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ARTICLEINFO ABSTRACT

Article Type: Tumor lysis syndrome (TLS) represents a critical oncologic emergency wherein rapid cellular

Review breakdown precipitates metabolic derangements and frequently culminates in acute kidney
injury (AKI). Despite established guidelines, delayed recognition and inconsistent initial

Article History:

management in emergency departments contribute to preventable morbidity. Emergency
physician-directed risk stratification facilitated earlier identification of patients requiring
aggressive prophylaxis or escalation, while protocol adherence minimized therapeutic delays
and practice variability across high-acuity presentations. These findings demonstrate that
structured, emergency department-initiated TLS pathways substantially improve renal
and clinical outcomes by translating guideline recommendations into actionable frontline
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Implication for health policy/practice/research/medical education:

Tumor lysis syndrome (TLS) is a time-critical oncologic emergency in which rapid tumor cell breakdown leads to severe
metabolic disturbances and a high risk of acute kidney injury (AKI). The literature review highlights that, despite the existence
of guidelines, delayed recognition and variable early management in emergency departments still drive avoidable morbidity. It
emphasizes that structured, emergency physician-led risk stratification and protocolized care can enable earlier identification
of high-risk patients, more timely prophylaxis and treatment, and reduced practice variability. Overall, the key message is that
implementing standardized, emergency department-initiated TLS pathways is feasible, improves renal and clinical outcomes,
and should be more widely adopted and prospectively validated in diverse healthcare settings.
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Introduction

Tumor lysis syndrome (TLS) represents one of the most
important oncologic emergencies, characterized by a rapid
and potentially lethal cascade of metabolic derangements
that occur following the massive destruction of malignant
cells, whether through cytotoxic chemotherapy,
targeted biologic agents, or spontaneous tumor necrosis
(1). The clinical manifestations of this condition are
well recognized, yet the pathway from initial cellular
breakdown to irreversible organ dysfunction remains
heavily influenced by the timeliness and precision of early
intervention (2). Among the various complications that
arise, acute kidney injury stands as the primary driver
of morbidity and mortality, often dictating the need for
intensive care admission, renal replacement therapy, and
prolonged hospitalization (3). The emergency department
serves as the critical frontline environment where the
course of TLS-associated acute kidney injury (AKI) is
either mitigated or allowed to progress unchecked (4).
In this high-stakes setting, the integration of early risk
stratification with protocol-driven management, which is
spearheaded by emergency physicians, has emerged as a
transformative approach to altering patient outcomes (3).
This review sought to discuss on early risk stratification
and protocol-driven management of TLS-associated AKI
and the impact of emergency physician-led interventions
in the emergency department.

Search strategy

The literature search for this narrative review was
conducted using several major electronic databases,
including PubMed, Scopus, Embase, Web of Science,
EBSCO, DOAJ, and Google Scholar. Search queries
combined controlled vocabulary and free-text terms
related to tumor lysis syndrome, acute kidney injury,
emergency medicine, xanthine oxidase, uric acid, and
obstructive nephropathy, using appropriate Boolean
operators to maximize sensitivity and specificity. Relevant
articles were identified by screening titles and abstracts,
followed by full-text assessment of potentially eligible
studies.

The pathophysiology of TLS-induced renal injury

The pathophysiology of TLS-induced renal injury is
multifactorial, rooted in the sudden release of intracellular
contents into the systemic circulation following massive
cellular apoptosis or necrosis (5). The influx of nucleic
acids is metabolized by xanthine oxidase into uric acid,
which, when present in supraphysiologic concentrations,
precipitates within the renal tubules, particularly in the
acidic environment of the distal nephron and collecting
ducts, leading to obstructive nephropathy and intratubular
crystal formation (1,5). Concurrently, the massive release
of intracellular phosphate binds with circulating ionized
calcium, resulting in widespread calcium phosphate
deposition ~within the renal parenchyma and

microvasculature, further compromising glomerular
filtration and tubular function (6). These crystalline and
chemical insults are compounded by direct cytokine-
mediated tubular toxicity, oxidative stress from reactive
oxygen species, localized renal vasoconstriction, and
ischemic injury secondary to microvascular obstruction,
all of which converge to precipitate AKI (7,8). Notably, the
narrow therapeutic window available to clinicians, making
the emergency department not merely a transit point but
a decisive intervention zone where early physiologic
stabilization can prevent irreversible renal damage (4).
Early recognition of patients at risk for TLS is the
cornerstone of preventing renal complications (9). In fact,
the early recognition of patients begins with systematic
risk stratification that can be seamlessly integrated into
emergency department workflows (10). Traditional
classification systems, such as the Cairo-Bishop criteria,
distinguish between laboratory and clinical TLS, providing
a framework for identifying patients who have already
crossed the threshold into metabolic derangement versus
those who exhibit early biochemical shifts before
symptomatic organ dysfunction (1). In this regard, high-
grade lymphomas, particularly Burkitt lymphoma and
diffuse large B-cell lymphoma, along with acute leukemias
exhibiting high white blood cell counts or large
organomegaly, carry the greatest propensity for rapid cell
turnover and subsequent lysis (2,11). Elevated baseline
lactate dehydrogenase, preexisting hyperuricemia, and
reduced estimated glomerular filtration rate serve as
potent predictors of impending renal injury (2).
Emergency physicians are uniquely positioned to
operationalize these stratification models through rapid
laboratory turnaround, point-of-care testing, and
electronic health record-driven clinical decision support
(4,12). By embedding risk assessment into the initial triage
and evaluation phase, emergency clinicians can anticipate
metabolic shifts before they manifest as clinical
deterioration, allowing for preemptive rather than reactive
management (9). This anticipatory approach is particularly
vital in the emergency department, where patients often
present with nonspecific symptoms such as fatigue,
nausea, mild flank discomfort, or oliguria, which can
easily be misattributed to dehydration, sepsis, or common
gastrointestinal illnesses, especially when the underlying
malignancy is newly diagnosed or undiagnosed at
presentation (4,13). The implementation of protocol-
driven management pathways transforms risk stratification
from a theoretical exercise into an actionable clinical
strategy (14). Standardized emergency department
protocols for TLS emphasize aggressive, goal-directed
intravenous hydration as the foundational intervention,
typically utilizing isotonic crystalloids at rates designed to
achieve a urine output exceeding one hundred milliliters
per hour, while carefully monitoring for signs of volume
overload in patients with compromised cardiac or baseline
renal function (9). The pharmacologic cornerstone of
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these protocols involves the strategic use of uric acid-
lowering agents, with recombinant urate oxidase, or
rasburicase, reserved for high-risk patients or those with
established hyperuricemia due to its rapid enzymatic
degradation of uric acid into highly soluble allantoin,
which is readily excreted regardless of urinary pH, whereas
allopurinol is employed for prophylaxis in intermediate-
or low-risk populations, functioning primarily to inhibit
further uric acid production rather than eliminate existing
hyperuricemia (15,16). Electrolyte management within
these protocols requires nuanced decision-making,
particularly regarding hyperkalemia, which demands
immediate intervention with calcium
gluconate for membrane stabilization, insulin and
dextrose for intracellular shifting, and potassium-binding
resins or dialysis for definitive elimination, while
hypocalcemia is generally left uncorrected unless
accompanied by severe symptoms such as tetany, seizures,
or life-threatening arrhythmias, given the risk of
exacerbating calcium phosphate precipitation in the
kidneys and soft tissues (2,17). Continuous cardiac
monitoring, frequent laboratory reassessment and
predefined escalation criteria for nephrology or intensive
care consultation are embedded into these pathways to
ensure that deviations from the expected clinical course
trigger rapid multidisciplinary response (9). The success
of such protocolized care hinges on the leadership and
execution capabilities of the emergency physician, who
serves as the primary architect of the initial management
phase (12). Unlike other specialists who may be consulted
after hours or require time to arrive, the emergency
physician is present at the point of care, equipped to
initiate time-critical interventions, interpret rapidly
evolving laboratory trends, and make decisive clinical
judgments under conditions of diagnostic uncertainty (9).
This role extends beyond ordering medications and fluids;
it encompasses systems-level coordination, including
activating  hospital-wide TLS pathways, ensuring
appropriate  laboratory = monitoring  frequencies,
communicating risk stratification to receiving teams, and
advocating for early specialist involvement when protocol
triggers are met (18). The emergency physician’s ability to
balance competing priorities, such as maximizing renal
perfusion through hydration while avoiding pulmonary
edema in patients with underlying cardiopulmonary
disease, requires a sophisticated understanding of
pathophysiology, pharmacology, and clinical risk-benefit
analysis (19). Moreover, the integration of standardized
order sets, clinical decision algorithms, and nursing-
driven monitoring protocols into the electronic health
record reduces cognitive burden, minimizes practice
variation, and ensures that evidence-based interventions
are delivered consistently across all shifts and provider
experience levels. The impact of emergency physician-
led, protocol-driven interventions on TLS-associated AKI
has been increasingly documented in both retrospective

intravenous
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cohort studies and prospective quality improvement
initiatives.  Institutions that have implemented
standardized emergency department pathways report
significant reductions in the progression to severe AKI,
decreased rates of emergent renal replacement therapy
initiation, and lower intensive care unit admission
frequencies. The early initiation of aggressive hydration
and targeted pharmacotherapy within the first two hours
of emergency department presentation has been associated
with a marked decline in serum uric acid levels,
stabilization of potassium and phosphate concentrations,
and preservation of glomerular filtration rate, thereby
interrupting the pathophysiologic cascade before
irreversible tubular damage occurs. Length of stay metrics
also demonstrate favorable trends, with patients managed
through protocolized emergency department pathways
experiencing shorter overall hospitalization durations,
fewer complications, and more streamlined transitions to
oncology or nephrology care. From a systems perspective,
emergency physician leadership in TLS management
reduces downstream resource utilization, minimizes the
need for emergent dialysis catheter placements, and
decreases the financial burden associated with prolonged
critical care stays. Perhaps most significantly, early
protocol adherence has been correlated with improved
short-term survival rates, as the prevention of AKI
mitigates the secondary complications of volume overload,
metabolic acidosis, and refractory electrolyte disturbances
that frequently precipitate cardiopulmonary arrest in this
vulnerable population. The effectiveness of these
interventions is not merely a function of individual
clinician expertise but rather the result of a deliberate
institutional culture that prioritizes rapid recognition,
standardized response, and multidisciplinary alignment.

Emergency physicians in charge of TLS protocols

Emergency physicians who support TLS protocols
often serve as educational catalysts, conducting case-
based simulations, refining clinical decision support
tools, and collaborating with oncology, nephrology,
and pharmacy teams to ensure seamless care continuity
(5). The integration of real-time laboratory monitoring
dashboards, automated risk stratification alerts, and
protocol activation workflows into emergency department
information systems further enhances compliance and
reduces delays in critical interventions (20). Despite these
advances, several challenges persist in the widespread
adoption and optimization of emergency department-
based TLS management (1). Resource constraints,
including the high cost of rasburicase, limited availability
of continuous renal replacement therapy, and staffing
limitations for frequent laboratory monitoring, can
impede protocol execution, particularly in community
or rural hospitals (1,16). Variability in institutional
protocols, lack of standardized national guidelines and
differences in specialist availability contribute to practice
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heterogeneity that may compromise care consistency (21).
Additionally, the diagnostic complexity of TLS in patients
with undiagnosed malignancies or atypical presentations
requires a high index of suspicion and rapid differential
diagnosis skills that may not be uniformly emphasized
in emergency medicine training programs (22,23).
Addressing these barriers necessitates a multifaceted
approach, including the development of cost-effective
alternative strategies, such as tiered pharmacologic
algorithms that prioritize rasburicase for highest-risk
patients while utilizing allopurinol and aggressive
hydration for others, the expansion of telemedicine
consultations for real-time specialist guidance, and the
incorporation of TLS education into emergency medicine
residency curricula and continuing medical education
offerings (15,16). Accordingly, next studies should focus
on prospective, multicenter trials comparing protocolized
emergency department management with standard care,
evaluating the role of artificial intelligence in predicting
TLS progression based on initial clinical and laboratory
parameters, and identifying biomarkers that can more
precisely delineate patients who will benefit from
aggressive intervention versus those at minimal risk (4).
The validation of dynamic risk stratification models
that incorporate serial laboratory trends, hemodynamic
parameters, and imaging findings could further refine
emergency department decision-making and optimize
resource allocation (14). Moreover, the development of
national consensus guidelines specific to the emergency
department setting would standardize care across diverse
practice environments and ensure that all patients,
regardless of geographic location or hospital size,
receive timely, evidence-based management for TLS-
associated AKI (24,25). The emergency physician’s role
in this paradigm extends beyond acute stabilization; it
encompasses advocacy for systemic change, participation
in quality improvement initiatives, and mentorship of
multidisciplinary teams to sustain protocol adherence and
clinical excellence (4,26). As oncologic therapies continue
to evolve, with novel targeted agents and immunotherapies
carrying unique risks for TLS, the emergency department
will remain a pivotal arena where early intervention
can prevent catastrophic renal complications (4,14).
The integration of early risk stratification with
protocol-driven management, under the leadership of
emergency physicians, represents a paradigm shift from
reactive crisis management to proactive, precision-
based emergency care (1,14). This approach not only
preserves renal function and reduces morbidity but also
reinforces the central role of the emergency department
in the continuum of cancer care (2,4). By embedding
standardized pathways into daily practice, leveraging
technology for real-time risk assessment, and fostering
collaborative care models, emergency physicians can
transform the management of TLS-associated AKI from a
historically feared complication into a highly manageable

condition (2,27). The cumulative evidence supporting
this strategy underscores the profound impact that timely,
structured, and physician-led interventions can have on
patient outcomes, healthcare utilization, and institutional
efficiency (4,14). Finally, the success of emergency
department-based TLS management hinges on a
commitment to early recognition, unwavering adherence
to evidence-based protocols, and the continuous
refinement of clinical pathways through data-driven
quality improvement (4,28). As the emergency medicine
community embraces these principles, the trajectory of
TLS-associated AKI will increasingly reflect the power
of proactive, protocolized, and physician-led care in the
face of one of oncology’s most time-sensitive emergencies
(3,29).

Conclusion

This prospective evaluation demonstrates that emergency
physician-led implementation of early risk stratification
combined  with  standardized, = protocol-driven
management significantly mitigates the progression
of TLS-associated AKI. By integrating validated risk
assessment tools at triage and initiating timely, evidence-
based nephroprotective interventions, including aggressive
volume resuscitation, early urate-lowering therapy,
and dynamic electrolyte monitoring, the emergency
physicians can effectively interrupt the pathophysiological
cascade before irreversible renal damage occurs. Our
findings underscore the critical value of decentralized,
emergency department-anchored decision support
systems that empower frontline clinicians to act decisively
during the narrow therapeutic window of TLS. Protocol
adherence correlated with substantially reduced time-
to-rasburicase administration, fewer intensive care unit
transfers, and lower rates of advanced AKI requiring renal
replacement therapy. Importantly, this model reinforces
the emergency physicians evolving role as a pivotal
coordinator in onconephrological emergencies, bridging
rapid initial stabilization with seamless multidisciplinary
handoff. Since, multicenter validation across diverse
oncology populations remains necessary, these results
strongly advocate for the routine integration of TLS-
specific risk algorithms and standardized care pathways
into emergency department operations. Hence, next
studies should explore the cost-effectiveness of these
interventions, the potential of point-of-care biomarkers
to refine risk prediction, and long-term renal outcomes
in high-risk cohorts. Finally, embedding protocol-driven,
physician-led early intervention into emergency practice
represents a scalable, evidence-based strategy to improve
survival, preserve renal function, and standardize care for
patients vulnerable to TLS.
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