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INTRODUCTION
 — Extravasation refers to the escape of a drug into the extravascular space, either by leakage from a vessel
or by direct in�ltration [1]. Although many drugs are irritating when they are introduced into
extravascular tissues, extravasation of a vesicant drug has the potential to cause tissue damage with severe
and/or lasting injury. Although the most well-known vesicants are cytotoxic chemotherapy drugs (table 1),
several non-antineoplastic drugs also have vesicant properties (table 2).

The incidence, risk factors, clinical presentation, prevention, and management of extravasation injury from
chemotherapy and non-antineoplastic vesicants are reviewed here, with a focus on chemotherapy
extravasation injury. Other cutaneous complications of chemotherapy and venous irritation (chemical
phlebitis) that occurs with drug administration into an intact vein (as is seen predominantly with
vinorelbine and epirubicin) are discussed elsewhere. (See "Cutaneous side e�ects of conventional
chemotherapy agents".)

INCIDENCE AND RISK FACTORS

Incidence
 — The true incidence of chemotherapy vesicant extravasation is unclear since there is no central reporting
mechanism. With an increasing awareness of the risks from extravasation, the frequency appears to have
fallen.

Data from MD Anderson Cancer Center indicate that the rate of serious extravasation injury (as determined
by referral patterns to a plastic surgery clinic) declined from 0.1 to 0.01 percent over a 15-year period,
based upon individual doses of chemotherapy administered [2]. However, this series only includes patients
who were referred to plastic surgery, rather than all extravasations, while the denominator includes all
individual doses of chemotherapy delivered over the six-year study period. As such, this rate probably
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underestimates the true incidence of chemotherapy extravasation injury. Furthermore, this rate may not
re�ect the actual rate in other clinical settings.

Infusional administration of vesicant antineoplastic agents is frequently done through a central venous
access device (CVAD) to minimize the likelihood of subcutaneous extravasation. While the risk of
chemotherapy extravasation through a CVAD is small, it is not zero, and extravasation may be due to
injection technique or device failure:

The incidence of extravasation among individuals receiving non-neoplastic vesicant medications is
unknown.

Risk factors
 — Every patient who receives a vesicant is at risk for extravasation. Risk factors for extravasation from a
peripheral vein include [6-8]:

Risk factors for extravasation from a CVAD include [7,9,10]:

In a single-center report of 376 patients receiving high-dose chemotherapy and peripheral blood stem
cell transplantation through a CVAD over a �ve-year period, there was one case of extravasation (0.26
percent) [3].

●

Another series noted three extravasations in 225 CVADs implanted in 217 patients over an 11-year
period (1.3 percent) [4].

●

A third report noted 15 cases of drug extravasation among 815 consecutive cancer patients (1.8
percent) who received chemotherapy with a totally implantable venous access port system over a one-
year period, not all of whom were receiving vesicants [5].

●

Small and/or fragile veins, or limited vein availability because of lymph node dissection, lymphedema,
or limb removal.

●

Obesity, which obscures veins from view and palpation.●

Multiple previous venipunctures.●

Disseminated skin disease (eg, eczema, psoriasis).●

Patient movement.●

Sensory de�cits that impair a patient's ability to detect a change in sensation at the site of
chemotherapy administration (eg, paralysis, prior stroke, sedation, somnolence, impaired cognition,
impaired mental status).

●

Di�culty encountered during insertion of the device, such as probing or inability to advance the
guidewire or catheter. Catheters can also become inadvertently sliced, pierced, or nicked before or
during insertion.

●
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IRRITANTS VERSUS VESICANT DRUGS

Antineoplastic agents
 — Cytotoxic drugs are classi�ed based upon their potential for local toxicity (table 1) [11,12]:

The distinction between irritant and vesicant chemotherapy drugs is not absolute. As examples:

Device misplacement, with the catheter tip placed outside of the venous system instead of the superior
vena cava.

●

Catheter migration from the vein into the tissue.●

Long dwell time (six months or longer); soft catheter materials are prone to weakening and "pinch o�"
syndrome, which occur when the catheter is compressed between the clavicle and the �rst or second
rib.

●

The presence of a �brin sheath or thrombus at the catheter tip, which may cause vesicant
chemotherapy to backtrack along the catheter and leak from the vein at the venotomy site.

●

A deeply implanted port, which increases the risk that a non-coring needle will be of insu�cient
length to be correctly positioned into the port septum or that patient movement will cause "rocking" of
the needle within the port septum.

●

Vesicants – Extravasation of a vesicant drug has the potential to cause tissue necrosis with a more
severe and/or lasting injury. Vesicant extravasation may result in loss of the full thickness of the skin
and, if severe, underlying structures. The anthracyclines are among the most important cytotoxic
chemotherapy agents that cause extravasation injury, because of their widespread use in various
chemotherapy regimens and their ability to produce severe tissue necrosis.

●

Irritants – An irritant drug causes an in�ammatory reaction, with aching, burning, tightness, pain, and
phlebitis at the needle insertion site or along the vein. Clinical signs include warmth, erythema, and
tenderness in the extravasated area, but without tissue sloughing or necrosis. Symptoms are usually of
short duration, and there are no long-lasting sequelae. Some irritants can cause tissue necrosis if large
volumes of concentrated solutions are extravasated.

●

There are reports of tissue injury from an extravasation of oxaliplatin [13,14], although another series
of 11 patients showed no tissue destruction [15].

●

Most injection site reactions following extravasation of paclitaxel consist of redness, tenderness, and
swelling, but there are case reports that document necrosis and skin exfoliation [16-19]. Only rarely
are long-term sequelae reported, such as ulceration requiring surgical intervention [20]. In a
compilation of 35 reported cases of paclitaxel extravasation, only three developed ulceration, two
requiring skin closure [16]. While most references classify paclitaxel as an irritant drug, the Oncology

●
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In such cases, the extent of tissue injury may be a function of the amount of drug extravasated.

Non-antineoplastic agents
 — Although extravasation from vesicants is best described with antineoplastic agents, a number of other
non-antineoplastic drugs can also act as vesicants or irritants if they extravasate into the subcutaneous
tissues (table 2) [25-28].

MANIFESTATIONS
 — Early symptoms and signs of extravasation injury from a vesicant are often subtle. They usually appear
immediately after the extravasation but can be delayed for days to weeks [25]. Initially, there is local
burning or tingling at the infusion site, mild erythema, pruritus, and swelling. Within two to three days,
increased erythema, pain, brawny discoloration, induration, dry desquamation, and/or blistering may
appear [29].

With a small volume of extravasation, symptoms may disappear over several weeks. With more extensive
in�ltrations, necrosis, eschar formation, and ulceration with raised, red, painful edges and a yellow
necrotic base may develop over several weeks.

Vesicant-induced ulcerations lack granulation tissue and have little epithelial ingrowth. While very small
ulcers typically heal gradually, larger lesions tend to persist, gradually expanding over time. If left
untreated, underlying tendons, nerves, and vessels may become involved, potentially leading to nerve
compression syndromes, permanent joint sti�ness, contractures, and neurologic dysfunction [25].

There have been reports of an extravasation recall phenomenon, where previous sites of extravasation of a
vesicant drug become in�amed upon re-exposure of the patient to the same drug administered at a remote
intravenous site. This phenomenon has been reported with paclitaxel [30-32], doxorubicin [33,34],
epirubicin [35], and docetaxel [36,37].

The severity of extravasation can be divided into four grades, as outlined in the table (table 3).

Central venous access device extravasation

Nursing Society (ONS) and Multinational Association of Supportive Care in cancer (MASCC) classify it
as a vesicant [21,22].

Mitoxantrone, usually classi�ed as an irritant, has been reported to cause skin necrosis requiring
surgical debridement and skin grafting [23].

●

Ado-trastuzumab emtansine, an antibody-drug conjugate that consists of the anti-human epidermal
growth factor receptor 2 (HER2) monoclonal antibody trastuzumab conjugated to emtansine, a highly
cytotoxic antimicrotubule agent, has been classi�ed as an irritant; however, a single case report of
skin necrosis following subcutaneous extravasation has been reported [24].

●
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 — When extravasation occurs from a central venous access device (CVAD), the extravasated solution may
accumulate in the mediastinum, the pleura, or the subcutaneous tissues of the chest or neck. The
predominant symptom is thoracic pain.

PREVENTION
 — The best approach to extravasation injury is prevention [9]. Guidelines for prevention of chemotherapy
extravasation are available from the Oncology Nursing Society (ONS) and the European Oncology Nurses
Society (EONS) [11,21]. Several simple precautions can minimize the risk of extravasation:

For peripheral infusions of chemotherapy, the intravenous (IV) line should be recently started, and the
vein selected should be large and intact, with good blood return established prior to starting the
infusion.

●

Infusion sites should be selected in the following order of preference: forearm (basilic, cephalic, and
median antebrachial), dorsum of hand, wrist, antecubital fossae. With vesicants, try to avoid the
antecubital fossa, wrist, and dorsum of the hand, if at all possible. Contractions from vesicant
extravasation in these regions can cause serious long-term morbidity.

●

Sites with sclerosis, thrombosis, or scar formation should be avoided, as should limbs with impaired
circulation. Although controversial, most experts do not feel that the avoidance of IV lines on the
ipsilateral side is necessary or bene�cial in a woman who has undergone mastectomy for breast cancer
as long as lymphedema is absent. (See "Clinical staging and conservative management of peripheral
lymphedema".)

●

The butter�y needle or plastic cannula should be secured to the skin with tape. Taping of the entry
site itself should be avoided so that the area can be examined. Instead, once the hub of the cannula or
butter�y needle is secured to the skin with tape, a clear dressing, such as Tegaderm, should be applied
to cover the skin entry site.

●

The patency of the IV line should be veri�ed just prior to drug infusion by �ushing with 5 to 10 mL of
isotonic saline or a 5 percent dextrose solution.

●

Instruct the patient to notify a clinician immediately if he or she experiences any pain, leaking, or
other changes in sensation at the infusion site. Ensure that there are no barriers to e�ective
communication. For patients with central venous catheters, this may include chest pain or dyspnea
from pleural e�usion if the tip should penetrate the superior vena cava.

●

The chemotherapeutic agent, appropriately diluted, should be infused through the side arm of the
freely-�owing IV with isotonic saline or 5 percent dextrose. During the infusion, patients should be
closely monitored for pain (often described as mild to severe burning radiating along the vein), and
the site should be inspected for erythema or swelling [6].

●
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MANAGEMENT
  —  There are no randomized trials that have established the role of speci�c interventions in the
management of chemotherapy extravasation [39,40]. Information regarding the treatment of
chemotherapy extravasation is based upon animal models, anecdotal case reports, and a limited number of
small uncontrolled studies [40]. Furthermore, evaluation of the published data in humans is di�cult due to
variability in methods and treatment endpoints, and the confounding in�uence of nonpharmacologic
therapy (ie, the application of cold or heat).

Guidelines for management of chemotherapy extravasation are available from the Oncology Nursing
Society (ONS) and the European Oncology Nurses Society (EONS) [11,21]. The ONS standards were
initially developed in 2009 [41] and were reiterated in 2011 and 2013 with little, if any, change [42,43].
The use of a standardized protocol will allow most extravasations to be managed conservatively,
minimizing the need for surgical intervention [44].

An overview of our recommended approach to the management of chemotherapy extravasations, which
follows the general guidelines of the ONS and EONS, is presented in the table (table 4).

Initial management
 — When extravasation of an irritant or vesicant drug is suspected, the following initial management is
recommended [11,21,45,46]:

Use of a central venous catheter for infusion of vesicant drugs provides reliable venous access, high
�ow rates, and rapid drug dilution. However, these vascular access devices are subject to a number of
complications, including drug extravasation. The catheter tip may not be properly positioned in the
superior vena cava or right atrium, it may migrate out of position, the needle may be improperly
inserted into the injection port, or the catheter itself may be punctured or may rupture [38]. The
position of a catheter following surgical placement should be con�rmed radiographically prior to drug
administration. In addition, if there are any complaints of pain, even without soft tissue swelling or
the lack of ability to draw blood or infuse a �ush solution, there is a need to recon�rm the positioning
of the catheter prior to continuing with the chemotherapy infusion.

●

Previously irradiated areas should be avoided whenever possible.●

Stop the infusion immediately. Do not �ush the line, and avoid applying pressure to the extravasated
site.

●

Elevate the a�ected extremity.●

The catheter/needle should not be removed immediately. Instead, it should be left in place to attempt
to aspirate �uid from the extravasated area and to facilitate the administration of an antidote to the
local area, if appropriate (see below).

●

javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"387699","type":"abstract","number":"39"},{"id":"558790","type":"abstract","number":"40"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"558790","type":"abstract","number":"40"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443329","type":"abstract","number":"11"},{"id":"535975","type":"abstract","number":"21"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"535976","type":"abstract","number":"41"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"535977","type":"abstract","number":"42"},{"id":"535978","type":"abstract","number":"43"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"558792","type":"abstract","number":"44"}]});
javascript:appAction({"meta":{"assetType":"graphic","format":"json","topicId":"2797","source":"see_link"},"data":[{"id":"67155","type":"graphic","subtype":"graphic_table","label":"table 4"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443329","type":"abstract","number":"11"},{"id":"535975","type":"abstract","number":"21"},{"id":"225130","type":"abstract","number":"45"},{"id":"225157","type":"abstract","number":"46"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225100","type":"abstract","number":"38"}]});


Application of heat or cold
 — Topical application of ice or cold packs is recommended for extravasation of all vesicant or irritant
drugs except the vinca alkaloids (vincristine, vinblastine, vinorelbine) and epipodophyllotoxins such as
etoposide. Intermittent cooling is thought to cause vasoconstriction, thereby diminishing the spread of the
drug and the extent of the local injury [47]. Cold compresses also reduce local in�ammation and pain.

E�cacy of cold application was suggested in a series of 175 patients with extravasation of a variety of
chemotherapeutic agents, in which close to 90 percent of those treated with ice alone (15 minutes four
times daily for three days) required no further therapy [48].

Application of ice is contraindicated for extravasations of vinca alkaloids or epipodophyllotoxins, as cold
worsens the ulceration caused by these drugs, at least in animal models [47,49]. Instead, the application of
heat is generally recommended for these agents, although most of the available data are derived from
animal studies rather than clinical reports. Local heating is thought to result in localized vasodilation and
increased blood �ow, thereby enhancing drug removal [49].

The role of heat versus cold with taxanes is less clear:

Speci�c antidotes
 — Speci�c antidotes have been recommended to prevent necrosis and ulceration following extravasation
of certain drugs, although none of these have been validated in randomized clinical trials (table 4). These
include:

If an antidote will not be injected into the extravasation site, the catheter/needle can be removed after
attempted aspiration of the subcutaneous tissues.

●

For paclitaxel extravasations, some guidelines suggest the application of ice [16,21], although
EONS/European Society for Medical Oncology (ESMO) guidelines suggest application of heat in this
setting, since the taxanes, like the vinca alkaloids, are non-DNA binding agents and the general
strategy for these types of extravasations is to dilute and di�use [11]. Aside from extravasation recall
phenomena, long-term e�ects of paclitaxel extravasation are minimal and usually entail mild �brosis
around the extravasation site.

●

Skin toxicity, including desquamation following accidental extravasation, is more frequent with
docetaxel than paclitaxel, although serious long-term sequelae have not been described. The relative
bene�t of topical cooling for docetaxel extravasations is less clear than for paclitaxel; some (including
the EONS) suggest that heat rather than cold be applied in such cases [11,50].

●

Systemic administration of dexrazoxane following anthracycline extravasation●

Topical application of dimethylsulfoxide (DMSO) for anthracycline extravasation when dexrazoxane is
not immediately available

●
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For other drugs (eg, trabectedin [51]), there are no speci�c published antidotes [52].

Dexrazoxane
 — Dexrazoxane has been approved by both the European Agency for the Evaluation of Medicinal Products
and the US Food and Drug Administration (FDA) for the treatment of anthracycline extravasation injury.
Treatment should be started as soon as possible and within the �rst six hours after extravasation.

Bene�t for dexrazoxane after anthracycline extravasation was initially suggested in animal studies and
isolated case reports [53-56]. Dexrazoxane was subsequently evaluated in two prospective,
nonrandomized, multicenter studies involving 80 patients with presumed anthracycline extravasations
[57]. Dexrazoxane was administered intravenously as three one- to two-hour infusions through a di�erent
venous access location, with the �rst dose given within six hours of the actual extravasation, and
subsequent doses administered 24 and 48 hours after extravasation. The �rst and second doses were 1000
mg/m2, and the third dose was 500 mg/m2, up to maximum total doses of 2000, 2000, and 1000 mg,
respectively.

Extravasation was con�rmed by �uorescence microscopy of a biopsy specimen in 54 cases. Only one
patient (2 percent) who received therapy within six hours after the event required surgical debridement.
The most frequent sequelae of the extravasations were mild pain and sensory disturbances (19 and 17
percent, respectively). Chemotherapy was able to be continued without interruption in 71 percent of cases.

Extravasation of liposomal anthracycline preparations (daunorubicin or doxorubicin) is generally not
associated with necrotic injury [58,59]. Application of ice alone to reduce local in�ammation (and
avoidance of DMSO) is recommended (table 4). However, for the rare patient who develops symptomatic
extravasation of pegylated liposomal doxorubicin, dexrazoxane may be bene�cial [60].

Sodium thiosulfate
 — Local injection of a freshly prepared 4 percent (1/6 Molar) or 2 percent solution of sodium thiosulfate
(2 mL for each mg thought to be extravasated) is recommended for the treatment of mechlorethamine
(nitrogen mustard) extravasations, as well as for large-volume extravasation of concentrated dacarbazine or
cisplatin (table 4) [21,46,61]. The solution is injected subcutaneously into the extravasated site using a
separate 25 gauge or smaller needle.

To make a 4 percent solution:

Local injection of sodium thiosulfate for extravasations of mechlorethamine, dacarbazine, and
cisplatin

●

A single, subcutaneous, local injection of DMSO for mitomycin extravasation, followed by topical
application [6]

●

Local injection of hyaluronidase for extravasations of vinca alkaloids, paclitaxel, epipodophyllotoxins,
and ifosfamide

●
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The recommendation for use of thiosulfate is based largely on in vitro data demonstrating an interaction of
thiosulfate with both cisplatin and mechlorethamine, and in vivo animal data demonstrating the ability of
thiosulfate to inactivate mechlorethamine [62-66].

The clinical bene�t of thiosulfate in patients with mechlorethamine extravasation is poorly documented,
with one report demonstrating protection from ulceration in a single patient who received an inadvertent
intramuscular injection [67]. Nevertheless, both the ONS and EONS recommend the use of sodium
thiosulfate for mechlorethamine extravasation despite the lack of conclusive evidence as to bene�t [11,21].

In addition, use of sodium thiosulfate has also been suggested for extravasations of bendamustine (a
mechlorethamine derivative that usually acts as an irritant but can cause local tissue injury if extravasated)
[7]. However, neither the ONS nor EONS has addressed the issue of sodium thiosulfate with this drug
[11,21].

Clinical e�cacy of sodium thiosulfate in patients with extravasation from other agents was suggested in a
series of 63 patients who had received doxorubicin, epirubicin, vinblastine, or mitomycin C [61]. One-half
were treated with hydrocortisone and dexamethasone (see below) alone, while the remainder also received
sodium thiosulfate (2 percent solution injected subcutaneously). No patient in either group developed skin
ulceration or required surgery. The mean healing time for the group receiving thiosulfate was one-half that
of the other group, although the lack of randomization in treatment assignment renders this result
inconclusive.

Hyaluronidase
  —  For extravasations of vinca alkaloids, paclitaxel, and docetaxel, we suggest local injection of
hyaluronidase.

The proteolytic enzyme hyaluronidase promotes the di�usion of subcutaneously injected solutions by
hydrolyzing hyaluronic acid, one of the chief ingredients of the connective tissue stroma. It is postulated
that this creates a wider surface for dilution and aspiration of the drug.

The evidence supporting the use of local in�ltration with hyaluronidase for extravasations with these
chemotherapy agents is based upon small series and case reports [11,16,68]. In one published study of six
patients with extravasation of a vinca alkaloid (vinorelbine, vinblastine, vincristine), pain resolved within
several days of the extravasation in all six without the application of cold compresses [68]. A review of
reports of treatment of paclitaxel extravasation found inconsistent results with hyaluronidase [16]. In a
series of four cases, two managed with cold compresses with hyaluronidase injections around the
extravasated area and two treated with cold compresses alone, the use of hyaluronidase was associated
with delayed healing. In contrast, in another small series, there was a complete disappearance of local

If using 10 percent sodium thiosulfate, mix 4 mL with 6 mL sterile water for injection.●

If using 25 percent sodium thiosulfate, mix 1.6 mL with 8.4 mL sterile water for injection.●
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symptoms (pain, erythema, swelling) with the use of hyaluronidase for a paclitaxel extravasation in �ve
patients.

While EONS suggests the use of hyaluronidase for extravasations of taxanes and vinca alkaloids [11],
guidelines for treatment of extravasation from the ONS recommend hyaluronidase only for extravasations
of vinca alkaloids, and not other agents [21].

Single case reports also support potential bene�t with extravasations from phenytoin [69], nafcillin [70],
and other compounds, such as mannitol and high concentrations of dextrose [68,71-74].

Preparations of hyaluronidase are commercially available but have not been approved for this indication.
The recommended dose is 1 mL (150 units), in�ltrated subcutaneously, as �ve separate injections of 0.2
mL each, into the extravasated site along the leading edge of the erythema, using a separate 25 gauge or
smaller needle.

DMSO
  —  Guidelines for extravasation management from the ONS do not include DMSO [21], and even the
manufacturers' package labeling information fails to recommend its use for anthracycline or mitomycin
extravasations. DMSO was also not included in the recommended treatments for extravasation in 2012
guidelines from ESMO/EONS [11]. However, a subsequent letter to the editor by the author of these
guidelines seemed to reverse this position, stating that although the studies with dexrazoxane re�ected a
slightly superior level of evidence than those with DMSO, both treatments could be considered for the
treatment of an anthracycline extravasation through a peripheral line [75].

In our view, DMSO (where available) represents an acceptable treatment for mitomycin extravasation, and
an alternative to dexrazoxane for peripheral anthracycline extravasations if dexrazoxane is unavailable or if
dexrazoxane cannot be started within six hours of the actual extravasation event (table 4). There is no
evidence that combined use of dexrazoxane and topical DMSO is of any bene�t in patients with
anthracycline extravasations. (See 'Dexrazoxane' above.)

The evidence supporting the use of DMSO comes from two observational studies in patients with
chemotherapy extravasations, both of which used topical administration:

In the largest series, 144 patients with chemotherapy extravasation from a variety of drugs received
topical DMSO (application of a 99 percent solution every eight hours for seven days) plus local cooling
therapy (60 minutes every eight hours for three days) [76]. The authors reported complete recovery
within one week in 103 patients (71 percent), while 22 others recovered with more prolonged DMSO
therapy (total success rate 87 percent). Ulceration developed in a sole patient with an epirubicin
extravasation. Interpretation of these results is di�cult because of the combined use of both DMSO
and topical cooling. Furthermore, only 62 extravasations were due to known vesicants (doxorubicin,
mitomycin, or epirubicin), while the remainder involved irritant rather than vesicant drugs (cisplatin,
ifosfamide, mitoxantrone).

●
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The mechanism underlying bene�t from DMSO is uncertain. DMSO has activity as a free radical scavenger,
and at least some data support the view that tissue damage from vesicants (particularly anthracyclines) is
due to the formation of hydroxyl free radicals [78,79]. The two studies cited above both used a DMSO
concentration of >90 percent, which is not available in the United States. The only available preparation is
a 50 percent solution, which is marketed for intravesical use.

Corticosteroids
 —  In general, corticosteroids are not indicated in the management of vesicant extravasations, with the
possible exception of large-volume extravasations of oxaliplatin. This position is consistent with
recommendations from the ONS and EONS [11,21].

For patients with anthracycline extravasation, systemic, subcutaneous, and intradermal administration of
corticosteroids at the extravasation site have been advocated in the past, although whether there is bene�t
for this approach is unclear. Interpretation of the published literature is confounded by variability in dose
and duration of therapy, route of administration, and outcome measurement [25]. Corticosteroids are
presumed to reduce local in�ammation, but it has never been shown that tissue damage from vesicant
extravasation is the result of an in�ammatory process.

The lack of consensus on the bene�t of corticosteroids for anthracycline extravasation is illustrated by the
fact that product labeling information from two of three suppliers of doxorubicin, as well as daunorubicin
and idarubicin, do not recommend corticosteroids as a component of extravasation management.

One circumstance where oral corticosteroids may be of bene�t is in patients who have extravasated large
amounts of oxaliplatin. In one series of �ve such patients, the early administration of high-dose oral
dexamethasone (8 mg twice daily for up to 14 days) appeared to have a bene�cial e�ect on the severity
and clinical course of the in�ammatory reaction [15].

Corticosteroids may worsen the skin damage from etoposide or vinca alkaloids, and they are speci�cally
contraindicated in these situations.

Surgical intervention
 — Nonhealing ulcers resulting from an extravasation injury often require debridement and skin grafting.
However, the optimal timing of surgical intervention is controversial.

There are no uniform guidelines for the surgical treatment of extravasation injuries. Guidelines from the
ONS do not address indications for surgical management [21]. Guidelines from the EONS recommend
surgical debridement for unresolved tissue necrosis or pain lasting more than 10 days [11], but whether

Bene�t for DMSO independent of cold application in patients with anthracycline extravasation was
also suggested in a prospective series in which 0 of 20 patients who received topical DMSO (99
percent solution every six hours for 14 days) developed ulceration or required surgical management
[77].

●
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surgical intervention is recommended in a patient complaining of persistent pain in the presence of normal-
looking skin is unclear.

Although some clinicians suggest early surgical intervention to prevent ulceration [29,80], a conservative
approach is more often recommended [45,81-85], particularly since fewer than one-third of vesicant
extravasations ultimately result in ulceration. Failure of initial conservative management with continued
erythema, swelling and pain, or the presence of large areas of tissue necrosis or skin ulceration are
indications for surgery [81,86].

Issues unique to central venous access device extravasation
 — There are only case report data regarding the evolution and management of extravasation through a
central venous access device (CVAD). The diagnosis may be con�rmed by imaging, typically with a
thoracic computed tomography (CT).

Management should include stopping the infusion and aspirating through the CVAD catheter as much of
the solution as possible. If the extravasated agent is an anthracycline, intravenous dexrazoxane could be
considered as an antidote. The utility of local antidotes (hyaluronidase, sodium thiosulfate) is unclear, and
their use is not recommended in guidelines from the EONS [11].

A CT scan should be obtained; catheter tip migration through the superior vena cava or atrium is a surgical
emergency and requires immediate operation. If there is no evidence of suppurative mediastinitis, one
would assume that the process is sterile, and therefore, conservative management is reasonable. Indications
for operative intervention include failure of response to conservative/supportive treatment, as indicated by
the development of sepsis, progression of the radiographic abnormalities concurrent with clinical
deterioration, and clinical deterioration in the setting of a collection or necrotic area, even if it appears
"improved" on radiographic imaging.

The only data on surgical intervention for extravasation from CVAD come from published case reports
[18,38,87-91]. Options include debridement of all necrotic material with the establishment of drainage and
antibiotic therapy, and if extravasation is detected early, immediate removal of the port along with an
intraoperative subcutaneous washout to help minimize the exposure of tissue to the extravasated agent and
the risk of tissue necrosis [91]. In our view, decisions about whether to pursue an early subcutaneous
washout procedure must be individualized, carefully weighing the need to retain the port for central
venous access versus the risk of skin adverse events.

EONS guidelines recommend immediate surgical consultation with consideration of thoracentesis and/or
chest tube placement if the extravasation is into the pleura, thoracoscopy or thoracotomy for an
extravasation into the mediastinum, and surgical drainage of the accumulated solution in the case of a
subcutaneous �uid collection [11]. However, cases of mediastinal extravasation of anthracyclines have
resolved with conservative therapy [90,92].

SUMMARY AND RECOMMENDATIONS
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Proper infusion technique is the most important component of preventing extravasation injury from
chemotherapy and other non-neoplastic vesicants. (See 'Prevention' above.)

●

If extravasation of a vesicant agent is suspected, initial management should focus on minimizing the
extent of drug extravasation (see 'Initial management' above):

●

Stop the infusion immediately. Do not �ush the line, and avoid applying pressure to the
extravasated site.

•

Elevate the a�ected extremity.•

The catheter/needle should not be removed immediately. Instead, it should be left in place to
attempt to aspirate �uid from the extravasated area and to facilitate the administration of an
antidote to the local area, if appropriate (see below).

•

If an antidote will not be injected into the extravasation site, the catheter/needle can be removed
after attempted aspiration of the subcutaneous tissues.

•

For extravasations of vesicant agents other than the vinca alkaloids and etoposide, we suggest the
topical application of cold (Grade 2C) (table 4). For the vinca alkaloids and etoposide, we suggest the
application of heat rather than cold (Grade 2C). (See 'Application of heat or cold' above.)

●

For extravasation of anthracyclines that have a high likelihood of producing tissue ulceration (ie, non-
liposomal preparations), we recommend systemic administration of dexrazoxane (Grade 1B).
Liposomal anthracyclines are generally not associated with necrotic injury, and treatment with
dexrazoxane is not indicated in this situation, except in the rare situation of a symptomatic
extravasation. (See 'Dexrazoxane' above.)

●

For extravasations of oxaliplatin, we suggest the administration of high doses of oral corticosteroids
(dexamethasone 8 mg twice daily for up to 14 days) (Grade 2C). (See 'Corticosteroids' above.)

●

For extravasation of mechlorethamine, bendamustine, dacarbazine, or cisplatin, we suggest local
injection of sodium thiosulfate (Grade 2C). (See 'Sodium thiosulfate' above.)

●

For extravasations of vinca alkaloids and taxanes (paclitaxel, docetaxel), we suggest local injection of
hyaluronidase (Grade 2C). (See 'Hyaluronidase' above.)

●

The optimal approach to local therapy for extravasation of non-neoplastic vesicants is unclear, and
there are no guidelines. While the available data are limited to case reports with a few drugs (ie,
nafcillin, phenytoin, mannitol, high concentrations of dextrose), local injection of hyaluronidase
represents a reasonable approach.

●

There are no uniform guidelines for the surgical treatment of extravasation injuries; failure of initial
conservative management with continued erythema, swelling and pain, or the presence of large areas
of tissue necrosis or skin ulceration are indications for surgical management. For central venous access
device (CVAD) extravasations, computed tomography (CT) scanning and surgical consultation are

●

javascript:appAction({"meta":{"assetType":"topic","format":"json"},"data":[{"id":"2797","type":"medical","subtype":"medical_review","section":"H5"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json"},"data":[{"id":"2797","type":"medical","subtype":"medical_review","section":"H7"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"8430","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"resource","format":"html","topicId":"2797","gradeId":"6"},"data":[{"id":"grades6.html","type":"grade"}]});
javascript:appAction({"meta":{"assetType":"graphic","format":"json","topicId":"2797","source":"see_link"},"data":[{"id":"67155","type":"graphic","subtype":"graphic_table","label":"table 4"}]});
javascript:appAction({"meta":{"assetType":"resource","format":"html","topicId":"2797","gradeId":"6"},"data":[{"id":"grades6.html","type":"grade"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json"},"data":[{"id":"2797","type":"medical","subtype":"medical_review","section":"H8"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9338","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"resource","format":"html","topicId":"2797","gradeId":"2"},"data":[{"id":"grades2.html","type":"grade"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json"},"data":[{"id":"2797","type":"medical","subtype":"medical_review","section":"H545989045"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"10180","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9334","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"resource","format":"html","topicId":"2797","gradeId":"6"},"data":[{"id":"grades6.html","type":"grade"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json"},"data":[{"id":"2797","type":"medical","subtype":"medical_review","section":"H14"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"91011","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9323","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9316","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9271","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9939","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"resource","format":"html","topicId":"2797","gradeId":"6"},"data":[{"id":"grades6.html","type":"grade"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json"},"data":[{"id":"2797","type":"medical","subtype":"medical_review","section":"H10"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9735","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9381","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"8657","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"resource","format":"html","topicId":"2797","gradeId":"6"},"data":[{"id":"grades6.html","type":"grade"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json"},"data":[{"id":"2797","type":"medical","subtype":"medical_review","section":"H11"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9674","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9769","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"9587","type":"drug","subtype":"drug_general"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json","source":"see_link"},"data":[{"id":"8657","type":"drug","subtype":"drug_general"}]});


REFERENCES
1. Fischer D, Knobf M, Durivage H. The Cancer Chemotherapy Handbook, Mosby, 1997. p.514.
2. Langstein HN, Duman H, Seelig D, et al. Retrospective study of the management of chemotherapeutic

extravasation injury. Ann Plast Surg 2002; 49:369.
3. Bi� R, Pozzi S, Agazzi A, et al. Use of totally implantable central venous access ports for high-dose

chemotherapy and peripheral blood stem cell transplantation: results of a monocentre series of 376
patients. Ann Oncol 2004; 15:296.

4. Yildizeli B, Laçin T, Batirel HF, Yüksel M. Complications and management of long-term central
venous access catheters and ports. J Vasc Access 2004; 5:174.

5. Narducci F, Jean-Laurent M, Boulanger L, et al. Totally implantable venous access port systems and
risk factors for complications: a one-year prospective study in a cancer centre. Eur J Surg Oncol
2011; 37:913.

6. Goolsby TV, Lombardo FA. Extravasation of chemotherapeutic agents: prevention and treatment.
Semin Oncol 2006; 33:139.

7. Schulmeister L. Extravasation management: clinical update. Semin Oncol Nurs 2011; 27:82.
8. Doellman D, Hadaway L, Bowe-Geddes LA, et al. In�ltration and extravasation: update on prevention

and management. J Infus Nurs 2009; 32:203.
9. Sauerland C, Engelking C, Wickham R, Corbi D. Vesicant extravasation part I: Mechanisms,

pathogenesis, and nursing care to reduce risk. Oncol Nurs Forum 2006; 33:1134.
10. Schulmeister L, Camp-Sorrell D. Chemotherapy extravasation from implanted ports. Oncol Nurs

Forum 2000; 27:531.
11. Perez Fidalgo JA, Garcia Fabregat L, Cervantes A, et al. Management of chemotherapy extravasation:

ESMO-EONS Clinical Practice Guidelines. Ann Oncol 2012; 23(7 Suppl): vii167.
12. Kreidieh FY, Moukadem HA, El Saghir NS. Overview, prevention and management of chemotherapy

extravasation. World J Clin Oncol 2016; 7:87.
13. Baur M, Kienzer HR, Rath T, Dittrich C. Extravasation of Oxaliplatin (Eloxatin((R))) - Clinical Course.

Onkologie 2000; 23:468.
14. Foo KF, Michael M, Toner G, Zalcberg J. A case report of oxaliplatin extravasation. Ann Oncol 2003;

14:961.
15. Kretzschmar A, Pink D, Thuss-Patience P, et al. Extravasations of oxaliplatin. J Clin Oncol 2003;

21:4068.
16. Stanford BL, Hardwicke F. A review of clinical experience with paclitaxel extravasations. Support

Care Cancer 2003; 11:270.
17. Bicher A, Levenback C, Burke TW, et al. Infusion site soft-tissue injury after paclitaxel administration.

Cancer 1995; 76:116.

indicated, although no speci�c plan of treatment has been supported through published studies. (See
'Surgical intervention' above.)

javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443659","type":"abstract","number":"2"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443660","type":"abstract","number":"3"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443662","type":"abstract","number":"4"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443331","type":"abstract","number":"5"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225092","type":"abstract","number":"6"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443330","type":"abstract","number":"7"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443674","type":"abstract","number":"8"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"387697","type":"abstract","number":"9"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443670","type":"abstract","number":"10"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"606817","type":"abstract","number":"12"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225014","type":"abstract","number":"13"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"398478","type":"abstract","number":"14"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225017","type":"abstract","number":"15"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225022","type":"abstract","number":"16"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225027","type":"abstract","number":"17"}]});
javascript:appAction({"meta":{"assetType":"topic","format":"json"},"data":[{"id":"2797","type":"medical","subtype":"medical_review","section":"H16"}]});


18. Barutca S, Kadikoylu G, Bolaman Z, et al. Extravasation of paclitaxel into breast tissue from central
catheter port. Support Care Cancer 2002; 10:563.

19. Ajani JA, Dodd LG, Daugherty K, et al. Taxol-induced soft-tissue injury secondary to extravasation:
characterization by histopathology and clinical course. J Natl Cancer Inst 1994; 86:51.

20. Herrington JD, Figueroa JA. Severe necrosis due to paclitaxel extravasation. Pharmacotherapy 1997;
17:163.

21. Infusion-related complications. In: Chemotherapy and Biotherapy Guidelines and Recommendations
for Practice, 4, Polovich M, Olsem M, LeFebvre KB (Eds), Oncology Nursing Society, Pittsburgh 2014.
p.155.

22. Schulmeister L. Extravasation. In: MASCC Textbook ofCancer Supportive Care and Cancer
Survivorship, Olver, IN. (Eds), Springer, New York 2011. p.351.

23. Luke E. Mitoxantrone-induced extravasation. Oncol Nurs Forum 2005; 32:27.
24. Shafaee MN, Salahudeen AA, Valero V. Skin Necrosis After Ado-Trastuzumab Emtansine

Extravasation. J Oncol Pract 2017; 13:555.
25. Susser WS, Whitaker-Worth DL, Grant-Kels JM. Mucocutaneous reactions to chemotherapy. J Am

Acad Dermatol 1999; 40:367.
26. Usuki A, Funasaka Y, Oka M, Ichihashi M. Tegafur-induced photosensitivity--evaluation of

provocation by UVB irradiation. Int J Dermatol 1997; 36:604.
27. http://www.bardaccess.com/assets/literature/MC-0086-

03_Critical_Choice_Irritants_Vesicants_Web.pdf (Accessed on March 09, 2017).
28. Wang CL, Cohan RH, Ellis JH, et al. Frequency, management, and outcome of extravasation of

nonionic iodinated contrast medium in 69,657 intravenous injections. Radiology 2007; 243:80.
29. Loth TS, Eversmann WW Jr. Treatment methods for extravasations of chemotherapeutic agents: a

comparative study. J Hand Surg Am 1986; 11:388.
30. Shapiro J, Richardson GE. Paclitaxel-induced "recall" soft tissue injury occurring at the site of

previous extravasation with subsequent intravenous treatment in a di�erent limb. J Clin Oncol 1994;
12:2237.

31. Meehan JL, Sporn JR. Case report of Taxol administration via central vein producing a recall reaction
at a site of prior Taxol extravasation. J Natl Cancer Inst 1994; 86:1250.

32. du Bois A, Kommoss FG, P�sterer J, et al. Paclitaxel-induced "recall" soft tissue ulcerations occurring
at the site of previous subcutaneous administration of paclitaxel in low doses. Gynecol Oncol 1996;
60:94.

33. Valencak J, Troch M, Raderer M. Cutaneous recall phenomenon at the site of previous doxorubicin
extravasation after second-line chemotherapy. J Natl Cancer Inst 2007; 99:177.

34. Saini A, Berruti A, Sperone P, et al. Recall in�ammatory skin reaction after use of pegylated
liposomal doxorubicin in site of previous drug extravasation. Lancet Oncol 2006; 7:186.

35. Wilson J, Carder P, Gooi J, Nishikawa H. Recall phenomenon following epirubicin. Clin Oncol (R
Coll Radiol) 1999; 11:424.

javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225031","type":"abstract","number":"18"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225035","type":"abstract","number":"19"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225041","type":"abstract","number":"20"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"387696","type":"abstract","number":"23"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"636840","type":"abstract","number":"24"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"224995","type":"abstract","number":"25"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"224999","type":"abstract","number":"26"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"445557","type":"abstract","number":"28"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225053","type":"abstract","number":"29"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225058","type":"abstract","number":"30"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225064","type":"abstract","number":"31"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225070","type":"abstract","number":"32"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225076","type":"abstract","number":"33"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225083","type":"abstract","number":"34"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225087","type":"abstract","number":"35"}]});


36. Kramer F, Schippert C, Rinnau F, et al. The First Description of Docetaxel-Induced Recall
In�ammatory Skin Reaction After Previous Drug Extravasation. Ann Pharmacother 2011; 45:e11.

37. Ley BD, Millán GG, Perez JS, et al. Docetaxel recall phenomenon at the site of previous drug
extravasation. Arch Dermatol 2010; 146:1190.

38. Bozkurt AK, Uzel B, Akman C, et al. Intrathoracic extravasation of antineoplastic agents: case report
and systematic review. Am J Clin Oncol 2003; 26:121.

39. Wickham R, Engelking C, Sauerland C, Corbi D. Vesicant extravasation part II: Evidence-based
management and continuing controversies. Oncol Nurs Forum 2006; 33:1143.

40. Harrold K, Gould D, Drey N. The management of cytotoxic chemotherapy extravasation: a systematic
review of the literature to evaluate the evidence underpinning contemporary practice. Eur J Cancer
Care (Engl) 2015; 24:771.

41. Jacobson JO, Polovich M, McNi� KK, et al. American Society of Clinical Oncology/Oncology Nursing
Society chemotherapy administration safety standards. Oncol Nurs Forum 2009; 36:651.

42. Jacobson JO, Polovich M, Gilmore TR, et al. Revisions to the 2009 american society of clinical
oncology/oncology nursing society chemotherapy administration safety standards: expanding the
scope to include inpatient settings. J Oncol Pract 2012; 8:2.

43. Neuss MN, Polovich M, McNi� K, et al. 2013 updated American Society of Clinical
Oncology/Oncology Nursing Society chemotherapy administration safety standards including
standards for the safe administration and management of oral chemotherapy. Oncol Nurs Forum
2013; 40:225.

44. Pluschnig U, Haslik W, Bayer G, et al. Outcome of chemotherapy extravasation in a large patient
series using a standardised management protocol. Support Care Cancer 2015; 23:1741.

45. Cox K, Stuart-Harris R, Abdini G, et al. The management of cytotoxic-drug extravasation: guide-lines
drawn up by a working party for the Clinical Oncological Society of Australia. Med J Aust 1988;
148:185.

46. Albanell J, Baselga J. Systemic therapy emergencies. Semin Oncol 2000; 27:347.
47. Bertelli G. Prevention and management of extravasation of cytotoxic drugs. Drug Saf 1995; 12:245.
48. Larson DL. What is the appropriate management of tissue extravasation by antitumor agents? Plast

Reconstr Surg 1985; 75:397.
49. Dorr RT, Alberts DS. Vinca alkaloid skin toxicity: antidote and drug disposition studies in the mouse.

J Natl Cancer Inst 1985; 74:113.
50. Ascherman JA, Knowles SL, Attkiss K. Docetaxel (taxotere) extravasation: a report of �ve cases with

treatment recommendations. Ann Plast Surg 2000; 45:438.
51. Theman TA, Hartzell TL, Sinha I, et al. Recognition of a new chemotherapeutic vesicant: trabectedin

(ecteinascidin-743) extravasation with skin and soft tissue damage. J Clin Oncol 2009; 27:e198.
52. Jordan K, Jahn F, Jordan B, et al. Trabectedin: Supportive care strategies and safety pro�le. Crit Rev

Oncol Hematol 2015; 94:279.
53. Langer SW, Sehested M, Jensen PB. Dexrazoxane is a potent and speci�c inhibitor of anthracycline

induced subcutaneous lesions in mice. Ann Oncol 2001; 12:405.

javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"489641","type":"abstract","number":"36"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"489642","type":"abstract","number":"37"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225100","type":"abstract","number":"38"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"387699","type":"abstract","number":"39"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"558790","type":"abstract","number":"40"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"535976","type":"abstract","number":"41"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"535977","type":"abstract","number":"42"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"535978","type":"abstract","number":"43"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"558792","type":"abstract","number":"44"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225130","type":"abstract","number":"45"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225157","type":"abstract","number":"46"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225162","type":"abstract","number":"47"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225168","type":"abstract","number":"48"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225173","type":"abstract","number":"49"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225177","type":"abstract","number":"50"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"120144","type":"abstract","number":"51"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"556048","type":"abstract","number":"52"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225269","type":"abstract","number":"53"}]});


54. Jensen JN, Lock-Andersen J, Langer SW, Mejer J. Dexrazoxane-a promising antidote in the treatment
of accidental extravasation of anthracyclines. Scand J Plast Reconstr Surg Hand Surg 2003; 37:174.

55. Langer SW, Sehested M, Jensen PB. Treatment of anthracycline extravasation with dexrazoxane. Clin
Cancer Res 2000; 6:3680.

56. Langer SW, Sehested M, Jensen PB, et al. Dexrazoxane in anthracycline extravasation. J Clin Oncol
2000; 18:3064.

57. 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.

58. Madhavan S, Northfelt DW. Lack of vesicant injury following extravasation of liposomal doxorubicin.
J Natl Cancer Inst 1995; 87:1556.

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

60. Vos FY, Lesterhuis WJ, Brüggemann RJ, Graaf WT. Recovery of symptomatic extravasation of
liposomal doxorubicin after dexrazoxane treatment. Anticancer Drugs 2012; 23:139.

61. Tsavaris NB, Komitsopoulou P, Karagiaouris P, et al. Prevention of tissue necrosis due to accidental
extravasation of cytostatic drugs by a conservative approach. Cancer Chemother Pharmacol 1992;
30:330.

62. BONADONNA G, KARNOFSKY DA. PROTECTION STUDIES WITH SODIUM THIOSULFATE AGAINST
METHYL BIS (BETA-CHLOROETHYL)AMINE HYDROCHLORIDE (HN2) AND ITS ETHYLENIMONIUM
DERIVATIVE. Clin Pharmacol Ther 1965; 6:50.

63. LAWRENCE W Jr, TAYAO MS, MAHAJAN RD, et al. SYSTEMIC THIOSULFATE PROTECTION
DURING FRACTIONATED REGIONAL NITROGEN MUSTARD THERAPY. J Surg Res 1964; 4:483.

64. Dorr RT, Soble M, Alberts DS. E�cacy of sodium thiosulfate as a local antidote to mechlorethamine
skin toxicity in the mouse. Cancer Chemother Pharmacol 1988; 22:299.

65. HATIBOGLU I, MIHICH E, MOORE GE, NICHOL CA. Use of sodium thiosulfate as a neutralizing agent
during regional administration of nitrogen mustard: an experimental study. Ann Surg 1962; 156:994.

66. Dorr RT, Alberts DS, Einspahr J, et al. Experimental dacarbazine antitumor activity and skin toxicity
in relation to light exposure and pharmacologic antidotes. Cancer Treat Rep 1987; 71:267.

67. Owen OE, Dellatorre DL, Van Scott EJ, Cohen MR. Accidental intramuscular injection of
mechlorethamine. Cancer 1980; 45:2225.

68. 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.

69. Sokol DK, Dahlmann A, Dunn DW. Hyaluronidase treatment for intravenous phenytoin extravasation.
J Child Neurol 1998; 13:246.

70. Zenk KE, Dungy CI, Greene GR. Nafcillin extravasation injury. Use of hyaluronidase as an antidote.
Am J Dis Child 1981; 135:1113.

71. Cicchetti S, Jemec B, Gault DT. Two case reports of vinorelbine extravasation: management and
review of the literature. Tumori 2000; 86:289.

javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225274","type":"abstract","number":"54"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225278","type":"abstract","number":"55"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225282","type":"abstract","number":"56"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225288","type":"abstract","number":"57"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225265","type":"abstract","number":"58"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"427700","type":"abstract","number":"59"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"400710","type":"abstract","number":"60"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225185","type":"abstract","number":"61"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225190","type":"abstract","number":"62"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225196","type":"abstract","number":"63"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225201","type":"abstract","number":"64"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225206","type":"abstract","number":"65"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225212","type":"abstract","number":"66"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225217","type":"abstract","number":"67"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225223","type":"abstract","number":"68"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443691","type":"abstract","number":"69"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443696","type":"abstract","number":"70"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225226","type":"abstract","number":"71"}]});


72. Kumar MM, Sprung J. The use of hyaluronidase to treat mannitol extravasation. Anesth Analg 2003;
97:1199.

73. Wiegand R, Brown J. Hyaluronidase for the management of dextrose extravasation. Am J Emerg Med
2010; 28:257.e1.

74. Lawson SL, Brady W, Mahmoud A. Identi�cation of highly concentrated dextrose solution (50%
dextrose) extravasation and treatment--a clinical report. Am J Emerg Med 2013; 31:886.e3.

75. Pérez-Fidalgo JA, Cervantes A. Reply to 'Comment on: management of chemotherapy extravasation:
ESMO-EONS clinical practice guidelines'. Ann Oncol 2013; 24:1129.

76. Bertelli G, Gozza A, Forno GB, et al. Topical dimethylsulfoxide for the prevention of soft tissue injury
after extravasation of vesicant cytotoxic drugs: a prospective clinical study. J Clin Oncol 1995;
13:2851.

77. Olver IN, Aisner J, Hament A, et al. A prospective study of topical dimethyl sulfoxide for treating
anthracycline extravasation. J Clin Oncol 1988; 6:1732.

78. Monstrey SJ, Mullick P, Narayanan K, Ramasastry SS. Hyperbaric oxygen therapy and free radical
production: an experimental study in doxorubicin (Adriamycin) extravasation injuries. Ann Plast
Surg 1997; 38:163.

79. Averbuch SD, Boldt M, Gaudiano G, et al. Experimental chemotherapy-induced skin necrosis in
swine. Mechanistic studies of anthracycline antibiotic toxicity and protection with a radical dimer
compound. J Clin Invest 1988; 81:142.

80. Heitmann C, Durmus C, Ingianni G. Surgical management after doxorubicin and epirubicin
extravasation. J Hand Surg Br 1998; 23:666.

81. Larson DL. Treatment of tissue extravasation by antitumor agents. Cancer 1982; 49:1796.
82. Rudolph R, Larson DL. Etiology and treatment of chemotherapeutic agent extravasation injuries: a

review. J Clin Oncol 1987; 5:1116.
83. Boyle DM, Engelking C. Vesicant extravasation: myths and realities. Oncol Nurs Forum 1995; 22:57.
84. Scuderi N, Onesti MG. Antitumor agents: extravasation, management, and surgical treatment. Ann

Plast Surg 1994; 32:39.
85. Heckler FR. Current thoughts on extravasation injuries. Clin Plast Surg 1989; 16:557.
86. Dorr RT. Antidotes to vesicant chemotherapy extravasations. Blood Rev 1990; 4:41.
87. Uges JW, Vollaard AM, Wilms EB, Brouwer RE. Intrapleural extravasation of epirubicin, 5-�uouracil,

and cyclophosphamide, treated with dexrazoxane. Int J Clin Oncol 2006; 11:467.
88. Dührsen U, Heinrichs V, Beecken WD, et al. Local and systemic sequelae of mediastinal daunorubicin

extravasation in a patient with acute myelomonocytic leukemia. Ann Oncol 1997; 8:1167.
89. Anderson CM, Walters RS, Hortobagyi GN. Mediastinitis related to probable central vinblastine

extravasation in a woman undergoing adjuvant chemotherapy for early breast cancer. Am J Clin
Oncol 1996; 19:566.

90. Rodier JM, Malbec L, Lauraine EP, et al. Mediastinal infusion of epirubicin and 5-�uorouracil. A
complication of totally implantable central venous systems. Report of a case. J Cancer Res Clin Oncol
1996; 122:566.

javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443694","type":"abstract","number":"72"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443695","type":"abstract","number":"73"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"680560","type":"abstract","number":"74"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"462963","type":"abstract","number":"75"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225247","type":"abstract","number":"76"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225251","type":"abstract","number":"77"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225255","type":"abstract","number":"78"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225261","type":"abstract","number":"79"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225311","type":"abstract","number":"80"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"224991","type":"abstract","number":"81"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225111","type":"abstract","number":"82"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225291","type":"abstract","number":"83"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225297","type":"abstract","number":"84"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225302","type":"abstract","number":"85"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"225306","type":"abstract","number":"86"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443683","type":"abstract","number":"87"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443684","type":"abstract","number":"88"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443685","type":"abstract","number":"89"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443686","type":"abstract","number":"90"}]});


91. Haslik W, Hacker S, Felberbauer FX, et al. Port-a-Cath extravasation of vesicant cytotoxics: surgical
options for a rare complication of cancer chemotherapy. Eur J Surg Oncol 2015; 41:378.

92. Quintanar Verdúguez T, Blanco Jarava A, Martínez-Barbeito MB, et al. Mediastinal extravasation of
doxorubicin. Clin Transl Oncol 2008; 10:128.

Topic 2797 Version 30.0

© 2020 UpToDate, Inc. All rights reserved.

javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"640031","type":"abstract","number":"91"}]});
javascript:appAction({"meta":{"assetType":"abstract","format":"json","topicId":"2797"},"data":[{"id":"443677","type":"abstract","number":"92"}]});

