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Abstract

Patent ductus arteriosus (PDA) accounts for approximately 10% of all congenital heart diseases, 

with an incidence of at least 2–4 per 1000 term births. Closure of the large, hemodynamically 

significant PDA is established as the standard of care, and can be performed safely and effectively 

using either surgical or transcatheter methods. The appropriate management of the very small, 

hemodynamically insignificant PDA is less clear. Routine closure of such defects has been 

advocated to eliminate or reduce the risk of infective endocarditis (IE). However, the risk of IE in 

patients with a small PDA appears to be extremely low, and IE is treatable. Although closure of 

the small PDA is generally safe and technically successful, it is unknown whether this treatment 

truly improves the risk : benefit balance compared with observation. In this article, we review the 

published literature on the natural history and treatment outcomes in individuals with a PDA, the 

epidemiology and outcomes of IE, particularly in association with PDA, and the rationale and 

evidence for closure of the very small PDA.
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Introduction

The purpose of this article is to review the published literature on the natural history and 

treatment outcomes in individuals with a patent ductus arteriosus (PDA), the epidemiology 

and outcomes of infective endocarditis (IE) particularly in association with PDA, and the 

rationale and evidence for closure of the very small PDA.

Patent Ductus Arteriosus

A PDA that persists beyond 1 month of age is estimated to occur in 0.3–0.8–4 per 1000 live 

births,1 and to account for approximately 10% of all congenital heart defects.2 The size of a 

PDA can range from very large to <1 mm, and accordingly, the clinical findings associated 
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with a PDA can vary considerably. In 1991, Houston et al. presented a study in which they 

evaluated children and adults with no typical PDA murmur on auscultation and no evidence 

pulmonary hypertension.3 In a random sample of 360 patients screened using Doppler 

echocardiography, the authors detected 21 patients with a silent PDA. The authors 

concluded that with the advent of sensitive measures such as Doppler ultrasound, the 

incidence of PDA may rise, as previously undetected patients come to medical attention. 

The authors posited that as many as 0.5% of patients presenting with an innocent murmur 

may have a PDA, which is far higher than earlier estimates (0.065%).4

The potential adverse effects of an untreated PDA include: (1) ventricular hypertrophy with 

congestive heart failure; (2) pulmonary vascular disease including Eisenmenger syndrome 

with shunt flow reversal; (3) poor physical growth; (4) IE; (5) aneurysmal dilatation of the 

ductus; and (6) ductal calcification.5 In some early series, especially those published prior to 

the advent of antibiotic therapy for IE, life expectancy forthe patient with PDA was quoted 

as half that for an unaffected patient of the same age and cardiac anatomy.6 It has been 

estimated that one-third of adults with unrepaired, hemodynamically significant PDAs will 

die of heart failure, pulmonary hypertension, or endocarditis by age 40, and that this figure 

rises to two-third by age 60.2

The Very Small PDA

As noted above, PDAs can range considerably in size, physiologic significance, and clinical 

appearance. PDAs in patients with no other structural heart disease, especially small PDAs, 

can be difficult to detect clinically Very small PDAs in particular may be associated with an 

innocent-sounding murmur or have no murmur at all, and are often termed “clinically silent” 

or “silent” because patients are symptom free and without other clinical findings, and if a 

murmur is present, it may be innocent sounding. Particularly if the lesion is not 

hemodynamically significant, a PDA may be missed until some other event, such as the 

performance of an echocardiogram for another reason or, rarely, the development of IE, 

leads to its discovery.7 Although some silent PDAs are detected incidentally in adulthood on 

routine clinical examination, this is the exception rather than the rule.8 Thus, the true 

prevalence of isolated, small PDAs unknown, as many patients likely go undetected if some 

other clinical event does not bring them to medical attention.

In this review, both “small” and “very small” are used to characterize PDA size, without 

precise definition. While these characterizations may be arguable, we intend “very small” to 

include clinically silent PDAs and “small” to refer to PDAs that may have a characteristic 

PDA murmur but are not associated with hemodynamic consequences. The natural history 

of small or silent PDAs has not been well characterized. Nevertheless, based on these 

definitions, it stands to reason that the main, if not only, significant complication that might 

be result from a small or silent PDA is IE.

Outcomes after PDA Closure

The concept of surgical PDA ligation was introduced by Munro in 1888.9 Successful PDA 

division was accomplished for the first time by Gross in 1939.10 This procedure was 

associated with significant risk in early experience, as such patients could go on to 
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experience postoperative complications such as elevated pulmonary pressures, heart failure 

from a long history of left-to-right ductal shunting, or pulmonary embolic phenomena. Risk 

of surgical complications including death and pulmonary or cerebral thromboembolism 

appeared greater in patients who came to medical attention because of the development of 

IE due to IE-associated vegetations on valves or on the pulmonary artery or aorta.

Over the past few decades, outcomes after surgical ligation of the PDA have improved 

significantly. In 1982, Marquis et al. reported on 804 adult patients with isolated PDA 

followed from 1940 to 1979.11 Of these, 15 underwent surgical PDA ligation in adulthood 

either due to worsening symptoms (n = 14) or increasing heart size (n = 1). One patient’s 

preoperative course was complicated by bacterial IE, which responded to preoperative 

antibiotics. Surgery was successful in all 15 patients; however, one patient died from a 

cerebral infarction sustained perioperatively, and another died 8 months postoperatively 

from heart failure. The authors concluded that operative PDA ligation is less well tolerated 

in older patients than in the young, and that elective surgical repair of PDAs should be 

undertaken in childhood whenever possible, no matter “however well the child, however 

trivial the shunt.”11

In a 1994 report, Mavroudis et al. presented a large, retrospective case series of 1108 

pediatric patients from Children’s Memorial Hospital of Chicago who underwent surgical 

PDA ligation between 1947 and 1993.12 Patients with complex congenital heart disease and 

premature infants were excluded from the analysis. The authors noted that mean age at 

surgery declined from 5.9 ± 3.3 years in the first decade to 3.6 ± 3.8 years in the last decade. 

There were no deaths, no PDA recurrences, and no IE in follow-up. The overall morbidity 

rate was 4.4% and the major morbidity rates, which included reoperation for bleed and 

reoperation for inadequate ligation, were 0.3% and 0.1%, respectively. The authors 

concluded that open surgical division of the PDA is a safe and effective technique for PDA 

closure that avoids the risks of device embolization, PDA recanalization, or exsanguinating 

hemorrhage seen with other, more recent procedural approaches. The authors suggested that 

this approach should remain the standard of care until other approaches show similar safety 

rates.

In a 2006 report, Schneider et al. reviewed PDA closure techniques dating back to the first 

surgeries performed in 1939.13 Transcatheter closure was introduced by Portsman et al. in 

1967 using the conical Ivalon plug.14 This was followed by Rashkind and Cuaso, who 

employed an umbrella-type device for PDA closure starting in 1979.15 This approach was 

sometimes complicated by residual shunting, and in 1992 Cambier reported the first use of 

vascular embolization coils for nonsurgical PDA closure, which proved highly effective for 

the small-to moderate-sized PDA.16 Subsequently, additional transcatheter devices have 

been devised, including PDA-specific devices, allowing nonsurgical closure of larger PDAs 

and fewer postprocedural complications in general.

Over the past 10–15 years, transcatheter closure of PDAs has gained favor over surgical 

repair for most routine PDAs. A number of studies have been published reporting 

experience with transcatheter PDA closure, in particular using detachable coils and the 

Amplatzer ductal occluder device (Table 1).17–26 Sample sizes of these series ranged from 
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43 to 439. In total, 1640 patients were reported with an overall PDA closure rate at latest 

follow-up of 94%. There were 18 major adverse events, 17 of which (1.1%) were 

procedural: death unrelated to the procedure (n = 1), embolization of a closure device that 

was not retrieved (n = 10) or required an additional catheterization or surgery to repair (n = 

6), and infective endocarditis (n = 1).27 There were no procedural deaths, strokes, or other 

major vascular complications. Minor adverse events included embolization of a device that 

was retrieved in the same procedure and without adverse consequences such as stroke, 

vessel loss, or dissection (n = 70), aortic or left pulmonary artery narrowing not requiring 

intervention (n = 32), arrhythmia (n = 2), blood loss requiring transfusion (n = 2), significant 

hemolysis (n = 12), hypertension (n = 1), inguinal pseudoaneurysm or loss of peripheral 

pulse (n = 18), and various other minor complications (n = 7). These occurred in 144 

patients, or 8.8%. Device embolization requiring intervention occurred in all reported series, 

at rates ranging from 1.4% to 11.6%. While the majority of embolized devices or coils were 

successfully retrieved using catheter-based methods, some patients with embolization were 

referred for surgical device removal and PDA ligation (n = 3). Although most series did not 

link PDA size to adverse events, Gudausky et al.18 reported that procedural failure did not 

occur when the PDA size was <1.5 mm. Overall, only one death was reported in these 

series, a 15-month-old with partial trisomy 18 who underwent successful PDA closure but 

died 5 months later from respiratory distress related to overwhelming sepsis.21 

Postprocedure IE was reported in one patient who had an 8-mm PDA and trivial residual 

flow through the device on postimplant angiography.19 The patient recovered fully after 

antibiotic therapy and surgical device removal with PDA ligation. It is important to note that 

the duration of follow-up was limited and variable in all of these studies, such that it is 

impossible to estimate the risk of IE following transcatheter PDA closure.

During the same time period, surgical techniques for PDA ligation have improved, with the 

development of less invasive approaches with shorter recovery times and fewer operative 

complications. In the current era, thoracoscopic PDA closure is routinely employed, with 

similar acute outcomes to open closure28,29 Schneider et al. cited 94–100% overall success 

rates and 0–2% mortality with surgical closure. They remarked that a surgical approach 

remains the treatment of choice for the very large ductus. The authors also reviewed 

indications for PDA closure and supported that PDA closure is “clearly indicated” in certain 

patient groups, including: (1) those who are symptomatic from left-to-right shunting and (2) 

those who are asymptomatic but have left heart enlargement. PDA closure in the patient 

with a small PDA is less clear, but given the risk of IE and the low morbidity of closure, the 

authors concluded that “a strategy advocating routine closure of any PDA in children and 

young adults appears most reasonable.”13

IE: Overview

IE is a serious complication that is almost uniformly fatal if untreated.30 Patients with 

lesions such as PDA, where an abnormal communication between cardiac structures 

produces turbulent blood flow, are at increased risk of developing endocarditis.31 In a 1995 

publication, Durack addressed this issue extensively.32 Citing data from the early 1990s, 

Durack estimated that the overall incidence of IE was approximately 10–60 cases per 

million per year, and slightly lower in developed countries at 15–30 cases per million per 

Fortescue et al. Page 4

Congenit Heart Dis. Author manuscript; available in PMC 2014 November 21.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



year, or 4000–8000 new cases in the United States per year. Of these, roughly 75% have 

preexisting cardiac abnormalities, including PDA.

In 2000, Ascuncion et al. presented a retrospective descriptive study looking at patients with 

congenital heart disease at one center treated between January 1990 and November 1998.33 

Among their 30 patients, who ranged in age from 10 to 45 years, ventricular septal defect 

(VSD) (n = 13) and PDA (n = 7) were the two most common cardiac diagnoses. PDA size 

was not discussed. Overall survival was 87%, with four patients dying from IE despite 

antimicrobial treatment, three due to embolism, and one from arrhythmia.

In a 2001 review, Mylonakis and Calderwood focused on progress made in the past decade 

in the diagnosis and management of IE affecting native and prosthetic heart valves in 

adults.34 They reported an incidence of native-valve endocarditis of 1.7–6.2 cases per 100 

000 person years in the United States and Western Europe, with mitral valve prolapse being 

the most common predisposing cardiovascular diagnosis in this setting. Patients with PDA 

were not specifically addressed.

In a 1998 scientific statement by the American Heart Association,35 the authors estimated 

that the incidence of IE had increased over the prior decade, with 15 000–20 000 new cases 

of IE in the United States per year. This would make IE the fourth leading cause of life-

threatening infectious disease in adults. Patients with PDA were not specifically addressed 

in that statement.

IE in Association with a PDA

The association between IE and PDA was first documented in the early 1900s.36 

Historically, IE was a rare but often fatal complication of PDA: in the preantibiotic era, IE 

was the single most common cause of death in PDA patients (42–45% of deaths). Over the 

course of the next few decades, after the introduction and initiation of widespread use of 

antibiotic therapy, mortality from IE in PDA patients decreased significantly. What was a 

frequently fatal infectious disease became survivable if appropriate antibiotics were 

administered in a timely manner.

Between 1939 and 1971, five case series were published characterizing the association 

between IE and PDA (Table 2).38–42 The majority of these investigators concluded that IE is 

rare in patients with PDA, but that when it does occur, surgical PDA ligation should be 

performed.

Over time, with the refinement of surgical and antimicrobial interventions, survival of 

patients with PDA-associated IE has improved. In 1975, Johnson et al. published a series of 

149 episodes of IE in 141 patients from 1933 to 1972.36 The patients in that study had a 

variety of different types of structural congenital heart disease, and all had a diagnosis of IE 

at study entry. Nine of these patients had PDA, four of whom died from IE, three in the first 

decade of study and one in the second. Overall, there was a steady decline in mortality from 

IE from 100% in the first decade to 19% in the last. The authors noted that early corrective 

surgery resulted in a marked decline in mortality and morbidity from IE in patients with 

PDA or VSD.
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In a 1942 series, Wilson and Lubschez reported a mortality rate from IE among patients 

aged 2–19 years of 1 per 367 patient years (38 total patients), or 0.27% per annum.41 In 

1968, Campbell reported an IE death rate among 123 patients of 0.6%. He concluded that, 

since the advent of antibiotic treatment, the short-term outlook for children with PDA and IE 

was much improved from earlier experiences, but that these patients remained at risk for 

repeated attacks of IE if the PDA was not subsequently closed. Cosh reported similar results 

in a 1957 series of 73 largely pediatric patients with isolated PDA followed during the 

antibiotic era. There were six cases of IE in 1451 patient years, or 0.4% per annum (95% 

confidence interval [CI]: 0.15–0.9%).43 One of these patients died from the infection. Cosh 

concluded that PDA ligation is indicated when clinical signs and symptoms suggest the PDA 

is large, or after the patient has contracted and been treated for IE in order to prevent future 

attacks. Similar to Marquis et al.11 Cosh remarked that even in the pediatric patient with a 

small, uncomplicated PDA, surgical ligation is justified, “for the risks of ligation are now 

less than the small risks of leaving the ductus patent.” However, he concluded that the same 

does not hold true for adult patients, where surgical ligation can be more difficult. In these 

patients, he recommended that an asymptomatic PDA may be left open, so long as care is 

taken to prevent IE.

In 1993, Schrader and Kadel retrospectively analyzed 100 adult patients with PDA who 

were referred for transcatheter closure.44 They cited an annual incidence of IE in PDA of 

0.14% (binomial 95% CI: 0.05–0.5%). More recently between 2002 and 2008, five case 

reports have been published describing IE in patients with an isolated PDA, as summarized 

in Table 3.45–49 Each of these reports emphasizes the importance of a high index of 

suspicion of IE in a patient with a known PDA who presents with prolonged symptoms of 

systemic infection. They also illustrate the sensitivity of echocardiography in making the 

diagnosis of PDA in such patients.

Recent guidelines from the American Heart Association of the Committee on Rheumatic 

Fever, Endocarditis, and Kawasaki Disease do not recommend routine subacute bacterial 

endocarditis prophylaxis for unrepaired PDA.50

IE in Association with a Very Small PDA

As discussed above, Houston et al.3 observed a very small PDA in 21 of 360 children and 

adults without a typical PDA murmur who were screened with Doppler echocardiography, 

and estimated that as many as 0.5% of individuals with an innocent-sounding murmur may 

have a PDA. In the Discussion of that study, the authors commented on previous studies 

advocating routine PDA closure for the prevention of IE6,51 and questioned whether such 

recommendations should also apply to the clinically silent PDA. At the time of publication, 

the authors did not support routine PDA closure or antibiotic prophylaxis in these patients. 

The investigators hypothesized that some patients considered to have IE in a structurally 

normal heart may actually have a silent PDA, and that with the increasingly widespread use 

of color flow Doppler, these false-negative errors are likely to diminish. They proposed that 

patients with a silent PDA may benefit from PDA closure or prophylactic antibiotics.
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In the 1990s, two notable reports were published regarding IE in patients with a silent PDA. 

In 1993, Balzer et al.52 presented a case of IE in a patient with a clinically silent PDA in 

which prompt diagnosis and effective treatment led to a good outcome (Table 4). The patient 

had no history of murmur and no murmur on presentation. The authors concluded that, like 

patients with larger PDAs, all patients with a silent PDA should undergo antibiotic 

prophylaxis and surgical closure. In a 1994 letter to the editor, Lloyd and Beekman 

commented on the Balzer et al. findings and questioned this conclusion.53 Lloyd and 

Beekman argued that if the overall prevalence of silent PDA was estimated at 0.5%, then 

300 000 US children would require PDA ligation to prevent the single episode of silent PDA 

associated IE observed by Balzer et al. Furthermore, if the mortality risk from surgical PDA 

ligation is 1 in 20 000, then 15 children would have died to prevent one episode of IE. Here, 

Lloyd and Beekman are implicitly arguing that the risk (not annualized) of IE in patients 

with a silent PDA is 1:300 000 based on Balzer et al.’s single case report, with the rhetorical 

assumption that Balzer et al.’s case represents 100% reporting of such occurrences. Lloyd 

and Beekman also brought up the troubling issue of detecting patients with a clinically silent 

PDA: such widespread application of echocardiography in an effort to detect these patients 

would not be feasible. The authors concluded that the risk of IE in a patient with silent PDA 

must be “more than a thousand-fold less than the risk when a continuous murmur is 

present,” and ended their letter with a quotation from Latson et al. referring to the silent 

PDA as a “benign technomalady.”54

In 1997, Thilen and Astrom-Olsson presented a retrospective review of patient records and 

death certificates of 270 pediatric and adult cases of PDA from a large academic medical 

center in Sweden. Cases were collected from 1980 to 1995.55 Among 270 PDA cases, 173 

(64%) were isolated PDA and 38 of these were clinically silent. Half of the patients with a 

“silent” PDA had enlargement of the left atrium and/or ventricle, which highlights the 

limitations in our understanding of the relationship between a ductal murmur and 

hemodynamic significance. In 39 cases, the decision was made to leave the PDA patent. 

During 1196 patient years at risk, the investigators saw no cases of IE (binomial estimate of 

95% CIs: 0.0–0.3%). To look further for IE cases, the authors reviewed all Swedish death 

certificates from 1960 to 1993 (~3 million) to check for the occurrence of PDA in 

combination with IE and found only two fatal cases of IE. The authors concluded that IE in 

patients with a PDA had declined in the last few decades and was currently rare. They 

suggested that given the low incidence of IE in association with a PDA and the efficacy of 

modern therapies for IE, routine PDA closure was not warranted solely for the indication of 

preventing IE. In patients with hemodynamically insignificant PDA and no current or past 

history of IE, the investigators recommended monitoring alone.

Over the past decade, three cases have been reported of IE in patients with a clinically silent 

PDA (Table 4).56–58 None of these patients had a previous PDA diagnosis prior to 

presentation or a reported history of murmur. In 2000, Parthenakis et al. reported the case of 

an 18-year-old female with no known cardiovascular disease who presented with fever for 

40 days.56 On presentation, cardiac auscultation revealed a soft systolic murmur at the 

second left intercostal space. Echocardiography showed a small PDA and a vegetation in the 

left pulmonary artery. The patient received antibiotics and the PDA was subsequently 

closed. The patient did well. In a 2004 report, Ozkokeli et al. described the case of a 27-
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year-old female with no known cardiac disease and no prior murmur suggestive of a PDA, 

who presented with 3 months of fever, lethargy, and abdominal distention.57 Cardiac 

auscultation at presentation revealed a loud pulmonary second heart sound and a diastolic 

murmur on the right sternal border. On echocardiography, she was found to have a 5-mm 

PDA and multiple vegetations on the pulmonary and aortic valves. She was diagnosed with 

IE and underwent excision of the pulmonary valve, aortic valve replacement, PDA closure, 

and received antibiotic therapy, after which she recovered uneventfully. The authors 

commented that, even though Thilen and Astrom-Olsson suggested there was no reason to 

close small PDAs for the sole purpose of preventing IE, risk of IE still exists even in the 

small PDA.55 Similarly, in a 2006 report, Malnick and Zimhony presented the case of a 31-

year-old immigrant female from Ethiopia with no known cardiovascular disease or murmurs 

who developed Streptococcus anginosus IE.58 The patient’s small, silent PDA was initially 

missed on transthoracic echocardiography and later detected on transesophageal 

echocardiography. Cardiac auscultation at presentation revealed a grade 2/6 systolic murmur 

audible at the cardiac apex. She received antibiotics, her PDA was closed, and she recovered 

without event. All of these cases were reported as IE in association with a silent PDA, but 

reported histories were limited and the presence of IE at the time of diagnosis may have 

confounded the clinical and echocardiographic findings. For example, it is possible that a 

PDA murmur existed previously and went undiagnosed, or that the development of IE 

changed the quality of an existing PDA murmur or the observed size of the PDA on 

echocardiography. The four reported cases of IE associated with a silent PDA underscore 

the importance of maintaining a high index of clinical suspicion for the presence of a small 

PDA in a patient with IE, even if there is no PDA history and there are no physical exam 

findings suggestive of this cardiac lesion. None of these PDAs were diagnosed prior to IE 

development. PDA size was not reported in three of these patients, and attempts to ascertain 

detailed anatomic or hemodynamic data through author correspondence to date have been 

unsuccessful All four patients survived with antibiotic therapy and PDA closure.

Recent Children’s Hospital Boston Experience

From January 1, 2005 to December 31, 2009, 168 patients at Children’s Hospital Boston 

underwent transcatheter PDA closure. The median diameter of the PDA in the 168 patients 

was 2.6 mm (range 1.0–6.0 mm). The median PDA diameter measured by angiography at 

the time of PDA closure (n = 159 patients with data available) was 2.4 mm (range 0.5–6.5 

mm; Figure 1). All PDAs were closed successfully in the catheterization lab, with no serious 

adverse events. There were 11 minor adverse events (6.6%; 95% CI 3.3–11.4%). Seven 

patients experienced embolization of a coil or device that was successfully retrieved (3.6%); 

there was no difference in PDA size between patients with and without device/coil 

embolization. Other minor adverse events included left pulmonary artery or aortic narrowing 

by the device in four patients; in one patient with left pulmonary artery narrowing, the 

decision was made to take the patient to the operating room electively during the same 

anesthesia round and ligate the PDA surgically. The possibility that transcatheter closure 

would be unsuccessful in this patient was recognized prior to the procedure, so the transition 

to operative closure was not unanticipated. There were no deaths and no reported cases of IE 

during limited follow-up.
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During this same period at our center, 145 patients were diagnosed by echocardiography 

with an isolated PDA (or with a minor associated cardiac anomaly not requiring 

intervention) but did not undergo PDA closure. At the time of this report, quantitative 

echocardiographic assessment of PDA size was available in 139 of these patients (96%). 

The median PDA diameter in these patients was 1.4 mm (range 0.4–4.5 mm) and the PDA 

diameter was ≤2 mm in 120 patients (Figure 1); six patients lacked a quantitative PDA 

measurement and were reported only as “small” or “trivial” (3 each). In summary, of 172 

patients with an isolated PDA measuring ≤2 mm in diameter during this period, 30% (52) 

were closed and the remaining 70% were left open. No patients developed IE.

Conclusions

PDA is a common congenital cardiovascular anomaly. In many cases, however, a PDA may 

be of little to no hemodynamic significance. With increasing use of echocardiography, the 

diagnosis of very small, clinically silent PDAs is likely to rise. Most investigators are in 

agreement that moderate or large PDAs, especially those with hemodynamic significance or 

associated IE, should be closed to improve the hemodynamic profile and prevent recurrent 

IE. Management of the very small or clinically silent PDA is more controversial, with a 

number of authors recommending routine closure regardless of size,11,12,43,52 and others 

advocating a more judicious approach.53,55 A risk: benefit analysis of this problem, which 

would attempt to balance the risks and benefits of PDA closure against those associated with 

leaving the PDA open, is hampered by a number of important limitations in the available 

data. If the sole reason for closing a very small, hemodynamically insignificant PDA is to 

decrease the risk of IE and its complications, there must be evidence or a good reason to 

believe that the cumulative risk of procedural events associated with closure and any 

residual risk of IE after closure is lower than the lifetime risk of IE associated with an open 

PDA.

Risks and Benefits of Closing the Very Small PDA

The risks associated with closure of a very small PDA are unknown. In the reported series of 

transcatheter PDA closure summarized in this review, including our experience, there were 

no procedural deaths, while major procedural events occurred in 1.0% of cases (95% CI: 

0.6–1.6%). These are not broken down by PDA size/hemodynamic significance, so it is 

unclear whether the probability of procedural events is associated with PDA size. In our 

recent experience, which included no major but 11 minor events (6.6%; 95% CI 3.1–11.4%) 

in 168 patients, the frequency of minor events did not appear to differ across PDA size. 

Also, a reporting bias in favor of positive outcomes is well known, particularly with respect 

to case reports,59,60 and the authors are aware that major adverse events, including death, 

have occurred at other centers with closure of PDAs in otherwise well patients. Based on 

these limited data, a conservative estimate (i.e., on the low end of the spectrum suggested by 

the available data) of the major adverse event rate associated with PDA closure is in the 

range of 0.5–1.0%, while a more liberal estimate might be 1.5%. Additional risks of PDA 

closure, which may be impossible to ascertain, are the potential incremental risk of exposure 

of ionizing radiation, and the risks of undetermined chronic issues relating to medication 

and/or contrast exposure, which we can assume to be negligible. The purported benefit of 
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closing the very small PDA is reduction or elimination of IE risk. There are no data aside 

from case reports to support this indication. In the reported series of transcatheter PDA 

closure, follow-up was generally very short, while the risk of IE is ongoing, so the lack of 

events in these series does not speak to the true risk of IE after PDA closure. There was one 

reported case of IE in a patient who had an incompletely closed 8-mm PDA. This highlights 

an important assumption that underlies closure of the small PDA for IE prophylaxis, namely, 

that the PDA is successfully closed. Most series report complete closure in upwards of 95% 

of patients, often 98–99%, so this assumption is usually valid. In the small proportion of 

patients in whom complete closure is not obtained, however, the risk of IE is likely just as 

high as, if not higher than, a patient with an open PDA of the same size.

As noted earlier in this review, Lloyd and Beekman53 estimated that if the overall 

prevalence of silent PDA is 0.5%, then 300 000 US children would require PDA ligation to 

prevent silent PDA-associated IE.52 Furthermore, if the mortality risk from surgical PDA 

ligation is 1 in 20 000, then 15 children would die to prevent silent PDA associated IE. In 

the risk: benefit calculations Lloyd and Beekman presented, they assumed (even if only for 

the sake of argument) that the Balzer et al. case was the only instance of a silent PDA 

associated with IE, such that the rate of IE in silent PDAs was estimated at 1 in 300 000 

(95% CI 0.0 to <0.01%). Of four reported cases of IE associated with a clinically silent 

PDA, all but the Balzer et al. report were from outside the United States.52,56–58 It is 

arguable that positive reporting bias would be less of an impediment to reporting cases of IE 

associated with silent PDA, as treatment in such cases is antibiotics followed by surgical 

PDA closure, and this type of event might be enlisted as a “positive” case to support the 

utility of closing such defects. Nevertheless, the estimated risk of IE used in the risk: benefit 

analysis proposed by Lloyd and Beekman is likely an underestimate. In other series 

discussed above, Thilen and Astrom-Olsson reported no cases of IE in 1196 patient years 

(binomial 95% CI: 0.0–0.3% per patient-year),55 Wilson and Lubschez41 reported 1 death in 

367 patients, or 0.27%, and Schrader and Kadel reported an annual IE risk of 0.14% in a 

series of 100 adults.44 Based on these studies, which include both large and small PDAs, the 

risk of IE in patients with a PDA is higher than the assumption utilized by Lloyd and 

Beekman, which was directed only at the question of the clinically silent PDA. Presumably, 

the risk of IE is lower in patients with a very small PDA than in these series, and higher than 

the 1 in 300 000 risk assumed by Lloyd and Beekman, but there are limited data upon which 

to base this assumption. In the study by Schrader and Kadel, the luminal diameter of the 

PDA was <4.5 mm in 60% of the cases, but ≥4.5 mm in all six cases complicated by IE. 

This suggests that the risk of IE is substantially higher in large than small PDAs. Taking all 

of these data into consideration, and assuming that the risk of IE associated with PDA is 

weighted toward larger PDAs, 0.01% per year would be a conservative estimate of IE risk in 

patients with a small PDA, and 0.001% would be substantially higher than the 1 in 300 000 

used in the calculations of Lloyd and Beekman, and still reasonable based on the reported 

literature.

Risks and Benefits of Leaving the Very Small PDA Open

In the absence of hemodynamic significance, the only known risk associated with leaving a 

very small PDA open is that of IE, which is to the inverse of the benefit of PDA closure in 
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these patients. Similarly, the clinical benefits of leaving a small PDA open are inversely 

identical to the risks of closing a PDA. Another potentially important benefit of not closing 

small PDAs is financial. Lloyd and Beekman addressed the potential costs of ascertaining 

and closing small PDAs, which are estimated to occur in 0.5% of the population, and 

estimated a conservative price tag of $33 billion, making the argument that routine closure 

of small PDAs for IE prophylaxis is not cost effective.

Using the conservative estimates reached above, the lifetime risk of IE associated with 

leaving a very small PDA open, assuming that there is no change in the size or 

hemodynamic significance of such PDAs over time (0.01% per year for 85–90 years, 0.1% 

lifetime risk) is similar to the risk associated with a major procedural adverse event for 

closing a small PDA, and there is no clear preference for either approach. Using the more 

liberal estimates proposed above (0.001% annual risk of IE associated with a very small 

PDA and 1.5% risk of a major procedural adverse event associated with closing a small 

PDA), the risk of procedural events is more than an order of magnitude higher than the 

lifetime risk of IE. Based on the currently available data and crude estimates of risk derived 

from those data, which are limited and confounded with respect to the present exercise, there 

is no evidence to support a superior risk: benefit balance for routine closure of the very 

small, hemodynamically insignificant PDA, and accordingly, it is difficult to justify closure 

of such defects simply to reduce the risk of IE and its complications. There are a number of 

unknowns data addressing these questions may shift the balance of evidence. Because IE is a 

very rare event in the population of patients with a very small PDA, and may occur many 

years after diagnosis of the PDA, it would be impractical to perform a prospective trial of 

closure of the very small PDA for IE prophylaxis. Thus, further refinement of risk: benefit 

calculations concerning this problem will depend largely on prospective clinical practice-

based evidence and/or decision analysis, and, in this evolving health care landscape, may 

require more candid cost: benefit considerations.
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Figure 1. 
Diameters of PDAs closed in the catheterization lab compared with those left open, 

Children’s Hospital Boston, January 2005–December 2009. *Includes six open PDAs 

reported as “trivial” or “small” (three each) without diameter reported. The solid bars 

represent open PDAs; the open bars closed PDAs. PDA, patent ductus arteriosus.
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