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H Introduction

Many of the wound care techniques used today were first practiced by ancient
Egyptian, Greek, and Roman physicians, but certain aspects of wound manage-
ment have evolved as medical technology has improved and new evidence has
emerged, particularly in recent decades.’? Traumatic wounds are among the
most common conditions treated in the emergency department (ED). Approxi-
mately 7 million patients in the United States require treatment for traumatic lac-
erations each year, which is a rate of 1 laceration every 4.5 seconds. These injuries
account for >5% of all ED visits annually.* The most common location of lacera-
tions is the upper extremity (35%), followed by lacerations to the face (28%), trunk
(14.5%), lower extremity (12.5%), and head/neck (10%).>¢

Complications of wound care that may lead to malpractice claims include missed
foreign bodies, wound infection, joint capsule violation, or failure to detect nerve
or tendon injury.” Although the economic burden of an individual malpractice
case may be relatively small, the overall financial impact of these claims is signifi-
cant due to the large numbers of patients who present with wounds; litigation
associated with wound management complications accounted for 3% to 11% of
all dollars paid out in malpractice claims.’
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This issue of Emergency Medicine Practice: Trauma Extra! reviews the evaluation
and treatment of minor traumatic wounds in the ED, with a focus on evidence-
based recommendations for the evaluation, cleansing, and repair of wounds.

For a detailed review of wound management in pediatric patients, see the
October 2017 issue of Pediatric Emergency Medicine Practice titled, “Pediat-
ric Wound Care and Management in the Emergency Department,” available at
https://www.ebmedicine.net/topics/trauma/pediatric-wound-care

Q

H Pathophysiology
Anatomy

The primary functions of the skin include thermoregulation, barrier protection
against the physical environment, and sensory, metabolic, and immune func-
tions.8 Skin is thickest on the palms of the hands and the soles of the feet (4-5
mm), and thinnest on the eyelids (1 mm). The skin has 3 layers: the epidermis,
dermis, and hypodermis. The epidermis is the outermost layer, providing pro-
tection from the physical environment. Beneath the epidermis, the dermis is a
dense, collagenous layer of connective tissue that provides the primary structural
substance; this layer has hair follicles, vascular structures, cutaneous nerves, and
sebaceous and eccrine glands. The hypodermis, the innermost layer, contains
subcutaneous adipose tissue.®? Simple lacerations are confined to the epider-
mis, dermis, and hypodermis, while complex lacerations involve deeper, subcuta-
neous fascial layers such as muscle and tendon.

Mechanism of Injury

Lacerations may be caused by penetrating trauma, cutting, blunt trauma, punc-
ture wounds, or mammalian bites. Each mechanism has characteristics that pro-
vide a unique pattern of injury; for example, lacerations caused by simple shear-
ing from a knife have little kinetic energy, so the damage to surrounding tissue
is often minimal.3'° Blunt injuries cause lacerations as a result of a hard object
striking the skin at an angle; these lacerations have irregular stellate shapes and
ragged edges, and a significant amount of kinetic energy is transferred to the
surrounding tissue.? Lacerations from more severe mechanisms of action have a
higher likelihood of neurovascular injury or fracture. Injuries with devitalized tis-
sue may be prone to bacterial proliferation and infection.™

Puncture wounds are often caused by stepping on a foreign object, and the
most frequent location of puncture wounds is on the plantar aspect of the foot."?
These injuries are most commonly caused by nails (>90%), or by glass, wood, or
other metal objects. The most critical factors affecting management of puncture
wounds are the depth of the wound and the presence of a foreign body.
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For a detailed review of the management of mammalian bites, see the April 2016
issue of Emergency Medicine Practice titled, “Mammalian Bites in the Emergency
Department: Recommendations for Wound Closure, Antibiotics, and Postexpo-
sure Prophylaxis,” available at https://www.ebmedicine.net/topics/toxicology-
environmental/mammalian-bites

Phases of Wound Healing

Wound healing is divided into 3 phases: (1) hemostasis and inflammation; (2) pro-
liferation; and (3) maturation and remodeling.? Each stage in the healing process
is critical to achieving a strong, functional, and aesthetically appealing scar.

Hemostasis and Inflammation

Blood vessels damaged by laceration vasoconstrict to prevent additional blood
loss to the injured area. Platelet aggregation, degranulation, and activation of the
coagulation cascade lead to fibrin clot formation.?® Neutrophils enter the wound
at 24 to 48 hours after injury and remove debris, damaged tissue, and bacteria.
Macrophages enter the wound at 48 to 96 hours and assist with phagocytosis and
recruitment of other cells. T lymphocytes peak at 1 week after injury and bridge
the transition between the inflammatory phase and the proliferative phase.?

Proliferative Phase

The proliferative phase begins on day 4 and lasts through day 21. During this
phase, fibroblasts and endothelial cells infiltrate the wound and become active.
Fibroblasts synthesize and deposit collagen, and endothelial cells contribute to
the formation of new capillaries.?

Epithelialization occurs during this stage, as basal cells at the edge of the wound
begin to migrate across the surface. These cells undergo rapid mitotic division
and continue migration until the wound is covered and the epithelium is reestab-
lished.?

Maturation and Remodeling

During maturation and remodeling, the newly synthesized and deposited colla-
gen begins reorganization. The amount of collagen in a healing wound will peak
after several weeks. However, tensile strength continues to rise for months as
scar remodeling continues, ultimately resulting in a mature scar. Scars never fully
achieve the strength of uninjured tissue.?

M Differential Diagnosis

The diagnosis of traumatic laceration is often readily apparent. In some cases,
the mechanism of injury may alter management (eg, concern for the presence of
a foreign body in a puncture wound or the need for rabies prophylaxis following
a mammalian bite). Emergency clinicians should consider nonaccidental trauma
in pediatric patients if the details of the injury are unclear.
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H Prehospital Care

In the prehospital setting, it is imperative to identify and stop all active bleed-
ing. Minor lacerations can be managed with gauze dressings while en route to
the ED. Bulky dressings alone may be adequate for hemostasis. However, life-
threatening injuries to the extremities require the application of a tourniquet; life-
threatening injuries at junctional sites such as the groin or axilla warrant wound
packing with hemostatic gauze and compression; and life-threatening injuries to
the chest and abdomen should be managed with hemostatic gauze and com-
pression.'®'* Thorough evaluation and management of life-threatening traumatic
injury is outside the scope of this review; the most recent Advanced Trauma Life
Support® guidelines and the STOP THE BLEED® program are resources for more
information on the management of patients with severe bleeding.

B Emergency Department Evaluation
History

The key components of the patient history for traumatic wounds are mechanism

of injury, time since injury, and past medical history. Certain medical conditions

may impair wound healing and closure. Alterations in clotting factors found in

patients with hemophilia may lead to delays in hemostasis.* Many common medi-

cations, including aspirin, clopidogrel, ticlopidine, and dipyridamole, function to

inhibit platelet aggregation and, as a consequence, delay hemostasis.™ Patient

age, diabetes, renal failure, obesity, malnutrition, and immunocompromised sta- @
tus all confer a higher risk for infection. Allergy status is particularly important in &
patients with allergies to local anesthetics and latex.

Patients who are unvaccinated or undervaccinated require tetanus vaccination
and possibly tetanus immune globulin for high-risk wounds.'® The highest risk
for tetanus is in the elderly, immigrants, and persons without education beyond
grade school. Wounds that are more prone to tetanus include contaminated
wounds, deep puncture wounds, and injuries with crushed and devitalized tis-
sue.®

Physical Examination

Examination of wounds should include documentation of the location, size,
depth, and shape; wounds should also be examined for signs of contamination,
foreign bodies, infection, or devitalized tissue. Wound size, contamination with
foreign material, and location other than the head or neck are factors associated
with higher infection rates.”?° Assessment of the patient’s neurovascular status is
crucial, as this helps determine the extent of the injury. Expert consultation may
be warranted if deeper structures such as tendons, muscles, or bones appear to
be involved on wound exploration.
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A 69-year-old man presents to the ED after sustaining a lacera-
~—J tion to the palmar surface of his left hand. A resident is with the
patient when you enter the exam room, and has already noted in the
chart that the patient is diabetic. The patient reports that he acciden-
tally cut himself on broken glass while discarding trash. You examine
the wound and find no palpable foreign bodies and no evidence of
neurovascular injury or injury to deeper structures in his hand.

CASE 1

) What is the best next step in the management of this patient?
® ) Should you obtain imaging or proceed to wound preparation
and closure?

Bl Diagnostic Studies
Laboratory Studies

Laboratory studies are rarely required to manage and treat wounds that present
to the ED acutely. If there is a delay in presentation or a concerning patient medi-
cal history, further testing may be needed.

Imaging Studies

Up to 38% of foreign bodies are missed on initial physical examination; delay in
management of a foreign body may lead to complications such as infection, de-
layed wound healing, inflammation, or loss of function.?! Radiographs can be used
to detect radiopaque foreign bodies. Ultrasound is useful for detecting radiolucent @
foreign bodies such as wood, plastic, or cactus spines.?? However, ultrasound is op- ¢

erator dependent and cannot be relied upon to rule out foreign bodies conclusive- -
ly.?2 Emergent magnetic resonance imaging and computed tomography should be
obtained if there is concern for neurovascular compromise. lpaktchi et al proposed
an imaging algorithm to detect foreign bodies in the hand (see Figure 1, page
7).22 While this algorithm was developed in the context of wounds to the hand, it
can be applied to other types of superficially located foreign bodies.
You decide that imaging is indicated for this patient because you
~—J are concerned for retained foreign bodies that may be missed on
physical examination. You order radiographs of the hand to look for the
B presence of glass fragments. No fragments are detected on the x-rays,
5 so you prepare to repair the laceration.
U
” How should you cleanse and close this wound? Does the
e ) patient have any risk factors that should be taken into
consideration?
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Figure 1. Proposed Diagnostic Algorithm to Enhance the Detection of
Radiolucent Foreign Objects in the Hand

Suspected hand foreign body

e Clinical examination

l e 3-view plain radiographs l

History of metallic object History of nonmetallic object
Radiograph Radiograph
(+) () l
Y

High-frequency linear
ultrasound examination in
the ED

l

Ultrasound (+)

Ultrasound (-)
Symptoms (+)

A4

® Palpable superficial dorsal foreign body: attempt ED exploration Consider
e Operating room evaluation for all other foreign bodies CT or MRI

Intraoperative preprocedural
ultrasound localization

Abbreviations: CT, computed tomography; ED, emergency department; MRI, magnetic resonance imaging.

Reprinted from Kyros Ipaktchi, Andrew DeMars, Jung Park, et al. Retained palmar foreign body presenting
as a late hand infection: proposed diagnostic algorithm to detect radiolucent objects. Patient Safety in
Surgery. 2013. Volume 7, Issue 1. Reproduced under a Creative Commons Attribution 2.0 Generic license.
https://pssjournal.biomedcentral.com/articles/10.1186/1754-9493-7-25
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B Treatment

Patients with lacerations prioritize return to normal function, avoidance of infec-
tion, and cosmesis.?* Therefore, treatment strategies should reflect these patient
priorities. There are 3 methods used to close a wound: primary closure, second-
ary closure, and delayed primary closure. Primary closure with sutures, staples, or
adhesives is recommended when acute wounds have adequate approximation.
In secondary closure, the wound is allowed to heal with the formation of granula-
tion tissue; this method is preferred when there is poor wound approximation,
contamination, or delay in presentation. In delayed primary closure, the wound is
cleaned and observed for several days, then surgically closed.

Closure Decisions and Time Since Injury

can be repaired using primary closure. The optimal or “golden period” for safe
laceration repair is variable and dependent on wound site, wound length, and J
pre-existing conditions.” For many years, it was recommended that wounds
should be closed within 6 hours of the injury, and a 1973 study linked wound
infection with bacterial proliferation levels at 3 to 5 hours after injury.? However,
more recent studies have found no difference in infection rates when wounds are
closed more than 6 hours after injury.? In a 2010 study, researchers observed 425
patients with superficial, subcutaneous, deep cut, and crush wounds throughout
the body. Forty-five patients had wounds older than 6 hours, including 5 patients
with injuries sustained >19 hours prior to presentation. All patients were re-evalu-
ated in 7 days. Only 3 of 45 wounds (6.7%) that were more than 6 hours old were
infected, while 30 of 363 wounds (9.1%) that were closed before the 6-hour mark
showed signs of infection. A 2012 meta-analysis of 4 studies with 3724 patients
found no significant increase in infection rates when wounds were closed via pri-
mary closure after the cutoff periods set in the studies.?’

Time since injury is an important factor in determining whether or not a wound @
I

A frequently cited study by Berk et al challenged the recommended 19-hour
cutoff for wound closure except for wounds on the scalp or head, which could be
closed beyond the 19-hour mark and did not have a “golden period.”?® However,
the patient follow-up rate in this study was 54.8%, and the primary outcome was
dehiscence rather than infection. Additionally, only clean, simple wounds were in-
cluded due to a shortage of gloves and surgical supplies in the underdeveloped
country where this study was conducted.?

As routine wound decontamination methods have improved over the past sev-
eral decades, a greater number of wounds can be managed with primary closure, @
and there is no consensus on a true “golden period.”" The American College ()

of Emergency Physicians’ clinical policy for penetrating injury of the extremity
emphasizes that the decision on closure is multifactorial and cannot be made
based on timing alone; instead, clinicians should consider age, wound location,
degree of contamination, mechanism of injury, pre-existing disease, and the
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patient’s ability to adhere to follow-up care.? The policy states that most lacera-
tions presenting within an 8- to 12-hour window can undergo primary wound
closure safely, but also emphasizes that some more-contaminated wounds may
become infected if repaired during this time period, while other wounds can be
closed safely up to 24 hours post injury. Clinicians are advised to consider de-
layed primary closure in wounds of any age if primary closure poses a significant
infection risk (eg, due to contamination or patient immune factors). In such cases,
the wound could be cleaned and dressed with saline solution-soaked fine-mesh
gauze, with the patient instructed to follow up in 72 to 96 hours for debridement,
repeat cleansing, and delayed repair.?’

The ideal treatment window for retained foreign body removal is within 24 hours
of injury. This allows for visualization of the entry and exit wounds, as inflamma-
tion, induration, and scarring will not yet have developed.? Close outpatient
follow-up for foreign bodies that cannot be removed in the ED is necessary, as
delayed treatment may lead to complications such as infection, delayed wound
healing, inflammation, and loss of function.?

Wound Irrigation

Wound irrigation is among the most important steps in wound care. Irrigation
removes devitalized tissue, dirt, and bacteria.®*® Normal saline (NS) is most com-
monly used. However, there is evidence that the use of tap water for wound irri-
gation may be preferable as well as cost effective.’’=* In a randomized controlled
trial of 663 patients, Weiss et al found infection rates of 6.4% in wounds irrigated
with NS and 3.5% in wounds irrigated with tap water.3*

Effective irrigation is dependent on volume and pressure of the solution used. Ir-
rigation volumes of 50 to 100 mL per cm of laceration length have been reported

to be ideal. However, the volume of irrigation should be tailored to the wound
characteristics and degree of suspected contamination.® Irrigating wounds at ex-
ceedingly high psi can damage tissue and impair its natural defenses.® Irrigating
wounds with NS from syringes sized 20- to 65-mL is common. Singer et al found

that both 35-mL and 65-mL syringes with a 19-gauge needle were effective at
performing irrigation in the range of 25 to 35 psi, which is useful for contaminat-

ed wounds.¥ Irrigation at a pressure of 13 psi is effective for cleansing uncontam-

inated wounds without causing tissue trauma; this can be achieved using a 12-mL @
syringe and a 22-gauge needle.® Intravenous bags and plastic bottles achieve (L
pressures of only 4 psi and 2.3 psi, respectively, and therefore their use should

be discouraged.?” No experimental or clinical data have demonstrated improved

benefit from pulsed lavage versus continuous lavage for traumatic lacerations.*

Older literature found lower rates of infection in wounds cleansed with iodine as
compared to those cleansed with NS,*#" but more recent studies have shown
no difference in infection rates with the use of iodine versus NS.%24 In a study
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comparing irrigation with NS, 1% povidone-iodine solution, or Pluronic® F-68
(Shur-Clens®) surfactant, no significant difference in infection rates was found
among the cleansing agents.** A 2010 meta-analysis of 9 randomized controlled
trials with 3614 patients compared the use of povidone iodine and chlorhexidine;
chlorhexidine was shown to be more beneficial than iodine for preventing skin
infections, while also resulting in cost savings.* However, this meta-analysis was
focused on preoperative skin antiseptic use, which may not be comparable to
wounds that present to the ED. The cytotoxic effects of antiseptic agents must
also be considered, as those effects may impact wound healing.*

Aseptic Versus Sterile Technique

A systematic review and meta-analysis of 12,275 patients found no difference
in infection rates with the use of sterile versus nonsterile gloves during wound @
closure.* Use of sterile gloves is no longer routinely recommended, but may be w

preferred by some clinicians due to closer fit for procedures.

Anesthesia

Most wounds require anesthesia for proper evaluation, irrigation, and cleansing.
There are several methods available to anesthetize wounds, including topical
agents, intradermal injections, regional nerve blocks, and procedural sedation in
special circumstances.

Topical Anesthetics

The use of topical anesthetics is a safe, effective, and less painful method of

anesthesia for many types of lacerations.®® Topical anesthetics reduce the need

for intradermal injections during suture repair and decrease patient discomfort

if an injection is required.*” Many studies have demonstrated equivalent or su-

perior analgesic efficacy for topical formulations compared with conventional
intradermal infiltration.®® A 1980 study found that a topical solution of tetracaine,
epinephrine/adrenaline, and cocaine (TEC or TAC) worked equally well for pain

control as intradermal anesthesia, with a similar rate of infection.”” A later study

found that a solution of 4% lidocaine, 0.1% epinephrine/adrenaline, and 0.5% tet-
racaine (LET or LAT) worked equally as well as TEC, was less expensive, and did

not involve the potential adverse effects of cocaine.® LET contains epinephrine,

and caution must be used when applying it over areas of potential vascular com- @
promise (eg, nose, digits, ears, penis). Use of LET is contraindicated on mucous ()
membranes.>>

A 2017 updated meta-analysis of 25 randomized controlled trials including 3278
patients determined that the application of a topical anesthetic was an effec-
tive, noninvasive method of obtaining anesthesia for superficial laceration repair.
The study also pointed out that several cocaine-free alternatives were available
and provided similar levels of anesthesia.*® Although many studies of LET have
focused on its use in younger children, a 2017 study by Vandamme et al showed
that LET could also achieve pain control in children >8 years old and in adults.”
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One major disadvantage of topical anesthetics is the slow rate of onset, which

may be up to an hour.> Early application at triage may aid in offsetting this dis-
advantage.>** Topical application of EMLA (eutectic mixture of local anesthetics)

@

cream has also been shown to reduce pain before minor procedures.>5% W

Intradermal Anesthesia
Injectable anesthetics remain the mainstay of treatment due to ease of use and
time restraints in the ED. Lidocaine is the most commonly used local anesthetic
in the United States today. Epinephrine is often added to lidocaine to prolong its
action, reduce toxicity, and provide some degree of hemostasis in lacerations.” It
is important to know the maximum doses of injectable anesthetics prior to their
administration in order to prevent local anesthetic systemic toxicity, which is a
rare but potentially life-threatening complication. Table 1 provides dosing rec-
ommendations for commonly used local anesthetics.

Table 1. Dosing Recommendations for Commonly Used Local Anesthetics®>8

Agent Maximum Maximum Dose Duration of Notes

Dose Without With Epinephrine Action

Epinephrine
Lidocaine 5 mg/kg 7 mg/kg 30-90 min® 1% = 10 mg/mL

2% =20 mg/mL

Bupivacaine 2.5 mg/kg 3 mg/kg 200 min+* 0.5% = 5mg/mL
Mepivacaine 7 mg/kg 8 mg/kg 45-90 min --
Ropivacaine 3mg/kg - 200 min+ -

*Duration of action may be longer when used in combination with epinephrine.
Adapted from: https://rebelem.com/local-anesthetic-systemic-toxicity-last/
Used with permission of Dr. Anand Swaminathan and REBEL EM, https://rebelem.com/

Methods that can reduce pain associated with infiltration include slowing the rate
of injection, injecting within the wound instead of through intact skin, warming
the anesthetic, and buffering 1% lidocaine with sodium bicarbonate to increase
the pH.>%2 The use of cryotherapy (ie, applying an ice cube to the skin) for a
duration of 2 minutes before subcutaneous local anesthetic injections can signifi-
cantly reduce perceived pain from local anesthetic injections in patients present-
ing for repair of lacerations.®

Nerve Blocks

Regional nerve blocks are used to anesthetize areas that would require a large
dose of intradermal anesthetic or multiple injections, or in areas of the body
where it is preferable to avoid the distortion of tissue that can occur with local
infiltration of anesthetics. Digital nerve blocks are useful for repair of wounds to
the fingers or toes. While the 2-injection dorsal digital nerve block technique is
often used, a single-injection volar digital nerve block is becoming more com-
mon. (See Figure 2, page 12.) This method achieves a similar level of anesthesia
as the 2-injection technique.®*%

-
I
(U
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Figure 2. Digital Block Techniques

. Two-injection dorsal approach digital block technique. The needle is inserted through the dorsal web
space, and anesthetic is deposited on both sides of the digit with 2 separate injections.
. Single-injection volar subcutaneous block technique. The needle is inserted into the subcutaneous

space at the level of the proximal digital flexion crease in the midline midway between the neurovascular
bundles.

Reprinted from Jason Williams and Donald Lalonde. Randomized comparison of the single-injection
volar subcutaneous block and the two-injection dorsal block for digital anesthesia. Plastic and

Reconstructive Surgery, Volume 118, Issue 5, pages 1195-1200, https://journals.lww.com/plasreconsurg/
Abstract/2006/10000/Randomized Comparison_of the Single Injection.23.aspx Used with permission.
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Typically, epinephrine is avoided at anatomical sites with end arteries due

to concerns of ischemia and gangrene distal to the site of drug infiltration.®’
However, a meta-analysis of 4 randomized controlled trials found insufficient
evidence to recommend use of or avoidance of epinephrine in digital blocks.*’
Additionally, a systematic review of 7 studies concluded that the use of lidocaine
with epinephrine in standard commercial concentrations for digital blocks is

not harmful and may have some advantages such as improved hemostasis,
decreased anesthetic requirement, and increased duration of anesthesia.®®

For additional information on topical anesthetics and regional nerve blocks,
see the November 2019 issue of Emergency Medicine Practice titled,
“Emergency Department Pain Management: Beyond Opioids,” available at
https://www.ebmedicine.net/topics/pain-management/nonopioid

Q

Anesthesia Adjuncts and Procedural Sedation

Patient cooperation is necessary to ensure adequate repair of lacerations. While
most adults do not require more than topical or intradermal anesthesia, addition-
al medication may be needed for some patients. With appropriate training and
protocols, inhaled nitrous oxide is considered safe for use in adults and children
for analgesia and sedation during laceration repairs in the ED.’ It has the ad-
vantage of being a sedative agent that does not require a painful injection, and
it offers shallower levels of sedation than other methods and a rapid recovery of
mental state.”® Patients who require a more extensive repair or who are unable to
cooperate with closure of the wound using the methods described in this section
may require procedural sedation, which is beyond the scope of this review.

Sutures

Among all wound closure methods, sutures are the strongest and most versatile,

and allow for the most accurate approximation of wound edges. The first step in
suturing is to determine which type of suture to use: absorbable or nonabsorb-

able. Absorbable sutures are made of synthetic polymers or collagen and are

eventually degraded by enzymes, losing tensile strength within 60 days. An ad-

vantage of absorbable sutures is that patients do not need to return to the ED for

suture removal. Nonabsorbable sutures are nonbiodegradable and maintain their
tensile strength for >60 days. They are most often used to close the outermost

layer of skin and are generally avoided in deep vascularized tissues. Monofila-

ment material (nylon, polypropylene) is preferred for nonabsorbable sutures due

to its strength and relatively low tissue reactivity.”! Absorbable sutures are nonin-

ferior to nonabsorbable sutures for patient satisfaction and cosmetic outcome.”? @
Some studies (although limited) showed no significant difference in any aspect w
of cosmesis, patient satisfaction, or infection when comparing absorbable and
nonabsorbable sutures for facial wounds.”®
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The decision to use a specific suture type is often guided by the wound location.
For high-tension wounds that will require suture strength for a longer period,
the preferred material is polyglyconate (absorbable monofilament). For facial
wounds, a fast-absorbing gut suture is best, as its time of retention of tensile
strength and time needed for wound healing are similar.’* Suture size also mat-
ters because of the potential for cosmetic injury. The smaller the suture size, the
lower the tensile strength;’® larger-diameter material produces more damage

to the tissue and leaves larger holes in the skin, so the thinnest suture material
should be used while ensuring appropriate tensile strength.

Simple Interrupted Suture

Simple interrupted sutures are appropriate for most wounds. The needle is in-
troduced through the outer layer of the skin and exits at the level of the dermis
on one side of the wound; the needle is then reinserted through the opposite
wound edge at the level of the dermis, exiting through the superficial layer. To
ensure proper wound eversion, the needle should enter and exit the skin at an
equal distance from the wound and at an angle of 90 degrees. (See Figure 3.)

Figure 3. Simple Interrupted Suture

Image reproduced with permission from Medscape Drugs & Diseases (https://emedicine.medscape.com/),
Suturing Techniques, 2020, available at: https://emedicine.medscape.com/article/1824895-overview
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Continuous Running Suture
The continuous running suture technique is best used on long, linear lacera-

tions. It can be performed rapidly, has an even distribution of tension across
the wound, and the suture is not cut during wound closing. The running suture. ?
This technique is contraindicated if there is a risk of hematoma formation, and it w

should not be used for wounds under tension; if a suture breaks, then the integ-
rity of the closure is lost. To perform the procedure, a simple interrupted stitch

is placed at the end of the laceration. After tying the knot, the suture is not cut
and instead is reintroduced into the skin on the opposite side, pulling across the
wound at a 45-degree angle. (See Figure 4.)

Figure 4. Continuous Running Suture

(A) The closure is started with the standard technique of a percutaneous simple interrupted suture, but

the suture is not cut after the initial knot is tied. (B and C) The needle is then used to make repeated bites,
starting at the original knot by making each new bite through the skin at an angle of 45 degrees to the wound
orientation. (D) The cross stays on the surface of the skin will be at an angle of 90 degrees to the wound. (E and
F) The final bite is made at an angle of 90 degrees to the wound orientation to bring the suture out next to the
previous bite. The final bite is left in a loose loop, which acts as a free end for tying the knot.

©2021 UpToDate, Inc. and its affiliates and/or licensors. All rights reserved.
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Running Subcuticular Suture

The running subcuticular suture is one of the more complex wound closure )
techniques and requires taking horizontal bites through the dermis on alternat- I
ing sides of the wound. First, an anchor knot is placed on the edge of the wound. J

Without cutting the suture, horizontal bites are made at the dermal-epidermal
junction. When the last bite is taken, a loop is left in the suture and is used as
a tail to tie the knot. The benefit of this technique is that it eliminates the bite
marks made by percutaneous sutures and provides close approximation of the
wound edges. (See Figure 5.)

Figure 5. Running Subcuticular Suture

Image reproduced with permission from Medscape Drugs & Diseases (https://emedicine.medscape.com/),
Suturing Techniques, 2020, available at: https://emedicine.medscape.com/article/1824895-overview

Mattress Suture

Mattress sutures are best used for areas that are under increased tension. The
vertical mattress suturing technique involves placing a simple interrupted stitch ?
wide and deep into the wound; a second, more superficial interrupted stitch is ()

placed closer to the wound in the opposite direction. (See Figure 6, page 17.)
Vertical mattress sutures are useful in thin or lax skin.

Horizontal mattress sutures also use a simple interrupted suture; however, before
tying the knot, another bite is taken on the same side as the suture line, lateral to
the exit point and passing to the other side, where the knot is tied. (See Figure
7, page 17.) A horizontal mattress suture is a good technique for closing wounds
with poor circulation at the wound edges.
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Figure 6. Vertical Mattress Suture Figure 7. Horizontal Mattress Suture

Image reproduced with permission from
Medscape Drugs & Diseases (https://emedicine.
medscape.com/), Suturing Techniques, 2020,
available at: https://emedicine.medscape.com/
article/1824895-overview

Image reproduced with permission from
Medscape Drugs & Diseases (https://emedicine.
medscape.com/), Suturing Techniques, 2020,
available at: https://emedicine.medscape.com/
article/1824895-overview

Corner Stitch

For a patient who has a stellate or X-shaped laceration, the half-buried mattress

or corner stitch is the ideal technique. The corner stitch should be placed first @
to approximate the flap edge. The remainder of the wound can be closed using w
simple interrupted sutures. To perform the procedure, the needle is introduced

through one side of the wound, then passes horizontally through the flap at the

level of the dermis. The technique is completed by exiting the skin through the

other side and tying the knot. (See Figure 8, page 18.)

Tissue Adhesive
Tissue adhesives are made from liquid monomers that polymerize into a stable
bond when they come into contact with moisture.”® The adhesive lasts for ap-
proximately 5 to 10 days and gradually sloughs off as new epithelial skin grows.
@
I

Tissue adhesives are easy to use, do not require anesthesia, take less time to ap-
ply than suturing, and provide favorable cosmetic results.” .
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Figure 8. Corner Stitch

Republished with permission of McGraw-Hill Education from Atlas of Emergency Medicine, Kevin J. Knoop,
Lawrence C. Stack, Alan B. Storrow, et al, 5th ed, 2020; permission conveyed through Copyright Clearance
Center, Inc.

Tissue adhesives are best for low-tension wounds with linear edges; they are
similar in strength to size 4-0 sutures.”® When applying the adhesive, the wound
should be held together so that the margins are well approximated, as adhesive
in the wound could lead to an adverse reaction.”” If adhesive is introduced to the
wound, it should be wiped away immediately with dry gauze. If the adhesive has
already polymerized, a petroleum-based product such as an antibiotic ointment
or petroleum jelly can be used to remove it.%

Tissue adhesives have the additional benefit of having some bacteriostatic ef-
fect.®” However, a systematic review of 11 studies found there was a small but
statistically significant increased rate of dehiscence and erythema when using
tissue adhesive.®

Staples

Staples are quick, easy to use, and can be cost-effective. However, among the
closure methods, staples are the least precise and should be limited to use for
linear and nonfacial lacerations. Staples should not be used on the face, neck,
hands, or feet. When placing staples, have staple removal kits on hand so that
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any misfired or misplaced staples can be removed. A meta-analysis of random-
ized controlled trials involving the closure of surgical wounds found that staples
had a decreased infection rate but less favorable cosmetic outcomes as com-
pared to sutures.®8

Hair Apposition

The hair apposition technique allows for a faster and more cost-effective ap- 5
proach than traditional methods for closing scalp lacerations.® In order to use i
this technique, the wound should be simple and noncontaminated, and have no ()

active bleeding and enough hair near the wound to twist.? After the wound is
cleaned and prepared, several strands of hair from opposite sides of the wound
are twisted around each other 360 degrees. (See Figure 9.) Once the hairs are
twisted together, tissue adhesive should be applied to the twist to keep it in
place. The patient will not need a return visit, as the tissue adhesive will dissolve
and the hair will untwist itself in time. The hair apposition technique is less ex-
pensive, less painful, and faster than other techniques.?#

Figure 9. Hair Apposition Technique

.

Source: https://www.aliem.com/trick-of-trade-modified-hair-apposition/
Used with permission of Academic Life in Emergency Medicine, https://www.aliem.com/

Adhesive Tape

The application of adhesive tape is a simple, painless, and quick method of
laceration repair. The drawback is that the tape falls off easily when placed under
any tension or exposed to moisture. Topical liquid adhesives such as benzoin or
Mastisol® can be used to increase adhesion if there is concern that the tape will
come off.# Adhesive tape should only be used for simple wounds that are under
low tension, or for superficial skin tears.
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Adhesive tape should be placed perpendicular to the wound with about 2 mm
of space between each piece of tape. The cosmetic outcome of using tape for
closure of small wounds (<4 cm in length) is similar to the outcome with use of
cyanoacrylate tissue adhesives.”” When treating an elderly patient or a patient
with thin skin who may need sutures as well, it may be helpful to first place the
adhesive tape perpendicular to the wound, then suture through the tape; the
tape helps to hold the sutures in place and prevents them from shearing through
the skin.”

Prophylactic Antibiotics

Prophylactic antibiotics are not recommended for routine use in wound care.”
Appropriate wound cleaning has been shown to be most important for decreas- @
: ) : o : G ¢
ing post-repair wound infections.”*? However, prophylactic antibiotics do have w

a role in select circumstances, such as in the presence of infection-potentiating
factors or mechanisms of injury, or in injured persons with predisposition to infec-
tion.”? Antibiotics should be given to patients with bite wounds on the hand,
human or cat bite wounds, deep dog bite wounds, wounds with open fractures,
or wounds with exposed joints or tendons.”

Topical antibiotic ointments are used in wound care as a form of barrier protec-
tion and prophylaxis. One study found topical antibiotics to be effective at pre-
venting wound infection,” and a meta-analysis found that skin infection is less
likely to occur with the use of topical antibiotics than without it."® In addition to
providing a barrier to infection, topical ointments create a moist environment
that leads to better wound healing and easier removal of sutures.™’

2]

For your patient who had sustained a laceration on the hand from
< broken glass, you closed the wound using the horizontal mattress
technique with absorbable sutures. Because the patient had multiple
risk factors for infection (diabetes, advanced age, and the location of
the wound on an area other than the head or neck), you prescribed pro-
phylactic oral antibiotics; you also administered a tetanus vaccination
due to his age and inability to confirm his vaccination status.

CASE 1

Post-Repair Wound Care

The sutured or stapled area that was repaired should be covered with a nonadher-
ent dressing for 24 to 48 hours. A moist environment increases the rate of epi-
thelization and a covered wound has been shown to heal faster than an exposed
wound.' Post-repair instruction has typically included keeping the wound covered
for 48 hours, with the dressing replaced periodically thereafter; however, more re-
cent data on surgical site dressings have shown no detrimental effects from keep-
ing the dressing on for <48 hours, without replacement after that period.'®
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Repaired lacerations can be cleansed with tap water 8 hours after closure without
increased infection rates.'® Patients should be instructed to use soap and tap
water to cleanse the wound, then blot gently to dry the area.'® A study compar-
ing early (€12 hours after repair) and delayed (>48 hours after repair) showering
found no statistically significant difference in infection rates between the early
and delayed groups.'®

Sun Exposure

A healing laceration should not be exposed to direct sunlight because of the
risk for hyperpigmentation.'” Although the supporting data are not robust, it is
reasonable to recommended that patients use sunscreen on healing lacerations
or abrasions to help prevent the development of hyperpigmentation.’®

B Special Circumstances
Specialist Consultation

Most lacerations can be repaired in the ED by an emergency clinician, but there
are several indications for specialist consultation, including wounds with joint
involvement, neurovascular injury, tendon/muscle injury, retained foreign bod-
ies, or amputation, as well as wounds resulting from blast or high-pressure injury.
Lacerations on the eyelid, medial canthus, lip, hand, and some intraoral wounds
may also require specialist consultation due to the close association between the
quality of closure and subsequent cosmesis and function.'” The type of specialist
to be consulted will depend on the laceration location, mechanism of injury, and
deeper structure involvement, as well as specialist availability and hospital policy.
Specialists in plastic surgery, general surgery, orthopedics, oral-maxillofacial
surgery, and otolaryngology are most likely to be consulted for wound manage-
ment."

Facial Lacerations

Facial lacerations can range from simple cutaneous lacerations to more complex
injuries such as on the ear, eyelid, or nose. While most patients with traumatic lac-
erations tend to prioritize function and avoidance of infection, patients presenting
with facial lacerations are often most concerned with cosmetic outcome.?

A 19-year-old woman presents to the ED with a laceration through
~—J the vermillion border of her upper lip. She tells you that she sus-
tained the laceration approximately 23 hours earlier while playing softball.

CASE 2

” Given the location of the laceration and the length of time
¢ ) since the injury, is primary closure appropriate for this wound?
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There are several options for primary closure of simple cutaneous lacerations on
the face. In a small survey of emergency clinicians regarding the choice of closure
method for facial lacerations, tissue adhesive was the method used most com-
monly (32% of closures), followed by sutures (30%);""" the third most common
method was a combination of tissue adhesive and Steri-Strips™ adhesive strips
(18.6%).""" The depth (48%) and site (23%) of the laceration were the most com-
mon reasons given for selecting a particular closure method.™

“No-needle” alternatives such as a combination of tissue adhesive and adhesive
strips can be preferable to suturing facial lacerations."? These methods decrease @
the associated pain, the time spent in the ED, and the need for a follow-up visit (U
for the patient, while also reducing the use of resources in the ED. “No-needle”

methods are also beneficial in patients prone to keloids or hypertrophic scar

formation.” In a head-to-head comparison of tissue adhesive to adhesive strips,

there was no difference in cosmetic outcome as determined by both patients and

plastic surgeons.™?

If suturing is the selected method of closure, the smallest possible suture that can
withstand the wound tension should be utilized. Size 5-0 and 6-0 sutures are rec-
ommended for epidermal closure, but specific recommendations vary depending
on the injury location within the face.”™* (See Table 2.)

Table 2. Optimal Suture Material for Facial Wounds

Site of Injury Optimal Suture Optimal Suture Good Alternative
Size Material(s) Choice

Cheek, forehead, nose skin 5-0, 6-0 Nylon, prolene Cat gut or chromic for
pediatric patients or
patients who will not
return for removal

Ear skin 4-0 Nylon Chromic

Eyelid skin 6-0,7-0 Vicryl Chromic

Frontalis (forehead) muscle 3-0, 4-0 Vicryl Chromic

Galea 3-0, 4-0 Vicryl Chromic

Lip or intraoral mucosa 4-0 Chromic Vicryl

Lip muscle 4-0 Vicryl Chromic

Lip skin 5-0, 6-0 Nylon Chromic

Nasal mucosa 5-0 Chromic None

Scalp skin 3-0,4-0 Nylon, staples, chromic None

Subcutaneous tissue 4-0, 5-0 Vicryl Chromic

Prolene can be substituted whenever nylon is recommended.

Data from Semer NB. Practical plastic surgery for non-surgeons. Philadelphia: Hanley and Belfus; 2001.

Adapted from Emergency Medicine Clinics of North America, Volume 31, Issue 2, Frank Sabatino and
Joshua B. Moskovitz, “Facial Wound Management,” Pages 529-538, Copyright 2013, with permission from
Elsevier.
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For facial lacerations, particular attention should be paid to involvement of any
muscles of facial expression, which should be tested during the initial evaluation
of the wound and prior to any closure.” In general, repair of facial lacerations
with orientation parallel to skin tension lines (and therefore perpendicular to the
fibers of facial muscles) result in the best cosmetic outcomes.”® The orientations
of skin tension lines and facial muscle fibers are illustrated in Figure 10.

Figure 10. Skin Tension Lines

Republished with permission of McGraw-Hill Education from Tintinalli's Emergency Medicine: A
Comprehensive Study Guide, Judith E. Tintinalli, O. John Ma, Donald M. Yealy, et al, 9th ed, 2020;
permission conveyed through Copyright Clearance Center, Inc.

Eyelid Lacerations

Eyelid structures are delicate and are organized in 5 layers: skin, subcutaneous
tissue, orbicularis oculi muscle, tarsal plate, and conjunctiva.” These layers are
closely involved with other structures of the eye so care must be taken when
repairing eyelid lacerations. The orbicularis oculi muscle fibers not only control
eyelid closure, but also form the medial and lateral canthi and interact with the
lacrimal ducts; the meibomian glands and eyelash follicles are found within the

tarsal plate.
Superficial lacerations without involvement of other layers or structures can be
repaired by the emergency clinician using size 6-0 or 7-0 sutures. Tissue adhesive I

should be avoided in or around the eye and eyelid. Eyelid lacerations that are
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accompanied by ptosis, disruption of the lid margin, injury to the lacrimal duct,
or involvement of the conjunctiva or tarsal plate of the lid should prompt consul-
tation with an ophthalmologist or oculoplastic specialist. A wound within 8 mm
of the medial canthus should prompt concern for lacrimal duct injury. Failure to
recognize these injuries and consult appropriately can result in negative cosmetic
and functional outcomes.'®112113

Intraoral Lacerations

Intraoral lacerations may occur on the buccal mucosa or on the mucosal reflec-

tions, with lacerations on the reflections easily missed. The oral mucosa, similar

to other mucosal surfaces within the body, is highly vascular and therefore quick

to heal. Small intraoral lacerations do not necessarily require repair, but all lacera- @
tions require proper irrigation and inspection for foreign bodies such as tooth I
fragments and food particles."’®"* Indications for repair include wound length w
>2 cm, the presence of a tissue flap that interferes with chewing, or a laceration

large enough to trap food particles.'®"® Similar guidelines should be followed
regarding tongue lacerations: small lacerations (<1 cm) and nongaping wounds

do not need to be closed primarily.” Intraoral lacerations that require repair

should be closed with chromic gut sutures. Proper oral hygiene during healing

should be encouraged. Prophylactic antibiotics have been advised for intraoral
lacerations due to concern for infection, but there is little high-level evidence

available to guide this practice.”

Lip Lacerations

The skin, vermillion (red portion of the lip), and mucosa are the 3 anatomical por-
tions that compose the lip.""2""* Lacerations that traverse the vermillion border
(where the skin and vermillion meet) are of particular concern, as the quality and
precision of the repair will impact both cosmesis and function.

Anesthesia to the upper and lower lips can be achieved with infraorbital and
mental nerve blocks, respectively."” Mucosal lacerations, as with intraoral lac-
erations, do not require primary closure if the laceration is small and there is
satisfactory spontaneous approximation of the wound edges. Small-caliber (5-0)
absorbable sutures can be utilized for mucosal lacerations requiring repair, with
care taken to place sutures close to the wound edges (within 2-3 mm) to prevent
puckering of the external skin or involvement of adjacent structures.

Through-and-through lip lacerations should be repaired in layers, beginning with
the mucosal layer. After the mucosal layer is repaired, the laceration should be
reirrigated from the skin side, followed by closure of the orbicularis oris muscle,
and then the skin layers.

proximation; the most minute misalignment can be drastically noticeable and

Repair of lip lacerations that involve the vermillion border need near-exact ap- @
¢
cosmetically unattractive.'” First, the wound edges of the vermillion border
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should be approximated with a single stitch that can be left untied. Leaving the
suture untied ensures that precise alignment is maintained during closure of the
underlying tissue and that any necessary adjustments can be made during the
repair.'*"* Using a surgical marker to mark the edges of the vermillion border
can aid in precise alignment. The orbicularis oris muscle should be repaired next,
followed by the remainder of the vermillion and skin, then the vermillion border
stitch can be tied off. (See Figure 11.)

Figure 11. Lip Laceration Repair

Orbicularis aris muscle

A. The first suture is placed to align the vermilion skin junction.

B. The orbicularis oris muscle fascia is then repaired with 5-0 absorbable sutures.

C. The irregular edges of the skin are then approximated with 6-0 nonabsorbable sutures.

Republished with permission of McGraw-Hill Education from Tintinalli's Emergency Medicine: A
Comprehensive Study Guide, Judith E. Tintinalli, O. John Ma, Donald M. Yealy, et al, 9th ed, 2020,
permission conveyed through Copyright Clearance Center, Inc.

Cheek Lacerations

The parotid glands and the facial nerves require special consideration when eval-
uating lacerations to the cheek and face. The parotid gland is located within the
cheek, beginning deep in the preauricular area and terminating via the parotid
duct near the second maxillary molar. (See Figure 12, page 26.) Facial paralysis
or arterial bleeding should raise suspicion for facial nerve or parotid duct injury
and should prompt specialist consultation. Parotid duct injury can be evaluated
by visualizing with a catheter inserted intraorally into the parotid duct papilla.

If direct visualization is difficult or obscured, saline injected in the catheter and
observed within the wound can confirm parotid duct injury.

Uncomplicated lacerations to the cheek without involvement of deeper struc-

tures can be repaired by the emergency clinician. Injury to structures such as ©)
the facial nerve or parotid duct should prompt specialist consultation, as opera- n
tive repair may be required.”® Through-and-through lacerations of the cheek w

should be repaired in layers, beginning intraorally. The cheek laceration should
be re-irrigated after the buccal mucosa has been closed, and then the subcuta-
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neous layers and skin can be closed.” Pre- and post-repair testing of the facial
nerve is advised.

Figure 12. Cheek Anatomy

Temporal nerve

Zygomatic nerve / S

Buccal nerve .
. Facial nerve

Parotid duct Parotid

Marginal mandibular salivary gland

nerve

Cervical nerve

Republished with permission of McGraw-Hill Education from Tintinalli's Emergency Medicine: A
Comprehensive Study Guide, Judith E. Tintinalli, O. John Ma, Donald M. Yealy, et al, 9th ed, 2020,
permission conveyed through Copyright Clearance Center, Inc.

[

Because your patient with a lip laceration presented 23 hours
after the injury occurred, you had some concern about the safety
of primary closure for this wound. However, you recognized that proper
alignment of the vermillion border is critical for adequate function and
cosmesis following lip lacerations, so primary repair was likely the ap-
propriate management choice. Although you were familiar with the
technique for repairing a lip laceration involving the vermillion border,
you decided it would be best to call for a plastic surgery consultation.

CASE 2
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B Controversies
Absorbable Sutures for Percutaneous Closure

A prospective, randomized controlled trial of pediatric patients presenting

with traumatic lacerations found that repair with absorbable sutures resulted

in improved cosmesis and reduced frequency of wound dehiscence; however,
these results did not reach statistical significance, and a large proportion (34%)
of patients were lost to follow-up."® A 2014 randomized controlled trial includ-
ing both adults and children found no difference in cosmetic outcome between
lacerations repaired with Vicryl-Rapide™ (polyglactin 910) absorbable sutures
and lacerations repaired with Prolene® (polypropylene) nonabsorbable sutures

in a blinded evaluation by plastic surgeons at 3 months post repair. There was
also no statistically significant difference in wound complications such as infec-
tion and dehiscence."” Other studies have produced similar results, establishing
noninferiority of the use of absorbable sutures for laceration repair in the ED."8""?
Absorbable sutures should be considered for use in the pediatric population and
in patients with suspected or demonstrated poor compliance.

B Disposition

The vast majority of lacerations can be repaired in the ED, with safe discharge
home after repair. Patients discharged from the ED should be provided with ba-
sic wound care instructions including expected healing course and any follow-up
requirements. For wounds repaired with nonabsorbable sutures, patients should
be instructed to follow up for suture removal.

B Time- and Cost-Effective Strategies

e Multiple studies have shown that tap water may be preferable to NS for
wound irrigation; there is no change in infection rates as compared to the use
of NS and it is more cost effective.’’

e Virtual visits for wound rechecks to ensure that lacerations are healing prop-
erly can be time- and cost-effective.®

e Application of tissue adhesive is a time-saving alternative to suturing for re-
pair of low-tension wounds with linear edges.””’®

e The hair apposition technique allows for a faster and more cost-effective ap-
proach than traditional methods for closing scalp lacerations.®
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Clinical Pathway for Management of Acute Traumatic

Wounds in the Emergency Department

Does the wound have any high-risk factors?

Infected (Class I)

Contaminated and cannot be cleaned thoroughly
(Class II)

Not on head or neck (Class I)

e Sustained >19 hours before presentation

'E_’ o Delayed primary closure or
o Closure by secondary intention

T
NO

v

Is there concern for fracture or a foreign body?

'E" and/or

|
NO

v

Are any of the following factors present?

Neurovascular injury/compromise

'E-) mechanism of injury, deeper structure involvement,

e Joint involvement
e Tendon/muscle injury
* Amputation
e Blast or high-pressure injuries
|
NO

v

Proceed with primary closure:

Administer anesthesia, topical and/or injectable
(Class 1)

Irrigate with normal saline or tap water (Class 1)
Choose closure technique

v

Discharge patient with instructions:

Keep wound clean (Class 1)

Safe to shower 12 hours after wound closure
(Indeterminate)

Advise on follow-up for suture/staple removal, if
needed

Advise the patient to avoid sun exposure to wound;
once closure method is removed, apply sunblock to
area when outdoors (Class Ill)

H Class of Evidence Definitions

Each action in the clinical pathways section of Emergency Medicine Practice receives a score based on the following definitions.

Class | Class Il
* Always acceptable, safe * Safe, acceptable
 Definitely useful * Probably useful

* Proven in both efficacy and effectiveness

Level of Evidence:

* One or more large prospective studies
are present (with rare exceptions)

* High-quality meta-analyses

Level of Evidence:

 Study results consistently positive and * Results consistently positive
compelling

* Generally higher levels of evidence

* Nonrandomized or retrospective studies:
historic, cohort, or case control studies

* Less robust randomized controlled trials

e Choose closure method:

e |f systemic infection is present, admit for IV antibiotics

Obtain radiograph (Class 1)

ultrasound (Class 1)

Consult specialist based on laceration location,

local availability, and hospital policy

Abbreviation: IV, intravenous.

Adapted from Jennifer E. Sanders, “Pediatric Wound Care
and Management in the Emergency Department,” Pediatric
Emergency Medicine Practice, Volume 14, Number 10,
Copyright 2017. Used with permission of EB Medicine.

Class lll Indeterminate
* May be acceptable * Continuing area of research
* Possibly useful * No recommendations until further
» Considered optional or alternative treat- research
ments .
Level of Evidence:
Level of Evidence: * Evidence not available
* Generally lower or intermediate levels of e Higher studies in progress
evidence ¢ Results inconsistent, contradictory
* Case series, animal studies, * Results not compelling

consensus panels
* Occasionally positive results

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual
needs. Failure to comply with this pathway does not represent a breach of the standard of care.

Copyright © 2021 EB Medicine. www.ebmedicine.net. No part of this publication may be reproduced in any format without written consent of EB Medicine.
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% Risk Management Pitfalls in Wound Management

1. "My patient said he still felt a foreign body near his wound, but | didn‘t
see anything, so | proceeded with the laceration repair.”
There should be a high index of suspicion for a retained foreign body in a
wound, if the mechanism of injury supports it. Appropriate imaging, including
x-rays, ultrasound, and computed tomography or magnetic resonance
imaging (if necessary) should be used, as indicated by the history and type of
potential foreign body.

2. "My patient has diabetes but the laceration on her hand looked fine after
| sutured it. | advised her to have the sutures removed in 7 to 10 days.”
There is a higher risk of wound infection associated with diabetes, advanced
age, larger wound size, contamination, and a location not on the head or
neck. Other conditions that impair wound healing include renal failure,
obesity, malnutrition, and immunocompromised status. Prophylactic
antibiotics should be considered for patients with these risk factors.

3. "The patient was in too much pain to move her finger so | could exam-
ine it, so | just sutured the laceration and told her to follow up with her
primary care provider.”

Assessment for fractures, neurovascular compromise, and injury to tendons
and other adjacent structures is an important component of wound
evaluation. Pain control and administration of an anesthetic may be required
before a patient can cooperate fully with the examination.

4. "The laceration looked really dirty, so | decided to clean and irrigate it
with iodine.”
There is no significant difference in rates of infections with the use of
antiseptics for irrigation versus NS or tap water. Antiseptics may impede
wound healing due to cytotoxic effects.

5. "My patient was anxious to be discharged quickly, so | repaired his com-
plicated lip laceration myself.”
Proper alignment of the vermillion border in lip laceration repairs is critical,
as a 1 mm misalignment can be detrimental to both cosmesis and function.
Specialist consultation should be considered for lacerations that violate the
vermillion border, the eyelid margin, the lacrimal duct, or the tarsal plate, or
for injuries that result in ptosis.
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6. "It was a really busy shift and the laceration looked typical to me. | didn't
ask in detail how the patient came to be injured.”
Certain mechanisms of injury, such as high-pressure injuries, require surgical
consultation for potential operative debridement. The extent of tissue
damage may not be readily apparent on initial visual inspection.

7. "The laceration appears to be under some tension, but this adhesive
should work just fine.”
Tissue adhesive should be limited to use in low-tension linear wounds.
Wounds under high tension or with jagged edges will likely respond poorly to
repair with adhesives.

8. “The wound looks okay, but I'll give the patient some antibiotics just in
case.”
Prophylactic antibiotics are not recommended for routine use in wound care.”
Antibiotics have a role in management of wounds that are at high risk for
infection.

Get evidence-based content

at your fingertips with
EB Medicine’s mobile app.

v" Quickly browse issues

v" Save time with issue summaries

EVIDENCE-BASED EDUCATION

\/ LiSte hont h e g (o] PRACTICAL l;PPLICATION

v" Find answers quickly " le'J:']es

Android coming soon

DOWNLOAD  PREVIEW

Scan here to

[=]
2
l@jﬂ ME“IGINE % download the app.

DECEMBER 2021 ¢ www.ebmedicine.net 30 ©2021 EB MEDICINE



References

Evidence-based medicine requires a critical appraisal of the literature based upon study meth-
odology and number of subjects. Not all references are equally robust. The findings of a large,
prospective, randomized, and blinded trial should carry more weight than a case report.

To help the reader judge the strength of each reference, pertinent information about the study
is included in bold type following the reference, where available. In addition, the most informa-
tive references cited in this paper, as determined by the authors, are noted by an asterisk (*)
next to the number of the reference.

1. Garcia-Gubern CF, Colon-Rolon L, Bond MC. Essential concepts of wound management. Emerg Med Clin
North Am. 2010;28(4):951-967. (Review)

2. Nazzal M, Osman MF, Albeshri H, et al. Wound healing. In: Brunicardi FC, Andersen DK, Billiar TR, et al, eds.
Schwartz’s Principles of Surgery, 11th ed. McGraw-Hill Education; 2019. (Textbook chapter)

3. Strecker-McGraw MK, Jones TR, Baer DG. Soft tissue wounds and principles of healing. Emerg Med Clin
North Am. 2007;25(1):1-22. (Review)

4. Mankowitz SL. Laceration management. J Emerg Med. 2017,53(3):369-382. (Review)

Rui P, Kang K. National Hospital Ambulatory Medical Care Survey: 2017 emergency department summary
tables. 2017. Available at: https://www.cdc.gov/nchs/data/nhamcs/web_tables/2017 ed web tables-508.pdf
Accessed November 15, 2021. (Government data set)

6.* Singer AJ, Thode HC Jr, Hollander JE. National trends in ED lacerations between 1992 and 2002. Am J
Emerg Med. 2006,24(2):183-188. (Retrospective systematic review) DOI: 10.1016/j.ajem.2005.08.021

7.* Pfaff JA, Moore GP. Reducing risk in emergency department wound management. Emerg Med Clin North
Am. 2007;25(1):189-201. (Review) DOI: 10.1016/j.emc.2007.01.009

8.  Bohjanen K. Structure and functions of the skin. In: Soutor C, Hordinsky MK, eds. Clinical Dermatology.
McGraw-Hill Education; 2017. (Textbook chapter)

9. Garza L. Developmental biology of the skin. In: Kang S, Amagai M, Bruckner AL, et al, eds. Fitzpatrick’s Der-
matology, 9th ed. New York, McGraw-Hill Education; 2019. (Textbook chapter)

10. Provencher MT, Allen LR, Gladden MJ, et al. The underestimation of a glass injury to the hand. Am J Orthop
(Belle Mead NJ). 2006,35(2):91-94. (Case series; 34 patients)

11. Nylén S, Carlsson B. Time factor, infection frequency and quantitative microbiology in hand injuries: a pro-
spective study. Scand J Plast Reconstr Surg. 1980;14(2):185-189. (Prospective study; 89 patients)

12. Baldwin G, Colbourne M. Puncture wounds. Pediatr Rev. 1999;20(1):21-23. (Review)

13. American College of Surgeons Committee on Trauma. Advanced Trauma Life Support: Student Course
Manual, 10th ed. 2018. (Course manual)

14. The American College of Surgeons. Stop the Bleed. 2021. Available at: https://www.stopthebleed.org Ac-
cessed November 15, 2021. (Website)

15. Tran H, Anand SS. Oral antiplatelet therapy in cerebrovascular disease, coronary artery disease, and periph-
eral arterial disease. JAMA. 2004;292(15):1867-1874. (Review)

16. Talan DA, Abrahamian FM, Moran GJ, et al. Tetanus immunity and physician compliance with tetanus
prophylaxis practices among emergency department patients presenting with wounds. Ann Emerg Med.
2004;43(3):305-314. (Prospective observational study; 1988 patients)

17.  Quinn JV, Polevoi SK, Kohn MA. Traumatic lacerations: what are the risks for infection and has the ‘golden
period’ of laceration care disappeared? Emerg Med J. 2014;31(2):96-100. (Prospective study; 2663 pa-
tients)

18. Hollander JE, Singer AJ, Valentine SM, et al. Risk factors for infection in patients with traumatic lacerations.
Acad Emerg Med. 2001,8(7):716-720. (Cross-sectional study; 5521 patients)

DECEMBER 2021 ¢ www.ebmedicine.net 31 ©2021 EB MEDICINE


https://www.cdc.gov/nchs/data/nhamcs/web_tables/2017_ed_web_tables-508.pdf
https://doi.org/10.1016/j.ajem.2005.08.021
https://doi.org/10.1016/j.emc.2007.01.009
https://www.stopthebleed.org/

19. Capellan O, Hollander JE. Management of lacerations in the emergency department. Emerg Med Clin North
Am. 2003;21(1):205-231. (Review)

20. Lammers RL, Hudson DL, Seaman ME. Prediction of traumatic wound infection with a neural network-derived
decision model. Am J Emerg Med. 2003;21(1):1-7. (Prospective cohort study; 1142 patients)

21.* Davis J, Czerniski B, Au A, et al. Diagnostic accuracy of ultrasonography in retained soft tissue foreign bod-
ies: a systematic review and meta-analysis. Acad Emerg Med. 2015,22(7):777-787. (Systematic review and
meta-analysis; 17 articles) DOI: 10.1111/acem.12714

22. Manthey DE, Storrow AB, Milbourn JM, et al. Ultrasound versus radiography in the detection of soft-tissue
foreign bodies. Ann Emerg Med. 1996,28(1):7-9. (Randomized blinded descriptive study)

23. lIpaktchi K, Demars A, Park J, et al. Retained palmar foreign body presenting as a late hand infection: pro-
posed diagnostic algorithm to detect radiolucent objects. Patient Saf Surg. 2013;7(1):25. (Case report; 1
patient)

24.* Singer AJ, Mach C, Thode HC Jr, et al. Patient priorities with traumatic lacerations. Am J Emerg Med.
2000;18(6):683-686. (Prospective observational survey; 724 patients) DOI: 10.1053/ajem.2000.16312

25. Robson MC, Duke WF, Krizek TJ. Rapid bacterial screening in the treatment of civilian wounds. J Surg Res.
1973;14(5):426-430. (Review)

26. van den Baar MT, van der Palen J, Vroon MI, et al. Is time to closure a factor in the occurrence of infec-
tion in traumatic wounds? A prospective cohort study in a Dutch level 1 trauma centre. Emerg Med J.
2010;27(7):540-543. (Prospective study; 425 patients)

27. Zehtabchi S, Tan A, Yadav K, et al. The impact of wound age on the infection rate of simple lacerations re-
paired in the emergency department. Injury. 2012;43(11):1793-1798. (Systematic review and meta-analysis;
4 studies, 3724 patients)

28.* Berk WA, Osbourne DD, Taylor DD. Evaluation of the ‘golden period’ for wound repair: 204 cases from a
third world emergency department. Ann Emerg Med. 1988;17(5):496-500. (Prospective observational study;
372 patients) DOI: 10.1016/s0196-0644(88)80246-4

29. American College of Emergency Physicians. American College of Emergency Physicians: clinical policy
for the initial approach to patients presenting with penetrating extremity trauma. Ann Emerg Med.
1999,33(5):612-636. (Review)

30. Chatterjee JS. A critical review of irrigation techniques in acute wounds. Int Wound J. 2005;2(3):258-265. (Re-
view)

31. Angerads MH, Brandberg A, Falk A, et al. Comparison between sterile saline and tap water for the cleaning
of acute traumatic soft tissue wounds. Eur J Surg. 1992;158(6-7):347-350. (Randomized controlled trial; 705
patients)

32. Bansal BC, Wiebe RA, Perkins SD, et al. Tap water for irrigation of lacerations. Am J Emerg Med.
2002;20(5):469-472. (Prospective study; 46 patients)

33. Moscati RM, Mayrose J, Reardon RF, et al. A multicenter comparison of tap water versus sterile saline for
wound irrigation. Acad Emerg Med. 2007;14(5):404-409. (Randomized controlled trial; 634 patients)

34. Weiss EA, Oldham G, Lin M, et al. Water is a safe and effective alternative to sterile normal saline for wound
irrigation prior to suturing: a prospective, double-blind, randomised, controlled clinical trial. BMJ Open.
2013;3(1):e001504. (Randomized controlled trial; 663 patients)

35. Nicks BA, Ayello EA, Woo K, et al. Acute wound management: revisiting the approach to assessment, irriga-
tion, and closure considerations. Int J Emerg Med. 2010,3(4):399-407. (Review)

36. Wheeler CB, Rodeheaver GT, Thacker JG, et al. Side-effects of high pressure irrigation. Surg Gynecol Obstet.
1976;143(5):775-778. (Animal model study)

37. Singer AJ, Hollander JE, Subramanian S, et al. Pressure dynamics of various irrigation techniques commonly
used in the emergency department. Ann Emerg Med. 1994,24(1):36-40. (Matched experimental trial; 10
patients)

38. Fernandez R, Griffiths R, Ussia C. Effectiveness of solutions, techniques and pressure in wound cleansing. JBI

DECEMBER 2021 ¢ www.ebmedicine.net 32 ©2021 EB MEDICINE


https://doi.org/10.1111/acem.12714
https://doi.org/10.1053/ajem.2000.16312
https://doi.org/10.1016/s0196-0644(88)80246-4

Libr Syst Rev. 2004;2(7):1-55. (Systemic review; 14 randomized controlled trials)

39. Fry DE. Pressure irrigation of surgical incisions and traumatic wounds. Surg Infect (Larchmt). 2017;18(4):424-
430. (Review)

40. Gravett A, Sterner S, Clinton JE, et al. A trial of povidone-iodine in the prevention of infection in sutured
lacerations. Ann Emerg Med. 1987;16(2):167-171. (Randomized controlled trial; 500 patients)

41. Roberts AH, Roberts FE, Hall RI, et al. A prospective trial of prophylactic povidone iodine in lacerations of
the hand. J Hand Surg Br. 1985;10(3):370-374. (Prospective study; 418 patients)

42. Ghafouri HB, Zare M, Bazrafshan A, et al. Randomized, controlled trial of povidone-iodine to reduce simple
traumatic wound infections in the emergency department. Injury. 2016,47(9):1913-1918. (Randomized con-
trolled trial; 444 patients)

43. Lammers RL, Fourré M, Callaham ML, et al. Effect of povidone-iodine and saline soaking on bacterial counts
in acute, traumatic, contaminated wounds. Ann Emerg Med. 1990;19(6):709-714. (Randomized controlled
trial; 29 patients)

44. Dire DJ, Welsh AP. A comparison of wound irrigation solutions used in the emergency department. Ann
Emerg Med. 1990;19(6):704-708. (Randomized controlled trial; 531 patients)

45. Lee |, Agarwal RK, Lee BY, et al. Systematic review and cost analysis comparing use of chlorhexidine with use
of iodine for preoperative skin antisepsis to prevent surgical site infection. Infect Control Hosp Epidemiol.
2010;31(12):1219-1229. (Meta-analysis; 9 studies, 3614 patients)

46. Lineaweaver W, Howard R, Soucy D, et al. Topical antimicrobial toxicity. Arch Surg. 1985;120(3):267-270. (Pro-
spective in-lab study)

47. Brewer JD, Gonzalez AB, Baum CL, et al. Comparison of sterile vs nonsterile gloves in cutaneous sur-
gery and common outpatient dental procedures: a systematic review and meta-analysis. JAMA Dermatol.
2016;152(9):1008-1014. (Systematic review and meta-analysis; 14 studies, 12,275 patients)

48. Gaufberg SV, Walta MJ, Workman TP. Expanding the use of topical anesthesia in wound management:
sequential layered application of topical lidocaine with epinephrine. Am J Emerg Med. 2007;25(4):379-384.
(Randomized controlled trial; 100 patients)

49. Adler AJ, Dubinisky I, Eisen J. Does the use of topical lidocaine, epinephrine, and tetracaine solution provide
sufficient anesthesia for laceration repair? Acad Emerg Med. 1998;5(2):108-112. (Prospective randomized
double-blind study; 60 patients)

50. Tayeb BO, Eidelman A, Eidelman CL, et al. Topical anaesthetics for pain control during repair of dermal lac-
eration. Cochrane Database Syst Rev. 2017,;2(2):CD005364. (Meta-analysis; 25 studies, 3278 patients)

51. Pryor GJ, Kilpatrick WR, Opp DR. Local anesthesia in minor lacerations: topical TAC vs lidocaine infiltration.
Ann Emerg Med. 1980;9(11):568-571. (Randomized controlled trial; 158 patients)

52. Ernst AA, Marvez-Valls E, Nick TG, et al. LAT (lidocaine-adrenaline-tetracaine) versus TAC (tetracaine-adren-
aline-cocaine) for topical anesthesia in face and scalp lacerations. Am J Emerg Med. 1995;13(2):151-154.
(Randomized controlled trial; 95 patients)

53. Singer AJ, Stark MJ. Pretreatment of lacerations with lidocaine, epinephrine, and tetracaine at triage: a
randomized double-blind trial. Acad Emerg Med. 2000,7(7):751-756. (Randomized double-blind trial; 43
patients)

54. Singer AJ, Stark MJ. LET versus EMLA for pretreating lacerations: a randomized trial. Acad Emerg Med.
2001;8(3):223-230. (Double-blind randomized controlled trial; 60 patients)

55. Vandamme E, Lemoyne S, van der Gucht A, et al. LAT gel for laceration repair in the emergency department:
not only for children? Eur J Emerg Med. 2017;24(1):55-59. (Chart review; 89 patients)

56. Park SW, Oh TS, Choi JW, et al. Topical EMLA Cream as a pretreatment for facial lacerations. Arch Plast Surg.
2015;42(1):28-33. (Prospective observational study; 100 patients)

57. Swaminathan A. Local Anesthetic Systemic Toxicity (LAST). 2017. Available at: https://rebelem.com/local-
anesthetic-systemic-toxicity-last/ Accessed November 15, 2021. (Review)

58. Benko K. Fixing faces painlessly: facial anesthesia in emergency medicine. Emerg Med Pract. 2009;11(12):1-

DECEMBER 2021 ¢ www.ebmedicine.net 33 ©2021 EB MEDICINE


https://rebelem.com/local-anesthetic-systemic-toxicity-last/
https://rebelem.com/local-anesthetic-systemic-toxicity-last/

20. (Review)

59. Brogan GX Jr, Giarrusso E, Hollander JE, et al. Comparison of plain, warmed, and buffered lidocaine for an-
esthesia of traumatic wounds. Ann Emerg Med. 1995;26(2):121-125. (Randomized prospective single-blind
study; 45 patients)

60. Bartfield JM, Sokaris SJ, Raccio-Robak N. Local anesthesia for lacerations: pain of infiltration inside vs out-
side the wound. Acad Emerg Med. 1998;5(2):100-104. (Randomized prospective single-blind study; 63
patients)

61. Hogan ME, vanderVaart S, Perampaladas K, et al. Systematic review and meta-analysis of the effect of warm-
ing local anesthetics on injection pain. Ann Emerg Med. 2011,58(1):86-98. (Systematic review and meta-
analysis; 18 studies, 831 patients)

62. Orlinsky M, Hudson C, Chan L, et al. Pain comparison of unbuffered versus buffered lidocaine in local wound
infiltration. J Emerg Med. 1992,10(4):411-415. (Randomized controlled trial)

63. Song J, Kim H, Park E, et al. Pre-emptive ice cube cryotherapy for reducing pain from local anaesthetic injec-
tions for simple lacerations: a randomised controlled trial. Emerg Med J. 2018;35(2):103-107. (Randomized
controlled trial; 50 patients)

64.  Afridi RA, Masood T, Ahmed E, et al. Comparison of the efficacy of single volar subcutaneous digital block
and the dorsal two injections block. J Ayub Med Coll Abbottabad. 2014,26(1):88-91. (Randomized con-
trolled trial; 126 patients)

65. Cannon B, Chan L, Rowlinson JS, et al. Digital anaesthesia: one injection or two? Emerg Med J.
2010;27(7):533-536. (Randomized controlled trial; 76 patients)

66. Okur OM, Sener A, Kavakli H, et al. Two injection digital block versus single subcutaneous palmar injection
block for finger lacerations. Eur J Trauma Emerg Surg. 2017,43(6):863-868. (Randomized controlled trial; 50
patients)

67. Prabhakar H, Rath S, Kalaivani M, et al. Adrenaline with lidocaine for digital nerve blocks. Cochrane Database
Syst Rev. 2015;2015(3):CD010645. (Systematic review; 4 randomized controlled trials, 167 patients)

68. Waterbrook AL, Germann CA, Southall JC. Is epinephrine harmful when used with anesthetics for digital
nerve blocks? Ann Emerg Med. 2007;50(4):472-475. (Literature review; 7 articles)

69. Bar-Meir E, Zaslansky R, Regev E, et al. Nitrous oxide administered by the plastic surgeon for repair of facial
lacerations in children in the emergency room. Plast Reconstr Surg. 2006;117(5):1571-1575. (Prospective
trial; 60 patients)

70. Lee JH, Kim K, Kim TY, et al. A randomized comparison of nitrous oxide versus intravenous ketamine for lac-
eration repair in children. Pediatr Emerg Care. 2012,28(12):1297-1301. (Prospective randomized study; 32
patients)

71. Abhari RE, Martins JA, Morris HL, et al. Synthetic sutures: clinical evaluation and future developments. J Bio-
mater Appl. 2017,32(3):410-421. (Literature review; 37 studies)

72. Xu B, Xu B, Wang L, et al. Absorbable versus nonabsorbable sutures for skin closure: a meta-analysis of
randomized controlled trials. Ann Plast Surg. 2016;76(5):598-606. (Meta-analysis; 19 randomized controlled
trials, 1748 patients)

73. Gillanders SL, Anderson S, Mellon L, et al. A systematic review and meta-analysis: do absorbable or non-ab-
sorbable suture materials differ in cosmetic outcomes in patients requiring primary closure of facial wounds?
J Plast Reconstr Aesthet Surg. 2018;71(12):1682-1692. (Systematic review and meta-analysis; 11 studies,
751 patients)

74. Pourang A, Crispin MK, Clark AK, et al. Use of 5-0 fast absorbing gut versus 6-0 fast absorbing gut during cu-
taneous wound closure on the head and neck: a randomized evaluator-blinded split-wound comparative ef-
fectiveness trial. J Am Acad Dermatol. 2019,81(1):213-218. (Prospective nonrandomized trial; 50 patients)

75. Hochberg J, Meyer KM, Marion MD. Suture choice and other methods of skin closure. Surg Clin North Am.
2009;89(3):627-641. (Review)

76.  Singer AJ, Quinn JV, Hollander JE. The cyanoacrylate topical skin adhesives. Am J Emerg Med.
2008;26(4):490-496. (Review)

DECEMBER 2021 ¢ www.ebmedicine.net 34 ©2021 EB MEDICINE



77. Quinn J, Wells G, Sutcliffe T, et al. Tissue adhesive versus suture wound repair at 1 year: randomized clinical
trial correlating early, 3-month, and 1-year cosmetic outcome. Ann Emerg Med. 1998;32(6):645-649. (Pro-
spective randomized trial; 136 patients)

78. Shapiro AJ, Dinsmore RC, North JH Jr. Tensile strength of wound closure with cyanoacrylate glue. Am Surg.
2001;67(11):1113-1115. (In-lab experiment)

79. Quinn J, Wells G, Sutcliffe T, et al. A randomized trial comparing octylcyanoacrylate tissue adhesive and su-
tures in the management of lacerations. JAMA. 1997,277(19):1527-1530. (Randomized controlled trial; 130
patients)

80. Bruns TB, Worthington JM. Using tissue adhesive for wound repair: a practical guide to Dermabond. Am
Fam Physician. 2000;61(5):1383-1388. (Review)

81. Davis KP, Derlet RW. Cyanoacrylate glues for wilderness and remote travel medical care. Wilderness Environ
Med. 2013;24(1):67-74. (Review)

82. Farion K, Osmond MH, Hartling L, et al. Tissue adhesives for traumatic lacerations in children and adults.
Cochrane Database Syst Rev. 2002(3):CD003326. (Meta-analysis and systematic review; 8 studies)

83. lavazzo C, Gkegkes ID, Vouloumanou EK, et al. Sutures versus staples for the management of surgical
wounds: a meta-analysis of randomized controlled trials. Am Surg. 2011,77(9):1206-1221. (Meta-analysis; 20
studies, 2111 patients)

84. Hollander JE, Singer AJ. Laceration management. Ann Emerg Med. 1999;34(3):356-367. (Review)

85. Ozturk D, Sonmez BM, Altinbilek E, et al. A retrospective observational study comparing hair apposition
technique, suturing and stapling for scalp lacerations. World J Emerg Surg. 2013;8:27. (Retrospective obser-
vational study; 134 patients)

86. Karaduman S, Yurtktimen A, Giryay SM, et al. Modified hair apposition technique as the primary closure
method for scalp lacerations. Am J Emerg Med. 2009;27(9):1050-1055. (Prospective study; 102 patients)

87. Hock MO, Ooi SB, Saw SM, et al. A randomized controlled trial comparing the hair apposition technique
with tissue glue to standard suturing in scalp lacerations (HAT study). Ann Emerg Med. 2002;40(1):19-26.
(Randomized controlled trial; 189 patients)

88. Ong ME, Coyle D, Lim SH, et al. Cost-effectiveness of hair apposition technique compared with standard
suturing in scalp lacerations. Ann Emerg Med. 2005;46(3):237-242. (Retrospective cost analysis)

89. Katz KH, Desciak EB, Maloney ME. The optimal application of surgical adhesive tape strips. Dermatol Surg.
1999,25(9):686-688. (Prospective study; 12 patients)

90. Zempsky WT, Parrotti D, Grem C, et al. Randomized controlled comparison of cosmetic outcomes of simple
facial lacerations closed with Steri-Strip Skin Closures or Dermabond tissue adhesive. Pediatr Emerg Care.
2004,20(8):519-524. (Randomized controlled trial; 97 patients)

91. Davis M, Nakhdjevani A, Lidder S. Suture/Steri-Strip combination for the management of lacerations in thin-
skinned individuals. J Emerg Med. 2011;40(3):322-323. (Technique description)

92. Cummings P, Del Beccaro MA. Antibiotics to prevent infection of simple wounds: a meta-analysis of random-
ized studies. Am J Emerg Med. 1995;13(4):396-400. (Meta-analysis; 7 studies, 1734 patients)

93. Moran GJ, Talan DA, Abrahamian FM. Antimicrobial prophylaxis for wounds and procedures in the emer-
gency department. Infect Dis Clin North Am. 2008;22(1):117-143. (Review)

94. Singer AJ, Dagum AB. Current management of acute cutaneous wounds. N Engl J Med. 2008;359(10):1037-
1046. (Review)

95. Murray CK. Field wound care: prophylactic antibiotics. Wilderness Environ Med. 2017;28(2s):5S90-S102. (Re-
view)

96.* Nakamura Y, Daya M. Use of appropriate antimicrobials in wound management. Emerg Med Clin North Am.
2007;25(1):159-176. (Review) DOI: 10.1016/j.emc.2007.01.007

97. Medeiros |, Saconato H. Antibiotic prophylaxis for mammalian bites. Cochrane Database Syst Rev.
2001(2):CD001738. (Systematic review; 8 randomized control trials)

98. Carver DC, Kuehn SB, Weinlein JC. Role of systemic and local antibiotics in the treatment of open fractures.

DECEMBER 2021 ¢ www.ebmedicine.net 35 ©2021 EB MEDICINE


https://doi.org/10.1016/j.emc.2007.01.007

Orthop Clin North Am. 2017,48(2):137-153. (Review)

99. Kraus SJ, Eron LJ, Bottenfield GW, et al. Mupirocin cream is as effective as oral cephalexin in the treatment
of secondarily infected wounds. J Fam Pract. 1998;47(6):429-433. (Randomized controlled trial; 706 pa-
tients)

100. Heal CF, Banks JL, Lepper PD, et al. Topical antibiotics for preventing surgical site infection in wounds heal-
ing by primary intention. Cochrane Database Syst Rev. 2016;11(11):CD011426. (Meta-analysis; 14 trials,
6466 patients)

101. Markovchick V. Suture materials and mechanical after care. Emerg Med Clin North Am. 1992;10(4):673-689.
(Review)

102. Junker JP, Kamel RA, Caterson EJ, et al. Clinical impact upon wound healing and inflammation in moist, wet,
and dry environments. Adv Wound Care (New Rochelle). 2013;2(7):348-356. (Review)

103.*Toon CD, Ramamoorthy R, Davidson BR, et al. Early versus delayed dressing removal after primary closure
of clean and clean-contaminated surgical wounds. Cochrane Database Syst Rev. 2013(9):CD010259. (Meta-
analysis; 4 randomized controlled trials, 280 patients) DOI: 10.1002/14651858.CD010259.pub3

104. Goldberg HM, Rosenthal SA, Nemetz JC. Effect of washing closed head and neck wounds on wound healing
and infection. Am J Surg. 1981,141(3):358-359. (Randomized controlled trial; 200 patients)

105. Hall S. A review of the effect of tap water versus normal saline on infection rates in acute traumatic wounds. J
Wound Care. 2007;16(1):38-41. (Review)

106. Toon CD, Sinha S, Davidson BR, et al. Early versus delayed post-operative bathing or showering to prevent
wound complications. Cochrane Database Syst Rev. 2013(10):CD010075. (Meta-analysis; 1 trial, 857 pa-
tients)

107. Ship AG, Weiss PR. Pigmentation after dermabrasion: an avoidable complication. Plast Reconstr Surg.
1985,75(4):528-532. (Retrospective study; 67 patients)

108. Ardeshirpour F, Shaye DA, Hilger PA. Improving posttraumatic facial scars. Otolaryngol Clin North Am.
2013,;46(5):867-881. (Review)

109. Brown DJ, Jaffe JE, Henson JK. Advanced laceration management. Emerg Med Clin North Am.
2007;25(1):83-99. (Review)

110. Badeau A, Lahham S, Osborn M. Management of complex facial lacerations in the emergency department.
Clin Pract Cases Emerg Med. 2017;1(3):162-165. (Case report; 1 patient)

111. Alani A. Survey of facial laceration closure in the ED: physicians’ and nurses’ choice of closure method. Am J
Emerg Med. 2009;27(9):1159-1160. (Survey study)

112.*Sabatino F, Moskovitz JB. Facial wound management. Emerg Med Clin North Am. 2013,31(2):529-538. (Review)
DOI: 10.1016/j.emc.2013.01.005

113. Mattick A, Clegg G, Beattie T, et al. A randomised, controlled trial comparing a tissue adhesive (2-octylcya-
noacrylate) with adhesive strips (Steristrips) for paediatric laceration repair. Emerg Med J. 2002;19(5):405-407.
(Randomized controlled trial; 60 patients)

114. Coates WC. Face and scalp lacerations. In: Tintinalli JE, Ma OJ, Yealy DM, et al, eds. Tintinalli’s Emergency
Medicine: A Comprehensive Study Guide, 9th ed. McGraw-Hill Education; 2020. (Textbook chapter)

115. Mark DG, Granquist EJ. Are prophylactic oral antibiotics indicated for the treatment of intraoral wounds?
Ann Emerg Med. 2008;52(4):368-372. (Review)

116. Karounis H, Gouin S, Eisman H, et al. A randomized, controlled trial comparing long-term cosmetic out-
comes of traumatic pediatric lacerations repaired with absorbable plain gut versus nonabsorbable nylon
sutures. Acad Emerg Med. 2004;11(7):730-735. (Randomized controlled trial; 95 patients)

117. Tejani C, Sivitz AB, Rosen MD, et al. A comparison of cosmetic outcomes of lacerations on the extremities
and trunk using absorbable versus nonabsorbable sutures. Acad Emerg Med. 2014,21(6):637-643. (Random-
ized controlled trial; 73 patients)

118. Luck R, Tredway T, Gerard J, et al. Comparison of cosmetic outcomes of absorbable versus nonabsorbable
sutures in pediatric facial lacerations. Pediatr Emerg Care. 2013;29(6):691-695. (Randomized controlled trial;

DECEMBER 2021 ¢ www.ebmedicine.net 36 ©2021 EB MEDICINE


https://doi.org/10.1002/14651858.cd010259.pub3
https://doi.org/10.1016/j.emc.2013.01.005

98 patients)

119. Shetty PC, Dicksheet S, Scalea TM. Emergency department repair of hand lacerations using absorbable vicryl
sutures. J Emerg Med. 1997,15(5):673-674. (Retrospective study; 102 patients)

120. Tolins ML, Hippe DS, Morse SC, et al. Wound care follow-up from the emergency department using a mobile
application: a pilot study. J Emerg Med. 2019;57(5):629-636. (Pilot study; 100 patients)

B CME Questions

Current subscribers receive CME credit absolutely free by completing the following
test. This report includes 4 AMA PRA Category 1 Credits™. To receive your free CME
credits for this report, visit www.ebmedicine.net/EX1221

1. Which of the following factors does NOT contribute to impaired wound
healing?
A. Diabetes
B. Obesity
C. Location of the wound in an area other than the head or neck
D. Hypertension

2. Which of the following statements regarding wounds with a possible re-

tained foreign body is CORRECT?

A. Radiographs can be used to rule out any type of foreign body.

B. Ultrasound can be a useful adjunct for detection of nonradiopaque foreign
bodies.

C. Radiographs will always detect a foreign body that is made of wood or
plastic.

D. If there is no palpable foreign body after irrigation, a retained foreign
body can be ruled out.

3. Which of the following fluids has been shown to be as effective as normal
saline for wound irrigation?
A. Chlorhexidine
B. 1% povidone-iodine solution
C. Tap water
D. Hydrogen peroxide

4. Which of the following suture techniques is likely to result in the best cos-
metic outcome?
A. Simple interrupted suture
B. Corner stitch
C. Vertical mattress suture
D. Running subcuticular suture
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5. Which of the following patients should receive prophylactic antibiotics?
A. A patient with diabetes who has a bite wound to the hand.
B. A patient who has superficial intraoral lacerations.
C. A patient who has a deep scalp laceration that has been well irrigated and
repaired.
D. A patient who has a laceration above the elbow with no joint involvement.

6. Which of the following lacerations would NOT require specialist consulta-
tion?
A. Eyelid laceration accompanied by ptosis
B. Cheek laceration with arterial bleeding
C. Oral mucosal laceration measuring 2 cm in length
D. Laceration involving the medial canthus

7. Which of the following statements regarding facial lacerations is CORRECT?
A. Facial lacerations with orientation perpendicular to skin tension lines result
in the best cosmetic outcome.
B. The largest possible suture that can withstand the wound tension should
be utilized when repairing a facial laceration.
C. Facial muscle paralysis may indicate injury to the parotid duct.
D. Any deep lip lacerations require repair to the orbicularis oculi muscle.
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B Answer Key

1. Answer: D. Higher rates of infection are associated with age, diabetes, larger
wound size, contamination with foreign material, and location of the wound
in an area other than the head or neck. Other conditions that impair wound
healing include renal failure, obesity, malnutrition, and immunocompromised
status. See the Emergency Department Evaluation — History section for
more information.

2. Answer: B. If there is concern for a radiopaque foreign body, plain films are
indicated. Ultrasound is useful in detecting nonradiopaque foreign bodies;
radiolucent objects such as wood, plastic, and cactus spines are detectable
with ultrasound. ? However, ultrasound is operator dependent and cannot
be relied on to rule out a foreign body.?? If indicated, magnetic resonance
imaging or computed tomography may aid in the diagnosis of a retained
foreign body or other injuries. See the Diagnostic Studies — Imaging Studies
section for more information.

3. Answer: C. Normal saline is most commonly used to irrigate wounds, but
multiple studies have shown that irrigation with tap water has a similar rate of
infection and is more cost effective. See the Treatment — Wound Irrigation
section for more information.

4. Answer: D. The running subcuticular suture uses horizontal bites through the
dermis, eliminating bite marks through the skin and achieving optimal wound
approximation. See the Treatment — Sutures — Suture Techniques section for
more information.

5. Answer: A. Prophylactic antibiotics are not recommended for routine use in
wound care but do have a role in some circumstances, such as the presence
of infection-potentiating factors or in patients with predisposition to infection.
Antibiotic prophylaxis is recommended for human bites, cat bites, deep dog
bites, bite wounds on the hand, open fractures, and wounds with exposed
joints or tendons, as well as for wound closure on a lymphedematous area.
See the Treatment — Prophylactic Antibiotics section for more information.

6. Answer: C. There are many laceration characteristics that should prompt
specialist consultation from the ED; however, lacerations of the oral mucosa
can be repaired primarily by an emergency clinician. Lacerations that involve
the lacrimal duct, parotid duct, lid margin, tarsal plate, or facial nerve are
among the indications for consultation. See the Special Circumstances —
Specialist Consultation section for more information.
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7. Answer: C. Facial muscle paralysis indicates injury to the facial nerve, and
also raises concern for injury to other nearby structures such as the parotid

duct. See the Special Circumstances — Facial Lacerations section for more
information.
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Points

e The "golden period” for safe laceration repair is
variable and dependent on wound site, length,
pre-existing conditions, and degree of wound
contamination.

e rrigation at a pressure of 13 psi is effective for
cleansing noncontaminated wounds and reduc-
ing infection without causing tissue trauma; this
can be achieved using a 12-mL syringe and a
22-gauge needle.

e LETis effective at obtaining anesthesia for super-
ficial laceration repair, but must be used with cau-
tion in areas of potential vascular compromise.

e Asingle-injection volar digital nerve block
achieves a similar level of anesthesia as the dorsal
2-injection technique. (See Figure 2.)

e Absorbable sutures are noninferior to nonabsorb-
able sutures for patient satisfaction and cosmetic
outcome.

e The continuous running suture technique is best
used on long, linear lacerations; it should not be
used for wounds under tension and is contraindi-
cation if there is risk for hematoma formation.

e The running subcuticular suture is a complex
wound closure technique, but it gives optimal
wound approximation and avoids the bite marks
made by percutaneous sutures.

e Mattress sutures are best used in areas that are
under tension. Vertical mattress sutures are use-
ful in thin or lax skin, while horizontal mattress
sutures are useful for closing wounds with poor
circulation at the wound edges.

e The corner stitch (a half-buried mattress suture) is
ideal for repair of stellate or X-shaped lacerations.

e Tissue adhesives provide satisfactory cosmetic
results but are best used on low-tension wounds
with linear edges.

® The hair apposition technique is a fast and cost-
effective method for closing simple, uncontami-
nated scalp lacerations.

e Prophylactic antibiotics are not recommended
for routine use in wound care. However, patients
should receive prophylactic antibiotics if they
are at high risk for infection (eg, diabetes, renal
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Ultrasound is useful for detecting radiolucent
foreign bodies; however, ultrasound is opera-
tor dependent and cannot be conclusively
relied upon to rule out foreign bodies.

Irrigating wounds with tap water is cost effec-
tive and is not associated with higher rates of
infection than irrigation with NS.

Studies have shown no significant difference
in infection rates with the use of sterile versus
nonsterile gloves.

Early application of topical anesthetic at triage
may aid in offsetting the disadvantage of the
slow rate of onset.

When treating an elderly patient or a patient
who has thin skin, it may be helpful to first
place adhesive tape perpendicular to the
wound, then suture through the tape; the tape
helps hold the sutures in place and prevents
them from shearing through the skin.

failure, or immunocompromised status), or if the
mechanism of injury confers a high risk for infec-
tion (eg, human bite, open fracture).

“No-needle” alternatives such as a combination
of tissue adhesive and adhesive strips can be
preferable to suturing for facial lacerations.

Superficial eyelid lacerations can be repaired in
the ED, but specialist consultation is needed if
there is involvement of underlying layers or struc-
tures, or if the injury is accompanied by ptosis.

Small intraoral lacerations do not necessarily
require repair, but do require proper irrigation
and inspection for foreign bodies such as tooth
fragments and food particles

Repair of a lip laceration that violates the vermil-
lion border requires precision to ensure that both
function and cosmesis are preserved.

Injury to deep structures in the cheek such as
the facial nerve or parotid duct should prompt
specialist consultation.
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