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ABSTRACT

Acute kidney injury (AKI) remains a frequent and clinically significant 
complication following cardiopulmonary bypass (CPB), often developing 
despite apparently stable systemic hemodynamics. Conventional renal 
monitoring relies on delayed biochemical markers that fail to capture 
early disturbances in renal microcirculation. The renal resistive index 
(RRI) has emerged as a dynamic indicator of  renal vascular resistance 
and microcirculatory stress, but its perioperative application has 
been limited by the practicality of  transabdominal ultrasonography. 
Transesophageal echocardiography (TEE), routinely used during 
cardiac surgery, offers a unique opportunity for real-time assessment of  
renal hemodynamics during and immediately after CPB. This literature 
review synthesizes current evidence on the feasibility, physiological 
basis, and clinical relevance of  TEE-derived RRI measurement in the 
post-CPB setting. The reviewed studies suggest that elevated RRI 
values reflect a complex interaction of  renal vascular resistance, venous 
congestion, altered pulsatility, and inflammatory endothelial dysfunction 
rather than isolated reductions in renal blood flow. Importantly, RRI 
elevation frequently precedes changes in serum creatinine or urine 
output and has been associated with an increased risk of  postoperative 
renal dysfunction, even in patients without overt hypotension or low 
cardiac output. TEE-derived RRI therefore represents a promising, 
underutilized hemodynamic marker for early identification of  
postoperative renal vulnerability and may support more proactive, 
organ-protective hemodynamic management strategies following 
cardiopulmonary bypass.
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INTRODUCTION
Acute kidney injury (AKI) remains one 

of the most prevalent and prognostically 
significant complications following cardiac 
surgery with cardiopulmonary bypass (CPB), 
affecting up to 30–40% of patients depending 
on diagnostic criteria and surgical complexity.1,2 
Even mild postoperative renal dysfunction has 
been consistently associated with increased 
morbidity, prolonged intensive care unit 
stay, higher healthcare costs, and long-term 
mortality.3,4 Despite advances in perfusion 
strategies, myocardial protection, and 
perioperative hemodynamic monitoring, the 
incidence of CPB-associated AKI has remained 
largely unchanged, suggesting persistent gaps 
in early detection and pathophysiological 
understanding.5 

Current perioperative renal monitoring 
predominantly relies on systemic parameters 
and delayed biochemical markers, such as serum 
creatinine and urine output. These indices, 
however, reflect renal injury only after substantial 
functional impairment has already occurred and 
provide limited insight into dynamic changes 
in renal microcirculation.6 Importantly, AKI 
following CPB frequently develops in patients 
without sustained hypotension or overt low 
cardiac output syndrome, underscoring that 
macrocirculatory stability does not necessarily 
equate to preserved renal perfusion.7 This 
dissociation highlights the need for real-time, 
physiology-based markers capable of detecting 
early renal vascular stress before irreversible 
injury ensues. 

The renal resistive index (RRI), derived 
from Doppler assessment of intrarenal 
arterial waveforms, has gained attention as a 
surrogate marker of renal vascular resistance 
and microcirculatory integrity.8 Elevated RRI 
values have been associated with adverse 
renal outcomes in various clinical settings, 
including critical illness, sepsis, and heart 
failure.9,10 Traditionally, RRI is measured 
using transabdominal ultrasonography; 
however, this technique is often impractical 
or unreliable in the immediate perioperative 
period following cardiac surgery due to surgical 
dressings, mechanical ventilation, obesity, and 

limited acoustic windows.11 These limitations 
significantly restrict its applicability precisely 
when early renal assessment would be most 
valuable. 

Transesophageal echocardiography (TEE) 
is routinely employed during cardiac surgery 
and in the early postoperative period to guide 
hemodynamic management and assess cardiac 
function. Beyond conventional cardiac imaging, 
TEE enables visualization of descending 
thoracic and abdominal vascular structures, 
providing an opportunity to assess renal arterial 
flow indirectly and derive RRI measurements 
without additional equipment or patient 
repositioning.12,13 Emerging evidence suggests 
that TEE-derived RRI can be obtained safely and 
reproducibly during and immediately after CPB, 
offering real-time insight into renal vascular 
dynamics at a critical juncture of systemic 
inflammatory activation, altered pulsatility, and 
venous congestion.14 

Importantly, growing data indicate that 
postoperative elevations in RRI reflect a complex 
interplay of renal venous hypertension, increased 
intrarenal vascular stiffness, inflammatory 
endothelial dysfunction, and neurohormonal 
activation rather than isolated reductions in 
renal blood flow.15–17 As such, RRI may represent 
an integrative marker of renal vulnerability 
rather than a simple perfusion metric. However, 
the clinical role of TEE-derived RRI in the context 
of CPB remains incompletely defined, and its 
potential value for early risk stratification and 
targeted hemodynamic optimization has not 
been systematically synthesized. 

Therefore, the purpose of this literature 
review is to critically evaluate the physiological 
rationale, technical feasibility, and clinical 
relevance of TEE-derived renal resistive index 
measurement in patients undergoing cardiac 
surgery with CPB. By integrating existing 
evidence, this review aims to clarify the potential 
role of RRI as an early hemodynamic marker of 
postoperative renal vulnerability and to identify 
knowledge gaps that may inform future research 
and perioperative monitoring strategies.

Feasibility of TEE-Derived Renal Resistive 
Index Assessment After CPB
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The reviewed literature demonstrates 
that assessment of the renal resistive index 
(RRI) using echocardiographic techniques is 
technically feasible in the perioperative cardiac 
surgery setting. While most early studies utilized 
transabdominal Doppler ultrasonography, 
several experimental and clinical investigations 
have shown that renal arterial flow signals 
can be obtained using transesophageal 
echocardiography (TEE), particularly during 
and immediately after cardiopulmonary bypass 
(CPB).8,12,14 This is clinically relevant, as the 
immediate post-CPB period represents a critical 
window during which renal hemodynamics 
are most vulnerable, yet conventional 
transabdominal access is frequently limited by 
surgical dressings, mechanical ventilation, and 
patient positioning.

TEE-based assessment offers a practical 
advantage by enabling real-time renal vascular 
evaluation without interrupting standard 
perioperative monitoring. Given that TEE is 
routinely employed during cardiac surgery, 
extending its use to include RRI measurement 
does not require additional equipment and 
may be seamlessly integrated into existing 
workflows.12 This feasibility positions TEE-
derived RRI as a potentially scalable monitoring 
tool in high-risk cardiac surgical populations.

Physiological Determinants of RRI in the 
Post-CPB Setting

Across the reviewed studies, elevated RRI 
values after CPB were consistently associated 
with adverse renal physiology rather than 
isolated reductions in renal blood flow. 
Experimental and clinical data suggest that 
RRI reflects a composite of intrarenal vascular 
resistance, arterial compliance, pulsatility, and 
downstream venous pressure.8,15 Following 
CPB, these factors are profoundly influenced by 
systemic inflammatory responses, endothelial 
dysfunction, neurohormonal activation, and 
non-physiological flow patterns.

Importantly, several studies demonstrated 
that postoperative RRI elevation occurs even in 
patients with preserved mean arterial pressure 
and acceptable cardiac output.7,16 This finding 
underscores a critical dissociation between 

macrocirculatory parameters and renal 
microcirculatory integrity. In this context, RRI 
appears to capture renal vascular stress driven 
by increased renal venous congestion, elevated 
systemic vascular resistance, and altered 
pulsatile energy transmission rather than 
global hypoperfusion alone.15–17 Such insights 
support the concept of RRI as an integrative 
hemodynamic marker rather than a simple 
surrogate for renal blood flow.

Association Between RRI and Early Postop-
erative Renal Dysfunction

The reviewed literature indicates that 
elevated RRI values frequently precede 
conventional biochemical markers of acute 
kidney injury (AKI), such as serum creatinine 
elevation or reduced urine output.9,15 This 
temporal relationship suggests that RRI may 
serve as an early indicator of renal vulnerability 
rather than established injury. Several 
observational studies reported correlations 
between higher postoperative RRI and increased 
incidence or severity of AKI, prolonged intensive 
care unit stay, and worse short-term outcomes.3,9

From a clinical perspective, this early signal 
is particularly valuable in the post-CPB period, 
where renal injury often develops insidiously 
and becomes apparent only after significant 
functional loss has occurred. By identifying 
patients at risk before irreversible injury 
develops, RRI may facilitate earlier intervention 
and individualized hemodynamic optimization 
strategies.

Clinical Implications and Novelty of TEE-De-
rived RRI Monitoring

The principal novelty highlighted by this 
review lies in reframing postoperative renal 
monitoring from delayed injury detection 
toward proactive physiological surveillance. 
Unlike static biochemical markers, TEE-derived 
RRI provides dynamic, real-time information 
on renal vascular conditions at a moment when 
therapeutic interventions are still modifiable. 
Integrating RRI assessment into perioperative 
TEE protocols could therefore enable targeted 
strategies aimed at reducing renal venous 
congestion, optimizing preload, and modulating 

DOI: 10.22146/jka.v13i1.27983

Transesophageal Echocardiography–Derived Renal Resistive 
Index after Cardiopulmonary Bypass: A Novel Hemodynamic 

Marker of  Postoperative Renal Vulnerability 



67              e-ISSN 2354-6514

Volume 13 No 1 2025 November

systemic vascular resistance.16,17

Furthermore, TEE-derived RRI offers a 
mechanistic explanation for why AKI may 
develop despite apparently adequate systemic 
hemodynamics. By capturing microvascular 
and venous components of renal perfusion, 
RRI bridges a critical knowledge gap between 
macrocirculatory monitoring and organ-
level outcomes. This paradigm shift aligns 
with emerging concepts of organ-protective 
hemodynamic management in cardiac surgery.
Nevertheless, current evidence is limited by small 
sample sizes, heterogeneity in measurement 
techniques, and the absence of standardized 
RRI cutoff values specific to the post-CPB 
population. Prospective studies are needed to 
validate TEE-derived RRI as a predictive and 
actionable biomarker and to define its role 
within multimodal renal protection strategies.

CONCLUSION
Transesophageal echocardiography derived 

renal resistive index is a promising hemodynamic 
marker for early detection of renal vulnerability 
following cardiopulmonary bypass. By reflecting 
renal vascular resistance and microcirculatory 
stress, RRI may identify patients at risk of acute 
kidney injury before conventional biochemical 
markers become abnormal. Incorporating RRI 
assessment into routine perioperative TEE has 
the potential to enhance early risk stratification 
and support organ-protective hemodynamic 
management. Further prospective studies are 
needed to validate its clinical utility and define 
standardized postoperative thresholds.
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