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Abstract 

Background  The science of dissemination and implementation (D&I) aims to improve the quality and effective-
ness of care by addressing the challenges of incorporating research and evidence-based practice into routine clinical 
practice. This lens of D&I has challenged the interpretation and incorporation of data, noting that failure of a given 
therapy may not reflect lack of efficacy, but instead reflect an imperfect implementation. The aim of this manuscript 
is to review the influence of the Ross procedure’s historical context on its D&I.

Methods  A contextual baseline of the Ross procedure was defined from the procedure’s original description 
in the literature to major publications since the 2017 valvular heart disease guidelines. D&I evaluation was conducted 
using the Consolidated Framework for Implementation Research (CFIR), using constructs from each of the five respec-
tive domains to define the main determinants.

Results  Each of the five CFIR domains appears to be correlated with a factor influencing the Ross procedure’s varied 
history of enthusiasm and acceptance. The complex nature of Ross required adaptation for optimization, with a strong 
correlation of center volume on outcomes that were not considered in non-contemporary studies. Outcomes later 
published from those studies influenced social and cultural contexts within the aortic surgery community, and led 
to further organizational uncertainty, resulting in slow guideline incorporation.

Conclusions  The D&I of the Ross procedure was a result of inadequate appreciation of technical complexity, effect 
of patient selection, and complex aortic surgery experience, resulting in dismissal of an efficacious procedure due 
to a misunderstanding of effectiveness.
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Background
The science of dissemination and implementation (D&I) 
has emerged as a novel field, with an aim to improve the 
quality and effectiveness of care by addressing the chal-
lenges of incorporating research and evidence-based 

practice into routine clinical practice [1]. This lens of 
D&I has challenged the interpretation and incorpora-
tion of data, as it has shifted the focus toward gauging 
effectiveness over efficacy [2]. An example of this shift 
was eloquently stated by Heiden et al., noting that while 
traditional research has focused on efficacy, such as the 
characterization of a drug or intervention within a con-
trolled study environment, effectiveness is how that drug 
or intervention benefits a given population of individu-
als within the real-world [3]. They note failure of a given 
therapy may not reflect lack of efficacy, but instead reflect 
an imperfect implementation of said therapy within a 
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given population [3]. Therefore, focusing on the context 
and outcomes of implementation provides substantial 
insight into a therapy’s observed clinical outcomes [3].

The Ross procedure is a technically complex opera-
tion to address pathology of the aortic valve, whereby 
the patient’s own pulmonary valve (autograft) is used 
to replace the diseased aortic valve. Although originally 
described by Donald Ross in the 1960s, this operation has 
yielded a complex history and varied acceptance within 
the cardiovascular community. A notable theme arises 
when analyzing the historical context and implemen-
tation outcomes of the Ross procedure, noting initial 
enthusiasm was later met with skepticism after publica-
tions of poor outcomes and complications led to con-
cerns of feasibility, which in turn created hesitation to 
adopt Ross as a treatment option for adult aortic valvu-
lar heart disease [4, 5]. A recent systematic review and 
meta-analysis sought to compare the Ross procedure 
with mechanical aortic valve replacement (mAVR) in 
adult patients, citing that the Ross procedure was found 
to have improved freedom from all-cause mortality and 
challenging decades of concerns over the perception that 
the Ross procedure imposes increased surgical risk and 
high rates of reintervention [6–8]. Thus, the dichotomy 
between recent data and existing guidelines again frames 
the question of what is the optimal aortic valve substitute 
in young and middle-aged adults requiring aortic valve 
surgery? The aim of this manuscript is to review the his-
torical context of the Ross procedure, highlighting the 
past and current evidence, as well as to characterize the 
barriers to dissemination and implementation of Ross 
within current practice.

Methods
Evaluation of the Ross procedure was conducted through 
application of the Consolidated Framework for Imple-
mentation Research (CFIR) originally published by Dam-
scroder et al. [9]. CFIR was created to provide a pragmatic 
structure to guide formative evaluations in the real world, 
highlighting that utilization of outcomes alone are inad-
equate, as researchers and practitioners must recognize 
that the success of an intervention is also dependent on its 
implementation and optimization within a given system. 
CFIR accomplishes this by outlining five major domains, 
all of which interact and influence the overall effective-
ness of implementation, noting that implementation is 
inherently a social process and includes a provider’s per-
ception of the evidence (Table 1) [9]. This evaluation was 
performed in two phases: defining of a contextual baseline 
and evaluation of the D&I of the Ross procedure using 
applied domains from CFIR. The contextual baseline was 
summative in nature, focusing on a brief review of the 
Ross procedure from its original publication, evidence 

influencing current valvular heart disease guidelines, and 
major publications since the 2017 guideline release. Evalu-
ation of the Ross procedure’s D&I was performed using 
constructs from each of the five respective CFIR domains, 
with emphasis placed on defining and analyzing D&I 
determinants.

Results
Historical context of the Ross procedure
Donald Ross first described the Ross procedure in 1967, 
where replacement of the diseased aortic valve was 
accomplished via a pulmonary autograft and subsequent 
placement of a pulmonary homograft [10]. The Ross 
procedure’s novelty was that it not only alleviated the 
requirement of life-long anticoagulation, but that it cre-
ated a living valvular substitute with potential to confer 
an adaptive physiologic functionality and hemodynamic 
profile more akin to the native aortic valve [11]. Realiza-
tion of such potential benefits led to enthusiasm in the 
1990s; however, later reports of aortic insufficiency in the 
setting of neo-aortic root dilation led to waning interest 
in the surgical community [12–14]. The estimated peak 
of Ross procedures within North American was postu-
lated to be circa 1998, when it accounted for approxi-
mately 1.2% of aortic valve replacements (AVR) and was 
then followed by a steady decline through 2010 [7]. Dur-
ing this era of decline, multiple studies conveyed concern 
regarding the efficacy of the Ross procedure and fur-
ther contributed to the ongoing decline in implementa-
tion into clinical practice [8, 15, 16]. In 2014, Reece et al. 
performed a propensity-matched analysis from the STS 
database, publishing findings that the Ross procedure was 

Table 1  Overview of selected domains from the Consolidated 
Framework for Implementation (adapted from Damschroder 
et al. [9])

Intervention characteristics • Complex
• Multi-faceted
• Require active engagement of indi-
viduals
• Require adaptation

Outer setting • Economic, political, and social
• Context within which an organization 
resides

Inner setting • Structural, political, and cultural
• Context through which the implemen-
tation process will proceed

Individuals involved • Individuals possess agency in power/
influence
• Includes personal, organizational, 
and professional mindsets, norms, 
and affiliations

Implementation process • Active change process
• Aimed to achieve individual 
and organization use of an intervention
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associated with a 3-fold higher operative mortality com-
parted to conventional AVR (2.7% vs. 0.9%) [7]; however, 
Mazine and El-Hamamsy diligently note that the median 
annual number of Ross procedures performed per center 
was less than 1, and only 6 of the 231 centers analyzed 
had performed greater than or equal to 5 Ross proce-
dures annually, raising concern for confounding given 
prior data on aortic root surgery volume and outcomes 
[17, 18]. Thus, much of the data from the early 2000s and 
2010s portrayed the Ross procedure as an alternative 
with limited durability and a potentially excess peri-oper-
ative mortality amongst younger, non-elderly populations 
with aortic valve disease requiring AVR.

The dichotomy between contemporary evidence 
and current guidelines for valvular heart disease
Both the American Heart Association/American Col-
lege of Cardiology (AHA/ACC) and European Society 
of Cardiology (ESC) issued new guidelines on valvular 
heart disease in 2020 and 2021, respectively. The AHA/
ACC guidelines recommend use of mechanical values in 
patients younger than 50 years, bioprosthetic valves in 
patients older than 65 years, and surgeon/patient choice 
for patients aged between 50 and 65 years, while the ESC 
guidelines recommend a mechanical valve in patients 
younger than 60 years and bioprosthetic in patients older 
than 65 years [19, 20]. Both AHA and ESC guidelines 
have been based on two randomized controlled trials 
from the 1970s and 1980s, as well as a more recent rand-
omized trial and some observational studies [17, 21–23]. 
Despite having been published within 1 year, the subtle 
difference of recommendation by age reflects the ongo-
ing uncertainty associated with valve replacement in 
non-elderly patients [17]. AHA/ACC has given the Ross 
procedure a class IIb recommendation in both the 2017 
and 2020 guidelines, whereas the ESC now acknowledge 
Ross as an alternative therapy in select patients after fail-
ing to acknowledge Ross as a surgical option in their 2017 
guidelines [19, 20]. To date, the Canadian Cardiovascular 
Society remains the only other society with a recommen-
dation to consider Ross in non-elderly patients undergo-
ing AVR [24].

Since publication of the 2017 AHA/ACC and ESC 
guidelines, a study by Goldstone et  al. comparing bio-
logic vs. mechanical prostheses reported considerable 
mortality amongst valve recipients aged 45–54 (30.6% vs. 
26.4% over 17 years, respectively), challenging decades 
of prior research and concluding that the marginal mor-
tality benefits in younger patients who receive mechani-
cal valves are significantly outweighed by higher rates 
of bleeding and stroke [25]. They additionally note that 
evidence regarding prosthesis selection had previously 

assumed equal mortality; however, their results con-
clude that most prior studies were likely underpow-
ered to detect any clinically relevant differences within 
populations [25]. In 2018, Mazine et  al. published the 
most up-to-date systematic review and meta-analysis 
comparing Ross and mAVR [6]. They report that com-
pared to patients who underwent mAVR, patients who 
received a Ross had a 46% reduction in all-cause mortal-
ity (p = 0.04) and a lower incidence of valve- or cardiac-
related mortality (0.04% vs. 0.09%, p = 0.04). The rates 
of perioperative mortality were not statistically signifi-
cant between groups (p =0.36); however, Ross was noted 
to have a lower incidence of postoperative heart block 
requiring permanent pacemaker implantation (p = 0.04), 
and lower rates of stroke (p = 0.02) and major bleeding 
(p < 0.001) at follow-up. Ross was additionally associ-
ated with improved quality of life and hemodynamics, 
as well as higher scores within the subdomains of bodily 
pain, social functioning, and mental health, which they 
attributed to a combination of alleviation of the need for 
chronic anticoagulation and a pulmonary autograft with 
innate biologic properties capable of performing native 
root functionality. Their findings overall were congruent 
with numerous contemporary studies all demonstrating 
favorable data in support of Ross [6, 17, 26–34].

Context of Ross implementation and outcomes
When examining the Ross procedure utilizing CFIR 
domains and thus a lens of implementation, each of the 
five domains appears to be correlated with a factor influ-
encing the Ross procedure’s varied history of enthusi-
asm and acceptance (Table 2). The technical conduct of 
the Ross procedure itself is undeniably complex. Suc-
cessful performance of the operation requires a deep 
understanding of aortic root surgery and the technical 
components require extensive (sometimes hazardous) 
suture lines that respect the symmetry of the autograft 

Table 2  Characterization of the Ross procedure using an 
implementation lens

Intervention characteristics • Complex procedure
• Required adaptation of surgical 
techniques for optimization
• Influence of center volume on out-
comes

Inner and outer setting • Complications and poor outcomes 
imbued social and cultural concerns 
on safety/efficacy leading to aban-
donment and disillusionment

Individuals involved • Organizational uncertainty
• Influence on provider perceptions
• Further confusion over procedural 
efficacy

Implementation process • Slow incorporation into guideline
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in multiple dimensions. Many of the components of the 
operations are unique regarding the typical “skill set” 
of an adult cardiac surgeon (autograft harvest, auto-
graft implantation, pulmonary artery-aortic anastomo-
sis, reconstruction of the right ventricular outflow tract 
[RVOT]). The analysis of Society of Thoracic Surgeons 
outcomes data published by Reece et  al. citing a 3-fold 
higher operative mortality was notable as the median 
Ross procedures performed per center was less than 1; 
poor outcomes observed in this series were likely heavily 
influenced by lower volume centers. A case volume-out-
come relationship has been consistently shown in aortic 
root surgery, and certainly, the Ross procedure should 
be no exception [17, 18]. Inherent to this domain is a 
concept that without adaptation, interventions typically 
come to be seen as a poor fit and are thus resisted; how-
ever, with adaptation, complex and multi-faceted inter-
ventions can be modified to fit their intended setting/
use [9]. This highlights the importance of proper pro-
gram establishment (ensuring suitable support and vol-
ume and avoidance of very low volume centers), surgeon 
training (expertise and skills acquisition), and continuous 
self-audit processes to ensure excellence and integrity 
in outcomes. Initial experience and observations of late 
technical failures have been investigated and insights into 
technical modifications and selection criteria published 
by multiple authors, which has likely led to improved 
outcomes and thus supports that initial outcomes data 
alone are not sufficient for determining the efficacy of the 
Ross procedure [6, 17, 26, 33].

The next two domains include both the inner and 
outer setting, which are representative of the interactions 
within and between social, political, economic, structural, 
and cultural contexts. We inferred that these respective 
interactions can be observed utilizing a graph adapted 
from the Gartner hype cycle, which serves to represent 

the maturation and adoption of technologies and appli-
cations (Fig. 1) [35]. We observe that after Ross concep-
tion there was widespread adoption and enthusiasm that 
later peaked perhaps due to “inflated expectations” (late 
1990s) before leading to a “trough of disillusionment” 
(2010s) after the publications on complications and post-
operative mortality. This general graphical trend closely 
mirrors the “Ross utilization” figure from Reece et  al., 
which is likely illustrative of the social/organizational 
contexts from Ross’ D&I (Fig. 1, reprinted with permis-
sion from Elsevier). Contemporary data support that 
Ross has improved hemodynamics, potential for excel-
lent long-term durability, and to date has been the only 
operation that has resulted in restored life expectancy 
in young and middle-aged adults [3]. Given this, we feel 
that the trend of data is suggestive of a “slope of enlight-
enment”, where accrual of further technical and center 
experience has led to an improved understanding of Ross’ 
optimal performance and utilization. It remains unclear 
what the future holds, and it is imperative that the car-
diovascular community not repeat some of the patterns 
from decades past that led to poor outcomes. In general, 
effective innovations that receive widespread adoption 
and acceptance enter a prolonged phase of the “plateau 
of productivity”. The next decade of results on contempo-
rary Ross outcomes will likely determine which direction 
the curve ultimately travels.

The last domains include the individuals involved with 
the intervention and/or implementation process, and the 
implementation process itself. CFIR notes that individu-
als each possess agency and can influence others, notably 
through organizations and professional mindsets, norms, 
and affiliations, and that active change is achieved when 
individuals and organizations use the intervention as 
designed [9]. Inherent to any new procedure or technol-
ogy is a learning curve, where adaptation and refinement 

Fig. 1  Ross utilization vs. expectations: the hype cycle
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leads to greater fidelity of an interventions intended 
use. We observe that while there is some cultural and 
organizational shift as evidenced by slow incorporation 
into guidelines, a notable gap persists between the his-
tory and D&I of the Ross procedure and its future. There 
are likely several explanations for continued resistance 
towards acceptance of the Ross procedure within this 
context. First, there is a relatively technically straightfor-
ward alternative to the Ross procedure in adult patients, 
notably conventional AVR. As mentioned, the Ross is a 
technically demanding operation and many potential pit-
falls exist. Further, the Ross includes a root replacement 
which involves the reimplantation of coronary artery but-
tons. This is unique compared to AVR. Additionally by 
harvesting a pulmonary autograft and reconstructing the 
RVOT, this introduces the potential for needing re-inter-
ventions on two valves in the future. Finally, the intro-
duction of transcatheter aortic valve replacement (TAVR) 
technology has led to increasing enthusiasm towards 
using bioprosthetic valves in a younger patient popula-
tion with future hopes of valve-in-valve (ViV) TAVR. We 
believe much of this change in paradigm is premature, as 
there remains little data regarding long-term outcomes 
regarding valve-in-valve TAVR in young patients. Future 
studies will look to elucidate whether such an approach 
is capable of alleviating the excess mortality observed in 
young patients post-conventional AVR.

Discussion
What is the missing bridge?
Several components have been recognized within the 
past decade as critically important to the success of 
an adult Ross program. The first is appropriate surgical 
expertise that includes a broad aortic valve/root skill set 
and/or adult congenital experience. In many circum-
stances, this can be achieved by forming partnerships 
and collaborations with local adult and congenital heart 
surgeons. This is accompanied by performing a requi-
site number of Ross procedures, which typically requires 
seeing a significant number of younger bicuspid aortic 
valve (BAV) aortic valve patients and further highlights 
the importance of the center volume-outcome relation-
ship. The “learning curve” associated with the Ross pro-
cedure has been observed to be around 75-100 cases, and 
thus very low-volume programs will likely never achieve 
this threshold in a reasonable timeframe [36]. Techni-
cal modifications of the Ross procedure have also likely 
improved recent outcomes. These include aortic annular/
sinotubular junction stabilization (with the use of dacron 
grafts and “rings”), use of a “protected” Ross in “high-
risk” settings (dilated aortic annulus, primary aortic 
regurgitation indication, etc.), trimming of the autograft 
to minimize pulmonary artery length, deep implantation 

of the autograft within the left ventricular outflow tract, 
and use of decellularized pulmonary homografts. Finally, 
perhaps the most impactful intervention was the rela-
tionship between post-operative hypertension and subse-
quent autograft dilation. This has led to very aggressive 
blood pressure monitoring up to a year out from surgery. 
Through the prevention of hypertension (systolic blood 
pressure > 110mmHg), it has been demonstrated that 
early autograft dilation can be substantially slowed or 
even prevented [37].

Effective surgeon training and collaboration are 
extremely important. It is imperative that leaders within 
this space are open to sharing their knowledge and exper-
tise so that others in the earlier phases of program devel-
opment might avoid the issues seen in the past. To this 
end, the prospective data monitoring and audit process 
is essential. A widespread “Ross database” with obligate 
outcome reporting for Ross centers of excellence (COE) 
would help to establish accurate outcomes data on a 
widespread scale to help truly understand “effectiveness” 
(as opposed to purely efficacy) in the real world.

Finally, the importance of an entire Ross team concept 
cannot be overstated. Unique peri-operative manage-
ment is required post-Ross and appropriate institutional 
expertise is required. Stringent blood pressure control 
and autograft monitoring with serial imaging require 
significant coordination and infrastructure, and a team 
approach is critical to engage multiple stakeholders in 
this process. It is through this engagement that active 
change can be achieved and a Ross program can be suc-
cessfully implemented with its intended fidelity. We 
believe it is through this combination of multi-faceted 
and multi-contextual factors that the “missing bridge” 
between reputational concerns regarding Ross (likely 
reflected in current guidelines) and excellent long-term 
outcomes that has recently been published from centers 
worldwide (Fig. 2).

In summary, with proper patient selection and center 
experience, the Ross procedure likely has long-term 
benefits in non-elderly patients with valvular heart dis-
ease and may in fact restore patients to a “normal” life 
expectancy. The historical D&I of the Ross procedure 
was a result of inadequate appreciation of the subtly 
of technical complexity and effect of patient selection 
and complex aortic surgery experience, resulting in 
the dismissal of an efficacious procedure due to a mis-
understanding of effectiveness. Contemporary data 
repeatedly show the long-term excellent outcome of 
the Ross procedure in young and middle-aged adults. 
Further, these same data continue to illuminate the 
“cost” placed on patients with conventional aortic valve 
replacement, which includes valve deterioration, anti-
coagulation/thrombotic-related event, and increased 
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mortality. Only time will tell if aortic valve guidelines 
will be updated to reflect this contemporary practice. 
This would undoubtebly assist in mending the conflict 
between historical perceptions and the true effective-
ness of this innovative procedure. This is the path that 
may ultimately help lead to a “plateau of production” 
as it relates to the care of aortic valvular disease in our 
younger patient population.

Conclusions
The D&I of the Ross procedure was a result of an inad-
equate appreciation of technical complexity, effect of 
patient selection, and complex aortic surgery experience, 
resulting in the dismissal of an efficacious procedure due 
to a misunderstanding of effectiveness.
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