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ABSTRACT
Infiltration of a vesicant, called extravasation, can result in severe patient injuries. Recognition of vesicants and their
relative risk of injury is essential to extravasation prevention, early recognition, and appropriate treatment. In this
article, the Vesicant Task Force (VTF) updates the previously published Infusion Nurses Society (INS) vesicant list from
2017. The 2024 INS list diverges from earlier vesicant lists, such as the 2017 VTF list, by adopting a risk stratification
approach based upon documented patient outcomes, in contrast to the reliance on expert consensus or only surrogate
risk indicators, such as pH and osmolarity. The methodology used to create the updated list is explained, and the
criteria for high- and moderate-risk vesicants and cautionary vesicants are defined.
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INTRODUCTION

In 2017, the Infusion Nurses Society (INS) formed a Vesi-
cant Task Force (VTF) with the goal to formulate an evi-
dence-based list of noncytotoxic vesicant medications and
solutions. In conclusion of that work, the VTF recom-
mended that the list be re-evaluated on a regular basis as
new data emerge and as new medications are introduced
into the market.1 In 2021, a new VTF was formed to review
the literature and revise the 2017 vesicant list. Historically,
vesicants have been divided into cytotoxic and noncyto-
toxic vesicants, with cytotoxic vesicants referring to anti-
neoplastic vesicants due to their direct attack on cells that
causes damage independent of other factors like pH or
osmolarity. Newer evidence has demonstrated that some
nonantineoplastic vesicants are cytotoxic, so the list has
been retitled to reflect the incorporation of vesicants (in-
cluding some that are cytotoxic) that are not antineoplastic
agents. All vesicants kill cells, so all vesicants could be
considered cytotoxic, but cytotoxicity as a mechanism of
tissue injury from extravasation refers to vesicants that
damage cells in a way that is different from the other
recognized methods of injury (pH, osmolarity, vasoconstric-
tion, absorption refractory).

Infiltration of a vesicant, called extravasation, can result
in severe patient harm and injury, including scarring, perma-
nent functional impairment, chronic pain, and even loss of a
limb or digits. Unlike antineoplastic vesicants, nonantineo-
plastic vesicant administration is ubiquitous, and clinicians
often receive no specialized training prior to administration.
Patients at heightened risk of extravasation include those
with fragile skin and blood vessels (eg, pediatric and geriatric
patients) and patients with decreased ability to communi-
cate signs or symptoms of extravasation (eg, impaired cog-
nition, altered mental status, somnolence, language
barrier).2-4 In the course of treating extravasation injuries,
hospitalizations may be prolonged, or additional treatment
and follow-up visits or hospitalizations may be required. The
cost of extravasations is also reflected in litigation, as large
compensations for such injuries are awarded.5 Members of
this VTF have been involved in the review of numerous and
increasing numbers of malpractice cases involving severe
extravasation injuries.

Recognition of vesicants and their relative risk of injury
is essential to extravasation prevention, early recognition,
and appropriate treatment. As with the previous VTF, the
scope of work was limited to development of an updated

vesicant list and revising the Extravasation Prevention
Checklist (Appendix). Extravasation prevention and early
recognition are promoted through vascular access device
(VAD) planning, skilled venipuncture techniques, ongoing
monitoring, and early recognition and intervention when
there are signs and symptoms of potential extravasation.
Having a risk-stratified list of identified vesicants can aid
health care organizations and clinicians in safely adminis-
tering vesicants by using the risk level to inform policies
and procedures, as well as treatment decisions such as VAD
placement and administration monitoring. To the authors’
knowledge, there has never been a list of nonantineo-
plastic vesicants published with evidence-based risk
stratification. All previously published lists that stratify
vesicants by risk, including the 2017 VTF list, have done
so utilizing expert consensus and/or surrogate indicators
of risk (eg, pH, osmolarity). This is the first published
list of vesicants with risk stratification based on actual
patient outcomes.

Notably, treatment is not part of the original or this
VTF work. For treatment recommendations, please refer to
the extensive review of extravasation treatments authored
by 2 current VTF members (Ong and Van Gerpen) pub-
lished in the Journal of Infusion Nursing, and to the 2024
INS Infusion Therapy Standards of Practice (Standards).6,7

Definitions: Vesicants, Irritants, Extravasation,
Infiltration
In 2017, the VTF acknowledged the confusion, misunder-
standing, and inconsistency among definitions of vesicant,
irritant, and extravasation versus infiltration. This remains
an issue today. In accordance with the 2024 Standards, the
definitions are unchanged.7

● Vesicant: An agent capable of causing tissue damage
when it escapes from the intended vascular pathway
into surrounding tissue.

● Irritant: An agent capable of producing discomfort (eg,
burning, stinging) or pain as a result of irritation in the
internal lumen of the vein with or without immediate
external signs of vein inflammation.

● Infiltration: Inadvertent administration of a nonvesi-
cant solution or medication into surrounding tissue,
rated by a standard tool or definition.

● Extravasation: Inadvertent infiltration of vesicant so-
lution or medication into surrounding tissue, rated by
a standard tool or definition.
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Peripheral Vesicant Administration:
Extravasation Risk and Safety Concerns
The administration of vesicants via the peripheral route,
whether via a midline catheter (MLC) or a short or long
peripheral intravenous catheter (PIVC), is a trend today, yet
a trend with considerable risk for extravasation injury. The
trend is multifactorial, but 2 contributing factors are (1) the
need to treat a condition emergently when a central vas-
cular access device (CVAD) is not available and (2) the
emphasis on reduction of CVAD utilization due to concern
for CVAD-related complications, especially central line-as-
sociated bloodstream infections (CLABSI) and the negative
impact of public reporting of these outcomes.8,9

While extravasation is a risk with CVADs,10 the risk is
greater with peripheral catheters due to smaller vein dia-
meter and reduced hemodilution, close proximity of endothe-
lial cells that are easily damaged from mechanical and
chemical trauma, and flexibility of the extremity in sites
commonly chosen for peripheral catheters.7,11,12 Unfortu-
nately, the rapid escalation in the use of PIVCs to reduce
CVAD-related complications has occurred without an accu-
rate evaluation of the impact of this trend on patients and
their vessel health and preservation. Several concerns emerge
from the current literature on PIVC outcome evaluation,
including short and long PIVCs and MLCs, including the varia-
bility in PIVC outcome definitions.13-16 Inadequate education
and competency evaluation in accurate and risk-based PIVC
assessment and in the recognition and management of PIVC
complications has been noted in all phases of nursing pre-
paration, from nursing program curriculum through new hire
orientation and beyond.17-19 In the uncertainty of what to
label a PIVC complication, clinicians often document the
reason for removal as symptoms (eg, erythema, edema,
leaking) rather than designating the actual PIVC complication
(eg, phlebitis, extravasation), reducing the accuracy of the
patient outcome measurement. In addition, factors such as
electronic health record (EHR) limitations and complex nur-
sing workflows contribute to gaps in documentation. It is
widely acknowledged that PIVC-related documentation does
not convey an accurate picture of insertion, ongoing manage-
ment, dwell time, infusates administered, or reasons for
removal.17,20,21 Given these substantial limitations and the
retrospective nature of the majority of PIVC research studies,
a true understanding of the safety profile of peripheral vesi-
cant administration has not been established to the extent
that would inform practice.

METHODS

The VTF re-examined the work done to create the 2017
vesicant list, as well as the systematic and narrative litera-
ture reviews that had been used to help formulate it.22-24 A
literature search using MEDLINE/PubMed, Cochrane Library,
and Google Scholar was performed using the following

terms: extravasation, infiltration, vesicant, noncytotoxic,
non-antineoplastic, tissue injury, and necrosis. Literature in-
cluded case reports, retrospective/prospective studies, and
systematic/narrative literature reviews. Narrative and sys-
tematic reviews of nonantineoplastic vesicants and drug
characteristics were identified and reviewed.6,25-27 All of
the literature was reviewed and discussed by the VTF via
regular, ongoing virtual meetings and email communication.
Medications were screened for inclusion if they were (1)
reviewed and excluded for insufficient data by the 2017 VTF;
(2) listed as a vesicant in a review article published after the
2017 VTF review; or (3) listed in the current version of an
intravenous (IV) drug handbook AND mentioned the word
extravasation.28

Screening of an infusate for potential inclusion on the
2024 VTF list consisted of gathering information regarding
the infusate until there was sufficient evidence either to
determine which list it belonged on or to exclude it from
the lists. Information regarding pertinent reported adverse
effects, special administration instructions, or warnings/pre-
cautions were gathered from prescribing information, an IV
drug handbook, and drug information databases (including
Lexicomp and Micromedex).28 Reported cases cited in re-
view articles were retrieved and analyzed. Individual litera-
ture searches and reviews were performed for individual
purported vesicants to identify additional cases of injury or
evidence supporting a proposed mechanism of tissue injury
(eg, cytotoxicity). The US Food and Drug Administration
(FDA) Adverse Event Reporting System (FAERS) was also
queried to search for information related to human adverse
events reported to the FDA. Only submissions by health care
providers were deemed reliable enough to cite as evidence.
In an attempt to elucidate which risk level they belong in,
epinephrine, methylene blue, phenylephrine, digoxin, and
vasopressin were selected for review of FAERS data due to a
lack of detailed published cases.

Data regarding a potential mechanism of tissue injury,
including physiochemical properties, such as pH and osmo-
larity, were sourced primarily from Trissel’sTM 2 Clinical
Pharmaceutics Database,29 with additional information
gathered from prescribing information and published arti-
cles. Wherever possible, the pH and osmolarity are reported
for the drug in its administrable formulation(s). The admin-
istrable formulations (recommended concentration and di-
luent) were selected according to an IV drug handbook,
prescribing information, and drug databases. While, theore-
tically, the pH of the administrable formulation could be
calculated based on a reported pH of a different formula-
tion, the product composition is not described in enough
detail to accurately perform such calculations. When the pH
of the administrable formulation was unavailable, an alter-
native known pH was reported (eg, of a more concentrated
formulation).

Minimum osmolarity was calculated from the concen-
trations, molecular weights, and dissociation constants of
the drug, diluent, and any excipients (added ingredients for
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drug stability) with reported quantities. Dissociation refers
to the tendency for a molecule of a drug to separate into
multiple molecules when dissolved, such as NaCl into Na+
and Cl-. The presence of excipients may be unaccounted
for in the calculation, making the calculated osmolarity a
minimum estimation of the administrable osmolarity. To
avoid overestimation of the osmolarity, as noted by Po-
derós et al,30 calculations were only performed if the dis-
sociation constants are relatively independent of pH or
concentration.

Categorization of the 2024 Vesicant List
Many extravasations result in temporary or permanent
aesthetic defects. However, to identify the vesicants most
likely to cause life-changing injuries from extravasation, the
VTF defined high-risk vesicants based upon reports of caus-
ing permanent functional deficits. A single case of perma-
nent functional deficit could be coincidental, but multiple
cases indicate a propensity for causing severe injury. The
VTF defined high risk as having 2 or more reported cases of
permanent functional deficit. Moderate-risk vesicants
meet the minimum criteria to be defined a vesicant but
are likely not as dangerous as high-risk vesicants. In order
to substantiate that the injury was a result of the infusate
rather than case-specific factors (eg, large volume infiltra-
tion of a nonvesicant), vesicants are classified as moderate
risk if there are 2 or more cases of injury, or if there is a
single case of injury along with a documented mechanism
of injury. Cautionary risk infusates may or may not be
vesicants. This category contains theoretical vesicants
(based on physiochemical properties). Until extravasation
injury occurs in vivo, their vesicant status will remain the-
oretical. Infusates also fall in the cautionary list when injury
has occurred, but why (confounding factors such as large
volume infiltrations or co-extravasations) or how (ie, me-
chanism) the injury occurred does not clearly substantiate
that the infusate is a vesicant. The criteria for each risk
category are summarized in Table 1.

Literature Review and Vesicant Screening
Results
There were many more infusates screened than were in-
cluded in the vesicant list. Only the most notable exclusions
are discussed.

The 2017 VTF described the exclusion of 17 notable
infusates from the final vesicant list due to insufficient
evidence. Upon rescreening, including review of more re-
cently published evidence (if any), 1 vesicant (propofol)
was categorized as a high-risk vesicant, 2 vesicants (immu-
noglobulin and sodium thiopental) were categorized as
moderate risk, and 10 potential vesicants were added to
the cautionary list (aminophylline, amphotericin B, ampi-
cillin, doxycycline, gentamicin, lorazepam, metronidazole,
oxacillin, penicillin, valproate sodium). Three of the infu-
sates excluded from the 2017 VTF list (albumin, furose-
mide, morphine) were also excluded by the 2024 VTF for

ongoing lack of supporting evidence. Acetazolamide had
been listed as a vesicant by Clark et al22 but was excluded
from the 2017 VTF list. Upon rescreening, it was categor-
ized as moderate risk.

The work by Ong and Van Gerpen6 that focused on
evidence-based recommendations for treatment of extra-
vasation injury had 9 purported vesicants beyond those
reviewed by the 2017 VTF. Upon screening by the 2024
VTF, 1 (methylene blue) was categorized as a high-risk
vesicant, 5 (dantrolene, diazepam, esmolol, lipids, sodium
phosphate) as moderate-risk vesicants, and 3 were added
to the cautionary list (digoxin, etomidate, potassium phos-
phate). Screening of products available outside the United
States that were excluded as being outside the scope of the
work of Ong and Van Gerpen led to the inclusion of 2 high-
risk vesicants (metaraminol, tetracycline) and 2 moderate-
risk vesicants (the higher pH version of tromethamine and
flucloxacillin). Ong and Van Gerpen discovered the identity
of fluorescein as a vesicant after their publication and,
upon screening by the 2024 VTF, it was added to the
moderate list.

Manrique-Rodríguez et al27 performed a study aiming
to standardize dilution of IV drugs across the country of
Spain. Drug pH, osmolarity, and cytotoxic nature were iden-
tified with the intent to provide guidance for VAD selection.
A modified Delphi method approach was used involving a
multidisciplinary expert team of physicians and pharmacists.
They defined vesicants based upon an osmolarity value of

TABLE 1

Summary of Risk Categories
High Risk

● 2 or more published cases with evidence of permanent func-
tional impairment (eg, permanent nerve damage, loss of limb,
inability to work or perform activities of daily living)

Moderate Risk

● At least 1 documented case of injury (eg, blistering, necrosis)
AND a valid proposed mechanism of tissue injury up to and
including a single case of permanent functional impairment OR

● 2 or more documented cases of injury (eg, blistering, necrosis)
even without a documented mechanism of tissue injury OR

● Drug prescribing information includes verbiage indicating re-
ports of “extravasation” AND “necrosis”

Cautionary Risk

● Single report of extravasation injury (eg, blistering, necrosis)
without a documented mechanism of tissue injury OR

● A documented mechanism of tissue injury (eg, extreme hyper-
osmolarity) without any reported cases of extravasation injury OR

● Case reports of extravasation injury are unclear or confounded
(eg, coadministration with another vesicant)
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>600 mOsm/L and a pH level <4 or >9. Every infusate they
classified as a vesicant had already met inclusion criteria for
the cautionary, moderate-, or high-risk 2024 VTF lists.

Shibata et al26 reviewed case reports, animal studies,
and drug package inserts in an effort to distinguish among
vesicants, irritants, and nonirritants. An infusate was classi-
fied as a vesicant if the package insert mentioned necrosis
from leaking during administration or if published cases in
humans or animal studies demonstrated necrosis at the
extravasation site. Infusates classified as vesicants that did
not meet inclusion for the 2024 VTF list include furosemide,
lansoprazole, hydroxyzine, nicardipine, and 3 medication
formulations unavailable in the United States (saccharated
ferric oxide [FESIN®], gabexate, nafamostat). The pH ranges
of furosemide formulations may vary within a country or
between countries. In the United States, the reported pH
range for furosemide 10 mg/mL is 8.0 to 9.3, but Shibata et
al26 described furosemide 10 mg/mL as having a pH range of
8.5 to 10.0. With a pH range of 8.0 to 9.3 and an osmolarity
of about 290 mOsm/kg, furosemide has no valid mechanism
of tissue injury and, therefore, does not meet criteria for
inclusion on the cautionary list. The furosemide extravasa-
tion case cited by Shibata et al26 was a case of compartment
syndrome (CS), which can occur even with infiltrations of
nonvesicant infusates. Lansoprazole injection (not available
in the United States) is available internationally as an IV push
(pH = 11.0) or an infusion (pH = 9.5 to 10.2).29 The alkaline
pH could result in extravasation injury, but other human
data to support its identity as a vesicant are lacking. Hydro-
xyzine is not a vesicant, as it is only recommended for
intramuscular (IM) administration.

Nicardipine, pH 3.7 to 4.7, is a well-documented cause
of thrombophlebitis but lacks other indicators to support
status as a vesicant.29 A recent summary of adverse extra-
vasation events reported to the Japanese Adverse Drug
Event Report (JADER) listed symptoms from 11 extravasa-
tion events associated with nicardipine, but none of the
cases reported ulceration or erosion, and only 1 reported
necrosis.31 The other reported symptoms were a lump
(n = 6), swelling (n = 4), and erythema (n = 1), all of which
could have been a result of thrombophlebitis instead of a
vesicant injury. Case details are unavailable, so whether the
necrosis case was a result of vesicant-like tissue injury or
some other cause (eg, thrombosis) cannot be ascertained.

Stefanos et al24 updated the 2014 review by Reynolds
et al,25 with particular attention given to peripheral admin-
istration of vasopressors and hypertonic saline. Screening
the purported vesicants led to including 1 (iron sucrose) in
the moderate risk and 4 in the cautionary list (angiotensin
II, ganciclovir, magnesium, terlipressin). Infusates reported
as vesicants by Stefanos et al24 that did not meet inclusion
criteria for the 2024 VTF list include nicardipine, conivap-
tan, and nitroglycerin. Conivaptan has an acidic pH at 3.4 to
3.8 but lacks other indicators to support status as a
vesicant.29 Despite the presence of propylene glycol in
nitroglycerin formulations, ready-to-administer infusions

only have an osmolarity of 465 mOsm/L.29 Propylene glycol
in concentrations of 30 mg/mL has not been associated
with injury, but necrosis occurred with concentrations of
416 mg/mL.26 Because propylene glycol is only a stabilizing
agent (not the active ingredient), the concentration con-
tained in products is allowed to vary.

Borgonovo et al32 collected data about antimicrobial
drugs and labeled medications as cautionary or “red flag”
based upon the following: a pH <5 or >9, for osmolarity
>600 mOsm/L, for reported incidence of thrombophlebitis
if infused peripherally, or with vesicant properties. Anti-
microbial medications labeled as vesicants included van-
comycin, acyclovir, and remdesivir, all included in the VTF
moderate list. They also included amphotericin B (includ-
ing the liposomal formulation), which the VTF placed on
the cautionary list due to lack of clarity of the mechanism
of tissue injury and unclear reports. In summary, the
medications reported by a review article as a vesicant
that did not meet inclusion criteria for inclusion on the
2024 VTF list include albumin, conivaptan, furosemide,
lansoprazole, morphine, and nicardipine.

In order to catch vesicants not yet identified in pub-
lished lists, every drug with extravasation mentioned in its
entry in an IV handbook was screened.28 As a result, 4
vesicants were added to the moderate list (sodium pheny-
lacetate and sodium benzoate [Ammonul], amobarbital,
azithromycin, and methocarbamol), and midazolam was
added to the cautionary list. After reviewing each of the
purported vesicants for potential inclusion in the 2024 VTF
list, the VTF compiled the final list of high-/moderate-risk
vesicants and cautionary vesicants, as presented in Tables
2 and 3. This is the first nonantineoplastic vesicant list with
risk stratification based on reports of patient injury and
outcomes.

Mechanisms of Tissue Injury
Understanding how a vesicant causes injury upon inadver-
tent extravascular administration can help in (1) identifica-
tion of vesicants or potential vesicants, (2) evaluation of
the relative risks of administration, and (3) guiding extra-
vasation treatment decisions. There are currently 5 identi-
fied mechanisms whereby vesicant extravasation causes
tissue injury:

1. Nonphysiologic pH
2. Vasoconstriction
3. Osmolarity
4. Absorption refractory
5. Cytotoxicity.

While it is known that certain chemical properties or
pharmacologic actions of the infusate can affect the pro-
pensity to cause tissue injury, how, when, and why injury
occurs is a complex and poorly understood process. A
single vesicant can cause injury by a combination of me-
chanisms (eg, vasopressors that are also acidic), and injury

294 Copyright © 2024 Infusion Nurses Society Journal of Infusion Nursing

Copyright © 2024 Infusion Nurses Society. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/journalofinfusionnursing by H
8bsR

LF
E

1xW
zC

cE
2Z

bD
F

uC
aS

km
T

D
qG

kH
kydILZ

B
B

Y
/8hY

lD
JV

vb3lY
w

6IN
R

8Q
yW

F
Q

O
dJ1b4E

9Y
8yZ

+
5oC

U
ldz41F

pO
dG

tm
t3iyY

1z5hU
um

ek1o2M
m

G
pftyP

jY
Z

Z
/R

G
/D

lbf+
Y

T
vn4O

G
P

fG
B

tC
F

A
S

W
IA

V
zE

S
a3oB

+
X

tyU
G

13kA
Q

Y
=

 on 09/19/2024



T
A

B
L

E
2

Ve
si
ca
nt
s:
M
od
er
at
e
an
d
H
ig
h
Ri
sk

Ex
tr
av
as
at
io
n

In
ju
ry

Ri
sk

Ca
se

St
ud

ie
s/
Su
pp
or
ti
ng

Ev
id
en
ce

M
ec
ha
ni
sm

(s
)
of

Ti
ss
ue

In
ju
ry

An
tim

ic
ro
bi
al
s

Ac
yc
lo
vi
r

M
od

er
at
e
ris
k

2
ca
se
s
w
ith

pe
rm

an
en

ta
es
th
et
ic
de

fe
ct

33
,3
4

Al
ka
lin
e
pH

10
.4

(7
m
g/
m
L
in

N
S)

22

Az
ith

ro
m
yc
in

M
od

er
at
e
ris
k

Bl
ist
er
in
g
an

d
w
ho

le
ar
m

sw
el
lin
g;

he
al
ed

w
ith

re
m
ai
ni
ng

hy
po

pi
gm

en
ta
tio

n3
5

Cy
to
to
xi
ci
ty

36

Fl
uc
lo
xa
ci
lli
n
(n
ot

av
ai
la
bl
e
in

th
e

U
ni
te
d
St
at
es
)

M
od

er
at
e
ris
k

6
ca
se
s
of

ne
cr
os
is,

w
hi
ch

re
so
lv
ed

w
ith

ou
td

oc
um

en
te
d
pe

rm
an

en
tf
un

ct
io
na

l
de

fic
it3

7,
38

Ac
id
ic
pH

5-
73

9

N
af
ci
lli
n

M
od

er
at
e
ris
k

9
ca
se
s
he

al
ed

w
ith

ou
t
re
po

rt
ed

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it,

2
of

w
hi
ch

ha
d
sk
in

gr
af
ts
:1

w
as

“c
os
m
et
ic
,”
an

d
th
e
ot
he

r
co
ve
re
d
ex
po

se
d
bo

ne
w
ith

ou
td

isc
us
sio

n
of

lo
ng

-t
er
m

re
su
lts

40
-4
2

H
yp
er
os
m
ol
ar

In
fu
sio

n:
48

5
m
O
sm

/k
g

(6
0
m
g/
m
L
in

N
S)

29

IV
P:

M
in
im

um
:1

49
m
O
sm

/k
g

(5
2.
6
m
g/
m
L
in

SW
)*
*2

9

M
ax
im

um
:5

32
m
O
sm

/k
g

(8
7
m
g/
m
L
in

N
S)

**
29

Pe
nt
am

id
in
e

M
od

er
at
e
ris
k

La
rg
e
ar
ea

of
ne

cr
os
is
ov
er

th
e
ha

nd
an

d
fo
re
ar
m

w
ith

pe
rm

an
en

td
ec
re
as
e
in

se
ns
at
io
n4

3
Ac

id
ic
pH

4.
3-
6.
52

2,
29

(D
ilu
en

ta
nd

co
nc
en

tr
at
io
n
de

pe
nd

en
t)

Re
m
de

siv
ir

M
od

er
at
e
ris
k

1
ca
se

ex
hi
bi
te
d
sw

el
lin
g,

he
m
at
om

a,
an

d
se
ve
re

bl
ist
er
in
g
an

d
50

%
to

60
%
re
so
lu
tio

n
of

sw
el
lin
g
at

72
h,

lo
ng

-t
er
m

re
su
lts

no
td

es
cr
ib
ed

;3
ca
se
s
w
ith

he
m
at
om

a
an

d
1
ca
se

on
ly
ha

d
pa

in
an

d
sw

el
lin
g.
44

-4
6

Ac
id
ic
pH

3-
43

2

Te
tr
ac
yc
lin
e
(n
ot

av
ai
la
bl
e
in

th
e

U
ni
te
d
St
at
es
)

HI
G
H
RI
SK

2
ca
se
s
of

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it4

7
Ac

id
ic
pH

2.
6-
3.
04

8

Va
nc
om

yc
in

M
od

er
at
e
ris
k

3
ca
se
s
in

ne
on

at
es
/in

fa
nt
s
w
ith

ev
id
en

ce
of

bl
ist
er
in
g,

er
yt
he

m
a,

ul
ce
rs
,n

ec
ro
sis

;1
ca
se

w
ith

co
in
fu
sio

n
of

PN
;r
es
ol
ut
io
n
of

in
ju
rie

s
w
ith

w
ou

nd
tr
ea
tm

en
ts
in
al
lc
as
es
;n

o
re
po

rt
s
in
di
ca
tin

g
fu
nc
tio

na
li
m
pa

irm
en

t4
9-
51

4
ca
se
s
in

ad
ul
ts

in
cl
ud

ed
re
po

rt
s
of

pa
in
fu
lv
es
ic
le
s,
bl
ist
er
s,
hy
pe

rp
ig
m
en

ta
tio

n,
er
yt
he

m
a,

ed
em

a,
ne

cr
os
is,

ul
ce
ra
te
d
tis
su
e
w
ith

bl
ac
k
es
ch
ar

52
-5
5 ;
no

re
po

rt
s
in
di
ca
t-

in
g
fu
nc
tio

na
li
m
pa

irm
en

t;
im

pr
ov
em

en
tr
ep

or
te
d
in

al
lc
as
es

1
ca
se

w
ith

sw
el
lin
g,

pa
in
,a

nd
co
ld
ne

ss
at

th
e
w
ris
t,
w
hi
ch

w
as

id
en

tif
ie
d
as

ex
tr
a-

va
sa
tio

n
an

d
tr
ea
tm

en
ts
to
pp

ed
;a
dm

itt
ed

to
ho

sp
ita

l2
m
o
la
te
rw

ith
de

m
ar
ca
tio

n
w
ith

al
lf
in
ge
rs
/p
al
m
ar

su
rf
ac
e
ne

cr
ot
ic
;t
hr
om

bo
tic

ar
te
ry
/v
ei
n
le
d
to

am
pu

ta
tio

n
at

th
e

w
ris
t;
un

ab
le
to

ob
ta
in
ad

di
tio

na
ld
et
ai
ls5

6
Au

th
or
’s
no

te
:Q

ue
st
io
na

bl
e
ex
tr
av
as
at
io
n
vs

ar
te
ria

lt
hr
om

bo
tic

cl
ot

Cy
to
to
xi
ci
ty
,5
7

ac
id
ic
pH

3-
52

9
(R
TA

)

El
ec
tr
ol
yt
es
/n
ut
rit
io
n

Ca
lc
iu
m

–
al
ls
al
tf
or
m
s

HI
G
H
RI
SK

Ca
lc
iu
m

ch
lo
rid

e:
9
ca
se
s
of

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it4

7,
58

-6
3

Ca
lc
iu
m

di
so
di
um

ed
et
at
e:

su
rg
ic
al
ex
ci
sio

n
of

ca
lc
ifi
ed

m
as
se
s
as

a
re
su
lt
of

ca
lc
in
os
is

cu
tis

64

Ca
lc
iu
m

gl
uc
on

at
e:

8
ca
se
s
of

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it4

7,
65

H
yp
er
os
m
ol
ar
,p

re
ci
pi
ta
tio

n
Ca

lc
iu
m

ch
lo
rid

e
IV
P:

20
40

m
O
sm

/L
(1
0%

Ca
Cl

in
SW

)2
9

In
fu
sio

n:
57

2
m
O
sm

/k
g
(2
%

Ca
Cl

in
D5

W
)2
2

(c
on

ti
nu

es
)

VOLUME 47 | NUMBER 5 | SEPTEMBER/OCTOBER 2024 journalofinfusionnursing.com 295

Copyright © 2024 Infusion Nurses Society. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/journalofinfusionnursing by H
8bsR

LF
E

1xW
zC

cE
2Z

bD
F

uC
aS

km
T

D
qG

kH
kydILZ

B
B

Y
/8hY

lD
JV

vb3lY
w

6IN
R

8Q
yW

F
Q

O
dJ1b4E

9Y
8yZ

+
5oC

U
ldz41F

pO
dG

tm
t3iyY

1z5hU
um

ek1o2M
m

G
pftyP

jY
Z

Z
/R

G
/D

lbf+
Y

T
vn4O

G
P

fG
B

tC
F

A
S

W
IA

V
zE

S
a3oB

+
X

tyU
G

13kA
Q

Y
=

 on 09/19/2024



T
A

B
L

E
2

Ve
si
ca
nt
s:
M
od
er
at
e
an
d
H
ig
h
Ri
sk

(C
on
ti
nu
ed
)

Ex
tr
av
as
at
io
n

In
ju
ry

Ri
sk

Ca
se

St
ud

ie
s/
Su
pp
or
ti
ng

Ev
id
en
ce

M
ec
ha
ni
sm

(s
)
of

Ti
ss
ue

In
ju
ry

Ca
lc
iu
m

gl
uc
on

at
e

IV
P:

68
0
m
O
sm

/L
(1
0%

in
SW

)2
9

In
fu
sio

n:
30

8
m
O
sm

/k
g
(5
%

in
D5

W
)2
2

De
xt
ro
se

≥1
0%

HI
G
H
RI
SK

10
%

de
xt
ro
se
:5

ca
se
s
pe

rm
an

en
tf
un

ct
io
na

ld
ef
ic
it6

3,
66

50
%

de
xt
ro
se
:a

ut
ho

rs
ar
e
aw

ar
e
of

m
or
e
th
an

3
un

pu
bl
ish

ed
ca
se
s
th
at

re
su
lte

d
in

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it

H
yp
er
os
m
ol
ar

10
%
:5

05
m
O
sm

/L
29

50
%
:2

52
5
m
O
sm

/L
29

Li
pi
ds

M
od

er
at
e
ris
k

2
ca
se
s
re
qu

ire
d
sk
in

gr
af
tin

g.
N
or
m
al
fu
nc
tio

n
re
tu
rn
ed

w
ith

in
3
m
o
in

1
ca
se

an
d,

in
th
e
ot
he

r,
“t
he

ar
ea

he
al
ed

w
el
lw

ith
no

fu
rt
he

r
tr
ea
tm

en
tb

ei
ng

re
qu

ire
d.
”3

7,
67

Ab
so
rp
tio

n
re
fr
ac
to
ry

6

Pa
re
nt
er
al
nu

tr
iti
on

HI
G
H
RI
SK

6
ca
se
s
of

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it
an

d
1
fa
ta
lit
y
re
su
lti
ng

fr
om

th
e

ex
tr
av
as
at
io
n3

8,
59

,6
8-
72

H
yp
er
os
m
ol
ar
,

pH
4.
5-
7.
07

3

Po
ta
ss
iu
m

ch
lo
rid

e
●

10
1-
29

9
m
Eq

/L
(1
0.
1-
29

.9
m
Eq

/1
00

m
L)

N
ot
e:

po
ta
ss
iu
m

re
pl
ac
em

en
t

th
er
ap

y
ty
pi
ca
lly

fa
lls

in
th
is
ra
ng

e.

M
od

er
at
e
ris
k

“P
er
io
di
c
in
je
ct
io
ns

of
po

ta
ss
iu
m
”o

fu
ns
pe

ci
fie

d
co
nc
en

tr
at
io
n
ca
us
ed

ne
cr
os
is
w
ith

sc
ar
rin

g7
4

Th
e
au

th
or
s
ar
e
un

aw
ar
e
of

an
y
pu

bl
ish

ed
re
po

rt
s
th
at

de
fin

iti
ve
ly
fa
ll
w
ith

in
th
is

co
nc
en

tr
at
io
n
ra
ng

e,
as

ex
tr
av
as
at
io
n
re
po

rt
s
ra
re
ly
sp
ec
ify

th
e
po

ta
ss
iu
m

co
nc
en

tr
at
io
n6

H
yp
er
os
m
ol
ar
,

cy
to
to
xi
ci
ty

(fr
om

lo
ca
liz
ed

di
sr
up

tio
ns

of
ce
llu
la
r
ex
ch
an

ge
of

po
ta
ss
iu
m

an
d
so
di
um

)
20

2-
59

8
m
O
sm

/L
(1
01

-2
99

m
Eq

KC
l/L

)2
9

●
30

0
m
Eq

/L
(3
0
m
Eq

/1
00

m
L)

an
d
gr
ea
te
r

N
ot
e:

th
is
co
nc
en

tr
at
io
n
is
re
co
m
-

m
en

de
d
fo
r
ce
nt
ra
ll
in
e
ad

m
in
is-

tr
at
io
n
on

ly.

HI
G
H
RI
SK

Co
m
m
itt
ee

co
ns
en

su
s:
Pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
its

w
er
e
no

te
xp
lic
itl
y
st
at
ed

in
pu

bl
ish

ed
re
po

rt
s
bu

t
lik
el
y
oc
cu
rr
ed

(e
g,

de
cr
ea
se
d
m
us
cl
e
st
re
ng

th
or

fle
xi
on

)b
as
ed

on
th
e
do

cu
m
en

te
d
in
ju
rie

s
an

d
re
pa

ir
pr
oc
ed

ur
es

Ca
se

1:
73

-y
ea
r-o

ld
re
qu

ire
d
pa

rt
ia
lr
es
ec
tio

n
of

st
er
no

cl
ei
do

m
as
to
id

m
us
cl
e
w
ith

su
bs
eq

ue
nt

va
sc
ul
ar
ize

d
pe

ct
or
al
is
fla

p
af
te
r
ju
gu

la
r
lin
e
ex
tr
av
as
at
io
n7

5

Ca
se

2:
57

-y
ea
r-
ol
d
re
qu

ire
d
sk
in
fla

p
re
pa

ir;
sig

ni
fic
an

ts
ca
rr
in
g
re
m
ai
ne

d
af
te
r3

m
o
on

th
e
ha

nd
,w

ris
t,
an

d
fo
re
ar
m

76

Ca
se

3:
65

-y
ea
r-
ol
d
re
ce
iv
ed

sk
in
gr
af
tin

g
to

re
pa

ir
a
le
sio

n
m
ea
su
rin

g
ap

pr
ox
im

at
el
y
5
x

3
in

in
vo
lv
in
g
th
e
ha

nd
,w

ris
t,
an

d
fo
re
ar
m

77

H
yp
er
os
m
ol
ar

76
3
m
O
sm

/L
(3
00

m
Eq

KC
l/L

in
N
S)

22

So
di
um

bi
ca
rb
on

at
e

●
So
di
um

bi
ca
rb
on

at
e
≥
0.
5

m
Eq

/m
L
(≥

4.
2%

)
M
od

er
at
e
ris
k

Ca
se

1:
78

-y
ea
r-
ol
d
ex
tr
av
as
at
io
n
of

4.
2%

so
di
um

bi
ca
rb
on

at
e.
Pa
tie

nt
re
fu
se
d
gr
af
tin

g;
“s
po

nt
an
eo

us
he

al
in
g
6
m
on

th
s.”

De
ta
ils

of
ae
st
he

tic
or

fu
nc
tio

na
li
m
pa

irm
en

t
un

av
ai
la
bl
e.

78

Ca
se

2:
52

-y
ea
r-o

ld
co
ex
tr
av
as
at
io
n
of

iso
pr
et
er
en

ol
an

d
20

0
m
m
ol
/L

(1
.6
8%

)s
od

iu
m

bi
ca
rb
on

at
e;

fo
llo
w
in
g
ch
em

ic
al
de

br
id
em

en
t,
th
e
w
ou

nd
he

al
ed

by
se
co
nd

ar
y
in
te
n-

tio
n
ov
er

3
m
o
w
ith

a
pa

in
fu
ls
ca
r7
8

H
yp
er
os
m
ol
ar

4.
2%

:1
00

0
m
O
sm

/L
29

●
So
di
um

bi
ca
rb
on

at
e
≥
1
m
Eq

/
m
L
(≥
8.
4%

)
HI
G
H
RI
SK

8.
4%

:3
ca
se
s
of

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it.

78
,7
9

8.
4%

:2
00

0
m
O
sm

/L
29

So
di
um

ch
lo
rid

e
≥
3%

M
od

er
at
e
Ri
sk

4
in
ju
rie

s
re
so
lv
ed

w
ith

ou
tp

er
m
an

en
td

am
ag
e
(1

w
as

a
co
ex
tr
av
as
at
io
n
w
ith

pr
op

of
ol
)8
0,
81

H
yp
er
os
m
ol
ar

3%
:9

39
m
O
sm

/k
g2

2

So
di
um

ph
en

yl
ac
et
at
e
an

d
so
di
um

be
nz
oa

te
(A
m
m
on

ul
)

M
od

er
at
e
Ri
sk

“A
dm

in
ist
ra
tio

n
m
us
tb

e
th
ro
ug

h
a
ce
nt
ra
lv
en

ou
s
ca
th
et
er
.A

dm
in
ist
ra
tio

n
th
ro
ug

h
a
pe

rip
he

ra
ll
in
e
m
ay

ca
us
e
bu

rn
s.
Ex
tr
av
as
at
io
n
of

AM
M
O
N
U
L
in
to

th
e
pe

riv
en

ou
s

tis
su
es

du
rin

g
hi
gh

flo
w
bo

lu
si
nf
us
io
n
m
ay

le
ad

to
sk
in
ne

cr
os
is,

es
pe

ci
al
ly
in
in
fa
nt
s.”

82

Th
e
au

th
or
s
ar
e
aw

ar
e
of

an
un

pu
bl
ish

ed
ca
se

of
in
ju
ry

fr
om

ex
tr
av
as
at
io
n.

H
yp
er
os
m
ol
ar

≈
70

0
m
O
sm

/L
(1
00

m
L

Am
m
on

ul
di
lu
te
d
in

10
00

m
L
D1

0W
,t
ot
al

vo
lu
m
e
11

00
m
L)
**

29

(c
on

ti
nu

es
)

296 Copyright © 2024 Infusion Nurses Society Journal of Infusion Nursing

Copyright © 2024 Infusion Nurses Society. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/journalofinfusionnursing by H
8bsR

LF
E

1xW
zC

cE
2Z

bD
F

uC
aS

km
T

D
qG

kH
kydILZ

B
B

Y
/8hY

lD
JV

vb3lY
w

6IN
R

8Q
yW

F
Q

O
dJ1b4E

9Y
8yZ

+
5oC

U
ldz41F

pO
dG

tm
t3iyY

1z5hU
um

ek1o2M
m

G
pftyP

jY
Z

Z
/R

G
/D

lbf+
Y

T
vn4O

G
P

fG
B

tC
F

A
S

W
IA

V
zE

S
a3oB

+
X

tyU
G

13kA
Q

Y
=

 on 09/19/2024



T
A

B
L

E
2

Ve
si
ca
nt
s:
M
od
er
at
e
an
d
H
ig
h
Ri
sk

(C
on
ti
nu
ed
)

Ex
tr
av
as
at
io
n

In
ju
ry

Ri
sk

Ca
se

St
ud

ie
s/
Su
pp
or
ti
ng

Ev
id
en
ce

M
ec
ha
ni
sm

(s
)
of

Ti
ss
ue

In
ju
ry

So
di
um

ph
os
ph

at
e

M
od

er
at
e
ris
k

3
ca
se
s
of

lo
ng

-t
er
m

ae
st
he

tic
de

fic
its

as
a
re
su
lt
of

ph
os
ph

at
e
pr
ec
ip
ita

tio
n8

3
H
yp
er
os
m
ol
ar
,

pr
ec
ip
ita

tio
n

15
m
m
ol
/2
50

m
L
N
S:

54
2
m
O
sm

/L
**

29

30
m
m
ol
/2
50

m
L

N
S:

77
6
m
O
sm

/L
**
(T
ris
se
l’s

on
lin
e)

45
m
m
ol
/2
50

m
L

N
S:

10
10

m
O
sm

/L
**
(T
ris
se
l’s

on
lin
e)

Tr
om

et
ha
m
in
e

●
TH

AM
so
lu
tio

n
(p
H
ad

ju
st
ed

to
8.
6)

Ca
ut
io
na

ry
ris
k

N
o
re
po

rt
s
of

ne
cr
os
is
w
ith

pH
8.
8

84
Al
ka
lin
e
pH

8.
68

5

•
Tr
om

et
ha

m
in
e
(n
on

–p
H
-

ad
ju
st
ed

ve
rs
io
n
no

ta
va
ila
bl
e

in
th
e
U
ni
te
d
St
at
es
)

M
od

er
at
e
ris
k

1
ca
se

w
he

re
se
ve
re

tis
su
e
ne

cr
os
is
le
d
to

ha
nd

am
pu

ta
tio

n8
6

Al
ka
lin
e
pH

10
-1
1.
58

7

Ca
rd
io
va
sc
ul
ar

Ac
et
az
ol
am

id
e

M
od

er
at
e
ris
k

55
-y
ea
r-
ol
d;

ul
ce
ra
tio

n
re
qu

ire
d
2
pl
as
tic

su
rg
er
y
re
pa

irs
w
ith

re
m
ai
ni
ng

pe
rm

an
en

t
ae
st
he

tic
de

fe
ct

88
Al
ka
lin
e
pH

9-
10

,2
9

hy
pe

ro
sm

ol
ar

IV
P:

86
0
m
O
sm

/L
(1
00

m
g/
m
L
in

SW
)*
*2

9,
89

In
fu
sio

n:
29

1-
34

8
m
O
sm

/L
(5
-1
0
m
g/
m
L
in

D5
or

N
S)

29

54
8
m
O
sm

/K
g

(2
5
m
g/
m
L
in

D5
W
)2
2

Am
io
da

ro
ne

HI
G
H
RI
SK

2
ca
se
s
of

pe
rm

an
en

t
fu
nc
tio

na
ld

ef
ic
it
in
cl
ud

in
g
1
pa

tie
nt

w
ith

co
m
pl
ex

re
gi
on

al
pa

in
sy
nd

ro
m
e
(C
RP

S)
an

d
fo
re
ar
m

m
us
cl
e
de

fic
ie
nc
y;
se
co
nd

pa
tie

nt
w
ith

el
bo

w
,w

ris
t,
an

d
fin

ge
r
co
nt
ra
ct
ur
es

90
,9
1

Ac
id
ic
pH

3.
8-
4.
12

9

IV
P
fo
rc

ar
di
ac

ar
re
st
:

pH
4.
1
(5
0
m
g/
m
L)

In
fu
sio

n:
pH

3.
8

(2
.4
-3
.6

m
g/
m
L
in

D5
)2
7

Do
bu

ta
m
in
e

HI
G
H
RI
SK

2
ca
se
s
of

pe
rm

an
en

t
fu
nc
tio

na
ld

ef
ic
it7

9,
92

Ac
id
ic
pH

2.
5-
5.
52

9

Va
so
co
ns
tr
ic
tio

n
ca
n
oc
cu
r
in

ex
po

se
d
ex
tr
a-

va
sc
ul
ar

tis
su
e9

3

Do
pa

m
in
e

HI
G
H
RI
SK

4
ca
se
s
of

pe
rm

an
en

t
fu
nc
tio

na
ld

ef
ic
it4

7,
94

Va
so
co
ns
tr
ic
tio

n

Ep
in
ep

hr
in
e

HI
G
H
RI
SK

2
ca
se
s
w
he

re
th
e
pa

tie
nt

di
ed

of
un

re
la
te
d
ca
us
es

be
fo
re

th
e
ex
tr
av
as
at
io
n
in
ju
ry

re
so
lv
ed

,l
ik
el
y
pe

rm
an

en
tf
un

ct
io
na

ld
ef
ic
its
;1

ca
se

w
as

a
co
ex
tr
av
as
at
io
n
w
ith

m
et
ar
am

in
ol

47
,7
0

Va
so
co
ns
tr
ic
tio

n

(c
on

ti
nu

es
)

VOLUME 47 | NUMBER 5 | SEPTEMBER/OCTOBER 2024 journalofinfusionnursing.com 297

Copyright © 2024 Infusion Nurses Society. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/journalofinfusionnursing by H
8bsR

LF
E

1xW
zC

cE
2Z

bD
F

uC
aS

km
T

D
qG

kH
kydILZ

B
B

Y
/8hY

lD
JV

vb3lY
w

6IN
R

8Q
yW

F
Q

O
dJ1b4E

9Y
8yZ

+
5oC

U
ldz41F

pO
dG

tm
t3iyY

1z5hU
um

ek1o2M
m

G
pftyP

jY
Z

Z
/R

G
/D

lbf+
Y

T
vn4O

G
P

fG
B

tC
F

A
S

W
IA

V
zE

S
a3oB

+
X

tyU
G

13kA
Q

Y
=

 on 09/19/2024



T
A

B
L

E
2

Ve
si
ca
nt
s:
M
od
er
at
e
an
d
H
ig
h
Ri
sk

(C
on
ti
nu
ed
)

Ex
tr
av
as
at
io
n

In
ju
ry

Ri
sk

Ca
se

St
ud

ie
s/
Su
pp
or
ti
ng

Ev
id
en
ce

M
ec
ha
ni
sm

(s
)
of

Ti
ss
ue

In
ju
ry

A
st
ud

y
of

va
so
ac
tiv

e
dr
ug

in
fu
sio

ns
in

55
8
ch
ild
re
n
tr
an
sp
or
te
d
by

a
sin

gl
e
pe

di
at
ric

cr
iti
ca
lc
ar
e
tr
an

sp
or
tt
ea
m
;7

ch
ild
re
n
ex
pe

rie
nc
ed

pe
rip

he
ra
lt
iss

ue
in
ju
rie

s
–
5
w
ith

ep
in
ep

hr
in
e,

2
w
ith

do
pa

m
in
e;

3
re
qu

ire
d
pl
as
tic

su
rg
er
y
co
ns
ul
t,
an

d
1
of

th
e
5

re
ce
iv
in
g
ep

in
ep

hr
in
e
su
ffe

re
d
se
ve
re

ne
cr
os
is
w
ith

ou
t
la
st
in
g
in
ju
rie

s9
5

Es
m
ol
ol

M
od

er
at
e
ris
k

“I
nf
us
io
n
sit
e
re
ac
tio

ns
in
cl
ud

e
irr
ita

tio
n,

in
fla

m
m
at
io
n,

an
d
se
ve
re

re
ac
tio

ns
(t
hr
om

bo
ph

le
bi
tis
,n

ec
ro
sis

,a
nd

bl
ist
er
in
g)
,i
n
pa

rt
ic
ul
ar

w
he

n
as
so
ci
at
ed

w
ith

ex
tr
av
as
at
io
n.
”9

6

Sl
ig
ht
ly
ac
id
ic
pH

4.
5-
5.
5

(1
0-
20

m
g/
m
L
RT

A)
29

M
et
ar
am

in
ol

(A
ra
m
in
e)

no
t

av
ai
la
bl
e
in

th
e
U
ni
te
d
St
at
es

HI
G
H
RI
SK

2
ca
se
s
of

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it4

7,
97

Va
so
co
ns
tr
ic
tio

n

N
or
ep

in
ep

hr
in
e

HI
G
H
RI
SK

2
ca
se
s
of

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it9

8,
99

Va
so
co
ns
tr
ic
tio

n

Ph
en

yl
ep

hr
in
e

M
od

er
at
e
ris
k

2
ad

ul
tc

as
es

re
qu

ire
d
sk
in

gr
af
tin

g
on

th
e
an

kl
e;

lo
ng

-t
er
m

ou
tc
om

es
no

tr
ep

or
te
d1

00
;

13
pe

rip
he

ra
le
xt
ra
va
sa
tio

ns
(s
ta
ge

2
or

le
ss
)w

er
e
ca
ug

ht
ea
rly

du
e
to

cl
os
e
ob

se
rv
at
io
n

an
d
re
so
lv
ed

w
ith

ou
ta

nt
id
ot
e
ad

m
in
ist
ra
tio

n1
01

,1
02

Au
th
or
’s
no

te
:p

at
ie
nt

hy
po

pe
rf
us
io
n
an

d
ph

en
yl
ep

hr
in
e’
s
m
ec
ha

ni
sm

pu
tp

at
ie
nt
s
at

in
cr
ea
se
d
ris
k
of

ex
tr
av
as
at
io
n
in
ju
ry
.U

se
ex
tr
em

e
ca
ut
io
n
fo
r
pe

rip
he

ra
l

ad
m
in
ist
ra
tio

n.

Va
so
co
ns
tr
ic
tio

n

Va
so
pr
es
sin

HI
G
H
RI
SK

Ca
se

1:
37

-y
ea
r-
ol
d
re
qu

ire
d
m
et
at
ar
sa
la
m
pu

ta
tio

n1
03

Ca
se

2:
75

-y
ea
r-
ol
d
w
ith

“e
xt
en

siv
e”

ne
cr
os
is
“a
lo
ng

th
e
lin
e
of

th
e
lo
ng

sa
ph

en
ou

sv
ei
n

to
ab

ov
e
th
e
kn
ee

;”
re
qu

ire
d
sp
lit
th
ic
kn
es
ss

ki
n
gr
af
tin

g
at

da
y
41

,b
ut

di
ed

of
a
m
as
siv

e
pu

lm
on

ar
y
em

bo
lis
m

48
h
po

st
op

er
at
iv
el
y1

04

Au
th
or
’s
no

te
:t
he

ex
tr
av
as
at
io
n
in
ju
ry

an
d
re
qu

ire
d
tr
ea
tm

en
ts
,i
nc
lu
di
ng

su
rg
ic
al

in
te
rv
en

tio
n,

m
ay

ha
ve

co
nt
rib

ut
ed

to
th
e
pa

tie
nt
’s
ris
k
fo
r
pu

lm
on

ar
y
em

bo
lu
s.

Ca
se

3:
72

-y
ea
r-
ol
d
w
ith

tr
ia
ng

ul
ar

ne
cr
os
is

(8
x
6
×
10

cm
)a
ta

nt
ec
ub

ita
lf
os
sa

w
ou

ld
ha

ve
re
qu

ire
d
sk
in
gr
af
tin

g
bu

td
ie
d
of

va
ric

ea
l

he
m
or
rh
ag
e1

04

Ca
se

4:
44

-y
ea
r-
ol
d.

G
an

gr
en

e
of

fo
re
ar
m

ap
pr
ox
im

at
el
y
5
×
2
cm

he
al
ed

by
se
co
nd

ar
y

in
te
nt
io
n
by

6
w
k1

04

Ca
se

5:
68

-y
ea
r-
ol
d.

Sk
in
an

d
m
us
cl
e
ne

cr
os
is
an

d
ce
ph

al
ic
ve
in
th
ro
m
bo

sis
tr
ea
te
d
w
ith

w
id
e
su
rg
ic
al
in
ci
sio

n.
Pa
tie

nt
di
ed

se
co
nd

ar
y
to

he
pa

tic
en

ce
ph

al
op

at
hy
,v
ar
ic
ea
l

he
m
or
rh
ag
e,

an
d
pu

lm
on

ar
y
in
fil
tr
at
es

pr
io
r
to

he
al
in
g.
10

3

Ca
se

6:
58

-y
ea
r-
ol
d.

G
an

gr
en

e
an

d
cr
ep

ita
tio

n
fr
om

fo
re
ar
m

up
th
ro
ug

h
sh
ou

ld
er
.

Pa
tie

nt
di
ed

pr
io
r
to

su
rg
ic
al
de

br
id
em

en
t.
Po

st
m
or
te
m

ex
am

in
at
io
n
w
as

de
ni
ed

,s
o

ca
us
e
of

de
at
h
is
un

ce
rt
ai
n.

20
9

Au
th
or
's
no

te
:B

as
ed

on
th
e
ex
te
nt

an
d
lo
ca
tio

n
of

in
ju
ry
,h

ad
th
e
pa

tie
nt

su
rv
iv
ed

,
pe

rm
an

en
tf
un

ct
io
na

ld
ef
ic
it
w
ou

ld
ha

ve
oc
cu
rr
ed

.
Ca

se
7:

59
-y
ea
r-
ol
d;

ne
cr
os
is
he

al
ed

w
ith

su
pe

rf
ic
ia
ls
ca
rr
in
g1

05

Ca
se

8:
46

-y
ea
r-
ol
d.

8
×
18

cm
ne

cr
ot
ic
le
sio

n
of

w
ris
ta

nd
fo
re
ar
m

slo
ug

he
d
at

da
y
21

an
d
he

al
ed

w
ith

sc
ar
rin

g
by

se
co
nd

ar
y
in
te
nt
io
n1

06

Va
so
co
ns
tr
ic
tio

n

(c
on

ti
nu

es
)

298 Copyright © 2024 Infusion Nurses Society Journal of Infusion Nursing

Copyright © 2024 Infusion Nurses Society. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/journalofinfusionnursing by H
8bsR

LF
E

1xW
zC

cE
2Z

bD
F

uC
aS

km
T

D
qG

kH
kydILZ

B
B

Y
/8hY

lD
JV

vb3lY
w

6IN
R

8Q
yW

F
Q

O
dJ1b4E

9Y
8yZ

+
5oC

U
ldz41F

pO
dG

tm
t3iyY

1z5hU
um

ek1o2M
m

G
pftyP

jY
Z

Z
/R

G
/D

lbf+
Y

T
vn4O

G
P

fG
B

tC
F

A
S

W
IA

V
zE

S
a3oB

+
X

tyU
G

13kA
Q

Y
=

 on 09/19/2024



T
A

B
L

E
2

Ve
si
ca
nt
s:
M
od
er
at
e
an
d
H
ig
h
Ri
sk

(C
on
ti
nu
ed
)

Ex
tr
av
as
at
io
n

In
ju
ry

Ri
sk

Ca
se

St
ud

ie
s/
Su
pp
or
ti
ng

Ev
id
en
ce

M
ec
ha
ni
sm

(s
)
of

Ti
ss
ue

In
ju
ry

Se
da

tiv
es
,a

nt
ie
pi
le
pt
ic
s

Am
ob

ar
bi
ta
l

M
od

er
at
e
ris
k

“E
xt
re
m
e
ca
re

sh
ou

ld
be

ta
ke
n
to

av
oi
d
pe
riv
as
cu
la
re

xt
ra
va
sa
tio

n
or

in
tr
a-
ar
te
ria
li
nj
ec
tio

n.
Ex
tr
av
as
cu
la
ri
nj
ec
tio

n
m
ay

ca
us
e
lo
ca
lt
iss
ue

da
m
ag
e
w
ith

su
bs
eq
ue
nt

ne
cr
os
is;

co
ns
eq
ue
nc
es

of
in
tr
a-
ar
te
ria
li
nj
ec
tio

n
m
ay

va
ry

fro
m

tr
an
sie

nt
pa
in
to

ga
ng
re
ne

of
th
e

lim
b.

An
y
co
m
pl
ai
nt

of
pa
in
in

th
e
lim

b
w
ar
ra
nt
s
st
op

pi
ng

th
e
in
je
ct
io
n.
”1

07

Al
ka
lin
e
pH

9.
6-
10

.4
29

Di
az
ep

am
M
od

er
at
e
ris
k

1
ca
se

of
pe

rm
an

en
tf
un

ct
io
na

ld
ef
ic
it4

7
H
yp
er
os
m
ol
ar

77
75

m
O
sm

/k
g

(5
m
g/
m
L)
29

Pe
nt
ob

ar
bi
ta
l

M
od

er
at
e
ris
k

“E
xt
re
m
e
ca
re

sh
ou

ld
be

ta
ke
n
to

av
oi
d
pe

riv
as
cu
la
r
ex
tr
av
as
at
io
n
or

in
tr
a-
ar
te
ria

l
in
je
ct
io
n.

Ex
tr
av
as
cu
la
r
in
je
ct
io
n
m
ay

ca
us
e
lo
ca
lt
iss

ue
da

m
ag
e
w
ith

su
bs
eq

ue
nt

ne
cr
os
is;

co
ns
eq

ue
nc
es

of
in
tr
a-
ar
te
ria

li
nj
ec
tio

n
m
ay

va
ry

fr
om

tr
an

sie
nt

pa
in

to
ga
ng

re
ne

of
th
e
lim

b.
An

y
co
m
pl
ai
nt

of
pa

in
in

th
e
lim

b
w
ar
ra
nt
s
st
op

pi
ng

th
e

in
je
ct
io
n.
”1

08

Al
ka
lin
e
pH

9-
10

.5
29

Ph
en

ob
ar
bi
ta
l

M
od

er
at
e
ris
k

Sk
in

gr
af
tin

g
w
ith

ou
t
pe

rm
an

en
tf
un

ct
io
na

ld
ef
ic
it1

09
Al
ka
lin
e
pH

9.
2-
10

.2
29

H
yp
er
os
m
ol
ar

IV
P,
un

di
lu
te
d
(6
5
m
g/
m
L)
:

92
85

-1
5,
57

0
m
O
sm

/k
g2

9

IV
P,
di
lu
te
d
(6
.5

m
g/
m
L
in

SW
FI
):
92

8-
15

57
m
O
sm

/k
g*

* 3
29

Ph
en

yt
oi
n

HI
G
H
RI
SK

2
pu

bl
ish

ed
ca
se
s
of

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it;

ad
di
tio

na
lly
,2

9
ca
se
s
of

se
ve
re

so
ft

tis
su
e
in
ju
ry
,i
nc
lu
di
ng

5
am

pu
ta
tio

ns
,4

sk
in
gr
af
ts
,1

fa
sc
io
to
m
y,
an

d
5
de

at
hs

re
po

rt
ed

to
th
e
FD

A
be

tw
ee

n
19

69
an

d
19

84
11

0-
11

2

Al
ka
lin
e
pH

10
-1
2.
3,

27
,2
9

H
yp
er
os
m
ol
ar

IV
P:

30
35

-9
74

0
m
O
sm

/k
g

(5
0
m
g/
m
L)
29

In
fu
sio

n:
10

46
m
O
sm

/L
(5

m
g/
m
L
in

N
S)

27

Pr
op

of
ol

HI
G
H
RI
SK

Pu
bl
ish

ed
ca
se
s:
2
pa

tie
nt
s
re
qu

ire
d
sk
in

gr
af
tin

g
an

d
1
re
qu

ire
d
su
rg
ic
al
de

br
id
em

en
t

w
ith

ou
tr
ep

or
to

fp
er
m
an

en
t
fu
nc
tio

na
ld

ef
ic
it1

13
-1
15

Th
e
au

th
or
s
ar
e
aw

ar
e
of

at
le
as
t2

un
pu

bl
ish

ed
ca
se
s
th
at

re
su
lte

d
in

pe
rm

an
en

t
fu
nc
tio

na
ld

ef
ic
it.

Ab
so
rp
tio

n
Re

fr
ac
to
ry

6

Ac
id
ic
pH

(fo
rm

ul
at
io
n
de

pe
nd

en
t)

pH
4.
5-
6.
6
(s
od

iu
m

m
et
ab

isu
lfa
te

fo
rm

)2
9

pH
7-
8.
5
(D
ip
riv

an
an

d
be

nz
yl
al
co
ho

lf
or
m
)2
9

Th
io
pe

nt
al
(n
ot

av
ai
la
bl
e
in

th
e

U
ni
te
d
St
at
es
)

M
od

er
at
e
ris
k

Pa
tie

nt
re
qu

ire
d
3
su
rg
ic
al
re
pa

ir
op

er
at
io
ns

w
ith

re
su
lti
ng

pe
rm

an
en

t
isc

he
m
ic

co
nt
ra
ct
ur
e
of

fo
re
ar
m

an
d
am

pu
ta
tio

n
of

al
lf
in
ge
rs
47

Al
ka
lin
e
pH

IV
P:

pH
10

-1
1

(2
5
m
g/
m
L)
29

In
fu
sio

n:
pH

7.
4

(2
-4

m
g/
m
L
in

D5
W

or
N
or
m
os
ol

R)
29

O
th
er

Ar
gi
ni
ne

M
od

er
at
e
ris
k

3
ca
se
s
re
qu

ire
d
sk
in

gr
af
tin

g
an

d
he

al
ed

w
ith

ou
tp

er
m
an

en
tf
un

ct
io
na

ld
ef
ic
it1

16
-1
18

O
sm

ol
ar
ity
,a

ci
di
c
pH

5-
6

(1
0%

in
SW

)2
9

10
%

in
SW

:9
50

m
O
sm

/L
29

(c
on

ti
nu

es
)

VOLUME 47 | NUMBER 5 | SEPTEMBER/OCTOBER 2024 journalofinfusionnursing.com 299

Copyright © 2024 Infusion Nurses Society. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/journalofinfusionnursing by H
8bsR

LF
E

1xW
zC

cE
2Z

bD
F

uC
aS

km
T

D
qG

kH
kydILZ

B
B

Y
/8hY

lD
JV

vb3lY
w

6IN
R

8Q
yW

F
Q

O
dJ1b4E

9Y
8yZ

+
5oC

U
ldz41F

pO
dG

tm
t3iyY

1z5hU
um

ek1o2M
m

G
pftyP

jY
Z

Z
/R

G
/D

lbf+
Y

T
vn4O

G
P

fG
B

tC
F

A
S

W
IA

V
zE

S
a3oB

+
X

tyU
G

13kA
Q

Y
=

 on 09/19/2024



T
A

B
L

E
2

Ve
si
ca
nt
s:
M
od
er
at
e
an
d
H
ig
h
Ri
sk

(C
on
ti
nu
ed
)

Ex
tr
av
as
at
io
n

In
ju
ry

Ri
sk

Ca
se

St
ud

ie
s/
Su
pp
or
ti
ng

Ev
id
en
ce

M
ec
ha
ni
sm

(s
)
of

Ti
ss
ue

In
ju
ry

Co
nt
ra
st

m
ed

ia
HI
G
H
RI
SK

M
od

er
at
e
ex
tr
av
as
at
io
n
in
ju
rie

s
in
cl
ud

ed
bl
ist
er
in
g,

pe
rs
ist
en

t
fir
m
ne

ss
,s
w
el
lin
g/
pa

in
,

di
sc
re
te

ar
ea
s
of

pe
rs
ist
en

t
ed

em
a,

nu
m
bn

es
s
an

d
in
fla

m
m
at
io
n
w
ith

re
so
lu
tio

n
of

sig
ns
/s
ym

pt
om

s
at

2
w
k;

a
sin

gl
e
se
ve
re

in
ju
ry

in
an

ad
ul
t
re
su
lte

d
in

a
sc
ar

on
th
e

do
rs
um

of
th
e
ha

nd
.A

sin
gl
e
se
ve
re

in
ju
ry

in
a
ch
ild

re
su
lte

d
in
br
ac
hi
al
pl
ex
op

at
hy

w
ith

ul
na

r/
m
ed

ia
n
ne

rv
e
da

m
ag
e;

ho
w
ev
er
,1

y
la
te
r,
th
er
e
w
er
e
no

no
tic
ea
bl
e
de

fe
ct
s.
11

9

23
pa

tie
nt
s
ex
pe

rie
nc
ed

ex
tr
av
as
at
io
n
in
ju
rie

s
w
ith

ou
tc

om
pa

rt
m
en

t
sy
nd

ro
m
e
th
at

re
so
lv
ed

w
ith

ou
tp

er
m
an

en
ti
nj
ur
y.

1
ca
se

of
ul
ce
ra
tio

n
af
te
r
lo
w

os
m
ol
ar
ity

io
di
na

te
d
co
nt
ra
st
;h

ea
le
d
w
ith

to
pi
ca
l

th
er
ap

y.
12

0

Th
e
m
aj
or
ity

of
co
nt
ra
st
m
ed

ia
ex
tr
av
as
at
io
ns

w
er
e
a
re
su
lt
of

co
m
pa

rt
m
en

ts
yn
dr
om

e
w
ith

su
bs
eq

ue
nt

fa
sc
io
to
m
ie
s
as

ad
dr
es
se
d
in

th
e
te
xt
.

Th
e
au

th
or
s
ar
e
aw

ar
e
of

un
pu

bl
ish

ed
ca
se
s
re
su
lti
ng

in
pe

rm
an

en
t
ne

rv
e
da

m
ag
e.

H
yp
er
os
m
ol
ar

Io
di
ne

co
nt
ra
st
ag
en

ts
:o

sm
ol
ar
ity

va
lu
es

29
0-
15

51
m
O
sm

/k
g1

21

G
ad

ol
in
iu
m
-b
as
ed

co
nt
ra
st
ag
en

ts
:o

sm
ol
ar
-

ity
63

0-
19

70
m
O
sm

/k
g1

21

Da
nt
ro
le
ne

(R
ya
no

de
x)

M
od

er
at
e
ris
k

“T
iss

ue
ne

cr
os
is
se
co
nd

ar
y
to

ex
tr
av
as
at
io
n
ha

s
be

en
re
po

rt
ed

.”1
22

Al
ka
lin
e
pH

9.
5-
10

.3
29

Fl
uo

re
sc
ei
n

M
od

er
at
e
ris
k

1
ca
se

of
pe

rm
an

en
t
fu
nc
tio

na
ld

ef
ic
it
an

d
5
ca
se
s
w
ith

pe
rm

an
en

ta
es
th
et
ic
de

fic
it

(s
ki
n
gr
af
tin

g
re
qu

ire
d)

12
3,
12

4
Al
ka
lin
e
pH

8-
9.
82

9

H
yp
er
os
m
ol
ar

10
%
:5

72
-8
58

m
O
sm

/k
g1

25
25

%
:1

80
0-
22

00
m
O
sm

/k
g1

25

In
tr
av
en

ou
si
m
m
un

e
gl
ob

ul
in
(IV

IG
)

M
od

er
at
e
ris
k

1
ca
se

in
a
3-
m
on

th
-o
ld
w
ith

m
od

er
at
e
sc
ar
rin

g
af
te
r4

m
on

th
so

fw
ou

nd
tr
ea
tm

en
t3
7 ;
3

ad
di
tio

na
lc
ita

tio
ns

of
IV
IG

ex
tr
av
as
at
io
ns

in
in
fa
nt
s;
ho

w
ev
er
,t
he

re
w
er
e
no

de
ta
ils

ab
ou

tt
he

ex
te
nt

of
th
e
ex
tr
av
as
at
io
n
in
ju
rie

s.
38

,1
26

,1
27

Pr
od

uc
t-s

pe
ci
fic

ac
id
ic
pH

an
d

hy
pe

ro
sm

ol
ar
ity

Iro
n
su
cr
os
e

M
od

er
at
e
ris
k

Ca
se

1:
a
la
rg
e
sk
in
le
sio

n
of

th
e
do

rs
um

of
th
e
ha

nd
an

d
th
e
fo
re
ar
m

re
qu

ire
d
sk
in

fla
p

re
pa

ir
w
ith

pe
rm

an
en

ta
es
th
et
ic
de

fe
ct

12
8

Ca
se

2:
ne

rv
e
da

m
ag
e
pr
es
en

te
d
16

m
o
af
te
r
iro

n
ex
tr
av
as
at
io
n1

29

Th
e
au

th
or
s
ar
e
aw

ar
e
of

un
pu

bl
ish

ed
ca
se
s
of

in
ju
ry

fr
om

ex
tr
av
as
at
io
n

O
sm

ol
ar
ity
,

Al
ka
lin
e
pH

10
.5
-1
1.
1

(IV
P
an

d
in
fu
sio

n)
27

,2
9

IV
P:

12
50

m
O
sm

ol
/L

(2
0
m
g/
m
L)
29

In
fu
sio

n:
32

8-
38

5
m
O
sm

/k
g

(1
-2

m
g/
m
L
in

N
S)

29

M
an

ni
to
l≥

20
%

M
od

er
at
e
ris
k

1
ca
se

of
pe

rm
an

en
t
hy
po

pi
gm

en
ta
tio

n
an

d
1
ca
se

w
ith

ou
tp

er
m
an

en
td

ef
ec
ta

ft
er

su
rg
ic
al
as
pi
ra
tio

n
of

bu
lla
e1

30
,1
31

H
yp
er
os
m
ol
ar

11
10

m
O
sm

/L
(2
0%

in
SW

)2
9

M
et
hy
le
ne

bl
ue

HI
G
H
RI
SK

2
ca
se
s
pe

rm
an

en
tf
un

ct
io
na

ld
ef
ic
it,

1
ca
se

ne
cr
os
is
an

d
bl
ist
er
in
g;
1
ca
se

sw
el
lin
g
an

d
di
sc
ol
or
at
io
n
an

d
re
so
lu
tio

n
w
ith

hy
al
ur
on

id
as
e1

32
-1
35

Ac
id
ic
pH

3-
4.
5,

29

Va
so
co
ns
tr
ic
tio

n1
36

Pr
om

et
ha

zi
ne

HI
G
H
RI
SK

M
ul
tip

le
ca
se
s
of

pe
rm

an
en

tf
un

ct
io
na

ld
ef
ic
it1

37
-1
40

Ac
id
ic
pH

4.
5-
52

9

Ab
br
ev
ia
tio

ns
:D

5W
,5

%
de

xt
ro
se

in
w
at
er
;D

10
W
,1

0%
de

xt
ro
se

in
w
at
er
;I
VP
,i
nt
ra
ve
no

us
pu

sh
;N

S,
no

rm
al
sa
lin
e;

RT
A,

re
ad

y
to

ad
m
in
ist
er
;S

W
,s
te
ril
e
w
at
er
.

**
Au

th
or

ca
lc
ul
at
ed

.

300 Copyright © 2024 Infusion Nurses Society Journal of Infusion Nursing

Copyright © 2024 Infusion Nurses Society. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/journalofinfusionnursing by H
8bsR

LF
E

1xW
zC

cE
2Z

bD
F

uC
aS

km
T

D
qG

kH
kydILZ

B
B

Y
/8hY

lD
JV

vb3lY
w

6IN
R

8Q
yW

F
Q

O
dJ1b4E

9Y
8yZ

+
5oC

U
ldz41F

pO
dG

tm
t3iyY

1z5hU
um

ek1o2M
m

G
pftyP

jY
Z

Z
/R

G
/D

lbf+
Y

T
vn4O

G
P

fG
B

tC
F

A
S

W
IA

V
zE

S
a3oB

+
X

tyU
G

13kA
Q

Y
=

 on 09/19/2024



T
A

B
L

E
3

Ve
si
ca
nt
s:
Ca
ut
io
na
ry

Li
st

pH
O
sm

ol
al
it
y/
O
sm

ol
ar
it
y

Po
te
nt
ia
lT
is
su
e

In
ju
ry

M
ec
ha
ni
sm

Ca
se

St
ud

ie
s/
Su
pp
or
ti
ng

Ev
id
en
ce

An
tim

ic
ro
bi
al
s

Am
ph

ot
er
ic
in

B
fo
rm

ul
at
io
ns
-

-c
on

ve
nt
io
na

l0
.1

m
g/
m
L
D5

-L
ip
os
om

al
(A
m
Bi
so
m
e®
)1

.4
m
g/
m
L
D5

-L
ip
id

co
m
pl
ex

(A
be

lc
et

® )
in

D5

5.
72

9

5-
63

0

5-
5.
52

9

25
6
m
O
sm

/k
g2

9

27
8
m
O
sm

/L
29

“n
ea
r
iso

to
ni
ci
ty
”2

9

U
nk
no

w
n

Ca
se

1:
7-
ye
ar
-o
ld

w
ith

st
ag
e
IV

co
ex
tr
av
as
at
io
n
of

do
pa

m
in
e,

am
ph

ot
er
ic
in

B
(fo

rm
ul
at
io
n
no

ts
pe

ci
fie

d)
,f
am

ot
id
in
e,

fe
nt
an
yl
,a

m
ik
ac
in
,m

er
op

en
em

.
Co

m
pl
et
e
re
co
ve
ry

at
da

y
12

.1
41

Au
th
or
s’
Co

m
m
en

t:
In
ju
ry

co
ul
d
be

at
tr
ib
ut
ed

to
do

pa
m
in
e,

a
ve
sic

an
t.

Ca
se

2:
36

-y
ea
r-
ol
d.

Ic
e,

th
en

he
at
.3

d
of

ev
er
y
4
h
as
pi
rin

.F
ul
lr
es
ol
ut
io
n
of

sy
m
pt
om

s
(e
ry
th
em

a,
gr
os
s
ed

em
a,

itc
hi
ng

,h
ar
de

ne
d
ar
ea
).
St
ud

y
au

th
or
s

pr
es
um

ed
m
ec
ha

ni
ca
lc
om

pr
es
sio

n
(2
50

m
L
in
fil
tr
at
ed

)c
au

se
d
th
e
in
ju
ry

ra
th
er

th
an

th
e
co
nv
en

tio
na

la
m
ph

ot
er
ic
in

B
(0
.1
6
m
g/
m
L
in

D5
).1

42

Am
pi
ci
lli
n

IV
P:

10
0
m
g/
m
L

In
fu
sio

n:
10

-5
0
m
g/
m
L
N
S

8-
10

29
60

2
m
O
sm

/k
g2

9

33
2-
56

6
m
O
sm

/k
g2

2,
29

Al
ka
lin
e,

H
yp
er
os
m
ol
ar

Ca
se

1:
te
rm

ne
on

at
e.

Da
y
4
of

lif
e.

Co
ex
tr
av
as
at
io
n
of

am
pi
ci
lli
n,

ce
fo
ta
xi
m
e,

an
d
de

xt
ro
se

10
%
w
ith

qu
ar
te
rn

or
m
al
sa
lin
e.
Af
te
r8

-1
0
h
of

IV
ad

m
in
ist
ra
tio

n,
ex
tr
av
as
at
io
n
oc
ur
re
d,

re
su
lti
ng

in
2
bl
ist
er
s
an

d
co
ol
,c
ya
no

tic
sk
in
.W

ar
m

pa
ck
s
an

d
15

0
un

its
hy
al
ur
on

id
as
e.

N
o
pe

rm
an

en
t
ha

rm
.1
43

Au
th
or
s’

Co
m
m
en

t:
In
ju
ry

co
ul
d
be

at
tr
ib
ut
ed

to
de

xt
ro
se

10
%
,a

ve
sic

an
t.

Ca
se

2:
4-
ye
ar
-o
ld
.
Co

-e
xt
ra
va
sa
tio

n
of

am
pi
ci
lli
n
(u
ns
pe

ci
fie

d
co

nc
en

-
tr
at
io
n)

an
d
ch

lo
ra
m
ph

en
ic
ol
.
D
or
su
m

of
ha

nd
ed

em
a.

Fa
sc
io
to
m
y
re
-

ve
al
ed

ex
te
ns
iv
e
ve
no

us
th
ro
m
bo

si
s.

H
ep

ar
in

dr
ip

w
ith

te
m
po

ra
ry

im
pr
ov

em
en

t,
bu

t
ga
ng

re
ne

se
t
in
,
th
en

ha
nd

am
pu

ta
tio

n.
Pa

tie
nt

he
t-

er
oz
yg
ou

s
fo
r
fa
ct
or

V
Le
id
en

m
ut
at
io
n.

14
4

Au
th
or
s’
Co

m
m
en

t:
M
ec
ha

ni
ca
lc
om

pr
es
sio

n
co
ul
d
ha

ve
ca
us
ed

th
e
th
ro
m
-

bo
sis

in
a
hy
pe

rc
oa

gu
la
bl
e
pa

tie
nt

ra
th
er

th
an

in
ju
ry

fr
om

am
pi
ci
lli
n.

If
th
e

am
pi
ci
lli
n
w
as

hy
pe

rt
on

ic
,t
ha

tc
ou

ld
ha

ve
co
nt
rib

ut
ed

to
th
e
pr
og

re
ss
iv
e

sw
el
lin
g.

Do
xy
cy
cl
in
e
1
m
g/
m
L
D5

3.
52

2
31

0
m
O
sm

/k
g2

9
Ac

id
ic

N
o
re
po

rt
ed

ca
se
s
of

ex
tr
av
as
at
io
n
in
ju
ry
.“
In
je
ct
io
n
sit
e
ex
tr
av
as
at
io
n”

is
a

re
po

rt
ed

ad
ve
rs
e
ef
fe
ct
.1
45

G
an

ci
cl
ov
ir
5
m
g/
m
L
in

D5
W

or
N
S

10
.5
-1
0.
92

7
28

8-
30

2
m
O
sm

/k
g2

7
Al
ka
lin
e

1
ca
se

of
bu

lla
e
fo
rm

at
io
n
al
on

g
th
e
co
ur
se

of
th
e
ve
in
an

d
ed

em
a
di
st
al
to

th
e

IV
sit
e
fo
llo
w
in
g
ex
tr
av
as
at
io
n,

w
hi
ch

th
e
au

th
or
s
at
tr
ib
ut
ed

to
a
lo
ca
liz
ed

im
m
un

oa
lle
rg
ic
re
sp
on

se
.C

on
tin

ue
d
th
er
ap

y
vi
a
a
ce
nt
ra
ll
in
e
di
d
no

tr
es
ul
ti
n

fu
rt
he

r
bu

lla
e
fo
rm

at
io
n.

14
6

Au
th
or
s’
Co

m
m
en

t:
Th

e
pr
es
en

ta
tio

n
of

bu
lla
e
pr
ox
im

al
to

th
e
IV

sit
e
al
on

g
th
e
co
ur
se

of
th
e
ve
in

m
ay

in
di
ca
te

th
e
da

m
ag
e
w
as

no
ta

re
su
lt
of

ve
sic

an
t-

lik
e
ex
tr
av
as
at
io
n
in
ju
ry
.

G
en

ta
m
ic
in

IV
P:

10
m
g/
m
L

In
fu
sio

n:
0.
8-
2.
5
m
g/
m
L
in

D5
or

N
S

3-
5.
52

9

3-
5.
52

9
21

2
m
O
sm

/k
g2

9

26
2-
32

0
m
O
sm

/k
g2

9

Ac
id
ic

Ca
se

1:
H
ea
le
d
by

se
co
nd

ar
y
in
te
nt
io
n
w
ith

ou
ts

ig
ni
fic
an

t
sc
ar
rin

g
or

fu
nc
tio

na
ld

ef
ic
it.

A
pe

di
at
ric

ca
se

se
rie

s
w
ith

ou
tc

as
e
m
at
ch
ed

de
ta
ils
.3
8

Ca
se

2:
2-
ye
ar
-o
ld
.C

oe
xt
ra
va
sa
tio

n
w
ith

pe
ni
ci
lli
n.

N
ec
ro
sis

at
24

h.
Pa
rt
ia
l

th
ic
kn
es
s
sk
in

lo
ss

he
al
ed

by
se
co
nd

ar
y
in
te
nt
io
n.

14
7

Ca
se

3:
41

-y
ea
r-
ol
d.

Co
ex
tr
av
as
at
io
n
w
ith

pe
ni
ci
lli
n.

U
lc
er
at
io
n
re
co
ve
re
d
w
ith

sc
ar
rin

g.
37

Au
th
or
s’
Co

m
m
en

t:
De

ta
ils

re
ga
rd
in
g
Ca

se
1
w
er
e
un

av
ai
la
bl
e.

In
th
e
co
ex
-

tr
av
as
at
io
ns

w
ith

pe
ni
ci
lli
n,

a
po

te
nt
ia
lv
es
ic
an

t,
th
e
ca
us
e
of

da
m
ag
e
is

un
as
ce
rt
ai
na
bl
e.

(c
on

ti
nu

es
)

VOLUME 47 | NUMBER 5 | SEPTEMBER/OCTOBER 2024 journalofinfusionnursing.com 301

Copyright © 2024 Infusion Nurses Society. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/journalofinfusionnursing by H
8bsR

LF
E

1xW
zC

cE
2Z

bD
F

uC
aS

km
T

D
qG

kH
kydILZ

B
B

Y
/8hY

lD
JV

vb3lY
w

6IN
R

8Q
yW

F
Q

O
dJ1b4E

9Y
8yZ

+
5oC

U
ldz41F

pO
dG

tm
t3iyY

1z5hU
um

ek1o2M
m

G
pftyP

jY
Z

Z
/R

G
/D

lbf+
Y

T
vn4O

G
P

fG
B

tC
F

A
S

W
IA

V
zE

S
a3oB

+
X

tyU
G

13kA
Q

Y
=

 on 09/19/2024



T
A

B
L

E
3

Ve
si
ca
nt
s:
Ca
ut
io
na
ry

Li
st

(C
on
ti
nu
ed
)

pH
O
sm

ol
al
it
y/
O
sm

ol
ar
it
y

Po
te
nt
ia
lT
is
su
e

In
ju
ry

M
ec
ha
ni
sm

Ca
se

St
ud

ie
s/
Su
pp
or
ti
ng

Ev
id
en
ce

M
et
ro
ni
da

zo
le

5
m
g/
m
L
RT

A
4.
5-
72

9
31

0
m
O
sm

/L
29

Sl
ig
ht
ly
ac
id
ic

Ca
se

1:
H
an

d
am

pu
ta
tio

n
af
te
r
fa
ile
d
tr
ea
tm

en
ts

w
ith

as
pi
rin

,p
en

to
xy
fy
lli
ne

,
an

d
ni
fe
di
pi
ne

.1
48

Ca
se

2:
N
o
tr
ea
tm

en
ts

ut
ili
ze
d.

N
o
da

m
ag
e
oc
cu
rr
ed

.1
49

Au
th
or
s’
Co

m
m
en

t:
H
ist
or
ic
un

bu
ffe

re
d
m
et
ro
ni
da

zo
le

fo
rm

ul
at
io
n
ha

d
pH

0.
5-
2.
0.

If
th
e
pr
od

uc
tw

as
no

tb
uf
fe
re
d
pr
io
r
to

ad
m
in
ist
ra
tio

n,
th
at

co
ul
d

ex
pl
ai
n
th
e
dr
am

at
ic
da

m
ag
e
in

19
95

(c
as
e
1)
.1
48

Cu
rr
en

tf
or
m
ul
at
io
ns

ar
e

bu
ffe

re
d
an

d
RT

A,
w
hi
ch

co
ul
d
be

w
hy

no
da

m
ag
e
oc
cu
rr
ed

in
20

17
(c
as
e

2)
.1
49

Ba
se
d
on

cu
rr
en

tly
av
ai
la
bl
e
fo
rm

ul
at
io
ns
,m

et
ro
ni
da

zo
le

is
lik
el
y
no

lo
ng

er
a
ve
sic

an
t.1

50

O
xa
ci
lli
n

IV
P:

10
0
m
g/
m
L
N
S

In
fu
sio

n:
40

m
g/
m
L
N
S

6-
8.
52

9
70

6
m
O
sm

/k
g*

*2
9

40
6
m
O
sm

/k
g2

9

H
yp
er
os
m
ol
ar

N
ec
ro
tic

le
sio

n
fr
om

un
sp
ec
ifi
ed

co
nc
en

tr
at
io
n
he

al
ed

w
ith

ou
t
re
po

rt
of

pe
rm

an
en

td
ef
ec
t.1

51

Pe
ni
ci
lli
n
60

,0
00

un
its
/m

L
in

N
S

5.
5-
8.
52

9
43

7
m
O
sm

/k
g2

9
U
nk
no

w
n

2
ca
se
s
of

co
ex
tr
av
as
at
io
n
w
ith

ge
nt
am

ic
in
.3
7,
14

7

Au
th
or
s’
Co

m
m
en

t:
G
en

ta
m
ic
in
,a

po
te
nt
ia
lv
es
ic
an

t,
co
ex
tr
av
as
at
ed

in
bo

th
ca
se
s,
le
av
in
g
th
e
ca
us
e
of

da
m
ag
e
un

as
ce
rt
ai
na

bl
e.

Ca
rd
io
va
sc
ul
ar

An
gi
ot
en

sin
II

5.
52

9
-

Va
so
co
ns
tr
ic
tio

n
Li
ke
ly
a
ve
sic

an
tb

as
ed

up
on

va
so
co
ns
tr
ic
tio

n.
N
o
re
po

rt
ed

ca
se
s
of

ex
tr
av
as
at
io
n
in
ju
ry
.

Di
go

xi
n

IV
P:

0.
1
m
g/
m
L

6.
8-
7.
22

9
58

85
-9
10

5
m
O
sm

/k
g2

9
H
yp
er
os
m
ol
ar

1-
m
on

th
-o
ld
.D

or
su
m

of
fo
ot
.C

oe
xt
ra
va
sa
tio

n:
da

ily
di
go

xi
n
an

d
co
nt
in
uo

us
es
m
ol
ol
.V
es
ic
le
s
an

d
ul
ce
ra
tiv

e
le
sio

ns
he

al
ed

w
ith

sc
ar
rin

g
bu

tw
ith

ou
t

fu
nc
tio

na
ld

ef
ic
it.

(F
AE

H
RS

Ca
se

ID
9
61

9
73

1)
Au

th
or
s’
Co

m
m
en

t:
In
ju
ry

co
ul
d
be

at
tr
ib
ut
ed

to
es
m
ol
ol
,a

ve
sic

an
t.
Di
go

xi
n

is
a
pr
ob

ab
le

ve
sic

an
td

ue
to

ex
tr
em

e
hy
pe

ro
sm

ol
ar
ity
,b

ut
sm

al
la
dm

in
sit
ra
-

tio
n
vo
lu
m
e
re
du

ce
s
in
ju
ry

ris
k.

Te
rli
pr
es
sin

-
-

Va
so
co
ns
tr
ic
tio

n
Lik

el
y
a
ve
sic
an
tb

as
ed

up
on

va
so
co
ns
tr
ict
io
n.
N
o
re
po

rt
ed

ca
se
s
of

ex
tr
av
as
at
io
n

in
ju
ry
.

El
ec
tr
ol
yt
es
/N

ut
rit
io
n

M
ag
ne

siu
m

Su
lfa
te

1%
D5

RT
A

2%
D5

RT
A

4%
SW

RT
A

8%
SW

RT
A

11
.1
%

SW

3.
5-
6.
52

9
33

3
m
O
sm

/L
29

41
5
m
O
sm

/L
29

32
5
m
O
sm

/L
29

64
9
m
O
sm

/L
29

90
0
m
O
sm

/L
**

29

H
yp
er
os
m
ol
ar

(fo
rm

ul
at
io
n

de
pe

nd
en

t)

Au
th
or
s’
Co

m
m
en

t:
N
o
re
po

rt
ed

ca
se
s
of

ex
tr
av
as
at
io
n
in
ju
ry
.M

ay
be

a
ve
sic

an
td

ep
en

di
ng

on
th
e
os
m
ol
ar
ity

of
th
e
fo
rm

ul
at
io
n.

RT
A
1%

D5
,2

%
D5

,4
%

SW
–
lik
el
y
no

ta
ve
sic

an
td

ue
to

ap
pr
ox
im

at
el
y

ph
ys
io
lo
gi
c
os
m
ol
ar
ity
.

8%
RT

A
–
po

te
nt
ia
lly

a
ve
sic

an
td

ue
to

hy
pe

ro
sm

ol
ar
ity
.

At
or

ab
ov
e
11

.1
%
co
m
po

un
de

d
fo
rm

ul
at
io
ns

sh
ou

ld
on

ly
be

ad
m
in
ist
er
ed

vi
a

a
ce
nt
ra
ll
in
e
du

e
to

os
m
ol
ar
ity

of
>9

00
m
O
sm

/L
.T
he

se
fo
rm

ul
at
io
ns

ar
e
lik
el
y

a
ve
sic

an
t.

Po
ta
ss
iu
m

Ch
lo
rid

e
10

0
m
Eq

/L
or

le
ss

(e
g,

m
ai
nt
en

an
ce

IV
flu

id
s)

4-
82

9
Ac

id
ic
,c
yt
ot
ox
ic
,

hy
pe

ro
sm

ol
ar

Ca
se
s1

-2
:D

5
0.
45
%
N
aC
lw

ith
10

m
Eq
/L
KC

l(
42
6
m
O
sm

/L
,p
H
3.
5-
6.
5)

in
fil
tr
at
ed

in
a
4-
m
on

th
-o
ld

an
d
a
6-
m
on

th
-o
ld
.N

ec
ro
sis

he
al
ed

w
ith

ou
tr
ep
or
to

f
pe
rm

an
en
td

ef
ec
t.1

52

(c
on

ti
nu

es
)

302 Copyright © 2024 Infusion Nurses Society Journal of Infusion Nursing

Copyright © 2024 Infusion Nurses Society. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/journalofinfusionnursing by H
8bsR

LF
E

1xW
zC

cE
2Z

bD
F

uC
aS

km
T

D
qG

kH
kydILZ

B
B

Y
/8hY

lD
JV

vb3lY
w

6IN
R

8Q
yW

F
Q

O
dJ1b4E

9Y
8yZ

+
5oC

U
ldz41F

pO
dG

tm
t3iyY

1z5hU
um

ek1o2M
m

G
pftyP

jY
Z

Z
/R

G
/D

lbf+
Y

T
vn4O

G
P

fG
B

tC
F

A
S

W
IA

V
zE

S
a3oB

+
X

tyU
G

13kA
Q

Y
=

 on 09/19/2024



T
A

B
L

E
3

Ve
si
ca
nt
s:
Ca
ut
io
na
ry

Li
st

(C
on
ti
nu
ed
)

pH
O
sm

ol
al
it
y/
O
sm

ol
ar
it
y

Po
te
nt
ia
lT
is
su
e

In
ju
ry

M
ec
ha
ni
sm

Ca
se

St
ud

ie
s/
Su
pp
or
ti
ng

Ev
id
en
ce

Ca
se

3:
52

-y
ea
r-o

ld
.U

ns
pe

ci
fie

d
flu

id
w
ith

10
m
Eq

/L
KC

l.
N
ec
ro
sis

w
ith

sc
ar
rin

g.
15

3

Au
th
or
s’
Co

m
m
en

t:
W
he

th
er

po
ta
ss
iu
m

co
nt
rib

ut
ed

to
th
e
in
ju
rie

s
is

un
as
ce
rt
ai
na

bl
e.

Po
ta
ss
iu
m

ph
os
ph

at
e
15

-4
5
m
m
ol
/

25
0
m
L
N
S

6.
2-
6.
82

9
45

0-
73

4
m
O
sm

/L
**

29
Pr
ec
ip
ita

tio
n,

hy
pe

ro
sm

ol
ar

Au
th
or
s’
Co

m
m
en

t:
So
di
um

ph
os
ph

at
e
ex
tr
av
as
at
io
n
re
su
lte

d
in
da

m
ag
e
fr
om

ph
os
ph

at
e
pr
ec
ip
ita

tio
n.

83
Po

ta
ss
iu
m

ph
os
ph

at
e
lik
el
y
ca
rr
ie
s
a
sim

ila
r
ris
k.

Se
da

tiv
es
,a

nt
ie
pi
le
pt
ic
s

Et
om

id
at
e

IV
P:

2
m
g/
m
L

4-
72

9
49

65
m
O
sm

/L
15

4
H
yp
er
os
m
ol
ar

Ad
di
tiv

e
pr
op

yl
en

e
gl
yc
ol

ca
us
es

va
ria

bl
e
hy
pe

ro
sm

ol
ar
ity

;n
o
re
po

rt
ed

ca
se
s

of
ex
tr
av
as
at
io
n
in
ju
ry
.

Lo
ra
ze
pa

m
IV
P:

2
m
g/
m
L

In
fu
sio

n:
1
m
g/
m
L

5.
72

9
>2

00
0
m
O
sm

/k
g2

2

>1
00

0
m
O
sm

/k
g*

*2
2

H
yp
er
os
m
ol
ar

Ad
di
tiv

e
pr
op

yl
en

e
gl
yc
ol

ca
us
es

va
ria

bl
e
hy
pe

ro
sm

ol
ar
ity
.N

o
re
po

rt
ed

ca
se
s

of
ex
tr
av
as
at
io
n
in
ju
ry
.“
Ca

re
sh
ou

ld
be

ta
ke
n
to

de
te
rm

in
e
th
at

an
y
in
je
ct
io
n

w
ill
no

tb
e
in
tr
a-
ar
te
ria

la
nd

th
at

pe
riv

as
cu
la
re

xt
ra
va
sa
tio

n
w
ill
no

tt
ak
e
pl
ac
e.

In
th
e
ev
en

tt
ha

ta
pa

tie
nt

co
m
pl
ai
ns

of
pa

in
du

rin
g
in
te
nd

ed
in
tr
av
en

ou
s

in
je
ct
io
n
of

lo
ra
ze
pa

m
in
je
ct
io
n,

th
e
in
je
ct
io
n
sh
ou

ld
be

st
op

pe
d
im

m
ed

ia
te
ly

to
de

te
rm

in
e
if
in
tr
a-
ar
te
ria

li
nj
ec
tio

n
or

pe
riv

as
cu
la
r
ex
tr
av
as
at
io
n
ha

s
ta
ke
n

pl
ac
e.
”1

55

M
id
az
ol
am

IV
P:

5
m
g/
m
L

In
fu
sio

n:
0.
62

5
m
g/
m
L
N
S

2.
9-
3.
72

9
38

5
m
O
sm

/L
29

25
9
m
O
sm

/
kg

29
Ac

id
ic

Po
te
nt
ia
lly

a
ve
sic

an
t,
ba

se
d
up

on
ac
id
ic
pH

.N
o
re
po

rt
ed

ca
se
s
of

in
ju
ry
.

Va
lp
ro
at
e

23
m
g/
m
L
N
S

7.
62

9
55

9
m
Eq

/L
**

15
6

H
yp
er
os
m
ol
ar
,

po
te
nt
ia
lly
:s
ki
n

st
ru
ct
ur
e
to
xi
ci
ty

15
7

62
-y
ea
r-
ol
d.

50
0
m
g
va
lp
ro
at
e.

Im
m
ed

ia
te

sw
el
lin
g
an

d
de

ve
lo
pm

en
to

fl
ar
ge

flu
id
-fi
lle
d
bu

lla
e
fr
om

ha
nd

to
el
bo

w
.E

de
m
a
an

d
bl
ist
er
in
g
pr
og

re
ss
ed

to
co
m
pa

rt
m
en

ts
yn
dr
om

e.
Bu

lla
e
dr
ai
ne

d
of

30
0
m
L
an

d
es
ch
ar
ot
om

ie
s

pe
rf
or
m
ed

.P
at
ie
nt

di
sc
ha

rg
ed

11
d
la
te
r
fr
om

bu
rn

un
it.

N
o
in
di
ca
tio

n
of

re
sid

ua
ls
ca
rr
in
g
or

fu
nc
tio

na
ll
im

ita
tio

ns
.1
57

O
th
er

Am
in
op

hy
lli
ne

IV
P:

25
m
g/
m
L

8.
6-
92

9
17

0
m
O
sm

/L
29

H
yp
o-
os
m
ol
ar

Ad
m
in
ist
ra
tio

n
of

hy
al
ur
on

id
as
e
pr
ev
en

te
d
in
ju
ry
.4
2

M
et
ho

ca
rb
am

ol
3.
5-
62

9
“V
er
y
H
yp
er
to
ni
c”

29
Ac

id
ic
,

hy
pe

ro
sm

ol
ar

Ad
di
tiv

e
pr
op

yl
en

e
gl
yc
ol

ca
us
es

va
ria

bl
e
hy
pe

ro
sm

ol
ar
ity
.N

o
re
po

rt
ed

ca
se
s

of
ex
tr
av
as
at
io
n
in
ju
ry
.“
Pa
in

an
d
slo

ug
hi
ng

at
th
e
sit
e
of

in
je
ct
io
n”

ha
s
be

en
re
po

rt
ed

.1
58

Ab
br
ev
ia
tio

ns
:D

5,
5%

de
xt
ro
se

in
w
at
er
;D

5
0.
45

%
N
aC

l,
de

xt
ro
se

5%
so
di
um

ch
lo
rid

e
0.
45

%
;I
VP
,i
nt
ra
ve
no

us
pu

sh
;N

S,
no

rm
al
sa
lin
e,

0.
9%

so
di
um

ch
lo
rid

e;
RT

A,
Re

ad
y
to

ad
m
in
ist
er
;S

W
,s
te
ril
e
w
at
er
.

**
Au

th
or

ca
lc
ul
at
ed

(e
g,

ba
se
d
on

re
po

rt
ed

os
m
ol
ar
ity

at
a
di
ffe

re
nt

co
nc
en

tr
at
io
n)
.

VOLUME 47 | NUMBER 5 | SEPTEMBER/OCTOBER 2024 journalofinfusionnursing.com 303

Copyright © 2024 Infusion Nurses Society. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/journalofinfusionnursing by H
8bsR

LF
E

1xW
zC

cE
2Z

bD
F

uC
aS

km
T

D
qG

kH
kydILZ

B
B

Y
/8hY

lD
JV

vb3lY
w

6IN
R

8Q
yW

F
Q

O
dJ1b4E

9Y
8yZ

+
5oC

U
ldz41F

pO
dG

tm
t3iyY

1z5hU
um

ek1o2M
m

G
pftyP

jY
Z

Z
/R

G
/D

lbf+
Y

T
vn4O

G
P

fG
B

tC
F

A
S

W
IA

V
zE

S
a3oB

+
X

tyU
G

13kA
Q

Y
=

 on 09/19/2024



has even been reported from vesicants that have pH or
osmolarity ranges relatively close to physiologic. Yet-to-be-
identified factors, such as interactions between exposed
tissues and specific drug or formulation components, likely
explain why injury occurs from some infusates and not
others.

It is important to recognize that CS can occur with
inadvertent extravascular administration of both vesicants
and nonvesicants. Hyperosmolarity and absorption refrac-
toriness are some of the physiochemical properties of
vesicants that result in blistering and necrosis but also
increase the risk of CS. For example, an absorption refrac-
tory vesicant, propofol, is associated with causing CS, as is
contrast media, which is often hyperosmolar.15 Since CS
can occur from nonvesicant infiltration, extravasation
cases with CS were not used as evidence in categorizing
the risk level of the vesicant.

Nonphysiologic pH
Normal physiologic pH ranges from 7.35 to 7.45. Tissues
exposed to infusates with nonphysiologic pH can sustain
injury from unintended acid–base reactions until the acid/
base burden has been neutralized.26,27 A measurement of
the reaction burden, which would be proportionate to the
damage, is called titratable reserve.24 Unlike pH, titratable
reserve is not concentration dependent. Titratable re-
serve is often unreported, so pH is still commonly used
as a surrogate indicator. Because the rate of acid–base
reactions is concentration dependent, between 2 concen-
trations of the same vesicant, the one with the more
extreme pH will likely cause irreversible injury faster.
Rate and extent of injury are also dependent on other
physiochemical properties, so pH and even titratable re-
serve should not be used to compare relative risks be-
tween different vesicants.

Perhaps due to the physiologic bicarbonate buffering
system, tissues seem to tolerate acidic (low) pH better than
alkaline (high) pH.25,27,159 Shibata et al26 used saline solu-
tions at physiologic pH and normal saline solutions ad-
justed to a pH of 3 and 5 (by addition of hydrochloric
acid) as controls to isolate the effect of vasopressors for-
mulated in acidic pH from the effect of pH itself in causing
intradermal damage in rats. Exposure to 100 μL intrader-
mally of the neutral or acidic saline solutions resulted in
redness but no induration, ulceration, or change in histo-
pathology. This demonstrates the ability of the physiologic
buffer to neutralize small amounts of acid to prevent
damage. A larger titratable reserve or an infusate with
less mobility due to size/solubility would be more likely
to overwhelm the local buffering capacity and result in
damage. Manrique-Rodríguez et al27 defined 3 pH levels
when considering VAD selection:

● High risk: <4.0 or >9.0
● Moderate risk: 4.0 to 5.0 or 7.5 to 9.0

● Low risk: 5.0 to 7.5; due to the buffering power of
plasma, peripheral administration is acceptable.

Vasoconstriction
Extravasation can result in both chemically and mechani-
cally induced vasoconstriction. Chemically induced vaso-
constriction occurs either as a result of the
pharmacologic action of the vesicant or as a side effect.
Mechanically induced vasoconstriction occurs when ex-
travascular pressures exceed intravascular pressures,
decreasing or even stopping venous blood flow. This
can occur from the pressure of the extravasated infusate
in large volume or anatomically trapped extravasations
and can be exacerbated by the attraction of fluid from
surrounding tissues when hypertonic vesicants extrava-
sate. Vasoconstriction that reduces tissue perfusion can
impair cellular oxygen acquisition and waste removal,
resulting in cellular death.

Osmolarity
Physiologic osmolarity is approximately 310 mOsm/L.
Both hypotonic and hypertonic solutions can cause tissue
damage by forcing cellular fluid shifts. Cells exposed to
hypotonic solutions will experience water shifting into the
cell, which can result in cell rupture. Hemolysis has been
reported with exposure to solutions of 112 mOsm/L.160

When cells are exposed to hypertonic solutions, water will
transfer from within the cells into the interstitial space.
The cells can then shrivel, impairing their ability to main-
tain the trans-membrane transportation of nutrients and
waste required for the cell to survive. Not only does the
pocket of hyperosmolar infusate draw water to it on a
cellular level, but it also attracts water on a larger scale
from surrounding tissues, leading to swelling and increas-
ing the risk of mechanically induced vasoconstriction
and CS.

Shibata et al26 tested extravasation reactions in rats to
a range of mannitol (5%, 10%, 15%, and 20%) and glucose
(5%, 10%, 15%, 20%, 25%, 30%, 40%, and 50%) solutions
administered as 100 µL intradermally. Their findings de-
monstrated that, for a particular infusate, the risk of da-
mage increases with increasing osmolarity. However, even
at nearly identical osmolarities, the extent of injury was
different based on the identity of the vesicant, so osmolar-
ity should not be used to compare relative risk between
vesicants. Even between mannitol and glucose that have
very similar molecular weights, the degree of injury was
greater from mannitol than glucose at nearly identical
osmolarities, likely because mannitol does not readily
cross cell membranes. Factors beyond osmolarity that
could influence risk of injury include molecular size,
shape, solubility, physiologic interactions, and ease of
transport across membranes or throughout the extravas-
cular space.
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There is no established osmolarity cutoff at which the
risk of injury from a hyperosmolar vesicant begins. Histo-
pathology of rats exposed to 5% mannitol or glucose
(274–278 mOsm/L) demonstrated no change.26 Tissue
exposed to 10% mannitol or glucose (549–555 mOsm/L)
displayed signs of tissue damage, including cellular shed-
ding and infiltration of inflammatory cells. Due to the
small volume administered (100 µL), induration, ulcera-
tion, and necrosis did not occur from 10% mannitol or
glucose (1098–1110 mOsm/L) but did occur from 25%
glucose (1388 mOsm/L).

Careful thought should guide the selection of vesicant
administration concentrations for an organization. Considera-
tions should include manufacturer instructions, osmolarity,
volume burden, use of standardized concentrations, and
minimizing manipulations of the sterile infusate, especially
at the point of care.

Absorption Refractory
In 2020, Ong and Van Gerpen6 proposed absorption refrac-
toriness as a mechanism of tissue injury. This mechanism is
characterized by drugs with insolubilities or a limited ability
to be absorbed into the bloodstream, causing them to
persist in the extravasated space. Cells surrounded by extra-
vasated lipids or drugs in a lipid carrier may have impaired
access to nutrient uptake and waste removal, limiting their
ability to survive. An example is the drug propofol, contained
in a lipid carrier, which persists in the interstitial space and
leads to deep tissue necrosis and sometimes CS. In the 2024
VTF list, this is also the proposed mechanism of tissue injury
associated with extravasation of the nutritional administra-
tion of lipids. The identification of this previously unde-
scribed mechanism of tissue injury has been well received
by the scientific community. The mechanism has been in-
cluded in subsequent articles, and authors have specifically
included propofol and lipids on their vesicant lists.25,26

Cytotoxicity
Cytotoxic vesicants interact with cells in a way that pre-
vents cell growth or causes cell death independent of other
mechanisms of injury. Research that involved the use of
human umbilical cells has determined that several drugs
cause direct cellular damage, including vancomycin and
azithromycin.36,57 This research indicated that, for these
vesicants, the degree of cytotoxicity appeared to be con-
centration dependent. These interactions are not yet fully
understood, and the interaction could vary from one vesi-
cant to another.

Antimicrobials
Antimicrobials are among the most commonly adminis-
tered medications. It is important for clinicians to recognize
that, in contrast to many of the vesicants on the 2024 VTF
list, antimicrobials are often administered in settings other

than hospitals, including outpatient, home settings, and
skilled nursing care facilities.

Four antimicrobials were added to the 2024 vesicant
list. Intravenous tetracycline, not available in the United
States, is associated with 2 reports of functional deficit,
with a mechanism of tissue injury being its extremely acidic
pH. It is the only antimicrobial rated as high risk. Fluclox-
acillin, also not available in the United States, was asso-
ciated with necrosis but not with permanent functional
deficit in case reports, all in pediatric patients.37,38 In a
review of peripheral IV antimicrobial administration, flu-
cloxacillin was significantly associated with vessel injury,
which included either mechanical blockage or infiltration
resulting in irritation or cell damage (extravasation).161

Remdesivir, a newer antiviral drug used in the treatment
of COVID-19, is acidic and rated at moderate risk, as it is
associated with several reports of swelling, erythema, and
blistering upon extravasation.44,46 Remdesivir extravasa-
tions exhibited an interesting pattern of hematoma forma-
tion, along with the blistering. The cause of the hematomas
could be related to the coagulopathies seen in patients
with COVID-19. A single case of azithromycin extravasation
in a pediatric patient resulted in an arm that was firm,
distended, and cool to the touch, with subsequent devel-
opment of bullae; after 4 months of localized treatment,
complete healing occurred.35

The 4 antimicrobials from the 2017 list remain on the
2024 list: acyclovir, nafcillin, pentamidine, and vancomycin.
As a widely used antibiotic across all care settings, vanco-
mycin always generates concern and discussion among in-
fusion clinicians, with frequent informal reporting of
extravasations. Because published reports indicate healing
after the extravasation event with no permanent functional
impairment, vancomycin remains on the moderate list.
While 1 report described amputation at the wrist after
signs and symptoms including pain, swelling, and coldness,
there were limited details as to the specific circumstances
surrounding the delayed report of extravasation, and the
injury appeared to be possibly associated with arterial occlu-
sion versus injury from PIVC insertion.56 The VTF reached
out to the author for more information, but there was no
response. In vitro and animal studies document endothelial
damage associated with vancomycin.57,162,163 Endothelial
damage was once attributed to an acidic pH, but vancomy-
cin is now recognized as cytotoxic. In an in vitro study on
human umbilical vein endothelial cells, cell death was 25%
after 24 hours and more than 50% after 72 hours with
continuous vancomycin concentration of 2.5 mg/mL; when
the concentration was 5 mg/mL, there was 50% cell death at
24 hours and close to 100% cell death at 48 hours.57 Inter-
mittent versus continuous infusion was associated with sig-
nificantly reduced risk for damage. A study investigating
continuous vancomycin via a long peripheral catheter (de-
scribed as an 8-cm “mini-midline”) was halted when there
was evidence of asymptomatic thrombosis at the catheter
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tip with each subject as measured by daily ultrasound.164

While infiltration/extravasation were not reported, as the
study was halted, researchers suggest the direct chemical
injury of the vein wall by the vancomycin. Recommenda-
tions include central administration of vancomycin when the
concentration exceeds 5 mg/mL and when administering
continuous vancomycin infusions. Notably, in one of the
extravasation reports, the concentration was 321 mg/mL.54

Electrolytes/Nutrition
Parenteral nutrition (PN) consists of the administration of
amino acids, dextrose, or lipids for the purpose of provid-
ing caloric intake and to treat or prevent deficiencies in
essential amino acids or fatty acids. Dextrose administra-
tion for blood sugar management is not considered PN. In
neonates who have a very low caloric reserve, timely
initiation and continuing administration of PN can be the
determining factors for survival. Children and adults have
a much greater caloric reserve and, in these patient po-
pulations, while PN administration is eventually needed
to sustain life and appropriate administration can improve
their healing/recovery ability, delaying initiation of PN or
holding PN temporarily due to lack of appropriate IV
access is rarely life threatening. An osmolarity of 900
mOsm/L is the generally accepted cutoff above which
PN administration should be limited to a CVAD, but per-
ipherally administering PN with an osmolarity <900
mOsm/L is not free of risk; it just has less risk than
peripherally administering a higher-osmolarity PN. The
further from physiologic the PN osmolarity is, the more
dangerous it is. Shibata et al26 found evidence of tissue
damage from exposure to 10% dextrose (505 mOsm/L) in
rats, and this risk of injury has been confirmed by multiple
reported cases of injury in humans from extravasation of
dextrose 10%, including permanent functional damage,
making dextrose 10% a high-risk vesicant. The continuous
or long durations of infusion of PN put the patient at
higher risk that an extravasation will occur. Thoughtful
decisions balancing the risks and benefits of peripheral
PN administration and formulation selection should be
made to protect the patient from undue risk.

Electrolyte administration can be an emergent, life-
saving treatment. When extravasation occurs, a localized
supratherapeutic exposure can impair normal physiologic
processes and damage cells.

In addition to the effects of hypertonicity, localized
hyperkalemia from potassium extravasation is cytotoxic,
as it disrupts cellular ion transport necessary for cells to
survive. Localized hyperkalemia is so dangerous that con-
centrations ≥300 mEq/L (30 mEq/100 mL) should only be
administered via a central line and are rated high-risk
vesicants.165 Damage from peripheral administration of
potassium replacement is not uncommon, and concentra-
tions between 101 and 299 mEq/L (10.1–29.9 mEq/100 mL)
have been rated moderate risk. The lower threshold at

which potassium no longer poses a vesicant-like risk of
injury is unknown, so potassium concentrations at ≤100
mEq/L (10 mEq/100 mL) have been included on the cau-
tionary list. The typical cellular concentration of potassium
is 150 mEq/L, whereas normal serum (extracellular) levels
range from 3.5 to 5.0 mEq/L.166

Localized supratherapeutic exposure to an electrolyte
from extravasation can also result in concentrations ex-
ceeding the solubility threshold, resulting in precipitation.
Calcinosis cutis is the phenomenon where calcium phos-
phate precipitation deposits in skin and soft tissues. This
has been reported both with extravasation of calcium and
with extravasation of sodium phosphate and is likely pos-
sible with extravasation of potassium phosphate.

Tromethamine is a buffering agent administered for the
treatment of acidosis. Injury has occurred from extravasation
of the manufacturer’s product that has a pH of 10.0 to 11.5.
This version was available previously in the United States and
is still available internationally. The newer tromethamine
product, THAM, is adjusted to a pH of 8.8 and has not been
reported to cause extravasation injury. So, the extravasation
risk rating for tromethamine is product specific. The product
with pH 10.0 to 11.5 is a moderate-risk vesicant, and the
product with pH 8.8 is on the cautionary list.

Cardiovascular/Vasopressors
The VTF renamed this section to include vasopressors, as
well as other cardiovascular drugs. New to this 2024 list are
metaraminol (not available in the United States) and
acetazolamide.

Vasopressors are well-known vesicants, with the ma-
jority of these medications listed as high risk based on
published evidence of patient injuries. This is due to their
vasoconstrictive mechanism of action, often in a clinical
setting of significant hypoperfusion, necessitating careful
VAD selection and maintenance. Phenylephrine is the only
vasopressor listed as moderate risk based on the VTF
definitions and a lack of published evidence. However,
the lack of case study reports may be due to the complexity
of the medication regimen in high-acuity patients, making
recognition and designation of the true source of extrava-
sation difficult. While angiotensin II and terlipressin are
listed as vesicants in at least 1 review,25 there are no
published reports of injuries, and the drug prescribing
information does not report extravasation as an adverse
event. These drugs have been added to the cautionary list
(Table 2). The VTF recommends significant caution with all
vasopressors and encourages publication of case reports to
build the body of knowledge for these medications.

Vasopressors: Peripheral Administration Issues
There is a growing body of evidence demonstrating that
vasopressors may be safely administered peripherally, with
the effective use of guidelines to prevent or mitigate
complications.167 This is an important transition point in
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critical care because it has the potential to further reduce
CVAD utilization and the many associated complications,
while ensuring that patients receive required therapy in a
prompt and safe manner. Based on a 2015 systematic re-
view, the majority of localized tissue damage occurred in
continuous vasopressor administration of 6 hours or more,
with increased risk of extravasation injury in the hypoper-
fused patient.168 The researchers recommended that per-
ipheral administration of vasopressors be limited to less
than 2 hours in a PIVC placed proximally (eg, antecubital
fossa or external jugular vein).168 Since this systematic re-
view was published, numerous studies of varied methodol-
ogies and quality have explored this practice (Table 4).169-185

To reduce extravasation risk, published recommenda-
tions include the following specific to peripheral vasopres-
sor administration with general prevention guidelines
applicable as well:

● Limiting peripheral vasopressor administration to
short duration (eg, less than 24 hours);

● Limiting administration to 1 vasopressor at the lowest
concentration in a peripheral site;

● Ensuring patency and adequate hemodilution around
the VAD at insertion (ie, catheter-to-vein ratio), as
vasopressors may have both irritant and vesicant
qualities;

● Prompt transition to a new VAD if leakage at the site is
noted or patency can no longer be validated.7

With an identified protocol that is consistently imple-
mented, short-term (eg, 24 hours or less) peripheral admin-
istration of vasopressors is a strategy that may reduce CVAD
utilization with reported low rates of complications.184 An
additional safety factor is the Infusion Therapy Standards of
Practice (the Standards) recommendation to use a well-
placed, patent short PIVC for time-sensitive medications,
such as vasopressors, to enhance site assessment and early
recognition of complications. The Standards and other na-
tional and international guidelines recommend that the MLC
should not be used for continuous vesicant therapy, such as
vasopressors.7,186-188 This is due to the increased depth of
the catheter, difficulty assessing patency with frequent and
early loss of blood return, high frequency of reported MLC
occlusion-related complications, absence of standardized
assessment guidance for deep PIVCs (eg, ultrasound-guided
long, MLC), and the potential for more extensive tissue
damage should an extravasation occur.7

Despite the recommendations stated in national and
international guidelines, a recent practice trend is the use
of the MLC for continuous and, at times, extended vaso-
pressor therapy.170,179 While this can be viewed as a nat-
ural progression of current clinical practices, particularly in
the United States, the pervasive lack of effective monitor-
ing of related outcomes and the lack of high-quality evi-
dence to guide this practice gives cause for concern.
Because of the lack of high-quality evidence in support of
vasopressor administration using the MLC, the VTF

continues to support the avoidance of this practice and to
support the above recommendation for short-term, time-
critical infusions via the short PIVC before transition to a
CVAD. The VTF also recommends that facilities interested
in use of the MLC for vasopressor administration initiate
the practice within the construct of a well-designed pro-
spective research study to contribute to the body of knowl-
edge in this critical area of practice. Due to VTF concern
over this increased use of MLCs, members of the VTF
developed a separate review paper to explore the differing
definitions of MLC tip placement, risks/considerations, and
complications relative to intermittent versus continuous
infusions, and to better understand outcomes and compli-
cations of MLCs.

Sedatives and Antiepileptics
The section of sedatives and antiepileptics is a new cate-
gory for the 2024 vesicant list. From the 2017 VTF category,
“Other Medications/Solutions,” pentobarbital and pheno-
barbital remain on the 2024 list as moderate risk and
phenytoin as high risk.

Thiopental, only available outside the United States
and rated as high risk, has an alkaline pH.47 Propofol,
which is rated as high risk, is an absorption refractory
vesicant. Propofol is highly lipophilic, and formulations
currently available in the United States are made in a
lipid carrier made of soybean oil and egg phospholipids.
An alternative formulation available outside the United
States consists of a triglyceride lipid carrier. Other low-
lipid or nonlipid formulations of propofol are being studied.
Due to the lipophilic nature of the drug, as well as the lipid
carrier solution, propofol seems particularly prone to caus-
ing necrosis and CS due to its limited ability to disperse in
the tissues and be absorbed into the bloodstream.6 In
addition to the 6 extravasation cases listed in Table 1,
there are also 3 published reports of CS requiring fasciot-
omy with no resulting functional deficits.189-191

Other Vesicants
Fluorescein, a drug given IV push for diagnostic eye exam-
inations, is an alkaline drug with high osmolarity and is
rated at moderate risk. Despite necrosis from administra-
tion being well documented as early as 1980, because of
the niche administration setting, it had not been recog-
nized as a vesicant on most published lists.123,124 Intrave-
nous immunoglobulin (IVIg) was reviewed previously but
not included in the 2017 list due to limited citations. Upon
rescreening, it is now added to the 2024 moderate list. IVIg
is an acidic and often hyperosmolar heterogenous collec-
tion of antibodies. There are several citations reporting IVIg
extravasation injury, notably all in infants.126,127 In 1 case, a
3-month-old infant sustained moderate scarring after
4 months of wound treatment.37 It is important to recog-
nize that there are many IVIg formulations and that specific
manufacturer information should be reviewed for osmo-
larity and pH data.
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Iron sucrose, an alkaline drug with an elevated osmo-
larity, is rated at moderate risk. Published reports include 1
case of required skin flap repair with permanent aesthetic
defect and 1 case of nerve damage occurring 16 months
after iron extravasation.128,129 While the VTF was unable to
identify reported extravasation injuries associated with
other iron formulations, a well-known and often perma-
nent adverse reaction with any iron extravasation is stain-
ing of the skin.192 Methylene blue, an acidic drug with
additional mechanisms of action of vasoconstriction and
cytotoxicity, is rated at high risk, with several reports of
necrosis and nerve injuries, as well as a case of CS.132-134,193

Contrast Media
The risk of extravasation injury from contrast media is well-
recognized, and contrast medium continues to be rated as a
high-risk vesicant.120,121,194,195 Local toxicity is directly propor-
tional to osmolality. Contrast medium includes iodinated
agents commonly used for computed tomography (CT) scans
and gadolinium-based agents used for magnetic resonance
imaging (MRI). There is much variation of osmolality among
these agents. Iodinated contrast agents are divided into ionic
and nonionic. High osmolality ionic contrast media (HOCM)
have greater chemotoxicity, with osmolality as high as 1400 to
1500 mOsm/kg. Low osmolality ionic contrast media (LOCM)
are less toxic, with osmolality ranging from 290 to >800
mOsm/kg. While LOCM has much lower osmolality than
HOCM,many in this group still have an osmolality high enough
to injure tissue upon extravasation. Osmolality of gadolinium
agents ranges from630 to 1970mOsm/kg, although they have
lower rates of extravasation attributed to much lower admi-
nistered volumes than iodinated contrast agents.120,121

Notably, there are multiple reported cases resulting
from CS requiring surgical intervention. No permanent
functional injuries were reported in any of these cases.
The following are some examples of these cases:

● Seven cases of CS in a hand requiring
fasciotomy56,119,196-199;

● One case of CS requiring multiple stab incisions to
facilitate drainage200;

● Three cases of CS of forearm requiring fasciotomy; 1 in
a neonate; another in a pediatric patient201,202;

● Pediatric patient with upper arm extravasation result-
ing in brachial plexopathy and ulnar and median nerve
damage; no noticeable deficits at 1-year follow-up.119

Other Potential Vesicants
Radiopharmaceuticals

Radiopharmaceuticals (RPs) are a group of drugs containing
radioactive isotopes used in disease diagnosis, staging, treat-
ment, and monitoring of cancers. While providing a listing of
the numerous vesicant RPs is beyond the scope of this
article, it is important to recognize the risk of extravasations
associated with RPs. Most diagnostic nuclear medicine stu-
dies and therapeutic infusions are performed by IV

administration of RPs. About 90% of RP use is for diagnostic
procedures.203 Studies over the past several years have
documented increasing awareness of and frequency of RP
extravasations. Extravasation of diagnostic RPs is common,
with 3016 extravasation cases identified in 37 publications.
Therapeutic use of RPs was associated with a greater risk of
severe tissue damage.204 Not only can extravasation of RPs
result in immediate tissue damage, but a unique result of RP
extravasation is development of a malignancy as a result of
the localized supratherapeutic radiation exposure. Oversight
of RPs is covered both by the FDA and by the United States
Nuclear Regulatory Commission (NRC). Old NRC policy from
1980 exempted extravasations from reporting requirements
due to frequency of occurrence and “inability to avoid
them;” however, there is a need to report these events.205

In a study aimed at estimating and assessing the radiation
dose to localized soft tissue, the researchers found that the
RP extravasation rate exceeded 10%, surpassing medical
event reporting limits.205 Radiation safety programs should
include identification, mitigation, dosimetry, and documen-
tation of significant extravasation events. There is a need for
large randomized controlled trials to actively monitor and
report RP extravasations.206 Protocols to prevent RP extra-
vasations, including careful patency assessment, are critical.

Monoclonal Antibodies
There are an increasing number of monoclonal antibodies
(Mabs) used in cancer, as well as in the treatment of
noncancer conditions in rheumatology and gastroenterol-
ogy (eg, rheumatoid/psoriatic arthritis, inflammatory
bowel disease). In a review article describing the potential
use of Mabs in oncology practice, the risk of extravasation
was explored.207 Acknowledging that the risk of necrosis
associated with extravasation is less than that of cytotoxic
antineoplastic drugs, inflammation can occur. There are a
growing number of Mabs, and with increasing use of these
agents, the authors emphasize the importance of reporting
extravasations from Mabs. The clinician should exercise
caution and awareness of potential risk with Mab
administration.

The use of Mabs via antibody-drug conjugates is ex-
panding into new areas, including inflammatory disorders,
bacterial infections, cardiovascular disease, and kidney
failure.208 In some therapies, the antibodies are conjugated
to cytotoxic agents. With increasingly diverse use of these
agents, the authors emphasize the importance of aware-
ness of the potential risk and need to report extravasations
from Mabs and antibody-drug conjugates.

LIMITATIONS

Ethical considerations preclude the study of extravasation
in humans, so data are and always will be limited to animal
models and reported human cases. This lack of information
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can make it difficult to make accurate evaluations of risk.
The evidence-based risk categorization of the 2024 VTF
does reflect the reported ability of a vesicant to cause
injury and permanent functional harm, but it has built-in
biases. The criteria that 2 cases of injury must have oc-
curred in order to qualify as a high-risk vesicant makes it
more likely that commonly administered drugs, drugs ad-
ministered particularly to high-risk patients, or drugs that
have been on the market longer will be considered high
risk. Permanent functional harm could also be related to
the quality of care received, so as prevention, recognition,
and treatment of extravasation injuries improve over time,
it may be less likely that newer agents will be categorized
as high risk. An increase in the number of cases available
for review could help clarify relative risks. Clinicians are
encouraged to report extravasation injuries to the FDA
Adverse Event Reporting System (FAERS: https://www.
fda.gov/drugs/drug-approvals-and-databases/fda-adverse-
event-reporting-system-faers).

CONCLUSION

Extravasation prevention begins with health care organiza-
tions and applies to any care setting where vesicants are
administered. Each health care organization should com-
pile and publicize a list of vesicants administered in their
organization. The list should include, at a minimum, any
drugs administered from the 2024 VTF high- or moderate-
risk list. Careful consideration, balancing patient safety,
should be made about whether to also include the cau-
tionary risk infusates. Some institutions may choose to
include additional infusates reported in the literature as
vesicants or based on internal reports of extravasation
injury. Policies and procedures should incorporate mea-
sures for extravasation prevention, and health care orga-
nizations must provide education and create competency
regarding vesicants, ensuring that nurses and other clini-
cians recognize the following: (1) whether the drug or
solution they are administering is a vesicant; (2) the patient
and vascular access device-related factors associated with
increased risk of extravasation; (3) interventions to reduce
extravasation risk; and (4) the importance of frequent,
ongoing monitoring for early recognition and treatment
of extravasation.
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APPENDIX

Extravasation Prevention Checklist
Health Care Organization:

● Regularly updated organizational policies/protocols for
vesicant identification and extravasation prevention
and readily available vesicant-specific extravasation
treatment recommendations.

● Written list of vesicant medications/solutions; con-
sider inclusion of risk level; vesicant identification at
the point of administration is preferable (eg, on the
eMAR or product label).

● Standardized compounding formulas that mitigate the
vesicant’s potential for injury. Administration of vesi-
cant products closer to physiologic pH and osmolarity
can reduce the risk of injury.

● Well publicized organizational restrictions regarding
vesicant administration based upon the type of vas-
cular access device (eg, central line administration only

or no continuous vesicant infusions via a midline);
identify restrictions at the point of administration (eg,
on the eMAR or product label).

● Initial and ongoing competency assessment and doc-
umentation: venipuncture skill, extravasation preven-
tion, and management.

● Standardized process and content in the medical re-
cord for documentation of VAD assessments and to
facilitate VAD outcome monitoring.

● Extravasation management specific to the vesicants ad-
ministered by each organization should either be kept on
hand, or at minimum, an action plan should be in place
for emergently obtaining them (eg, hyaluronidase, dex-
razoxane, sodium thiosulfate, phentolamine, terbutaline,
nitroglycerin ointment, warm or cold packs).

Pre-Administration Assessment:

● Identify and, whenever possible, avoid potential
extravasation risk factors (Table below).

Extravasation Risk Factors: Use this checklist to identify extravasation risk.
Develop an appropriate plan of care based upon identified risk(s).
Peripheral Catheters (short, long, midline) Central Vascular Access Devices (CVADs)

All Peripheral Catheters
● Limited vein selection (lymph node dissection, lymphedema,

amputation)
● Prior treatment with irritating/sclerosing drugs
● Previous multiple venipunctures
● Small fragile veins
● Darker skin color (more difficult to assess for signs of

extravasation)
● Venous spasms as result of body temperature changes, raised BP,

anxiety, pressure changes from infusion
● Absence of blood return* before infusion or loss of blood return

during infusion
● Inability to communicate symptoms (eg, impaired cognition, al-

tered mental status [delirium, drug side effects], somnolence,
language barrier, age [pediatric])

● Sensory/motor deficits (eg, neuropathy, neuro-trauma, post-
stroke, paralysis)

● Inadequate catheter length within the vessel

All Central Vascular Access Devices
● Absence of blood return from all CVAD lumens before infusion or

loss of blood return during infusion
● Catheter tip migration outside the venous system or inadequate

length at insertion to place all exit ports inside the vessel
● Retrograde flow of drug due to fibrin sheath development
● Pinch-off syndrome for CVADs placed via subclavian vein
● Inability to communicate symptoms (eg, impaired cognition,

aphasia, altered mental status [delirium, drug side effects],
somnolence, language barrier, age [pediatric])

Short/Long PIVCs
● Subcutaneous probing during insertion (short PIVC, traditional

landmark technique without use of visualization device)
● Site in area of joint flexion
● Catheter in situ longer than 24 hours
● Inadequate catheter securement
● Long PIVC: reduced ability to detect extravasation if located in

deep vein

Implanted Vascular Access Ports:
● Incomplete port needle insertion
● Deeply implanted port with a needle too short to be stable
● Needle dislodgement from port septum
● Failure to secure noncoring needle in port
● Separation of catheter from port body
● Catheter damage/fracture (eg, pinch-off syndrome)
● Loss of /reservoir integrity (eg, hole/crack/coring of septum/

damage to back of “plastic” housing)

Midline Catheters
● Do not use midline catheters for continuous** vesicant infu-

sions due to reduced ability to identify early signs of
extravasation.

● Inadequate catheter-to-vein ratio
● Midline trimmed from PICC
● Tip advanced too far (beyond the level of the axilla)
*Blood return: blood that is the color and consistency of whole blood (INS SOP 2024).
**Continuous infusion: a controlled method of intravenous administration given over several hours or longer without interruption.
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● Assess appropriateness of a short/long PIVC or midline
catheter in accordance with evidence-based recom-
mendations for vesicant administration.

● Advocate for early CVAD placement for continuous
vesicant infusions and frequent intermittent drug
infusions.

Administer vesicants safely through peripheral catheters
(short, long, midlines)

● Existing PIVC:
○ Avoid use if existing PIVC site is older than 24 hours,

due to potential endothelial damage from previous
infusates, and/or if located in an area of flexion.

● New insertion of short PIVC:
○ Choose smooth, pliable, large veins of the forearm

for PIVCs.
○ Avoid venipuncture sites on dorsal aspect of hand, all

aspects of wrist, antecubital fossa, lower extremity,
or in limb with impaired circulation or lymphatic
drainage.

○ Use joint stabilization device (ie, arm/hand board)
when areas of joint flexion cannot be avoided.

○ Make no more than 2 attempts at insertion of a short
PIVC; if unsuccessful, discuss alternative options with
prescriber.

○ Avoid placement of a PIVC below (distal to) a re-
cently used site (includes phlebotomy).

○ Use smallest gauge PIVC; ensure 2/3 of the catheter
length is intraluminal.

○ Do not use steel needles.
● Review the complexity of the medication regimen (eg,

incompatibilities, number of medications, irritant/ve-
sicant properties).

● Avoid use of PIVCs for continuous infusion of vesicant
medications except in the case of time-critical infu-
sions of life-saving therapies (eg, vasopressors).

● Advocate for early transition to a CVAD in patients re-
quiring continuous vesicant administration or frequent
intermittent infusions of one or more vesicants who are
likely to require such therapy for more than 24 hours due
to elevated cumulative risk of extravasation injury.

● Review the method of administration; manual IV push
from a syringe provides the ability to assess site during
the entire injection versus a “piggy-back” infusion.

● Use extreme caution when administering a vesicant
through a PIVC with an infusion pump; pumps do not
provide any information about the pathway of fluid
flow and will likely continue to pump when the fluid is
flowing into the subcutaneous tissue.

● Perform a careful assessment of the PIVC.
○ Ensure that the external catheter is not dislodged, ie,

evidence of increased amount of exposed catheter.
○ Aspirate for the presence of a blood return from all

PIVCs; minimally check prior to the vesicant infusion
and after completion of the infusion.

○ In the event of no blood return via a short PIVC, careful
assessment of PIVC patency is confirmed with the
ability to flush the PIVC without evidence of swelling,
pain, erythema, tenderness, and leaking at the site.

○ In the event of no blood return via a midline or long
PIVC, do not administer a vesicant because the ca-
theter tip is located in a deep vein and early signs/
symptoms of extravasation may not be detected.

● Monitor for signs/symptoms of extravasation.
● Instruct patient/caregiver to immediately report swel-

ling, skin tightness, pain, burning, or any form of
discomfort.

Administer vesicants safely via any central vascular access
device:

● Ensure patency of all CVAD lumens
○ Aspirate for a blood return before, after, and at

regular intervals unless flushing/aspirating the infu-
sion would endanger the patient (eg, vasopressors)
and when clinically indicated (eg, frequent pump
alarms, suspected catheter malposition).

○ The presence of occlusion (complete inability to in-
fuse/flush or an absence of blood return) should be
addressed prior to vesicant administration.

● Monitor for signs/symptoms of extravasation.
● Instruct patient/caregiver to immediately report swelling,

skin tightness, pain, burning, or any form of discomfort.

STOP and immediately discontinue infusion with evidence
of extravasation:

● Complaints of pain, tightness, burning, discomfort at or
around the insertion site, catheter tip, or entire venous
pathway, or any intrathoracic location for a CVAD.

● Localized cool skin temperature.
● Swelling at or above insertion site or for CVAD, raised

area on neck or chest.
● New onset of decreased mobility of extremity.
● Change in infusion flow quality (gravity infusion) or

frequent pump alarms.
● Absence of a blood return that is consistent with

whole blood (pinkish blood return is a danger sign).
● Leakage of fluid at insertion site.
● Resistance during fluid administration (eg, during

VAD flushing, EID occlusion alarms), or impaired in-
fusion flow quality for gravity infusion.

● Redness or blanching is common but does not always
occur.

● Assess area, disconnect administration set from VAD
hub or port needle (if not needed for antidote ad-
ministration), aspirate fluid from VAD using small
syringe, estimate and document volume and identi-
ties of extravasated fluids, and follow organizational
protocols for additional treatment actions.

● Obtain alternate IV access as necessary, preferably in
unaffected limb.
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Abbreviations: BP, blood pressure; CVAD, central vascu-
lar access device; EID, electronic infusion device; eMar,
electronic medication administration record; IV, intrave-
nous; PIVC, peripheral intravenous catheter; VAD, vascular
access device.
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