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Abstract
Tumor lysis syndrome is an oncometabolic emergency 

resulting from rapid cell death. Tumor lysis syndrome 

can occur as a consequence of tumor targeted 

therapy or spontaneously. Clinicians should stratify 

every hospitalized cancer patient and especially those 

receiving chemotherapy for the risk of tumor lysis 

syndrome. Several aspects of prevention include adequate 

hydration, use of uric acid lowering therapies, use of 

phosphate binders and minimization of potassium intake. 

Patients at high risk for the development of tumor lysis 

syndrome should be monitored in the intensive care unit. 

Established tumor lysis syndrome should be treated in 

the intensive care unit by aggressive hydration, possible 

use of loop diuretics, possible use of phosphate binders, 

use of uric acid lowering agents and dialysis in refractory 

cases.
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Core tip: Tumor lysis syndrome (TLS) is characterized by 

a massive tumor cell death leading to the development of 

metabolic derangements and target organ dysfunction. TLS 

can occur as a result of cancer treatment or spontaneously. 

Blood cancers constitute the vast majority of TLS cases 

because of the sensitivity to therapy and rapid division 

rates. Solid cancers comprise the minority of cases and 

are usually advanced if complicated by TLS. Prophylaxis 

is the mainstay of management and should be routinely 

implemented in high and intermediate risk patients. 

Management of established TLS includes intravenous 

hydration, urate lowering therapies, management of 

hyperkalemia and hemodialysis in refractory cases.
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INTRODUCTION
Cancer disorders constitute a diverse group of pathologies 
in which abnormal metabolism and life cycle lead to the 
profound derangement of a host’s metabolism. These 
cancers differ in their cellular origin, pathogenesis, 
clinical presentation, and management.  Furthermore, 
cancer has been found by the Centers for Disease 
Control and Prevention to be the second leading cause 
of death among United States residents in 2011[1]. Thus, 
because of the high prevalence of malignant neoplasms, 
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it is essential that clinicians are aware of the major 
complications of cancer itself and its management. 
Furthermore, it is likely that physicians will manage a 
greater number of cancer patients in future in the future, 
due to the improved survival rates of patients with 
cancer, ageing and growing population.

Tumor lysis syndrome (TLS) is a major oncometabolic 
entity requiring emergent recognition and management. 
TLS comprises a clinicolaboratory derangement of 
cellular metabolism, which can lead to severe renal 
impairment, cardiac arrhythmias, seizures, and death[2]. 
Cellular death mediated by treatment targeted at cancer 
(chemotherapy or another pharmacological antitumor 
intervention, embolization of tumor or radiation therapy) 
or spontaneous cellular death in rapidly dividing cancer 
cells (which is known as spontaneous TLS) leads to an 
efflux of cellular material rich in potassium, phosphorus, 

and uric acid into the bloodstream. However, serum 
calcium levels typically decrease in patients with TLS 
because of its binding to excess phosphorus. These key 

metabolic derangements mediate the acute impairment 
of renal function, cardiac arrhythmogenicity, central 
nervous system toxicity, and ultimately death. 

The most widely used diagnostic criteria are those 
proposed by Cairo et al[2] in 2004. Based on this 
classification, TLS can be defined as laboratory TLS, 

when TLS is clinically silent and only detected through 
laboratory work up, and clinical TLS, when laboratory 
TLS is complicated by the clinical manifestations 
mentioned above. The diagnostic criteria proposed 
by Cairo et al[2] are presented in Tables 1 and 2. It is 
necessary to note that laboratory TLS is defined as the 

presence of at least two or more biochemical variables 
within the 3 d before chemotherapy or 7 d after chem-
otherapy in the face of adequate hydration and use 
of uric acid lowering agent. Clinical TLS is defined as 
the presence of at least one clinical criterion that is not 
believed to be attributable to the chemotherapy agent[2]. 
However, our group has recently mentioned that this 
definition is imperfect since radiation therapy may lead 

to TLS as well, and TLS can occur spontaneously in 
rapidly proliferating and bulky malignancies[3,4].  

This manuscript summarizes the current state 
knowledge on TLS for clinicians involved in the care 
of critically ill patients: first, we briefly discuss the 
relevant pathobiology of TLS; second, we review and 
discuss which patients with cancer should be deemed 
to be at high risk; third, we go through the clinical 
presentation and diagnosis of TLS, including making 
an appropriate differential diagnosis; fourth, the 
information on TLS prevention is discussed; and finally, 

the treatment options for full blown TLS are provided. 
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Table 1  Cairo-Bishop definition of laboratory tumor lysis syndrome for adults

Variable Value Change from baseline value

Uric acid ≥ 8 mg/dL (476 mmol/L) 25% increase
Potassium ≥ 6.0 mEq/L (or 6 mmol/L) 25%  increase
Phosphorus ≥ 4.5 mg/dL (1.45 mmol/L) for adults and ≥ 6.5 mg/dL (2.1 mmol/L) for children 25% increase
Calcium ≤ 7 mg/dL (1.75 mmol/L) 25% decrease

Adapted from Cairo et al[2].

Table 2  Cairo-Bishop grading of clinical tumor lysis syndrome for adults

Variable Grade 0 Grade Ⅰ Grade Ⅱ Grade Ⅲ Grade Ⅳ Grade Ⅴ

Creatinine None 1.5 times ULN. 
Rise in creatinine is 
not attributable to 
chemotherapeutic agent(s)

> 1.5-3.0 times ULN. Rise in 
creatinine is  not attributable 
to chemotherapeutic agent(s)

> 3.0-6.0 times ULN. Rise in 
creatinine is  not attributable 
to chemotherapeutic agent(s)

> 6.0 times ULN. Rise in 
creatinine is not attributable 
to chemotherapeutic agent(s)

Death

Cardiac 
arrhythmia

None Intervention not indicated Nonurgent medical 
intervention indicated. Cardiac 
arrhythmias not attributable to 
chemotherapeutic agent(s)

Symptomatic and 
incompletely controlled 
medically or controlled with 
device (e.g., defibrillator). 
Cardiac arrhythmias 
not attributable to 
chemotherapeutic agent(s)

Life-threatening (e.g., 
arrhythmia associated 
with HF, hypotension, 
syncope, shock). Cardiac 
arrhythmias not attributable 
to chemotherapeutic agent(s)

Death

Seizures None - One brief, generalized seizure; 
seizure(s) well controlled by 
anticonvulsants or infrequent 
focal motor seizures not 
interfering with ADL

Seizure in which 
consciousness is altered; 
poorly controlled seizure 
disorder; with breakthrough 
generalized seizures despite 
medical intervention

Seizure of any kind which 
are prolonged, repetitive 
or difficult to control (e.g.,  
status epilepticus, intractable 
epilepsy)

Death

Adapted from Cairo et al[2]. ADL: Activities of daily living; HF: Heart failure; ULN: Upper limits of normal.



SEARCH STRATEGY
We searched PubMed/Medline, Scopus, Embase, and 
the Web of Science for articles focused on TLS from 
1950 to June 2014. The search terms were: tumor lysis 
syndrome, tumor lysis syndrome and renal impairment, 
tumor lysis syndrome and cardiac arrhythmias, tumor 
lysis syndrome and cardiac toxicity, tumor lysis syndrome 

and central nervous disease, and tumor lysis syndrome 
and seizures, as well as combinations of these. The 
reference lists of the identified articles were further 
screened for potentially relevant articles that could have 
been overlooked by an electronic search. The search 
methodology was adapted from the scientific search 
guidelines published in 2011[5].

PATHOPHYSIOLOGY OF TLS
The basic understanding of the pathogenesis of TLS lies 
in the fact that cells and cancer cells in particular are rich 
in potassium, phosphorus, and uric acid. As mentioned 
previously, TLS can be either spontaneous when 
cancer cells die without the preceding chemotherapy, 
embolization, or radiation therapy, or secondary to 
cancer targeted treatment. In either case, the release of 
the above mentioned intracellular substances mediates 
the pathobiology of TLS and its complications. 

Hyperkalemia is one of the key laboratory mani-
festations of TLS. Increased serum concentrations of 
potassium can adversely affect the skeletal muscle 
and cardiac myocardium[6,7]. Indeed, hyperkalemia 
can mediate severe skeletal muscle dysfunction and 
weakness and induce various electrocardiogram (ECG) 
abnormalities including peaked narrow T waves, 
prolongation of the PR interval, prolongation of the QRS 
interval, as well as sine wave morphology[8]. Ultimately, 
the cardiac effects of excess potassium can lead to 

ventricular tachyarrhythmias and death.   
Uric acid is a byproduct of the purine nucleotides 

adenine and guanine, which constitute the backbone 
of nucleic acids[9]. Put simply, purines are metabolized 
initially to hypoxanthine and xanthine via enzyme 
xanthine oxidase to uric acid, which is a final byproduct 

in humans. However, some mammals have an additional 
enzyme called urate oxidase that converts uric acid to 

the much more water soluble allantoin, which is easily 
removed by renal system. Given a high cellular turnover 
in cancer for whatever reason, huge amounts of nucleic 
acids, purines, and eventually uric acid are released and 
formed. Uric acid can crystalize and obstruct the flow in 

the renal tubules, leading to acute kidney injury[2-4,10]. 
However, there are other mechanisms for uric acid 
mediated kidney impairment such as endothelial dys-
function and local ischemia, proinflammatory and 
proxidative states, and impairment of local renal repair 

mechanisms[10,11]. It is important to note that calcium 
phosphate crystals facilitate the deposition of uric acid 
in renal tissue[2].

It is relevant to mention that in the contemporary 

era most individuals at risk of TLS (at least in developed 
countries) or with a full-blown TLS are treated with 
hypouricemic agents, which minimize the impact of 
uric acid on the occurrence of acute kidney injury. An 
increase in serum phosphorus from cellular death can 
mediate acute kidney injury via similar mechanisms. 
When in excess, phosphorus tends to bind to calcium, 

forming the so-called calcium phosphorus product or 
calcium phosphate[2-4]. This product can be deposited 
in kidneys, mediating acute kidney injury, as well as in 
cardiac tissue, leading to arrhythmia. Furthermore, a 
secondary decrease in free calcium concentration (due 
to phosphorus binding) is manifested by indications of 
central nervous toxicity such as seizures and psychiatric 

complaints, prolongation of the QT interval on ECG, 
and muscle tetany[12]. It is interesting to observe that 
patients with spontaneous TLS may have lower rates 
of hyperphosphatemia due to phosphate uptake into 
rapidly dividing tumor cells[3,4]. An increase in lactate 
dehydrogenase (LDH) is typically seen in patients with 
TLS, probably because of anaerobic glucose metabolism. 
However, the elevation of LDH is not included in the 
laboratory definition of LDH and it is important to note 

that LDH is a very sensitive but quite nonspecific marker 

for TLS. 
In conclusion, it is important to note that preexistent 

renal disease and the characteristics of certain patients 
increase the risk of full-blown clinical TLS. These factors 
will be discussed in more detail in the next section. 

POPULATION AT RISK
When assessing the risk of TLS in a particular patient, 
it is essential to bear in mind both the general and 
tumor-related predictors of risk. 

An older age is associated with a reduction in the 
glomerular filtration rate

[13]. It is likely that advanced age 
predisposes to TLS via a decrease in the renal reserve, 
and may complicate volume replacement therapy due 
to higher rates of cardiac dysfunction. However, it is 
important to keep in mind that the impact of age on 
the occurrence of TLS has not been specifically studied. 

Other general patient characteristics such as volume 
depletion should be assessed and corrected if present. 
Patients afflicted with cancer often have decreased oral 

intake due to the decrease in appetite and nausea. 
Furthermore, cancer patients often suffer from vomiting 
and diarrhea, which can significantly diminish their 
volume status. Another important aspect which we 
routinely assess in our patients is the use of medications 
capable of detrimentally affecting renal function such 
as non-steroidal anti-inflammatory drugs, inhibitors of 

the angiotensin converting enzyme, and angiotensin 
receptor blockers, especially in patients with decreased 
volume status[4]. The medication list of every patient 
should be reviewed and medications with a nephrotoxic 

renal profile should be discontinued wherever possible. 

It is important to consider that baseline kidney disease 
is a well-established risk factor for TLS[4,14]. In addition, 
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nausea, vomiting, muscular hyperactivation such as 
spasms and tetany, seizures, prolongation of QT interval 
on the ECG, cardiac dysrhythmias, and alterations of 
mental status[12]. Hyperphosphatemia may actually 
be a key mediator of acute kidney impairment as 
well as cardiac rhythm disturbances. Patients with 
hyperkalemia, if symptomatic, present with generalized 
fatigue, ECG abnormalities[8], and serious cardiac 
arrhythmias including cardiac arrest. Elevations of 
uric acid can lead to acute renal insult manifested as 
an increase in serum creatinine and decrease in urine 
output. 

Therefore, it is essential to be highly suspicious if any 
of the above symptoms arise in patients with cancer, 
especially those with tumors in a high risk group In rare 
instances (at least in developed countries), TLS may 
present prior to the diagnosis of cancer. Nevertheless, 
a clinician should differentiate TLS from other causes 
of acute kidney injury such as sepsis, obstructive 
renal disease, medication toxicities (including those 

of chemotherapeutic agents), use of contrast dye 
for imaging studies, and rhabdomyolysis, as well as 
other rarer conditions such as vasculitis and primary 
glomerulopathies in appropriate clinical scenarios[16]. 
Thus, a thorough clinical history is of paramount 
importance when dealing with a cancer patient who has 
presented with an acute decline in kidney function. The 
minimum amount of testing should include urinalysis and 
urine microscopy, comprehensive metabolic panel, uric 
acid, LDH, complete blood count, and renal ultrasound. 
The Cairo-Bishop criteria for the diagnosis of laboratory 
and clinical TLS are presented in Tables 1 and 2, 
respectively. 

In conclusion, the clinical presentation of TLS is 
based on the constellation of individual metabolic 
derangements in a particular patient. 

PREVENTION
It is essential to remember that the prevention of 
disease is always more cost-effective than the treatment 
of an established disease. Therefore, it is important to 
address and target any underlying kidney disease and 
possible hypovolemia before the start of cancer targeted 
therapies. Patients’ management should be focused on 
the basis of the type of cancer and certain biochemical 
parameters such as LDH, phosphorus, uric acid, and 
potassium and serum creatinine, as discussed above. 
Subjects at intermediate and high risk of TLS should 
be monitored in a hospital setting and possibly in an 
intensive care unit (especially individuals at high risk of 
TLS). Potassium and phosphorus should be eliminated 
from the diet and intravenous (IV) fluids. 

Several features are the mainstay of treatment for 
the prevention of TLS in patients undergoing active 
therapy. First, all patients at intermediate and high 
risk should be actively hydrated with IV fluids. Coiffier 

et al[17] recommended patients should be hydrated to 

a baseline increase in serum uric acid, phosphorus, 
potassium, and LDH also portends a greater risk of 
TLS[4]. Other general comorbid conditions such as 
cardiac disease, diabetes mellitus, and renal disease 
should be considered prior to hydration since patients 
with these medical problems might easily develop 
symptomatic volume overload. 

Another aspect of the risk stratification which we use 

is the type and burden of malignancy. We agree with 
the clinical risk stratification proposed by Cairo et al[15] 
who stratified cancers into three risk groups: a high 
risk group, an intermediate risk group, and a low risk 
group. The high risk group of cancers include advanced 
Burkitt’s lymphoma/leukemia or early stage disease 
with elevated baseline LDH, acute lymphocytic leukemia 
(ALL) with white blood cell (WBC) count ≥ 100000 
or less if the baseline elevation of LDH is twice the 
upper limit of normal (ULN), acute myeloid leukemia 
(AML) with WBC count ≥ 100000, diffuse large B-cell 
lymphoma with an elevated baseline LDH of twice ULN, 
and bulky disease. Intermediate risk malignancies 
include AML with a WBC between 25000 and 100000, 
ALL with WBC < 100000 and an LDH of less than twice 
ULN, early stage Burkitt lymphoma/leukemia with an 
LDH of less than twice ULN, and diffuse large B-cell 
lymphoma with a baseline increase in LDH of twice 
ULN but non-bulky disease. Low risk diseases include 
indolent lymphomas, chronic lymphocytic leukemia, 
chronic myeloid leukemia in the chronic phase, AML 
with WBC count < 25000 and an LDH elevated to 
less than twice ULN, multiple myeloma, and solid 
cancers. Therefore, during our risk stratification we paid 

extra attention to patients with Burkitt’s lymphoma/

leukemia, ALL, AML, and diffuse large B cell lymphoma. 
Furthermore, we have recently reported that TLS 
in patients with solid malignancies may be higher 
than previously thought, and certain cancers with a 
sensitivity to therapy may be at higher risk for TLS, 
such as  small cell lung cancer[4].

In summary, it is recommended that both general 
and cancer-related factors are included in the risk 
assessment of every patient. Certain patient factors 
such advanced age and the presence of preexistent 

renal and cardiac diseases warrant a closer follow up 
during preventive hydration. 

CLINICAL PRESENTATION AND 
DIAGNOSIS
The clinical presentation and symptomatology is directly 
linked to the biochemical derangements observed 
in this disorder. As discussed earlier, the biochemical 
evidence of TLS includes hypocalcemia, hyperkalemia, 
hyperphosphatemia, and hyperuricemia[2]. Therefore, 
the presentation of these biochemical disorders is 
typically represented by a clinical constellation of 
symptoms. For example, patients with TLS who have 

hypocalcemia may present with such symptoms as 
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maintain urine output of at least 2 mL/kg per hour to 
minimize the risk of acute kidney injury. The choice 
of the fluid varies and some recommend the use of 
dextrose in one quarter normal saline as the initial 

fluid of choice[17]. However, normal saline or lactated 
Ringer’s solution are alternative choices, especially if 
the patient has other conditions such as dehydration, 
hypovolemia, and hyponatremia (it is essential to 
remember that lactated Ringer contains potassium 
and normal saline is associated with hyperchloremic 
metabolic acidosis)[17]. Also, it is prudent to limit the 
calcium and potassium content of the IV fluids in such 

patients. Nevertheless, it is essential to note that 
some patients with cancer have underlying cardiorenal 
disease, which puts them at high risk of fluid overload 

and pulmonary edema. Such patients should be 
followed in closely monitored settings and there should 
be a low threshold for initiating loop diuretics if signs 
of fluid overload appear (shortness of breath, crackles 

on physical examination, desaturation, etc.). Loop 
diuretics are preferably used in clinical practice because 
of their potent diuretic properties as well as their 
hypokalemic effect, which can be of benefit in patients 

at risk of TLS. However, to the best of our knowledge 
there are no published scientific studies assessing the 

role of diuretics in the treatment of TLS. 
Second, individuals at intermediate risk of TLS should 

be started on allopurinol at least 24 to 48 h prior to 
chemotherapy or radiation therapy to reduce the risk of 
uric acid nephropathy[17]. Patients who do not tolerate 
oral medication such as those with severe nausea, 
vomiting, or altered function of the gastrointestinal 
tract can be given allopurinol IV. The recommended 
dose of allopurinol is up to 800 mg a day orally or 100 
mg per square meter, and up to 600 mg a day for IV 
formulation[17]

. Allopurinol works by blocking the xanthine 

oxidase enzyme. In rare instances, allopurinol can lead 

to hypersensitivity reactions manifested as skin rashes, 
liver transaminitis, and acute kidney injury in the form of 
acute interstitial nephritis[18]. Another important aspect of 
allopurinol use is the fact that the dose should be reduced 
in the event of chronic kidney disease[19]. In such patients 
(intermediate risk, underlying renal disease, and/or 
history of allopurinol intolerance) the use of febuxostat 

may be considered, which is a relatively new xanthine 

oxidase inhibitor. Febuxostat does not require dose 

modification in patients with renal disease and does not 

seem to have allergy cross-reactivity with allopurinol[20]. 
However, febuxostat has not been specifically studied 

for the population at risk of TLS or in patients with 
established TLS. Therefore, lack of specific data on 
febuxostat in patients with TLS should be mentioned 

during the management plan discussion with the patient 
and significant others, whenever appropriate. 

Nevertheless, despite the availability of allopurinol, 
there is a significant number of patients who still develop 

significant kidney damage due to uric acid toxicity. As 

discussed above, some mammals (but not humans) 

possess urate oxidase or uricase enzyme, which is 

capable of converting xanthine into allantoin. This is 

an important step since allantoin is easily excreted 

substance. A medication mimicking urate oxidase  named 

rasburicase was approved by Food and Drug Association 
in 2012 for use in subjects at risk of TLS[21]

. Coiffier et 
al[22] enrolled 100 patients with aggressive non-Hodgkin 
lymphoma to investigate whether the use of rasburicase 
is a safe and effective method of preventing TLS in a 
high risk group. Indeed, this investigation showed that 
rasburicase led to the normalization of uric acid within 
four hours of its administration, and it was well tolerated. 
Rasburicase provides much better control of uric acid 
than allopurinol (87% compared to 66%, respectively) 
as demonstrated in a study by Cortes et al[23]. However, 
on the development of clinical TLS, no change between 
rasburicase and allopurinol was demonstrated[23]. 
Similarly, in a recent meta-analysis published by Lopez-
Olivo et al[24], rasburicase was found to be effective in 
reducing uric acid levels, but it is unclear whether it led to 
better outcomes for clinical TLS. 

Rasburicase should be used in individuals who are 
at high risk of developing TLS and in patients whose 
baseline uric acid is higher than 7.5 mg/dL (446 
mmol/L)[17]. The dosage of rasburicase is based on the 
underlying risk of TLS. Thus, in patients at high risk the 
recommended dose is 0.2 mg/kg daily and in patients 
with intermediate risk and whose baseline uric acid 
level is ≤ 7.5 mg/dL the suggested dose of rasburicase 
is 0.15 mg/kg daily[17]. However, it is essential to 
mention that several small studies, most of which are 
retrospective in nature, have demonstrated that a single 
dose of rasburicase was effective[25-27]. The dose of the 
rasburicase administered varies, but 6 mg of rasburicase 
has been shown to be effective[27] and has provided uric 
acid control for 48 h after administration[26]. Given the 
high cost of rasburicase, this may decrease the cost of 
treatment. This approach should be reserved for subjects 
at intermediate risk of TLS and allopurinol should usually 
be started simultaneously with rasburicase, unless 
contraindicated. Purine metabolism and the sites of 
action of allopurinol, febuxostat, and rasburicase are 

presented in Figure 1.
Despite being a safe agent, rasburicase should 

not be used in pregnant or lactating patients due to 
limited data on safety (pregnancy category C drug) 
and excretion into breast milk. Furthermore, it should 

not be used on patients with glucose 6 phosphate 
dehydrogenase deficiency due to the high risk of 
hemolysis and methemoglobinemia[24,28]. 

Urine alkalization is another way of managing 
patients at risk of TLS. The rationale for this approach 
lies in the fact that an alkaline urine pH promotes uric 
acid solubility and its removal[29]. Typically, a carbonic 
anhydrase inhibitor acetazolamide or sodium bicarbonate 
are used to reach a urine pH of at least 6.5. However, 
this approach has not been shown to be superior to the 
administration of normal saline alone[29]. Furthermore, as 
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mentioned above, in the current era of the widespread 
use of uric acid lowering agents for TLS prevention, 
the role of calcium phosphate toxicity increases as a 

mediator of kidney damage in patients with TLS. In 
contrast to uric acid crystal deposition in acidic pH, the 
crystals of calcium phosphate more readily precipitate 
in alkaline pH, making this approach to alkalization 
potentially dangerous[30]. Also, an alkaline pH promotes 
calcium binding to albumin, which can be very dangerous 
in patients with TLS who tend to have lower calcium 
levels at baseline, leading to neuromuscular and cardiac 
toxicity. Therefore, the current role of urine alkalization 

is of limited value and not recommended for routine use 
in patients at risk of TLS. It is also important to note that 
the use of phosphate binders in the prevention of TLS 
was not specifically studied in the literature. The decision 

to start phosphate binders should be decided on a case 
by case basis and always discussed with the patient prior 
to its initiation. The interested reader is referred to a 
recently published review on phosphate binders[31].

Certain parameters should be monitored in individuals 
at high risk for TLS such as uric acid, phosphorus, 
potassium, and LDH 4 h after the initiation of chemo-
therapy or radiation therapy. The discontinuation of 
prophylaxis should be considered after the completion of 

cancer-related treatment when serum markers (uric acid, 
potassium, phosphorus, calcium, LDH, and creatinine) 
are within normal limits for at least two consecutive 
measurements several hours apart. It is reasonable to 
monitor patients for at least 24 h after discontinuation of 
TLS prophylaxis to ensure no development of TLS.

PRINCIPLES OF MANAGEMENT OF 
ESTABLISHED TLS
The treatment of fully blown TLS is based on the same 

principles as its prevention. Patients with laboratory 
TLS and cardiorenal comorbid conditions, as well as 
patients with clinical TLS, should be admitted to an 
intensive care unit (ICU). Patients with TLS, unless 
anuric, should receive aggressive IV fluids with the 
goal of a urine output of at least 2 mL/kg per hour, 
as described above. Individuals deemed to be at 
increased risk of fluid overload, such as patients with 

cardiac and baseline renal disease, we consider the 
administration of IV loop diuretics such as furosemide 
to decrease the risk of pulmonary edema and augment 
urine output. Administration of loop diuretics may also 
improve control of hyperkalemia in patients with TLS. 
However, the role of loop diuretics is not based on solid 
data; thus, it should be approached on an individual 
basis. 

As described above, the clinical spectrum of TLS 
includes laboratory abnormalities such as hyperkalemia, 
hyperphosphatemia, hyperuricemia, and hypocalcemia, 
which present clinically as cardiac arrhythmias, tetany, 
seizures, and acute kidney injury. We will briefly discuss 

the management of each laboratory abnormality one 
at a time. Hyperkalemia is a dangerous abnormality 
which may lead to muscle fatigue and cardiac toxicity 

and arrest[8,32]. The reader is referred to a detailed 
review on the management of hyperkalemia[32]. However, 
the management of hyperkalemia should always start 
from a 12-lead ECG. As discussed above, hyperkalemia 
may present with peaked narrow-based T waves, 
prolongation of the PR interval, loss of P waves, prol-
ongation of the QRS interval, and the appearance of so 
called sine waves[8]. Certain therapies are available for 
the management of hyperkalemia such as IV calcium 
products, IV insulin +/- dextrose, inhalational beta 2 

agonists, IV sodium bicarbonate, cation exchange resins, 

and hemodialysis[32]. Calcium in the form of gluconate 
or chloride should be administered IV (a typical dose is 
either 1 g of calcium gluconate and 500 mg to 1 g of 
calcium chloride) with certain ECG changes such loss of 
P waves and prolongation of the QRS interval[32]. It is 
important to note that calcium chloride contains more 
calcium than calcium gluconate and should preferably 
be administered via a central line. IV calcium works 
by blocking the potassium effect on the cardiac cell 
membrane. However, it is essential to mention that 
in subjects with TLS calcium should be administered 
cautiously and ideally only in patients with severe ECG 
changes, malignant cardiac dysrhythmias, and cardiac 
arrest, and also in patients with severe neurological 
dysfunction such as seizures due to the possibility of 
forming a calcium phosphate product, which may lead 
to acute kidney injury[33]. Furthermore, calcium products 
do not lower potassium levels and they must be used 
in conjunction with modalities which lower the serum 
concentration of potassium. 

Albuterol, the most commonly used beta 2 agonist, 
which works by driving potassium into the cells, should 
be administered by a dose of 10 mg to 20 mg diluted 
in 4 mL of normal saline and nebulized during 10 
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min with a peak effect 90 min after administration[32]. 
Generally, albuterol should be combined with IV insulin, 
with or without dextrose. Usually, 10 units of regular 

insulin should be administered, and if the serum 
glucose is < 250 mg/dL 50 mL of 50% dextrose should 

be administered [32]. If the serum glucose is > 250, 
the administration of 50% dextrose is not necessary. 

IV insulin drives potassium into the cells in a similar 
way to albuterol and starts working 10 min after 
administration, peaks in 1 h, and lasts up to 6 h[32]. 
A drop of potassium should be expected of up to 1.5 

mmol/L after administration of both insulin and albuterol 
combined[32]. The third option for reducing potassium is 
the administration of IV sodium bicarbonate in a dose 
of 50 mEq, which works by pushing potassium into the 
cells in exchange for hydrogen ions

[32]. However, it is 
necessary to remember that IV sodium bicarbonate is 
a weak agent with the best possible effect observed in 
patients with hyperkalemia and metabolic acidosis[32]. 
Sodium bicarbonate should not be used as a sole agent 
in reducing elevated potassium. Furthermore, there are 
at least two factors that should be considered when using 
sodium bicarbonate in patients with TLS: first, alkalization 

may further decrease the free calcium concentration due 
to the greater binding of calcium to albumin, which might 
further decrease the physiologically active calcium; and 
second, urine alkalization might facilitate the deposition 
of calcium phosphate crystals in the kidney. Therefore, 
the general use of sodium bicarbonate in patients with 
hyperkalemia in the TLS setting is not recommended. 

Another option for reducing potassium is the use 
of cation exchange resins such as sodium polystyrene 

sulfonate[32]. Sodium polystyrene sulfonate works in the 
intestinal tract by binding potassium and exchanging 

it with sodium[32]
. The clinical effect of cation exchange 

resins typically starts within 2 h of administration and 
lasts up to 6 to 8 h. Sodium polystyrene sulfonate can 
be administered orally or as enema. The oral dose 
ranges from 15 to 45 g and can be repeated every 6 
h as needed, while the enema is administered as 50 g 
of sodium polystyrene sulfonate mixed with water as 

a tap water enema. It is essential to note that sodium 
polystyrene sulfonate should not be used in patients 
with intestinal ileus or obstruction, and in post-operative 
patients due to higher risk of intestinal ischemia and 
necrosis[32]. Also, whenever possible, patients with 
TLS should receive aggressive IV hydration (as with 
patients without end-stage renal disease who produce 
urine), and if needed with loop diuretics to minimize the 
chances of fluid overload as this will also promote the 

normalization of serum potassium. However, patients with 
refractory hyperkalemia should be strongly considered 
for renal replacement therapy, typically hemodialysis. 
In emergent cases where there is no permanent 
dialysis access, a short term dialysis catheter should be 
inserted.

One aspect of the management of elevated pho-
sphorus in patients with TLS includes the restriction 
in phosphorus intake, both in diet and IV fluids. It is 

necessary to mention that phosphate binders may be 
used in patients with hyperphosphatemia in the TLS 
setting. Phosphate binders include calcium containing 
medications such as calcium acetate and calcium 
carbonate, as well as non-calcium phosphate binders 
such as sevelamer and lanthanum[31]. Phosphate binders 
should be taken with each meal and work by reducing 
the intestinal absorption of phosphorus[31]. Calcium 
containing phosphate binders should theoretically 
be the first choice given the frequent presence of 
hypocalcemia in patients with TLS. However, there are 
no published scientific studies investigating the role 
of phosphate binders in the TLS setting. Hemodialysis 
or renal replacement therapy should be considered in 
patients with refractory hyperphosphatemia, in patients 
with symptomatic hypocalcemia, and with an elevated 
calcium phosphorus product of at least 70 mg2/dL2. 
The calcium phosphorus produced is calculated simply 
by multiplying the serum calcium and the phosphorus 
concentration. As discussed above, patients with TLS 
who have hypocalcemia should not be generally treated 
with calcium supplementation, given the higher risk 
of calcium phosphate crystallization and organ injury. 
However, calcium should be administered in the case 
of malignant cardiac arrhythmia (such as ventricular 
tachycardia or fibrillation), cardiac arrest, and seizure 
disorder. In the cardiac arrest setting, it is important 
to follow the advanced cardiac life support (ACLS) 
guidelines for its management and to exclude other 

possible causes of cardiac arrest such as hyperkalemia 
(common in TLS), hypokalemia, hypovolemia, acidosis 
(common in TLS, and which may be an indication for 
renal replacement therapy), hypothermia, tension 
pneumothorax, cardiac tamponade, thrombosis of the 

coronary and/or pulmonary circulation, as well as toxin 

exposure
[34]. In the same way, the approach to seizure in 

the TLS setting should include exclusion of hypoglycemia 

(and corrected if present), other metabolic abnormalities 
(hypo- or hypernatremia, hypomagnesemia), brain 
vascular abnormalities (hemorrhagic and ischemic 
strokes, subarachnoid hemorrhage, etc.), brain tumors 
or metastatic disease, toxin exposure (such as amp-

hetamines, cocaine, tricyclic antidepressants, etc.), 
alcohol withdrawal, benzodiazepine withdrawal, brain 
infection, and others[35]. 

Briefly, elevated levels of uric acid should be treated 

with rasburicase, unless contraindicated, in doses of at 
least 0.2 mg/kg once or twice a day. Allopurinol should 
only be considered if rasburicase is contraindicated or 
unavailable. Furthermore, it is essential to remember 
that allopurinol may actually increase the risk of 
acute kidney injury, given the increased production 
of xanthine, which is a poorly soluble bypass uric acid 

metabolite, as discussed above. In such patients early 
consideration of renal replacement therapy is advisable.  

In conclusion, hemodialysis or other forms of renal 
replacement therapy should be considered in patients 
who are anuric, who have refractory hyperkalemia, 
symptomatic hypocalcemia, and with a calcium pho-
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sphorus product of at least 70. 

CONCLUSION
TLS is an oncometabolic emergency resulting from rapid 
cell death. TLS can occur as a consequence of tumor 
targeted therapy (chemotherapy, embolization therapy, 
and radiation therapy) or spontaneously. Clinicians 
should stratify every hospitalized cancer patient, 
especially those receiving chemotherapy, for the risk 
of TLS. Some aspects of prevention include adequate 
hydration, use of uric acid lowering therapies, use of 
phosphate binders, and the minimization of potassium 
intake. Patients at high risk for the development of TLS 
should be monitored in the ICU. 

Treatment of established TLS should be taken in the 
ICU and includes aggressive hydration, the possible 
use of loop diuretics (especially for the patients prone 
to fluid overload), use of phosphate binders, use of 
uric acid lowering agents (preferably rasburicase), and 
dialysis in refractory cases. 
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