Management of remdesivir extravasation in patients
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Extravasation is a common and potentially severe complication of intravenous drug administration. The COVID-19 pandemic
has resulted in a rapid upsurge in the use of remdesivir. Data about complications experienced during use of the drug are
limited. The authors describe here the first case report of a patient with remdesivir extravasation in the UK, and a systematic
review of all known cases worldwide, as well as their management and long term sequelae. Oedema was reported in all
cases, erythema in five cases and pain in four cases. The one case with persistent sequelae had delayed diagnosis which
may have caused potential for more severe injury. The two cases which had the fastest resolution of symptoms were those
where the extravasation was noticed part-way through the infusion, hinting at a dose-dependent relationship. The acidic
pH of remdesivir and high infiltration volumes are the factors which most likely explain the mechanism of tissue injury and
should be the targets on which to base a treatment strategy. The clearest recommendation from our review is the importance
of awareness to recognise injury early and prevent the most severe sequelae. The authors propose a recommendation for
aspiration and hyaluronidase injection to “disperse and dilute” remdesivir.
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+ Remdesivir is being used globally on a large scale and
we have highlighted here all known reported cases of its
extravasation in the literature.

- The authors propose a recommendation in favour of
aspiration and hyaluronidase injection, as well as general
conservative measures from the “disperse and dilute”
strategy.

+ Increased awareness is needed among clinical staff of
the possibility and importance of extravasation in order
to recognise injury early and prevent the most severe
sequelae.

Extravasation is a common and potentially severe
complication of intravenous drug administration and can
be defined as the inadvertent administration of a vesicant
pharmacological or chemical agent that causes severe
skin or tissue reaction.' Extravasation injury exists at one
end of a spectrum of injuries. All patients undergoing
intravenous therapy are at risk of extravasation injury and the
phenomenon remains under-recognised and under-treated.
The incidence of extravasation in adults is estimated to be up
to 6.9%.2 The potential sequelae of extravasation injury are
severe and include desquamation and local tissue necrosis,
compartment syndrome, ulceration, infection, scarring, need
for reconstructive surgery and loss of function with impact on
activities of daily living and occupation.?

The severity of the soft tissue injury is thought to depend on
several factors. Most factors are drug-related, such as whether
the medication is vesicant, irritant or cytotoxic. The infiltrated
volume, drug dose, concentration or pH and the duration of
drug exposure are all important drug-related factors.* Patient-
related factors include administration site local vein quality,
as well as factors relating to a patient’s general health, healing
capacity, nutrition and level of alertness to detect the injury at
an earlier stage. Although infusion sites are checked regularly
by nursing staff for signs of extravasation it is often the patient
who first notices signs and symptoms of injury. This, however,
may not be the case in all patients unwell with COVID-19 on
intensive care units, where there may be concurrent sedation
and ventilatory support.

Remdesivir, developed and manufactured by
biopharmaceutical company Gilead Sciences, is an antiviral
drug that is administered intravenously.® It was originally
developed to treat hepatitis C before being investigated
as a treatment for Ebola and subsequently licensed in the
United Kingdom as a treatment for COVID-19. Remdesivir
is an adenosine nucleotide prodrug that is metabolised
intracellularly to form remdesivir triphosphate. This acts as a
ribonucleotide analogue inhibitor of viral RNA polymerase,
causing a decrease in coronavirus RNA production.

Remdesivir is currently licensed in the UK for use in
hospitalised adults and younger patients over the age of 12



years and 40kg weight.® Several trials have demonstrated
that remdesivir improves outcomes in patients with COVID-
19. Beigel et al showed in the ACTT-1 trial that remdesivir
shortened recovery time when compared to placebo, from
15 days to 11 days.” The PINETREE trial showed that in
certain high risk patients with COVID-19 remdesivir caused a
reduction in risk of hospitalisation and mortality.®

In the UK the recommended dosage of remdesivir is a single
loading dose of 200mg intravenously on day one, followed by
a once daily maintenance dose of 100mg for the remainder of
the treatment course, which should not exceed five days. To
prepare remdesivir for intravenous administration it should
be diluted in either a 250ml or 100ml bag of 0.9% sodium
chloride solution and infused over a minimum of 30 minutes.’

The COVID-19 pandemic has resulted in a rapid upsurge in
the use of remdesivir in hospitals in the UK and worldwide.
Therefore, data about complications experienced during
use of the drug are, as yet, limited. All suspected adverse
drug reactions for patients receiving remdesivir in the UK are
recommended to be reported to the Medicines and Healthcare
products Regulatory Agency (MHRA) via a dedicated COVID-19
Yellow Card reporting site.

Previous works have described case reports of extravasation
of remdesivir. It is difficult to estimate the true incidence of
extravasation injury from this medication due to the rapid
roll out of remdesivir globally and as extravasation injuries
are thought to be grossly under-recognised and under-
reported. The correct management of remdesivir extravasation
is, therefore, still under debate. Although the product label
for remdesivir reports hypersensitivity or infusion-related
reaction as a potential side effect, there were no reports of
extravasation in remdesivir clinical trials and, therefore, no
manufacturer’s instructions on the correct management
of a remdesivir extravasation injury.® There have been, to
the authors’ knowledge, no reports of extravasation injury
with remdesivir in the UK and no consensus regarding the
management of these injuries or the predicted outcomes. The
authors ,therefore, describe here a case report of a patient with
successful management of remdesivir extravasation, and a
systematic review of all known reports in the literature. Written
informed consent was obtained by the patient in our case
report.

A 66-year-old woman was admitted to the intensive care unit
of our hospital with COVID-19 pneumonia. As per hospital
guidelines she was commenced on intravenous remdesivir.
The course was initially without complications, however
the plastic surgery on-call team were contacted regarding
extravasation after the third dose of remdesivir administration.

Remdesivir had been administered via a peripheral cannula
(18 gauge) into a vein on the dorsum of the left hand. The
medication had been prepared as per hospital policy as
100mg of remdesivir diluted in 250ml 0.9% sodium chloride
and run through an infusion pump over 30 minutes. The
cannula had been checked prior to starting the infusion and
documented as patent and it was only noticed at the end of
the infusion that extravasation had occurred.

The patient did not initially complain of any discomfort but
a 2x2cm area of erythema was noted on a background of

global hand swelling. Compartments were soft and there was
no tenderness. 5ml of fluid was able to be aspirated from the
cannula prior to removal. Warm compresses were advised
and the hand elevated in a Bradford sling. It is policy in our
hospital to stock emergency extravasation kits in intensive
care, theatres and pharmacy. An extravasation kit was sourced
and hyaluronidase was administered as per local hospital
policy. 1500 units Wockhardt UK Ltd brand hyaluronidase were
diluted in 1ml sterile water and administered subcutaneously
as four separate injections around the periphery and one
injection into the middle of the extravasation site). This
dosage and method of administration are recommended by
NHS England, as well as the European Oncological Nursing
Society. (It must be noted that this is in contrast to the use of
hyaluronidase in aesthetic practice to dissolve fillers which is
currently an off-licence use in the UK and USA and for which
there is no current standard agreed-upon dosage). Other
brands of hyaluronidase are available outside of the UK and
clinicians should follow the manufacturer’s data sheet for
brand-specific instructions.

Our patient underwent serial review by the plastic surgery
team. Although the patient did not initially complain of pain,
the area became tender. At the 12 hour review blisters were
noted and were present until day four review. Erythema
increased in size to a 3x3cm area and subsequently decreased
until resolution at day four. Oedema peaked at day two and
had greatly diminished by day four. There was still some
swelling present two weeks post-injury but this had resolved
by week four. The patient reported no residual skin changes
or loss of hand function. The remaining remdesivir doses were
administered without complication through a new peripheral
cannula at another anatomical site.

A systematic review was conducted in adherence to PRISMA
guidelines to collate all known reported cases of remdesivir
extravasation. A literature search was conducted in the online
databases Pubmed, Scopus, Embase and ISI Web of Science
for all known articles on the topic from inception up to and
including February 2023. The search strategy was constructed
by two meta-analysis researchers and included the following
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search terms: “extravasation’, “infiltration”, “complication’,

“adverse event”, “iatrogenic”, “soft tissue”, “skin”, “tissue” and
“remdesivir”,

We included studies that met the following criteria:

- Population: adult and paediatric patients with remdesivir
extravasation,

+ Study design: all study designs were considered including
case reports, case series and observational comparative
studies.

The titles and abstracts of retrieved records were assessed
independently for eligibility by two reviewers and all
disagreements were resolved by discussion with a third
reviewer.

The following data was extracted from the full-length articles
that met our eligibility criteria:

« patient characteristics (age and gender),



« extravasation injury details (site, volume, symptoms,
clinical findings), and

« management of extravasation injury and outcome.

A total of 748 unique records were identified using the search
criteria defined above. After examination of titles and abstracts
and exclusion of duplicate records, a total of four articles
were selected for in-depth analysis (see Figure 1). Publication
dates were, perhaps unsurprisingly, all from the years 2021/
2022. Studies were conducted in India'’, Taiwan'!, Spain'® and
the Netherlands.™ One study was excluded as it was simply
a summary article of adverse events from multiple COVID-19
medications, without any data that was not included in the
other studies. Therefore a total of three studies, reporting
data on five patients, were eligible for data extraction. Table
1 outlines a summary of the findings in these five patients in
addition to the patient described in our case report.

The clinical picture varied between cases in the literature. The
only consistent sign in all cases was oedema. Erythema was
documented in five of six case reports. Pain was noted in just
four of the six cases. It is difficult to draw definitive conclusions
from a small sample size but in half of cases hyaluronidase
was used with no noticeable effect on long term sequalae
compared to patients who did not have hyaluronidase. In five
of the six cases there were no long term sequelae past four
weeks. In the one case where symptoms were still present
past six weeks, the injury had been noticed 1.5 hours after
extravasation. This delay may have caused potential for more
severe injury than in the other cases, highlighting the need
for heightened awareness and rapid diagnosis of remdesivir
extravasation. This case was also the only one with a failed
aspiration of the remdesivir solution. The two cases which
had the fastest resolution of symptoms were those where
the extravasation was noticed part-way through the infusion,
hinting at a dose-dependent relationship between remdesivir
volume and tissue injury. Interpretation of these results is
limited by the small sample size of cases as extravasation
injury frequently goes unreported and remdesivir is a relatively
novel drug.
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Figure 1. PRISMA flow diagram

Extravasation injury management can largely be divided
into two approaches: ‘disperse and dilute’ vs ‘concentrate and
condensate’. The chemical properties of a medication, such as
pH, osmolarity, and drug concentration determine the most
appropriate strategy.’

‘Disperse and dilute’ is employed when a medication
causes local tissue damage through its high concentration
or extremes of pH or osmolarity. The infiltrated solution is
rendered less harmful by dilution and diffusion across a wider
area and the pH is rendered more neutral. This dispersion is
achieved by the use of warm compresses to cause vasodilation
and enhanced absorption. Flushing saline through the
intravenous device can aid dilution if the intravenous access
has been left in place. Alternatively stab incisions can be made
and washout of the subcutaneous tissues can be attempted at
the bedside. All of these techniques can be aided by the use
of hyaluronidase injections which hydrolyse hyaluronic acid
in local tissue and therefore increase the available area for
absorption of the extravasated medication.’

The ‘concentrate and condensate’ method is used for vesicant
and highly irritant medications which have the potential to
cause highly severe tissue injury. Dispersing these agents
may lead to a larger area of inflammation, necrosis and tissue
injury. Cold compresses can be employed in order to achieve
vasoconstriction and therefore limit the spread and absorption
of the agent.®

Remdesivir has a protein-binding capacity of 88% to 93.6%
in human plasma, and its volume of distribution varies from
56.3 to 73.4L depending on the dose administered.® These
properties mean that remdesivir has a tendency to easily
enter the extravascular compartments of the body. Data on
the pharmacological effect of remdesivir on subcutaneous
tissue are limited. However, extravasation of other antiviral

Full-text articles excluded (n = 744)

Full-text articles excluded (n= 1%
Summary article (n=1)




Table 1. Summary of all known published cases of remdesivir extravasation

Outcome

Management

Appearance

Symptoms

Extravasation volume

Anatomical

site

Age

Paper

(years)/

Gender
64

Resolution of blisters; oedema subsided

by 50-60% by 72 hours

Erythema & oedema at | Oral prednisolone, elevation,

Noticed after 25 minutes of | Mild burning

Left hand

Kumar et al'®

non-occlusive dressing

planned 60 minute infusion | pain, becoming | 6-7 hours; blisters at

Male

24 hours

severe

Recovering at 2 day. Resolved by day 10

5ml aspirated, elevation,
warm compresses

4x6¢cm swelling, no

erythema

Noticed after 105 minutes of | Moderate pain

planned 120 minute infusion

68 Left wrist

Conde- Estévez et al'?

radial vein

Female
91

Haematoma resolved by 4 weeks.
Swelling still present at 6 weeks

Failed aspiration. Warm

No pain 3x3cm swelling,

Full volume. Noticed 1.5

Left wrist,

Van Merendonk et al™

compress, hyaluronidase

erythema, tissue

cooler

hours after end of infusion

basilic vein

Female

Haematoma and swelling decreased by

day 7. No signs at 4 weeks

Hyaluronidase, no immediate

general measures

Swelling and

Swelling and

pain

Not documented

Right hand
dorsum

72

Van Merendonk et al'3

haematoma after a

few hours

Male

Erythema and swelling resolved by day 3.
Rust-coloured redness appeared at week

1, resolved by week 4

Tender erythematous | Attempted aspiration.

Severe
tenderness

Full volume. Noticed at end

of infusion

Right wrist,
cephalic

67
vein

Van Merendonk et al'3

Hyaluronidase not available

swelling 3cm diameter

Female

Erythema and blisters resolved by day 4.
Swelling present until week 4. No long

term effects

5ml aspirated, elevation,
warm compresses,
hyaluronidase

No pain Tender, 2x2cm

Left hand Full volume. Noticed at end
dorsum of infusion

66

Present case report

erythema, oedema,

Female

blisters at 12 hours

nucleotide and nucleoside analogues have been reported
previously and the tissue damage thought to be caused by
the pH of the solutions.'

Remdesivir formulation for injection contains multiple
excipients (sulfobutylether-B-cyclodextrin, hydrochloric
acid and sodium hydroxide), any of which might
be the potential cause of tissue damage in remdesivir
extravasation.® Sulfobutylether-p-cyclodextrin is added
to remdesivir formulation to increase solubility and
stability but its effect on subcutaneous tissue is unknown.?
Hydrochloric acid and sodium hydroxide together bring
the pH of remdesivir formulation to between 3.0 and
4.0.5 An acidic pH at this level has been shown to cause
tissue oedema, precipitation of proteins, vasoconstriction,
cellular desiccation, ulceration, coagulative necrosis, and
eschar formation.

Damage related to the formulation’s osmolality was not
expected due to the osmolality being 278-320 mOsm/
kg, which does not exceed the threshold for harmful
hyperosmolality.> Infusion-specific factors, such as the
high infiltration volume (between 100mI-250ml) and the
high infusion rate (up to 500 mL/h), are risk factors for
mechanistic damage resulting in tissue injury.

It appears likely that the acidic pH of the remdesivir
solution and high infiltration volumes are the most
likely factors which explain the tissue damage caused
by remdesivir extravasation and the most pertinent
targets on which to base the treatment strategy. It has
been previously reported that signs of tissue injury
from remdesivir extravasation appeared to resolve after
hyaluronidase injection, which was also our experience in
this case, although causality remains unclear.

Remdesivir is being used globally and on a large scale
and we have highlighted here all known reported cases
of its extravasation in the literature. We have laid out the
spectrum of known long term sequelae and suggestions
for both the mechanism of tissue injury and appropriate
management.

The clearest recommendation from our review is
the importance of awareness among clinical staff to
the possibility and importance of extravasation of this
widely used drug, in order to recognise injury early and
prevent the most severe sequelae. The evidence supports
conservative measures from the ‘disperse and dilute’
strategy, aspiration and hyaluronidase injection. The role
of local or systemic corticosteroid treatment to suppress
inflammation from remdesivir extravasation injury could
be explored in future work. With raised awareness future
research can be carried out with larger study sizes.

UK - United Kingdom
COVID-19 - coronavirus disease 2019

RNA - ribonucleic acid



MHRA - Medicines and Healthcare products Regulatory
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