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Abstract

Background: Routine cardiac catheterization has traditionally been considered mandatory prior to the
bidirectional Glenn procedure in patients with single-ventricle physiology, aiming to assess pulmonary
artery anatomy, pulmonary pressures, and ventricular filling. However, invasive assessment carries
procedural risk and cumulative radiation exposure, while advances in non-invasive imaging have
challenged this paradigm. Main Body: This review synthesizes historical practice, contemporary
evidence, and evolving guideline recommendations regarding pre-Glenn assessment. Landmark
randomized data, most notably from Brown et al., demonstrated that cardiac magnetic resonance
provides equivalent surgical decision-making and early outcomes compared with routine catheterization,
while significantly reducing adverse events, hospital stay, and cost. Subsequent institutional experiences
and international guidelines (2020-2023) have reinforced a selective approach, favoring non-invasive
imaging — particularly cardiac magnetic resonance —unless an intervention is anticipated or non-invasive
findings are equivocal. Furthermore, we propose a phenotype-guided strategy for a subset of patients
with favorable ventricular morphology and shunt-dependent pulmonary blood flow, in whom targeted
echocardiography with adjunctive computed tomography angiography may suffice. Conclusion:
Accumulating evidence supports a shift from universal invasive assessment toward individualized, risk-
stratified pre-Glenn evaluation. A selective imaging-driven strategy may safely reduce procedural burden
while preserving diagnostic accuracy in carefully chosen patients.
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Background

Single-ventricle congenital heart disease encompasses a heterogeneous group of malformations
in which biventricular repair is not feasible, necessitating staged palliation culminating in a cavo-
pulmonary connection. The bidirectional Glenn procedure represents a critical intermediate step in
this pathway, typically performed after completion of stage I palliation, such as the Norwood
operation, pulmonary artery banding, or placement of a systemic-to-pulmonary artery shunt.
Optimal timing and patient selection for the Glenn procedure are essential, as adverse hemodynamics
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at this stage may compromise pulmonary vascular development and negatively impact candidacy
for subsequent Fontan completion [1,2].

Traditionally, cardiac catheterization has been considered a cornerstone of the pre-Glenn evaluation.
Following stage I palliation, patients are believed to require invasive hemodynamic assessment to ensure
suitability for cavopulmonary circulation. This standard approach is grounded in the need to
comprehensively evaluate pulmonary artery (PA) anatomy and growth, measure pulmonary artery
pressures, and assess single-ventricle end-diastolic pressure (EDP). Adequate pulmonary artery size and
low pulmonary vascular resistance are prerequisites for successful Glenn physiology, as the pulmonary
circulation becomes passively driven by venous pressure rather than ventricular output. Elevated PA
(Pulmonary Artery) pressures or distorted pulmonary artery anatomy may lead to suboptimal Glenn
performance, superior vena cava syndrome, or early failure of the cavopulmonary circuit [3]

In addition, assessment of ventricular filling pressures has traditionally been emphasized. Elevated
single-ventricle EDP (end-diastolic pressure) reflects impaired diastolic compliance and has been
associated with worse outcomes following cavopulmonary connections. Cardiac catheterization allows
direct measurement of ventricular pressures and calculation of transpulmonary gradients, providing data
that are not always reliably inferred from non-invasive imaging alone. Furthermore, catheterization
enables identification of residual lesions such as aortic arch obstruction, systemic-to-pulmonary shunt
stenosis, pulmonary artery branch distortion, or venovenous and aortopulmonary collateral vessels,
which may require transcatheter or surgical intervention prior to Glenn completion [4].

Historically, therefore, pre-Glenn catheterization has been viewed not only as a diagnostic tool
but also as a therapeutic opportunity, allowing hemodynamic optimization before progression to the
next surgical stage. This paradigm has been reinforced by earlier eras of limited echocardiographic
resolution and reduced availability of advanced cross-sectional imaging. As a result, routine
catheterization prior to Glenn has been widely adopted in many centers as a default strategy,
regardless of clinical stability or non-invasive imaging findings [5].

However, cardiac catheterization is not without risk, particularly in infants with fragile
physiology. Complications such as vascular injury, arrhythmias, contrast-induced nephropathy,
radiation exposure, and hemodynamic instability remain important considerations. With
advancements in echocardiography, including improved assessment of pulmonary artery anatomy
and ventricular diastolic function, as well as increasing use of cardiac magnetic resonance imaging
and computed tomography, the necessity of routine invasive assessment in all patients prior to Glenn
has been increasingly questioned [2].

Against this backdrop, re-examining the role of routine pre-Glenn catheterization in the
contemporary era is timely and clinically relevant, particularly in carefully selected patients with
favorable non-invasive findings.

Main Body
Transition Toward a Non-Invasive Pre-Glenn Evaluation Strategy

Over the past two decades, significant advances in non-invasive cardiovascular imaging have
challenged the paradigm of routine invasive assessment prior to the bidirectional Glenn procedure.
Improvements in cardiac magnetic resonance (CMR), in particular, have enabled comprehensive
evaluation of pulmonary artery anatomy, ventricular volumes and function, flow distribution, and
extracardiac vasculature without the risks inherent to cardiac catheterization. These technological
developments have prompted critical reappraisal of whether routine pre-Glenn catheterization is
necessary in all patients, particularly those with favorable clinical status and reassuring
echocardiographic findings [6].

A pivotal milestone in this transition was the prospective randomized trial by Brown et al., which
directly compared routine cardiac catheterization with cardiac magnetic resonance in infants with
functional single-ventricle physiology undergoing evaluation for bidirectional Glenn anastomosis. In this
landmark study, cardiac magnetic resonance was shown to provide all clinically relevant anatomical and
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functional information required for surgical decision-making, with significantly fewer adverse events,
shorter hospital stays, and substantially lower costs compared with catheterization. Importantly, early
postoperative outcomes, surgical success rates, and short-term clinical status were comparable between
the two groups, despite a higher rate of catheter-based interventions in the invasive arm [7]. These
findings demonstrated that, in carefully selected patients, routine catheterization rarely altered surgical
candidacy or outcomes and that cardiac magnetic resonance could safely serve as a primary diagnostic
modality before Glenn. Subsequent observational studies and institutional experiences further reinforced
this shift. Large single-center series documented successful transitions to predominantly non-invasive
imaging pathways, with catheterization reserved for patients with suspected elevated pulmonary
vascular resistance, significant ventricular dysfunction, atrioventricular valve regurgitation, pulmonary
venous obstruction, or when a transcatheter intervention was anticipated. These real-world data
highlighted not only the diagnostic reliability of cardiac magnetic resonance but also its favorable safety
profile and cumulative reduction in radiation exposure and procedural burden, particularly relevant in
infants with lifelong surveillance needs [8].

This evolving evidence base was ultimately reflected in international guidelines and consensus
documents. The AEPC (Guidelines for the Management of Hypoplastic Left Heart Syndrome from the
Association for European Pediatric Cardiology) acknowledged the growing role of cross-sectional
imaging and emphasized that pre-Glenn catheterization should not be considered mandatory in all
patients. Instead, invasive assessment was recommended selectively, particularly when non-invasive
imaging suggested unfavorable hemodynamics or when interventional procedures were anticipated [9].

More recently, the 2022-2023 multi-society cardiac magnetic resonance guidelines, endorsed
by major cardiovascular and imaging societies, explicitly positioned cardiac magnetic resonance as a
central modality in the evaluation of patients with single-ventricle physiology. These documents
describe cardiac magnetic resonance as a “one-stop” diagnostic tool capable of delivering high-
fidelity anatomical, functional, and flow-related data, supporting its preferential use in stable patients
prior to staged cavopulmonary connections [10]

Collectively, these trials, institutional data, and consensus statements mark a clear transition
from routine invasive assessment toward a selective, imaging-driven approach, with cardiac
magnetic resonance favored as the primary modality before Glenn in appropriately selected patients.
This shift underscores a broader movement in congenital heart disease care toward precision-based,
patient-tailored evaluation strategies that minimize risk while preserving diagnostic accuracy.

Is Echocardiography +/- CT Angiography Sufficient in Some Selected Phenotypes?

As mentioned earlier in the article, the pre-Glenn evaluation of patients with single-ventricle
physiology has traditionally relied on routine cardiac catheterization to assess pulmonary artery
anatomy and hemodynamics, particularly pulmonary artery pressure and pulmonary vascular
resistance. While this approach has been considered the gold standard, it is inherently invasive and
carries non-negligible risks, including vascular complications, radiation exposure, and the need for
general anesthesia in a fragile population. More recently, cardiovascular magnetic resonance (CMR)
has emerged as a less invasive alternative capable of providing detailed anatomic assessment and
surrogate hemodynamic data through flow quantification. However, cardiac magnetic resonance is
resource-intensive, time-consuming, frequently requires anesthesia in infants, and may not be
universally available. Importantly, both catheterization and cardiac magnetic resonance are often
applied uniformly across heterogeneous single-ventricle phenotypes, despite substantial
physiological differences that influence the likelihood of abnormal pre-Glenn hemodynamics [7].

We propose a third, phenotype-guided approach for a selected subgroup of single-ventricle
patients, specifically those with pulmonary atresia and a favorable ventricular—valvular profile. This
subgroup is typically characterized by a dominant left ventricular morphology, a dominant mitral
atrioventricular valve with a low risk of significant regurgitation, preserved ventricular systolic
function, and a ductal- or Blalock-Taussig shunt-dependent pulmonary circulation. From a
physiological standpoint, these features are associated with a low probability of pulmonary venous

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.1828.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 February 2026 d0i:10.20944/preprints202602.1828.v1

4 of 6

hypertension, ventricular dysfunction, or elevated pulmonary vascular resistance prior to the Glenn
procedure. In this context, comprehensive targeted echocardiography can reliably assess the key
determinants of Glenn suitability, including ventricular performance, atrioventricular valve
competence, atrial pressures through Doppler surrogates, and proximal pulmonary artery anatomy.
In patients where echocardiographic visualization of branch pulmonary arteries or distal pulmonary
arborization is suboptimal, a focused, non-lengthy computed tomography angiography can be added
to provide high-resolution anatomic detail without the prolonged acquisition time or physiologic
perturbations associated with cardiac magnetic resonance, and with lower procedural risk compared
to diagnostic catheterization [3,11-13]

This proposed strategy emphasizes proportionality and risk stratification rather than universal
testing. In the described phenotype, the pre-test probability of discovering prohibitive pulmonary
hemodynamics at catheterization is low, while the cumulative procedural burden of invasive or lengthy
non-invasive studies remains substantial. By reserving cardiac catheterization or cardiac magnetic
resonance for patients with echocardiographic red flags, discordant clinical findings, or borderline
physiology, this approach maintains patient safety while reducing unnecessary invasiveness, anesthesia
exposure, and healthcare resource utilization. Importantly, this is not an argument for abandoning
catheterization or cardiac magnetic resonance, but rather for integrating them more selectively within a
phenotype-driven algorithm. Such a strategy aligns with contemporary principles of precision medicine
and may represent a pragmatic evolution in pre-Glenn assessment for carefully selected single-ventricle
patients. Prospective validation of this approach could further clarify its role in optimizing outcomes
while minimizing procedural risk [6,8,14-18]

Conclusion

Routine cardiac catheterization before the bidirectional Glenn procedure has historically been
considered essential for assessing pulmonary artery anatomy and hemodynamic suitability.
However, contemporary evidence demonstrates that this universal invasive approach is no longer
necessary for all patients. Advances in non-invasive imaging—particularly cardiac magnetic
resonance —now allow comprehensive anatomical and functional assessment with lower procedural
risk, reduced cost, and elimination of ionizing radiation. Randomized and observational data
consistently show that selective non-invasive strategies do not compromise early surgical outcomes
when applied to appropriately selected patients.

Recent international guidelines have therefore endorsed a shift toward individualized pre-
Glenn evaluation, reserving catheterization for patients with suspected unfavorable physiology or
when transcatheter intervention is anticipated. Furthermore, a phenotype-guided strategy may safely
identify a subset of low-risk patients in whom targeted echocardiography, with adjunctive computed
tomography when needed, is sufficient. This evolving paradigm reflects a precision-based approach
that balances diagnostic accuracy with proportionality of risk, optimizing patient safety and resource
utilization in contemporary single-ventricle care.
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