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Abstract

Background: Although intravenous (V) infiltration is relatively common, data regarding complications and outcomes
of this problem remain limited. In addition, there is wide variation in institutional protocols for the management of IV
infiltrations. Through retrospective review, we aim to delineate complications and outcomes, and propose an algorithm
for the management of these injuries. Methods: We performed a retrospective review of all patients who had an IV
infiltration at a tertiary care center’s inpatient and outpatient facilities between January |, 2016, and December 31, 2018.
Results: In all, 479 patients with 495 infiltrations were included, with a mean age of 36.7 years. The upper extremity
was involved in 89.6% of events. Of all the events, 8.6% led to a superficial soft tissue infection, 3.2% led to necrosis or
eschar formation, and 1.9% led to ulceration or full-thickness wound formation. There were zero cases of compartment
syndrome. Only 5.1% resulted in any long-term defects; none resulted in a functional defect of the extremity. Patients
with vascular disease did not experience worse outcomes compared with healthy individuals. Plastic or orthopedic surgery
was consulted in 25.3% of events. No emergent surgical intervention was required, 7 (1.4%) required bedside procedures,
and 7 (1.4%) patients underwent nonacute operations. Conclusions: A specialist was consulted in about one-quarter of
IV infiltrations, yet none were surgical emergencies. Instead, most complications could be monitored and managed by a
primary team. Therefore, we propose algorithms involving nursing staff, wound care teams, and primary physicians with
limited specialist consultation to manage these injuries.

Keywords: IV infiltration, IV extravasation, compartment syndrome, treatment protocols, iatrogenic, eschar, necrosis,
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Introduction intracompartmental pressure secondary to swelling or
eschar formation has even been reported as a cause of com-
partment syndrome. As peripheral catheters are typically
superficial to fascial compartments, compartment syndrome
caused by fluid infiltration is highly unlikely. Nevertheless,
it often remains a concern for consulting services.®

Prior studies have demonstrated a wide range of inci-
dence of infiltration injuries in hospitals, ranging from 0.1%
to 6% of all patients who require IV access.”!? Although the
complications of infiltration injury have long been recog-

Intravenous (IV) infiltration, defined as the efflux of solu-
tions from a vessel into the surrounding tissue during an
infusion,' is a well-recognized complication of peripheral
IV therapy. Extravasation of a vesicant has the potential to
cause blisters, severe tissue injury, or necrosis.? In this
article, the term infiltration will be used to include infiltra-
tion of vesicant or nonvesicant medications. Common
vesicants include chemotherapeutic agents, vasoactive
medications, contrast agents, antibiotics, and solutions
containing calcium salts and/or 10% dextrose.!** Addi-
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nized, rates of these complications have not been well
defined. A 2007 study of 69,657 computed tomographic
(CT) contrast injections found that infiltration occurred in
0.7% of cases, with moderate-to-severe complications
occurring in only 10 (0.01%) patients, despite the rapid
infusion rate and large infusion volume of CT contrast. This
low complication rate occurred despite surgical consulta-
tion occurring in only 0.07% of patients, which was at least
in part due to an institutional management protocol that
involved evaluations by radiologists prior to the consulta-
tion of surgeons and strict criteria for consultation.!! How-
ever, this policy is not standard, and there is a wide variation
in both institutional protocols and those suggested in the
literature for the management of IV infiltration. These pro-
tocols often involve extremity surgeons (plastic or orthope-
dic) for evaluation of the patient, yet are not based on
objective knowledge of the complications, morbidity, and
associated need for procedural interventions.

Through a retrospective review, we aim to delineate
complications, outcomes, and management of patients with
IV infiltration in both outpatient and inpatient settings. We
hypothesize that interventions are rarely necessary and that
long-term sequelae are rare. Finally, we propose an institu-
tional protocol for the acute and subacute management of
IV infiltration injuries in an effort to reduce unnecessary
consultations, which come at an unnecessary cost for the
patient and the health care system.

Materials and Methods

We performed a retrospective cohort study of all patients
who had an IV infiltration injury or were treated for an IV
infiltration injury at a single major tertiary care center’s
inpatient and outpatient facilities between January 1, 2016,
and December 31, 2018. Patients were identified through
the use of the Research Derivative (RD), a secure web-
based application designed to support data capture for
research studies. We used a combination of keywords and
International Classification of Diseases codes to identify all
patients with IV injury (Supplemental Table 1). Medical
records were obtained and reviewed for these patients. If a
patient presented with multiple instances of infiltration dur-
ing the study period, each episode was individually
recorded. Patients were excluded from the study if there
was insufficient or unclear documentation, defined as 3 or
more study variables being undocumented in the electronic
medical record (EMR) for a single infiltration event.

Data on patient demographics and medical history,
infiltration characteristics, interventions, and outcomes
were recorded. For analysis of patient demographics, each
patient was only included once in the analysis, regardless
of the number of infiltration events that occurred. For
analysis of outcomes, patients were not included if they
died within a month of infiltration (3 patients excluded).

When analyzing long-term complications, patients were
excluded if there was no appropriate follow-up docu-
mented in the EMR, which was defined as either: (1) no
definitive documentation of resolutions of symptoms; or
(2) no definitive documentation of complications or long-
term (30-day) sequelae. All data were reported using raw
counts, measures of central tendency (mean and median),
and measures of dispersion (95% confidence intervals,
standard errors, interquartile ranges) where appropriate.
Short-term complications and long-term sequelae
between patients with a history of diabetes mellitus, chronic
kidney disease, and/or peripheral vascular disease were
compared. In addition, outcomes resulting from vesicant
versus nonvesicant [V infiltrations were compared, as well
as between chemotherapeutic and nonvesicant solutions.
Statistical significance was determined using 2-tailed Fisher
exact tests (GraphPad). Institutional review board approval
was granted for this study on January 4, 2018 (#180006).

Results

Patient Demographics

Six hundred eighty patients were identified; of these, 479
had sufficient documentation to be included for analysis.
The median age of these 479 patients was 36.7 (£ 28.2)
years. Two hundred fifty-eight (53.9%) were women. Of
the 475 patients included for analysis of outcomes, 105
(22.1%) had diabetes mellitus, 52 (10.9%) had chronic kid-
ney disease, 16 (3.4%) had peripheral vascular disease, and
132 (27.8%) had 1 or more of the above.

Infiltrate Characteristics

There were a total of 495 recorded IV infiltration events
among the cohort. The anatomical location of infiltration
was recorded in 442 events (Supplemental Table 2). Of the
infiltrations with a recorded anatomical location, 309
(70.0%) occurred in the upper arm, antecubital fossa, and
forearm; 87 (19.7%) occurred in the hand. Thirty-six (8.1%)
occurred in the lower extremity, 7 (1.6%) occurred in the
scalp, 2 (0.5%) occurred in the neck, and 1 (0.2%) occurred
in the chest wall. In 451 of the 495 infiltration events, later-
ality was recorded; 206 (45.7%) were on the left, 238
(52.8%) were on the right, and 7 (1.6%) occurred in the
scalp without laterality; all scalp IV infiltrations were
placed in pediatric patients.

Three hundred eighty-one (77.0%) infiltrations occurred
in the inpatient setting, 37 (7.5%) occurred in the emer-
gency department, 28 (5.7%) occurred in the outpatient set-
ting, 27 (5.5%) occurred in the operating room, and 4
(0.8%) occurred in the post-anesthesia care unit. Finally, 19
(3.8%) occurred at an outside hospital, and the patient sub-
sequently presented to our institution for care.
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Table |. Outcomes of Patients Experiencing an Infiltration
Who Did Not Die Within a Month of Injury (n = 475).

Outcome No. (%)

Immediate complications
Superficial soft tissue infection® 41 (8.6)
Necrosis/Eschar 15(3.2)
Ulceration/Full-thickness wound formation 9 (1.9)
Chronic disease exacerbation 2 (0.4)
Deep vein thrombosis 1 (0.2)
Compartment syndrome 0 (0.0)

Long-term complications (n = 469)°
Cosmetic defect® 16 (3.4)
Contracture 2 (0.4)
Chronic pain 2 (0.4)
Chronic wound 2 (0.4)
Persistent numbness 1 (0.2)
Skin discoloration® I (0.2)

®Includes cellulitis, superficial thrombophlebitis, and soft tissue abscesses.
bSix additional patients were excluded from analysis of long-term
complications due to insufficient follow-up recorded in the electronic
medical record.

‘Includes long-term scars and visible wounds.

dSecondary to iron infiltration.

Outcomes

After accounting for patients who died within 30 days of an
infiltration, 475 infiltration events were included for analy-
sis of outcomes (Table 1). Of the immediate complications,
the most common was a superficial soft tissue infection
(including cellulitis, superficial thrombophlebitis, and 1
drainable soft tissue abscess), with 41 (8.6%) infected
infiltration sites. Fifteen (3.2%) infiltrate sites developed
necrosis or an eschar (Supplemental Figure 1a), whereas 9
(1.9%) progressed to ulceration or visible full-thickness
wound formation (Supplemental Figure 1b). Two (0.4%)
preceded a chronic disease exacerbation (1 infiltration
prior to a gout attack, 1 prior to a flare up of Raynaud dis-
case; both of these events were adequately treated and did
not lead to long-term sequelae). Finally, 1 (0.2%) infiltra-
tion was implicated in the formation of a deep vein throm-
bosis, and 0 (0.0%) led to compartment syndrome.

An additional 6 infiltration events were excluded from the
analysis of long-term complications due to a lack of appropri-
ate follow-up. Of the 469 events in the analysis, 16 (3.4%)
led to a cosmetic defect of a scar or visible wound. Two
(0.4%) infiltrates led to an excessive skin contracture causing
functional impairment, chronic pain, or chronic wound,
whereas 1 (0.2%) infiltrate each led to persistent numbness or
skin discoloration secondary to iron infiltration.

Infiltrations occurring in patients with a history of dia-
betes mellitus, chronic kidney disease, and/or peripheral
vascular disease did not lead to worse outcomes when
compared with patients without these conditions (Table 2).

In addition, when comparing vesicant with nonvesicant
medications (vesicant status of medications as reviewed in
2014 by Le and Patel'?), there was no difference in out-
comes between the 2 cohorts (Table 3). However, infiltra-
tions of chemotherapeutic agents led to a significantly
increased rate of short-term complications and long-term
sequelae when compared with infiltrations of nonvesicant
medications (Table 4).

Interventions

One hundred twenty-five (25.3%) infiltrations at our insti-
tution led to a plastic or orthopedic surgical evaluation
(Table 5). One hundred ten (22.2%) infiltrations required a
pharmacologic intervention: there were 60 (12.1%)
instances of hyaluronidase injections, 26 (5.3%) instances
of systemic antibiotic administration due to suspected infec-
tion, 16 (3.2%) instances of phentolamine administration, 4
(0.8%) instances of chemotherapy-specific antidote admin-
istration, and 4 (0.8%) other pharmacologic interventions.
A bedside debridement or incision and drainage (I&D) was
required in 7 (1.4%) cases, with 488 (98.6%) cases not
needing a bedside procedure. Seven (1.4%) patients under-
went an operative procedure: 3 (0.6%) underwent debride-
ment (with 1 patient requiring a repeat debridement), 3
(0.6%) underwent debridement and grafting, and 1 (0.2%)
required an I&D of a resultant abscess. Zero (0.0%) infiltra-
tions required a fasciotomy. There were 0 acute surgical
interventions required in our cohort.

Discussion

During the 3-year period, 680 patients at our inpatient and
outpatient facilities were diagnosed with a peripheral IV
infiltration. Four hundred seventy-nine patients with 495
infiltration events were included in our analysis. There was
wide variation in patient age and comorbidities, and most
infiltrations occurred in the inpatient setting. Notably,
89.6% of all documented infiltrations occurred in the upper
extremity. Plastic or orthopedic surgery evaluated the
patient at a rate of 25.3%. Despite this high frequency of
specialized physician evaluation, a bedside procedure was
only required in 1.4% of cases. In addition, there were no
immediate complications requiring operative intervention,
including no instances of compartment syndrome. The most
common immediate complication was superficial soft tissue
infection, which could be effectively recognized and man-
aged by the admitting team, and 5.1% of infiltrations led to
long-term sequelae. Six infiltrations required an eventual
debridement with or without grafting. None of the noted
complications required urgent or emergent surgical inter-
vention. Of note, a patient’s medical history (diabetes mel-
litus, chronic kidney disease, and/or peripheral vascular
disease) did not alter outcomes of peripheral IV infiltration
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Table 2. Comparison of Outcomes by Medical History (N = 475).

Medical History

Short-term complications

Long-term sequelae

History of DM, CKD, or PVD (n = 132)
No history of DM, CKD, or PVD (n = 343)
P value (2-tailed Fisher exact test)

19 (14.4%) 4 (3.0%)
44 (12.8%) 21 (6.1%)
.65 (NS) .25 (NS)

Note. DM = diabetes mellitus; CKD = chronic kidney disease; PVD = peripheral vascular disease; NS = not significant.

Table 3. Comparison of Outcomes Between Vesicant and Nonvesicant Infiltrations (N = 398).

Medication type

Short-term complications

Long-term sequelae

Nonvesicant medication (n = 123)
Vesicant medication (n = 275)
P value (2-tailed Fisher exact test)

9 (7.3%) 5 (4.1%)
36 (13.1%) 12 (4.4%)
17 (NS) 1.00 (NS)

Note. Seventy-seven infiltrations were of an unknown medication. NS = not significant.

Table 4. Comparison of Outcomes Between Nonvesicant and Chemotherapeutic Infiltrations.

Short-term complications

Long-term sequelae

Nonvesicant medication (n = 123)
Chemotherapeutic medication (n = 17)
P value (2-tailed Fisher exact test)

9 (7.3%) 5 (4.1%)
9 (52.9%) 6 (35.3%)
.000] .0004

Table 5. Management and Interventions of All Infiltration
Injuries (N = 495).

Intervention No. (%)
Plastic or orthopedic surgery consulted
Yes 125 (25.3)
No 370 (74.7)
Pharmacologic intervention
Hyaluronidase injection 60 (12.1)
Systemic antibiotics 26 (5.3)
Phentolamine 16 (3.2)
Chemotherapy-specific antidote 4 (0.8)
Other 4 (0.8)
Total 110 (22.2)
Bedside debridement or incision and drainage
Yes 7 (1.4)
No 488 (98.6)
Surgical intervention
Debridement 3 (0.6)
Debridement and grafting 3 (0.6)
Incision and drainage of resultant abscess I (0.2)
Fasciotomy or other acute intervention 0 (0.0)
Total 7 (1.4)

injuries. In general, infiltrations of vesicant medications did
not lead to worse outcomes compared with nonvesicant
medications, although chemotherapeutic agents were the
exception to this finding.

These findings are important when considering health
care costs. In 2014, we demonstrated that the average charge
associated with a new plastic surgery consultation was
$155.68 if the provider billed for all services.'® This repre-
sents a real cost burden to the patient or a revenue loss to the
hospital if the consultation is not staffed or billed appropri-
ately. This cost burden, in combination with the lack of
immediate complications or acute interventions requiring
the services of plastic or orthopedic surgeons, suggests that
an institutional protocol that decreases consultations to spe-
cialists for IV infiltrations could decrease unnecessary use
without changing outcomes.

Our suggested protocol for the acute management of
peripheral IV infiltration (Figure 1) involves a trained reg-
istered nurse evaluating the patient and removing the IV,
with the primary team evaluating for compartment syn-
drome if necessary. If the primary physician is concerned
about an acute pathology (eg, compartment syndrome),
plastic or orthopedic surgery should be consulted without
delay. In addition, phentolamine should be administered
for vasopressor infiltration, and hyaluronidase should be
administered for soft tissue damage per institutional proto-
col. Soft tissue damage should be evaluated by a plastic or
orthopedic surgeon. The appropriate antidote according to
the literature should be administered for chemotherapy
infiltrations; plastic or orthopedic surgery should then be
consulted for chemotherapy infiltrations due to the increased
risk of both short-term and long-term complications. Once
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*Signs and symptoms of

compartment syndrome

(sensitivity/specificity)

« Intracompartmental pressure
monitoring(94%/98%)

« Swelling (54%/76%)

« Pain (19%/97%)

» Pain on passive stretch
(19%/97%)

= Paralysis and motor changes
(13%/97%)

= Paresthesia and sensory changes
(13%/98%)

RN: Remove [V

| RN: Record medication, volume of infiltration, estimated time of infiltration |
] |

| RN: Evaluate for compartment syndrome? or severe soft tissue compromise |

Concern for
compartment
syndrome??

Vasopressor
(phenylephrine,
epinephrine, etc.)?

Soft tissue damage or
chemotherapeutic agent?

Elevation, light
compression, pain
control; see algorithm 2
for subacute management

Consult primary clinical team

Continuing
concern for
compartment
syndrome?

Consult plastic or
orthopaedic surgery

Administer hyaluronidase®
or appropriate antidoted

Figure |. Our suggested protocol for the acute management of peripheral IV infiltration injuries. [V = intravenous; RN = registered

nurse.
*See figure for signs and symptoms of compartment syndrome.'*

®Phentolamine dose per institutional policy. At our institution, 5 mg of phentolamine is injected subcutaneously over 5 separate injections along the

infiltration site.

“Hyaluronidase dose per institutional policy. At our institution, a |5 unit/mL dilution of hyaluronidase is injected subcutaneously over 5 separate

injections along the infiltration site.

dChemotherapy-specific antidotes are well studied and published in the literature'® and should be used in the case of infiltration of chemotherapeutic

agents.

these concerns have been addressed, the patient should have
elevation of the infiltrated area, application of light com-
pression, appropriate analgesia, and referral to the protocol
for subacute management (Figure 2).

Subacute management can be performed in the inpa-
tient or outpatient setting, depending on the patient’s sta-
tus. Subacute management involves monitoring for
infection and administering appropriate antibiotic treat-
ment, as well as monitoring for necrosis or eschar forma-
tion with the use of a bedside nurse or wound care
specialist. If a wound care specialist is unavailable or the
wound persists despite adequate wound care, then the
plastic or orthopedic surgery team should be consulted.

These 2 protocols allow for continuous monitoring and
prevention of complications while decreasing unneeded
surgical consultations.

Limitations

There are several limitations to this study. Not all patients
with IV infiltration are captured in the RD due to deficient
documentation; this is most clearly reflected in the outpa-
tient setting. However, it is unlikely that compartment syn-
drome or other acute problems requiring intervention were
missed by our method, as significant documentation is
generated under those circumstances. In addition, certain
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IV infiltrate acutely managed

Primary or outpatient team: serial physical exams

Increased redness,
warmth, systemic
signs of infection?

| Consult wound team I

Signs and
symptoms
resolved?

Operative
debridement and
grafting

Operative
wound?

Wound

rcso'l yea Consult plastic or
with g
orthopaedic surgery
wound

care?

Figure 2. Our suggested protocol for the subacute management of peripheral IV infiltration injuries. [V = intravenous.

medications known to be vesicants, such as CT contrast
and vasopressors, may be overrepresented in our cohort, as
those medications will be associated with more careful
documentation when compared with nonvesicants. Our
findings may not be generalizable to every patient care set-
ting. Implementation of our suggested protocol is depen-
dent on the availability of surgical teams, as well as a dedi-
cated wound team for inpatients and outpatients, which
some hospitals may not have. Finally, our study does not
include data from intraosseous catheters, which are becom-
ing increasingly used in trauma patients.

Conclusion

This study demonstrates that acute complications from
peripheral 1V infiltrations are rare; we suggest protocols
for the acute and subacute management of these injuries.

Our findings indicate that specialists, such as plastic and
orthopedic surgeons, generally do not need to be involved
in the care of peripheral IV infiltrations. Instead, their
involvement can be deferred to a subacute or outpatient
basis as needed. The data and protocols presented here
may help to decrease health care costs without sacrificing
patient outcomes stemming from peripheral IV injuries.
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