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The present deliverable presents two systematic reviews of the clinical literature and is divided in two 

sections focusing on: 

1. The comparative effectiveness of balloon dilatation and stenting in the treatment of aortic 

coarctation  

2. Surgical valve replacement and valve repair in patients with bicuspid aortic valves 
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BALLOON DILATATION VS STENTING FOR NATIVE AND RECURRENT 

AORTIC COARCTATION: A SYSTEMATIC REVIEW OF THE LITERATURE 

1. SUMMARY 
Background: 

Coarctation of the aorta significantly reduces life expectancy, is associated with morbidity even after 

successful repair, and causes high costs due to ongoing monitoring of patients. Currently, several 

interventions exist to treat native and recurrent coarctation. Initially repaired solely by surgery, balloon 

dilatation and stenting constitute two transcatheter approaches. There is no systematic comparison 

between the effectiveness of two transcatheter interventions for coarctation of the aorta: balloon 

dilatation and stent implantation. 

Objective: 

To conduct a systematic review and meta-analysis of clinical studies to evaluate the comparative 

effectiveness of balloon dilatation and stenting in children and adults with native or recurrent aortic 

coarctation 

Methods: 

Using pre-defined inclusion and exclusion criteria, we searched online databases MEDLINE (via PubMed), 

CINAHL Plus, EMBASE, and the Cochrane Library to identify and select the relevant studies of two 

transcatheter treatment types for native and recurrent aortic coarctation. In addition to patient 

characteristics at baseline, two researchers independently extracted key outcomes to measure treatment 

success and complication rates both before and after discharge. To compute an overall estimate for 

proportions of participants with any given outcome, we used information from all case series and study 

arms within one intervention type and assessed statistical heterogeneity between study results using the 

I2 statistic. A fixed-effect model was used for outcomes with low between-study heterogeneity (I2 <25%) 

and a random-effects model for outcomes with moderate to high heterogeneity (I2 ≥25%). We synthesised 

the results from multiple-arm studies using traditional meta-analytic methods and used network meta-

analysis to indirectly compare balloon angioplasty and stenting, using surgery as a common comparator 

for these two treatment alternatives.  

Results: 

Overall, we included 115 studies in this systematic review. There were 59 stenting studies or study arms 

with 3,450 participants, and 62 balloon dilatation studies or study arms with 4,304 participants. Five of 

the studies analysed both stenting and balloon dilatation, and another two studies compared stenting, 

balloon dilatation and surgery. None of the studies with both balloon dilatation and stenting patients was 

a randomised controlled trial. There was considerable variation across the studies of both balloon 

dilatation and stenting interventions. We did not observe a systematic effect of mean age at baseline, 

proportion of patients with native coarctations, proportion of patients with isolated coarctations, and 

mean pre-treatment blood pressure gradient on study outcomes.  

Our analysis of single-arm studies found that, compared to balloon dilatation, stenting studies had a 

higher proportion of patients with post-treatment blood pressure gradients ≤20mm Hg (96.7%; 95%CI 

94.3%-99.1%, vs. 84.2%; 95%CI 80.8%-87.6%) and ≤10mm Hg (86.4%; 95%CI 80.0%-92.7% vs. 59.8%; 
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95%CI 48.7%-70.9%). Meta-analysis of studies including both treatment arms confirmed the findings for 

the 10mm Hg cut-off, indicating a 25% lower proportion of patients with excellent treatment success after 

balloon dilatation (risk ratio 0.75; 95%CI 0.66-0.86), but not for the 20mm Hg threshold.  

We found no statistical difference regarding 30-day survival, but patients undergoing balloon dilatation 

had an increased risk of experiencing severe complications during admission, and this finding was 

consistent in our analyses of single-arm studies (proportion of patients with severe complications in 

balloon dilatation studies 7.0%, 95%CI 5.0%-9.0% vs stenting studies,1.2%, 95%CI 0.8%-1.7%), studies 

including both treatment groups (risk ratio 11.32; 95%CI 5.57-23.02), and network meta-analysis with 

surgery as common comparator.   

We found no statistically significant difference for the proportion of patients with reinterventions for 

recurrent coarctation or aortic wall injuries at follow-up in any of our three types of analyses. Similarly, 

results for the change in proportion of patients needing antihypertensive treatment from baseline to 

follow-up were inconclusive. 

Conclusion: 

We report the findings of the first systematic review to date comparing the effectiveness of balloon 

angioplasty and stenting. Despite the limitations of the evidence base consisting predominantly of case 

series rather than comparative studies, our review suggests that stenting achieves better immediate relief 

of aortic coarctation and imposes a smaller risk of severe complications on patients during admission than 

balloon dilatation.   
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4. Introduction 
Coarctation of the aorta is a narrowing of the aorta, typically located just distal to the branching off of 

arms and head arteries. It is a congenital heart disease with an incidence of between 3 and 4 cases per 

10,000 live births (1, 2), accounting for 5-8% of all congenital heart defects. (3) Coarctation of the aorta 

significantly reduces life expectancy (4, 5), is associated with morbidity even after successful repair (6), 

and causes high costs due to ongoing monitoring of patients. A distinction is often made between patients 

with native (unoperated) coarctation and those with recurrent obstruction.  

Currently, several interventions exist to treat native and recurrent coarctation. Initially repaired solely by 

surgery, balloon dilatation was introduced in the 1980s as a less invasive alternative. Balloon angioplasty 

involves the insertion of a catheter into the aorta, which serves as a guidewire to place the deflated 

balloon across the stenotic site. The balloon is then inflated to stretch the intimal and medial layers of the 

aorta. (7, 8) Dilatation of the balloon bears the risk of damaging the aortic wall and can lead to aneurysm 

formation. (9) Implantation of stents at the stenotic site was introduced in the 1990s to support the aortic 

wall and prevent it from recoil. (10) Stents are inserted over a guidewire and are usually expanded by 

balloon dilatation once correctly placed across the coarcted segment, although self-expanding stents also 

exist. (11)  

Stent implantation possesses theoretical advantages over balloon dilatation. (9, 12) Because of the 

support the stent provides to the aortic wall, overdilatation of the coarcted segment is not necessary, 

decreasing the risk for aortic wall injuries. The relief of the obstruction should be more sustainable and 

limit the rate of coarctation recurrence. In addition to a more sustained relief, stents provide a seal for 

incurred tears in the aortic wall, further decreasing the need for future reinterventions. Theoretical 

advantages of stenting over balloon dilatation are also mentioned by the American Heart Association 

(AHA) practice guidelines but AHA acknowledges that such advantages have yet to be proven in the long 

term. (13) 

An important problem associated with the use of stents is patients’ somatic growth, which requires 

redilatation of the stent during follow-up. Stenting in young children is considered controversial due to 

this issue, as well as the potential for vascular lesions. (14) Despite its proposed advantages, stenting is 

not free from some of the problems associated with balloon angioplasty, such as aortic wall injuries and 

restenosis. (15) 

Balloon dilatation and stenting have rarely been compared directly for aortic coarctation, and the few 

existing studies that directly compared these two interventions include very few participants and are 

neither randomised nor controlled. Nevertheless, stenting is considered the “mainstay of endovascular 

treatment for CoA [coarctation of the aorta, M.S.]”. (9, p510) While guidelines from AHA and the 

European Society of Cardiology (ESC) provide recommendations for the use of transcatheter 

interventions, they are largely based on evidence at the C (expert consensus) and only rarely at the B 

(non-randomised studies) levels. (3, 13)  

In order to improve clinical decision-making in the treatment of aortic coarctation, a systematic review of 

the evidence of different interventions is needed. Effectiveness and safety of surgical repair compared to 
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balloon dilatation was examined in a meta-analysis published in 2014. (16) An attempted meta-analysis 

of surgical and stenting procedures for aortic coarctation did not yield results due to the lack of 

comparative studies of these two interventions. (17) So far, no systematic review exists to 

comprehensively assess the evidence on the effectiveness of two transcatheter interventions for 

coarctation of the aorta: balloon dilatation and stent implantation. 

5. Methods 
We conducted a systematic review and meta-analysis of clinical studies to answer this significant research 

question: what is the comparative effectiveness of balloon dilatation vs stenting in children and adults 

with native or recurrent aortic coarctation?  

The main parameters of our systematic review, including relevant patients, interventions, comparators 

and study designs, as well as outcomes reported in the review are summarised according to the PICOS 

framework (18) in Table 1.  

Table 1: PICOS table 

P I C O S 

Patient population 
• Patients with native or recurrent coarctation of the aorta above 1 month of 

age 

Interventions 
• Balloon dilatation 
• Stenting 

Comparators • Any comparator 

Outcomes 
• Proportion of patients with post-treatment blood pressure gradient ≤20mm 

Hg 
• Proportion of patients with post-treatment blood pressure gradient ≤10mm 

Hg 
• Proportion of patients alive 30 days after treatment 
• Proportion of patients with severe complications during intervention or 

before discharge 
• Proportion of patients with minor complications during intervention or 

before discharge 
• Proportion of patients with reinterventions at follow-up 
• Change in proportion of patients in need of anti-hypertensive treatment 

from baseline to follow-up 

Study designs • Any study design 

 

A review protocol was developed and subsequently made publicly available on the PROSPERO website of 

the University of York Centre for Reviews and Dissemination at the onset of our work. (19) This protocol 

pre-specified our methodology in searching, identifying, reviewing and synthesising the relevant body of 

literature to address the research question. 
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5.1. Literature search 
We searched online databases MEDLINE (via PubMed), CINAHL Plus, EMBASE, and the Cochrane Library 

with search strings containing word and phrase match terms as well as database specific subject headings. 

Schematically, the search strings were constructed to find relevant articles on balloon angioplasty and 

stenting in aortic coarctation. Detailed search strings with numbers of references found at each stage can 

be found in the appendix. The database searches were conducted in October 2014 and automated alerts 

were created to update the list of references throughout the process.  

The database searches were supplemented by handsearching reference lists of four review articles (9, 14, 

16, 17) and three clinical practice guidelines (3, 13, 20). 

Inclusion/exclusion criteria  

As specified in our review protocol (19), we searched for studies of two transcatheter treatment types for 

native and recurrent aortic coarctation:  

 Balloon dilatation 

 Stenting 

Within the second group, different types of stents are in use (bare metal or covered, balloon- or self-

expandable) and we included all under the category of stenting.  

We set an inclusion threshold of fifteen patients per treatment arm. We thus excluded very small studies 

but were still able to systematically capture the vast majority of evidence relating to balloon dilatation 

and stenting for aortic coarctation.  

The patient population for our review was defined as patients with native or recurrent aortic coarctation 

above 1 month of age. Although we specified eligible patients to be above 1 month of age, we included 

studies with neonatal patients if this group represented less than 10% of the relevant patient population. 

Preliminary searches showed a lack of comparative studies for the two intervention types and we 

therefore also included studies comparing one of the two relevant procedures to a third comparator (e.g. 

surgery), as well as single-arm studies which do not use any comparator (‘case series’). While such 

observational study designs provide an entry door for various forms of bias (21), they constitute the 

majority of studies in rare disease such as congenital heart disease. Notwithstanding the methodological 

limitations inherent to non-randomised and non-controlled designs, we aimed to gather as much 

information as possible from the studies available. A recently attempted meta-analysis of surgery and 

stenting for aortic coarctation was unsuccessful due to the lack of controlled studies in the field. (17) 

We included studies published between 1990 and 2014. While balloon angioplasty had been used for 

aortic coarctation since the 1980s (22, 23), stent implantation became a treatment option for congenital 

heart disease during the 1990s (24). We decided to only include studies published from 1990 onwards to 

limit the potential bias in treatment results originating from outdated knowledge and other contextual 

differences before that date.  

We excluded studies meeting any of the following conditions: 

 Study not in English language 



 

D.9.1 Systematic review of the clinical and cost-
effectiveness literature findings  

CARDIOPROOF -  FP7-ICT-2013-10 (611232) 

 

12 
 

 Study published before 1990 

 Study is a case report; case series or other study with less than fifteen participants receiving one 

of the interventions of interest; comment; editorial; letter; conference abstract; or review article 

(review articles were only included as a quality check on the list of included studies) 

 Study reports no outcome from the list of defined outcomes (see below) or similar to these 

 Study in animals 

 

5.2. Study selection 
Search results from the database searches were merged into a bibliographic reference management 

database (EndNote X5) and obvious duplicates were removed (identical author, title, and publication 

format). One researcher scanned articles at the title and abstract level for eligibility according to our 

inclusion and exclusion criteria. Full texts of articles deemed eligible were then independently assessed 

for inclusion by two researchers. Deviating decisions on eligibility were resolved by discussion and 

consensus between the two researchers. 

In accordance with our definition of eligible patients we excluded neonates whenever this was possible. 

In cases where results were reported separately for this subgroup, we did not include the respective data 

in our extraction form. We excluded studies where more than 10% of the population were neonates. 

However, there remained some studies that include an unknown number of neonates. From mean age of 

participants we know that neonates did not constitute the majority of patients in these studies. We 

decided not to exclude these studies and their potentially meaningful contribution to the review solely 

based on the inclusion of a small number of neonates. If study authors did not report results separately 

or even mention the number of neonates treated, it appears that patient age was not considered to be 

an issue with the treatment. In addition, severe adverse events in small-sample studies are typically 

reported separately by patient and we are therefore confident to have documented the complications 

that occurred among the few remaining neonates. 

We excluded studies reporting exclusively on procedures in patients with neo-aortic coarctation after 

Norwood procedure or arterial switch procedure as the coarctation in these cases does not constitute a 

congenital anomaly. However, our final sample includes some patients with post-Norwood procedure 

aortic coarctation who were part of larger studies and did not represent the majority of participants of 

those studies. A number of studies evaluating the use of endovascular interventions for treatment of late 

aneurysms following initial surgical coarctation repair were excluded, as by design they are restricted to 

patients with severe complications. Moreover, their focus lies on the suitability of endovascular 

treatment for one long-term complication while we are interested in the effectiveness of treatments for 

aortic coarctation itself. 

We encountered several studies that reported results from overlapping patient populations. When 

studies undoubtedly reported on the same patient population, as indicated by hospital name, study 

period, and patient characteristics, we included the report with the most detailed or relevant data, or the 

most recent publication in order to maximize follow-up time. For example, a series of reports published 

by Fawzy and colleagues reported the outcomes of patients treated at the King Faisal Hospital in Riyadh, 

Saudi-Arabia since July 1986. (25-29) Over time, the patient population grew, but later reports still 

included patients from earlier reports. We therefore only kept the latest publication of the series. For 
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larger studies, we contacted corresponding authors (initial e-mail followed by reminder approximately 

four weeks later) to ascertain whether study participants were indeed from the same patient cohort. We 

used the information provided by the corresponding authors to exclude redundant patients. However, 

this was not always possible. Not all study authors responded to our enquiries. We were able to obtain 

additional data from the author of only one large case series (30). The final sample therefore is not free 

from redundant patients and the double-counting of these affects our analysis, giving more weight to the 

redundant patients we were not able to exclude. Specifically, there was significant overlap in the 

population of native coarctation patients between two reports (31, 32) from the Congenital 

Cardiovascular Interventional Study Consortium (CCISC) that we were not able to disentangle. In few such 

cases, where duplicate status of patients could not be ascertained, we decided to nevertheless keep the 

studies rather than exclude potentially important information. 

A list of included and excluded studies with primary reason for exclusion is made available in the appendix. 

 

5.3. Data extraction 
Based on the pre-specified list of outcomes in our review protocol (19), we defined a list of study details, 

patient characteristics, and outcomes to be extracted from included studies. Each study eligible for 

inclusion was then re-examined thoroughly and relevant data were extracted using a Microsoft Excel 

spreadsheet.  

We encountered heterogeneity in the reporting of patient characteristics and outcomes. Some authors 

reported mean values and standard deviations while others resorted to median and numerical ranges. 

We applied formulae developed by Hozo et al. (33) to convert median age into a consistent format of 

mean age. However, as it is not a recommended approach by the Cochrane Collaboration (34) we 

refrained from using these formulae for outcome measures.  

Means and standard deviations from different patient groups within one study (e.g. where authors 

grouped participants according to age) were combined using formulae presented in the Cochrane 

Handbook. (34) 

 

Outcomes definition 

A range of patient baseline characteristics was extracted to be able to explore the comparability of 

patients. The characteristics include 

 Mean age and range 

 Mean weight 

 Mean blood pressure gradient before treatment 

 Type of aortic coarctation: proportion of patients with native (unoperated) or recurrent 

coarctation 

 Age group: proportion of infant (1-12 months), children (1-15 years), and adult (>15 years) 

patients 
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 Concomitant genetic heart defects: proportion of patients with isolated coarctation (no 

concomitant heart defects); aortic valve disease; ventricular septal defect; patent ductus 

arteriosus; other genetic heart defects 

 Antihypertensive treatment: proportion of patients in need of antihypertensive medication and 

the mean number of drugs taken 

The definition of baseline characteristics was informed by patient covariates used in key studies and their 

availability in the studies included in our sample. Age and weight were the only statistically significant 

covariates for treatment choice (stent vs balloon vs surgery, p<0.001) in a large prospective multi-centre 

study (32). However, this study excluded patients with recurrent coarctation and concomitant procedures 

for other defects. To control for potential complications arising from procedures done at the same setting 

for a different lesion than coarctation of the aorta, we also extracted data on concomitant genetic heart 

defects. Mean blood pressure gradient before treatment and the type of coarctation were included as 

proxy variables for severity of the disease.   

We decided not to extract data for pre-treatment aortic or coarctation diameter measurements because 

there seemed to be heterogeneity in reporting standards and the exact site of the diameter 

measurement. We therefore did not think that this measure would add value to our analysis. Similarly, 

location of the stenosis was deemed unfeasible for extraction. 

We extracted outcome data at both the short term and long term follow-up.  

We extracted the following outcomes to measure immediate (before discharge) treatment success and 

complication rates: 

 Proportion of patients with post-treatment blood pressure gradient ≤20mm Hg 

 Proportion of patients with post-treatment blood pressure gradient ≤10mm Hg 

 Proportion of patients with absent systolic hypertension according to American Heart Association 

guidelines 

 Proportion of patients alive 30 days after treatment 

 Proportion of patients with severe complications during intervention or before discharge, defined 

as life-threatening event requiring immediate therapy; permanent functional or anatomic lesion; 

aortic wall injury; and unexpected major drug side effects  

 Proportion of patients with minor complications during intervention or before discharge, defined 

as balloon rupture; stent migration; loss of femoral pulse; bleeding at access site; blood 

transfusion; and other transient events which could be resolved with specific treatment 

Severe and minor complications are an adaption of a categorisation by Vitiello et al. (35). 

We further extracted data on key outcomes at follow-up: 

 Proportion of patients with recurrent coarctation of the aorta at follow-up, defined as blood 

pressure gradient >20mm Hg 

 Proportion of patients with reinterventions for recurrent coarctation, residual gradient (planned 

and unplanned), or related to early and late vascular complications from the initial intervention 

 Proportion of patients with aortic wall injuries at follow-up 

 Proportion of patients in need for anti-hypertensive treatment at follow-up 
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 Mean number of antihypertensive drugs taken at follow-up 

 All-cause mortality at follow-up 

Lastly, to assess potential differences between balloon dilatation and stenting in resource use, we 

extracted data for 

 Mean length of hospital stay 

 Mean cost per patient 

We do not report results for all extracted outcomes because of limited data availability for some 

outcomes. In order to provide a concise summary for measures of long-term effectiveness we focus on 

the proportion of patients with reinterventions at follow-up and do not report separate results for the 

proportions of patients with aortic wall injuries or recoarctation at follow-up. From the definition for 

reintervention rate it becomes clear that this incorporates the two other outcomes. 

 

Treatment success of transcatheter interventions for aortic coarctation is often established through 

achievement of a reduction in systolic blood pressure gradient across the coarctation site. A cut-off of 

20mm Hg is often used as a minimum criterion for treatment success. Patients achieving a gradient below 

this threshold are generally not considered candidates for intervention according to AHA and ESC 

guidelines. (3, 13) Any threshold gradient is an arbitrary choice, and Forbes et al. argue that the ultimate 

aim of coarctation repair is to resolve the gradient completely (32). They and others have also used a cut-

off of ≤10mm Hg to establish ‘excellent’ treatment success. (36, 37) Given the widespread use of ≤20mm 

Hg in the literature, we considered it as the key measure of success and additionally used the cut-off of 

≤10mm Hg.   

Other criteria for success include the expansion of the coarcted segment, and relief of systolic 

hypertension. As previously mentioned, the inconsistent reporting of coarctation size made this an 

unfeasible variable to establish treatment success. Absence of systolic hypertension immediately after 

treatment, on the other hand, was rarely reported in included studies.  

We encountered variation in the type of blood pressure measurement that was applied to ascertain blood 

pressure gradients across the coarctation site. Specifically, we identified four different categories: 

invasive blood pressure measurement (by catheter pullback); echo measurement; upper-lower limb 

measurement; and unclear measurement. Since treatment success was established through reduction in 

the blood pressure gradient, we examined whether the gradients obtained from the four blood pressure 

measurement types varied systematically. The distribution of pre-treatment gradients from all included 

studies is shown in Figure 1. While values vary considerably overall, no systematic difference between the 

four measurement types is apparent. This was statistically confirmed through pairwise t-tests. Out of six 

different combinations, only one showed a statistically significant difference (echo vs upper-lower 

extremity measurement, p-value 0.03). This was the combination with the least observations (six and four 

studies for echo and upper-lower extremity measurement, respectively). Of the other combinations, only 

one sub-test (invasive vs echo measurement for post-intervention gradient) showed a statistically 

significant difference (p-value 0.009). However, the test for differences in the pre-intervention gradients 

for this pair was not significant (p-value 0.624). Any possible confounding of the results through 

institutional setting (e.g. use of echo in centres with less catheterisation experience) would only present 
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itself through the post-intervention gradient. The fact that only one of the six pairwise combinations of 

blood pressure measurement types showed a statistically significant difference at the 5% level for pre-

intervention gradient reassures us in pooling gradients from the various measurement methods. We 

disregard the measurement type in further analysis as it does not greatly influence the gradients found 

in our sample of studies. In a recent meta-analysis of surgical repair vs balloon dilatation for aortic 

coarctation, Hu et al. (16) likewise combined blood pressure data from both invasive and echo 

measurement.  

 

Figure 1: Distribution of mean pre-treatment blood pressure gradient by measurement type 

 

 

5.4. Statistical analysis 
Our statistical analysis contains only dichotomous variables that are presented as proportions: the share 

of participants that did or did not experience a given event. 

Differences between patient groups at baseline were assessed using Student’s t-test. Statistical 

significance was reached when the probability of falsely rejecting the null hypothesis of no difference 

between the groups did not exceed 5%. 
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Single-arm studies 

Although meta-analytic methods were developed to synthesise results from controlled trials, the 

restriction to a specific study designs is not always feasible. Pooling of results from single-arm studies 

(‘case series’) can contribute to understanding clinical effectiveness in areas in which more rigorous study 

designs are not available. (38, 39)  

To compute an overall estimate for proportions of participants with any given outcome, we used 

information from all case series and study arms within one intervention type. We assessed statistical 

heterogeneity between study results using the I2 statistic. (40, 41) The I2 calculates the proportion of 

variance in the combined effect that is due to heterogeneity between the effects of single studies. A fixed-

effect model was used for outcomes with low between-study heterogeneity (I2 <25%) and a random-

effects model for outcomes with moderate to high heterogeneity (I2 ≥25%).  

For studies with a proportion of 0 or 1 for any given outcome, we imputed the average of the variances 

of the other studies to obtain an estimate of the variance. The studies with imputed variances are flagged 

in the respective figure. This method was used by Tabaee et al. in a meta-analysis of single-arm studies. 

(42) 

 

Multiple-arm studies 

We synthesised the results from multiple-arm studies using traditional meta-analytic methods. To decide 

whether a random effects or fixed-effect model should be used we first visually inspected heterogeneity 

of study results. We then assessed statistical heterogeneity between included studies using the I2 statistic, 

as described above. Effect sizes for outcomes with low between-study heterogeneity (I2 <25%) were 

pooled using a fixed-effect model. Fixed-effect models assume that there is one true effect across all 

included studies and the effect calculated by the model therefore represents an effect estimate of all 

included studies. (43, p61, 44, p98) We used a Mantel-Haenszel fixed-effect model to calculate relative 

risk ratios. (45, 46) Had we discovered moderate to high heterogeneity (I2 ≥25%), a random effects model 

would have been used, allowing every included study to have its own distribution of effect, influenced 

e.g. by patient age. 

Pooled estimates for both single-arm and multiple-arm studies were computed using the ‘metan’ 

command in statistical software STATA, version 13. 

 

Network meta-analysis 

Network meta-analysis is a relatively novel evidence synthesis method to compare the effectiveness of 

multiple treatment alternatives. (47) Unlike traditional pair-wise meta-analysis, which pools the results 

of direct head-to-head studies between two treatment options, network meta-analysis allows for the 

combination of both direct and indirect sources of evidence to compare multiple treatments that may 

not have been directly compared to each other in head-to-head studies. (48) Network meta-analysis can 

be conceptualized as a generalization of pair-wise meta-analysis in that it combines the results of studies 

that compare treatments A vs. C and the results of studies that compare treatments B vs. C to indirectly 

estimate the comparative effectiveness of treatments A vs. B. In cases where studies directly compare 
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treatments A vs. B, network meta-analysis combines this direct source of evidence with its indirect 

counterpart (using treatment C as a common comparator) to strengthen the inference on the A vs. B 

contrast. (49, 50) The primary assumption of network meta-analysis is that the studies that are pooled 

are comparable in terms of relative treatment effect modifiers (i.e., in terms of the variables that have a 

known influence on the outcomes). (51-53) If this assumption is not met, it is difficult to understand if the 

observed differences in treatment effectiveness between alternative options are due to actual differences 

or due to imbalances in the distribution of relative treatment effect modifiers.  

We used network meta-analysis to indirectly compare balloon angioplasty and stenting, using surgery as 

a common comparator for these two treatment alternatives. Our generic network meta-analysis, model 

developed by Dias and colleagues for the UK National Institute of Health and Care Excellence (NICE) 

Decision Support Unit (53), combined study-level treatment effects using Bayesian Markov chain Monte 

Carlo methods in WinBUGS. The model adopted random-effects, which took into account potential 

heterogeneity by assuming that each treatment was drawn from the same distribution whose mean and 

variance were estimated from the data. 
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6. Results 
The literature search process, leading to a final sample of 115 included studies, is presented in the PRISMA 

flow chart (54) with number of articles screened and excluded at every stage (Figure 2).  

Our database searches on MEDLINE, EMBASE, CINAHL Plus, and the Cochrane Library retrieved 1,923 

references. Hand searching reference lists of review articles and guidelines yielded another 34 essential 

articles. Only one of the 34 additional articles was not captured through our database searches, indicating 

the sensitivity of our search strategy.  

After removal of duplicates, 1,394 references were screened at the abstract and title level by one 

researcher. One of the few randomised trials in the field (55) was excluded at the title/abstract screening 

level because the number of participants in the relevant treatment arm did not meet our inclusion 

criterion of minimum fifteen patients. Three references were not assessed at full-text level for eligibility 

as they were not retrievable within the United Kingdom. Given the indicated length (two pages) and 

publication in a supplementary issue it is likely that two of these references (56, 57) are conference 

abstracts or similar. The third (58) was indexed as a review in the electronic database. 

207 studies were assessed at the full-text level independently by two researchers. 92 references were 

excluded, leaving a final sample of 115 studies to be included in this review. Conference abstracts or 

posters were the most common exclusion reason (n=38), followed by studies with less than fifteen eligible 

participants (n=18). 14 references were excluded because they were duplicates. This included references 

that reported on participants who were clearly incorporated in other studies.  

Seven references were excluded because of irrelevant patient population, including studies where 

neonates made up more than 10% of the patient population. Reporting of no relevant outcome (n=5), 

irrelevant intervention (n=4), publication type (review, n=2; letter, editorial or comment, n=2), language 

(n=1), and lack of distinction between balloon dilatation and stenting (n=1) were the remaining primary 

exclusion reasons. 

We found 59 stenting studies or study arms with 3,450 participants, and 62 balloon dilatation studies or 

study arms with 4,304 participants. In addition, surgery was performed in eleven study arms. Five of the 

studies analysed both stenting and balloon dilatation, and another two studies compared stenting, 

balloon dilatation and surgery. None of the studies with both balloon dilatation and stenting patients was 

a randomised controlled trial. Our evidence base therefore consists of single-arm studies for both stenting 

(n=59) and balloon dilatation (n=62), including all the participants of case series and respective study 

arms, as well as a limited number of multiple-arm studies directly comparing the interventions of interest 

(n=7). (Figure 3) Of all patients included in the review, 54% underwent balloon dilatation, 42% underwent 

stenting, and 6% had surgery for their coarctation. (Figure 4) 

30% of the patients included in the review had native coarctation and in 14% the coarctation was 

recurrent. In most studies, however, results were not presented separately by coarctation type and the 

remaining 54% of patients are therefore uncategorised. (Figure 4)  

The studies were published between 1990 and 2014 and were conducted in a variety of countries, with 

the United States accounting for the largest patient population by far. (Figure 5) 
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Figure 2: PRISMA flow chart of study inclusion and exclusion 
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Figure 3: Network of evidence 
The nodes show different treatment strategies (i.e., stenting, balloon dilatation, and surgery). The lines connecting the 

nodes indicate the few studies that directly compared two interventions to each other. The size of the nodes is 

proportional to the number of patients that received a particular treatment. 
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Figure 4: Patients included in the review.  
Left panel shows the distribution of patients by coarctation type and the right panel shows the distribution of patients 

with treatment type. 
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Figure 5: Geographic distribution of patients included in the review.  
The left panel shows the total number of patients included in single-country studies. The right panel shows the total number of patients included in multi-country studies. 
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6.1. Results from single-arm studies 
We first inspected the evidence from single-arm studies of balloon dilatation and stenting. Characteristics 

of the participants of included studies are shown in Table 2. A statistically significant difference at the 5% 

level between the two groups was detected by the Student’s t-test for mean age; mean weight; the 

proportion of infant and adult patients; the mean peak blood pressure gradient before treatment; and 

the proportion of patients with a specific concomitant genetic heart defect (ventricular septal defect). 

Table 2: Patient characteristics single-arm studies 

 

Balloon dilatation Stenting 

t-test for  
statistical 
difference 

 Result Studies 
reporting 
variable 
[participants] 

Result Studies reporting 
variable 
[participants] 

p-value 

Patients overall 4,304  3,450   

Mean age (years) 9.9 61 [4,263] 21.5 59 [3,450] 0.000*** 

Mean weight (kg) 17.5 23 [1,539] 55.0 33 [1,870] 0.000*** 

Infant patients (%) 29.4% 38 [1,942] 0.3% 39 [1,939] 0.000*** 

Children patients (%) 34.8% 23 [748] 35.8% 16 [448] 0.933 

Adult patients (%) 25.4% 25 [801] 63.6% 16 [448] 0.003*** 

Gradient pre-treatment 
(mm Hg) 

48.4 50 [2,886] 37.9 53 [2,741] 0.000*** 

Patients with native CoA 
(%) 

72.1% 53 [2,757] 66.6% 51 [2,450] 0.451 

Patients with recurrent 
CoA (%) 

27.8% 53 [2,757] 35.0% 51 [2,450] 0.297 

Patients receiving 
antihypertensive 
medication (%) 

56.7% 10  [585] 65.1% 26 [1,145] 0.372 

Concomitant heart defects      

Patients with isolated 
CoA (%) 

47.8% 22 [1,282] 51.6% 21 [838] 0.606 

Patients with AVD (%) 31.5% 30 [1,602] 40.3% 31 [1,825] 0.191 

Patients with VSD (%) 17.0% 30 [1,513] 9.5% 24 [1,038] 0.030** 

Patients with PDA (%) 8.0% 25 [1,277] 5.9% 21 [884] 0.415 

Patients with other 
concomitant genetic 
heart defects (%) 

21.0% 34 [1,922] 24.2% 31 [1,765] 0.553 

AVD: aortic valve disease; VSD: ventricular septal defect; PDA: patent ductus arteriosus 

*** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level 
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The distribution of mean age across the included set of studies is shown in Figure 6. There is considerable 

variation, with mean age ranging from 0.1 to 33 years in the balloon dilatation studies, and from 8 to 40 

years in the stenting studies. The majority of balloon dilatation studies, representing two thirds of the 

patients, have a mean age below 8 years. There is significant overlap in mean age between the two groups 

for 23 balloon dilatation and 55 stenting studies, accounting for 60% of the total patient population.  

Figure 6: Distrubution of mean age across the included set of studies. 

 

Each bubble represents one study, with bubble sizes representing sample size.  

NB: No age data reported in one of the balloon dilatation studies, therefore group sample size reduced to n=61 studies. 
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Visual assessment of the distribution mean peak blood pressure gradients before treatment, an indicator 

for severity of the stenosis, shows that stenting patients had an overall slightly lower gradient at the 

outset. (Figure 7) However, excluding two outlier studies in the balloon dilatation group with mean pre-

treatment gradients of 78 and 86mm Hg, respectively, the majority of studies in both groups fall into the 

same range of average peak gradients between 20 and 70mm Hg.   

Figure 7: Distribution of mean peak blood pressure gradient before treatment in the included set of studies. 

 

Each bubble represents one study, with bubble sizes representing sample size. 

 

6.2. Exploration of baseline characteristics on outcomes 
Any comparison between the effectiveness of two or more treatment alternatives rests on the 

assumption that data that exist on the treatment alternatives are obtained from patient populations that 

are similar enough in terms of key characteristics. If patient characteristics influence the results 

systematically, and if these characteristics are not evenly distributed between the studies of treatment 

alternatives, any comparative effect estimate between the treatment alternatives will be contaminated 

by their confounding effect. If, however, these patient characteristics do not systematically impact the 
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effect of an intervention, or if they are evenly distributed between the studies of treatment alternatives, 

the results of studies can be pooled and their overall effect will provide a valid estimate of the true 

treatment effect. Both Student’s t-test and visual inspection of the distribution of mean age and pre-

treatment gradient suggest that participants in the two treatment groups are different. To explore 

whether differences in the patient populations have a systematic impact, we visually examined their 

influence on two essential and widely reported outcomes: the proportion of patients with residual blood 

pressure gradient of ≤20mm Hg after treatment; and the proportion of patients alive 30 days after the 

intervention. We did so separately for the two interventions in order to prevent possible confounding 

through the treatment effect. We evaluated the effects of mean age; proportion of patients with native 

coarctation; proportion of patients with isolated coarctation (absence of concomitant genetic heart 

defects); and average peak blood pressure gradient before treatment. If there is a systematic influence 

of these variables, we would expect to find systematically worse outcomes (lower proportions of patients 

with blood pressure gradient of ≤20mm Hg after treatment and alive within 30 days of treatment) for 

studies with lower mean age; lower proportions of native coarctation patients; lower proportions of 

isolated coarctation patients; and lower pressure gradients before the treatment. 

 

Effect of mean age 

Success rates, as defined by the proportion of patients achieving a blood pressure gradient ≤20mm Hg, 

varied considerably between included studies of balloon dilatation (from 27% in one study to 100% in a 

number of other studies). However, as shown in Figure 27, no systematic pattern exists with respect to 

mean age: heterogeneity in treatment effectiveness is not explained by differences in mean age across 

studies. Results for studies with low mean age (top of the figure) are as heterogeneous as those for studies 

with high mean age (bottom of the figure). A cluster of three studies (59-61) with mean ages between 7 

months and 1 year showed considerably lower success rates, with one of them (60) reporting only 27% 

of patients achieving blood pressure gradient reduction to below 20mm Hg. The authors commented that 

even in those patients with residual gradients above 20mm Hg, no narrowing of the aorta was evident 

after treatment and that they do not recommend repeat dilatation to achieve a given threshold. This 

practice may explain the low proportion of patients with gradients ≤20mm Hg compared with other 

studies. Another study (61) reported only the number of patients achieving a blood pressure gradient of 

≤15mm Hg rather than 20mm Hg and the results for the higher threshold may therefore be closer to other 

studies. The three studies compare unfavourably with other studies that had even younger patients. 

Patient age in the three studies ranges from infancy into adolescence and early adulthood, while the 

studies with on average younger patients had more homogeneous patient populations. This suggests that 

age of participants is not a key driver in the results of these outlier studies, but other factors are instead 

responsible for the observed discrepancy.  

Similarly to the balloon dilatation studies, no systematic effect of mean age on the proportion of patients 

with blood pressure gradients ≤20mm Hg is evident among the stenting studies. (Figure 10)  

In both intervention groups, almost all patients survived 30 days after treatment and we found no 

systematic effect of mean age on this outcome. ( 

,                                                                                                                  
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Figure 11) 

 Figure 9: Effect of mean age on post-treatment gradient in balloon dilatation studies 

 

Each bubble represents one study, with bubble sizes representing sample size. 

Figure 8: Effect of mean age on 30-day survival in 
balloon dilatation studies 
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Figure 10: Impact of mean age on post-treatment gradient 
in stenting studies 

 

                                                                                                                 

Figure 11: Impact of mean age on 30-day survival in 
stenting studies 

 

Each bubble represents one study, with bubble sizes representing sample size. 
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Effect of proportion of native coarctation patients  

Among both balloon dilatation and stenting studies, there was some variation with respect to the 

proportion of patients achieving a successful outcome, but it was not associated with the proportion of 

participants with native coarctation. (Figure 12, Figure 14) 

In both intervention groups, almost all patients survived 30 days after treatment and there was no 

discernible systematic effect of mean age on this outcome. (Figure 13, Figure 15) 
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Figure 12: Impact of proportion of native CoA on post-
treatment gradient in balloon dilatation studies 

 

Figure 13: Impact of proportion of native CoA patients on 
30-day survival in balloon dilatation studies 

Each bubble represents one study, with bubble sizes representing sample size. 
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Figure 14: Impact of proportion of native CoA on post-
treatment gradient in stenting studies 

 

Figure 15: Impact of proportion of native CoA patients on 
30-day survival in stenting studies 

 

Each bubble represents one study, with bubble sizes representing sample size. 
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Effect of proportion of isolated coarctation patients  

The proportion of patients without concomitant genetic heart defects, i.e. patients with isolated aortic 

coarctation (12), is a proxy for patient illness severity. Concomitant diagnoses can impede aortic 

interventions, and are likely to require additional interventions, posing a greater risk to a successful 

treatment outcome and a healthy recovery. For balloon dilatation studies, we observe that the known 

outlier study with respect to achievement of post-treatment gradient ≤20mm Hg (60) has a high 

proportion of patients with concomitant heart defects (only 6% isolated coarctation patients). For the 

remaining studies, however, no systematic trend is apparent. (Figure 16) Studies with similar proportions 

of native coarctation patients show diverse success rates and the proportion of patients achieving ≤20mm 

Hg does not increase systematically with higher shares of isolated coarctation patients. 

Among stenting studies for which the proportion of patients with isolated coarctation could be calculated, 

achievement of a blood pressure gradient ≤20mm Hg was almost universal and there was no discernible 

impact of this variable on the outcome. (Figure 18) 

In both intervention groups, almost all patients survived 30 days after treatment and we observed no 

systematic effect of the proportion of patients with isolated coarctation on this outcome. (Figure 17, 

Figure 19) 
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Figure 16: Impact of proportion of isolated coarctation 
patients on post-treatment gradient in balloon dilatation 
studies 

 

Figure 17: Impact of proportion of isolated coarctation 
patients on 30-day survival in balloon dilatation studies 

 

Each bubble represents one study, with bubble sizes representing sample size. 
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Figure 18: Impact of proportion of isolated coarctation 
patients on post-treatment gradient in stenting studies 

 

Figure 19: Impact of proportion of isolated coarctation 
patients on 30-day survival in stenting studies 

 

Each bubble represents one study, with bubble sizes representing sample size. 
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Effect of pre-treatment blood pressure gradient  
Another measure for illness severity is the blood pressure gradient before treatment. As this is likely to 
be correlated with the achievement of ≤20mm Hg after treatment, we examined this baseline 
characteristic with respect to our second outcome, survival after 30 days. Although the pressure gradient 
before treatment varied quite considerably in both balloon dilatation and stenting studies, no systematic 
impact on the share of patients alive after 30 days was apparent. (Figure 21)  

Figure 20: Impact of pre-treatment gradient on 30-day 
survival in balloon dilatation studies 

 

Figure 21: Impact of pre-treatment gradient on 30-day 
survival in stenting studies 

Each bubble represents one study, with bubble sizes representing sample size. 
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Taken together, our exploration of study-level variables (mean age, proportion of patients with native 

and isolated coarctation, pre-treatment blood pressure gradient) do not appear to systematically impact 

the most frequently reported outcomes in the studies evaluating the effectiveness of balloon dilatation 

and stenting interventions. Given the lack of a systematic relationship between these study-level variables 

and outcomes, we present results of the studies and compute a pooled estimate of the overall effect for 

each intervention. 

 

6.3. Comparative effectiveness of balloon dilatation and stenting 

 

Treatment success before discharge  

Treatment success before discharge was measured using cut-offs for blood pressure gradients of ≤20mm 

Hg and ≤10mm Hg. 

We observed considerable variation in treatment success. Figure 22 and Figure 23 show proportions of 

patients achieving a blood pressure gradient ≤20mm Hg after treatment in the balloon dilatation and 

stenting studies, respectively. Variation seems to be larger among the balloon dilatation studies, with 

success rates ranging from 27 to 100%. Variation is not confined to small-sample studies. For example, in 

a relatively large Japanese study (36) only 65% of patients achieved a post-treatment gradient ≤20mm 

Hg, while another large study from Mexico (62) reported a proportion of 94%. Results for stenting studies 

were more homogeneous, with most studies achieving 100% success rates or similar levels. Two relatively 

large, multi-centre studies (32, 63) reported smaller proportions of patients with a satisfying gradient. It 

should be noted, however, that in one of these a cut-off of 15mm Hg was used instead of 20mm Hg, which 

is likely to produce a smaller share of patients achieving this outcome (indicated with an asterisk in Figure 

22 and Figure 23). 

Pooled overall estimates were calculated using weights from a random effects model. The pooled 

estimate for proportion of patients achieving ≤20mm Hg after treatment was 84.2% (95%CI 80.8%-87.6%. 

Heterogeneity X2=323.00, df=44, p=0.000; I2=86.4%) for balloon dilatation and 96.7% (95%CI 94.3%-

99.1%. Heterogeneity X2=140.98, df=29, p=0.000; I2=79.4%) for stenting.  

Fewer studies were available to compute the proportion of patients achieving a post-treatment gradient 

of ≤10mm Hg, and variation was more pronounced than for the higher threshold of 20mm Hg. Proportions 

of patients achieving the outcome ranged from 21 to 93% for balloon dilatation, with larger studies 

reporting around roughly 50% (Figure 24), and from 37 to 100% for stenting (Figure 25). Similarly to the 

first cut-off, achievement of 100% or close was relatively common among stenting studies. 

The pooled estimate for the proportion of patients achieving ≤10mm Hg was 59.8% (95%CI 48.7%-70.9%. 

Heterogeneity X2=150.23, df=12, p=0.000; I2=92%) for balloon dilatation and 86.4% (95%CI 80.0%-92.7%. 

Heterogeneity X2=267.03, df=20, p=0.000; I2=92.5%) for stenting.  
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Figure 22: Proportion of patients with gradient reduced to 
≤20mm Hg in balloon dilatation studies 

 

Figure 23: Proportion of patients with gradient reduced to 
≤20mm Hg in stenting studies 

Each bubble represents one study, with bubble sizes representing sample size. 
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Figure 24: Proportion of patients with gradient reduced to 
≤10mm Hg in balloon dilatation studies 

 

Figure 25: Proportion of patients with gradient reduced to 
≤10mm Hg in stenting studies 

 

Each bubble represents one study, with bubble sizes representing sample size. 
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Complications before discharge 

Mortality during admission or within 30 days of treatment was relatively rare. Survival rates were close 

to 100% in almost all studies of both balloon dilatation and stenting. (Figure 26, Figure 27) In one small 

balloon dilatation study, only 90% of patients survived one month after the intervention. (64)  

Pooled estimates of the proportion of surviving patients after 30 days, computed with a fixed-effect 

model, were 99.1% (95%CI 98.7%-99.5%. Heterogeneity X2=10.46, df=38, p=1.000; I2=0.0%) and 99.4% 

(95%CI 98.7%-100%. Heterogeneity X2=4.6, df=29, p=1.000; I2=0.0%) for balloon dilatation and stenting, 

respectively. 

Severe complications before discharge were more common in balloon dilatation studies. The proportion 

of patients experiencing life-threatening complications, permanent anatomic or functional lesions, as well 

as aortic wall injuries, was well above 10% in some studies. (Figure 28) One small study reported such 

complications for 83% of its participants. (65) Among stenting studies, smaller studies often reported no 

severe complications at all and even in larger studies, the proportion of patients with severe 

complications did not exceed 5%. (Figure 29)  

Accordingly, the pooled estimates show a larger risk of severe complications before discharge for balloon 

dilatation (7.0%, 95%CI 5.0%-9.0%. Random-effects. Heterogeneity X2=179.39, df=40, p=0.000; I2=77.7%) 

than for stenting (1.2%, 95%CI 0.8%-1.7%. Fixed-effect. Heterogeneity X2=29.65, df=49, p=0.971; I2=0.0%). 

The number of severe complications in included studies seemed to be driven by aortic wall injuries more 

than any other included complication.  

A wider variation is evident for the proportion of patients with minor complications (Figure 30, Figure 31) 

and this may well be explained by inconsistent reporting of such events. For example, while some centres 

report bleeding at access site, this may not be considered worthy to be mentioned by other authors. 

Nevertheless, focusing on the relatively larger studies, there seems to be a trend for more minor 

complications in the balloon dilatation group (proportion of patients with minor complications in these 

studies around 20%) compared to the stenting group (around 5%). The pooled estimate for minor 

complications in balloon dilatation studies is 15.9% (95%CI 11.9%-19.9%. Heterogeneity X2=257.66, df=31, 

p=0.000; I2=88.0%) and 11.4% (95%CI 8.8%-14.0%. Heterogeneity X2=111.12, df=32, p=0.000; I2=71.2%) 

for stenting studies.  
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Figure 26: 30-day survival in balloon dilatation studies 

 

Figure 27: 30-day survival in stenting studies 
 

 

Each bubble represents one study, with bubble sizes representing sample size. 
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Figure 28: Proportion of patients with severe 
complications during admission in balloon dilatation 
studies 

 

Figure 29: Proportion of patients with severe 
complications during admission in stenting studies 

 

Each bubble represents one study, with bubble sizes representing sample size. 
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Figure 30: Proportion of patients with minor 
complications during admission in balloon dilatation 
studies 

 

Figure 31: Proportion of patients with minor 
complications during admission in stenting studies 

 

Each bubble represents one study, with bubble sizes representing sample size. 
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Outcomes at follow-up 

Mean follow-up time ranged from 1 month to 12 years. We did not take differences in follow-up time into 

account for this analysis and instead report one measure for the proportion of patients with 

reinterventions, as well as that of patients needing antihypertensive medication, at follow-up. 

Visual inspection of the results for reinterventions showed heterogeneity in both treatment groups. No 

trend favouring one or the other intervention was observed. (Figure 32, Figure 33) The pooled estimate 

for the proportion of patients with reinterventions at follow-up was 17.4% (95%CI 14.0%-20.7%. 

Heterogeneity X2=144.02, df=33, p=0.000; I2=77.1%) for balloon dilatation and 15.3% (95%CI 11.9%-

18.7%. Heterogeneity X2=256.21, df=41, p=0.000; I2=84.0%) for stenting. 

Data for assessing the effect of the treatment on systolic hypertension were sparse, particularly in the 

balloon dilatation group. We were only able to compute the change in the proportion of patients needing 

antihypertensive treatment between baseline and follow-up for seven studies in this group. Primarily 

driven by a rather small reduction in the share of patients taking antihypertensive drugs in one large 

study, the pooled estimate for balloon dilatation amounts to a decrease of 35.6 percentage points from 

baseline (average 64.4%) to follow-up (average 28.3%) (95%CI -56.3% to -15.0%. Heterogeneity 

X2=134.21, df=6, p=0.000; I2=95.5%). (Figure 34) Among stenting studies, not all achieved a reduction in 

the proportion of patients on antihypertensive medication. This was offset, however, by relatively large 

effects in some of the bigger studies, leading to a 22.4 percentage point decrease from baseline (average 

61.0%) to follow-up (average 38.4%) (95%CI -32.8% to -12.1%. Heterogeneity X2=433.96, df=20, p=0.000; 

I2=95.4%). (Figure 35) 
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Figure 32: Proportion of patients with reinterventions at 
follow-up in balloon dilatation studies 

 

Figure 33: Proportion of patients with reinterventions at 
follow-up in stenting studies 

Each bubble represents one study, with bubble sizes representing sample size. 



 

D.9.1 Systematic review of the clinical and cost-
effectiveness literature findings  

CARDIOPROOF -  FP7-ICT-2013-10 (611232) 

 

46 
 

Figure 34: Absolute change in proportion of patients 
needing antihypertensive treatment from baseline to 
follow-up in balloon dilatation studies 

 

Figure 35: Absolute change in proportion of patients 
needing antihypertensive treatment from baseline to 
follow-up in stenting studies 

 

Each bubble represents one study, with bubble sizes representing sample size.

  



 

D.9.1 Systematic review of the clinical and cost-
effectiveness literature findings  

CARDIOPROOF -  FP7-ICT-2013-10 (611232) 

 

47 
 

6.4. Results from multiple-arm studies 

 

Study characteristics and methodological quality 

Only seven studies that included both balloon dilatation and stenting patient groups met our inclusion 

criteria. (32, 37, 63, 66-69) None of these studies was a randomised controlled trial. Three of the studies 

(32, 37, 66) actively compared results for balloon dilatation and stenting patients. In one of those studies 

(32), which used data from a registry, it was possible to amend data for a subgroup of patients (native 

coarctation patients undergoing balloon dilatation) from another included, more detailed single-arm 

study (70) of the same patient group. Results for this study are therefore presented with the names of 

the first authors of both reports. In two studies (68, 69), results were presented separately but no attempt 

at exploring differences between the two intervention groups was made. In another study (67), balloon 

dilatation and stenting were grouped under transcatheter treatments and compared to surgery, but we 

were nevertheless able to extract some of the outcomes separately for each group. Lastly, through 

personal communication (71) we were able to add data for balloon dilatation patients from the same 

patient population to a report that was published only with data for stenting patients (63). Results for this 

patient cohort are presented under the name of the initial report.  

 

Baseline patient characteristics  

Table 3: Patient characteristics multiple-arm studies 

 
Balloon dilatation Stenting 

t-test for  
statistical 
difference 

  Studies reporting 
variable 
[participants] 

 Studies reporting 
variable 
[participants] 

p-value 

Patients overall 480  955   

Mean age (years) 13.8 7 [480] 18.3 7 [955] 0.143 

Mean weight (kg) 32.7 3 [245] 57.8 3 [283] 0.092* 

Gradient pre-treatment 
(mm Hg) 

48.3 4 [151] 47.4 4 [350] 0.774 

Patients with native CoA 
(%) 

89.9% 5 [308] 100% 5 [414] 0.374 

Patients with recurrent 
CoA (%) 

10.1% 5 [308] 0% 5 [414] 0.374 

Patients receiving 
antihypertensive 
medication (%) 

46.4% 2 [47] 79.0% 2 [43] 0.193 

Concomitant heart 
defects 

     

Patients with AVD (%) 57.0% 2 [91] 60.5% 2 [328] 0.800 

Patients with other 
concomitant genetic 
heart defects (%) 

0% 2 [91] 4.6% 2 [328] 0.500 

AVD: aortic valve disease 

*** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level 
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NB: No observations available for proportion of infants, children, and adults; and for patients with isolated coarctation, 

aortic valve disease, and patent ductus arteriosus.  

Patients in the balloon dilatation arms of included studies were on average 4.5 years younger than those 

undergoing stenting. Accordingly, there was also a difference in the mean weight between the two 

groups. The difference in mean age as assessed by Student’s t-test, however, was not statistically 

significant, and the difference in mean weight was only significant at the 10% level. Figure 36 shows mean 

age in each study arm (bubble size indicates number of participants). It reveals that within the balloon 

dilatation group, participants in five studies (32, 63, 67-69) had mean ages between 10 and 15 years, while 

participants in two other studies (37, 66) were considerably older on average. Distribution of mean age 

was less dispersed in the stenting group.  

No trend for differences between the two treatment groups was observed for the average peak blood 

pressure gradient before treatment. (Figure 37)

Figure 36: Distrubution of mean age across the included 
set of studies. 

 

 

Figure 37: Distrubution of mean pre-treatment blood 
pressure gradient across the included set of studies. 

Each bubble represents one study, with bubble sizes representing sample size.  
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Only two study arms included patients with recurrent coarctation, one each in the balloon dilatation and 

stenting group. In all the other studies that provided this information, 100% of patients had native 

coarctation. (Figure 38) 

Figure 38: Distrubution of proportion of native coarctation patients across the included set of studies. 

 

Each bubble represents one study, with bubble sizes representing sample size.  
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We conducted formal meta-analyses for our pre-specified outcomes when sufficient data were available. 

We used a fixed-effect model for all outcomes because statistical heterogeneity between study results 

was relatively low (I2 was between 0 and 21 per cent).  

 

Treatment success before discharge  

We first pooled the results of the studies in terms of the proportion of patients achieving blood pressure 

gradients ≤20mm Hg and ≤10mm Hg after treatment. 

The confidence interval for the computed pooled risk ratio for patients with blood pressure gradients 

≤20mm Hg after treatment includes 1 and we can therefore not report any statistically significant 

difference between the two interventions. Moreover, confidence intervals for each of the four studies 

included in this analysis include 1 and therefore none of the studies suggest a comparative advantage of 

one of the two intervention types with respect to achievement of a post-treatment blood pressure 

gradient ≤20mm Hg. (Figure 39) The pooled risk ratio estimate was computed using a fixed effect model 

because of relatively low between-study statistical heterogeneity (X2=3.36, df=3, p=0.340; I2=10.6%). 

Figure 39: Included studies’ and pooled risk ratios and 95% confidence intervals of the proportion of patients achieving blood 
pressure gradients ≤20mm Hg  
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The lower (more strict) threshold of 10mm Hg was reported in only 2/7 multi-arm studies. These two 

studies found that stenting was more effective in achieving a blood pressure gradient ≤10mm Hg, with 

patients in this group being 25% more likely to achieve excellent success (risk ratio balloon dilatation-

stenting 0.75, 95%CI 0.66-0.86). (Figure 40) We used a fixed effect model to calculate the overall risk ratio 

(X2=0.43, df=1, p=0.512; I2=0.0%). 

Figure 40: Included studies’ and pooled risk ratios and 95% confidence intervals of the proportion of patients achieving blood 
pressure gradients ≤10mm Hg 

 

 

Complications before discharge 

Insufficient data were available from the multiple-arm studies to compute a pooled estimate of survival 

at 30 days. We are therefore restricted to reporting the relative risk of patients experiencing severe and 

minor complications before discharge.  

Similar to the findings reported in single-arm case series, we found a statistically significant difference in 

the proportion of patients with severe complications between groups receiving balloon dilatation and 

stenting. Patients undergoing balloon dilatation were over 11 times as likely to experience a severe 

complication during their admission as stenting patients (risk ratio 11.32, 95%CI 5.57-23.02). We observed 

no statistical heterogeneity (X2=3.84, df=4, p=0.428; I2=0.0%). (Figure 41) While the results for severe 

complications strongly favour the use of stents, those for minor complications seem to be better for 

balloon dilatation. However, the 95% confidence interval of the pooled estimate includes 1 and was 

computed based on only two studies. Statistical heterogeneity between these two studies was absent 

(X2=0.03, df=1, p=0.867; I2=0.0%). (Figure 42) 
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Figure 41: Included studies’ and pooled risk ratios and 95% confidence intervals of the proportion of patients with severe 
complications during admission 

 

Figure 42: Included studies’ and pooled risk ratios and 95% confidence intervals of the proportion of patients with minor 
complications during admission 
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Outcomes at follow-up 

Meta-analysis of the results for proportion of patients with reinterventions at follow-up was inconclusive. 

(Figure 43) Two of the three studies included in the analysis favoured balloon dilatation and one favoured 

stenting. 95% confidence intervals for all three studies included 1, and so did the pooled overall estimate. 

Statistical between-study heterogeneity was relatively low at I2=16.2% (X2=2.39, df=2, p=0.303) and we 

therefore used a fixed effect model. Mean follow-up time for included studies ranged from 2 to 5 years. 

For this time frame we did not find, in statistical terms, a meaningful comparative advantage for the need 

of reinterventions of one intervention type over the other. Reintervention rates ranged from 7 to 20% 

across the two treatment groups.  

Figure 43: Included studies’ and pooled risk ratios and 95% confidence intervals of the proportion of patients with 
reinterventions at follow-up 

 

 

Results for the change in proportion of patients needing antihypertensive treatment, as well as the 

change in mean number of antihypertensive agents taken, were only available for one study (37), 

precluding meta-analysis. Data extracted from Zabal et al. suggest a favourable effect from stenting. 

Proportion of patients in need of antihypertensive treatment in the stenting group had decreased from 

82% at baseline to 4.5% at follow-up (reduction of 77 percentage points, 95%CI -97 to -57 percentage 

points), compared to a change from 59% to 9% (reduction of 50 percentage points, 95%CI -69 to -31 

percentage points) in the balloon dilatation group. The mean number of antihypertensive agents taken 

had decreased from 2.1 to 1.1 (absolute change -1, 95%CI -1.4 to -0.7) in the stenting group, compared 

to a decrease from 1.4 to 1.1 (absolute change -0.3, 95%CI -0.5 to -0.06) in the balloon dilatation group.  
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6.5. Results from network meta-analysis 
Another treatment option for aortic coarctation is surgery. Our search strategy was set up to capture any 

comparative studies of one of the two transcatheter interventions, including those using surgery as a 

comparator. In addition to the seven studies with stenting and balloon dilatation patients (see multiple-

arm studies analysis), we found nine studies that either included balloon dilatation and surgery patients 

(61, 72-78), or stenting and surgery patients (79). Two of the seven balloon dilatation-stenting studies 

also included a surgery treatment arm. (32, 67) 

We were able to conduct network meta-analyses for two outcomes: proportion of patients with severe 

complications before discharge and proportion of patients with reinterventions at follow-up. Data for 

these two outcomes were available from minimum three studies including at least two of the three 

treatment options, balloon dilatation, stenting, and surgery. 

The network for the first outcome, severe complications, consisted of ten studies. The relationship of 

treatment arms is shown in Figure 44. Two studies (32, 67) compared all three treatment options. 

Figure 44: Evidence network for multiple-treatment comparison for severe complications 

 

 

The pooled odds ratios and their 95% credible intervals for each pair of treatments are shown in Table 4. 

Patients undergoing stenting were less likely to experience severe complications during admission than 

those in the balloon dilatation group (odds ratio 0.054, 95% credible interval 0.007-0.258). Stenting was 

also superior compared to surgery (OR 0.119, 95%CrI 0.015-0.813), making it the dominant treatment 

option with respect to the proportion of patients with severe complications. Finally, no statistically 

significant difference was observed between surgery and balloon dilatation. 
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Table 4: Comparative effects of the three treatment options for severe complications during admission 

 Balloon dilatation Surgery 

Stenting   vs 
0.054  
(0.007-0.258) 

0.119 
(0.015-0.813) 

Surgery   vs 
0.460 
(0.074-2.001) 

- 

Numbers in brackets are 95% credible intervals. Table should be read from left to right. 

 

The second network meta-analysis was conducted for the proportion of patients undergoing 

reinterventions at follow-up. The evidence network consisted of nine studies, as shown in Figure 45.  

Figure 45: Evidence network for multiple-treatment comparison for reinterventions at follow-up 

 

 

The results for each pair of treatments are shown in Table 5. The 95% credible interval of the odds ratio 

for the proportion of patients with reinterventions at follow-up between stenting and balloon dilatation 

includes 1 (OR 1.313, 95%CrI 0.686-2.509), and did therefore not detect a statistically significant 

difference between the two transcatheter interventions. Surgery, however, yielded a lower proportion of 

patients with reinterventions compared to both balloon dilatation and surgery. 
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Table 5: Comparative effects of the three treatment options for reinterventions at follow-up 

 Balloon dilatation Surgery 

Stenting   vs 
1.313 
(0.686-2.509) 

2.65 
(1.361-5.358) 

Surgery   vs 
0.495 
(0.285-0.843) 

- 

Numbers in brackets are 95% credible intervals. Table should be read from left to right. 
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7. Discussion 
We conducted a systematic review to synthesize the evidence of the effectiveness of two transcatheter 

interventions for coarctation of the aorta (i.e. balloon dilatation and stenting). 

 

Clinical outcomes 

We found that stenting was superior to balloon dilatation in the immediate relief of the stenosis. The 

analysis of single-arm studies showed that almost all patients in stenting studies achieved a post-

treatment gradient of ≤20mm Hg (97%; 95%CI 94%-99%), but only 84% (95%CI 81%-88%) of the patients 

in balloon dilatation studies. The difference was even bigger for the stricter cut-off of ≤10mm Hg, which 

was achieved by 86% (95%CI 80%-93%) of stenting patients, but only by 60% (95%CI 49%-71%) of balloon 

dilatation patients. The analysis of studies including both stenting and ballooning patients found no 

statistically significant difference for the 20mm Hg threshold. Analysis for the lower threshold of 10mm 

Hg, however, showed the same result as the single-study comparison, with stenting yielding superior 

results compared to balloon dilatation.   

Both balloon dilatation and stenting are interventions with very low mortality. The 30-day survival rates 

were close to 100% in almost all included studies and we did not find a statistically significant difference 

between the two treatment types. Complications, however, were encountered more often. We included 

all aortic wall injuries, life-threatening events, permanent functional or anatomic lesions, as well as 

unexpected major drug side effects in our composite measure of severe complications. A significant 

increased overall risk in the balloon group for severe complications was found. The results for this 

composite indicator are consistent across the three types of analyses we conducted: single-arm studies, 

multiple-arm studies, and network meta-analysis. The effect size is considerable, as shown in all three 

analyses. The pooled estimate for the proportion of patients with severe complications obtained from 

single-arm studies was only 1.2% (95%CI 0.8%-1.7%) in stenting studies, but 7% (95%CI 5%-9%) in balloon 

dilatation studies. The risk ratio for severe complications during admission was 11.32 (95%CI 5.57-23.02) 

for balloon dilatation compared to stenting, as shown in the meta-analysis of multiple-arm study analysis. 

Finally, the odds of experiencing a severe complication in the stenting group were only 0.05 (95%CrI 

0.007-0.258) that of the balloon dilatation group, according to our network meta-analysis. The results 

underpin the advantage of stenting with respect to patient safety that was found by the studies of the 

Congenital Cardiovascular Interventional Study Consortium (CCISC). (32, 70, 80) 

Covered stents, as opposed to bare-metal stents, promise further reduction of aortic wall injuries, with 

no such complications reported in most of the studies using exclusively covered stents. (81-88) However, 

a risk of damages to the aortic wall persists even with these devices. (89-91) 

Our findings for the proportion of patients experiencing minor complications have to be interpreted with 

caution. Complications such as bleeding at access site or loss of femoral pulse were not reported 

consistently in included studies. While some authors present these complications and the number of 

patients with events clearly and in tables, others seem to report selectively, with descriptions of 

complications in some patients, but without providing an overall account of the number of patients with 

events. The variation in the proportion of patients with minor complications was large. While some 

authors reported minor complications in approximately 50% of their patients or even more (86, 92, 93), 
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the proportion was below 5% in many other studies. Rather than a true difference in complication rates, 

this variation may suggest a difference in reporting standards.  

Sustained relief of the obstruction and therefore the prevention of recurrent coarctation was put forward 

as an advantage of stenting. (9, 12) In addition, the stent itself can act as a seal for aortic wall injuries at 

the site of the former stenosis incurred during the intervention, and it can therefore prevent the 

development of aneurysms in the long term. Accordingly, a lower number of reinterventions for recurrent 

coarctation as well as procedures to repair damages to the aortic wall would be expected. In our analysis, 

we did not find a systematic difference in the proportion of patients with reinterventions at follow-up 

between balloon dilatation and stenting studies, and this was consistent for all three types of analyses we 

conducted. An explanation for this discrepancy between theory and data may lie in the need for 

redilatation of stents in growing patients. (12) We did not distinguish between planned and unplanned 

reinterventions because both pose the same risks to the patient. Thus, while recoarctation rates may be 

higher among balloon dilatation patients, the need for repeated dilatations in growing stenting patients 

can balance the rates of reinterventions. Our network meta-analysis showed that patients in the surgery 

group had in fact the lowest reintervention rates. Compared to transcatheter interventions, surgical 

procedures are less likely to damage the aortic wall and cause aneurysms development. (67) Recurrent 

coarctation in the long term is not different from balloon dilatation. (16) Taken together, this suggests a 

decreased need for reinterventions at follow-up after surgical removal of coarcted aorta segments, and 

this is supported by our findings.  

When considering most children undergoing their first intervention at infancy or early childhood long 

term consequences will become of importance following a treatment procedure where material has been 

placed that was originally planned for smaller vascular anatomy. Stent repair therefore seems to be a 

preferred method in adults and older children, while in infants and younger children it will mainly be of 

use to bridge the time to surgical repair. (14, 94) 

The relief of systolic hypertension is a pressing issue in the treatment of aortic coarctation. (95, 96) We 

assessed the change in the proportion of patients needing antihypertensive treatment from baseline to 

follow-up. Results from our single-arm analysis were inconclusive, with a reduction in the proportion of 

patients on antihypertensive medication by 35.6 percentage points (95%CI -56.3% to -15.0%) in the 

balloon dilatation group, and a reduction by 22.4 percentage points (95%CI -32.8% to -12.1%) in the 

stenting group, both from similar baseline levels (64 and 61%, respectively). The outcome was only 

reported in one study directly comparing the two interventions. (37)  

These facts focusing on short and mid-term outcome may be seen as clear arguments towards stent 

placement. However, the issue of long term outcome has only incompletely been studied and remains 

more difficult to assess. In our sample of 115 studies only two balloon dilatation studies had a mean 

follow-up time of more than ten years. (27, 97) 
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Comparability of studies 

Balloon dilatation and stenting, alongside surgery, are considered to have different roles to play in the 

treatment of aortic coarctation. Luijendijk and colleagues, for example, developed a treatment algorithm 

after reviewing the results of 24 study arms. (14) They concluded that the best treatment strategy is 

surgery in infants and children with native coarctation, and balloon dilatation for infants and small 

children with recurrent coarctation. In outgrown children and adults, they recommend stenting. Anatomy 

of the coarcted segment was proposed as another decision criterion between sole balloon angioplasty 

and implantation of a stent in a study directly comparing the two interventions. (37) The authors 

suggested that balloon dilatation was preferable in patients with discrete coarctation if this procedure 

led to an immediate gradient reduction ≤10mm Hg.  

We assessed the impact that four commonly reported baseline characteristics (mean age; blood pressure 

gradient before treatment; native coarctation; isolated coarctation) had on two key outcomes 

(proportion of patients achieving post-treatment gradient ≤20mm Hg and 30-day survival). We did not 

detect a systematic effect of any of these variables, suggesting a more homogenous patient population 

with respect to treatment options than assumed. Regarding the coarctation type, this reinforces the 

findings of Chessa et al. (98) and Harrison et al. (99) who reported similar results for both native and 

recurrent coarctation (both studies were also included in the review). Some authors reported that 

patients with unfavourable aortic anatomy were excluded from stenting treatment. (100-107) Age was 

also used as a treatment selection criterion (67, 68, 99, 106, 108-111), explaining the lower average age 

of patients in balloon dilatation studies.  

 

State of the evidence 

We found no randomised controlled trial (RCT) comparing the two transcatheter interventions used in 

the treatment of aortic coarctation. Two RCTs were found that compared balloon angioplasty with 

surgery, but they had very small numbers (below 30 patients per study arm). (74, 76) Another RCT in the 

field did not meet our inclusion criterion of minimum 15 patients per treatment arm. (55) Mirroring the 

state of the evidence in original studies, systematic reviews in the field are rare. Hu et al. (16) compared 

outcomes for surgery and balloon angioplasty in patients with native coarctation and concluded that, 

while providing better short-term results, balloon dilatation did not prove to be superior to surgery in the 

long term and even increased the risk of aneurysm formation. The only systematic review that attempted 

to compare surgery to stenting did not find studies of sufficient quality to conduct a meta-analysis. (17) 

Another review comparing all three treatment options (i.e. balloon dilatation, stenting, and surgery) did 

not report a systematic search strategy and approach to study selection and included only 24 study arms. 

(14) Our report is the first to systematically gather available evidence about the two transcatheter 

intervention options for aortic coarctation.  

The evidence base for interventional treatment for coarctation of the aorta is confined to mostly small 

case series and few large observational studies. This does not only present a challenge for pooling data 

and giving unbiased estimates of treatment effects. Data extraction for this review was impeded by the 

lack of consistency in reporting of methods, patient baseline characteristics and outcomes. In many 

studies, valuable information was presented in plain text rather than in tables with numbers of patients 

experiencing any given event. Clear inclusion and exclusion criteria for patients were not found to be 
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reported in many studies and definitions of outcomes were missing. Reporting of blood pressure 

gradients serves as an example for the low reporting standard in case series in this field. Out of 99 studies 

that presented blood pressure gradients, 25 did not specify how it was measured (invasively, echo, upper-

lower extremity). As described above, reporting of complications presents another area of severe lack of 

consistency. Guidelines to improve the quality of outcomes reporting were introduced in other areas of 

congenital heart disease (112). The state of the evidence as assessed by this review calls for the 

development of such guidelines in aortic coarctation treatment.   

The CCISC (32) and the Valvuloplasty and Angioplasty of Congenital Anomalies Registry (VACA) (113) have 

shown that pooling patient data from a considerable number of centres is possible (36 and 38 

participating institutions, respectively). However, the studies conducted within these registries did not 

control for confounding factors through case-matching or randomising. There is consensus that the best 

evidence for clinical interventions comes from RCTs. (114) Random allocation of patients to treatment 

groups ensures that no systematic differences exist between them. (115) The random allocation sequence 

accounts for both observable and unobservable patient characteristics and is therefore superior to other 

methods of matching patients from two treatment groups, which can only be conducted based on 

observed parameters. Our systematic review shows that over 7,800 patients were treated by either 

balloon dilatation or stenting for aortic coarctation over the last 25 years (a conservative account, given 

that we did not include neonates and very small-scale studies). Absence of a systematic impact of 

observed patient characteristics on outcomes, as shown in our review, should ease reservations about 

the comparability of patients undergoing one or the other intervention. Taken together, this suggests 

that, while patient numbers in individual centres might not be sufficient to conduct proper RCTs, 

collaboration between centres and across borders provides the possibility to obtain better data on the 

comparative effectiveness of balloon dilatation and stenting for aortic coarctation. 

 

7.1. Limitations 
The most important limitation of this review is the nature of the evidence it is built on. Due to a lack of 

controlled studies, we included mostly case series which rank low, just above expert opinion, in the 

hierarchy of evidence. (116-118) Observational study designs are susceptible to the introduction of bias 

in multiple forms (21), and bias in included studies unavoidably affects the results of a systematic review. 

(119) In our review, we were particularly concerned about selection bias, given that allocation of patients 

to a treatment was at the cardiologist’s discretion. However, we showed that, while differences in patient 

characteristics between balloon dilatation and stenting studies exist, these do not seem to systematically 

affect the outcomes. We did not perform formal analysis for the detection of publication bias. Studies 

with positive results are more likely to be published. (120) The lack of a control group provides an 

additional opportunity for authors to restrict reporting to patients with favourable outcomes. This would 

bias the results of this review upwards for desirable outcomes (such as the proportion of patients 

achieving blood pressure gradient ≤20mm Hg) and downwards for undesirable outcomes (e.g. the 

proportion of patients with severe complications). However, given that most of our evidence base 

consists of single-arm studies, there is no reason why such selective reporting should occur systematically 

more in one treatment group than in the other, and our results for comparative effectiveness should 

therefore not be influenced by it. 
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Another potential source of bias lies in the reviewer (observer bias). Information on outcomes can be 

misclassified. This can introduce error (if the misclassification occurs randomly) and bias (if the 

misclassification is systematic). A lack of reporting standards regarding relevant outcomes (e.g. 

complications before discharge and at follow-up; number of patients with reinterventions) opened the 

door for potential differential misclassification of outcomes in the review. 

Finally, we were not able to extract more patient baseline characteristics due to heterogeneous reporting 

and it is therefore possible that an unobserved confounding factor, such as anatomy of the patient’s aorta 

and coarcted segment, systematically impacts treatment choice and sub consequently treatment 

outcomes. However, we are confident that the range of patient characteristics that we inspected for their 

effect on key outcomes is suited to capture severity of the disease and risk factors for the clinical course.  

 

7.2. Conclusion 
We report the findings of the first systematic review to date comparing the effectiveness of balloon 

angioplasty and stenting. The evidence base was limited to mostly case series. No randomised controlled 

trial comparing the two interventions was found. Despite these limitations, our review suggests that 

stenting achieves better immediate relief of aortic coarctation. In addition, we found that significantly 

fewer stenting patients experienced severe complications during their hospital admission compared to 

those undergoing balloon dilatation. Outcomes at follow-up did not show a statistically significant 

difference.  
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A. Appendix 

A.1. Search terms and results 
PubMed, 28/10/2014 

Jan 1990 – Oct 2014 

1 (aortic coarctation OR (coarctation[Title/Abstract] AND aorta[Title/Abstract]) OR 
(recoarctation OR re-coarctation) OR ((aorta OR aortic) AND (coarctat*[Title/Abstract] OR 
constrict*[Title/Abstract]))) 

13,380 

2 (balloon angioplasty OR (balloon[Title/Abstract] AND (dilation[Title/Abstract] OR 
dilatation[Title/Abstract])) OR intraluminal aortoplasty[Title/Abstract] OR aortic 
angioplasty[Title/Abstract] OR percutaneous angioplasty[Title/Abstract] OR percutaneous 
treatment[Title/Abstract] OR transcatheter[Title/Abstract] OR angioplast*[Title/Abstract]) 

81,923 

3 (stent OR stenting OR endovascular) 96,924 

4 1 AND (2 OR 3) 1,449 

5 Letter[ptyp] OR Editorial[ptyp] OR Comment[ptyp]  

6 4 NOT 5 1,351 

7 Limit to: Human; English 1,009 

8 Limit to: Publication date from 1990/01/01 882 

 

Cochrane Library, 28/10/2014 

1990 – 2014 

 

1 aortic coarctation OR (coarctation AND aorta) OR (recoarctation OR re-coarctation) OR 
((aorta OR aortic) AND (coarctat* OR constrict*)) 

173 

2 Balloon angioplasty OR (balloon AND (dilation or dilatation)) OR (intraluminal aortoplasty) 
or (aortic angioplasty) or (percutaneous angioplasty) or (percutaneous treatment) or 
transcatheter or angioplast* 

10,831 

3 (stent OR stenting OR endovascular) 7,496 

4 1 AND (2 OR 3) 36 

5 Limit to: Publication date from 1990 (10 Cochrane reviews; 6 other reviews; 14 trials; 2 
technology assessments; 3 economic evaluations; 1 Cochrane group) 

36 

aortic coarctation, balloon angioplasty, stents were searched both as MeSH terms and in free word 

search. 

CINAHL Plus via EBSCOHost, 28/10/2014 

Jan 1990 – Oct 2014 

 

1 (MH "Aortic Coarctation") OR ((TI coarctation OR AB coarctation) AND (TI aorta OR AB aorta)) 
OR recoarctation OR re-coarctation OR ((aorta OR aortic) AND (TI coarctat* OR AB coarctat* 
OR TI constrict* OR AB constrict*)) 

831 

2 (MH "Angioplasty, Balloon+") OR balloon angioplasty OR ((TI balloon OR AB balloon) AND (TI 
dilation OR AB dilation OR TI dilatation OR AB dilatation)) OR TI intraluminal aortoplasty OR 
AB intraluminal aortoplasty OR TI aortic angioplasty OR AB aortic angioplasty OR TI 
percutaneous angioplasty OR AB percutaneous angioplasty OR TI percutaneous treatment 
OR AB percutaneous treatment OR TI transcatheter OR AB transcatheter OR TI angioplast* 
OR AB angioplast*) 

15,673 

3 (MH "Stents+") OR stent OR stenting OR endovascular 16,901 

4 1 AND (2 OR 3) 161 
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5 Limit to: Human; English; Publication date from 1990/01/01 65 

6 Exclude MEDLINE records 6 

  

EMBASE, 28/10/2014 

Jan 1990 – Oct 2014 

1 'aorta coarctation'/exp OR recoarctation OR 're coarctation' OR (aorta OR aortic AND 
(coarctat$ OR constrict$)) 

11,209 

2 'percutaneous transluminal angioplasty'/exp OR balloon angioplasty OR (balloon AND 
(dilation OR dilatation)) OR intraluminal aortoplasty OR aortic angioplasty OR percutaneous 
angioplasty OR percutaneous treatment OR transcatheter OR angioplast$ 

101,462 

3 'stent'/exp OR 'vascular stent'/exp OR stenting OR endovascular 146,891 

4 1 AND (2 OR 3) 1,396 

5 4 AND [humans]/lim AND [english]/lim NOT (([editorial]/lim OR [letter]/lim) 1,090 

6 Limit to: Publication date from 1990/01/01 1,060  

7 Limit to: EMBASE 1,000 
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A.2. List of included studies 
Author Publication Location Treatment Patients Mean 

age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Agnoletti 
(2002) 

Age-related aspects of balloon 
angioplasty for postsurgical aortic 
recoarctation. Cardiol Young. 
2002;12(5):470-3. 

Italy and 
France 

Balloon 
dilatation 

28 5 - - Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 

 

Agnoletti 
(2005) 

Mid-term effects of implanting 
stents for relief of aortic 
recoarctation on systemic 
hypertension, carotid mechanical 
properties, intimal medial thickness 
and reflection of the pulse wave. 
Cardiol Young. 2005;15(3):245-50. 

Italy Stenting 15 18.1 1.8 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Need for anti-hypertensive 

treatment pre treatment 

and at f/u 

 

Alaei (2011) Balloon angioplasty versus surgical 
repair of coarctation of aorta in 
infants. Journal of Tehran University 
Heart Center. 2011;6(3):134-7. 

Iran - Balloon 
dilatation 

- Surgery 

55 
 
112 

0.42 
 
0.36 

1 
 
1 

- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- All-cause mortality at f/u 
- Mean length of hospital stay 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Ammar 
(2012) 

Balloon angioplasty for native aortic 
coarctation in children and infants 
younger than 12 months: 
immediate and medium-term 
follow-up. The Journal of invasive 
cardiology. 2012;24(12):662-6. 

Egypt Balloon 
dilatation 

33 4.5 1.5 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Anjos (1992) Determinants of hemodynamic 
results of balloon dilation of aortic 
recoarctation. The American journal 
of cardiology. 1992;69(6):665-71. 

United 
Kingdom 

Balloon 
dilatation 

27 0.67 1.8 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 

 

Ayabakan 
(2013) 

Does the z-score value of the 
abdominal aorta predict 
recoarctation in an infant? 
Congenital heart disease. 
2013;8(4):316-21. 

Turkey Balloon 
dilatation 

38 0.24 0.85 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Recurrent coarctation at f/u 
- Reinterventions at f/u 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Babu-
Narayan 
(2011) 

Cardiovascular changes after 
transcatheter endovascular 
stenting of adult aortic coarctation. 
International journal of cardiology. 
2011;149(2):157-63. 

United 
Kingdom 

Stenting 18 31.6 0.85 - Severe complications during 
admission 

- Minor complications during 
admission  

- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 

and at f/u 

 

Baykan 
(2014) 

Cheatham platinum stent 
implantation in children with 
coarctation of the aorta: Single-
centre short-term, intermediate-
term, and long-term results from 
Turkey. Cardiology in the Young. 
2014;24(4):675-84. 

Turkey Stenting 35 10.6 2.7 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Bentham 
(2013) 

Effect of interventional stent 
treatment of native and recurrent 
coarctation of aorta on blood 
pressure. American Journal of 
Cardiology. 2013;111(5):731-6. 

United 
Kingdom 

Stenting 40 14.1 1 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 

pressure gradient ≤10mm 

Hg 

 

Biswas 
(1996) 

Follow-up results of balloon 
angioplasty for native coarctation of 
aorta. Indian Heart J. 
1996;48(6):673-6. 

India Balloon 
dilatation 

29 21.5 0.96 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Absent systolic 
hypertension before 
discharge 

- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 

 

Borzoei 
(1997) 

Balloon angioplasty in native aortic 
coarctation: Results in Shiraz and 
review of articles. Medical Journal 
of the Islamic Republic of Iran. 
1997;11(3):191-5. 

Iran Balloon 
dilatation 

16 7.1 0.96 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Brown 
(2010) 

Late outcomes of reintervention on 
the descending aorta after repair of 
aortic coarctation. Circulation. 
2010;122(11 Suppl):S81-4. 

United 
States 

Balloon 
dilatation 

22 32 5 - 30-day survival 
- Reinterventions at f/u 

Comparing surgery vs 
endovascular treatment 
(stenting and balloon 
dilatation lumped together). 
However, surgery patients 
were not eligible 
(contaminated with 
neonates), and only one 
outcome could be extracted 
separately for balloon 
dilatation. (Stenting: not 
enough patients to be 
included) 

Bruckheimer 
(2009) 

Coarctation of the aorta treated 
with the advanta V12 large 
diameter stent: Acute results. 
Catheterization and Cardiovascular 
Interventions. 2010;75(3):402-6. 

Israel and 
Brazil 

Stenting 25 17.7 0.38 - 30-day survival 
- Severe complications during 

admission 
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Bruckheimer 
(2010) 

Covered Cheatham-Platinum stents 
for serial dilation of severe native 
aortic coarctation. Catheterization 
and cardiovascular interventions : 
official journal of the Society for 
Cardiac Angiography & 
Interventions. 2009;74(1):117-23. 

Israel Stenting 22 19.4 1.5 - 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Butera 
(2006) 

Covered stents in patients with 
congenital heart defects. 
Catheterization and cardiovascular 
interventions : official journal of the 
Society for Cardiac Angiography & 
Interventions. 2006;67(3):466-72. 

Italy Stenting 16 21.9 0.71 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Severe complications during 
admission 

- Aortic wall injuries at f/u 

 

Butera 
(2007) 

Covered stents in patients with 
complex aortic coarctations. 
American heart journal. 
2007;154(4):795-800. 

Italy Stenting 33 24.5 1.4 - 30-day survival 
- Severe complications during 

admission 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Chakrabarti 
(2010) 

Balloon expandable stent 
implantation for native and 
recurrent coarctation of the aorta - 
Prospective computed tomography 
assessment of stent integrity, 
aneurysm formation and stenosis 
relief. Heart (British Cardiac 
Society). 2010;96(15):1212-6. 

United 
Kingdom 

Stenting 88 28.7 3 - 30-day survival 
- Severe complications during 

admission 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- All-cause mortality at f/u 

 

Chang 
(2012) 

Use of covered Cheatham-Platinum 
stent as the primary modality in the 
treatment for native coarctation of 
the aorta. Chin Med J (Engl). 
2012;125(6):1005-9. 

China Stenting 25 22.5 3 - 30-day survival 
- Severe complications during 

admission 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
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Cheatham 
(2001) 

Stenting of coarctation of the aorta. 
Catheterization and Cardiovascular 
Interventions. 2001;54(1):112-25. 

United 
States 

Stenting 46 18.6 - - Severe complications during 
admission 

- Minor complications during 
admission  

- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 

and at f/u 

 

Chessa 
(2005) 

Results and mid-long-term follow-
up of stent implantation for native 
and recurrent coarctation of the 
aorta. European heart journal. 
2005;26(24):2728-32. 

Italy Stenting 71 21.8 3.4 - 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Reinterventions at f/u 

 

Chiu (2009) Late cardiovascular complications 
after surgical or balloon angioplasty 
of coarctation of aorta in an Asian 
cohort. The American journal of 
cardiology. 2009;104(8):1139-44. 

Taiwan - Balloon 
dilatation 

- Surgery 

41 
 
128 
 
 

- 10 - Recurrent coarctation at f/u 
- Reinterventions at f/u 
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De Giovanni 
(1996) 

Percutaneous balloon dilatation of 
aortic coarctation in adults. 
American Journal of Cardiology. 
1996;77(5):435-9. 

United 
Kingdom 

Balloon 
dilatation 

23 31.8 2.7 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 

and at f/u 

 

Dilawar 
(2009) 

Safety and efficacy of low-profile 
balloons in native coarctation and 
recoarctation balloon angioplasty 
for infants. Pediatric cardiology. 
2009;30(4):404-8. 

Qatar and 
Egypt 

Balloon 
dilatation 

15 0.38 1.8 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
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Eicken 
(2006) 

The fate of systemic blood pressure 
in patients after effectively stented 
coarctation. European heart 
journal. 2006;27(9):1100-5. 

Germany Stenting 43 19.9 18 - Severe complications during 
admission 

- Minor complications during 
admission  

- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 

and at f/u 

 

Erdem 
(2011) 

Cheatham-Platinum stent for native 
and recurrent aortic coarctation in 
children and adults: immediate and 
early follow-up results. Anadolu 
Kardiyol Derg. 2011;11(5):441-9. 

Turkey Stenting 45 14.2 1.0 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Severe complications during 

admission 
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 

 

Ewert (2005) The CP stent-short, long, covered-
for the treatment of aortic 
coarctation, stenosis of pulmonary 
arteries and caval veins, and Fontan 
anastomosis in children and adults: 
An evaluation of 60 stents in 53 
patients. Heart (British Cardiac 
Society). 2005;91(7):948-53. 

Germany Stenting 36 21.7 - - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

 



 

D.9.1 Systematic review of the clinical and cost-
effectiveness literature findings  

CARDIOPROOF -  FP7-ICT-2013-10 (611232) 

 

A7-12 
 

Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Fawzy 
(2008) 

Twenty-two years of follow-up 
results of balloon angioplasty for 
discreet native coarctation of the 
aorta in adolescents and adults. 
American heart journal. 
2008;156(5):910-7. 

Saudi Arabia Balloon 
dilatation 

63 24 12.5 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Fletcher 
(1995) 

Balloon angioplasty of native 
coarctation of the aorta: midterm 
follow-up and prognostic factors. 
Journal of the American College of 
Cardiology. 1995;25(3):730-4. 

United 
States 

Balloon 
dilatation 

86 6.2 3 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Recurrent coarctation at f/u 

More outcomes available, 
but not distinguishable for 
neonates and older patients. 
These outcomes are 
therefore not extracted. 

Fontes 
(1990) 

It is valid to dilate native aortic 
coarctation with a balloon catheter. 
International journal of cardiology. 
1990;27(3):311-6; discussion 7-8. 

Brazil Balloon 
dilatation 

37 10 1.1 - Severe complications during 
admission 

- Minor complications during 
admission  

- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 
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Forbes 
(2007a) 

Procedural results and acute 
complications in stenting native and 
recurrent coarctation of the aorta in 
patients over 4 years of age: A 
multi-institutional study. 
Catheterization and Cardiovascular 
Interventions. 2007;70(2):276-85. 

United 
States, 
United 
Kingdom, 
Germany, 
Brazil 

- Balloon 
dilatation 

- Stenting 

144 
 
541 

11 
 
16.9 

- - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Severe complications during 

admission 

Data for balloon dilatation 
patients obtained directly 
from authors (not included 
in published report) 

Forbes 
(2007b) 

Intermediate follow-up following 
intravascular stenting for treatment 
of coarctation of the aorta. 
Catheterization and Cardiovascular 
Interventions. 2007;70(4):569-77. 

United 
States, 
United 
Kingdom, 
Germany, 
Brazil, 
Argentina, 
Iran 

Stenting 144 17.9 1.2 - Aortic wall injuries at f/u Follow-up study to Forbes 
(2007a), therefore only 
follow-up outcomes were 
extracted. 

Forbes 
(2011) 

Comparison of surgical, stent, and 
balloon angioplasty treatment of 
native coarctation of the aorta: An 
observational study by the CCISC 
(Congenital cardiovascular 
interventional study consortium). 
Journal of the American College of 
Cardiology [Internet]. 2011; 
(25):[2664-74 pp.]. 

United 
States, 
United 
Kingdom, 
Germany, 
Brazil 

- Balloon 
dilatation 

- Stenting 
- Surgery 

76 
 
217 
72 

8 
 
16.6 
10 

2.1 
 
1.9 
1.9 

- Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
- Mean length of hospital stay 

All patients with native CoA. 
Data for stenting and surgery 
patients from this report, 
data for balloon dilatation 
from Harris (2014), as this 
was an extended report on 
ballooning patients. Patients 
from Harris (2014) with re-
CoA were extracted 
separately. 



 

D.9.1 Systematic review of the clinical and cost-
effectiveness literature findings  

CARDIOPROOF -  FP7-ICT-2013-10 (611232) 

 

A7-14 
 

Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Galal (2003) Balloon dilation of native aortic 
coarctation in infancy. Z Kardiol. 
2003;92(9):735-41. 

Saudi Arabia Balloon 
dilatation 

66 0.41 2.4 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- All-cause mortality at f/u 
- Mean length of hospital stay 

Comparison between age 
groups (not matching our 
definition of age groups) 

Gasnikov 
(2013) 

New prediction criteria of long-term 
results of balloon angioplasty in 
aortic coarctation. Sovremennye 
Tehnologii v Medicine. 
2013;5(2):65-70. 

Russia Balloon 
dilatation 

32 6.6 2.7 - All-cause mortality at f/u  
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Haji-Zeinali 
(2009) 

Self-expanding nitinol stent 
implantation for treatment of aortic 
coarctation. J Endovasc Ther. 
2009;16(2):224-32. 

Iran Stenting 21 19.2 1.3 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Hamdan 
(2001) 

Endovascular stents for coarctation 
of the aorta: initial results and 
intermediate-term follow-up. 
Journal of the American College of 
Cardiology. 2001;38(5):1518-23. 

United 
States 

Stenting 34 16 2.4 - Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- All-cause mortality at f/u 

Immediate outcomes are 
included in Forbes (2007a), 
only follow-up outcomes 
were therefore extracted 
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Harris (2014) A prospective observational 
multicenter study of balloon 
angioplasty for the treatment of 
native and recurrent coarctation of 
the aorta. Catheterization and 
Cardiovascular Interventions. 
2014;83(7):1116-23. 

United 
States, 
United 
Kingdom, 
Germany, 
Brazil, 
Argentina, 
Iran 

Balloon 
dilatation 

54 13.8 2.4 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
- Mean length of hospital stay 

Data for patients with native 
CoA were merged with 
Forbes (2011) because they 
were from the same patient 
population. Data for patients 
with re-CoA had not been 
reported in other studies. 

Harrison 
(2001) 

Endovascular stents in the 
management of coarctation of the 
aorta in the adolescent and adult: 
one year follow up. Heart (British 
Cardiac Society). 2001;85(5):561-6. 

Canada Stenting 27 30.1 1.8 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- All-cause mortality at f/u 
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Hassan 
(2007) 

Long-term effects of balloon 
angioplasty on left ventricular 
hypertrophy in adolescent and 
adult patients with native 
coarctation of the aorta. Up to 18 
years follow-up results. 
Catheterization and cardiovascular 
interventions : official journal of the 
Society for Cardiac Angiography & 
Interventions. 2007;70(6):881-6. 

Saudi Arabia Balloon 
dilatation 

54 24 11.8 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Severe complications during 
admission 

- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 

and at f/u 

- All-cause mortality at f/u 

Comparison between 
patients with good vs late 
outcome at 1 year follow-up. 
No relevant comparison for 
our review 

Hellenbrand 
(1990) 

Balloon angioplasty for aortic 
recoarctation: results of 
Valvuloplasty and Angioplasty of 
Congenital Anomalies Registry. The 
American journal of cardiology. 
1990;65(11):793-7. 

United 
States 

Balloon 
dilatation 

200 7 - - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
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Hernández-
González 
(2003) 

Hernández-González M, Solorio S, 
Conde-Carmona I, Rangel-Abundis 
A, Ledesma M, Munayer J, et al. 
Intraluminal aortoplasty vs. surgical 
aortic resection in congenital aortic 
coarctation. A clinical random study 
in pediatric patients. Archives of 
medical research [Internet]. 2003; 
(4):[305-10 pp.]. Available from: 
http://onlinelibrary.wiley.com/o/c
ochrane/clcentral/articles/669/CN-
00457669/frame.html. 

Mexico - Balloon 
dilatation 

- Surgery 

30 
 
28 

6.7 
 
7 

0.54 
 
0.61 

- Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
- Mean length of hospital stay 

Randomised controlled trial 

Hijazi (1991) Balloon angioplasty for recurrent 
coarctation of aorta. Immediate and 
long-term results. Circulation. 
1991;84(3):1150-6. 

United 
States 

Balloon 
dilatation 

26 4.75 3.5 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Recurrent coarctation at f/u 
- Reinterventions at f/u 
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Holzer 
(2010) 

Stenting of aortic coarctation: 
Acute, intermediate, and long-term 
results of a prospective multi-
institutional registry-Congenital 
cardiovascular interventional study 
consortium (CCISC). Catheterization 
and Cardiovascular Interventions. 
2010;76(4):553-63. 

United 
States, 
United 
Kingdom, 
Germany, 
Brazil, 
Argentina, 
Iran 

Stenting 302 15 1.1 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Absent systolic 
hypertension before 
discharge 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

 

The group of native CoA 
patients (results not 
presented separately) 
overlaps with Forbes (2011). 
The corresponding author (R 
Holzer) did not have 
separate data for this 
subgroup readily available. 
Despite probable double-
counting, we extract all data. 

Huggon 
(1994) 

Effect of introducing balloon 
dilation of native aortic coarctation 
on overall outcome in infants and 
children. The American journal of 
cardiology. 1994;73(11):799-807. 

United 
States 

- Balloon 
dilatation 

- Surgery 

22 
 
18 

4.6 
 
0.48 

2 
 
2 

- Recurrent coarctation at f/u 
- Reinterventions at f/u 

More outcomes available, 
but not reported separately 
for neonates and non-
neonates 

Ino (1997) Balloon angioplasty for aortic 
coarctation: Report of a 
questionnaire survey by the 
Japanese Pediatric Interventional 
Cardiology Committee. Japanese 
Circulation Journal. 1997;61(5):375-
83. 

Japan Balloon 
dilatation 

208 4.4 3.4 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Recurrent coarctation at f/u 

Includes unknown number 
of neonates. 
More outcomes available, 
but not by group (e.g. 
complications at f/u) 
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Johnston 
(2004) 

Endovascular stents for treatment 
of coarctation of the aorta: acute 
results and follow-up experience. 
Catheterization and cardiovascular 
interventions : official journal of the 
Society for Cardiac Angiography & 
Interventions. 2004;62(4):499-505. 

United 
States 

Stenting 32 15.2 1.5 - Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 

Immediate results are 
included in Forbes (2007a), 
therefore only follow-up 
outcomes were extracted 

Kale (1992) Balloon angioplasty for native aortic 
coarctation. Indian Heart J. 
1992;44(4):207-11. 

India Balloon 
dilatation 

18 17.5 0.62 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 

- All-cause mortality at f/u 

 

Kenny 
(2008) 

Self-expanding and balloon 
expandable covered stents in the 
treatment of aortic coarctation with 
or without aneurysm formation. 
Catheterization and cardiovascular 
interventions : official journal of the 
Society for Cardiac Angiography & 
Interventions. 2008;72(1):65-71. 

United 
Kingdom 
and Ireland 

Stenting 37 29.6 0.96 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Severe complications during 
admission 

- Reinterventions at f/u 
- Aortic wall injuries at f/u 
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Koerselman 
(2000) 

Balloon angioplasty of coarctation 
of the aorta: A safe alternative for 
surgery in adults: Immediate and 
mid-term results. Catheterization 
and Cardiovascular Interventions. 
2000;50(1):28-33. 

Netherlands Balloon 
dilatation 

19 33.3 1.7 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- All-cause mortality at f/u 

Includes 1 patient with stent 
implantation 

Kothari 
(1998) 

Balloon dilatation of simple aortic 
coarctation in neonates and infants. 
Indian Heart J. 1998;50(2):187-92. 

India Balloon 
dilatation 

21 0.4 0.91 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

Comparison of age groups 
(not matching our definition) 
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Krasemann 
(2011) 

Results of stent implantation for 
native and recurrent coarctation of 
the aorta-follow-up of up to 13 
years. Catheterization and 
cardiovascular interventions : 
official journal of the Society for 
Cardiac Angiography & 
Interventions. 2011;78(3):405-12. 

United 
Kingdom 

Stenting 68 25.5 3.4 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 

 

Lababidi 
(1992) 

Percutaneous balloon coarctation 
angioplasty: long-term results. J 
Interv Cardiol. 1992;5(1):57-62. 

United 
States 

Balloon 
dilatation 

110 7 4.3 - 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  

Comparison of age groups 
(not matching our definition) 
For follow-up results it is 
unclear whether these are 
reported for all patients or 
only the subgroup of 
neonates (group IV in the 
report). We therefore only 
extract immediate 
outcomes. 

Lam (2007) Effect of endovascular stenting of 
aortic coarctation on biventricular 
function in adults. Heart (British 
Cardiac Society). 2007;93(11):1441-
7. 

United 
Kingdom 

Stenting 21 34 1 - Need for anti-hypertensive 
treatment pre treatment 
and at f/u 

- Mean number of 
antihypertensive drugs 
taken pre treatment and at 
f/u 

Control group: surgery 
patients. However, no 
relevant data are presented 
for this group and it is 
therefore excluded from the 
review 
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Ledesma 
(2001) 

Results of stenting for aortic 
coarctation. The American journal 
of cardiology. 2001;88(4):460-2. 

United 
States and 
Mexico 

Stenting 54 22 2.08 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Reinterventions at f/u 
- Aortic wall injuries at f/u 

 

Li (2001) Percutaneous balloon angioplasty 
of coarctation of the aorta in 
children: 12-year follow-up results. 
Chin Med J (Engl). 2001;114(5):459-
61. 

China Balloon 
dilatation 

24 7.2 6.2 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
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Macdonald 
(2003) 

Angioplasty or stenting in adult 
coarctation of the aorta? A 
retrospective single center analysis 
over a decade. Cardiovasc Intervent 
Radiol. 2003;26(4):357-64. 

United 
Kingdom 

Stenting 15 31.6 3 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- Mean number of 
antihypertensive drugs 
taken pre treatment and at 
f/u 

- All-cause mortality at f/u 
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Magee 
(1999) 

Stent implantation for aortic 
coarctation and recoarctation. 
Heart (British Cardiac Society). 
1999;82(5):600-6. 

United 
Kingdom 
and Poland 

Stenting 17 21.2 1.3 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

 

 

Mahadevan 
(2006) 

Endovascular aortic coarction 
stenting in adolescents and adults: 
Angiographic and hemodynamic 
outcomes. Catheterization and 
Cardiovascular Interventions. 
2006;67(2):268-75. 

United 
Kingdom 

Stenting 37 31 1.5 - 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- Mean number of 
antihypertensive drugs 
taken pre treatment and at 
f/u 

- All-cause mortality at f/u 

Includes 2 patients who 
underwent balloon 
dilatation only. Results are 
not reported separately. 
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Maheshwari 
(2000) 

Balloon angioplasty of postsurgical 
recoarctation in infants: the risk of 
restenosis and long-term follow-up. 
Journal of the American College of 
Cardiology. 2000;35(1):209-13. 

United 
States 

Balloon 
dilatation 

22 0.52 4.6 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Mann (2001) Balloon dilation for aortic 
recoarctation: morphology at the 
site of dilation and long-term 
efficacy. Cardiol Young. 
2001;11(1):30-5. 

Germany 
and Austria 

Balloon 
dilatation 

71 8.6 3.4 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 

 

Marshall 
(2000) 

Early results and medium-term 
follow-up of stent implantation for 
mild residual or recurrent aortic 
coarctation. American heart 
journal. 2000;139(6):1054-60. 

United 
States 

Stenting 33 19.1 2.1 - Severe complications during 
admission 

- Minor complications during 
admission  

- Reinterventions at f/u 
- Aortic wall injuries at f/u 

 

Massoud 
(2008) 

Balloon angioplasty for native aortic 
coarctation in different anatomic 
variants. Pediatric cardiology. 
2008;29(3):521-9. 

Eqypt Balloon 
dilatation 

46 4.1 3.5 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Severe complications during 
admission 

- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
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McCrindle 
(1996) 

Acute results of balloon angioplasty 
of native coarctation versus 
recurrent aortic obstruction are 
equivalent. Valvuloplasty and 
Angioplasty of Congenital 
Anomalies (VACA) Registry 
Investigators. Journal of the 
American College of Cardiology. 
1996;28(7):1810-7. 

United 
States, 
Canada, 
Brazil, Japan 

Balloon 
dilatation 

907 3.4 N/A - 30-day survival Unit of analysis is procedure, 
not patient for most 
outcomes. 

Mendelsohn 
(1994) 

Late follow-up of balloon 
angioplasty in children with a native 
coarctation of the aorta. The 
American journal of cardiology. 
1994;74(7):696-700. 

United 
States 

Balloon 
dilatation 

59 6 1.7 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 

Comparison between 
patients with and without 
satisfactory outcome (not 
relevant for our review) 

Mohan 
(2009) 

Stent implantation for coarctation 
of the aorta in children <30 kg. JACC 
Cardiovascular interventions. 
2009;2(9):877-83. 

United 
States 

Stenting 60 12.9 - - Severe complications during 
admission 

- Minor complications during 

admission  

Comparison of patients 
<30kg with patients >30kg. 
Not relevant for our review 

Molaei 
(2011) 

Complications of aortic stenting in 
patients below 20 years old: 
Immediate and intermediate 
follow-up. Journal of Tehran 
University Heart Center. 
2011;6(4):202-5. 

Iran Stenting 26 13.1 2 - Severe complications during 
admission 

- Minor complications during 
admission  

- Reinterventions at f/u 
- Aortic wall injuries at f/u 
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Moltzer 
(2010) 

Endovascular stenting for aortic 
(re)coarctation in adults. 
Netherlands Heart Journal. 
2010;18(9):430-6. 

Netherlands Stenting 24 35 3.15 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 

and at f/u 

 

Morgan 
(2013) 

Systemic blood pressure after stent 
management for arch coarctation 
implications for clinical care. JACC 
Cardiovascular interventions. 
2013;6(2):192-201. 

Canada Stenting 31 12.4 5.3 - Recurrent coarctation at f/u Study contains only 31 
patients that were 
successfully stented initially 
out of 110 patients receiving 
stents at the center. We 
therefore only extract 
follow-up data. Immediate 
outcomes would be biased. 
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Munayer 
Calderon 
(2002) 

Balloon angioplasty in aortic 
coarctation: a multicentric study in 
Mexico. Arch Cardiol Mex. 
2002;72(1):20-8. 

Mexico Balloon 
dilatation 

333 9.74 2.03 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- Mean number of 
antihypertensive drugs 
taken pre treatment and at 
f/u 

- All-cause mortality at f/u 
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Ohno (2013) Experience with the Atrium Advanta 
covered stent for aortic obstruction. 
J Interv Cardiol. 2013;26(4):411-6. 

Canada Stenting 17 14 0.86 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

 

Ostovan 
(2014) 

Procedural outcome and one year 
follow up of patients undergoing 
endovascular stenting for 
coarctation of aorta: A single center 
study. Journal of Cardiovascular and 
Thoracic Research. 2014;6(2):117-
21. 

Iran Stenting 33 26.6 1 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- All-cause mortality at f/u 
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Ovaert 
(2000) 

Balloon angioplasty of native 
coarctation: clinical outcomes and 
predictors of success. Journal of the 
American College of Cardiology. 
2000;35(4):988-96. 

Canada Balloon 
dilatation 

69 5.8 2.8 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
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Paddon 
(2000) 

Long-term follow-Up of 
percutaneous balloon angioplasty 
in adult aortic coarctation. 
Cardiovasc Intervent Radiol. 
2000;23(5):364-7. 

United 
Kingdom 

Balloon 
dilatation 

17 29.3 7.3 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- Mean number of 
antihypertensive drugs 
taken pre treatment and at 
f/u 
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Patnaik 
(2009) 

Endovascular stenting for native 
coarctation in older children and 
adolescents using adult self-
expanding (Nitinol) iliac stents. 
Indian Heart J. 2009;61(4):353-7. 

India Stenting 31 10.2 1.25 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 

 

Pedra (2005) Stenting vs. balloon angioplasty for 
discrete unoperated coarctation of 
the aorta in adolescents and adults. 
Catheterization and Cardiovascular 
Interventions. 2005;64(4):495-506. 

Brazil - Balloon 
dilatation 

- Stenting 

15 
 
21 

24 
 
18.1 

3.1 
 
3.1 

- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
- Mean length of hospital stay 

 

Peres (2010) Isolated aortic coarctation: 
Experience in 100 consecutive 
patients. Revista Portuguesa de 
Cardiologia. 2010;29(1):23-35. 

Portugal Stenting 15 6.8 7.2 - Recurrent coarctation at f/u 
- All-cause mortality at f/u 

 

Qureshi 
(2007) 

Acute and intermediate outcomes, 
and evaluation of injury to the 
aortic wall, as based on 15 years 
experience of implanting stents to 
treat aortic coarctation. Cardiol 
Young. 2007;17(3):307-18. 

United 
States 

Balloon 
dilatation 

153 15.8 2.5 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
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Rao (1996) Five- to nine-year follow-up results 
of balloon angioplasty of native 
aortic coarctation in infants and 
children. Journal of the American 
College of Cardiology. 
1996;27(2):462-70. 

United 
States and 
Saudi Arabia 

Stenting 57 5.4 1.2 - 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- All-cause mortality at f/u 

More outcomes available, 
but not reported separately 
for neonates and non-
neonates. 

Rao (2003) Severe aortic coarctation in infants 
less than 3 months: successful 
palliation by balloon angioplasty. 
The Journal of invasive cardiology. 
2003;15(4):202-8. 

United 
States 

Balloon 
dilatation 

25 0.1 3 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 

Comparison by age groups. 
However, one group were 
exclusively neonates and this 
was excluded 

Ray (1992) Balloon angioplasty for native 
coarctation of the aorta in children 
and adults: factors determining the 
outcome. International journal of 
cardiology. 1992;36(3):273-81. 

India Balloon 
dilatation 

46 17.3 1.3 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
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Reich (2008) Long-term (up to 20 years) results of 
percutaneous balloon angioplasty 
of recurrent aortic coarctation 
without use of stents. European 
heart journal. 2008;29(16):2042-8. 

Czech 
Republic 

Balloon 
dilatation 

99 0.7 8.1 - Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Severe complications during 

admission 
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Ringel (2013) Acute outcome of stent therapy for 
coarctation of the aorta: results of 
the coarctation of the aorta stent 
trial. Catheterization and 
cardiovascular interventions : 
official journal of the Society for 
Cardiac Angiography & 
Interventions. 2013;82(4):503-10. 

United 
States 

Stenting 105 16 0.18 - Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Recurrent coarctation at f/u 
- Mean length of hospital stay 
- Mean cost per patient 

 

Rodes-
Cabau 
(2007) 

Comparison of surgical and 
transcatheter treatment for native 
coarctation of the aorta in patients 
(greater-than or equal to)1 year old. 
The Quebec Native Coarctation of 
the Aorta Study. American heart 
journal. 2007;154(1):186-92. 

Canada - Balloon 
dilatation 

- Stenting 
- Surgery 

31 
 
19 
30 

12 
 
12 
10 
 

2.7 
 
2.7 
3.6 

- 30-day survival 
- Severe complications during 

admission 
- Recurrent coarctation at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- All-cause mortality at f/u 

More outcomes available, 
but without distinguishing 
between balloon and 
stenting patients. 
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Roselli 
(2012) 

Open, hybrid, and endovascular 
treatment for aortic coarctation 
and postrepair aneurysm in 
adolescents and adults. Ann Thorac 
Surg. 2012;94(3):751-6; discussion 
7-8. 

United 
States 

- Stenting 
- Surgery 

59 
40 

37.8 
37.8 

4.7 
4.7 

- Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Reinterventions at f/u 
- Mean length of hospital stay 

 

Saba (2000) Balloon coarctation angioplasty: 
follow-up of 103 patients. The 
Journal of invasive cardiology. 
2000;12(8):402-6. 

Jordan Balloon 
dilatation 

103 7 2.2 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Sadiq (2013) Covered stents in the management 
of native coarctation of the Aorta - 
Intermediate and long-term follow-
up. Catheterization and 
Cardiovascular Interventions. 
2013;82(4):511-8. 

Pakistan Stenting 56 22.25 3.8 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
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Schrader 
(1995) 

Long-term effects of balloon 
coarctation angioplasty on arterial 
blood pressure in adolescent and 
adult patients. Cathet Cardiovasc 
Diagn. 1995;36(3):220-5. 

Germany Balloon 
dilatation 

29 29.6 4 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Shaddy 
(1993) 

Comparison of angioplasty and 
surgery for unoperated coarctation 
of the aorta. Circulation. 
1993;87(3):793-9. 

United 
States 

- Balloon 
dilatation 

- Surgery 

20 
 
16 

6.3 
 
5.7 

1.5 
 
1.5 

- Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
- Mean length of hospital stay 
- Mean cost per patient 
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Shah (2005) Use of endovascular stents for the 
treatment of coarctation of the 
aorta in children and adults: 
immediate and midterm results. 
The Journal of invasive cardiology. 
2005;17(11):614-8. 

United 
States 

Stenting 44 16.9 1.65 - Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

Immediate results are 
included in Forbes (2007a), 
therefore only follow-up 
outcomes were extracted 

Shennib 
(2010) 

Endovascular management of adult 
coarctation and its complications: 
intermediate results in a cohort of 
22 patients. Eur J Cardiothorac Surg. 
2010;37(2):322-7. 

United 
States 

Stenting 22 40 2.58 - 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
- Mean length of hospital stay 

 

Shim (1997) Shim D, Lloyd TR, Moorehead CP, 
Bove EL, Mosca RS, Beekman RH. 
Comparison of hospital charges for 
balloon angioplasty and surgical 
repair in children with native 
coarctation of the aorta (Structured 
abstract). American Journal of 
Cardiology [Internet]. 1997; 
(8):[1143-6 pp.]. Available from: 
http://onlinelibrary.wiley.com/o/c
ochrane/cleed/articles/NHSEED-
21997006704/frame.html. 

United 
States 

- Balloon 
dilatation 

- Surgery 

26 
 
15 

6.2 
 
5.8 

- - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Mean length of hospital stay 
- Mean cost per patient 
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Siblini (1998) Long-term follow-up results of 
balloon angioplasty of 
postoperative aortic recoarctation. 
The American journal of cardiology. 
1998;81(1):61-7. 

United 
States 

Balloon 
dilatation 

33 1 5 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Sohn (1994) Acute and follow-up intravascular 
ultrasound findings after balloon 
dilation of coarctation of the aorta. 
Circulation. 1994;90(1):340-7. 

United 
States 

Balloon 
dilatation 

18 4.44 2.34 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Severe complications during 
admission 

- Aortic wall injuries at f/u 
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Sohrabi 
(2014) 

Comparison between covered and 
bare Cheatham-platinum stents for 
endovascular treatment of patients 
with native post-ductal aortic 
coarctation: Immediate and 
intermediate-term results. JACC: 
Cardiovascular Interventions. 
2014;7(4):416-23. 

Iran Stenting 120 23.7 2.6 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- All-cause mortality at f/u 
- Mean length of hospital stay 

 

Suarez de 
Lezo (1999) 

Immediate and follow-up findings 
after stent treatment for severe 
coarctation of aorta. The American 
journal of cardiology. 
1999;83(3):400-6. 

Spain Stenting 48 14 2.08 - 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
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Suarez de 
Lezo (2005) 

Percutaneous interventions on 
severe coarctation of the aorta: a 
21-year experience. Pediatric 
cardiology. 2005;26(2):176-89. 

Spain - Balloon 
dilatation 

- Stenting 

28 
 
90 

13 
 
16.6 

2 
 
5.6 

- Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Szkutnik 
(2010) 

Percutaneous dilatation of aortic 
coarctation with balloon 
angioplasty and/or stent 
implantation - Own experience. 
Postepy w Kardiologii 
Interwencyjnej. 2010;6(1):1-5. 

Poland - Balloon 
dilatation 

- Stenting 

154 
 
45 

5.6 
 
22 

5.1 
 
3.2 

- Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Reinterventions at f/u 

Overall 203 patients, but 
when adding up the two 
groups 217 patients. 
Stenting includes patients 
who previously underwent 
(unsuccessful) BA, or who 
had aneurysm. 
Results for BA are 
uncompromised and we can 
use them without 
modification. Upon 
conferencing with 
corresponding author we 
extracted data for all balloon 
patients and for native 
stenting patients, but not for 
re-CoA stenting patients, as 
we do not have access to 
relevant data for this group. 



 

D.9.1 Systematic review of the clinical and cost-
effectiveness literature findings  

CARDIOPROOF -  FP7-ICT-2013-10 (611232) 

 

A7-42 
 

Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Tanous 
(2010) 

Covered stents in the management 
of coarctation of the aorta in the 
adult: initial results and 1-year 
angiographic and hemodynamic 
follow-up. International journal of 
cardiology. 2010;140(3):287-95. 

Canada Stenting 22 39 1 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Mean number of 

antihypertensive drugs 
taken pre treatment and at 
f/u 

- All-cause mortality at f/u 

 

Thanopoulos 
(2000) 

Initial and six-year results of stent 
implantation for aortic coarctation 
in children. The American journal of 
cardiology. 2012;109(10):1499-503. 

Greece Stenting 74 8 6 - Severe complications during 
admission 

- Minor complications during 
admission  

- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 

and at f/u 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Thanopoulos 
(2012) 

Stent treatment for coarctation of 
the aorta: intermediate term follow 
up and technical considerations. 
Heart (British Cardiac Society). 
2000;84(1):65-70. 

Greece Stenting 17 11.4 2.73 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- 30-day survival 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Tomita 
(2010) 

Stenting in congenital heart disease 
- Medium- and long-term outcomes 
from the JPIC stent survey. 
Circulation Journal. 
2010;74(8):1676-83. 

Japan Stenting 35 14 2 - Severe complications during 
admission 

- Minor complications during 
admission  

- Reinterventions at f/u 

 

Tyagi (1992) Balloon angioplasty of native 
coarctation of the aorta in 
adolescents and young adults. 
American heart journal. 
1992;123(3):674-80. 

India Balloon 
dilatation 

35 22.6 1.05 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Tyagi (2003) Self- and balloon-expandable stent 
implantation for severe native 
coarctation of aorta in adults. 
American heart journal. 
2003;146(5):920-8. 

India Stenting 21 28.6 3.93 - Severe complications during 
admission 

- Minor complications during 
admission  

- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Mean number of 

antihypertensive drugs 

taken pre treatment and at 

f/u 

 

Tzifa (2006) Covered Cheatham-platinum stents 
for aortic coarctation: early and 
intermediate-term results. Journal 
of the American College of 
Cardiology. 2006;47(7):1457-63. 

United 
Kingdom, 
Germany, 
Poland 

Stenting 30 28 0.92 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 

and at f/u 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Vanagt 
(2014) 

Use of covered Cheatham-Platinum 
stents in congenital heart disease. 
International journal of cardiology. 
2014;175(1):102-7. 

Belgium Stenting 51 19 - - Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Reinterventions at f/u 
- Aortic wall injuries at f/u 

 

Walhout 
(2002) 

Angioplasty for coarctation in 
different aged patients. American 
heart journal. 2002;144(1):180-6. 

Netherlands Balloon 
dilatation 

85 12.5 4.9 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Walhout 
(2004) 

Comparison of surgical repair with 
balloon angioplasty for native 
coarctation in patients from 3 
months to 16 years of age. 
European Journal of Cardio-thoracic 
Surgery. 2004;25(5):722-7. 

Netherlands - Balloon 
dilatation 

- Surgery 

28 
 
18 

5.8 
 
3.9 

5.4 
 
7.2 

- Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
- Mean length of hospital stay 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Walhout 
(2009) 

Long-term outcome after balloon 
angioplasty of coarctation of the 
aorta in adolescents and adults: Is 
aneurysm formation an issue? 
Catheterization and cardiovascular 
interventions : official journal of the 
Society for Cardiac Angiography & 
Interventions. 2009;73(4):549-56. 

Netherlands Balloon 
dilatation 

29 29 8.5 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Severe complications during 
admission 

- Minor complications during 
admission  

- Reinterventions at f/u 
- Aortic wall injuries at f/u 

 

Weber and 
Cyran (1999) 

Initial results and clinical follow-up 
after balloon angioplasty for native 
coarctation. The American journal 
of cardiology. 1999;84(1):113-6, A9. 

United 
States 

Balloon 
dilatation 

21 3 3.83 - 30-day survival 
- Severe complications during 

admission 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- Mean length of hospital stay 

 

Wheatley 
(2010) 

Is endovascular repair the new gold 
standard for primary adult 
coarctation? Eur J Cardiothorac 
Surg. 2010;38(3):305-10. 

United 
States 

Stenting 16 39.7 1.9 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Reinterventions at f/u 
- Need for anti-hypertensive 

treatment pre treatment 

and at f/u 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Yetman 
(1997) 

Balloon angioplasty of recurrent 
coarctation: a 12-year review. 
Journal of the American College of 
Cardiology. 1997;30(3):811-6. 

Canada Balloon 
dilatation 

90 1.1 3.25 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 

 

Zabal (1996) Balloon angioplasty for native aortic 
coarctation: Short- and 
intermediate-term results 
evaluated with angiography and 
magnetic resonance imaging. 
Journal of Cardiovascular Diagnosis 
and Procedures. 1996;13(3):223-32. 

Mexico Balloon 
dilatation 

34 9.2 1 - Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Post-treatment blood 
pressure gradient ≤10mm 
Hg 

- Absent systolic 
hypertension before 
discharge 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- All-cause mortality at f/u 
- Mean length of hospital stay 
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Author Publication Location Treatment Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Zabal (2003) The adult patient with native 
coarctation of the aorta: balloon 
angioplasty or primary stenting? 
Heart (British Cardiac Society). 
2003;89(1):77-83. 

Mexico - Balloon 
dilatation 

- Stenting 

32 
 
22 

23.3 
 
25.9 

5.0 
 
1.8 

- Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- Severe complications during 
admission 

- Recurrent coarctation at f/u 
- Aortic wall injuries at f/u 
- Need for anti-hypertensive 

treatment pre treatment 
and at f/u 

- Mean number of 
antihypertensive drugs 
taken pre treatment and at 
f/u 

- Mean length of hospital stay 

 

Zeevi (1999) Acute complications in the current 
era of therapeutic cardiac 
catheterization for congenital heart 
disease. Cardiol Young. 
1999;9(3):266-72. 

Israel Balloon 
dilatation 

38 3.5 - - 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  

 

Zoghbi 
(2004) 

Is surgical intervention still 
indicated in recurrent aortic arch 
obstruction? Journal of Thoracic 
and Cardiovascular Surgery. 
2004;127(1):203-12. 

France - Balloon 
dilatation 

- Surgery 

42 
 
63 

0.6 
 
1.8 

7.5 
 
11.8 

- Post-treatment blood 
pressure gradient ≤20mm 
Hg 

- 30-day survival 
- Severe complications during 

admission 
- Minor complications during 

admission  
- Recurrent coarctation at f/u 
- Reinterventions at f/u 
- Aortic wall injuries at f/u 
- All-cause mortality at f/u 
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A.3. List of excluded studies 

Publication Primary reason for 
exclusion 

Alekyan B, Pursanov M, Sandodze T. Stenting of aortic coarctation and re-
coarctation. Catheterization and Cardiovascular Interventions. 2013;81(1):203. 

Conference abstract/poster 

Alekyan B, Pursanov M, Sandodze T, Davtyan A. Stenting of aortic coarctation 
and re-coarctation. Catheterization and Cardiovascular Interventions. 
2011;78(1):S179. 

Conference abstract/poster 

Almeida RM, Leal JC, Saadi EK, Braile DM, Rocha AS, Volpiani G, et al. Thoracic 
endovascular aortic repair - a Brazilian experience in 255 patients over a period 
of 112 months. Interact Cardiovasc Thorac Surg. 2009;8(5):524-8. 

Case series or other study with 
<15 relevant patients 

Ashwath R, Gruenstein D, Siwik E. Percutaneous stent placement in children 
weighing less than 10 kilograms. Pediatric Cardiology. 2008;29(3):562-7. 

Case series or other study with 
<15 relevant patients 

Ballweg JA, Dominguez TE, Tabbutt S, Rome JJ, Gaynor JW, Nicolson SC, et al. 
Reintervention for arch obstruction after stage 1 reconstruction does not 
adversely affect survival or outcome at Fontan completion. J Thorac Cardiovasc 
Surg. 2010;140(3):545-9. 

Population irrelevant for 
review 

Baykan A, Narin N, Ozyurt A, Argun M, Pamukcu O, Onan SH, et al. CP stent 
implantation in the children with coarctation of the aorta: Short-intermediate-
long term results from turkey in a single centre. International Journal of 
Cardiology. 2013;163(3):S66-S7. 

Conference abstract/poster 

Beck C, Haas NA. The Andra Stent(registered trademark) - A new chromium 
cobalt stent for the treatment of coarctation, stenosis of pulmonary arteries, 
right ventricular outflow tract obstruction, caval veins and Fontan anastomosis 
in children and young adults: A European multicenter evaluation. Clinical 
Research in Cardiology. 2011;100(9):819. 

Conference abstract/poster 

Benjamin MN, Peirone AR, Vega B, Maisuls H, Juaneda E, Alday LE. Clinical 
features of an adult population with aortic coarctation. Long term follow up and 
outcome. Circulation. 2012;125(19):e686. 

Conference abstract/poster 

Bialkowski J, Fiszer R, Skierska A, Szydlowski L, Szkutnik M. Application of new 
pediatric balloon catheters in the treatment of different congenital circulatory 
anomalies. Catheterization and Cardiovascular Interventions. 2012;79(5):S15. 

Conference abstract/poster 

Bialkowski J, Szkutnik M, Fiszer R. Implantation of new cobalt-chromium stents 
in the treatment of aortic coarctation. European Heart Journal. 2013;34:395-6. 

Not available within UK. 
Presumably a conference 
abstract (2 pages, 
supplementary issue). 

Boldt T, Pihkala J. Percutaneous treatment of native coarctation in children in 
Finland. Catheterization and Cardiovascular Interventions. 2012;79(5):S18. 

Conference abstract/poster 

Bondanza S, Marasini M, Zannini LV. Early and long-term results of stent 
implantation for aortic coarctation in pediatric patients: A single center 
experience. Giornale Italiano di Cardiologia. 2013;14(10):47S. 

Conference abstract/poster 

Boshoff D, Budts W, Mertens L, Eyskens B, Delhaas T, Meyns B, et al. Stenting of 
hypoplastic aortic segments with mild pressure gradients and arterial 
hypertension. Heart. 2006;92(11):1661-6. 

Population irrelevant for 
review 

Brown JW, Ruzmetov M, Hoyer MH, Rodefeld MD, Turrentine MW. Recurrent 
coarctation: is surgical repair of recurrent coarctation of the aorta safe and 
effective? Ann Thorac Surg. 2009;88(6):1923-30; discussion 30-1. 

No distinction between 
interventions 

Burrows PE, Benson LN, Babyn P, MacDonald C. Magnetic resonance imaging of 
the iliofemoral arteries after balloon dilation angioplasty of aortic arch 
obstructions in children. Circulation. 1994;90(2):915-20. 

Population irrelevant for 
review 

Burrows PE, Benson LN, Williams WG, Trusler GA, Coles J, Smallhorn JF, et al. 
Iliofemoral arterial complications of balloon angioplasty for systemic 
obstructions in infants and children. Circulation. 1990;82(5):1697-704. 

Case series or other study with 
<15 relevant patients 
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Butera G, Gaio G, Carminati M. Redilation of e-PTFE covered CP stents. Catheter 
Cardiovasc Interv. 2008;72(2):273-7. 

Case series or other study with 
<15 relevant patients 

Butera G, Heles M, Carminati M. Percutaneous treatment of aortic isthmus 
atresia: Use of radiofrequency perforation and covered stents. Catheterization 
and Cardiovascular Interventions 2011;78(6):933–9. 

Case series or other study with 
<15 relevant patients 

Butera G, Heles M, MacDonald ST, Carminati M. Aortic coarctation complicated 
by wall aneurysm: the role of covered stents. Catheter Cardiovasc Interv. 
2011;78(6):926-32. 

Conference abstract/poster 

Butera G, Marini D, Heles M, Piazza L, Chessa M, Micheletti A, et al. Stent 
implantation in aortic coarctation in adults: Ten year experience. European 
Heart Journal. 2011;32:75-6. 

Conference abstract/poster 

Canniffe C, Celermajer D, Walsh K. Hypertension patterns post aortic 
coarctation repair. Journal of the American College of Cardiology. 
2013;61(10):E555. 

Conference abstract/poster 

Canniffe C, Choudhary P, Jackson D, Tanous D, Walsh K, Celermajer DS. 
Improved survival for adults with coarctation of the aorta in the current Era. 
Global Heart. 2014;9(1):e253. 

Conference abstract/poster 

Celebi A, Erdem A, Saritas T, Dedeonulllu R, Yucel IK, Demir H, et al. 
Percutaneous treatment of complex aortic coarctation and aortic arch 
hypoplasies with Cheatham Platinum stents. Cardiology in the Young. 
2012;22:S159. 

Conference abstract/poster 

Chessa M, Carrozza M, Butera G, Negura D, Piazza L, Giamberti A, et al. The 
impact of interventional cardiology for the management of adults with 
congenital heart defects. Catheter Cardiovasc Interv. 2006;67(2):258-64. 

Duplicate of Chessa (2005), 
which incorporates the same 
and more patients 

Cilliers AM, Gewillig M. Balloon dilatation of coarctation and recoarctation. Rev 
Port Cardiol. 2003;22 Suppl 1:I25-30. 

Not available within the UK 

Colyer JH, Olivieri L, Ratnayaka K, Slack MC, Kanter JP. Stent angioplasty to treat 
coarctation of the aorta in children less than 30 kg: Midterm results. Congenital 
Heart Disease. 2011;6(5):545. 

Conference abstract/poster 

Corleto A, Agnoletti G, Bordese R, Marini D, Gabbarini F, Parrinello G. An 
immediate imperfect result of balloon dilatation for aortic coarctation in infants 
and young children engenders an adequate late result. Cardiology in the Young. 
2012;22:S149. 

Conference abstract/poster 

Correia AS, Goncalves A, Paiva M, Sousa A, Oliveira SM, Lebreiro A, et al. Long-
term follow-up after aortic coarctation repair: The unsolved issue of exercise-
induced hypertension. Revista Portuguesa de Cardiologia. 2013;32(11):879-83. 

Case series or other study with 
<15 relevant patients 

De Caro E, Spadoni I, Crepaz R, Saitta M, Trocchio G, Calevo MG, et al. Stenting 
of aortic coarctation and exercise-induced hypertension in the young. Catheter 
Cardiovasc Interv. 2010;75(2):256-61. 

Study reports no relevant 
outcome 

De Giovanni JV. Covered stents in the treatment of aortic coarctation. J Interv 
Cardiol. 2001;14(2):187-90. 

Case series or other study with 
<15 relevant patients 

De Lucia V, Ait-Ali L, Lunardini A, Giusti S, Spadoni I. Stent dilatation of aortic 
coarctation: Results of mid-long-term follow-up. Giornale Italiano di 
Cardiologia. 2011;12(10):16S. 

Conference abstract/poster 

De Lucia V, Lunardini A, D'Andrea C, Giusti S, Ait-Ali L, Spadoni I. Transcatheter 
angioplasty for recurrent aortic coarctation: Mid-long term follow-up results in 
a series of pediatric patients. Giornale Italiano di Cardiologia. 2013;14(10):43S. 

Conference abstract/poster 

Dragulescu A, Mroczek D, Chaturvedi R, Benson L, Friedberg MK, Mertens L. 
Ventricular function in patients with aortic coarctation undergoing catheter 
intervention. European Heart Journal Cardiovascular Imaging. 2013;14:ii97. 

Conference abstract/poster 

Ducreux C, Sassolas F, Veyrier M, Ninet J, Joly H, Bozio A, et al. Percutaneous 
stent placement for aortic coarctation in adolescents and adults. Archives of 
Cardiovascular Diseases. 2013;106(8-9):472-3. 

Conference abstract/poster 

Ergul Y, Nisli K, Dindar A, Omeroglu RE, Aydogan U. The comparison a 16-year 
follow-up results of balloon angioplasty for aortic coarctation in children of 

Not in English language 
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different age groups: A single-center experience. Anadolu Kardiyoloji Dergisi. 
2011;11(4):336-42. 

Fawzy ME, Awad M, Hassan W, Al Kadhi Y, Shoukri M, Fadley F. Long-term 
outcome (up to 15 years) of balloon angioplasty of discrete native coarctation 
of the aorta in adolescents and adults. J Am Coll Cardiol. 2004;43(6):1062-7. 

Duplicate. Participants are 
included in Fawzy (2008) 

Fawzy ME, Dunn B, Galal O, Wilson N, Shaikh A, Sriram R, et al. Balloon 
coarctation angioplasty in adolescents and adults: early and intermediate 
results. Am Heart J. 1992;124(1):167-71. 

Duplicate. Participants are 
included in Fawzy (2008) 

Fawzy ME, Sivanandam V, Galal O, Dunn B, Patel A, Rifai A, et al. One- to ten-
year follow-up results of balloon angioplasty of native coarctation of the aorta 
in adolescents and adults. Journal of the American College of Cardiology. 
1997;30(6):1542-6. 

Duplicate. Participants are 
included in Fawzy (2008) 

Fawzy ME, Sivanandam V, Pieters F, Stefadouros MA, Galal O, Dunn B, et al. 
Long-term effects of balloon angioplasty on systemic hypertension in 
adolescent and adult patients with coarctation of the aorta. Eur Heart J. 
1999;20(11):827-32. 

Duplicate. Participants are 
included in Fawzy (2008) 

Fruh S, Knirsch W, Dodge-Khatami A, Dave H, Pretre R, Kretschmar O. 
Comparison of surgical and interventional therapy of native and recurrent aortic 
coarctation regarding different age groups during childhood. Eur J Cardiothorac 
Surg. 2011;39(6):898-904. 

Case series or other study with 
<15 relevant patients 

Gagliardi MG, Pilati M, Pelliccia F, Viola A, Bolla G, Guccione P, et al. Comparison 
of long-term follow-up after endovascular stent placement between patients 
with native coarctation or post-surgical recoarctation. Journal of the American 
College of Cardiology. 2011;58(20):B191. 

Conference abstract/poster 

Gaio G, Santoro G, Di Salvo G, Baldini L, Castaldi B, Sarubbi B, et al. Aortic 
coarctation stenting in young children. Giornale Italiano di Cardiologia. 
2011;12(10):21S. 

Conference abstract/poster 

Gaio G, Santoro G, Di Salvo G, Romeo E, Fratta F, Campagnano E, et al. 
Percutaneous treatment of aortic coarctation: The value of physical echo stress 
in the follow-up. Giornale Italiano di Cardiologia. 2013;14(10):41S-2S. 

Conference abstract/poster 

Gewillig M, Vanagt W, Boshoff D, Cools B, Heying R, Troost E, et al. Use of 
covered cheatham-platinum (CCP) stents in congenital heart disease. 
Catheterization and Cardiovascular Interventions. 2012;79:S68-S9. 

Conference abstract/poster 

Hajsadeghi S, Fereshtehnejad SM, Gholami S, Chitsazan M, Keramati MR. 
Pulsatility index in aortic coarctation: A possible way to evaluate factors 
affecting stenting outcome. Journal of Tehran University Heart Center. 
2012;7(1):19-24. 

Study reports no relevant 
outcome 

Hajsadeghi S, Fereshtehnejad SM, Ojaghi M, Bassiri HA, Keramati MR, Chitsazan 
M, et al. Doppler echocardiographic indices in aortic coarctation: a comparison 
of profiles before and after stenting. Cardiovasc J Afr. 2012;23(9):483-90. 

Study reports no relevant 
outcome 

Hamid T, Clarke B, Mahadevan VS. Transcatheter interventions for multiple 
lesions in adults with congenital heart disease. Experimental and Clinical 
Cardiology. 2012;17(2):59-62. 

Case series or other study with 
<15 relevant patients 

Hamid T, Lazz-Onyenobi G, Griffiths L, Clarke B, Mahadevan SV. Endovascular 
stenting for native coarctation of the aorta using the CP Numed covered stent. 
Heart. 2010;96:A57-A8. 

Conference abstract/poster 

Hamid T, Schneider H, Clarke B, Mahadevan VS. Improvement in hypertension 
following primary endovascular stenting of aortic coarctation in adults. 
European Heart Journal. 2012;33:504. 

Conference abstract/poster 

Hamid T, Schneider H, Motwani M, Clarke B, Mahadevan VS. Effect of primary 
endovascular stenting of aortic coarctation on systemic hypertension. 
Catheterization and Cardiovascular Interventions. 2014;83:S43-S4. 

Conference abstract/poster 

Hanna B, Abadir S, Dallaire F, Rodes-Cabau J, Miro J, Dancea A, et al. Are covered 
stents protective against acute local complications in high-risk patients with 
aortic coarctation? Canadian Journal of Cardiology. 2012;28(5):S232-S3. 

Conference abstract/poster 
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SURGICAL AORTIC VALVE REPAIR AND REPLACEMENT IN PATIENTS 

WITH BICUSPID AORTIC VALVE DISEASE:  

1. A SYSTEMATIC REVIEW OF THE LITERATURE SUMMARY 
Background: 

Bicuspid aortic valve disease is the most common congenital heart disease, affecting 1-2% of the 

population. While patients can live without symptoms for decades, complications at some point in 

their lives are common and associated with excess mortality compared to the general population. Two 

major surgical approaches for the treatment of bicuspid aortic valves are aortic valve repair and aortic 

valve replacement. Questions remain about the effectiveness of these two approaches, particularly in 

the long term. 

Objective: 

To systematically collect and synthesise the evidence available on the effectiveness of two primary 

types of surgical treatment in patients with bicuspid aortic valve disease: aortic valve repair and aortic 

valve replacement. 

Methods: 

We conducted a systematic review of clinical research articles using pre-specified methods for 

database searching, selection of eligible studies, and synthesis of results. Database searches were 

conducted on MEDLINE (via PubMed), CINAHL Plus, EMBASE, and in the Cochrane Library. At the full 

text stage, retrieved references were assessed for eligibility independently by two researchers. Patient 

baseline characteristics and pre-specified outcomes of included studies were extracted independently 

by two researchers. Results were synthesised using meta-analytic methods. For each outcome, we 

assessed statistical between-study heterogeneity using the I2 statistic, which informed our model 

choice for the pooling of results. We used a fixed-effect model for outcomes with relatively low 

statistical heterogeneity (I2 <25%) and a random-effects model for outcomes with moderate to high 

statistical heterogeneity (I2 ≥25%).  

Results: 

39 studies with a total of 7,995 participants met our inclusion criteria. Aortic valve repair was studied 

in 11 reports, accounting for 25% of the patients, and valve replacement in 28 reports (75% of 

patients). We found no randomised controlled trial and included only one study that compared aortic 

valve repair and replacement. All other studies were single-arm studies. Congruent with treatment 

indications, patients in valve repair studies were predominantly suffering from aortic regurgitation 

while aortic stenosis was more common in valve replacement studies. We did not quantitatively assess 

other criteria individual centres use to make treatment decisions, such as morphology of the bicuspid 

valve or size of the aorta. 

In aortic valve repair studies, almost all patients survived 1 month after discharge (pooled estimate 

for 30-day survival: 99.5% [95% confidence interval 99.1-99.5%]) and this did not change at 1 year 
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follow up (99.4% [98.9-99.9%]). Survival at 5 and 10 years decreased to 94.5% [89.8-99.3%] and 94.0% 

[88.5-99.6%], respectively. Valve-related mortality at follow-up was 0.8% [0.0-1.9%]. Overall, 7.5% 

[3.7-11.3%] of valve repair patients needed a reintervention on the operated valve at follow-up. The 

rate of reintervention-free survival fell from 95.2% [93.8-96.7%] to 93.2% [87.2-99.3%] at 5 years, and 

finally to 80.0% [76.0-83.9%] at 10 years follow-up. We found considerable statistical between-study 

heterogeneity (I2>80%) for survival at 5 and 10 years and for reintervention rates at follow-up. 

In aortic valve replacement studies, overall 30-day survival was 98.4% [97.9-98.9%]. Survival at 1, 5, 

and 10 years was 98.1% [95.9-100.0%], 93.9% [90.8-97.0%], and 89.0% [83.4-94.6%], respectively. 

4.7% [2.7-6.7%] died of valve-related causes at follow-up. 5.9% [3.6-8.2%] of patients needed 

reinterventions related to their implanted valve at follow-up. Survival without a need for valve-related 

reinterventions was 100% in two studies at 1 year of follow-up. At 5 years, 98.3% [97.4-99.3%] were 

without reintervention, and at 10 years the pooled estimate was 93.6% [90.2-97.1%]. Considerable 

between-study heterogeneity (I2>80%) was found for valve-related mortality and survival rates at 5 

and 10 years follow-up, as well as reintervention rates at follow-up. 

Conclusion: 

We conducted a systematic review to gather available evidence on the effectiveness and safety of two 

surgical options for bicuspid aortic valve disease, aortic valve repair and aortic valve replacement. 

Both options are safe, with relatively high survival rates and low rates of reinterventions. Aortic valve 

replacement showed higher rates of complications and valve-related mortality at follow-up. 

Controlled studies of aortic valve replacement and repair are needed to assess the comparative 

effectiveness of the two approaches. 
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4. Introduction 
Bicuspid aortic valve disease is the most common congenital heart disease, affecting 1-2% of the 

population. (1) While patients can live for decades without developing symptoms, eventually major 

complications are associated with it. Complications are common and include aortic stenosis; 

regurgitation; and dilatation. For example, a retrospective long-term study from Minnesota found that 

approximately 40% of patients with bicuspid aortic valve disease had aortic dilatation after 15 (±6) 

years of follow-up. (2) Even in patients with normally functioning bicuspid aortic valves, the abnormal 

hemodynamics caused by the bicuspid structure of the valve can lead to disruptions in the cardiac 

cycle. (3) Compared to the normal population, patients with bicuspid aortic valves face a 9 to 12-fold 

increased risk of aortic dissection (4), which translated into 3.1 cases per 10,000 patient-years in a 

population-based study in Minnesota. (5) Given the mortality associated with dissection and aortic 

rupture, surgical intervention to replace the ascending aorta or repair the aortic root therefore 

prolongs life expectancy in patients with bicuspid aortic valves.  

Surgical aortic valve replacement is the treatment of choice for bicuspid aortic valve disease. A meta-

analysis of 13 studies of aortic valve replacement long-term outcomes found annualized mortality to 

be 2.4 ± 0.4% and an annualized acute event rate of 0.68 ± 0.13%, suggesting favourable effectiveness 

and safety. (6) However, replacement of the valve with prosthesis raises some problems itself. 

Specifically, mechanical valves warrant lifelong anticoagulation medication for the patient, and more 

recently developed bioprostheses possess poor durability, requiring replacement especially if 

implanted in younger patients. In patients where this is possible, preservation of the native valve 

therefore seems desirable to avoid prosthesis-related complications. (7)  

Another surgical treatment option for bicuspid valves is aortic valve repair. Several procedures exist. 

(8) A classification three main types of valve morphology can serve as a guide to repair techniques. (9) 

First introduced in the 1990s, valve-sparing surgical techniques to repair bicuspid aortic valves show 

promising long-term outcomes. (10) There are two prominent approaches, the Yacoub procedure 

(involves remodeling of the aortic root) (11) and the David procedure (includes replacement of the 

aortic root) (12). Valve-sparing procedures are, however, not yet established outside centres of 

excellence and aortic valve replacement remains the first treatment option. The American Heart 

Association (AHA)/American College of Cardiology (ACC) guidelines state that aortic valve repair 

should only be performed in centres with proven expertise. (13) Bajona and Feindel recommend 

restricting valve-sparing interventions to patients with functioning or repairable valves and 

aortopathy. (14)  

No systematic review exists to gather the evidence on aortic valve replacement in patients with 

bicuspid aortic valve disease, and systematic reviews on valve repair published to date provide limited 

information on the efficacy and safety this patient population. (8, 15) Since then, new evidence 

became available through the publication of large patient series. For example, the experience of a 

major centre in the United States with aortic valve repair surgery, encompassing 728 patients, was 

published relatively recently. (16) A recent best evidence review sought to answer the question 

whether aortic valve repair or replacement with bioprosthesis is preferable in young patients with 

severe aortic regurgitation. (17) It concluded that valve repair was a suitable alternative to 

bioprosthetic aortic valve replacement. However, the paper did not report inclusion criteria 
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(specifically, what constitutes ‘best evidence’) and primarily displayed results of the included studies 

in a table. Our systematic review aims to gather the evidence available to improve our understanding 

of the effectiveness of surgical options in the treatment of bicuspid aortic valve disease. 

 

5. Methods 
We conducted a systematic review to answer two research questions: 

 What is the effectiveness of surgical aortic valve repair in patients with bicuspid aortic valves? 

 What is the effectiveness of surgical aortic valve replacement in patients with bicuspid aortic 

valves? 

 

Table 6 displays the patient population, interventions, comparators, outcomes, and study designs 

included in this review in the PICOS format. (18) 

Table 6: PICOS table 

P I C O S 

Patient population • Patients with bicuspid aortic valve disease above 1 month of age 

Interventions 
• Surgical valve repair 
• Surgical valve replacement 

Comparators • Any comparator 

Outcomes 
Complications before discharge 
• Reoperation during index admission (%) 
• Neurologic event (%) 

Mortality 
• 30-day survival (%) 
• Survival at 1, 5, and 10 years follow-up (%) 
• Valve-related late mortality at follow-up (%) 

Complications at follow-up 
• Operated valve endocarditis (%) 
• Thrombosis, embolism, and bleeding (%) 

Reinterventions at follow-up 
• Reinterventions on operated valve or prosthesis at follow-up (%) 
• Freedom from reintervention at 1, 5, and 10 years follow-up (%) 

Study designs • Any study design 

 

The methodology of this review, including search strategy, inclusion criteria for eligible studies, and 

method of synthesis was pre-specified in a review protocol at the start of the project. The protocol 
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was published on the PROSPERO website of the University of York Centre for Reviews and 

Dissemination. (19) 

5.1. Literature search 
We searched online databases MEDLINE (via PubMed), CINAHL Plus, EMBASE, and the Cochrane 

Library for published research articles matching our inclusion criteria. We based our search terms on 

those used in previous systematic reviews in the field (8, 15) to capture articles on bicuspid aortic 

valves and valve replacement or repair. Detailed search strings with numbers of references found at 

each stage can be found in the appendix. Database searches were conducted on 30 October 2014. 

In addition to the database searches we screened three reviews (8, 15, 17) and one clinical practice 

guideline (13) for key references 

5.2. Study selection 
Inclusion criteria for studies to be eligible for the review were specified in our protocol. (19) 

Inclusion/exclusion criteria  

We included patients with bicuspid aortic valve disease of all ages, excluding neonates (age <1 month), 

who underwent either surgical aortic valve repair or surgical aortic valve replacement. Under the first 

category (valve repair), we included surgical valvulotomy; commissurotomy; and valve-sparing 

replacement of the ascending aorta (Yacoub and David procedures). While valve-sparing procedures 

on the aortic root do not necessarily include reconstruction of the aortic valve, these procedures are 

often performed concurrently and share the goal of preserving the valve. (8, 14) The second category 

of treatment for aortic valve disease (valve replacement) includes implantation of both mechanical 

and biological valves, as well as autografts (Bentall and Ross procedures).  

We included both controlled studies comparing surgical aortic valve replacement and surgical aortic 

valve repair either with each other or with other interventions, as well as observational studies 

focusing on only one of the two treatment types. We set an inclusion threshold of minimum 50 eligible 

participants per relevant treatment arm. 

Some authors reported difficulties in determining whether diseased valves were bicuspid or unicuspid, 

but used the same treatment for both. (20, 21) We decided to include data on patients with unicuspid 

or quadricuspid valves that were mixed with data on patients with bicuspid valves if the former 

represented less than 10% of the relevant patient population. In doing so we avoided disregarding 

potentially meaningful information from case series that included a small number of patients with 

similar genetic aortic valve anomalies. 

We only included articles in English, published in peer-reviewed journals since 1990. Setting this time 

threshold ensured that we captured all relevant studies of contemporary valve-preserving surgery, 

which was first performed in 1992. (12) A recent systematic review on efficacy and safety of this 

intervention did not find studies published before 1991, despite abstaining from applying a time limit 

for the search. (8) In a field with frequent discoveries furthering our understanding of aortic diseases 

and their implications, as well as the development and modification of treatment standards, 

comparison of outcomes from studies published before this date with more recent ones can lead to 

spurious results. To control for the clinical environment, including care practices, diagnostic imaging, 
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and use of technology, we applied the same timeframe to studies of aortic valve replacement 

(introduced in the 1960s). 

We excluded studies meeting any of the following conditions: 

 Study not in English language 

 Study published before 1990 

 Study is a case report; case series with less than 50 relevant participants; comment; editorial; 

letter; conference abstract; or review article  

 Study reports none of the pre-specified outcomes or similar to these 

 Study in animals  

 

Selection process 

Search results from the database and key reference searches were merged into a bibliographic 

reference manager database (EndNote X5). In cases where multiple articles referred to the same study 

only the most recent publication or that with the most information was kept.  

Articles were scanned for eligibility at the title and abstract level by one researcher. Full texts for 

articles deemed eligible at this level were then retrieved and references describing the same study 

were linked together and duplicates removed. In cases where duplicate status of participants was 

suspected we contacted the corresponding authors.  

Full-text articles were independently assessed for inclusion eligibility by two researchers. Deviating 

decisions on inclusion were resolved by discussion and consensus between the two researchers. 

5.3. Data extraction 
We compiled a list of variables including study characteristics, patient baseline characteristics, and 

outcomes to be extracted from included studies. Data were extracted independently by two 

researchers and entered into a Microsoft Excel spreadsheet. Deviations between the two researcher’s 

extraction forms were discussed and resolved by consensus.  

In cases where follow-up time and age of participants were presented as median and the numeric 

range, we used formulae developed by Hozo et al. (22) to convert these values into mean follow-up 

time and age and corresponding standard deviations. We did not use the formulae for anatomic 

measures or outcomes, since this practice is not recommended by the Cochrane Collaboration. (23) 

In some reports, the grouping of patients did not match our patient population specification. For 

example, results were compared between patients with dilated vs non-dilated aorta, but all patients 

had bicuspid aortic valves. In other studies, comparisons were made between different specifications 

of either aortic valve repair or replacement. These groupings were not relevant for our review and we 

therefore merged the data to form one group of patients with bicuspid aortic valves undergoing either 

aortic valve repair or replacement. We merged the data using formulae provided in the Cochrane 

Handbook. (23)  
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Study characteristics  

We extracted the following study characteristics: 

 Author names 

 Publication date 

 Study design: randomised controlled trial; controlled study (comparing the two interventions 

of interest for our review); case series 

 Location of study 

 First year of study 

 Mean follow-up time 

 

Patient characteristics 

We extracted the following characteristics of patients at baseline: 

 Proportion of patients with isolated aortic valve replacement or repair 

 Proportion of patients with concomitant ascending aorta replacement 

 Proportion of patients with other concomitant cardiac procedures 

 Proportion of male and female patients 

 Mean age and age range 

 Mean diameter of the ascending aorta 

 Proportion of patients in New York Heart Association (NYHA) class III or IV 

 Valve pathology: proportion of patients with aortic regurgitation; aortic stenosis; or combined 

regurgitation and stenosis 

 Concomitant diagnoses: proportion of patients with aortic aneurysm (as reported by study 

authors); acute aortic dissection; connective tissue disorder 

Patient characteristics were extracted to assess whether outcomes were influenced by severity of 

illness, as indicated by concomitant procedures and diagnoses, and the proportion of patients in NYHA 

class III or IV (24). The concomitant conditions listed above were chosen because of variation in the 

selection criteria reported in papers. While some centres exclude patients with aortic aneurysms, 

acute aortic dissection, or connective tissue disorder due to their increased risk profile, others include 

them. By extracting data on the number of patients with these conditions we can potentially explore 

and control for the heterogeneity in patient selection in published results. To account for the 

association of bicuspid aortic valve disease with aortic dilation we also extracted mean diameter of 

the ascending aorta and the proportion of patients with aortic aneurysms and concomitant 

replacement of the ascending aorta.  
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Outcomes 

We extracted immediate (before discharge) and follow-up outcomes. 

 Proportion of patients with reoperation during index admission, including reoperation on the 

aortic valve following failed initial procedure and reoperation for complications related to 

initial treatment, e.g. exploratory resternotomy for post-operative bleeding 

 Proportion of patients with neurologic event, including stroke and transient ischemic attack 

 30-day survival (%) 

 Survival at 1, 5, and 10 years follow-up (%): Kaplan-Meier estimates of overall survival 

 Proportion of patients with valve-related deaths at follow-up. Any death caused by structural 

valve deterioration; non-structural dysfunction; valve thrombosis, embolism or bleeding 

event; operated valve endocarditis; related to reintervention on the aortic valve; sudden 

unexplained death 

 Proportion of patients with operated valve endocarditis at follow-up 

 Proportion of patients with thrombosis, embolism, and bleeding events at follow-up 

 Proportion of patients with reinterventions on operated valve or prosthesis at follow-up, both 

surgical and interventional procedures 

 Freedom from reintervention at 1, 5, and 10 years follow-up (%): Kaplan-Meier estimates of 

survival without reinterventions on the operated valve or prosthesis 

We based our outcomes and the presentation of these on recommendations by a committee of the 

Councils of the American Association for Thoracic Surgery, the Society of Thoracic Surgeons, and the 

European Association for Cardio-Thoracic Surgery. (25) Given the heterogeneity in reporting of 

outcomes, however, we were not able to include measures of success for the operated valve itself. 

We therefore focused our data extraction on other outcomes suggested by the guidelines above, 

which we deemed suitable to capture severe valve dysfunction or deterioration at follow-up. We 

included early (within 30 days of hospital discharge) and late all-cause mortality; valve-related 

mortality at follow-up; freedom from reinterventions on the operated valve; and late complications 

associated with the valve (operated valve endocarditis and a composite measure for thrombosis, 

embolism, and bleeding events). While these outcome measures do not specifically measure valve 

deterioration or dysfunction, they are very well suited to capture severe complications with the 

operated valve and can therefore serve as proxies for treatment success. Our final range of extracted 

outcomes deviates slightly from that specified in our review protocol. Specifically, we decided not to 

extract the proportion of patients free from aortic regurgitation or stenosis at follow-up, and blood 

pressure gradients post-treatment after having observed that these outcomes were not reported 

widely in included key studies.  

For survival and reintervention-free survival we decided to extract Kaplan-Meier estimates as these 

take into account censored data from patients that were lost to follow-up. (26) 
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5.4. Statistical analysis 
In addition to visual inspection of the distribution of patient characteristics, we assessed differences 

between the patient populations in aortic valve repair and replacement studies using Student’s t-test. 

A p-value of 0.05 for falsely rejecting the null hypothesis of no difference between two groups was 

considered the threshold for statistical significance. 

Outcomes in this review are proportions of patients experiencing a dichotomous event. We applied 

meta-analytical methods to pool results from all studies in one treatment arm. Despite their 

development within the framework of controlled studies, meta-analytic methods can be used to 

synthesise results from single-arm studies in fields where more rigorous study designs are not 

available. (27, 28) It is essential to flag the problems associated with this approach, which cannot 

control for the potentially important biases inherent to studies of low methodological quality. 

We inspected heterogeneity between study results visually, plotting key patient baseline 

characteristics against results of any given outcome to detect systematic variation of outcomes. We 

did not detect such systematic impact for the proportion of patients with isolated coarctation, 

proportion of patients with aortic regurgitation, and proportion of patients in NYHA class III or IV. We 

then assessed statistical between-study heterogeneity using the I2 statistic. (29, 30) The I2 compares 

the variance between individual study results and that of the computed overall estimate. If only a 

relatively small proportion of the overall variance can be explained by variance between individual 

studies (I2 <25%), we refer to this as low between-study heterogeneity. We used a fixed-effect model 

with inverse variance weighting to pool results for outcomes with I2 <25%. Fixed-effect models assume 

that there is one true effect across all included studies and the effect calculated by the model 

therefore represents an effect estimate of all included studies. (31, 32) For outcomes with moderate 

to high statistical heterogeneity (I2 ≥25%), we used a random-effects model, allowing every included 

study to have its own distribution of effect, influenced e.g. by patient age. 

Following an approach used by Tabaee et al. in a meta-analysis of single-arm series (33), we used the 

average variance to impute it in studies that had zero variance, i.e. studies with a proportion of 0.0 or 

1.0 for a given outcome. 

We calculated pooled estimates using the ‘metan’ command in statistical software STATA. Version 13. 
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5.5. Results 
Our final sample of included studies consists of 39 references. The study selection process including 

numbers of studies excluded at each stage is presented in a PRISMA flow chart (34) in Figure 46. Our 

database searches retrieved 1,392 references. Forty-three additional references and one clinical 

practice guideline were identified from other reviews (8, 13, 15, 17). All but two of these references 

were already captured by our initial database search, highlighting the sensitivity of the search terms 

used in our database search. All references were combined using bibliographical software EndNote 

X5. 

After eliminating duplicates, 1,354 references were scanned at the abstract and title level. 156 of these 

advanced to assessment at the full-text stage. One reference (35) could not be retrieved for full text 

assessment because it was in press at the time the review was conducted, leaving 155 references to 

be independently assessed for eligibility by two reviewers. We excluded 116 studies at the full-text 

stage. 33 of excluded studies were conference abstracts or posters. In 31 studies, results were not 

published separately for the patient groups relevant to us. In many studies, bicuspidity of the aortic 

valve was included as an important patient characteristic in the abstract, leading to the inclusion of 

these studies at the abstract screening level, but at the full text level we discovered that results were 

presented without differentiating between patients with bicuspid and tricuspid valves. 20 references 

were excluded as duplicates, reporting on the same patients as other included studies. In 13 studies, 

the relevant patient group (i.e. patients with bicuspid aortic valves undergoing either valve repair or 

replacement) consisted of less than 50 participants. We excluded nine studies that did not report any 

of the outcomes specified in our protocol. Further references were deemed ineligible because of 

irrelevant treatments (n=4), irrelevant patient population (n=2), and because they were reviews (n=3) 

or comments (n=1). 
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Figure 46: PRISMA flow chart 

 

 

39 studies met our inclusion criteria. Aortic valve repair was studied in 11 reports (16, 21, 36-44) and 

valve replacement in 28 (20, 45-71). Accordingly, total patient numbers in repair studies were much 

lower than in replacement studies, accounting for 25% and 75% of total patients included in this 

review (n=7,995), respectively. (Figure 47) Studies conducted in the United States accounted for the 

largest share of patients undergoing surgery, followed by Germany, Canada, Italy, and the United 

Kingdom. (Figure 48)  
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Figure 47: Number of participants in included studies by treatment type, aortic valve replacement or repair 

 

Figure 48: Number of participants in included studies by study location 

 

 

No randomized controlled trial was found in our literature search. Only two studies directly comparing 

aortic valve repair and replacement in patients with bicuspid aortic valves were included. (38, 59) 

However, the study arm with aortic valve repair patients from one of these studies (59) included 7/51 

patients with uni- or quadricuspid valves. The repair treatment arm therefore surpassed the threshold 

of 10% non-bicuspid valves and was excluded from the review. While many of the included references 
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were set up as comparative studies, their design did not match our research question. For example, a 

range of studies compared results in patients with bicuspid and tricuspid aortic valves, the latter group 

being irrelevant for our review. Few studies examined different types of either aortic valve 

replacement or repair. We combined the data from these different types as we were interested in the 

overall effectiveness of valve replacement and repair. 

 

5.6. Patient baseline characteristics 
We compared patient baseline characteristics of valve repair and replacement studies. Figure 49 

shows the distribution of four key characteristics across repair and replacement studies. We see no 

systematic difference in mean age (Panel A), which centres around 40 to 60 years. Panel B shows the 

proportion of patients with isolated procedures. The distribution among replacement studies suggests 

that inclusion criteria for patients were more defined, with a number of studies excluding all 

concomitant procedures. A test for statistical difference, however, showed no significant difference 

between repair and replacement studies for this variable (p-value=0.778, Table 7). Patients 

undergoing valve repair were less severely ill, as measured by the proportion of patients in NYHA class 

III or IV. (Figure 49, Panel C) While the proportion of patients in NYHA class III or IV was at or below 

20% in all four repair studies reporting it, corresponding proportions for replacement studies went up 

to 80%. The p-value for statistical difference between the two treatment types with respect to 

proportion of patients in NYHA class III or IV was 0.022. Panel D shows the distribution of the 

proportion of patients with aortic regurgitation. We observe a marked difference between the two 

treatment types, with more patients with insufficient valves undergoing valve repair. Valve repair is 

often associated only with regurgitant valves in the literature (1), and we found that this was the 

predominant valve pathology in on average over 80% of patients in repair studies. Proportion was 

much lower in valve replacement studies, with an average proportion of 29.5% suffering from 

insufficient valves. The difference was confirmed statistically by Student’s t-test (p-value=0.000). Table 

7 also shows that the proportion of patients with aortic stenosis was much higher in replacement 

studies (52%) than in repair studies (12%, p-value=0.005 for statistical difference).  

No statistical difference was seen between the two treatment types with respect to indicators for 

aortic aneurysms. Mean diameter of the ascending aorta (43.9mm in repair studies vs 43.6mm in 

replacement studies), proportion of patients with aneurysms as reported by study authors (30.0% vs 

52.0%), and proportion of patients with concomitant ascending aorta replacement or repair (57.1% vs 

55.5%) all showed no statistically significant difference. (Table 7; Figure 49 Panels E and F) 
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Figure 49: Distribution of baseline patient characteristics in aortic valve repair and replacement studies 
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Each bubble represents one study, with bubble size representing sample size. 

Table 7: Patient baseline characteristics in aortic valve repair and replacement studies 

 

Aortic valve repair Aortic valve replacement 

t-test for  
statistical 
difference 

  Studies reporting 
variable 
[participants] 

 Studies reporting 
variable 
[participants] 

p-value 

Patients overall (n) 2,010  5,985   

Mean age (years) 45.3 11 51.8 26 0.117 

Sex      
Male (%) 81.8% 11 71.5% 26 0.029** 
Female (%) 18.2% 11 28.5% 26  

Aortic valve pathology      
Aortic regurgitation 81.9% 10 29.5% 22 0.000*** 
Aortic stenosis 12.0% 7 51.7% 21 0.005*** 

Patients in NYHA class III 
or IV (%) 

13.7% 4 40.0% 12 0.022** 

Diameter asc. aorta 
(mean mm, SD) 

43.9 4 43.6 8 0.960 

Patients with aortic 
aneurysm (%) 

30.0% 4 52.0% 9 0.384 

Patients with acute aortic 
dissection (%) 

0.5% 4 3.1% 5 0.145 

Patients with connective 
tissue disorder (%) 

3.4% 4 0.5% 9 0.094* 

Procedure      
Isolated valve repair 
or replacement (%) 

41.2% 8 46.1% 22 0.778 

Concomitant asc. 
aorta repair or 
replacement (%) 

57.1% 10 55.5% 26 0.921 

*** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level 

 

Given the clear differences between aortic valve repair and replacement studies in the proportion of 

patients with aortic regurgitation and aortic stenosis, respectively, we decided not to compare findings 

between these two treatment alternatives. Indications for treatment decision (aortic valve 

replacement vs repair) do not seem to be clearly developed. Below we therefore first present the 

results from aortic valve repair studies, followed by those from aortic valve replacement studies.  
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5.7. Results in valve repair studies 
We found 11 studies or study arms with a total of 2,010 patients undergoing aortic valve repair. (16, 

21, 36-44) Table 8 shows pooled estimates of outcomes before discharge and at follow-up. 

Table 8: Pooled results for aortic valve repair studies 

Outcome 
Pooled estimate 
[95%CI] 

Studies reporting 
outcome 
[participants] 

Complications before discharge   

Reoperation during index admission (%) 5.4 [1.0-9.9] * 5 [422] 

Neurologic event (%) 0.7 [0.0-1.8] * 4 [976] 

Mortality   

30-day survival (%) 99.5 [99.1-99.5] 9 [1,844] 

Survival at 1 year follow-up (%) 99.4 [98.9-99.9] 5 [1,038] 

Survival at 5 years follow-up (%) 94.5 [89.8-99.3] * 4 [1,009] 

Survival at 10 years follow-up (%) 94.0 [88.5-99.6] * 3 [907] 

Valve-related late mortality at follow-up (%) 0.8 [0.0-1.9] 7 [584] 

Complications at follow-up   

Operated valve endocarditis (%) 1.1 [0.2-2.0] 8 [615] 

Thrombosis, embolism, and bleeding (%) 0 † 4 [304] 

Reinterventions at follow-up   

Reinterventions on operated valve at follow-up 
(%) 

7.5 [3.7-11.3] * 10 [1,944] 

Freedom from reintervention at 1 year follow-
up (%) 

95.2 [93.8-96.7] 2 [799] 

Freedom from reintervention at 5 years follow-
up (%) 

93.2 [87.2-99.3] * 5 [1,026] 

Freedom from reintervention at 10 years 
follow-up (%) 

80.0 [76.0-83.9] * 2 [1,287] 

* Weights from random effects analysis. Results without asterisk from fixed effect analysis with inverse variance 

weighting. 

† No confidence intervals computed because of 0 variance in all 4 studies reporting the outcome. 

 

Complications before discharge 

We found considerable variation in the proportion of patients undergoing reoperation during initial 

admission. Most often conducted because of suspected internal bleeding, surgical reintervention was 

done in between 0% and 16% of patients in included studies. (Figure 50) Because of the 

consequentially high between-study statistical heterogeneity (I2=75.2%, Χ2=16.11, d.f.=4, p=0.003) we 

used a random-effects model to compute a pooled estimate of 5.4% (95% confidence interval 1.0%-

9.9%) for the five studies reporting the outcome.  

Neurological events before discharge were reported in four studies and the pooled estimate 

computed with random-effects was 0.7% (95%CI 0.0%-1.8%; I2=28.5%, Χ2=4.20, d.f.=3, p=0.241). 
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Figure 50: Proportion of patients with reoperation during initial admission in aortic valve repair studies 

 
Each bubble represents one study, with bubble size indicating number of patients in study. 

 

Mortality 

30-day survival was high in valve repair studies, with only 8/1,844 dying within the first month after 

the procedure. As shown in Figure 51, results did not vary across studies. The pooled estimate from 

fixed-effect analysis of nine studies was 99.5% (95%CI 99.1%-99.5%; I2=0.0%, Χ2=0.06, d.f.=8, p=1.000). 

We extracted Kaplan-Meier estimates of survival at 1, 5, and 10 years of follow-up from five, four, and 

three studies, respectively. Survival rates from individual studies are shown in Figure 53. Values in the 

figure show pooled estimates for survival at 1, 5, and 10 years, and pooled survival rates are indicated 

by red circles. Overall survival at 1 year was similar to 30-day survival at 99.4% (95%CI 98.9%-99.9%; 

fixed-effect model; I2=0.0%, Χ2=3.40, d.f.=4, p=0.493). At 5 years, estimated survival was 94.5% (95%CI 

89.8%-99.3%; random-effects model; I2=84.4%, Χ2=19.24, d.f.=3, p=0.000) and did not appear to 

change at 10 years (survival rate 94.0%; 95%CI 88.5%-99.6%; random-effects model; I2=81.8%, 

Χ2=10.98, d.f.=2, p=0.004). 

The proportion of patients with valve-related deaths at follow-up ranged from 0% to 5% (Figure 52), 

with a pooled estimate of 0.8% (95%CI 0.0%-1.9%; fixed-effect model; I2=0.0%, Χ2=4.90, d.f.=6, 

p=0.557). 
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Figure 51: Proportion of patients alive at 30 days in aortic valve repair studies 
 

 

Figure 52: Proportion of patients with valve-related deaths at follow-up in aortic valve repair studies 

 

Each bubble represents one study, with bubble size indicating number of patients in study. 
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Figure 53: Kaplan-Meier estimates of survival in aortic valve repair studies 

 
Values shown are pooled estimates. 

 

Complications at follow-up 

We extracted data on complications at follow-up, with mean follow-up time ranging between 2 and 9 

years in included studies. Endocarditis of the operated valve was reported in eight studies and the pooled 

estimate of patients with the event at follow-up, computed with a fixed-effect model, was 1.1% (95%CI 

0.2%-2.0%; I2=0.0%, Χ2=2.46, d.f.=7, p=0.930). 

We were not able to compute a pooled estimate with confidence intervals for the composite measure of 

thrombosis, embolism and bleeding because there was no such event in any of the four studies that 

reported them. The pooled average of thrombosis, embolism and bleeding at follow-up in valve repair 

studies was therefore 0.  

 

Reinterventions at follow-up 

We observed variation in the proportion of patients with reinterventions on their operated valve at 

follow-up. Rates ranged from below 5% in some of the smaller studies to 10% and above in the larger 

studies reporting the outcome. (Figure 54) We inspected whether heterogeneity was systematically 

associated with the proportion of patients with isolated valve repair, the proportion of patients in NYHA 

class III or IV, and mean age. None of these variables systematically impacted the proportion of patients 

with valve-related reinterventions at follow-up. We computed the overall proportion as 7.5% (95%CI 

3.7%-11.3%; random-effects model; I2=91.6%, Χ2=106.87, d.f.=9, p=0.000).  
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We also extracted Kaplan-Meier estimates of survival without valve-related reinterventions. Data were 

sparse, with estimates at 1, 5, and 10 years reported by two, five, and two studies, respectively. Figure 55 

shows survival rates of all studies as well as the pooled estimate (red circles). Reintervention-free survival 

was 95.2% (95%CI 93.8%-96.7%; fixed-effect model; I2=0.0%, Χ2=0.65, d.f.=1, p=0.422) at 1 year; 93.2% 

(95%CI 87.2%-99.3%; random-effects model; I2=93.7%, Χ2=63.86, d.f.=4, p=0.000) at 5 years; and 

decreased to 80.0% (95%CI 76.0%-83.9%; random-effects model; I2=68.8%, Χ2=3.20, d.f.=1, p=0.074) at 

10 years follow-up. 

Figure 54: Proportion of patients with valve-related reinterventions at follow-up 

 
Each bubble represents one study, with bubble size indicating number of patients in study. 
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Figure 55: Kaplan-Meier estimates of reintervention-free survival in aortic valve repair studies 

 
Values shown are pooled estimates.  
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5.8. Results in valve replacement studies 
We found 28 studies or study arms with a total of 5,985 patients undergoing aortic valve replacement. 

(20, 45-71)  

Pooled results for outcomes before discharge and at follow-up including the number of studies and 

corresponding patient numbers reporting the outcome are shown in Table 9. 

Table 9: Pooled results for aortic valve replacement studies 

Outcome 
Pooled estimate 
[95%CI] 

Studies reporting 
outcome 
[participants] 

Complications before discharge   

Reoperation during index admission (%) 3.4 [2.2-4.6] * 9 [1,382] 

Neurologic event (%) 0.9 [0.4-1.4] * 8 [2,247] 

Mortality   

30-day survival (%) 98.4 [97.9-98.9] * 22 [5,219] 

Survival at 1 year follow-up (%) 98.1 [95.9-100.0] * 4 [413] 

Survival at 5 years follow-up (%) 93.9 [90.8-97.0] * 10 [1,525] 

Survival at 10 years follow-up (%) 89.0 [83.4-94.6] * 10 [1,604] 

Valve-related late mortality at follow-up (%) 4.7 [2.7-6.7] * 14 [2,712] 

Complications at follow-up   

Operated valve endocarditis (%) 1.8 [1.0-2.6] * 14 [2,903] 

Thrombosis, embolism, and bleeding  (%) 3.1 [2.0-4.2] * 11 [2,468] 

Reinterventions at follow-up   

Reinterventions on prosthesis at follow-up (%) 5.9 [3.6-8.2] * 18 [3,535] 

Freedom from reintervention at 1 year follow-
up (%) 

100 † 2 [282] 

Freedom from reintervention at 5 years follow-
up (%) 

98.3 [97.4-99.3] 6 [914] 

Freedom from reintervention at 10 years 
follow-up (%) 

93.6 [90.2-97.1] * 3 [543] 

* Weights from random effects analysis. Results without asterisk from fixed effect analysis with inverse variance weighting. 

† No confidence intervals computed because of 0 variance in all 4 studies reporting the outcome. 

 

Complications before discharge 

Reoperations during initial admission were reported in nine valve replacement studies. The pooled 

estimate of the proportion of patients undergoing such surgical reintervention was 3.4% (95%CI 2.2%-

4.6%; random-effects model; I2=32.3%, Χ2=11.81, d.f.=8, p=0.160). Values ranged from 1% in one small 

study (59) to 8% in another small study (63), and were around 5% in larger studies. (Figure 56) 

Neurologic events before discharge were less common. Random-effects meta-analysis of eight studies 

yielded a pooled estimate of 0.9% of patients undergoing valve replacement (95%CI 0.4%-1.4%; I2=25.5%, 

Χ2=9.39, d.f.=7, p=0.226). 
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Figure 56: Proportion of patients with reoperation during initial admission in aortic valve replacement studies 

 
Each bubble represents one study, with bubble size indicating number of patients in study. 

 

Mortality 

Survival at 30 days after valve replacement ranged from 95% to 100%. (Figure 57) Pooling the results from 

22 studies with 5,219 participants, we found that the overall estimate for 30-day survival after aortic valve 

replacement in patients with bicuspid valves was 98.4% (95%CI 97.9%-98.9%; random-effects model; 

I2=42.8%, Χ2=36.72, d.f.=21, p=0.018). We visually inspected whether the proportion of patients with 

isolated valve replacement or proportion of patients in NYHA class III or IV had a systematic impact on 30-

day survival but found no discernible effect.  

The proportion of patients surviving at 1 year was similar to the 30-day survival rate. Pooling Kaplan-

Meier survival estimates from four studies yielded a rate of 98.1% (95%CI 95.9%-100.0%; random-effects 

model; I2=50.6%, Χ2=6.08, d.f.=3, p=0.108). More studies reported survival estimates at 5 and 10 years 

follow-up and the pooled estimate decreased to 93.9% (95%CI 90.8%-97.0%; random-effects model; 

I2=88.6%, Χ2=79.03, d.f.=9, p=0.000) and 89.0% (95%CI 83.4%-94.6%; random-effects model; I2=95.2%, 

Χ2=188.09, d.f.=9, p=0.000), respectively. Kaplan-Meier survival estimates of individual studies are shown 

in Figure 59. Values shown are pooled estimates at 1, 5, and 10 years of follow-up, and they are depicted 

by the black circles. 

Valve-related mortality at follow-up was reported in 14 studies and ranged from 0% in some of the smaller 

studies to 20% in one outlier study (68). (Figure 58) Using a random-effects model we computed the 

pooled estimate of valve-related follow-up mortality in valve replacement studies as 4.7% (95%CI 2.7%-

6.7%; I2=81.7%, Χ2=71.03, d.f.=13, p=0.000). 
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Figure 57: Proportion of patients alive at 30 days in aortic 
valve replacement studies 

 
 

Figure 58: Proportion of patients with valve-related deaths at 
follow-up in aortic valve replacement studies 

 

Each bubble represents one study, with bubble size indicating number of patients in study. 
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Figure 59: Kaplan-Meier estimates of survival at 1, 5, and 10 years follow-up in aortic valve replacement studies 

 
Values shown are pooled estimates. 

 

Complications at follow-up 

Mean follow-up time in included aortic valve replacement studies ranged from 1.3 to 19.5 years. 

Endocarditis of the implanted valve at follow-up was reported in 14 valve replacement studies. Using 

a random-effects model, we found the pooled estimate for the proportion of patients with operated 

valve endocarditis to be 1.8% (95%CI 1.0%-2.6%; I2=53.2%, Χ2=27.78, d.f.=13, p=0.010). 

Thrombosis, embolism, and bleeding events at follow-up were reported in eleven studies. The pooled 

estimate for the proportion of patients with any of these events was 3.1% (95%CI 2.0%-4.2%; random-

effects model; I2=53.2%, Χ2=21.37, d.f.=10, p=0.019). 

 

Reinterventions at follow-up 

The proportion of patients who underwent reintervention on the implanted valve at follow-up ranged 

from 0% to 22%. (Figure 60) We visually inspected whether mean age, the proportion of patients with 

isolated valve replacement, and the proportion of patients in NYHA class III or IV systematically 

impacted the proportion of patients with valve-related reinterventions at follow-up and found no 

discernible effect. Using a random-effects model because of high statistical heterogeneity (I2=88.7%, 

Χ2=150.35, d.f.=17, p=0.000), we computed the pooled estimate for the proportion as 5.9% (95%CI 

3.6%-8.2%). 
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Figure 60: Proportion of patients with valve-related reinterventions at follow-up in aortic valve replacement studies 

 
Each bubble represents one study, with bubble size indicating number of patients in study. 

 

Figure 61 shows Kaplan-Meier estimates of survival rates without valve-related reinterventions at 1, 

5, and 10 years. Estimates were extracted from two, six, and three studies, respectively, for the three 

points in time. We computed a pooled estimate of reintervention-free survival at 1, 5, and 10 years 

after the initial procedure and this is represented by the values displayed in the figure and the grey 

dotted line. We were not able to conduct formal meta-analysis for 1 year follow-up because there was 

no variance in the two studies reporting reintervention-free survival at this point (both reported 100% 

survival). At 5 years, the pooled estimate was 98.3% (95%CI 97.4%-99.3%; fixed-effect model; I2=0.0%, 

Χ2=3.47, d.f.=5, p=0.628), and decreased to 93.6% (95%CI 90.2%-97.1%; random-effects model; 

I2=47.8%, Χ2=3.83, d.f.=2, p=0.147) at 10 years. 
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Figure 61: Kaplan-Meier estimates of reintervention-free survival in aortic valve replacement studies 

 
Values shown are pooled estimates. 
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6. Discussion 
We conducted a systematic review of the evidence on surgical aortic valve repair and aortic valve 

replacement in patients with bicuspid aortic valves. To our knowledge, this is the largest systematic 

review on this topic, gathering evidence on both short and long-term outcomes after two important 

surgical approaches in the treatment of aortic valve disease. 

 

Aortic valve repair findings  

We included 11 aortic valve repair studies with a total of 2,010 patients. Compared to a systematic 

review on valve-preserving surgery in patients with bicuspid aortic valves conducted by Vohra and 

colleagues (8), that uncovered the heterogeneity in reporting of outcomes persisting in the field, we 

included fewer studies but slightly more patients overall. This is due to our inclusion threshold of 

minimum 50 participants per study arm. Compared to Vohra et al., who included series with as little 

as 11 participants, our sample consists of larger studies and encompasses six studies that were 

published since their review was conducted. (16, 21, 36, 41, 43, 44) We used graphical elements to 

depict between-study heterogeneity in a pre-specified set of outcomes, while Vohra and colleagues 

extracted a wider range of outcomes, some of which were reported in a low number of small studies.  

We found lower variation in 30-day survival rates than Vohra et al., although most studies in their 

review reported zero 30-day mortality (median 0%). Saczkowski et al. (15) in a systematic review on 

aortic valve repair primarily in tricuspid valve patients calculated a pooled early mortality estimate of 

2.6% (95%CI 1.4%-4.4%), considerably higher than what we observed in our sample of studies in 

patients with bicuspid valves.  

We did not see any case of thrombosis, embolism or bleeding at follow-up and this was different from 

the results of studies included in Vohra et al.’s review. However, only four aortic valve repair studies 

in our review reported on this outcome, all with relatively small patient numbers. Survival without 

valve-related reinterventions was higher in studies included in our review. We observed relatively 

consistently high reintervention-free survival rates between 90 and 100% until 5 years, and a drop to 

around 80% at 10 years.  

Compared to the findings of Vohra and colleagues (8), our review seems to show lower variation 

between outcomes of individual studies and overall results are either similar or slightly better in 

studies included in our review. Different inclusion criteria and a gap in time between the execution of 

the two reviews can serve as possible explanation for differences in findings. Firstly, other than Vohra 

et al., we excluded small studies. This could have led to the exclusion of reports from smaller centres 

with little experience in preserving bicuspid aortic valves. Studies remaining in the review were 

conducted at larger centres with more experienced surgeons and a positive impact on desirable 

outcomes. Secondly, know-how in surgical repair of bicuspid aortic valves is still evolving (7), 

suggesting favourable results in more recently operated patients. Ashikhmina et al. compared the risk 

of patients undergoing aortic valve replacement at follow-up between patients who had their initial 

aortic valve repair before and after 2000. (38) They discovered a trend towards better outcomes after 

2000, suggesting a learning curve effect for the operating surgeons. In addition to improvements in 

the procedure itself, a learning effect is also to be expected with respect to appropriate patient 
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selection for aortic valve repair. AHA/ACC and the European Society of Cardiology/European 

Association for Cardio-Thoracic Surgery acknowledge in their clinical practice guidelines that aortic 

valve sparing procedures are difficult to perform, restricting their use to experienced centres. (13, 72) 

 

Aortic valve replacement findings  

Our evidence base for aortic valve replacement consisted of 28 studies with a total of 5,985 patients 

with bicuspid aortic valves. Our review is the first to systematically collect the evidence on safety and 

effectiveness of aortic valve replacement in this patient population. 

Survival both in the short- and long-term was relatively high in the studies included in our review. 

However, we observed considerable statistical heterogeneity in the measures for mortality. We 

assessed heterogeneity in individual study patient populations but detected no systematic impact of 

severity of illness on mortality outcomes.  

Similarly, the proportion of patients with reinterventions at follow-up showed large variation between 

aortic valve replacement studies. However, none of the patient baseline characteristics had a 

discernible impact on this outcome.  

In both aortic valve repair and replacement studies, the incidence of neurologic events during index 

admission was relatively low. Early reoperation, on the other side, was done in between 0% and 16% 

in valve repair studies (pooled average 5.4%, 95% confidence interval 1.0%-9.9%) and in between 1% 

and 8% of patients in valve replacement studies (pooled average 3.4%. 95%CI 2.2%-4.6%). Patients 

undergoing resternotomy, most often for exploration of inner bleeding, are at increased risk of 

perioperative death and morbidity, and cause significant cost and resource use. (73, 74) 

Reintervention rates at follow-up were higher in aortic valve repair studies, although associated with 

large variation. With two large series reporting reintervention rates of 10% (36) and 14% (16), 

respectively, optimism about the long-term durability of aortic valve repair seems to be attenuated. 

Whether replacement of the valve is an alternative, however, is not sure. In our sample of 28 valve 

replacement studies, reintervention rates at follow-up went up to 22%, with the largest series (n=906) 

reporting 13%. (56) While early and late mortality suggest safety of both surgical approaches, the need 

for reoperation needs to be addressed.  

 

Statistical between-study heterogeneity  

We found considerable statistical heterogeneity for some outcomes in both aortic valve replacement 

and repair studies. We assessed the impact of a range of patient baseline characteristics, including 

mean patient age, valve pathology, and indicators for severity of disease (proportion of patients in 

NYHA class III/IV; proportion of patients without concomitant procedures; proportion of patients with 

aneurysms) on these outcomes but did not detect a discernible effect. However, lacking individual 

level patient data we did not control for surgical experience and skill of individual surgeons performing 

the operation. Experience of the operating surgeon was shown to be associated with clinical outcomes 

in other areas (75) and it is likely that this effect is also present in challenging procedures on the aortic 

valve. 
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Comparative effectiveness  

We did not undertake a direct comparison of the two surgical interventions because of the non-

comparability of patient populations in the studies included in this review. Aortic valve repair is done 

primarily in patients with insufficient valves (1, 19) although it has also been reported in patients with 

stenotic valves. (16, 43) Constitution of the diseased valve is often used as an indicator for the attempt 

of reconstructing it. (76) 

Notwithstanding the development of a classification scheme to guide aortic valve repair (9) and 

treatment algorithm (14), a definitive answer to the question when aortic valve repair is to be 

preferred over valve replacement is missing. Lacking the necessary results from controlled studies to 

inform recommendations, clinical practice guidelines do not provide guidance in this matter. (13, 72) 

We found only one study matching our inclusion criteria that provided an analysis of the comparative 

effectiveness of aortic valve repair vs replacement in patients with bicuspid aortic valves. Matching 

aortic valve repair and replacement patients on age, sex, and year of operation, Ashikhmina et al. (38) 

found no statistical difference between the two approaches for most outcomes, including early post-

operative complications, follow-up mortality and reinterventions at follow-up. However, more 

patients in the aortic valve replacement group had had a stroke or endocarditis at follow-up. Our 

overall results also suggest a higher incidence of operated valve endocarditis, as well as thrombosis, 

embolism, and bleeding events in aortic valve replacement studies. However, we did not directly 

compare results from aortic valve repair and replacement studies because patients in the two groups 

proved to be different. In another matched analysis that was excluded from our review due to the 

number of patients in each treatment arm (n=44), Davierwala and colleagues reported no difference 

between aortic valve repair and replacement in patients with regurgitant bicuspid valves with respect 

to mortality and complications. (77) However, at 5 years follow-up more patients who had their valves 

replaced were free from moderate or severe regurgitation (94±6%) compared to patients who had 

undergone valve repair (79±8%), suggesting longer-lasting relief after the first procedure. Further 

comparative studies are needed to ascertain the comparative effectiveness of aortic valve repair and 

replacement in patients with bicuspid aortic valves. 

Future research should also take into account the change in broader quality of life caused by implanted 

valves. A systematic review on transcatheter aortic valve replacement found that disease-specific 

measures of quality of life improved significantly after valve replacement but benefits were less 

pronounced for measures of general and mental health. (78) In a comparison of aortic valve repair 

and replacement, Aicher and colleagues found that patients undergoing valve reconstruction or 

pulmonary autograft reported better scores for physical functioning as well as for general and mental 

health compared to those receiving mechanical valve implants. (79) Changes in quality of life after 

valve replacement in younger adults in particular are not well understood and need further 

investigation. (80) Further down the line, an understanding of the benefits and limitations of valve 

repair and replacement would enable the researchers and practitioners in the field of congenital heart 

disease to advance the discourse about cost-effectiveness of interventions.     
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6.1. Limitations 
Despite our efforts to eliminate all duplicate patients from our review, we could not ascertain unique 

status for all studies. In particular, one study reported data from the German Ross Registry database 

(81) and it is possible that this publication includes patients from two other included German studies 

(49, 63). Overlapping patient cohorts are also likely for two reports from a hospital in the United States 

(66, 67). However, different types of outcomes were extracted from these two papers, limiting the 

extent to which double-counting may have impacted our results. 

Because of variation in the reporting of complications before discharge and at follow-up, as well as 

reoperations at follow-up, ascertainment of these outcomes may have been biased. However, given 

that most studies were focusing on only one of the two interventions of interest, any potential 

measurement bias was likely to be non-differential between aortic valve replacement and repair. The 

results of the review are therefore unlikely to be biased in one direction. Differential misclassification 

may have been introduced through reviewer bias. This was addressed through independent data 

extraction by two reviewers. Deviating interpretations of reported data in the studies were resolved 

through discussion until a consensus was reached. 

Finally, this systematic review includes mostly case series, which rank low in the hierarchy of evidence. 

(82-84) Bias is more likely to occur in methodologically less rigorous study designs and systematic 

reviews including such study designs are prone to bias themselves. (85)  

 

6.2. Conclusion 
We conducted a systematic review to gather available evidence on the effectiveness and safety of two 

surgical options for bicuspid aortic valve disease, aortic valve repair and aortic valve replacement. The 

former is restricted to experienced surgeons and mostly done for regurgitant valves and showed 

favourable results in the long term, with high rates of overall and reintervention-free survival. Results 

for aortic valve replacement were similarly good for overall survival and reintervention rates, but 

included studies showed higher rates of complications and valve-related mortality at follow-up. 

Controlled studies of aortic valve replacement and repair are needed to assess the comparative 

effectiveness of the two approaches. 
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7. APPENDIX 

7.1. Search terms and results 

 

MEDLINE via PubMed, 30/10/2014 

Jan 1990 – Oct 2014 

 

EMBASE, 30/10/2014 

Jan 1990 – Oct 2014 

1 'bicuspid aortic valve'/exp OR (bicuspid aortic valve)  3,930 

2 'aortic valve repair'/exp OR (aortic AND valve AND repair) OR (aortic AND valve AND 
preservation) OR (aortic AND valve AND reconstruction) OR ('aortic valve' NEAR/3 
repair):ab,ti OR ('aortic valve' NEAR/3 remodelling):ab,ti OR ('aortic valve' NEAR/3 
remodeling):ab,ti OR (aortic NEAR/3 valvotomy):ab,ti OR (aortic NEAR/3 
valvulotomy):ab,ti OR tricuspidization:ab,ti OR commissurotomy:ab,ti OR 'valve sparing 
aortic root replacement' OR (yacoub AND procedure):ab,ti OR (david AND 
procedure):ab,ti 

12,696 

3 'aortic valve replacement'/exp OR 'aortic valve prosthesis'/exp OR (surgical:ab,ti AND 
valve:ab,ti AND replacement:ab,ti) OR (aortic:ab,ti AND valve:ab,ti AND 
replacement:ab,ti) 

33,434 

4 1 AND (2 OR 3) 1,682 

5 4 AND [humans]/lim AND [english]/lim NOT ([editorial]/lim OR [letter]/lim) 1,359 

6 Limit to: Publication date from 1990/01/01 1,325 

7 Exclude MEDLINE records 432 

 

Cochrane Library, 30/10/2014 

1990 – 2014 

 

1 (Bicuspid aortic valve) or bicuspid 736 

1 (Bicuspid aortic valve) OR bicuspid[Title/Abstract] 2,929 

2 (Aortic valve repair) OR (Aortic valve preservation) OR (Aortic valve reconstruction) OR 
Repair[Title/Abstract] OR Remodelling[Title/Abstract] OR Remodeling[Title/Abstract] OR 
(Aortic valvotomy) OR (Aortic valvulotomy) OR tricuspidization[Title/Abstract] OR 
Commissurotomy[Title/Abstract] OR (valve sparing aortic root replacement) OR 
(yacoub[Title/Abstract] AND procedure[Title/Abstract]) OR (David[Title/Abstract] AND 
procedure[Title/Abstract]) 

299,458 

3 (surgical valve replacement) OR (aortic valve replacement) OR "Aortic 
Valve/surgery"[MAJR] OR "Heart Valve Prosthesis Implantation"[Mesh] OR "Heart Valve 
Prosthesis"[Mesh] OR Prosthesis[Title/Abstract] OR Implant*[Title/Abstract] OR 
Graft*[Title/Abstract] 

569,444 

4 1 AND (2 OR 3) 1,232 

5 Letter[ptyp] OR Editorial[ptyp] OR Comment[ptyp] 26 

6 4 NOT 5 1,206 

7 Limit to: Human; English 894 

8 Limit to: Publication date from 1990/01/01 829 
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2 (Aortic valve repair) OR (Aortic valve preservation) OR (Aortic valve reconstruction) OR 
Repair OR Remodelling OR Remodeling OR (Aortic valvotomy) OR (Aortic valvulotomy) OR 
tricuspidization OR Commissurotomy OR (valve sparing aortic root replacement) OR 
(yacoub procedure) OR (David procedure) 

10,769 

3 (MeSH descriptor: [Heart Valve Prosthesis] explode all trees) OR (surgical valve 
replacement) OR (aortic valve replacement) OR Prosthesis OR Implant* OR Graft* 

34,005 

4 1 AND (2 OR 3) 131 

5 Limit to: Publication date from 1990  
(12 Cochrane reviews; 3 other reviews; 114 trials; 1 economic evaluation) 

130 

 

 

CINAHL Plus via EBSCOHost, 30/10/2014 

Jan 1990 – Oct 2014 

 

1 (AB bicuspid aortic valve) OR (TI bicuspid aortic valve)  289 

2 (TI aortic valve repair) OR (AB aortic valve repair) OR (TI Aortic valve preservation) OR (AB 
Aortic valve preservation) OR (TI Aortic valve reconstruction) OR (AB Aortic valve 
reconstruction) OR (AB Repair OR TI Repair) OR (AB Remodelling OR TI Remodelling) OR 
(AB Remodeling OR TI Remodeling) OR (AB Aortic valvotomy OR TI Aortic valvotomy) OR 
(AB Aortic valvulotomy OR TI Aortic valvulotomy) OR (AB tricuspidization OR TI 
tricuspidization) OR (AB Commissurotomy OR TI Commissurotomy) OR (AB valve sparing 
aortic root replacement OR TI valve sparing aortic root replacement) OR (AB yacoub 
procedure OR TI yacoub procedure) OR (AB david procedure OR TI david procedure) 

23,058 

3 (MH "Heart Valve Prosthesis") OR (AB surgical valve replacement OR TI surgical valve 
replacement) OR (AB aortic valve replacement OR TI aortic valve replacement) OR (AB 
Prosthesis OR TI Prosthesis) OR (AB Implant* OR TI Implant*) OR (AB graft* OR TI graft*) 

55,195 

4 1 AND (2 OR 3) 89 

5 Limit to: Human; English; Publication date from 1990/01/01 38 

6 Exclude MEDLINE records 1 
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7.2. List of included valve repair studies 
Author Publication Location Patients Mean 

age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Aicher (2013) Aicher D, Schneider U, Schmied W, 
Kunihara T, Tochii M, Schafers HJ. Early 
results with annular support in 
reconstruction of the bicuspid aortic valve. 
J Thorac Cardiovasc Surg. 2013;145(3 
Suppl):S30-4. 

Germany 559 47.2 - - 30-day survival 
- All-cause mortality at f/u 
- Reinterventions on valve or 

prosthesis at f/u 
- Reintervention-free survival at 

f/u 

Comparison of valve repair 
with vs without 
annuloplasty. All patients 
received aortic valve repair 
and results are therefore 
extracted as one group. 

Alsoufi (2005) Alsoufi B, Borger MA, Armstrong S, 
Maganti M, David TE. Results of valve 
preservation and repair for bicuspid aortic 
valve insufficiency. The Journal of heart 
valve disease. 2005;14(6):752-8; discussion 
8-9. 

Canada 71 41.5 3.5 - Reoperation during index 
admission 

- Neurologic event during index 
admission 

- 30-day survival 
- All-cause mortality at f/u (total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Operated valve endocarditis at 

f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Reintervention-free survival at 

f/u 
- Mean ICU stay  
- Mean hospital stay 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Ashikhmina 
(2010) 

Ashikhmina E, Sundt TM, 3rd, Dearani JA, 
Connolly HM, Li Z, Schaff HV. Repair of the 
bicuspid aortic valve: a viable alternative to 
replacement with a bioprosthesis. J Thorac 
Cardiovasc Surg. 2010;139(6):1395-401. 

United States 108 41 5.1 - Reoperation during index 
admission 

- 30-day survival 
- All-cause mortality at f/u (total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

Repair vs replacement, but 
only for 81 matched pairs, 
and limited outcomes. 

de Kerchove 
(2011) 

de Kerchove L, Boodhwani M, Glineur D, 
Vandyck M, Vanoverschelde JL, 
Noirhomme P, et al. Valve sparing-root 
replacement with the reimplantation 
technique to increase the durability of 
bicuspid aortic valve repair. J Thorac 
Cardiovasc Surg. 2011;142(6):1430-8. 

Belgium 106 45.5 3.5 - Reoperation during index 
admission 

- 30-day survival 
- All-cause mortality at f/u (total) 
Valve-related mortality at f/u 
- Neurologic event during index 

admission 
- Operated valve endocarditis at 

f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

Comparison of two types of 
valve repair (different 
approaches to 
annuloplasty). The two 
groups were combined for 
this review. 

Doss (2010) Doss M, Risteski P, Sirat S, Bakhtiary F, 
Martens S, Moritz A. Aortic root stability in 
bicuspid aortic valve disease: patch 
augmentation plus reduction aortoplasty 
versus modified David type repair. 
European journal of cardio-thoracic 
surgery : official journal of the European 
Association for Cardio-thoracic Surgery. 
2010;38(5):523-7. 

Germany 66 41.2 5.1 - Reoperation during index 
admission 

- 30-day survival 
- All-cause mortality at f/u (total) 
- Valve-related mortality at f/u 
- Operated valve endocarditis at 

f/u 
- Mean hospital stay 

Comparison between two 
types of valve repair. Groups 
were combined for data 
extraction to obtain large 
enough sample size (>50 
patients). 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Holubec (2014) Holubec T, Zacek P, Jamaliramin M, 
Emmert MY, Tuna M, Nedbal P, et al. Valve 
Cuspidity: A Risk Factor for Aortic Valve 
Repair? Journal of Cardiac Surgery. 
2014;29:585-92. 

Czech 
Republic 

60 45 2 - 30-day survival 
- All-cause mortality at f/u (total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Operated valve endocarditis at 

f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

Comparison bicuspid vs 
tricuspid valve pathology. 
 
Includes 3 patients with 
unicuspid valves which 
match classification for 
bicuspid valves and were 
therefore included in the 
bicuspid patient group. 

Kari (2014) Kari FA, Kvitting JPE, Stephens EH, Liang 
DH, Merk DR, Fischbein MP, et al. Tirone 
David procedure for bicuspid aortic valve 
disease: Impact of root geometry and valve 
type on mid-term outcomes. Interactive 
cardiovascular and thoracic surgery. 
2014;19(3):375-81. 

United States 85 44 2.6 - All-cause mortality at f/u (total) 
- Operated valve endocarditis at 

f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

Comparison of different 
types of BAV. Grouping not 
relevant for the review and 
data were therefore 
extracted together. 

Minakata (2004) Minakata K, Schaff HV, Zehr KJ, Dearani JA, 
Daly RC, Orszulak TA, et al. Is repair of 
aortic valve regurgitation a safe alternative 
to valve replacement? J Thorac Cardiovasc 
Surg. 2004;127(3):645-53. 

United States 54 41 4.2 - Operated valve endocarditis at 
f/u 

- Reintervention-free survival at 
f/u 

- Reinterventions on valve or 
prosthesis at f/u (total) 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Ozaki (2014) Ozaki S, Kawase I, Yamashita H, Uchida S, 
Nozawa Y, Takatoh M, et al. Reconstruction 
of bicuspid aortic valve with autologous 
pericardium - Usefulness of 
tricuspidization. Circulation Journal. 
2014;78(5):1144-51. 

Japan 102 63.7 2.0 - 30-day survival 
- All-cause mortality at f/u (total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Operated valve endocarditis at 

f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Reintervention-free survival at 

f/u 

 

Svensson (2014) Svensson LG, Al Kindi AH, Vivacqua A, 
Pettersson GB, Gillinov AM, Mihaljevic T, et 
al. Long-term durability of bicuspid aortic 
valve repair. Ann Thorac Surg. 
2014;97(5):1539-47; discussion 48. 

United States 728 42 9 - Neurologic event during index 
admission 

- 30-day survival 
- Survival at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Reintervention-free survival at 

f/u 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Vallabhajosyula 
(2014) 

Vallabhajosyula P, Komlo C, Szeto WY, 
Wallen TJ, Desai N, Bavaria JE. Root 
stabilization of the repaired bicuspid aortic 
valve: subcommissural annuloplasty versus 
root reimplantation. Ann Thorac Surg. 
2014;97(4):1227-34. 

United States 71 45.6 3.2 - Reoperation during index 
admission 

- Neurologic event during index 
admission 

- 30-day survival 
- All-cause mortality at f/u (total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Operated valve endocarditis at 

f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Reintervention-free survival at 

f/u 
- Mean hospital stay 

Comparison of two types of 
valve repair. Irrelevant for 
our review, data are 
therefore combined. 
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7.3. List of included valve replacement studies 
Author Publication Location Patients Mean 

age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Abdulkareem 
(2013) 

Abdulkareem N, Soppa G, Jones S, Valencia 
O, Smelt J, Jahangiri M. Dilatation of the 
remaining aorta after aortic valve or aortic 
root replacement in patients with bicuspid 
aortic valve: a 5-year follow-up. Ann 
Thorac Surg. 2013;96(1):43-9. 

United 
Kingdom 

192 57.3 4.6 - 30-day survival 
- All-cause mortality at f/u 

(total) 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Reintervention-free survival 

at f/u 

Comparison between BAV 
patients with/without asc. 
aorta replacement and TAV 
patients with/without asc. 
Aorta replacement 

Ali (2010) Ali A, Patel A, Ali ZA, Abu-Omar Y, Freed D, 
Sheikh AY, et al. Stentless aortic valve 
replacement in patients with bicuspid 
aortic valve disease: clinical outcome and 
aortic diameter changes during follow-up. 
European journal of cardio-thoracic 
surgery : official journal of the European 
Association for Cardio-thoracic Surgery. 
2010;38(2):134-40. 

United 
Kingdom 

90 63 7.1 - 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Reintervention-free survival 

at f/u 

Comparison bicuspid vs 
tricuspid valves 

Bogers (2004) Bogers AJ, Kappetein AP, Roos-Hesselink 
JW, Takkenberg JJ. Is a bicuspid aortic valve 
a risk factor for adverse outcome after an 
autograft procedure? Ann Thorac Surg. 
2004;77(6):1998-2003. 

Netherlands 81 21 5.5 - Neurologic event during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Reintervention-free survival 

at f/u 

Comparison bicuspid vs 
tricuspid valves 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Borger (2004) Borger MA, Preston M, Ivanov J, Fedak PW, 
Davierwala P, Armstrong S, et al. Should 
the ascending aorta be replaced more 
frequently in patients with bicuspid aortic 
valve disease? J Thorac Cardiovasc Surg. 
2004;128(5):677-83. 

Canada 201 56 10.3 - Neurologic event during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Operated valve endocarditis 

at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Mean hospital stay 

 

Brown (2011) Brown JW, Ruzmetov M, Shahriari A, 
Rodefeld MD, Turrentine MW, Mahomed 
Y. The Ross full root replacement in adults 
with bicuspid aortic valve disease. The 
Journal of heart valve disease. 
2011;20(3):332-9; discussion 40. 

United States 101 35.9 6 - Reoperation during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Reintervention-free survival 

at f/u 

Comparison bicuspid vs 
tricuspid valves 

Charitos (2014) Charitos EI, Stierle U, Petersen M, 
Mohamed SA, Hanke T, Schmidtke C, et al. 
The fate of the bicuspid valve aortopathy 
after aortic valve replacement. European 
Journal of Cardio-thoracic Surgery. 
2014;45(5):e128-e35. 

Germany 361 44 7.5 - Survival at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Reintervention-free survival 

at f/u 

Comparison bicuspid vs 
tricuspid valves 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Cohoon (2013) Cohoon KP, Foley J, Dieter RS, Bakhos M, 
Schwartz J. The development of ascending 
aortic aneurysms after elective aortic valve 
replacement with St Jude mechanical valve 
prosthesis in the bicuspid patient: a pilot 
study. Angiology. 2013;64(5):379-84. 

United States 60 46 6.6 - All-cause mortality at f/u 
(total) 

 

Dayan (2010) Dayan V, Cura L, Munoz L, Areco D, Ferreiro 
A, Pizzano N. Risk of subsequent aortic 
dilatation is low in patients with bicuspid 
aortic valve and normal aortic root 
diameter at the time of aortic valve 
replacement. Interactive cardiovascular 
and thoracic surgery. 2010;10(4):535-8. 

Uruguay 60 60 6.2 - All-cause mortality at f/u 
(total)  

- Valve-related mortality at f/u 

 

Etz (2007) Etz CD, Homann TM, Silovitz D, Spielvogel 
D, Bodian CA, Luehr M, et al. Long-term 
survival after the Bentall procedure in 206 
patients with bicuspid aortic valve. Ann 
Thorac Surg. 2007;84(4):1186-93; 
discussion 93-4. 

United States 206 54 5.9 - Reoperation during index 
admission 

- Neurologic event during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Operated valve endocarditis 

at f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Mean ICU stay  
- Mean hospital stay 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Girdauskas 
(2013a) 

Girdauskas E, Disha K, Secknus M, Borger 
M, Kuntze T. Increased risk of late aortic 
events after isolated aortic valve 
replacement in patients with bicuspid 
aortic valve insufficiency versus stenosis. J 
Cardiovasc Surg (Torino). 2013;54(5):653-
9. 

Germany 442 55 9.4 - Reoperation during index 
admission 

- Neurologic event during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Valve-related mortality at f/u 
- Operated valve endocarditis 

at f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Mean hospital stay 

Comparison of patients with 
aortic insufficiency vs 
stenosis 

Girdauskas 
(2013b) 

Girdauskas E, Rouman M, Borger MA, 
Kuntze T. Comparison of aortic media 
changes in patients with bicuspid aortic 
valve stenosis versus bicuspid valve 
insufficiency and proximal aortic 
aneurysm. Interactive cardiovascular and 
thoracic surgery. 2013;17(6):931-6. 

Germany 79 52.5 9.1 - 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Operated valve endocarditis 

at f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

Comparison of patients with 
aortic insufficiency vs 
stenosis 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Goland (2007) Goland S, Czer LS, De Robertis MA, Mirocha 
J, Kass RM, Fontana GP, et al. Risk factors 
associated with reoperation and mortality 
in 252 patients after aortic valve 
replacement for congenitally bicuspid 
aortic valve disease. Ann Thorac Surg. 
2007;83(3):931-7. 

United States 252 60.9 8.9 - 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Operated valve endocarditis 

at f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

 

Hanke (2010) Hanke T, Charitos EI, Stierle U, Robinson 
DR, Hemmer W, Moritz A, et al. The Ross 
operation - a feasible and safe option in the 
setting of a bicuspid aortic valve? European 
journal of cardio-thoracic surgery : official 
journal of the European Association for 
Cardio-thoracic Surgery. 2010;38(3):333-9. 

Germany 906 41.5 5.7 - Neurologic event during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Valve-related mortality at f/u 
- Operated valve endocarditis 

at f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

Comparison bicuspid vs 
tricuspid valves 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Kuralay (2003) Kuralay E, Demirkilic U, Ozal E, Oz BS, 
Cingoz F, Gunay C, et al. Surgical approach 
to ascending aorta in bicuspid aortic valve. 
J Card Surg. 2003;18(2):173-80. 

Turkey 78 33 9 - Reoperation during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Valve-related mortality at f/u 
- Operated valve endocarditis 

at f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

Comparison isolated valve 
replacement vs concomitant 
ascending aorta procedures. 
Not enough patients in the 
first group. Data were 
therefore combined. 

Lima (2011) Lima B, Williams JB, Bhattacharya SD, Shah 
AA, Andersen N, Wang A, et al. 
Individualized thoracic aortic replacement 
for the aortopathy of biscuspid aortic valve 
disease. The Journal of heart valve disease. 
2011;20(4):387-95. 

United States 100 54 1.3 - 30-day survival 
- All-cause mortality at f/u 

(total) 
- Operated valve endocarditis 

at f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Mean hospital stay 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Luciani (2012) Luciani GB, De Rita F, Lucchese G, Hila D, 
Rungatscher A, Faggian G, et al. Repair of 
congenitally dysplastic aortic valve by 
bicuspidization: midterm results. Ann 
Thorac Surg. 2012;94(4):1173-9. 

Italy 89 51 4.8 - Reoperation during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Reintervention-free survival 

at f/u 

Comparison repair vs 
replacement. However, 
patient population includes 
mono- and quadricuspid 
valves. These were more 
prevalent in the repair group 
(7/51 = more than 10%), 
bringing the number of 
patients with BAV below 50. 
In the replacement group, 
pathologies other than BAV 
were negligible (2/89). We 
extract data for the 
replacement group, but not 
for the repair group. 

McKellar (2010) McKellar SH, Michelena HI, Li Z, Schaff HV, 
Sundt TM, 3rd. Long-term risk of aortic 
events following aortic valve replacement 
in patients with bicuspid aortic valves. Am 
J Cardiol. 2010;106(11):1626-33. 

United States 1286 58 12 - 30-day survival Comparison of patients with 
enlarged vs normal aorta 
size. Not relevant for the 
review, data was therefore 
combined. 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Nardi (2013) Nardi P, Pellegrino A, Russo M, Saitto G, 
Bertoldo F, Chiariello L. Midterm results of 
different surgical techniques to replace 
dilated ascending aorta associated with 
bicuspid aortic valve disease. Ann Thorac 
Surg. 2013;96(5):1648-54. 

Italy 123 57.6 4.2 - 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Operated valve endocarditis 

at f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

Comparison of 3 groups: 
Bentall procedure (n=46); 
separate replacement of 
ascending aorta and valve 
(n=77); isolated aorta 
replacement with or without 
valve repair (n=27). The first 
two groups both include 
aortic valve replacement and 
were therfeore combined. 
The last group was excluded 
because of insufficient 
patient numbers (10 
patients underwent repair). 

Nazer (2010) Nazer RI, Elhenawy AM, Fazel SS, Garrido-
Olivares LE, Armstrong S, David TE. The 
influence of operative techniques on the 
outcomes of bicuspid aortic valve disease 
and aortic dilatation. Ann Thorac Surg. 
2010;89(6):1918-24. 

Canada 143 53.3 11.5 - Reoperation during index 
admission 

- Neurologic event during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Valve-related mortality at f/u 
- Operated valve endocarditis 

at f/u 
- Thrombosis, embolism, 

bleeding at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

Comparison of full root vs no 
root replacement. All 
received valve 
replacements. Data from the 
two groups therefore 
combined. 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Ozaslan (2008) Ozaslan F, Wittlinger T, Monsefi N, 
Bouhmidi T, Theres S, Doss M, et al. Long-
term follow-up of supra-annular 
pulmonary autograft aortic root 
replacement in patients with bicuspid 
aortic valve. European journal of cardio-
thoracic surgery : official journal of the 
European Association for Cardio-thoracic 
Surgery. 2008;34(3):583-8; discussion 8. 

Germany 50 50 6.2 - Reoperation during index 
admission 

- Neurologic event during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Operated valve endocarditis 

at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Reintervention-free survival 

at f/u 
- Mean ICU stay  

 

Park (2011) Park CB, Greason KL, Suri RM, Michelena 
HI, Schaff HV, Sundt TM, 3rd. Fate of 
nonreplaced sinuses of Valsalva in bicuspid 
aortic valve disease. J Thorac Cardiovasc 
Surg. 2011;142(2):278-84. 

United States 218 61.5 3.3 - Reoperation during index 
admission 

- Neurologic event during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Operated valve endocarditis 

at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Roberts (2007b) Roberts WC, Ko JM, Filardo G, Henry AC, 
Hebeler RF, Jr., Cheung EH, et al. Valve 
structure and survival in sexagenarians 
having aortic valve replacement for aortic 
stenosis (+/-aortic regurgitation) with 
versus without coronary artery bypass 
grafting at a single US medical center (1993 
to 2005). Am J Cardiol. 2007;100(8):1286-
92. 

United States 181 65 - - All-cause mortality at f/u 
(total) 

Comparison of patients with 
valve replacement with vs 
without coronary artery 
bypass graft. Not relevant, 
data were therefore 
combined. 

Roberts (2007a) Roberts WC, Ko JM, Garner WL, Filardo G, 
Henry AC, Hebeler RF, Jr., et al. Valve 
structure and survival in octogenarians 
having aortic valve replacement for aortic 
stenosis (+/- aortic regurgitation) with 
versus without coronary artery bypass 
grafting at a single US medical center (1993 
to 2005). Am J Cardiol. 2007;100(3):489-
95. 

United States 54 83 - - All-cause mortality at f/u 
(total) 

Comparison of patients with 
valve replacement with vs 
without coronary artery 
bypass graft. Not relevant, 
data were therefore 
combined. 

Roberts (2012) Roberts WC, Roberts CC, Vowels TJ, Ko JM, 
Filardo G, Hamman BL, et al. Effect of 
coronary bypass and valve structure on 
outcome in isolated valve replacement for 
aortic stenosis. Am J Cardiol. 
2012;109(9):1334-40. 

United States 385 - - - 30-day survival Comparison between 
patients with vs without 
coronary artery bypass graft. 
Not relevant for this review. 
Another comparison 
between patients with 
bicuspid or unicuspid valves 
and patients with tricuspid 
valves could not be used for 
the review because data for 
uni- and bicuspid valves 
were merged. 
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Author Publication Location Patients Mean 
age 
(yrs) 

Mean 
follow-up 
time (yrs) 

Outcomes reported Comments 

Russo (2002) Russo CF, Mazzetti S, Garatti A, Ribera E, 
Milazzo A, Bruschi G, et al. Aortic 
complications after bicuspid aortic valve 
replacement: long-term results. Ann 
Thorac Surg. 2002;74(5):S1773-6; 
discussion S92-9. 

Italy 50 51 19.5 - All-cause mortality at f/u 
(total) 

- Valve-related mortality at f/u 
- Operated valve endocarditis 

at f/u 
- Thrombosis, embolism, 

bleeding at f/u 

Comparison between 
bicuspid and tricuspid valve 
pathology 

Santini (2002) Santini F, Luciani GB, Barozzi L, Lusini M, 
Trimboli S, Restivo S, et al. The ross 
procedure for replacement of the bicuspid 
aortic valve: mid-term results from 55 
consecutive cases. The Journal of heart 
valve disease. 2002;11(2):226-30. 

Italy 55 27 2.6 - Reoperation during index 
admission 

- 30-day survival 
- All-cause mortality at f/u 

(total) 
- Survival at f/u 
- Valve-related mortality at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 
- Mean ICU stay  
- Mean hospital stay 

 

Ugur (2014) Ugur M, Schaff HV, Suri RM, Dearani JA, 
Joyce LD, Greason KL, et al. Late outcome 
of noncoronary sinus replacement in 
patients with bicuspid aortic valves and 
aortopathy. Ann Thorac Surg. 
2014;97(4):1242-6. 

United States 55 - 3.6 - 30-day survival 
- Operated valve endocarditis 

at f/u 
- Reinterventions on valve or 

prosthesis at f/u (total) 

 

Woldendorp 
(2014) 

Woldendorp K, Starra E, Seco M, Hendel 
PN, Jeremy RW, Wilson MK, et al. 
Replacement of the Aortic Root with a 
Composite Valve-Graft Conduit: Risk Factor 
Analysis in 246 Consecutive Patients. Heart 
Lung and Circulation. 2014;23:1187-93. 

Australia 87 - - - 30-day survival  
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7.4. List of excluded studies 

Publication Primary reason for 
exclusion 

Ahmed S, Honos GN, Walling AD, Michel CM, Sebag IA, Rudski LG, et 
al. Clinical outcome and echocardiographic predictors of aortic valve 
replacement in patients with bicuspid aortic valve. J Am Soc 
Echocardiogr. 2007;20(8):998-1003. 

Study reports no relevant 
outcome 

Aicher D, Fries R, Rodionycheva S, Schmidt K, Langer F, Schafers HJ. 
Aortic valve repair leads to a low incidence of valve-related 
complications. Eur J Cardiothorac Surg. 2010;37(1):127-32. 

Duplicate of Aicher (2013), 
which was included instead 

Aicher D, Kunihara T, Abou Issa O, Brittner B, Graber S, Schafers HJ. 
Valve configuration determines long-term results after repair of the 
bicuspid aortic valve. Circulation. 2011;123(2):178-85. 

Duplicate of Aicher (2013), 
which was included instead 

Aicher D, Langer F, Adam O, Tscholl D, Lausberg H, Schafers HJ. Cusp 
repair in aortic valve reconstruction: does the technique affect 
stability? J Thorac Cardiovasc Surg. 2007;134(6):1533-8; discussion 8-
9. 

Duplicate of Aicher (2013), 
which was included instead 

Aicher D, Langer F, Kissinger A, Lausberg H, Fries R, Schafers HJ. Valve-
sparing aortic root replacement in bicuspid aortic valves: a reasonable 
option? J Thorac Cardiovasc Surg. 2004;128(5):662-8. 

Duplicate of Aicher (2013), 
which was included instead 

Aicher D, Langer F, Lausberg H, Bierbach B, Schafers HJ. Aortic root 
remodeling: ten-year experience with 274 patients. J Thorac 
Cardiovasc Surg. 2007;134(4):909-15. 

Duplicate of Aicher (2013), 
which was included instead 

Alexandru D, Pollack S, Petillo F, Gragas M, Reichet N, 
Anagnostopoulos A, et al. The association of aortic valve weight with 
echocardiographic indices of aortic stenosis severity in 465 patients 
with normal left ventricular ejection fraction undergoing aortic valve 
replacement for severe isolated aortic stenosis. Journal of the 
American Society of Echocardiography. 2014;27(6):B23. 

Conference 
abstract/poster 

Andrei AC, Malaisrie SC, Puthumana JJ, Rigolin V, Mendelson M, Li Z, 
et al. Gender differences among bicuspid aortic valve patients 
undergoing aortic valve replacement: What are the implications? 
Cardiology (Switzerland). 2014;128(2):140. 

Conference 
abstract/poster 

Asano M, Kunihara T, Aicher D, El Beyrouti H, Rodionycheva S, 
Schafers HJ. Mid-term results after sinutubular junction remodelling 
with aortic cusp repair. Eur J Cardiothorac Surg. 2012;42(6):1010-5. 

No separate results for 
relevant patients 

Attenhofer Jost CH, Zimmermann C, Greutmann M, Dave H, 
Valsangiacomo Buechel ER, Pretre R, et al. Autograft dilatation of Ross 
procedure in 100 patients: Frequent and progressive. European Heart 
Journal Cardiovascular Imaging. 2012;13:i86. 

Conference 
abstract/poster 

Badiu CC, Bleiziffer S, Eichinger WB, Zaimova I, Hutter A, Mazzitelli D, 
et al. Are bicuspid aortic valves a limitation for aortic valve repair? Eur 
J Cardiothorac Surg. 2011;40(5):1097-104. 

Case report, case series or 
other study with <50 
relevant patients 

Beaulieu N, Cartier R, Bouchard D, Pellerin M, Perrault L, El-Hamamsy 
I, et al. Is the management of aortic problems in patients with bicuspid 
aortic valve undergoing avr affect perioperative outcome? Canadian 
Journal of Cardiology. 2012;28(5):S250. 

Conference 
abstract/poster 
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Benedik J, Pilarczyk K, Wendt D, Indruch J, Flek R, Tsagakis K, et al. 
Ascending aortic wall cohesion: Comparison of bicuspid and tricuspid 
valves. Cardiology Research and Practice. 2012;1(1). 

Case report, case series or 
other study with <50 
relevant patients 

Bobylev D, Boethig D, Breymann T, Mathoni A, Horke A, Ono M. 
Surgical Treatment of Thoracic Aortic Aneurysms in Patients with 
Congenital Heart Disease. Thoracic and Cardiovascular Surgeon. 
2014;ePub ahead of print: 2014/07/04. 

Study not retrievable (in 
press at time of study 
selection) 

Boodhwani M, de Kerchove L, Glineur D, Poncelet A, Rubay J, Astarci 
P, et al. Repair-oriented classification of aortic insufficiency: impact 
on surgical techniques and clinical outcomes. J Thorac Cardiovasc 
Surg. 2009;137(2):286-94. 

No separate results for 
relevant patients 

Boodhwani M, de Kerchove L, Glineur D, Rubay J, Vanoverschelde JL, 
Noirhomme P, et al. Repair of regurgitant bicuspid aortic valves: a 
systematic approach. J Thorac Cardiovasc Surg. 2010;140(2):276-84 
e1. 

Duplicate of de Kerchove 
(2011) which was included 

Boodhwani M, de Kerchove L, Glineur D, Rubay J, Vanoverschelde JL, 
Van Dyck M, et al. Aortic valve repair with ascending aortic 
aneurysms: associated lesions and adjunctive techniques. Eur J 
Cardiothorac Surg. 2011;40(2):424-8. 

Case report, case series or 
other study with <50 
relevant patients 

Boodhwani M, El Khoury G. Aortic valve repair. Operative Techniques 
in Thoracic and Cardiovascular Surgery. 2009;14(4):266-80. 

Review article 

Botha CA, Rein JG, Bohm JO, Roser D, Rupp W. The Ross operation: do 
native aortic, native pulmonary, and homograft pulmonary valve size 
and form differences influence results? Thorac Cardiovasc Surg. 
1998;46(4):192-7. 

Case report, case series or 
other study with <50 
relevant patients 

Botha CA, Roser D, Rupp W, Paula JA, Kolb IE, Bohm JO, et al. The 
influence of geometric mismatch between the native aortic, native 
pulmonary and homograft pulmonary valve on the results of the 
pulmonary autograft operation. J Heart Valve Dis. 1997;6(4):355-60. 

Case report, case series or 
other study with <50 
relevant patients 

Bowman J, Loomba R, Cetta F, Pelech A. Is aortic valve leaflet 
morphology predictive of outcome in pediatric aortic valve stenosis? 
Journal of the American Society of Echocardiography. 
2012;25(6):B91-B2. 

Conference 
abstract/poster 

Branchetti E, Bavaria JE, Grau JB, Shaw RE, Poggio P, Lai EK, et al. 
Circulating soluble receptor for advanced glycation end product 
identifies patients with bicuspid aortic valve and associated 
aortopathies. Arteriosclerosis, Thrombosis, and Vascular Biology. 
2014;34(10):2349-57. 

No separate results for 
relevant patients 

Braverman AC. Aortic involvement in patients with a bicuspid aortic 
valve. Heart. 2011;97(6):506-13. 

Review article 

Brown JW, Ruzmetov M, Shahriari AP, Rodefeld MD, Mahomed Y, 
Turrentine MW. Modification of the Ross aortic valve replacement to 
prevent late autograft dilatation. Eur J Cardiothorac Surg. 
2010;37(5):1002-7. 

Case report, case series or 
other study with <50 
relevant patients 

Byrne JG, Gudbjartsson T, Karavas AN, Mihaljevic T, Phillips BJ, Aranki 
SF, et al. Biological vs. mechanical aortic root replacement. Eur J 
Cardiothorac Surg. 2003;23(3):305-10. 

Case report, case series or 
other study with <50 
relevant patients 

Casselman FP, Gillinov AM, Akhrass R, Kasirajan V, Blackstone EH, 
Cosgrove DM. Intermediate-term durability of bicuspid aortic valve 

Duplicate of Svensson 
(2014) which was included 
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repair for prolapsing leaflet. Eur J Cardiothorac Surg. 1999;15(3):302-
8. 

Charitos EI, Stierle U, Tietze C, Hamann L, Hanke T, Karluss A, et al. 
Single center experience and lessons learned from 472 consecutive 
patients undergoing various types aortic valve repair procedures: A 
retrospective analysis. Thoracic and Cardiovascular Surgeon. 2013;61. 

Conference 
abstract/poster 

Colatusso C, Costa FDA, Lopes SV, Ferreira ADDA, Fornazari DF, Farias 
FR, et al. Long-term results (18 years) of the Ross operation: A single-
institutional experience. Interactive Cardiovascular and Thoracic 
Surgery. 2013;17:S136. 

Conference 
abstract/poster 

Collins MJ, Butany J, Borger MA, Strauss BH, David TE. Implications of 
a congenitally abnormal valve: a study of 1025 consecutively excised 
aortic valves. J Clin Pathol. 2008;61(4):530-6. 

Study reports no relevant 
outcome  

Conaglen P, Luthra S, Skillington P. Comparison of reduction 
ascending aortoplasty and ascending aortic replacement for bicuspid 
valve related aortopathy in young adult patients undergoing aortic 
valve replacement--long-term follow-up. Heart Lung Circ. 
2009;18(5):337-42. 

Case report, case series or 
other study with <50 
relevant patients 

da Costa FDA, Takkenberg JJM, Fornazari D, Filho EMB, Colatusso C, 
Mokhles MM, et al. Long-term results of the Ross operation: An 18-
year single institutional experience. European Journal of Cardio-
thoracic Surgery. 2014;46(3):415-22. 

No separate results for 
relevant patients 

David TE, Omran A, Ivanov J, Armstrong S, de Sa MP, Sonnenberg B, 
et al. Dilation of the pulmonary autograft after the Ross procedure. J 
Thorac Cardiovasc Surg. 2000;119(2):210-20. 

No separate results for 
relevant patients 

Davies MJ, Treasure T, Parker DJ. Demographic characteristics of 
patients undergoing aortic valve replacement for stenosis: relation to 
valve morphology. Heart. 1996;75(2):174-8. 

Study reports no relevant 
outcome 

de Kerchove L, Boodhwani M, Glineur D, Poncelet A, Verhelst R, 
Astarci P, et al. Effects of preoperative aortic insufficiency on outcome 
after aortic valve-sparing surgery. Circulation. 2009;120(11 
Suppl):S120-6. 

Duplicate of de Kerchove 
(2011) which was included 

Del Rizzo DF, Goldman BS, David TE. Aortic valve replacement with a 
stentless porcine bioprosthesis: multicentre trial. Canadian 
Investigators of the Toronto SPV Valve Trial. Can J Cardiol. 
1995;11(7):597-603. 

No separate results for 
relevant patients 

Di Eusanio M, Pape L, Braverman AC, Ehrlich MP, O'Gara P, Myrmel T, 
et al. Characteristics of acute aortic dissection in patients with 
bicuspid aortic valve: Insights from the irad registry. Circulation. 
2013;128(22). 

Conference 
abstract/poster 

Doss M, Thudt M, Miskovic A, Moritz A. Pericardial patch 
augmentation for incompetant bicuspid aortic valves at longterm. 
Thoracic and Cardiovascular Surgeon. 2013;61. 

Conference 
abstract/poster 
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J Heart Valve Dis. 2001;10(6):736-41. 

No separate results for 
relevant patients 

Etz CD, Zoli S, Brenner R, Roder F, Bischoff M, Bodian CA, et al. When 
to operate on the bicuspid valve patient with a modestly dilated 

No separate results for 
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following aortic valve replacement in bicuspid aortic valve disease. 
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Conference 
abstract/poster 
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Conference 
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No relevant outcomes for 
BAV patients (only 
composite measure of 
valve-related events) 

Favaloro R, Stutzbach P, Gomez C, Machain A, Casabe H. Feasibility of 
the ross procedure: its relationship with the bicuspid aortic valve. J 
Heart Valve Dis. 2002;11(3):375-82; discussion 82. 

No separate results for 
relevant patients 
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No separate results for 
relevant patients 
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(2014) which was included 

Gerosa G, Pontarollo S, Iliceto S, di Marco F. An alternative technique 
for aortic root remodeling in patients with bicuspid aortic valve. J 
Thorac Cardiovasc Surg. 2007;133(1):249-50. 

Case report, case series or 
other study with <50 
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Girdauskas E, Disha K, Borger MA, Kuntze T. Long-term prognosis of 
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versus tricuspid aortic valve stenosis. J Thorac Cardiovasc Surg. 
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included 
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aortic events after isolated aortic valve replacement for bicuspid 
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Conference 
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minithoracotomy in 306 consecutive patients. Innovations: 
Technology and Techniques in Cardiothoracic and Vascular Surgery. 
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No separate results for 
relevant patients 
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No separate results for 
relevant patients 
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relevant patients 
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No separate results for 
relevant patients 
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Conference 
abstract/poster 
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Conference 
abstract/poster 

Kanki K, Kawase I, Yamashita H, Uchida S, Nozawa Y, Matsuyama T, et 
al. Aortic valve reconstruction of the bicuspid aortic valve with 
ascending aortic dilatation by tricuspidization using autologous 
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Conference 
abstract/poster 

Kari F, Kvitting JE, Liang DH, Stephens EH, Merk DR, Mitchell RS, et al. 
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Cardiovascular and Thoracic Surgery. 2013;17:S87. 

Conference 
abstract/poster 

Kari FA, Liang DH, Kvitting JP, Stephens EH, Mitchell RS, Fischbein MP, 
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Duplicate of Kari (2014) 
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Kari FA, Liang DH, Kvitting JPE, Mitchell RS, Fischbein MP, Miller DC. 
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Conference 
abstract/poster 
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Conference 
abstract/poster 
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outcome 

Klieverik LM, Bekkers JA, Roos JW, Eijkemans MJ, Raap GB, Bogers AJ, 
et al. Autograft or allograft aortic valve replacement in young adult 
patients with congenital aortic valve disease. Eur Heart J. 
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No separate results for 
relevant patients 

Kvitting JP, Kari FA, Fischbein MP, Liang DH, Beraud AS, Stephens EH, 
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5; discussion 26-7. 
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No separate results for 
relevant patients 

le Polain de Waroux JB, Pouleur AC, Robert A, Pasquet A, Gerber BL, 
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after aortic valve repair: predictive value of intraoperative 
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Population irrelevant for 
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Intervention irrelevant for 
review 

Leonelli V, Bobbo M, Piazza R, Leiballi E, Pecoraro R, Cinello M, et al. 
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Conference 
abstract/poster 
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et al. The David procedure in different valve pathologies: a single-
center experience in 236 patients. Ann Thorac Surg. 2013;95(1):71-6. 

Case report, case series or 
other study with <50 
relevant patients 

Luciani GB, Casali G, Favaro A, Prioli MA, Barozzi L, Santini F, et al. Fate 
of the aortic root late after Ross operation. Circulation. 2003;108 
Suppl 1:II61-7. 

No separate results for 
relevant patients 

Luciani GB, Favaro A, Casali G, Santini F, Mazzucco A. Ross operation 
in the young: a ten-year experience. Ann Thorac Surg. 
2005;80(6):2271-7. 

No separate results for 
relevant patients 
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No separate results for 
relevant patients 
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strategies. Canadian Journal of Cardiology. 2011;27(5):S100. 

Conference 
abstract/poster 

Matsumura T, Ohtaki E, Misu K, Tohbaru T, Asano R, Nagayama M, et 
al. Etiology of aortic valve disease and recent changes in Japan:a study 
of 600 valve replacement cases. Int J Cardiol. 2002;86(2-3):217-23. 

Study reports no relevant 
outcome 

McKellar SH, Yagubyan M, Hector M, Schaff H, Sundt IT. Long-term 
risk and predictors of aortic events following aortic valve replacement 
in patients with bicuspid aortic valves. Journal of Surgical Research. 
2010;158(2):224. 

Conference 
abstract/poster 

Mohammadi S, Kalfa D, Kalavrouziotis D, Kharroubi M, Doyle D, 
Metras J, et al. Does the Ross procedure provide the best biological 
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abstract/poster 

Nakamura Y, Ryugo M, Shikata F, Okura M, Okamura T, Yasugi T, et al. 
The analysis of ascending aortic dilatation in patients with a bicuspid 
aortic valve using the ratio of the diameters of the ascending and 
descending aorta. J Cardiothorac Surg. 2014;9(1):108. 
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abstract/poster 

Nardi P, Pellegrino A, Scafuri A, Bellos K, De Propris S, Polisca P, et al. 
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Study reports no relevant 
outcome 

Nash PJ, Vitvitsky E, Li J, Cosgrove DM, 3rd, Pettersson G, Grimm RA. 
Feasibility of valve repair for regurgitant bicuspid aortic valves--an 
echocardiographic study. Ann Thorac Surg. 2005;79(5):1473-9. 
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Navarra E, De Kerchove L, Glineur D, Astarci P, Noirhomme P, El 
Khoury G. Impact of annuloplasty in bicuspid aortic valve repair: 
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2012;15:S90. 

Conference 
abstract/poster 

Navarra E, Khoury GE, Glineur D, Boodhwani M, Van Dyck M, 
Vanoverschelde JL, et al. Effect of annulus dimension and 
annuloplasty on bicuspid aortic valve repair. European Journal of 
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Duplicate of de Kerchove 
(2011) which was included 

Nishi H, Sakaguchi T, Miyagawa S, Yoshikawa Y, Fukushima S, Saito S, 
et al. Factors affecting operative indication for moderately dilated 
ascending aorta in patients with bicuspid aortic valve: Relevance of 
valve anatomy, body size and age. European Heart Journal. 
2011;32:79-80. 

Conference 
abstract/poster 

Nishi H, Sakaguchi T, Miyagawa S, Yoshikawa Y, Fukushima S, Yoshioka 
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Study reports no relevant 
outcome 

Opotowsky AR, Perlstein T, Landzberg MJ, Colan SD, O'Gara PT, Body 
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bicuspid aortic valve. J Thorac Cardiovasc Surg. 2013;146(2):339-46. 

No separate results for 
relevant patients 

Ozaki S, Kawase I, Yamashita H, Nozawa Y, Takatoh M, Hagiwara S, et 
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Cardiovascular Surgery. 2014;148(3):934-8. 
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Review article 

Philip F, Ige M, Faza N, Venugopal M, Schoenhagen P, Desai M, et al. 
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abstract/poster 

Polimenakos AC, Sathanandam S, Elzein C, Barth MJ, Higgins RS, Ilbawi 
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No separate results for 
relevant patients 

Price J, De Kerchove L, Glineur D, Vanoverschelde JL, Noirhomme P, El 
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Rinewalt D, McCarthy PM, Malaisrie SC, Fedak PWM, Andrei AC, 
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outcomes after bicuspid aortic valve surgery: Validation of 
contemporary guidelines. Journal of Thoracic and Cardiovascular 
Surgery. 2014;148(5):2060-9. 
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separate results shown 
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No separate results for 
relevant patients 

Roberts WC, Vowels TJ, Ko JM, Filardo G, Hebeler RF, Jr., Henry AC, et 
al. Comparison of the structure of the aortic valve and ascending 
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No separate results for 
relevant patients 
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No separate results for 
relevant patients 

Ryan LP, Levack MM, Gorman JH, 3rd, Gorman RC, Milewski RC, 
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geometry: implication for aortic root reimplantation. J Thorac 
Cardiovasc Surg. 2014;147(3):1103-5. 

Intervention irrelevant for 
review 

Schafers HJ, Aicher D, Langer F, Lausberg HF. Preservation of the 
bicuspid aortic valve. Ann Thorac Surg. 2007;83(2):S740-5; discussion 
S85-90. 

Duplicate of Aicher (2013) 
which was included 

Schafers HJ, Kunihara T, Fries P, Brittner B, Aicher D. Valve-preserving 
root replacement in bicuspid aortic valves. J Thorac Cardiovasc Surg. 
2010;140(6 Suppl):S36-40; discussion S5-51. 
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A critical reappraisal of the Ross operation: renaissance of the 
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No separate results for 
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No separate results for 
relevant patients 
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abstract/poster 
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review 

Varrica A, Satriano A, de Vincentiis C, Biondi A, Trimarchi S, Ranucci 
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No separate results for 
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No separate results for 
relevant patients 
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ascending aortic aneurysm repair. Circulation. 2013;128(22). 
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