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1  | INTRODUC TION

The clinical pattern and epidemiology of pediatric infective endo‐
carditis (IE) in developed countries has substantially changed due 
to advances of medical care including routine antibiotic treatment 
for bacterial infections, improvements in pediatric cardiac surgery, 

and catheter interventional treatment and prophylactic recommen‐
dations regarding IE in patients at risk.1,2 Nowadays, IE normally 
remains a rare disease, but associated with relevant morbidity and 
mortality in affected patients.1,2 In fact, due to the decline of rheu‐
matic fever, predisposing factors for IE in children are more often 
related to congenital heart disease (CHD) and its subsequent surgical 
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Abstract
Background: Since routine clinical use of antibiotics as well as surgical and catheter‐
based closure of a patent arterial duct (PDA), PDA‐associated infective endarteritis 
(PDA‐IE) is rare but can still occur when the ductus is still open or as it closes. Thus, 
clinicians should maintain a high index of concern for patients with unexplained fever.
Methods: We report on a PDA‐IE in a young infant shortly after potentially delayed 
obliteration of a PDA. We discuss this case report by reviewing the literature in regard 
to the pathogenesis (infection primary or secondary to PDA thrombus formation), 
clinical (new heart murmur) and diagnostic findings (transthoracic echocardiography, 
total body MRI, laboratory findings), and clinical outcome during mid‐term follow‐up 
after successful antibiotic treatment.
Results: A 7‐week‐old term infant with Staphylococcus aureus sepsis and a new heart 
murmur was diagnosed with PDA‐IE by transthoracic echocardiography at the pul‐
monary artery end of an obliterated PDA. Broad diagnostic workup excluded other 
reasons for sepsis. After 4 weeks of antibiotic treatment the vegetation reduced in 
size and the infant recovered completely. A review of all cases of PDA‐IE (in pediatric 
and adult patients) previously published was performed.
Conclusion: Nowadays, a PDA‐IE is an extremely rare, but still life‐threating condi‐
tion that may even affect patients with a nonpatent ductus arteriosus shortly after 
its obliteration and should be considered as infective complication in preterms, neo‐
nates, and small infants. Therefore, in septic neonates with bacteremia, transthoracic 
echocardiography may be integrated in the diagnostic workup, especially by fever 
without source and clinical signs of IE such as a new heart murmur.
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correction or palliation with use of foreign material (normally pul‐
monary valve infections)1,2 Native valve infections in preterm and 
immune‐compromised infants are also described.1,2

The ductus arteriosus Botalli connects the descending aortic arch 
with the roof of the main and left pulmonary artery and serves as an 
obligatory right‐to‐left shunt during fetal life. Since first successful sur‐
gical ligation of a patent ductus arteriosus (PDA) in 19383 and the es‐
tablishment of medical and interventional techniques for PDA closure, 
infective endarteritis in patients with a PDA is a rare or even disappear‐
ing clinical entity in developed countries and only described in cases 
reports4-35 and one retrospective study36 with vegetations related to 
hemodynamic relevant or less relevant PDA found either in postmor‐
tem studies or echocardiographic evaluations. However, in developing 
countries a PDA remains a predisposing risk factor for IE.27,36,37

We present the case of a 7‐week‐old infant with an IE (better 
termed as endarteritis) of the pulmonary artery at the entrance of 
a former PDA.

2  | C A SE PRESENTATION

A 7‐week‐old male term born was seen at our pediatric emergency 
room with a history of fever and impaired clinical status. He had 
been delivered with a planned cesarean section at 38 4/7 postmen‐
strual weeks (birth weight 3060 g) after an uneventful pregnancy and 
an unremarkable postpartal adaptation. Breast‐feeding was performed 
and no failure to thrive or signs of infection were noticed. At the age of 
3 days and 4 weeks, two regular pediatric checkups were performed 
without relevant findings except a transient redness of the umbilicus, 
that we could not see at admission. In the family, there was no history 
of cardiac diseases, immune deficiencies, or coagulation disorders.

On admission at the age of 7 weeks, he presented with high fever 
(up to 40°C) without a focus. Environmental history was negative for 
infections. The clinical examination showed a well fed, not dysmorphic 
infant with fever without focus and tachycardia. After volume bolus 
and sampling of cerebrospinal fluid (CSF), blood and urine, and em‐
pirical antibiotics (amoxicillin and gentamicin) were started under the 
suspicion of sepsis. Blood cultures grew Staphylococcus aureus with a 
time to positivity (TTP) of 8 hours. Antibiotic treatment was changed 
according to the antibiogram to monotherapy with flucloxacillin. The 
day after, total body magnetic resonance imaging (MRI) and abdomi‐
nal ultrasound excluded osteomyelitis or an abdominal focus. A new 
harsh 2/6 systolic crescendo‐decrescendo heart murmur with punc‐
tum maximum at the left second intercostal space 2 cm to the sternal 
boarder with normal heart sounds without irradiation was noticed. 
Transthoracic two‐dimensional echocardiography showed a hypere‐
chogenic mobile moderately flattering mass (8 × 3 mm) at the roof of 
the left pulmonary artery (LPA) near the former opening of a mean‐
while completely closed PDA (Figure 1A). The finding was consistent 
with a thrombus formation respectively vegetation downstream di‐
rected from the former flow direction at the low‐pressure opening 
of a now obliterated PDA. The blood flow in the LPA was slightly ac‐
celerated by a systolic pulse wave Doppler gradient of Vmax 180 cm/s 

compared to the right pulmonary artery (Vmax 141 cm/s). There were 
no further pathological findings at echocardiography. Total body MRI 
specifically showed no signs of embolisms in the pulmonary arteries 
and no pathological signs in the lungs’ parenchyma. After 36 hours 
of antibiotic treatment blood cultures were negative, the patient was 
afebrile, and the clinical status improved. Due to the clinical course, 
blood examinations, and response to antibiotic therapy, together with 
the results of the imaging modalities ruling out any other focus for 
infection, the diagnosis of an infective S. aureus endarteritis at the LPA 
was made. After 1 week of treatment, echocardiographic follow‐up 
(Figure 1B) determined unchanged dimension of the vegetation, but a 
higher echogenicity; inflammation parameters had almost normalized 
(CrP 4 mg/L, erythrocyte sedimentation rate (ESR) 25 mm/h). After 
2 weeks (Figure 1C) and 4 weeks (Figure 1D) of treatment, echocar‐
diography revealed smaller dimensions of the vegetation with, re‐
spectively,  5 × 4 mm and 5 × 3 mm with normal Doppler blood‐flow 
pattern in LPA. Laboratory analysis showed a complete normalization 
of inflammation parameters and a normal coagulation profile. The 
child was discharged in good clinical status without a heart murmur. 
Nine weeks after fever onset and 5 weeks after the end of antibiotic 
treatment, the child was asymptomatic. Echocardiographic findings 
were unchanged with residual vegetation (Figure 1E). An immunologi‐
cal evaluation was performed without pathological finding.

3  | DISCUSSION

At the beginning of the last century, PDA‐associated infective en‐
darteritis (PDA‐IE) was a clinically relevant disease with a high mor‐
bidity and mortality due to missing therapeutic options before the 
antibiotic era (Table 1). Mortality in patients with a PDA was re‐
ported with up to 4%, in the majority (up to 45%) due to an often 
chronic PDA‐IE.3,18 Since that time, morbidity and mortality of a PDA 
declined substantially and cases of PDA‐IE have become very rare 
(<1%).11 Nevertheless, the only prospective study on the incidence 
of PDA‐IE highlighted a different trend toward higher incidence (up 
to 4.8/1000 patients treated in a pediatric cardiac center), probably 
associated with a different health care system.19

Therefore, some controversy exists regarding the need for 
routine closure of a silent or hemodynamic irrelevant PDA for the 
sole purpose of eliminating the risk of PDA‐IE.1,37 In fact, the de‐
velopment of PDA‐IE seems to be more frequent in patients with a 
hemodynamic relevant PDA,3-15,18,19 while only anecdotic cases of 
PDA‐IE in a hemodynamic irrelevant PDA are reported.11,16,24,29,38,39 
Only few reports of a PDA‐IE in young infants have been pub‐
lished,15,19,29,39 but due to the increasing number of very low birth 
weight preterms, where a PDA is a frequent finding, this infective 
complication has to be kept in mind.

A PDA‐IE was previously defined by the presence of a PDA 
associated to typical vegetation (echocardiography guarantees 
enough imaging quality for the diagnosis20) or positive blood cul‐
tures.37 In accordance to our S. aureus bacteremia, bacterial patho‐
gens for PDA‐IE are mainly Streptococcus spp., Staphylococcus spp., 
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and very rarely Gram‐negative rods.4,8,10,11,15,16,18,22,28-30,36,39 Our 
echocardiographic findings of a hyperechogenic structure in the 
parasternal short‐axis view in the original shunt flow direction of 
the PDA are also typical findings due to endothelial lesions sur‐
rounding the opening of the PDA on the left pulmonary artery as 

the predisposing pathogenic factor of an IE.7,12 Therefore, even if 
we were not able to determine a residual PDA shunt flow on echo 
in our patient, the broad diagnostic workup including total body 
MRI, abdominal ultrasound, CSF, and urine sampling performed 
to exclude other infectious sources, our diagnosis of a pulmonary 

F I G U R E  1    Two‐dimensional transthoracic echocardiographic long‐axis view of the pulmonary arteries and nonpatent ductus arteriosus 
demonstrating vegetation’s evolution (arrow) in dimension and echogenicity at admission (A) 8 × 3 mm; week 1 (B) 8 × 3 mm; week 2 
(C) 5 × 4 mm; week 4 (D) 5 × 3 mm; week 9 (E) 5 × 3 mm. Figure A shows the turbulent blood flow (circle) in the left pulmonary artery 
accelerated by a systolic pulse wave Doppler gradient of Vmax 180 cm/s compared to the right pulmonary artery Vmax 141 cm/s, figure B‐E 
demonstrated a normalized systolic pulse
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endarteritis remains. The continuous diminishment of the vege‐
tation during the 6‐week lasting antibiotic therapy supports our 
hypothesis. One other case of an infective endarteritis associated 
with a nonpatent remnant of a ductus arteriosus was reported, but 
the vegetation was on the aortal side of the former PDA, resulting 
in an infective aortitis with systemic septic embolism.17

According to our literature review (Table 1),4-36 the typical 
presentation of a PDA‐IE is characterized by prolonged fever (for 
weeks or even months), sometimes associated to clinical signs of an 
hemodynamic relevant PDA (fatigue, heart failure, anorexia) or of 
complications of a PDA‐IE such as septic pulmonary or systemic em‐
bolisms. Most case reports include patients with an isolated PDA, 
not associated with other types of CHD or previous cardiac surgery, 
except one case,24 where the PDA‐IE involves the pulmonary valve. 
As in the majority of case reports on PDA‐IE,4-36 the origin of the 
bacteremia was unclear in our patient. Whether the mild redness 
of the umbilicus before hospital admission was a skin infection and 
therefore responsible for bacterial entrance remains open. In the 
neonatal population, transient bacteremia may occur especially in 
hospitalized preterms due to vascular access as a potential entry 
site,15 which we could not find in our infant.

The functional closure of PDA starts directly after birth and the 
anatomical closure concludes at 10 days of age.40 The closing mecha‐
nism of PDA was clarified by the discovery of prostaglandins in 1936.40 
Previously, Morgagni hypothesized a mechanical compression associ‐
ated to the lack of circulating blood, while Virchow believed the PDA 
would close due to thrombus formation.41 A thrombus formation in 
the PDA was recently presented by Ciliberti,42 while Rauchfuss,19 in 
1859, describes four fatal cases of neonates with a thrombotic clo‐
sure of the PDA associated to blood stream infection. Interestingly, 
the autoptic reports documented an infected thrombotic formation, 
which would continue into the pulmonary artery affected by an end‐
arteritis.19 These findings are in line with our echocardiographic im‐
ages and with the clinical presentation of our patient. Whether the 
thrombus formation itself serves as the prerequisite of PDA‐IE or the 
hemodynamic alteration of the endothelial surface surrounding the 
PDA opening of the LPA remains unclear.

Since the large elastic arteries are generally thought to be re‐
sistant to bacterial infection, an abnormal vessel wall anatomy is 
thought to be a predisposition. In fact, in “classical” PDA‐IE the veg‐
etation develops at the end of the PDA due to the Venturi effect,13 
while microscopic tears of the intima resulting from mechanical 
strain turn the endothelium to a status susceptible for infections that 
could lead to subsequent thrombosis.28

Therefore, two hypotheses for the development of PDA‐IE in 
our patient may be distinguished: first, the thrombotic formation in 
the PDA preceded the infection and the inflammation deriving from 
the thrombus acted as substrate for the formation of the vegetation; 
second, the spontaneous PDA obliteration was delayed (but pre‐
ceded the hospital admission) and led to endothelium inflammation, 
resulting in higher risk for infection and subsequent thrombotic pro‐
cesses, which were the only sign left after successful clearing of the 
bacteremia.A
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4  | CONCLUSION

An infective PDA‐IE is a rare, but life‐threating condition, which 
may possibly appear even in patients with a recently closed PDA. 
Increasing awareness for this infective complication in neonates is 
advised. A possible underreporting of this clinical entity in neonatal 
patients with a bacteremia is possible. Echocardiography is not in‐
vasive, and its integration in the diagnostic workup of young febrile 
infants with bacteremia without source should be discussed, espe‐
cially if a new heart murmur develops.

CONFLIC T OF INTERE S T

All authors have no potential conflicts of interest to disclose.

AUTHOR CONTRIBUTIONS

Design of the study, data collection/analysis, drafting/approval of arti‐
cle: Alessia Callegari
Data collection, critical revision/approval of article: Barbara Burkhard, 
Walter Knirsch
Interpretation of data, critical revision/approval of article: Christa Relly, 
Martin Christmann

ORCID

Alessia Callegari   https://orcid.org/0000-0001-6043-655X 

Barbara Burkhardt   https://orcid.org/0000-0002-0412-9958 

Martin Christmann   https://orcid.org/0000-0001-7218-8864 

R E FE R E N C E S

	 1.	 Rosenthal LB, Feja KN, Levasseur SM, Alba LR, Gersony W, Saiman L. 
The changing epidemiology of pediatric endocarditis at a children’s 
hospital over seven decades. Pediatr Cardiol. 2010;31(6):813‐820.

	 2.	 Dixon G, Christov G. Infective endocarditis in children: an update. 
Curr Opin Infect Dis. 2017;30(3):257‐267.

	 3.	 Campbell M. Natural history of persistent ductus arteriosus. Heart. 
1968;30(1):4‐13.

	 4.	 Sugimura Y, Katoh M, Toyama M. Patent ductus arteriosus with pul‐
monary endarteritis. Intern Med. 2013;52(18):2157‐2158.

	 5.	 Bathoorn E, Heitbrink MA, Reichert C, Boersma WG. A turbulent 
cause of bilateral pneumonia. Eur Respir J. 2009;33(6):1513‐1516.

	 6.	 Onji K, Matsuura W. Pulmonary endarteritis and subsequent pul‐
monary embolism associated with clinically silent patent ductus 
arteriosus. Intern Med Tokyo Jpn. 2007;46(19):1663‐1667.

	 7.	 Lankipalli RS, Lax K, Keane MG, et al. Infected patent ductus arteri‐
osus. Circulation [Internet]. 2005 [cited 2019 Feb 5]; 112(25).

	 8.	 Yanýk A, Yetkin E, Lleri M, Yetkin G, Penen K, Göskel S. Vegetation 
due to Streptococcus viridans in the pulmonary artery in a child with 
patent ductus arteriosus. Int J Cardiol. 2000;72(2):189‐191.

	 9.	 Rivera IR, Moisés VA, Brandão AC, Silva CC, Andrade JL, Carvalho 
AC. Patent ductus arteriosus and pulmonary artery endarteritis. Arq 
Bras Cardiol. 1997;69(5):335‐338.

	10.	 Kouris NT, Sifaki MD, Kontogianni DD, et al. Patent ductus ar‐
teriosus endarteritis in a 40‐year old woman, diagnosed with 

Transesophageal Echocardiography. A case report and a brief re‐
view of the literature. Cardiovasc Ultrasound [Internet]. 2003;1:2.

	11.	 Bilge M, Üner A, Özeren A, et al. Pulmonary endarteritis and subse‐
quent embolization to the lung as a complication of a patent ductus 
arteriosus: a case report. Angiology. 2004;55(1):99‐102.

	12.	 Vargas‐Barron J, Attie F, Buendia‐Hernandez A, Keirns C, Esquivel‐
Avila J. Echocardiographic recognition of pulmonary artery endar‐
teritis in patent ductus arteriosus. Am Heart J. 1985;109(2):368‐370.

	13.	 Malviya A, Kalita JP, Jha PK, Mishra A. Fatal complication of ductal 
arteritis in a malnourished child. Indian Heart J. 2016;68:S241‐S242.

	14.	 Mittal SR, Maheshwari M. Patent ductus arteriosus with infective 
endarteritis. J Assoc Physicians India. 2010;58:498.

	15.	 Grover A, Barnes N, Chadwick C, Thompson F, Adams E, Wilson N. 
Neonatal infective endarteritis complicating patent ductus arterio‐
sus. Acta Paediatr. 2008;97(5):663‐665.

	16.	 Parthenakis F, Kanakaraki M, Vardas P. Silent patent ductus arterio‐
sus endarteritis. Heart. 2000;84(6):619.

	17.	 Flapper WJ, Dixit AS, Murton MM. Infective aortitis associated with 
the nonpatent remnant of a ductus arteriosus. Ann Thorac Surg. 
2003;76(3):931‐933.

	18.	 Schlaepfer K. Chronic and acute arteritis of the pulmonary artery 
and of the patent ductus arteriosus. Arch Intern Med. 1926;37(4):473.

	19.	 Rauchfuss C. Ueber thrombose des ductus arteriosus botalli. 
Virchows Arch. 1859;17:376‐397, 22.

	20.	 Clapp S, Bedard M, Farooki ZQ, Arciniegas E. Pulmonary ar‐
tery thrombus associated with the ductus arteriosus. Am Heart J. 
1986;111(4):796‐797.

	21.	 Adams R. Patent ductus arteriosus and subacute bacterial endar‐
teritis; report of a case relieved by division of ductus and penicillin 
therapy. Lahey Clin Bull. 1946;5(1):13‐20.

	22.	 Dammann JF. Patent ductus arteriosus with superimposed 
Staphylococcus aureus endarteritis. Am J Dis Child 1911. 1946;72:237.

	23.	 Ciliberto GR, Danzi GB, Pezzano A, Quaini E, Pellegrini A. 
Echocardiographic diagnosis of infectious endocarditis on patent 
ductus arteriosus with involvement of the pulmonary artery and 
the pulmonary and aortic semilunar valves. Description of a case. G 
Ital Cardiol. 1986;16(9):795‐797.

	24.	 Ozkokeli M, Ates M, Uslu N, Akcar M. Pulmonary and aortic valve 
endocarditis in an adult patient with silent patent ductus arteriosus. 
Jpn Heart J. 2004;45(6):1057‐1061.

	25.	 Kadakia R, Giullian J, Dokainish H. Patent ductus arteriosus compli‐
cated by pulmonary artery endarteritis in an adult. Echocardiography. 
2004;21(7):665‐667.

	26.	 Choi K‐N, Yang T‐H, Park B‐S, et al. A case with patent ductus ar‐
teriosus complicated by pulmonary artery endarteritis. J Cardiovasc 
Ultrasound. 2008;16(3):90.

	27.	 Matsukuma S, Eishi K, Hashizume K, et al. A case of pulmonary in‐
fective endarteritis associated with patent ductus arteriosus: sur‐
gical closure under circulatory arrest. Gen Thorac Cardiovasc Surg. 
2011;59(8):563‐565.

	28.	 Navaratnarajah M, Mensah K, Balakrishnan M, Raja SG, Bahrami T. 
Large patent ductus arteriosus in an adult complicated by pulmo‐
nary endarteritis and embolic lung abscess. Heart Int. 2011;6(2):e16.

	29.	 Ferreira PS, Rodrigues P, Peres A, Roque Do Vale P, Casimiro A, 
Cunha F. Infective endarteritis complicating clinically silent patent 
ductus arteriosus. Acta Med Port. 2011;24(Suppl 3):605‐610.

	30.	 Miraclin AT, Perumalla SK, Daniel J, Sathyendra S. Abiotrophia de‐
fectiva endarteritis with infective spondylodiscitis in an adult pa‐
tient with patent ductus arteriosus. BMJ Case Rep. 2017;7:2017.

	31.	 Manges M. Patent ductus arteriosus with infective pulmonary end‐
arteritis. Trans Am Climatol Clin Assoc. 1916;32:313‐322.

	32.	 Vesell H, Kross I. Patent ductus arteriosus with subacute bacterial 
endarteritis; diagnosis and indications for operation. Arch Intern 
Med Chic Ill 1908. 1946;77:659‐677.

https://orcid.org/0000-0001-6043-655X
https://orcid.org/0000-0001-6043-655X
https://orcid.org/0000-0002-0412-9958
https://orcid.org/0000-0002-0412-9958
https://orcid.org/0000-0001-7218-8864
https://orcid.org/0000-0001-7218-8864


     |  677CALLEGARI et al.

	33.	 Uschold G. A case of pulmonary endarteritis simulating patent duc‐
tus Botalli in a 7 1/2 year old child. Langenbecks Arch Klin Chir Ver 
Mit Dtsch Z Chir. 1952;271(1):17‐26.

	34.	 Okhotin IK, Mishina GI, Zakhar’evskaia NS. Septic endarteritis 
with patent ductus arteriosus in children in the first 3 years of life. 
Pediatriia. 1973;52(4):65‐66.

	35.	 Cruz‐González I, Martín‐Herrero F, Sánchez JL. Infective endarteri‐
tis in patent ductus arteriosus and septic pulmonary embolism. Rev 
Esp Cardiol. 2006;59(4):397‐398.

	36.	 Sadiq M, Latif F, ur‐Rehman A. Analysis of infective endarteritis in 
patent ductus arteriosus. Am J Cardiol. 2004;93(4):513‐515.

	37.	 Thilén U, Aström‐Olsson K. Does the risk of infective endarteri‐
tis justify routine patent ductus arteriosus closure? Eur Heart J. 
1997;18(3):503‐506.

	38.	 Balzer DT, Spray TL, McMullin D, Cottingham W, Canter CE. 
Endarteritis associated with a clinically silent patent ductus arterio‐
sus. Am Heart J. 1993;125(4):1192‐1193.

	39.	 Celebi A, Erdem A, Cokuğraş H, Ahunbay G. Infective endar‐
teritis in a 2‐month‐old infant associated with silent patent 

ductus arteriosus. Anadolu Kardiyol Derg AKD Anatol J Cardiol. 
2007;7(3):325‐327.

	40.	 Obladen M. History of the ductus arteriosus: 1. Anatomy and spon‐
taneous closure. Neonatology. 2011;99(2):83‐89.

	41.	 Patent AM, Arteriosus D. Patent ductus arteriosus. Cardiol Clin. 
2013;31(3):417‐430.

	42.	 Ciliberti P, Esposito C, Drago F, Rinelli G. Spontaneous thrombosis 
of the ductus arteriosus in a newborn, complicated by thrombus 
migration and massive pulmonary embolism. Eur Heart J ‐ Cardiovasc 
Imaging. 2016;17(9):1026‐1026.

How to cite this article: Callegari A, Burkhardt B, Relly C, 
Knirsch W, Christmann M. Ductus arteriosus‐associated 
infective endarteritis: Lessons from the past, future 
perspective. Congenital Heart Disease. 2019;14:671–677.  
https​://doi.org/10.1111/chd.12830​

https://doi.org/10.1111/chd.12830

