA while the other three patients were directly
diagnosed by echocardiography. Surgery was necessary for three patients, two of whom accepted and one
refused. The other two patients only needed a follow-up assessment, which showed good results.
Conclusions: The clinical manifestation of PFAA in our patient population was atypical, and their
diagnosis depended on the use of echocardiography. In the case of uncertainty, the final diagnosis was
confirmed by CTA. Although the nomenclature and embryonic origin of PFAA remains controversial, the
accurate diagnosis of aortic arch abnormalities and associated malformations are imperative for time-sensitive

treatments.
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Introduction was first identified in animal models by Brown in 1913 (1)
and by Huntington in 1919 (2), described as a vascular

Persistent fifth aortic arch (PFAA) is an extremely rare bypass arising from the ascending aorta and connecting to

congenital cardiovascular malformation that is believed the descending aorta, distinct from the fourth aortic arch.
to originate from the failed degeneration of the fifth Subsequently, Van Praagh (3) in 1969 reported and defined
pharyngeal (aortic) arches during embryogenesis. The PFAA the first human case of PFAA, characterized by a double-
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Table 1 Patient’s information
Cases Age Gender Symptoms at first presentation Heart murmur Abnormal blood PG difference CTA Surgery
1 7m M Cough, difficulty breathing 4/6 Yes Yes Yes
2 8m M Cough, fever, heart murmur 3/6 Yes Yes Yes
3 48 m F Heart murmur 3/6 Unknown No No
4 3m M No No No No No
5 18 m F No No No No No
M, male; F, female; m, months; PG, pressure grade; CTA, computed tomography angiography.
Table 2 Echocardiography imaging results
Case PrAA Associated anomalies PDA LVEF Hemodynamics Free.d‘om.’s
Stenosis Velocity PG classification
1 3 mm 494 cm/s 97 mmHg PFO 3.3mm Ligament 40% Abnormal Type 1
2 5.5 mm 219 cm/s 20 mmHg ASD 9.8 mm & 3.6 mm Ligament 79% Abnormal Type 1
3 3.2 mm 404 cm/s 65 mmHg No N/A 2% Abnormal Type 1
4 5 mm 124 cm/s 5 mmHg VSD 2 mm N/A 68% Normal Type 1
5 8.5 mm 116 cm/s 5 mmHg PDA 1.6 mm Small size 74% Normal Type 1

PFAA, persist fifth aortic arch; PG, pressure grade; PDA, patent ductus arteriosus; LVEF, left ventricular ejection fraction; ASD, atrial septal
defect; PFO, patent foramen ovale; VSD, ventricular septal defect; N/A, no PDA was found on echocardiograph.

lumen aortic arch. PFAA has been associated with complex
cardiac defects (4-7) and to some extent, its presence
has been beneficial for hemodynamic stabilization (8).
In pediatric cardiology, echocardiography is accessible,
easy to operate, and an accurate diagnostic modality, with
a reported diagnostic rate as high as 62.5% for PFAA (9).
The objective of this article is to improve the understanding
and diagnosis of PFAA through a single-center experience
by comprehensive echocardiographic evaluation combined
with computed tomography angiography (CTA) when
necessary. We present the following article in accordance
with the AME Case Series reporting checklist (available at
http://dx.doi.org/10.21037/tp-20-433).

Methods

In this retrospective study, five cases of PFAA were
identified and reviewed at the Affiliated Children’s Hospital
of Capital Institute of Pediatrics from October 2016 to
September 2019. Data were collected and analyzed from
the medical records, including physical manifestations,
comprehensive echocardiographic examinations (Philips IE
33 with a 5-1 probe), CTA assessments, and cardiovascular
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surgical reports. This retrospective study was approved by
Ethics Committee of Capital Institute of Pediatrics board of
No. SHERLLM2021003 whereby individual consent was
waived and conducted in accordance with the Declaration
of Helsinki (as revised in 2013).

Results

Details of patient information and echocardiographic
findings of all five cases are summarized in Tables 1,2.
There were three males and two females between the
age of 3 to 48 months, between the weight of 4 to 12 kg.
Three cases (Cases 1, 2 and 3) were first admitted to our
center for symptoms such as coughing, fever, breathing
difficulty, and heart murmur; whereas two cases (Cases 4
and 5) had no initial symptoms. Case 4 was admitted for
a routine health examination while Case 5 was screened
for congenital heart disease. The diagnosis of PFAA was
initially missed by echocardiography in Cases 1 and 2 but
later confirmed by CTA for stenosis of aortic arch. In Cases
3-5, echocardiography using two-dimensional and color
Doppler directly diagnosed the presence of PFAA. Based
on the Freedman classification (8,10), all five patients in our
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retrospective analysis had systemic-to-systemic PFAA (Type
1), and not systemic-to-pulmonary (Type 2), pulmonary-to-
systemic (Type 3), or bilateral PFAA (Type 4) (1able 3).

Two cases (Cases 1 and 3) showed interruption of the 4"

Table 3 Freedom classification

Classification Connection Association

Type 1 Systemic-to-systemic Interrupted aortic arch
or coarctation of the
aorta

Type 2 Systemic-to-pulmonary  Right-sided

obstructive lesions

Left-sided obstructive
lesions

Type 3 (rare)  Pulmonary-to-systemic

Type 4 (rare)  Bilateral Bilateral PFAAs of any
type
This classification is based on reference (8,10). PFAA, persistent

fifth aortic arch.
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aortic arch with the presence of a severely stenotic PFAA.
Cases 1 had abnormal blood pressure gradient differences
between their left upper limb and left lower limb, and an
enlarged left heart and reduced ejection fraction (41%).
Echocardiography did not distinguish a PFAA but was later
confirmed by CTA and underwent cardiovascular surgery.
During the procedure, the stenosis PFAA segment was
removed and the 5" arch anterior wall was widened by
treated-glutaraldehyde autologous pericardium. Thereafter,
the whole 5™ arch was anastomosed with the descending
aorta (Figure I). This patient had an uneventful recovery.
Case 3 was diagnosed by echo and refused for further CTA
examination and care, then were lost for follow-up.

Three cases (Cases 2, 4, and 5) had interruption of the 4"
aortic arch with a normal presence of PFAA: one combined
with a small muscular ventricular septal defect (VSD),
one with a small patent ductus arteriosus (PDA), and one
with an atrial septal defect (ASD). Cases 2 was initially
diagnosed with a large ASD and mild aortic arch stenosis by

Figure 1 Images of Case 1 in echocardiography, CTA, and surgery. (A) Color Doppler showed the 4" aortic arch unconnected to the

descending aorta and stenosis of the 5™ aortic arch; (B,C) CTA images demonstrated an interruption 4™ aortic arch and a stenotic 5™ aortic

arch; (D) images in the operation confirmed the structures of the 4™ and 5™ aortic arch. CTA, computed tomography angiography; LPB, left

principal bronchus.
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Figure 2 Tmages of Case 2 in echocardiography, CTA, and surgery. (A) Two-dimension echocardiography showed the shape of the 5™ aortic
arch; (B) CTA images demonstrated an interruption 4™ aortic arch and a stenotic 5™ aortic arch; (C) images in the operation showed the

remnant of the 4" aortic arch and 5" arch. CTA, computed tomography angiography.
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Figure 3 Tmages of Cases 4 and 5 in echocardiography. (A) Echocardiography demonstrated an interruption 4™ aortic arch and unobstructed
5™ aortic arch in Case 4; (B,C,D) echocardiography images showed an interruption 4™ aortic arch and fluent 5" arch with small size PDA in
Case 5. PDA, patent ductus arteriosus.

echocardiography. However, this patient was later diagnosed upper limbs, the patient was scheduled for surgery. During
with a PFAA and coarctation of aortic arch by CTA. Due the procedure, remnants of the 4™ arch was observed as
to the blood pressure differential between the lower and a ligament which connects the left subclavian artery and
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PFAA, meanwhile PDA as another ligament connects the
PFAA and pulmonary artery. These two ligaments resulted
in a tortuous PFAA. After removing both ligaments and the
surrounding connective tissue, the blood pressure gradient
equalized between the upper and lower limbs (Figure 2).
The other two patients did not require surgery and were
scheduled for a follow-up assessment (Figure 3).

Discussion

The existence of a fifth aortic arch in mammals has been
debated for over the past century (2). Typically, vertebrate
embryos develop six pairs of pharyngeal (aortic) arch
arteries. During the development of the great arteries,
the primitive bilateral fifth aortic arches either do not
form or degenerate mostly at the 4" week of embryonic
life (11). If one or both of the fifth aortic arches persist in
the process of arterial loop formation, it can emerge as a
PFAA (12). In 1969, Van Praagh reported the first human
PFAA case with a double-lumen aortic arch (3), and Gerlis
supported the existence of a pair of fifth arch arteries in
human embryos at a prevalence of 0.3% from post-mortem
specimen examinations (13). Subsequently, the PFAA
was classified into four types based on anatomical and
physiological characteristics by Freedom ez 4/, including
system-to-system (Type 1), system-to-pulmonary (Type 2),
pulmonary-to-system (Type 3), and bilateral (Type 4)
(Table 3) (10). Based on the Freedman classification, all 5
patients in our study had Type 1 systemic-to-systemic PFAA
with interrupted 4™ aortic arch. In 2016, Gupta raised a new
concept about the PFAA based on a murine model, which
was an extra-pericardial vessel arising from the ascending
aorta proximal to the brachiocephalic artery origin, and
terminating either on the dorsal aorta or on the pulmonary
arteries via the PDA (14). According to Gupta’s definition,
the incidence of PFAA would be extremely rare, and it is
categorized as collateral channels because it should have a
larger PDA connecting with PFAA (15), Whereas in our
study, only one case had a narrow PDA.

In our study, two patients had a severely stenotic PFAA.
In the case of severe stenosis, the lower limbs had decreased
blood flow and pressure, resulting in a larger blood pressure
gradient difference between the upper and lower extremities
upon physical examination. Furthermore, the increased left
ventricular afterload caused by PFAA stenosis contributed
to the manifestation of congestive heart failure (16).

In two other patients, the PFAA and descending aorta
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did not have any significant signs of stenosis, abnormal
hemodynamics, nor clinical symptoms. These cases did
not require any surgical procedure and were scheduled for
a follow-up assessment. Therefore, timely diagnosis and
characterization of the PFAA are important for surgical and
treatment strategies because of the associated narrowing of
the aortic arch and related symptoms in these cases.

"The PFAA has been previously diagnosed directly by the
use of echocardiography (17). Echocardiography can display
the exquisite anatomy of the aortic arch, and the suprasternal
notch view is the most useful as it can show the whole aortic
arch in the para-sagittal plane (18). Additionally, scanning
the whole aortic arch in the suprasternal notch view is
also very beneficial to understand the spatial relationship
between the 5" aortic arch and the branches of the aortic
arch (4™ left aortic artery). In two of our cases, the patients
had a blood pressure differential between upper and lower
limbs. We only focused on the stenosis of the aortic arch
but ignored other potential conjunction. Therefore, we
were limited to identify the descending aorta stenosis
other than PFAA. Therefore, we believe careful scanning
of the whole aortic arch and the origin of the branches is
significant for improving the accuracy of a PFAA diagnosis.
It is necessary to pay special attention to the abnormal
shape of the aortic arch or accelerated blood flow in the
suprasternal long-axis view. Echocardiography can provide
the earliest detection of the 5" aortic arch and other lesions.
In patients with a stenotic PFAA, further CTA examination
is suggested to get a detailed picture of the aortic arch
in preparation for surgery. Magnetic resonance imaging
and CTA are generally considered the preferred imaging
modality to accurately display the anatomical relationships
between the major vasculature and surrounding vessels (19).
For patients diagnosed with a normal PFAA without any
other severe congenital heart disease, then only a follow-
up assessment is required. Surgery or CTA examination
are not necessary. We believe that surgical intervention
is recommended for children with a stenotic descending
aorta, and echocardiography can evaluate the surgical
outcomes and postoperative follow-up. This paper focuses
on presenting data, stating result and reaching a conclusion
accordingly.

Conclusions

Our understanding of the origins of the embryological
derivation of the so-called “persistent fifth aortic arch” in
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humans remains controversial, but continues to improve
with increasing evidence in the literature. It is necessary
to accurately diagnose the abnormal structures of the
aortic arch and associated abnormalities to ensure the most
suitable strategy for treatment and management.

Acknowledgments

We would like to thank Fu-Tsuen Lee for his help in
polishing our paper.
Funding: None.

Footnote

Reporting Checklist: The authors have completed the AME
Case Series reporting checklist. Available at http://dx.doi.
org/10.21037/tp-20-433

Data Sharing Statement: Available at http://dx.doi.
org/10.21037/tp-20-433

Peer Review File: Available at http://dx.doi.org/10.21037/tp-
20-433

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/tp-20-433). The authors have no conflicts of
interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by Ethics
Committee of Capital Institute of Pediatrics board of
No. SHERLLM2021003 and individual consent for this

retrospective analysis was waived.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and
the original work is properly cited (including links to both
the formal publication through the relevant DOI and the

© Translational Pediatrics. All rights reserved.

1571

license). See: https://creativecommons.org/licenses/by-nc-

nd/4.0/.

References

1. Brown AJ. The development of the pulmonary vein in the
domestic cat. The Anatomical Record 1913;7:299-330.

2. Huntington GS. The morphology of the pulmonary
artery in the mammalia. The Anatomical Record
1919;17:164-201.

3. Van Praagh R, Van Praagh S. Persistent fifth arterial
arch in man. Congenital double-lumen aortic arch. Am J
Cardiol 1969;24:279-82.

4. Furtado AD, Manohar SR, Pradhan SK, et al. Persistent
left fifth aortic arch with pentalogy of Fallot. Thorac
Cardiovasc Surg 2012;60:233-5.

5. Tang X, Wang L, Wu Q, et al. Persistent fifth aortic arch
with interrupted aortic arch. ] Card Surg 2015;30:284-7.

6. Wei X, Wang F, Cao R, et al. True bovine aortic arch
combined with coarctation of persistent fifth aortic arch in
a child. Eur Heart ] Cardiovasc Imaging 2019;20:837.

7. Tamayo-Espinosa T, Erdmenger-Orellana J, Becerra-
Becerra R, et al. Persistent fifth aortic arch with patent
ductus arteriosus. Arch Cardiol Mex 2015;85:161-3.

8. Lloyd DFA, Ho SY, Pushparajah K, et al. Persistent fifth
aortic arch: the "great pretender” in clinical practice.
Cardiol Young 2018;28:175-81.

9. Yang H, Zhu X, Wu C, et al. Assessment of persistent
fifth aortic arch by echocardiography and computed
tomography angiography. Medicine (Baltimore)
2020;99:€19297.

10. Freedom RM, Yoo SJ, Mikailian H, et al. The natural and
modified history of congenital heart disease. New York:
John Wiley & Sons, 2008.

11. Blake HA, Manion WC. Thoracic arterial arch anomalies.
Circulation 1962;26:251-65.

12. Hanneman K, Newman B, Chan F. Congenital variants
and anomalies of the aortic arch. Radiographics
2017;37:32-51.

13. Gerlis LM, Dickinson DF, Wilson N, et al. Persistent fifth
aortic arch. A report of two new cases and a review of the
literature. Int J Cardiol 1987;16:185-92.

14. Gupta SK, Gulati GS, Anderson RH. Clarifying the
anatomy of the fifth arch artery. Ann Pediatr Cardiol
2016;9:62-7.

15. Gupta SK, Bamforth SD, Anderson RH. How frequent is
the fifth arch artery? Cardiol Young 2015;25:628-46.

Transl Pediatr 2021;10(6):1566-1572 | http://dx.doi.org/10.21037/tp-20-433


http://dx.doi.org/10.21037/tp-20-433
http://dx.doi.org/10.21037/tp-20-433
http://dx.doi.org/10.21037/tp-20-433
http://dx.doi.org/10.21037/tp-20-433
http://dx.doi.org/10.21037/tp-20-433
http://dx.doi.org/10.21037/tp-20-433
http://dx.doi.org/10.21037/tp-20-433
http://dx.doi.org/10.21037/tp-20-433
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

1572

16. Kato N, Tachibana T, Asai H, et al. Persistent fifth aortic
arch with left ventricular dysfunction and left bronchial
obstruction. Ann Thorac Surg 2020;110:e361-3.

17. Camarda JA, Russell DS, Frommelt M. Persistent fifth
aortic arch: echocardiographic diagnosis of a persistent
fifth aortic arch. Echocardiography 2011;28:E44-5.

Cite this article as: Liu Y, Zhang H, Ren J, Cao A, Guo ],
Liu B, Bao M, Zheng C. Persistent fifth aortic arch: a single-
center experience, case series. Transl Pediatr 2021;10(6):1566-
1572. doi: 10.21037/tp-20-433

© Translational Pediatrics. All rights reserved.

19.

Liu et al. PFAA

. Bernheimer J, Friedberg M, Chan F, et al.

Echocardiographic diagnosis of persistent fifth aortic arch.
Echocardiography 2007;24:258-62.

Kim SH, Choi ES, Cho S, et al. Persistent fifth aortic
arch with coarctation. Korean ] Thorac Cardiovasc Surg
2016;49:39-41.

Transl Pediatr 2021;10(6):1566-1572 | http://dx.doi.org/10.21037/tp-20-433



