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ABSTRACT

Background: Hydronephrosis is frequently identified on imaging and is
commonly regarded as a marker of urinary tract obstruction. Although recent
studies have clarified several mechanisms of obstructive uropathy, the
relationship between hydronephrosis severity and renal functional impairment
remains inconsistent. Increasing evidence indicates that radiological dilatation
does not reliably predict the extent of renal injury, particularly in acute kidney
injury (AKI) and in the presence of delayed decompression, infection, or
malignancy. Objective: This narrative integrative review aims to synthesize
recent evidence on the clinical impact of hydronephrosis on renal function,
focusing on pathophysiological mechanisms, diagnostic challenges, acute and
long-term renal outcomes, and determinants of renal recovery after obstruction
relief. Methods: This study was conducted as a narrative integrative review of
peer-reviewed literature published between 2021 and 2026. Relevant articles
were identified from major biomedical databases and selected based on
thematic relevance to obstructive uropathy, hydronephrosis, AKI, acute kidney
disease (AKD), and chronic kidney disease (CKD). The review provides a
conceptual synthesis of experimental studies, observational cohorts, systematic
reviews, and consensus statements. No formal systematic review methodology,
PRISMA framework, or quality appraisal tool was applied. Results: The
evidence demonstrates that obstruction induces hemodynamic disturbance,
tubular epithelial injury, inflammation, microvascular dysfunction, and fibrotic
remodeling, processes that may persist after decompression and limit renal
recovery. Hydronephrosis severity correlates poorly with renal dysfunction,
and clinically significant obstructive AKI may occur without marked dilatation.
Renal recovery is heterogeneous and influenced by obstruction duration, AKI
severity, baseline renal reserve, infection, malignancy-related obstruction, and
timing of intervention. Obstructive AKI may progress to AKD and increase
long-term CKD risk. Conclusion: Hydronephrosis should be interpreted as a
context-dependent indicator of renal vulnerability rather than a purely
anatomical finding. Integrated clinical and functional assessment, together with
structured follow-up, is essential to optimize renal recovery and mitigate
chronic kidney disease progression.

Copyright ©2026 by Authors. Published by Faculty of Medicine, Universitas Diponegoro Semarang Indonesia. This is an open access article under the CC-BY-NC-SA

(https://creativecommons.org/licenses/by-nc-sa/4.0/).

INTRODUCTION

may reflect clinically significant obstructive uropathy

Hydronephrosis is defined as dilatation of the
renal pelvis and calyces resulting from impaired
urinary drainage and is most commonly associated
with urinary tract obstruction.! Although frequently
identified  through  imaging, hydronephrosis
represents more than a structural abnormality, as it
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with direct consequences for renal function.? Within
the broader context of kidney disease, obstructive
uropathy is a well-recognized cause of post-renal
acute kidney injury (AKI) and is considered one of the
potentially reversible etiologies of renal dysfunction
when timely intervention is achieved.? However,
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accumulating evidence indicates that delayed or
prolonged obstruction can lead to persistent renal
injury, incomplete recovery, and progression to
chronic kidney disease (CKD), underscoring the
clinical importance of understanding the functional
implications of hydronephrosis rather than relying
solely on its anatomical description.’

The rationale for reviewing the literature on
hydronephrosis and renal function is driven by
growing recognition that the relationship between
radiological findings and renal functional impairment
is complex and frequently underestimated. While
hydronephrosis is commonly used as a surrogate
marker for urinary tract obstruction, several studies
have demonstrated that the severity of pelvicalyceal
dilatation does not consistently correlate with the
degree of renal dysfunction or the potential for
recovery after relief of obstruction. Experimental and
translational studies have shown that obstruction
initiates a cascade of pathophysiological changes,
including increased intratubular pressure, altered
renal hemodynamics, inflammatory activation, and
progressive tubulointerstitial fibrosis, mechanisms
that are central to irreversible nephron loss when
obstruction is sustained.* > Clinically, AKI secondary
to obstructive uropathy has been associated with
adverse long-term renal outcomes and increased
mortality, particularly in patients with severe AKI or
malignancy-related obstruction, reinforcing the
concept that obstruction-related renal injury is not
always benign or transient.’

Despite the growing body of literature
addressing obstructive uropathy and acute kidney
injury, recent reviews have largely focused on either
mechanistic pathways of fibrosis or clinical
management algorithms in isolation. Few syntheses
have explicitly examined the discordance between
radiological hydronephrosis severity and functional
renal impairment, nor have they systematically
integrated acute injury, intermediate acute kidney
disease (AKD), and long-term chronic kidney disease
(CKD) trajectories within a unified conceptual
framework. Consequently, hydronephrosis continues
to be interpreted predominantly as an anatomical
descriptor rather than a dynamic indicator of renal
vulnerability.

This review addresses that conceptual gap by
reframing hydronephrosis as a context-dependent
marker of renal susceptibility and recovery potential.
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By integrating recent mechanistic evidence,
diagnostic limitations, and longitudinal outcome data,
this manuscript aims to provide a clinically oriented
synthesis that links structural findings to functional
prognosis across the AKI-AKD—CKD continuum.

METHODS

This study was conducted as a narrative
integrative review aimed at synthesizing recent
evidence regarding the clinical impact of
hydronephrosis on renal function. The review focused
on literature published between January 2021 and
February 2026 to ensure inclusion of contemporary
mechanistic and clinical data.

A structured but non-systematic search strategy
was performed using major biomedical databases,
including PubMed, Scopus, and Web of Science.
Combinations of keywords and Medical Subject
Headings (MeSH) terms were used, including
“hydronephrosis,” “obstructive uropathy,” “acute
kidney injury,” “acute kidney disease,” “chronic
kidney disease,” “renal fibrosis,” “urinary
obstruction,” and “renal recovery.” Boolean operators
(AND/OR) were applied to refine search
combinations.

Articles were selected based on relevance to the
following thematic domains: (1) pathophysiology of
obstructive renal injury, (2) diagnostic challenges and
imaging—function discordance, (3) hydronephrosis-
associated acute kidney injury, (4) progression from
AKI to AKD and CKD, and (5) determinants of renal
recovery after obstruction relief. Eligible sources
included experimental studies, translational research,
observational cohort studies, systematic reviews,
meta-analyses, and consensus statements. Case
reports were included selectively when they
illustrated emerging diagnostic phenomena such as
non-dilated obstructive nephropathy.

This review did not follow a formal systematic
review protocol (e.g., PRISMA), and no structured
quality appraisal tool or quantitative meta-analysis
was performed. Instead, evidence was synthesized
using a thematic and conceptual integration approach
to provide a clinically oriented framework linking
structural findings of hydronephrosis with functional
renal outcomes.
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Pathophysiology of Obstructive Renal Injury

Obstructive renal injury is initiated when urinary
outflow is impaired, producing upstream increases in
hydrostatic pressure within the renal pelvis and
tubular system. This pressure-loading state rapidly
perturbs filtration dynamics and renal perfusion,
leading to an early fall in glomerular filtration rate
(GFR) that reflects both reduced net filtration pressure
and evolving intrarenal hemodynamic dysregulation.
Contemporary syntheses emphasise that obstruction
is not a purely mechanical problem; rather, it triggers
a coordinated neurohumoral and paracrine response
involving vasoregulatory pathways including RAAS
and endothelin-related signalling that drives a
biphasic renal blood flow pattern. Over time, these
hemodynamic shifts contribute to regional hypoxia
and create a milieu that favours progressive
parenchymal injury.*

At the tubular level, pressure overload and
hypoxia converge to induce epithelial stress responses
that are increasingly understood as central
determinants of the obstruction phenotype. Persistent
mechanical strain and impaired microcirculatory
oxygenation promote tubular epithelial injury
characterised by loss of polarity, transport
dysfunction, and activation of regulated cell death and
stress programmes. Importantly, these epithelial
changes are not merely downstream consequences;
they actively shape the interstitial microenvironment
through secretion of cytokines, chemokines, and
profibrotic mediators that amplify inflammatory
recruitment and stromal activation. Recent integrative
reviews of kidney fibrosis mechanisms place tubular
epithelial maladaptive repair as a pivotal step linking
an initial insult (such as obstruction) to sustained
interstitial remodelling and functional decline.’

Microvascular dysfunction has emerged as a
reinforcing axis in obstructive nephropathy,
particularly through peritubular capillary impairment
and chronic hypoxia. The concept is clinically
relevant because microvascular rarefaction or
capillary dysfunction can persist even after relief of
obstruction, thereby sustaining hypoxic signalling and
limiting epithelial recovery. This hypoxia—fibrosis
coupling is increasingly supported by mechanistic
work connecting microvascular injury to ongoing
profibrotic  transcriptional ~ programmes  and
extracellular matrix accumulation. In practice, this
helps explain why timely decompression does not
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guarantee full functional recovery, especially after
prolonged obstruction with established microvascular
compromise.®

Inflammation is a core driver of progression from
functional impairment to structural damage in
obstructive kidney injury. Following obstruction,
innate immune activation particularly macrophage
recruitment amplifies epithelial injury and accelerates
fibroblast activation via cytokine and chemokine
networks. In unilateral ureteral obstruction (UUO)
models, complement-related  signalling  and
inflammasome pathways have been implicated in
promoting interstitial fibrosis, illustrating how
immune effector mechanisms can directly couple
obstruction to scarring. These inflammatory pathways
are clinically meaningful because they provide a
mechanistic rationale for why sustained obstruction
can produce durable structural changes, even when
the initial trigger is later relieved.'”

A distinguishing feature of chronic obstructive
nephropathy is tubulointerstitial fibrosis the final
common pathway of irreversible renal functional loss.
Recent literature emphasises that fibrosis reflects not
only fibroblast proliferation but also phenotypic
transitions and activation across multiple stromal
compartments,  resulting in  expansion  of
myofibroblast populations and excessive extracellular
matrix deposition. High-resolution approaches,
including single-cell transcriptomics in fibrotic
kidney models, have refined this concept by mapping
discrete stromal and immune states associated with
either adaptive repair or progressive fibrosis. In
parallel, lineage-tracing and mechanistic studies
continue to clarify the cellular origins of
myofibroblasts in renal fibrosis, supporting a multi-
source model in which resident mesenchymal
populations play a central role.'" 1

Maladaptive repair has also been linked to cell-
cycle dysregulation in tubular epithelial cells. Recent
mechanistic work indicates that epithelial G2/M arrest
is not merely a marker of injury severity but may
actively promote fibrogenesis through sustained
profibrotic signalling and impaired regenerative
progression. Studies describing regulatory nodes
controlling tubular cell-cycle arrest and its
downstream fibrotic consequences reinforce the
concept that obstruction can lock in a maladaptive
epithelial  state, thereby favouring chronic
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remodelling rather than restoration of normal
architecture. !> 4

Contemporary clinical evidence aligns with these
mechanistic  insights by demonstrating that
obstruction-associated AKI is not uniformly benign.
In adult obstructive uropathy, AKI has been
associated with worse long-term kidney outcomes and
reduced survival, supporting the biological
plausibility that the hemodynamic—hypoxic—
inflammatory—fibrotic cascade can translate into
durable clinical harm, particularly when obstruction is
severe, prolonged, or malignancy-related. Moreover,
diagnostic pitfalls such as non-dilated obstructive
nephropathy underscore that clinically significant
obstructive renal injury can occur even in the absence
of evident hydronephrosis, potentially prolonging
exposure to injurious pathways before decompression
is pursued (Figure 1).!>16
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Figure 1 Pathophysiology of Obstructive Renal Injury.

Hydronephrosis and Acute Kidney Injury

Hydronephrosis becomes clinically
consequential when it reflects functionally significant
urinary tract obstruction capable of precipitating post-
renal acute kidney injury (AKI), either through
bilateral obstruction, obstruction in a solitary kidney,
or unilateral  obstruction complicated by
superimposed  infection, sepsis, or  severe
hemodynamic instability. Recent literature frames
obstructive uropathy as a time-sensitive cause of AKI
in which delayed recognition allows the transition
from predominantly functional decline to structural
injury and incomplete recovery, reinforcing the need
to interpret hydronephrosis in the acute setting as a
potential marker of ongoing nephron stress rather than
a purely anatomical finding.'”- '®

From an AKI pathophysiology standpoint,
urinary outflow obstruction produces a low-flow AKI
phenotype in which filtration drops rapidly due to
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increased tubular pressure and adaptive-to-
maladaptive changes in intrarenal perfusion, while
ongoing obstruction sustains renal congestion,
hypoxia, and inflammatory amplification that can
prolong or deepen AKI even before obvious
parenchymal thinning appears. Contemporary AKI
frameworks explicitly position urinary tract
obstruction alongside other low-flow states as a
distinct and reversible driver of AKI when timely
decompression is achieved, but emphasize that
reversibility is highly contingent on obstruction
severity, duration, and concurrent infection. !> 2°

Hydronephrosis-associated AKI spans a
spectrum from asymptomatic creatinine rise detected
incidentally on imaging to obstructive anuria with
severe electrolyte derangements and urgent need for
urinary diversion. The risk of AKI is particularly
salient when hydronephrosis coexists with systemic
infection or pyelonephritis, where obstruction may
accelerate intrarenal pressure—mediated dysfunction
while also impairing drainage of infected urine,
increasing the likelihood of sepsis-associated kidney
injury layered upon a post-renal component. A large
observational analysis in hospitalized UTI patients
found that the presence of urolithiasis with
hydronephrosis was associated with 2-3 times higher
risk of AKI than urolithiasis without hydronephrosis,
supporting the clinical intuition that obstruction
severity (as reflected by hydronephrosis) modifies
AKI risk in infectious contexts.?!

In patients presenting with AKI and
pelvicalyceal dilatation, the diagnostic task is to
decide whether the imaging abnormality represents
active obstruction that is driving potentially reversible
renal dysfunction and therefore warrants urgent
drainage, rather than assuming that any
hydronephrosis is clinically actionable.?

Because the yield of any imaging test is
contingent on the pre-test probability generated by the
bedside phenotype—urine output trajectory, pain
pattern or lower urinary tract symptoms,
fever/systemic inflammatory features, and the tempo
of creatinine and potassium rise—recent guidance has
increasingly treated radiologic findings as one strand
of evidence that must be interpreted within a dynamic
clinical frame.?> This integrated approach is not
merely philosophical, obstructive AKI can present
with little or no collecting-system dilatation
(including the recognised entity of non-dilated
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obstructive nephropathy), particularly early in the
course or when extrinsic compression and reduced
urine production limit visible distension, so a negative
or mild wultrasound cannot reliably exclude
functionally important obstruction when suspicion is
high.'®

Management principles follow directly from the
pathobiology, once obstructive AKI is confirmed (or
strongly suspected in a high-risk presentation), the
priority is prompt relief of obstruction by the most
appropriate route (e.g., bladder catheterization for
outlet obstruction, ureteral stent or percutaneous
nephrostomy for upper-tract obstruction), while
simultaneously correcting life-threatening
derangements (hyperkalemia, severe acidosis, uremic
complications) and treating infection when present.
Recent nephrology—urology syntheses underline that
time-to-decompression is a major determinant of
renal recovery, and that concomitant infection is a key
modifier that should lower the threshold for urgent
drainage.’

After decompression, clinicians must anticipate
the biphasic recovery pattern typical of post-renal
AKI that is an early diuretic phase (post-obstructive
diuresis, POD) may be physiologic, reflecting solute
and volume excretion, but can become pathologic
with sustained high urine output and -clinically
significant electrolyte disturbances. Contemporary
literature in both adult and pediatric settings reiterates
standard diagnostic thresholds (e.g., =200 mL/hour
for two consecutive hours or >3 L/24 hours after relief
of obstruction) and highlights clinically relevant
complications including dehydration, hypovolemia,
hypokalemia, and dysnatremias—particularly
hazardous when monitoring is inadequate. Recent
European Urology Open Science work further
emphasizes that post-obstruction polyuria is common
and that clinically significant complications such as
hematuria, dehydration, and electrolyte abnormalities
are not rare in real-world practice, strengthening the
argument for protocolized post-decompression
monitoring in hydronephrosis-associated AKI.>2*

Beyond the binary presence or absence of
hydronephrosis, emerging data suggest that pattern
recognition within imaging phenotypes may refine
AKI risk stratification. Bilateral symmetrical dilation,
asymmetric upper tract distension with cortical
thinning, and rapidly progressive pelvicalyceal
expansion represent distinct hemodynamic contexts
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with different implications for intrarenal pressure
transmission and compensatory capacity.?> These
radiologic nuances may provide incremental
prognostic information beyond traditional grading
systems, particularly when interpreted alongside urine
output trajectory and dynamic creatinine trends.??

Another  underappreciated dimension of
hydronephrosis-associated AKI is the phenomenon of
biochemical-radiologic  discordance. In some
patients, creatinine rise is disproportionate to the
degree of visible dilation, reflecting either early
obstruction before anatomical remodeling or
significant parenchymal vulnerability due to limited
nephron reserve. Conversely, marked dilation with
stable renal indices may represent compensated
obstruction. This discordance reinforces the concept
that obstruction severity cannot be inferred from
imaging alone and that renal functional reserve
critically shapes the clinical phenotype.* 2

The  masking effect of contralateral
compensation in unilateral obstruction further
complicates interpretation. Systemic creatinine may
underestimate injury when the non-obstructed kidney
hyperfilters, delaying recognition of clinically
meaningful damage in the affected kidney. This
compensatory phenomenon becomes particularly
relevant in individuals with reduced baseline renal
mass or pre-existing chronic kidney disease, in whom
reserve capacity is limited and minor obstruction may
precipitate overt AKI.>"

Recent translational research also raises interest
in subclinical tubular stress markers that precede overt
creatinine rise. While not yet incorporated into routine
practice, biomarkers reflecting tubular injury or cell-
cycle arrest have been explored in broader AKI
populations and may eventually refine early detection
of obstructive injury before irreversible structural
damage occurs. Their potential role in
hydronephrosis-associated ~AKI  highlights the
evolving intersection between structural imaging and
molecular injury signaling.*

Health-system factors introduce another layer of
variability. Delays in imaging, under-recognition of
non-dilated obstruction, and misattribution of AKI to
sepsis or volume depletion may prolong obstruction
duration before decompression is achieved.
Observational data consistently show that time-to-
relief influences recovery probability, suggesting that
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diagnostic latency not merely biological severity
contributes to outcome heterogeneity.*! 3

Malignant ureteric obstruction represents a
distinct hydronephrosis—AKI phenotype in which
obstruction often signals advanced systemic disease,
and decompression decisions must balance renal
recoverability against procedural burden,
complication risk, and overall prognosis. Large
contemporary datasets and systematic reviews in
malignant upper urinary tract obstruction consistently
show poor survival for many patients despite
intervention, but also document that decompression
can restore renal function sufficiently to enable
systemic therapy in selected individuals. A large
Scottish cohort study highlighted malignant ureteric
obstruction as a marker of advanced malignancy with
poor survival across cancer types, underscoring the
need for individualized decision-making and
consistent care pathways.?* 3

Within oncology populations, AKI is common,
multifactorial, and prognostically significant;
obstructive ~ mechanisms  particularly  pelvic
malignancies causing bilateral ureteric obstruction are
among the reversible contributors that clinicians must
actively identify. Contemporary cohort work in
hospitalized cancer patients with severe AKI has
emphasized cause attribution and prognostic
determinants of mortality and renal replacement
therapy, supporting structured evaluation that does
not overlook post-renal drivers when hydronephrosis
is present.®

Predicting renal recovery after hydronephrosis-
associated AKI remains an active area of study, with
recent clinical investigations focusing on baseline
kidney function, AKI stage, duration of
obstruction/anuria, infection, and post-decompression
urine output patterns as pragmatic predictors. Recent
BMC Nephrology work evaluating predictors of renal
function recovery after treatment for severe unilateral
upper urinary tract obstruction provides contemporary
evidence that recovery is heterogeneous and
measurable, supporting the clinical approach of early
decompression plus close longitudinal reassessment
rather than assuming uniform reversibility.*®

The hydronephrosis—AKI relationship should be
situated within the broader continuum from AKI to
acute kidney disease (AKD) and chronic kidney
disease (CKD).*” Recent study emphasizes that a
substantial subset of patients transition from AKI to
AKD with persistent dysfunction beyond the acute
window, which is clinically consistent with
obstructive AKI cases where decompression is
delayed, infection is superimposed, or baseline CKD
is present.® This broader framing helps justify why
hydronephrosis-associated AKI should trigger not
only urgent decompression when indicated, but also
deliberate follow-up for residual dysfunction and risk
mitigation.>

While narrative synthesis highlights
pathophysiological plausibility, quantitative cohort
data provide essential perspective regarding the
magnitude of AKI risk and downstream renal
outcomes. These findings are summarized in Table 1.

Table 1. Key cohort findings linking hydronephrosis/obstructive uropathy with AKI and downstream outcomes

Study Population / Sample AKI Effect size (AKI risk) Long-term Mortality
(year) setting size (N) incidence / CKD risk
definition progression
Hsiao et Hospitalized 1,113 14.8% AKI Among UTI patients with Not reported In-hospital
al. UTI patients during urolithiasis, ureteral stone + mortality
(2021)*"  undergoing admission hydronephrosis 0.6%
imaging independently predicted AKI: (7/1113)
(2006-2019) OR 2.299 (95% CI 1.112—
4.755); additionally, in UTI
patients without
hydronephrosis, urolithiasis
still predicted AKI: OR 2.451
(95% CI 1.369-4.389)
Yang et Adults with 1,683 AKI AKI group had worse kidney Progression to Overall
al. obstructive prevalence outcomes vs non-AKI group ESKD reported mortality
(2021)° uropathy, 34%;
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Study Population / Sample AKI Effect size (AKI risk) Long-term Mortality
(year) setting size (N) incidence / CKD risk
definition progression
stratified by 78% (study (group-comparison design; (AKI vs non- highest in
AKI vs non- definition) effect sizes reported in paper)  AKI groups) malignancy
AKI -related
obstruction
(reported in
paper)
Blackmu Malignant ~852 AKI Not primarily an AKI-risk Not reported High
r et al. ureteric (derive  incidence not study; evaluates outcomes mortality:
(2024)**  obstruction d from the primary after diversion 758 deaths
managed reporte  endpoint (89%),
with stent or d deaths median
nephrostomy 758 = survival
(national 89%) ~141 days
cohort; (reported in
Scotland) paper)
Long-Term Renal Consequences and Chronic established, these processes may progress

Kidney Disease

Hydronephrosis secondary to wurinary tract
obstruction has traditionally been regarded as a
condition with favorable renal prognosis, provided
that timely decompression is achieved. However,
evidence accumulated over the past several years has
substantially modified this view, indicating that
obstructive uropathy can initiate renal injury
trajectories that extend well beyond the acute phase.
Clinical analyses suggest that renal dysfunction
following obstruction frequently persists despite
apparent anatomical resolution, with a notable
proportion of patients progressing toward chronic
kidney disease (CKD). These findings highlight that
hydronephrosis should not be conceptualized solely
as a reversible insult, but rather as a potential trigger
of sustained renal vulnerability.

The persistence of renal impairment after relief
of obstruction reflects a fundamental dissociation
between mechanical decompression and biological
recovery. While urinary drainage may normalize
intrapelvic pressure and resolve hydronephrosis on
imaging, cellular and molecular injury within the
renal parenchyma may continue to evolve. Recent
mechanistic reviews emphasize that obstruction
initiates a cascade of maladaptive repair processes,
including prolonged epithelial stress responses,
incomplete redifferentiation of tubular cells, and
sustained activation of fibrogenic pathways. Once
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independently of ongoing obstruction, thereby
explaining why renal function often stabilizes at a
lower level than pre-obstruction baseline.*

Long-term observational studies provide clinical
corroboration for these mechanistic insights. Cohorts
of patients hospitalized with obstructive uropathy
demonstrate  heterogeneous recovery patterns,
ranging from complete normalization of renal
function to persistent impairment and accelerated
decline over subsequent months or years. Importantly,
incomplete recovery is not limited to patients with
severe obstruction or overt anuria; delayed diagnosis,
recurrent episodes of hydronephrosis, and subtle or
intermittent obstruction have also been associated
with adverse renal trajectories. These findings mirror
broader epidemiological evidence from post-AKI
populations, in which even partial or transient renal
insults confer long-term risk for CKD development.*!:
42

The introduction of the acute kidney disease
(AKD) construct has further refined understanding of
the temporal evolution of renal injury after
obstruction. AKD captures the intermediate phase
during which renal dysfunction persists beyond the
acute insult but has not yet met criteria for chronicity.
International consensus documents emphasize that
this phase is prognostically meaningful, as persistent
renal impairment during AKD strongly predicts
subsequent CKD progression and mortality. In
patients recovering from hydronephrosis-associated
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AKI, AKD is common and often under-recognized,
particularly when creatinine levels partially improve
yet fail to return to baseline. This transitional period
represents a critical window for surveillance and
intervention that is frequently overlooked in routine
clinical practice.*>#*

Etiology-specific factors further modulate long-
term renal outcomes after hydronephrosis. Malignant
ureteric obstruction exemplifies a high-risk scenario
in which persistent or recurrent obstruction, systemic
inflammation, and exposure to nephrotoxic oncologic
therapies converge to limit renal recovery. Outcome
studies indicate that, although decompression may
transiently improve renal parameters and permit
continuation of anticancer treatment, sustained
improvement in renal function is uncommon. Instead,
many patients experience progressive renal decline or
remain dependent on reduced renal reserve,
underscoring that decompression in this context often
serves a palliative or enabling role rather than
reversing chronic injury.’®#

Beyond etiology, host factors critically influence
susceptibility to long-term renal damage.'!” Advanced
age, pre-existing CKD, diabetes mellitus, and
hypertension consistently emerge as modifiers that
reduce renal resilience after obstruction.'> 46 47 In
these populations, baseline nephron loss and
microvascular dysfunction limit adaptive capacity,
rendering the kidney less capable of compensating for
obstruction-induced injury.*’* As a result, even
short-lived  hydronephrosis = may  precipitate
disproportionate functional decline, reinforcing the
need for individualized risk stratification rather than
uniform assumptions of reversibility.>% >!

At the tissue level, increasing attention has been
directed toward the role of microvascular injury and
chronic hypoxia in sustaining renal dysfunction after
obstruction. Recent translational studies indicate that
obstruction-induced peritubular capillary rarefaction
and hypoxia-responsive signaling may persist after
decompression, perpetuating fibrotic remodeling and
limiting regenerative responses. This vascular—
interstitial axis provides a biologically plausible link
between an acute obstructive event and later CKD
progression, suggesting that long-term renal
outcomes are shaped not only by obstruction severity
but also by the kidney’s capacity to restore
microvascular integrity.*3 4
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Diagnostic Challenges: Discordance Between
Hydronephrosis Severity and Renal Dysfunction

Accurate diagnosis of obstructive renal injury
requires recognition that urinary tract obstruction is
fundamentally a functional disorder whose structural
manifestations may lag behind, fluctuate, or remain
subtle despite substantial impairment of renal
physiology.'® Contemporary nephrology literature
increasingly emphasizes that hydronephrosis, while
historically treated as a defining diagnostic marker,
represents only one dimension of a multifactorial
disease process and cannot be relied upon in isolation
to infer either obstruction severity or renal prognosis.
This evolving understanding has prompted a shift
away from purely morphology-based diagnostic
reasoning toward integrated functional
assessment. %

Hydronephrosis reflects dilation of the renal
pelvis and calyces secondary to impaired urinary
drainage, yet its presence and degree are modulated
by multiple variables including obstruction
completeness, duration,  collecting  system
compliance, and baseline renal architecture.* Several
recent analyses demonstrate that severe renal
dysfunction may develop in the absence of marked
dilation, particularly in cases of acute complete
obstruction or extrinsic compression, where rapid
intrarenal pressure transmission precedes anatomic
remodeling.”* ** Conversely, longstanding partial
obstruction may produce impressive dilation with
relatively  preserved renal function, further
complicating interpretation and underscoring the non-
linear relationship between structure and function.*

The recognition of non-dilated obstructive
nephropathy has formalized this diagnostic
discordance. This entity describes post-renal acute
kidney injury occurring with minimal or absent
hydronephrosis on imaging and is now acknowledged
as a clinically significant, though underdiagnosed,
phenotype of obstructive uropathy. Contemporary
reviews highlight that failure to consider this
diagnosis often leads to delayed decompression,
prolonged exposure to hypoxia and intratubular
pressure, and avoidable nephron loss. The existence
of this entity challenges entrenched diagnostic
heuristics that equate obstruction with dilation and
reinforces the need for heightened clinical vigilance.>

Ultrasonography remains the cornerstone of
initial diagnostic evaluation due to its accessibility,
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safety profile, and utility in identifying overt
obstruction. However, its limitations are increasingly
well characterized in recent literature.”® Ultrasound
sensitivity declines in early obstruction, in patients
with low urine output, obesity, or retroperitoneal
pathology, and in conditions where obstruction is
complete but short-lived.’” 3 Importantly, false
reassurance from a normal ultrasound has been
identified as a recurrent contributor to diagnostic
delay in obstructive AKI, particularly in emergency
and inpatient settings.>®

Computed tomography provides superior spatial
resolution and facilitates detection of ureteral calculi,
strictures, malignancy-related compression, and
retroperitoneal fibrosis, often clarifying equivocal
ultrasound findings.>%° Despite these advantages, CT
imaging does not resolve the core diagnostic
dilemma, as the extent of collecting system dilation
visualized on CT correlates poorly with renal
functional impairment and does not reliably predict
reversibility after intervention.” ! Recent outcome
studies caution against using hydronephrosis grade on
CT as a proxy for injury severity, emphasizing instead
the integration of imaging with biochemical trends
and clinical trajectory.!”-®!

Functional assessment therefore occupies a
central role in contemporary diagnostic algorithms.>
Nuclear medicine techniques such as MAG3 or DTPA
renography allow quantification of differential renal
function and drainage kinetics, providing organ-
specific information that cannot be inferred from
serum creatinine alone.’> % This distinction is
particularly critical in unilateral obstruction, where
contralateral compensation may normalize systemic
renal indices while irreversible injury progresses
silently in the obstructed kidney.®> Multiple recent
studies support the prognostic value of split renal
function in guiding both urgency of decompression
and expectations of recovery.®% 64

Adjunctive imaging modalities have been
explored to refine diagnostic precision further.
Doppler ultrasonography, through assessment of renal
resistive indices, offers indirect insight into intrarenal
vascular resistance and microvascular compromise,
phenomena that often accompany advanced
obstruction.®> Elevated resistive indices have been
associated with worse renal outcomes in obstructive
uropathy, although variability and operator
dependence limit their standalone diagnostic utility.%
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Nevertheless, when interpreted alongside structural
and functional data, Doppler findings may contribute
to a more nuanced assessment of injury severity.!’

Laboratory evaluation remains indispensable in
detecting and contextualizing obstruction-related
renal injury.!” Disproportionate elevations in serum
creatinine, urea, or potassium relative to imaging
findings should prompt reconsideration of obstruction
severity and raise suspicion for functionally
significant disease despite minimal dilation.!” Recent
nephrology literature emphasizes that trends in renal
biomarkers, rather than absolute values alone, often
provide the earliest indication of evolving obstruction
and should trigger expedited diagnostic escalation
when discordant with imaging.67-%°

The diagnostic complexity of obstructive renal
injury is further amplified in the presence of
infection. Obstruction combined with urinary tract
infection or sepsis represents a synergistic insult in
which inflammatory injury compounds pressure-
mediated dysfunction, often resulting in rapid
deterioration of renal function with limited or delayed
radiographic change. Contemporary reviews stress
that in this context, diagnostic thresholds must be
lowered, and equivocal imaging should not delay
decompression when clinical suspicion is high, given
the substantial morbidity associated with infected
obstruction.!’

Malignancy-associated obstruction constitutes a
distinct diagnostic category characterized by extrinsic
compression,  intermittent  obstruction,  and
asymmetric or evolving hydronephrosis.** In
oncology populations, renal dysfunction is frequently
multifactorial, and obstruction may be overlooked or
underestimated when imaging findings appear
modest.”” A cohort studie has demonstrate that
functional impairment in malignant ureteric
obstruction often exceeds what would be predicted by
hydronephrosis severity alone, reinforcing the need
for systematic functional assessment in this
population.

Temporal factors further complicate diagnosis.
Hydronephrosis may persist after relief of obstruction,
reflecting residual dilation rather than ongoing
functional impairment, while early obstruction may
produce profound functional decline before dilation
develops. This temporal mismatch highlights the
limitations of static imaging and supports serial
assessment incorporating urine output, biochemical
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recovery, and  functional imaging where stepwise assessment model integrating clinical

appropriate.**7! ‘ S suspicion, imaging, functional testing, biomarker
To enhance translational applicability and  evaluation, and longitudinal monitoring is

reduce diagnostic ambiguity, a structured  proposed (Figure 2).

Step 1. Clinical Suspicion

e Rising Creatinine £ Hyperkalemia

Step 2. Structural Imaging
(Flrst line) ‘i‘

e Flank pain, Oliguria, UTI, Fever
e Risk factors: Stone, Malignancy, Surgery —»

Uttrasound
Hydronephrosis (+)-)
. Obstructlon level

High Clinical Probability
of Obstruction

4

CT (if equivocal)
¢ Stone, Mass, Stricture

¢ Extrinsic compression

Step 3. Functlonal Assessment

¢ Unilateral obstruction

¢ Post-op / Persistent A

Step 4. Biomarker & Lab Evaluation

Indncatlons.- --------- ;

¢ Discordant Cr vs Imaging --—4;->

K

= Serum Creatinine, K*, Urea (Trends)'

MAGS3 / DTPA Renography
= Split Renal Function (SRF)
= Drainage T/

+ Tubular Injury

e Urine Output —!

Renal Recovery

—> Continue Follow-up

Step 5. Post-Relief Monitoring (AKD: 7-90 days)

|

Incomplete Recovery (AKD)

=

Biomarkers @Q |
4 | (NGAL, KIM-1) ™ G
Progressive Decline
CKD Risk Stratification —> CKD Management

Figure 2. Proposed stepwise clinical framework for evaluation of hydronephrosis-associated renal dysfunction.

Determinants of Renal Function Recovery After
Obstruction Relief

Renal recovery following relief of urinary tract
obstruction is best understood as a probabilistic rather
than deterministic outcome, shaped by the biological
depth of injury at the time of intervention rather than
by decompression alone. While restoration of urinary
flow remains the sine qua non of management,
contemporary evidence increasingly challenges the
assumption that decompression equates to recovery.
Clinical trajectories after obstruction reveal marked
heterogeneity, reflecting the extent to which injury
has already transitioned from functional derangement
to structural remodeling. This reframing aligns
obstructive uropathy with broader paradigms of
kidney injury in which reversibility is constrained by
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maladaptive repair rather than by persistence of the
inciting insult.* "> 73

Among obstruction-related variables, duration
of obstruction exerts the most consistent and
biologically plausible influence on renal recovery.
Experimental models and clinical cohorts converge
on the observation that short-lived obstruction
predominantly induces hemodynamic and tubular
functional changes, whereas prolonged obstruction
facilitates interstitial inflammation, fibroblast
activation, and irreversible nephron loss.”!
Importantly, duration is rarely measured directly in
clinical practice; instead, it is inferred retrospectively
from symptom burden or biochemical severity, a
limitation that likely contributes to delayed
intervention.’
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The completeness and laterality of obstruction
further modulate recovery in ways that complicate
reliance on serum creatinine as a global marker of
renal outcome.” Bilateral obstruction or obstruction
in a solitary kidney predictably produces more severe
acute kidney injury and portends a lower probability
of complete recovery.” In unilateral obstruction,
however, compensatory hyperfiltration by the
contralateral kidney may normalize systemic
creatinine despite permanent functional loss in the
affected kidney.” Several observational studies
underscore this dissociation, cautioning against
equating biochemical recovery with true nephron
preservation and emphasizing the importance of
kidney-specific functional assessment in
prognostication.”’

Severity of acute kidney injury at presentation
represents another determinant that integrates both
temporal and biological dimensions of injury. Higher
AKI stage, prolonged oliguria or anuria, and severe
metabolic derangements are consistently associated
with inferior recovery, reflecting cumulative tubular
and microvascular damage. These findings resonate
with the broader AKI literature, in which both
magnitude and persistence of injury independently
predict long-term renal outcomes. In obstructive
uropathy, AKI severity therefore functions not
merely as a marker of acute illness but as a surrogate
for the extent of irreversible parenchymal injury
already incurred.”

Patient-specific factors exert a parallel influence
by defining the kidney’s reparative capacity. Baseline
renal function emerges as one of the strongest
predictors of recovery, with pre-existing chronic
kidney disease markedly constraining post-
obstructive improvement. Advanced age, diabetes
mellitus, hypertension, and systemic vascular disease
further diminish renal resilience by limiting nephron
reserve and impairing microvascular adaptability. In
such contexts, even transient obstruction may
precipitate a disproportionate and sustained decline
in function, reinforcing the inadequacy of uniform
prognostic assumptions across heterogeneous patient
populations.”
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Superimposed infection represents a critical
modifier that accelerates injury and compromises
recovery. Obstructive uropathy complicated by
urinary tract infection or sepsis exposes the kidney to
synergistic insults such as pressure-mediated tubular
injury coupled with inflammatory and ischemic
damage. Contemporary reviews emphasize that
infection lowers the threshold for irreversible injury
and amplifies fibrotic signaling, thereby diminishing
the restorative potential of decompression. These
data provide a mechanistic rationale for aggressive
early drainage in infected obstruction and caution
against delays attributable to diagnostic uncertainty.

Management-related factors, particularly the
timing and durability of decompression, further shape
recovery trajectories.®® Multiple recent studies
demonstrate that earlier relief of obstruction is
associated with greater functional improvement,
whereas delayed intervention permits consolidation
of maladaptive repair pathways.?!" 8 The specific
method of decompression ureteral stenting versus
percutaneous nephrostomy appears less
consequential than the adequacy and persistence of
drainage, provided obstruction is effectively
relieved.®” Conversely, recurrent obstruction due to
stent failure or catheter dysfunction has been linked
to poorer outcomes, underscoring the need for
vigilant post-procedural surveillance.®

The post-decompression phase itself offers
prognostic insight. Post-obstructive diuresis, while
often interpreted as evidence of tubular recovery,
may also unmask impaired concentrating ability and
residual tubular dysfunction.®® Excessive or
prolonged diuresis has been associated with delayed
stabilization of renal function and increased risk of
electrolyte disturbances, particularly in older or
comorbid patients.”* However, absence of diuresis in
the setting of severe pre-decompression AKI may
signal advanced tubular injury and limited
regenerative capacity, highlighting the value of early
post-relief physiology in outcome prediction.

At a mechanistic level, growing translational
evidence implicates maladaptive repair as the
principal barrier to full recovery after obstruction.®¢
Persistent epithelial cell cycle arrest, unresolved
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inflammation, microvascular rarefaction, and
sustained fibrotic signaling constrain regenerative
responses even after the inciting obstruction is
removed.?” These processes mirror those described in
other forms of progressive kidney disease and
provide a unifying biological explanation for why
recovery plateaus despite timely decompression.®®
Obstructive nephropathy thus emerges not as an
isolated entity but as a model of injury-induced
chronic kidney disease.?

The concept of acute kidney disease (AKD) has
sharpened clinical understanding of recovery after

obstruction relief.’® Persistent renal dysfunction
extending weeks beyond decompression identifies a
high-risk state for chronic kidney disease progression
and mortality.”® % Recent consensus statements
emphasize that failure to recover baseline renal
function within this window warrants intensified
follow-up and secondary prevention strategies.’® In
hydronephrosis-associated obstruction, systematic
recognition of AKD offers a practical framework for
transitioning care from acute management to long-
term renal preservation.”®

Table 2 Clinical Determinants of Renal Function Recovery After Relief of Urinary Tract Obstruction.

Study Design / Definition of Determinants Key Findings Impact on
(Author, Population Recovery Evaluated Recovery
Year)
Low et al., Prospective Improvement in  Baseline Baseline renal function =~ Lower baseline
20219 cohort; chronic split renal differential independently predicted SRF —
unilateral ureteric  function after renal function, post-intervention reduced
obstruction intervention obstruction improvement likelihood of
duration recovery
Wijayaetal.,  Observational Serum AKI severity, Higher AKI stage and Severe AKI
2022% cohort; creatinine infection, infection associated and infection |
obstructive normalization obstruction with incomplete recovery
uropathy post-treatment duration recovery probability
Medina et al.,  Retrospective Renal function =~ Malignancy Recovery limited in Malignancy-
2024°! cohort; malignant  stabilization type, bilateral advanced malignancy related
ureteral after obstruction, despite decompression obstruction |
obstruction stenting/PCN baseline CKD sustained
recovery
Rigonalli et Observational Post-obstructive  Post- Absence or abnormal POD pattern
al., 2025 clinical study diuresis and decompression  POD associated with reflects tubular
renal urine output delayed stabilization injury severity
stabilization pattern
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CONCLUSION

Hydronephrosis should not be viewed as a purely
anatomical finding or assumed to resolve without
consequence after decompression. Current evidence
shows that urinary tract obstruction may initiate
structural and microvascular injury that persists
beyond mechanical relief, leading to incomplete renal
recovery in a substantial proportion of patients.

In clinical practice, the severity of pelvicalyceal
dilation alone should not determine management
decisions. Evaluation requires integration of clinical
presentation, urine output, biochemical trends, and,
when appropriate, functional assessment of individual
kidney performance. Early decompression remains
essential, particularly in patients with infection,
bilateral obstruction, or limited baseline renal reserve.

Relief of obstruction should also be followed by
structured reassessment of renal function within the
weeks after intervention. Persistent dysfunction
during this period identifies patients at risk for chronic
kidney disease and warrants ongoing monitoring and
kidney-protective management.
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