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Abstract

Although the risk of extravasation of a chemotherapy (anticancer) medication is low, the complications associated with

these events can have a significant impact on morbidity and health care costs. Institutions that administer anticancer

agents should ideally have a current guideline on the proper management of the inadvertent administration of these toxic

medications into tissues surrounding blood vessels. It is imperative that the health care team involved in administering

drugs used to treat cancer be educated on the risk factors, preventative strategies and treatment of anticancer extrava-

sations, as well as practice safe and proper administration techniques. Anticancer agents are generally divided into classes

based on their ability to cause tissue damage. The review of current published guidelines and available literature reveals a

lack of consensus on how these medications should be classified. In addition, many recently approved drugs for the

treatment of cancer may lack data to support their classification and management of extravasation events. The treatment

of the majority of extravasations of anticancer agents involves nonpharmacological measures, potentially in the ambu-

latory care setting. Antidotes are available for the extravasation of a minority of vesicant agents in order to mitigate

tissue damage. Due to the limited data and lack of consensus in published guidelines, a working group was established to

put forth an institutional guideline on the management of anticancer extravasations.
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Introduction

Anticancer agents, which are commonly administered
via the intravenous (IV) route, are generally separated
into two broad categories based on their ability to cause
tissue injury: vesicants or irritants. Vesicants are defined
as agents that are capable of causing soft tissue damage
by causing blistering and necrosis, while irritants cause
inflammatory reactions.1 Additionally, the European
Oncology Nursing Society (EONS) describes a third cat-
egory of intravenous medications, the nonvesicants.2

Nonvesicants are agents that do not produce necrosis
or inflammation.3 Extravasation is the inadvertent
administration of a vesicant solution from a vein,
while infiltration refers to leakage of an irritant into
the extravascular space.1,2,4 Initial symptoms of
extravasation and infiltration are clinically similar and

include persistent pain, burning, stinging, swelling and
either blanching or erythema at the site of injection or
along the course of a vein. Unlike irritants, vesicant
medications notably are capable of causing blistering,
ulceration and tissue necrosis if administered outside of
a vein. Such a clinical scenario may lead to death if left
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untreated and, therefore, may necessitate surgical
debridement or skin grafting, possibly resulting in
permanent patient disability and disfigurement.4

Extravasation of an anticancer agent is potentially a
medical emergency that requires prompt recognition
and action to ensure patient safety. The term ‘‘antic-
ancer agents’’ in this article describes classic cytotoxic
chemotherapy agents as well as biotherapy.

Although the exact incidence is unknown due to the
lack of a central reporting database, it is estimated that
extravasation occurs at 0.1–6% for all cytotoxic drug
administrations.1,5,6 Some data suggest that the overall
incidence is decreasing due to better recognition and
training in management techniques.2 In addition, the
routine use of central venous administration could
also contribute to the decreased incidence as central
venous access devices (CVAD) are associated with
decreased risk of extravasation.

Risk factors and prevention

There are a variety of risk factors associated with
extravasation that can be separated into those asso-
ciated with the clinician, patient, agent, and device
(Table 1). Identification of potential risk factors prior
to intravenous anticancer medication infusions will
mitigate inadvertent administration of these medica-
tions into the extravascular space. In addition, oncol-
ogy nurses should receive specialized education and
training in order to appropriately administer chemo-
therapy and biotherapy, as well as to promptly

recognize and manage extravasation injuries to ensure
a safe level of care for individuals receiving these
agents. Prevention is the ideal approach when poten-
tially encountering anticancer extravasation injury.
Strategies to prevent or minimize antineoplastic medi-
cation extravasation are listed in Table 1.

Management

Anticancer drug classification

Multiple organizations, including the European Society
of Medical Oncology-European Oncology Nursing
Society (ESMO-EONS) and the Oncology Nursing
Society (ONS), have guidelines for management of
chemotherapy extravasations.2,5 However, there is a
lack of consensus on the classification of intravenously
administered anticancer drugs and their proper
extravasation management. In an effort to construct
an institutional guideline, a working group at the
University of Illinois Hospital and Health Sciences
System (UIHHS) was organized to review the current
literature in order to classify and recommend optimal
pharmacological extravasation strategies for select
anticancer intravenous agents.

A review of the literature incorporating manufac-
turer package inserts, oncology nursing society guide-
lines and available patient case reports demonstrated
wide variability distinguishing several intravenous
anticancer medications based on tissue damage poten-
tial. Our PubMed and Google Scholar search terms

Table 1. Extravasation risk factors and prevention.2,5–8

Risk factors Prevention strategies

Clinician related � Cannulation technique – untrained or

inexperienced staff, multiple attempts at

cannulation

� Educate all staff administering chemotherapies on risk

identification, extravasation prevention and management,

appropriate use of venous devices, and proper

documentation

Patient related � Age: >60 or �10

� Fragile veins

� Compromised circulation

� Severe peripheral vascular disease, lymphe-

dema, superior vena cava syndrome,

advanced diabetes, Raynaud syndrome

� Educate patients on risk of extravasation and instruct

them to report any pain, burning, or change in sensation

at injection site

� Instruct patient not to reposition or remove cannula

Agent related � pH <5 or >9

� High osmolality

� Cytotoxicity–DNA binding more likely than

non-DNA binding

� Preferred route of administration is via central IV access

� Vesicant infusions lasting <60 min may be administered

peripherally if observed during the entire infusion with IV

patency confirmed every 5–10 min

Device related � Metal needles

� Large gage catheter (<18 gage)

� Inadequately secured catheter

� Location: dorsum of hand or wrist, antecubital

fossa

� Use plastic cannulas

� Use smallest gage feasible, 18 to 20 gage is preferred

� Stabilize and secure needle with transparent dressing

� Location: place cannula in forearm
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included: extravasation, management, injury, chemo-
therapy, antineoplastic, cytotoxic, and individual drug
and antidote names combined with Boolean operators.
Papers describing surgical management of extravasa-
tion were excluded. In order to establish a classification
scheme for our institution, we first examined how major
nursing organizations describe the extravasation poten-
tial of commonly used anticancer agents. A summary of
these anticancer drug classifications as either vesicants
or irritants is compiled in Table 2. If guidance from
ONS and EONS was conflicting, our working group
made a conservative recommendation. Additionally,
anticancer agents were initially limited to one of two
categories, vesicants or irritants, as nonpharmacologi-
cal management suggestions for ‘‘nonvesicant’’ extrava-
sation were identical to those for irritants. In situations
where EONS listed a medication as a nonvesicant, but
was not identified by ONS as an irritant, the drug was
placed into an irritant category, noting that particular
medication ‘‘may have irritant-like properties’’.
Additionally, both ONS and EONS state that some
drugs listed as irritants may have vesicant-like proper-
ties or case studies describe them as capable of causing
vesicant-like reactions. In this situation, these drugs
were listed by the working group as irritants, with the
caveat that patients may require additional monitoring.
Often little, if any, published data or data from the drug
manufacturers was available to guide classification for
some of the more recently marketed yet frequently uti-
lized agents in clinical practice (e.g. liposomal vincris-
tine, romidepsin, carfilzomib). These medications were
classified based on the most conservative information
available. If an anti-cancer medication was not listed as
either a vesicant or an irritant (Table 2) and did not
have a specific antidote described in the literature, we
consider their extravasation management similar to
those for irritants unless otherwise specified. UIHHSS
classification is summarized in Table 3.

The significant increase in the use of biotherapy in
the oncology community over the past decade war-
ranted inclusion of their extravasation management in
our guideline. These agents do not generally produce
irritation or tissue damage. However, due to our two
category classification system we categorized monoclo-
nal antibodies as anticancer drugs that may have irri-
tant like properties. Conversely, antibody–drug
conjugates (e.g. brentuximab and ado-trastuzumab)
are complex molecules comprised of a monoclonal anti-
body attached to a cytotoxic component. Although
there is minimal guidance and data to support classifi-
cation and extravasation management, the cytotoxic
moiety of these medications is an anti-microtubule, ren-
dering them potentially capable of causing tissue necro-
sis. Therefore, these agents were classified as irritants
that may have vesicant like properties. Neither of these

antibody–drug conjugates is listed in ONS or EONS
guidelines.

Additionally, with the exception of ixabepilone, the
newer antimicrotubule agents, eribulin and cabazitaxel,
are not included in either nursing guidelines and lack
published evidence to accurately support classification.
Eribulin and ixabepilone were classified as irritants that
may have vesicant like properties as they are mechan-
istically similar to the taxanes and vinca alkaloids. The
package insert for cabazitaxel does not identify this
medication as an irritant or vesicant.9 However, due
to the structural and mechanistic similarity to doce-
taxel, the working group classified cabazitaxel as a
vesicant.

General treatment measures

The vast majority of anticancer extravasations can be
managed appropriately by initially utilizing nonphar-
macological interventions as outlined in Figure 1,
even for agents with a specific Food and Drug
Administration (FDA) labeled antidote. Medication
education is imperative for those receiving intravenous
medications as self-reporting by patients can assist in
early recognition of signs of extravasation. These listed
measures should commence upon initial extravasation
diagnosis as delaying proper treatment may result in
significant patient injury. All members of the health
care team caring for a patient receiving anti-cancer
agents ideally should be knowledgeable of the extrava-
sation guidelines for their institution. Also, access to an
extravasation kit containing instructions, materials and
medications is highly encouraged.2

There are several key elements of an extravasation
event should be documented by nursing staff (Figure 2).
The majority of irritant extravasations can be treated in
the ambulatory setting with close follow up and patient
education. Conversely, vesicant extravasation manage-
ment may require hospitalization to allow for closer
monitoring, additional treatment, and medical consult-
ations as appropriate. Patient follow-up is dependent
on host-specific factors, but at minimum should include
periodic assessment as well as patient instruction to
report fever, chills, blistering, skin sloughing, or wor-
sening pain. Referral to specialized care (e.g. plastic
surgery, physical therapy, or rehabilitation services)
may be necessary.

Pharmacological interventions

For some extravasated anticancer agents, nonpharma-
cological management is insufficient. The goal of anti-
dote administration is to reverse the action of the
extravasated drug, interfere with the process of cell
destruction, prevent tissue necrosis or limit the extent
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Table 2. Drug classification by organization.2,5,9,10

Drug ONS EONS UIHHSS

Ado-trastuzumab Not listed Not listed May have vesicant-like properties

Arsenic trioxide Not listed Nonvesicant May have irritant-like properties

Asparaginase Not listed Nonvesicant May have irritant-like properties

Bendamustine Irritant with vesicant-like properties Vesicant May have vesicant-like properties

Bleomycin Nonvesicant Irritant Irritant

Bortezomib Not listed Nonvesicant May have irritant-like properties

Brentuximab Not listed Not listed May have vesicant-like properties

Cabazitaxel Not listed Not listed Vesicant

Carboplatin Irritant Irritant Irritant

Carfilzomib Not listed Not listed May have irritant-like properties

Carmustine Irritant Irritant May have vesicant-like properties

Cisplatin Not listed Irritant Vesicant (>20 mL of >0.4 mg/mL)

Irritant (if not >20 mL of >0.4 mg/mL)

Cladribine Not listed Nonvesicant May have irritant-like properties

Cyclophosphamide Not listed Nonvesicant May have irritant-like properties

Cytarabine Not listed Nonvesicant May have irritant-like properties

Dacarbazine Irritant Irritant Irritant

Dactinomycin Vesicant Vesicant Vesicant

Daunorubicin Vesicant Vesicant Vesicant

Docetaxel Vesicant Vesicant Vesicant

Epirubicin Vesicant Vesicant Vesicant

Eribulin Not listed Not listed May have vesicant-like properties

Etoposide Irritant Irritant Irritant

Etoposide phosphate Not listed Nonvesicant Irritant

Fludarabine Not listed Nonvesicant May have irritant-like properties

5-Fluorouracil Not listed Irritant Irritant

Gemcitabine Irritant Nonvesicant Irritant

Idarubicin Vesicant Vesicant Vesicant

Ifosfamide Irritant Irritant Irritant

Irinotecan Irritant with vesicant-like properties Irritant May have vesicant-like properties

Ixabepilone Not listed Irritant May have vesicant-like properties

Liposomal daunorubicin Irritant Irritant Irritant

Liposomal doxorubicin Irritant Irritant Irritant

Liposomal irinotecan Not listed Not listed Irritant

Liposomal vincristine Not listed Not listed May have vesicant-like properties

Mechlorethamine Vesicant Vesicant Vesicant

Melphalan Irritant with vesicant-like properties Irritant May have vesicant-like properties

Methotrexate Not listed Nonvesicant May have irritant-like properties

Mitomycin Vesicant Vesicant Vesicant

Mitoxantrone Vesicant Vesicant Vesicant

Monoclonal antibodies Not listed Nonvesicant May have irritant-like properties

Nab-paclitaxel Vesicant Not listed Vesicant

Nelarabine Not listed Not listed May have irritant-like properties

Omacetaxine Not listed Not listed May have irritant-like properties

Oxaliplatin Irritant with vesicant-like properties Irritant May have vesicant-like properties

Paclitaxel Vesicant Vesicant Vesicant

Pemetrexed Not listed Nonvesicant May have irritant-like properties

(continued)
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of tissue damage.5 With the exception of dexrazoxane,
which has been evaluated in single arm studies, the effi-
cacy of extravasation antidotes has been evaluated pri-
marily from animal studies or reported anecdotally
based on human experience; therefore, their true

efficacy is largely unknown.1,2,4 Examples of medica-
tions used in the treatment of vesicant extravasation
and their administration details are summarized in
Table 4. In addition to the differences seen in drug clas-
sification, there are also a variety of recommended

Table 2. Continued

Drug ONS EONS UIHHSS

Pentostatin Not listed Not listed May have irritant-like properties

Pralatrexate Not listed Not listed May have irritant-like properties

Romidepsin Not listed Not listed May have irritant-like properties

Streptozocin Irritant Irritant Irritant

Temsirolimus Not listed Nonvesicant May have irritant-like properties

Teniposide Irritant Not listed Irritant

Thiotepa Not listed Nonvesicant May have irritant-like properties

Topotecan Irritant Irritant Irritant

Trabectedin Not listed Not listed Vesicant

Vinblastine Vesicant Vesicant Vesicant

Vincristine Vesicant Vesicant Vesicant

Vinorelbine Vesicant Vesicant Vesicant

Table 3. Classification of vesicants versus irritants.

Vesicants Cabazitaxel9 Meclorethamine2,5

Cisplatin (>20 mL of >0.4 mg/mL)11 Mitomycin2,5

Dactinomycin2,5 Mitoxantrone2,5

Daunorubicin2,5 Nab-paclitaxel5

Docetaxel2,5 Paclitaxel2,5

Doxorubicin2,5 Trabectedin10

Epirubicin2,5 Vinblastine2,5

Idarubicin2,5 Vincristine2,5

Vinorelbine2,5

Irritants Ado-trastuzumaba,12 Dacarbazine2,5 Methotrexateb,2

Arsenic trioxideb,2 Eribulina,2,5 Monoclonal antibodiesb,2

Asparaginaseb,2 Etoposide2,5 Nelarabineb,13

Bendamustinea,2,5 Etoposide phosphate2 Omecetaxine14

Bleomycin2,5 Fludarabineb,2 Oxaliplatina,2,5

Bortezomibb,2 5-Fluorouracil2 Pemetrexedb,2

Brentuximab15 Gemcitabine2,5 Pentostatin16

Carboplatin2,5 Ifosfamide2,5 Pralatrexateb,17

Carfilzomib18 Irinotecana,2,5 Romidepsinb,19

Carmustine (BCNU)a,2,5,20 Ixabepilone2 Streptozocin2,5

Cisplatin2,11 Liposomal daunorubicin2,5,21 Temsirolimusb,2

Cladribineb,2 Liposomal doxorubicin2,5 Teniposide5

Clofarabine2 Liposomal irinotecana,b,22 Thiotepab,2

Cyclophosphamideb,2 Liposomal vincristine23 Topotecan2,5

Cytarabineb,2 Melphalana,2,5

aMay have vesicant-like properties. Additional monitoring may be required.
bMay have irritant-like properties.
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anticancer extravasation management steps in the lit-
erature. Drug shortages have created serious challenges
in the oncology setting due to the lack of comparable
alternatives for most agents. Although at the time of
publication none of the antidotes listed in our

algorithm are currently listed on the FDA Drug
Shortage Index, some of these medications have been
at one point in the past. The administration of these
agents following an extravasation event is extremely
time sensitive, necessitating an adequate stock of

1.  STOP infusion immediately 5. Assess the siteof suspected extravasation
2.  Disconnect IV tubing from the IV device. DO NOT remove the IV device     non-coring port needle 6. Assess the symptoms ofthepatient
3.  Attempt to aspirate residual vesicant/           from IV device or port needle using 1-3 mL syringe 7. Notify the physician 
4.  Remove the peripheral IV device orport needle 8. Initiate appropriate management (see below) 

Mechlorethamine 

Daunorubicin 
Doxorubicin 
Epirubicin 
Idarubicin 

Mitomycin 
Dactinomycin 
Mitoxantrone 

Cisplatin 

Vinblastine 
Vincristine 
Vinorelbine 

Cabazitaxel 
Docetaxel 

Nab-Paclitaxel 
Paclitaxel 

Oxaliplatin 
Irritants  
(Table 3) 
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Apply COLD pack 
for 6-12 hours 

following sodium 
thiosulfate 

antidote injection 

Apply COLD pack 
(but remove at 

least 15 min prior 
to dexrazoxane)

Apply COLD pack 
for 15-20 min at 
least 4x/day for 
first 24 hours

Elevate extremity 
and apply WARM 
pack for at least 

15-20 min 4x/day 
for first 24 hours

Apply COLD pack 
for 15-20 min at 
least 4x/day for 
first 24 hours

Apply WARM 
pack for 15-20 
min at least 

4x/day for the 
first 24 hours

Apply COLD pack 
for 15-20 min at 
least 4x/day for 
first 24 hours
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Thiosulfate Dexrazoxane None Hyaluronidase None
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 Nursing documentation should include: 
• Date and time of extravasation 
• Type and size of peripheral access or type of central device and gauge/length of non-coring needle (implanted ports)
• Vesicant administration technique (e.g. bolus, infusion) 
• Concentration and estimated amount of extravasated drug 
• Assessment and description of site location, patency of peripheral or central venous access device and appearance 
• Presence or absence of swelling, redness, pain and description and quality of blood return before and during 

vesicant administration 
• Symptoms reported  by patient 
• Extravasation antidote / treatment given; response to intervention; patient education 
• Follow up recommendation (e.g. refer to plastic surgery, return appointments) 

Anticancer Medication Extravasation Kit 
located in central pharmacy 

or
irritant 

Figure 2. Extravasation management algorithm at University of Illinois Hospital and Health Sciences System.2,5

1. Stop the infusion immediately. 

2. Disconnect the IV tubing from the IV device.  Do not remove the IV device or non-coring port needle.  

3. Attempt to aspirate residual vesicant from the IV device or port needle using 1 -3 mL syringe.  

4. Remove the peripheral device or port needle. 

5. Assess the site of extravasation. 

6. Assess the symptoms of the patient. 

7. Notify the physician. 

8. Apply warm (vinca alkaloids) or cold (all other anticancer medications) compress for 20 minutes 3 – 4 times daily for 
the first 24 – 48 hours after drug extravasation occurs. 

9. Initiate proper pharmacologic management if indicated.  

Figure 1. Initial management of extravasations.2,5
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these antidotes for institutions administering anticancer
agents. The policy at our establishment is to perform
periodic checks to ensure a sufficient supply of medica-
tions and that our policy and procedures are updated at
a minimum every 2 years. In the event that an extrava-
sation event occurs and the recommended antidote is
not available, this step in management would be
omitted. For the purpose of our institutional guideline,
the working group opted to establish recommendations
in line with the Oncology Nursing Society. Figure 2
represents the diagram based on our institutional
guideline at the University of Illinois Hospital and
Health Sciences System.

Dexrazoxane. Dexrazoxane is FDA approved for both
the prevention of doxorubicin cardiomyopathy and the
treatment of anthracycline extravasation.
Anthracyclines are cytotoxic agents, which exert their
cell killing by inhibition of topoisomerase II.24

Dexrazoxane, a topoisomerase II catalytic inhibitor,
antagonizes anthracyclines, and reduces oxidative
stress, thereby protecting tissue from cytoxicity.8,25–27

In animal studies, dexrazoxane was shown to signifi-
cantly reduce the incidence of wound formation and

duration of wound healing time when administered
within 3 h of subcutaneous administration of an anthra-
cycline (daunorubicin, doxorubicin, or idarubicin).28

Two multicenter, single-arm studies, TT01 and TT02,
evaluated the efficacy of intravenous dexrazoxane
administration following accidental anthracycline
administration.29 The dose and schedule of dexrazox-
ane selected was based on previous animal studies that
showed both a dose and schedule dependent effect.
Patients received dexrazoxane at doses of 1000mg/m2

within 6 h of extravasation, followed by 1000mg/m2

and 500mg/m2 at 24 and 48 h respectively given in
the opposite arm that the extravasation occurred.
Results demonstrated that in 53 of 54 patients evalu-
ated for efficacy, systemic dexrazoxane administration
prevented surgery-requiring necrosis, as only 1 (2%)
patient required surgical debridement. Local cooling
was permitted in this study, but not within 15min of
dexrazoxane administration. In general, dexrazoxane is
well tolerated with the most common adverse events
being myelosuppression, transaminitis, nausea, and
pain at the injection site. It should be noted that
patients with reduced renal function (<40mL/min)
should receive 50% of the recommended dose and

Table 4. Antidotes used in chemotherapy extravasations.1,2,4,5,24,29,33,36,39,43,45

Antidote Preparation Administration

Dexrazoxanea
� Each vial of dexrazoxane 250 mg or 500 mg

must be reconstituted with the supplied diluent

(0.167 M sodium lactate injection) to a final

concentration of 10 mg/mL

� Dilute reconstituted solution in D5W or NS to

a final concentration of 1.3–5 mg/mL

� Withhold cold pack 15 min prior to infusion

� Begin infusion as soon as possible and within 6 h of

anthracycline extravasation

� Dose is based on patient’s body surface area

� Day 1: 1000 mg/m2(max dose 2000 mg)

� Day 2: 1000 mg/m2 (max dose 2000 mg)

� Day 3: 500 mg/m2 (max dose 1000 mg)

� Treatment on day 2 and day 3 should start at the

same hour (� 3 hours) as on day 1

� Reduce dose by 50% in patients with creatinine

clearance <40 mL/min

� Administer over 1 to 2 h in a large vein in an area

remote from the extravasation

� DMSO should not be used as it may diminish dex-

razoxane efficacy

Zinecard (Dexrazoxane) � Available as 250 mg or 500 mg powder for

injection to be reconstituted with sterile water

for injection to a concentration of 10 mg/mL

� Dilute reconstituted solution in lactated

Ringer’s to a final concentration of

1.3–3 mg/mL

Hyaluronidase � Vial contains 150 units per 1 mL or 200 units

per 1 mL depending on manufacturer

� To obtain a 15 unit/mL concentration, mix

0.1 mL (of 150 units/mL) with 0.9 mL normal

saline in 1 mL syringe

� Inject 15–150 units of the hyaluronidase solution

as five separate injections, each containing

0.2–1 mL of hyaluronidase

� Use a 25-gage needle (change needle with each

injection)

Sodium thiosulfate � Prepare 1/6 molar solution:

� From 25% sodium thiosulfate solution: mix

1.6 mL with 8.4 mL sterile water for injection

� From 10% sodium thiosulfate solution: mix

4 mL with 6 mL sterile water for injection

� Use 2 mL of the prepared solution for each 1 mg

drug extravasated

� Inject SC using a 25-gage needle to affected area

(change needle with each injection)

D5W: dextrose 5% water; IV: intravenous; NS: normal saline; SC: subcutaneous.
aTotectTM (Dexrazoxane) unavailable at the time this document was written.
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that topical dimethyl sulfoxide (DMSO) should not be
applied to patients receiving dexrazoxane as it may
diminish dexrazoxane efficacy.30,31 DMSO was once
the standard of care for anthracycline extravasations.
Several older studies utilized 99% grade topically for
this indication. Historically, our institution extrapo-
lated this data and listed 50% DMSO as an antidote
for extravasation of this class of drugs in our extrava-
sation management guidelines prior to the FDA
approval of TotectTM due to the unavailability of
99% grade DMSO for purchase. Although the litera-
ture supports the efficacy of dexrazoxane for anthracy-
cline extravasations, DMSO may be a possible
alternative if dexrazoxane is not available.31

Liposomal doxorubicin is listed as an irritant and is
generally managed with supportive care; however,
there is a case report of a patient who did experience
extravasation requiring dexrazoxane. In this case, the
patient received dexrazoxane 3 days following acciden-
tal extravasation of liposomal doxorubicin.32 The
patient was initially treated with supportive care
using cold compresses, and discharged home. Three
days later the patient presented with increasing pain
and erythema in the area of the extravasated liposo-
mal doxorubicin, but developed increasing pain and
erythema 3 days later. She was treated with dexrazox-
ane once daily for three consecutive days (1000mg/m2

days 1 and 2 and 500mg/m2 on day 3). The patient
did not develop skin lesions, and did not lose any
function at the site of extravasation (IV access site
in distal part of left arm and extended to the left
axilla).

In 2007, the FDA approved TotectTM for the treat-
ment of anthracycline extravasation. The sponsor at
that time obtained a new U.S. patent for dexrazoxane,
which had been previously FDA approved for the pre-
vention of doxorubicin-associated cardiomyopathy.30

For a period of time, TotectTM was available in a kit
for extravasation emergencies. However, since 2012 the
product has been on long-term manufacturer backor-
der as the product was purchased by a new company.
Two dexrazoxane products are currently available:
ZinecardTM, which is labeled for cardiomyopathy pre-
vention, and generic dexrazoxane.33 It is important to
note that while these products are similar, they require
unique methods of preparation (Table 4). Pricing
between the two available products is similar (approxi-
mately US$500 per 500mg vial).34 According to the
most recent Centers for Medicare & Medicaid
Services (CMS) reimbursement codes, only one J-code
is listed for dexrazoxane.35 Therefore, CMS does not
specify which product must be used for anthracycline
extravasation in order to ensure reimbursement. Our
institution currently keeps generic dexrazoxane in
stock for this purpose.

Sodium thiosulfate. The recommendation for use of
sodium thiosulfate to neutralize nitrogen mustards is
largely based on the animal data.36 In one study, intra-
dermal sodium thiosulfate administration was shown to
significantly reduce skin toxicity in mice following
mechlorethamine extravasation. Little clinical data
exist to support the benefit of sodium thiosulfate in
humans. One case report describes the accidental intra-
muscular administration of mechlorethamine.37 The
patient received five separate 5mL 1/6M intramuscular
injections of sodium thiosulfate surrounding the
mechlorethamine injection site. During the subsequent
weeks following accidental intramuscular injection, the
patient did not experience any tissue destruction or
ulceration.

Sodium thiosulfate is thought to chemically neutral-
ize reactive mechlorethamine-alkylating species and
reduce the formation of hydroxyl radicals, which can
cause tissue injury.36 Sodium thiosulfate should be
administered subcutaneously immediately following
extravasation using a 25-gage or smaller needle.2 For
each 1mg of extravasated drug, 2mL of the prepared
solution should be administered. Administration may
cause some local injection site reactions.

Sodium thiosulfate administration has also been
reported in extravasation of other agents although nei-
ther ONS nor EONS recommends its use as an antidote
for agents other than mechlorethamine. One study eval-
uated patients with extravasation of various
agents (doxorubicin, epirubicin, vinblastine, and mito-
mycin C).38 Patients were separated into two groups.
One group received hydrocortisone and dexamethasone,
while the other group received the same combination plus
sodium thiosulfate. The mean healing time in the group
who received sodium thiosulfate was about half that of
the patients who did not receive sodium thiosulfate.
However, this was a small, nonrandomized study.

Hyaluronidase. Hyaluronidase is an enzyme that
degrades hyaluronic acid which is thought to improve
the absorption of extravasated drugs.2 There is evi-
dence to support hyaluronidase in the extravasation
of vinca alkaloids. Bertelli et al.39 report a study of
six patients who received vinca alkaloids and experi-
enced extravasation. Patients were administered 250
units of hyaluronidase diluted in 6mL normal saline
subcutaneously as six injections around the extravasa-
tion area. These patients received hyaluronidase within
10min of administration of the vinca alkaloids, result-
ing in the resolution of pain and symptoms in all
patients within a few days. There was also one patient
who was successfully treated 10 days after vinorelbine
treatment with apparent extravasation.

There is conflicting data regarding the use of hyalur-
onidase for extravasation of paclitaxel, and therefore,
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the practice is generally not recommended.40

Hyaluronidase was originally tested for paclitaxel
extravasations in a mouse model by Dorr et al.,41

who found that intradermal hyaluronidase was more
protective than saline for mice injected with high
doses of intradermal paclitaxel. Dorr et al. concluded
that 150 units hyaluronidase diluted in 3mL saline may
be beneficial for paclitaxel extravasations in humans.
However, a study by Dubois et al.42 found that patients
who had extravasations of paclitaxel and were treated
with hyaluronidase had longer recovery times than
patients who did not receive hyaluronidase.
Hyaluronidase does have an FDA indication to be
used to increase the dispersion and absorption of
other injected drugs, in a dose of 50–300 units.43 Both
EONS and ONS recommend the use of hyaluronidase
following vinca alkaloid extravasation as 1mL admin-
istered as five different subcutaneous injections sur-
rounding the site of extravasation in a pentagon
formation.2,5 The most common adverse event asso-
ciated with hyaluronidase is local injection site reaction.

Dexamethasone. In general, corticosteroids (topical or
systemic) are not recommended for the management
of anticancer extravasations, particularly extravasation
of vinca alkaloids, as animal studies have demonstrated
an increased area of skin necrosis.44 However, intraven-
ous or oral dexamethasone 8mg twice daily for up to 14
days appears to have positive impact on oxaliplatin
extravasation-related inflammation.45

Conclusion

To ensure patient safety every institution should have a
current anticancer extravasation guideline in place.
Although the risk of extravasation of intravenous antic-
ancer medications is low due to increased use of central
venous catheters in the United States, the health care
team caring for patients receiving anticancer agents
needs access to an institutional protocol in the event
of this adverse outcome. Currently, national organiza-
tions with published anticancer medication extravasa-
tion management guidelines are oncology nursing
societies. Neither national cancer medical organizations
such as the American Society of Clinical Oncology
(ASCO) and the National Comprehensive Cancer
Network (NCCN) nor any pharmacy organizations
have made statements on how to handle these onco-
logical emergencies. Therefore, the stage is set for
oncology pharmacists to contribute their unique expert-
ise to the care of cancer patients and policy develop-
ment of managing extravasations of these high-risk
medications through proper classification in the setting
of limited data and lack of uniformity in currently
available guidelines.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1. Le A and Patel S. Extravasation of noncytotoxic drugs: A

review of the literature. Ann Pharmacother 2014; 48:

870–886.
2. Perez Fidalgo JA, Garcia Fabregat L, Cervantes A, et al.

Management of chemotherapy extravasation: ESMO-

EONS clinical practice guidelines. Ann Oncol 2012; 23:

167–173.
3. Yamada T, Egashir N, Imuta M, et al. Comparison of

injuring effects of vesicant, irritant, and nonvesicant

anticancer drugs on endothelial cells. J Pharmacol Sci

2011; 117: 125–128.

4. Reynolds PM, MacLaren R, Mueller SW, et al.

Management of extravasation injuries: A focused evalu-

ation of noncytotoxic medications. Pharmacotherapy

2014; 34: 617–632.
5. Schulmeister L. Infusion-related complications.

In: Polovich M, Olsen M and Kebvre K (eds)

Chemotherapy and biotherapy guidelines and recommenda-

tions for practice, 4th ed. Pittsburgh, PA: Oncology

Nursing Society, 2014, pp.155–168.
6. Harrold K, Gould D and Drey N. The management of

cytotoxic chemotherapy extravasation: A systematic

review of the literature to evaluate the evidence under-

pinning contemporary practice. Eur J Cancer Care

(Engl) 2015; 24: 771–800.
7. Sauerland EC, Engelking C, Wickham R, et al. Vesicant

extravasation, part I: Mechanisms, pathogenesis, and

nursing care to reduce risk. Oncol Nurs Forum 2006; 27:

1134–1141.

8. Kreidieh FY, Moukadem HA and El Saghir NS.

Overview, prevention and management of chemotherapy

extravasation. World J Clin Oncol 2016; 10: 87–97.
9. Jevtana (cabazitaxel) package insert. Bridgewater, NJ:

Sanofi-Aventis, 2014.
10. Yondelis (trabectedin) package insert. Horsham, PA:

Janssen Products LP, 2015.
11. Mader I, Furst-Weger P, Mader RM, et al. Extravasation

of cytotoxic agents. Wien, Austria: Springer-Verlag, 2010,

pp.144–150.

12. Kadcyla (ado-trastuzumab) package insert. San

Francisco, CA: Genentech, 2014.
13. Arranon (nelarabine) package insert. Research Triangle

Park, NC: GlaxoSmithKline, 2014.
14. Synribo (omacetaxine mepesuccinate) package insert.

North Wales: Teva Pharmaceuticals USA, Inc., 2012.

15. Adcetris (brentuximab vedotin) package insert. Bothell,

WA: Seattle Genetics: 2015.

Kimmel et al. 137



16. Pentostatin package insert. Bedford: Ben Venue
Laboratories, 2010.

17. Folotyn (pralatrexate) package insert. Westminster: Allos

Therapeutics, 2011.
18. Kyprolis (carfilzomib) package insert. Thousand Oaks,

CA: Onyx Pharmaceuticals, 2015.
19. Istodax (romidepsin) package insert. Bedford: Ven Venue

Laboratories, 2014.
20. BiCNU (carmustine) package insert. Eatontown, NJ:

Heritage Pharmaceuticals, 2013.

21. Curtit E, Chaigneau L, Pauchot J, et al. Extravasation of
liposomal doxorubicin induces irritant reaction without
vesicant injury. Anticancer Res 2012; 32: 1481–1483.

22. Onivyde (irinotecan liposome) package insert. Cambridge:
Merrimack Pharmaceuticals, 2015.

23. Marqibo (liposomal vincristine) package insert. Mulgrave:

Hospira Australia Pty Ltd, 2012.
24. Langer SW, Sehested M and Jensen PB. Treatment of

anthracycline extravasation with dexrazoxane. Clin
Cancer Res 2000; 6: 3680–3686.

25. El Saghir N, Otrock Z, Mufarrij A, et al. Dexrazoxane
for anthracycline extravasation and GM-CSF for skin
ulceration and wound healing. Lancet Oncol 2004; 5:

320–321.
26. Langer SW. Dexrazoxane for the treatment of che-

motherapy-related side effects. Cancer Manag Res 2014;

6: 357–363.
27. Jordan K, Behlendorf T, Mueller F, et al. Anthracycline

extravasation injuries: Management with dexrazoxane.
Ther Clin Risk Manag 2009; 5: 361–366.

28. Langer SW, Sehested M and Jensen PB. Dexrazoxane is a
potent and specific inhibitor of anthracycline induced
subcutaneous lesions in mice. Ann Oncol 2001; 12:

405–410.
29. Mouridsen HT, Langer SW, Buter J, et al. Treatment of

anthracycline extravasation with Savene (dexrazoxane):

Results from two prospective clinical multicentre studies.
Ann Oncol 2007; 18: 546–550.

30. Totect (dexrazoxane) package insert. Bedford: Ben venue

Laboratories Inc., 2007.
31. Langer SW, Thougaard AV, Sehested M, et al. Treatment

of anthracycline extravasation in mice with dexrazoxane
with or without DMSO and hydrocortisone. Cancer

Chemother Pharmacol 2006; 57: 125–128.

32. Vos FY, Lesterhuis WJ, Bruggemann RJ, et al. Recovery

of symptomatic extravasation of liposomal doxorubicin

after dexrazoxane treatment. Anticancer Drugs 2012; 23:

139–140.
33. Zinecard (dexrazoxane) package insert. Kalamazoo, MI:

Pharmacia & Upjohn Company, 1998.
34. Dexrazoxane. DrugBank. http://www.drugbank.ca/

drugs/DB00380 (2016, accessed 28 June 2016).
35. Table of Drugs. Center for Medicare & Medicaid

Services. https://www.cms.gov/Medicare/Coding/HCPC

SReleaseCodeSets/Alpha-Numeric-HCPCS-Items/2015-

Table-of-Drugs-.html (2015, accessed 28 June 2016).
36. Dorr RT, Soble M and Alberts DS. Efficacy of sodium

thiosulfate as a local antidote to mechlorethamine skin

toxicity in the mouse. Cancer Chemother Pharmacol 1988;

22: 299–302.
37. Owen OE, Dellatorre DL, Van Scott EJ, et al. Accidental

intramuscular injection of mechlorethamine. Cancer

1980; 45: 2225–2226.

38. Tsavaris NB, Komitsopoulou P, Karagiaouris P, et al.

Prevention of tissue necrosis due to accidental extravasa-

tion of cytostatic drugs by a conservative approach.

Cancer Chemother Pharmacol 1992; 30: 330–333.
39. Bertelli G, Dini D, Forno GB, et al. Hyaluronidase as an

antidote to extravasation of vinca alkaloids: Clinical

results. J Cancer Res Clin Oncol 1994; 120: 505–506.

40. Stanford BL and Hardwicke F. A review of clinical

experience with paclitaxel extravasations. Support Care

Cancer 2013; 11: 270–277.
41. Dorr RT, Snead K and Liddil JD. Skin ulceration poten-

tial of paclitaxel in a mouse skin model in vivo. Cancer

1996; 78: 152–156.
42. Dubois A, Fehr M, Bochtler H, et al. Clinical course and

management of paclitaxel extravasation. Oncol Rep 1996;

3: 973–974.

43. Vitrase (hyaluronidase) package insert. Tampa, FL:

Bausch & Lomb Inc., 2004.

44. Dorr RT and Alberts DS. Vinca alkaloid skin toxicity:

Antidote and drug disposition studies in the mouse.

J Natl Cancer Inst 1985; 74: 113–120.

45. Kretzschmar A, Pink D, THuss-Patience P, et al.

Extravasations of oxaliplatin. J Clin Oncol 2003; 21:

4068–4069.

138 Journal of Oncology Pharmacy Practice 24(2)

http://www.drugbank.ca/drugs/DB00380
http://www.drugbank.ca/drugs/DB00380
https://www.cms.gov/Medicare/Coding/HCPCSReleaseCodeSets/Alpha-Numeric-HCPCS-Items/2015-Table-of-Drugs-.html
https://www.cms.gov/Medicare/Coding/HCPCSReleaseCodeSets/Alpha-Numeric-HCPCS-Items/2015-Table-of-Drugs-.html
https://www.cms.gov/Medicare/Coding/HCPCSReleaseCodeSets/Alpha-Numeric-HCPCS-Items/2015-Table-of-Drugs-.html

