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Optimal Irrigant in High Pressure Paint Injection
Injuries of the Hand
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Background: High pressure injection injury to the hand with paint leads to ampu-
tation rates near 48%. Historically, authors utilized saline irrigation alone, but have
high reoperation rates. We conducted a cadaveric study to determine the ideal
detergent for effective paint removal from the soft tissue.

Methods: Two cadaveric hands were amputated from the same cadaver. The left
and right hand digits were injected with flat white latex-based paint and flat white
oil-based paint, respectively. Each digit received a longitudinal incision and was
scrubbed for 120 seconds with 50mL of a randomly assigned detergent and no
detergent (saline) as the control. After achieving a lather, each finger was cleansed
with 50mL saline before being evaluated by two blinded hand surgery faculty.
Reviewers assessed the washouts as adequate or inadequate, in order to generate
a Kappa statistic and measure inter-rater reliability prior to ranking each digit (1
through 5) (ie, 1 = most paint-free soft tissue).

Results: The two hand faculty had an inter-rater reliability of 0.70. Both reviewers
ranked povidone-iodine 10% or Johnson & Johnson shampoo as the best irrigant
for latex-based paint. In oil-based paint, povidone-iodine 10%, Johnson & Johnson,
& Techni-care were ranked as top three. All reviewers reported detergents were
better than saline alone.

Conclusions: The addition of detergent created an irrigant that removed both
latex- and oil-based paint better than normal saline alone. Based on these results,
surgeons treating high-pressure injection injury should consider using Povidone-
Iodine 10% or Johnson & Johnson baby shampoo for latex- or oil-based paint.
(Plast Reconstr Surg Glob Open 2022;10:¢4064; doi: 10.1097/GOX.0000000000004064;
Published online 24 January 2022.)

INTRODUCTION

High pressure injection injuries (HPII) to the hand are
a form of occupational trauma occurring with the use of
industrial strength pressure injectors. About 60% of these
injuries involve high pressure injection of oil or paint,
grease, and various cleaning agents.'” These injuries can
be deceptively benign in appearance but are associated
with amputation rates of up to 48%." The cytotoxicity
of oil-based paint and paint thinners present additional
challenges to the hand surgeon, with amputation rates
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of 58%." Tissue necrosis and ischemia secondary to com-
partment pressure, direct tissue damage from the injected
material, and secondary acute inflammation are factors
involved in the high amputation rates. The mainstay for
management of these high pressure paint injection inju-
ries is urgent decompression, surgical debridement, and
copious irrigation. However, there is no literature ger-
mane to detergent selection for the removal of paint.
Historically, most authors have advocated for the use of
normal saline irrigation; others have endorsed the addi-
tion of postoperative betadine whirlpools.*” However, no
studies have been performed to evaluate the ideal deter-
gent use in high pressure paint injection injuries. We con-
ducted a cadaveric study to determine the ideal detergent
for effective paint removal.

MATERIALS AND METHODS
Thisstudy received awaiver of institutional review board
approval by the University of California, Davis. Cadaveric
hand specimens for testing were made available through
the University of California, Davis Anatomical Materials
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Program (Fig. 1). Funding of specimens was provided by
an educational grant via Integra LifeSciences. The goal of
this experiment was to determine which widely available
detergents are most efficacious in irrigating and debrid-
ing both latex- and oil-based paint. Two cadaveric hands
were amputated from the same cadaver, and each digit
was injected with 3 mL of paint (using a 10 mL syringe and
18-gauge needle) to simulate high pressure paint injec-
tion injury. The left and right hands were injected with
flat white latex-based paint and flat white oil-based paint,
respectively. Each digit was injected at the radial aspect
of the proximal phalanx shaft, to mimic the tracking of
paint along the neurovascular bundle, as described in the
literature, and then allowed to sit inside the soft tissue for
1 hour' (Fig. 2).

The right hand injections were delayed by 30 min, to
standardize how long the soft tissue was exposed to the
paint (1 hour), before being washed out. One hour after
paint injection, each digit underwent a central, volar, lon-
gitudinal incision from the metacarpophalangeal joint to
the distal interphalangeal joint, with a #15 blade. Skin flaps
were then created and retracted using 3-0 nylon suture, to
facilitate proper exposure of the fingers’ soft tissue. Each
digit was then scrubbed for exactly 120 seconds with an E-Z
Scrub 160 brush, using 10 mL of normal saline, and 50 mL
of a randomly assigned detergent including no deter-
gent (normal saline control), povidone-iodine 10% (PVP
prep) (Medline, Northfield, I1l.), Johnson & Johnson baby
shampoo (New Brunswick, N.J.), Castile soap (Aplicare,
Meriden, Conn.), and Techni-Care surgical scrub (Care-
Tech Laboratories, St. Louis, Mo.) (Tables 1, 2). After 120
seconds of achieving a proper lather, the finger and sub-
sequent lather was cleansed with a 50 mL flush of normal
saline from a Tumi syringe. Each digit was then photo-
graphed (see Figs. 3, 4); photographs were reviewed by
two attending hand surgeons, who were both blinded to
detergent use. Reviewers were asked to assess the washout
of each digit as either adequate or inadequate, to generate
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Takeaways

Question: What irrigant removes paint (oil or latex) from
the soft tissues of the hand most effectively after high pres-
sure injection?

Findings: Oil-based paint is best removed with povidone
iodine and Johnson & Johnson baby shampoo. Latex-
based paint is best removed with povidone iodine, Johnson
& Johnson baby shampoo, and Techni-care surgical scrub.
Saline is the least effective.

Meaning: High pressure injection injury with latex- or oil-
based paint should be irrigated with betadine (povidone
iodine) or Johnson & Johnson baby shampoo. Detergent-
based irrigants are more effective than saline alone.

a Kappa statistic and measure interrater reliability of
the two blinded attendings. Secondarily, for each hand,
reviewers ranked each digit (1 through 5), with a rank of
1 designating the most efficacious washout (ie, the most
paint-free soft tissue).

RESULTS
The soft tissues of both cadaver hands were analyzed
by each double-blinded hand faculty member and evalu-
ated for adequacy of washout (Table 3). The two hand
attendings had an interrater reliability measurement of
0.70, which indicated that they agreed substantially on the
quality of each irrigated finger.

Oil-based Paint

In the right hand that was injected with oil-based paint,
evaluator one found that PVP prep, followed by Johnson
& Johnson baby shampoo achieved a washout superior to
the other three irrigants used in the experiment. Similarly,
evaluator two found that Johnson & Johnson baby sham-
poo worked superiorly in cleansing the digits’ soft tissue

Fig. 1. Experimental setup of both the left and right hand of the same cadaver specimen before the

injection of latex- and oil-based paint.
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Fig. 2. Two researchers inject 3 ml of flat white latex-based paint into
the radial aspect of each digits’ proximal phalanx (see left hand).

of oil-based paint, while ranking PVP prep second. Both
evaluators felt that saline achieved a washout worthy of
a third place ranking, with Castile soap and Techni-Care
scrub achieving the least adequate results (Table 4).

Latex-based Paint

In the left hand digits that were injected with latex-
based paint, both evaluators differed greatly on which irri-
gant achieved the most optimal washout. However, each
evaluator felt that all the irrigants achieved a better result
than saline alone, coming in at number five in both of
their rankings. Evaluator one felt that Techni-Care scrub
removed latex paint the best, ranking it number one, fol-
lowed by PVP prep, Johnson & Johnson baby shampoo,
and Castile soap, respectively. However, evaluator two
ranked PVP prep number one, followed by Johnson &
Johnson baby shampoo, Techni-Care scrub, and Castile
soap, respectively (see Table 5). Regardless of individual

Table 1. Random Irrigant Assignment Based on Right Hand
Digits: Oil-based Paint

Right Hand: Oil-based Paint Irrigant

Thumb J&]J baby shampoo
Index finger Castile soap

Long finger (middle) Techni-care scrub
Ring finger Povidone iodine
Small finger Saline

Table 2. Random Irrigant Assignment Based on Left Hand
Digits: Latex-based Paint

Left Hand: Latex-based Paint Irrigant

Thumb Castile soap
Index finger Saline

Long finger (middle) Techni-care scrub
Ring finger Povidone iodine
Small finger J&]J baby shampoo

evaluator rankings, PVP prep achieved a washout worthy
of a first and second place ranking, in both oil-based and
latex-based paint injuries.

DISCUSSION

We performed a cadaveric study, comparing the relative
efficacy of various detergents in removing both latex- and
oil-based paints. The optimal irrigant in a HPII with paint
is one that is tailored to the chemical properties of the
injected agent. As per current recommendations, a HPII
is managed with IV antibiotics (typically a first- or third-
generation cephalosporin or gentamycin), tetanus toxoid,
urgent surgical decompression, irrigation, and debride-
ment.”"” Our study aimed to optimize the approach to
washout for high pressure paint gun injuries by explor-
ing the efficacy of various irrigants that are readily found
and available in most hospitals. Many options exist when
considering the various soaps, scrubs, and other deter-
gents found in the standard hospital setting. However,
literature regarding HPII often only supports the use of
normal saline and/or lactated ringers when irrigating and
debriding these traumatic wounds."'"" Interestingly, Failla
& Linden found saline lavage inadequate due to solubil-
ity issues.” Furthermore, paints tend to bind to fat lob-
ules within the subcutaneous tissues of the finger. They
proposed the idea of developing an antidote that could
ideally be applied to the soft tissues of an injured finger,
before operative intervention either topically or via injec-
tion.'”” Until such time as specific antidotes are created,
utilization of easily available detergents in the hospital set-
ting is the current standard. Our study helps delineate the
more efficacious detergents to use based on the type of
paint injected. We have shown that the use of detergent
is more effective than normal saline alone for irrigation.
Oil-based paint injuries are better cleared from the soft tis-
sue using either Johnson & Johnson baby shampoo or PVP
prep. Latex-based paint injuries should use either Johnson
& Johnson baby shampoo, Techni-Care scrub, or PVP prep
during irrigation and debridement. Interestingly, saline
was ranked as the least efficacious irrigant in the hand
containing latex paint. This finding alone suggests that
literature reporting saline as the standard of care likely
leads to suboptimal washouts and further contributes to
reoperation and other associated morbidities.

Detergent-containing irrigants likely performed more
effectively than saline due to the presence of surfactants.
Johnson & Johnson baby shampoo contains sodium
laureth sulfate, both a popular foaming agent and surfac-
tant.”” However, Medline advertises the presence of sur-
factants in all of their scrub preparations, including PVP
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Fig. 3. Photographs of right hand digits that were injected with oil-based paint, followed by decompression, irrigation, and debridement
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with randomly assigned irrigants. Status post irrigation and debridement of the thumb (J&J baby shampoo, A), index finger (Castile soap,
B), middle finger (Techni-care scrub, C), ring finger (povidone iodine, D), and small finger (saline, E) of the right hand status post injection

of oil-based paint.

prep.'* Surfactants are amphiphilic molecules that have
hydrophobic and hydrophilic parts.”” When added to lig-
uids, they reduce the surface tension of water, thereby
increasing its spreading and wetting properties."” When
detergents are added to oil-containing liquids such as
paint, surfactants help place the oils in suspension, and
subsequently pull the oil into the detergent solution.'®
Additionally, water tends to rupture the chemical bonds
on the surface of both oil and latex-based paint via a
hydrolytic effect.'”” The dissociation of paint through
these interactions allows for surfactants in the detergent
to bind resins, pigments, and other dispersed chemicals.'

4

Although there has been concern amongst past literature
regarding antiseptic solutions and their potential for tis-
sue cytotoxicity,'?' none of the surfactant-containing
solutions utilized in our study mimicked the solutions in
the aforementioned research except for povidone-iodine,
which has since been supported by both animal and in vivo
wound healing studies, noting no consistent cytotoxicity or
inhibitory effects on wound healing for concentrations up
to 10%.%**" Furthermore, intraoperatively available sterile
povidone-iodine is often at a concentration of 3%, which
showed no significant reduction in cell viability even in
the literature reporting concern for adipose stem cells.”’
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Fig. 4. Photographs of left hand digits that were injected with latex-based paint, followed by decompression, irrigation, and debridement
with randomly assigned irrigants. Status post irrigation and debridement of the thumb (Castile soap, A), index finger (saline, B), middle
finger (Techni-care scrub, C), ring finger (povidone iodine, D), and small finger (J&J baby shampoo, E).

In addition to decompressing the finger to prevent
and circumvent the effects of compartment pressure, it
is also important to prevent the acute inflammation that
occurs secondary to the tissues reaction to chemical injury
and foreign material. This can continue until all foreign
material is removed.” Chemically induced inflammation
can lead to vasospasm and ischemia, with worsening tis-
sue necrosis despite urgent and adequate surgical decom-
pression. To reduce the risk for continued tissue necrosis
and amputation, it is imperative that all foreign material
is removed at the earliest instance. Although meticulous
surgical debridement under surgical or even operat-
ing microscope magnification can be performed, it risks

damage to the neurovascular bundles, tendons and liga-
ments. Utilizing an effective detergent for the type of paint
used can circumvent these issues.'” Although the benefits
of achieving an optimal washout is obvious in the acute
setting of a HPII (ie, preventing infection, re-operations,
and amputations), it can also prevent the chronic changes
associated with retained paint material such as formation
of oleogranulomas, foreign body granulomas, and even
fibrohistiocytic tumors.*’

Our study suggests detergents are superior to saline
washout alone, and the use of normal saline in high
pressure latex-based paint injection injuries should
thus be reserved for cases in which all other alternative
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Table 3. Evaluation of Washout Adequacy, for Each Digit
on Each Hand, Based on Gross Soft-tissue Appearance (See
Comparison of Both Evaluators)

Left Hand Right Hand

Digit T IF LF RF SF T IF LF RF SF
Evaluator 1 1 1 A A 1 A A A A A
Evaluator2 1 1 1 A 1 A 1 I A A

T, Thumb; IF, Index Finger, LF, Long Finger; RF, Ring Finger; SF, Small Finger;
A, Adequate; I, Inadequate.

Table 4. Comparison of Evaluator Rankings for Irrigant
Efficacy in Debriding Oil-based Paint

Right Hand: Oil-based

Paint Irrigant Ranking  Evaluator 1 Evaluator 2

1 Povidone iodine Johnson & Johnson
2 Johnson & Johnson  Povidone iodine

3 Saline Saline

4 Castile soap Techni-care scrub

5 Techni-care scrub Castile soap

Table 5. Comparison of Evaluator Rankings for Irrigant
Efficacy in Debriding Latex-based Paint

Left Hand: Latex-based

Paint Irrigant Ranking ~ Evaluator 1 Evaluator 2

1 Techni-care scrub ~ Povidone iodine

2 Povidone iodine Johnson & Johnson
3 Johnson & Johnson  Techni-care scrub
4 Castile soap Castile soap

5 Saline Saline

irrigants are unavailable. Castile soap received the second
worst efficacy designation and should also be avoided.
Alternatively, one of the top three irrigants (including
PVP prep, Techni-Care scrub, and Johnson & Johnson
baby shampoo) should be considered with the final choice
being based on individual surgeon preference. Our study
has limitations, including the limited number of cadaver
hands used. Secondly, from a technical standpoint, the
white paint used in the injection has a lower contrast to tis-
sue and may have affected detection rates. Similarly, PVP
prep efficacy may have been overstated owing to its pro-
pensity to stain tissue a tan color, although it did appear
to grossly displace paint more effectively than other irrig-
ants during the experiment. And finally, non-viable cadav-
eric tissue may react differently than normal viable tissue
and may not be directly translatable to the clinical setting.
Acute inflammation, progression of tissue necrosis, ampu-
tation rates, and reoperation rates all affect final clinical
outcomes.

In conclusion, we recommend using either Johnson &
Johnson baby shampoo or PVP prep for oil-based paint
injuries and either Johnson & Johnson baby shampoo,
Techni-Care scrub, or PVP prep for latex-based paint
injuries. Larger studies involving higher sample numbers,
more evaluators and the addition of emulsification stud-
ies should be performed. Furthermore, clinical studies
are required to elucidate the ideal irrigants and deter-
gents in real-life scenarios. Our study takes an important
albeit small step toward an evidence-based approach to
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the treatment of these injuries, hopefully reducing reop-
eration rates, amputation rates, and secondary morbidi-
ties. In addition, studies looking at emulsification tests for
specific offending agents can help us to further isolate the
optimal irrigant combination based on solubility.
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