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Abstract
Background As millions of emergency department (ED)
visits each year include wound care, emergency care
providers must remain experts in acute wound management.
The variety of acute wounds presenting to the ED challenge

the physician to select the most appropriate management to
facilitate healing. A complete wound history along with
anatomic and specific medical considerations for each patient
provides the basis of decision making for wound manage-
ment. It is essential to apply an evidence‐based approach and
consider each wound individually in order to create the
optimal conditions for wound healing.
Aims A comprehensive evidence‐based approach to acute
wound management is an essential skill set for any
emergency physician or acute care practitioner. This review
provides an overview of current evidence and addresses
frequent pitfalls.
Methods A systematic review of the literature for acute
wound management was performed.
Results A structured MEDLINE search was performed
regarding acute wound management including established
wound care guidelines. The data obtained provided the
framework for evidence‐based recommendations and cur-
rent best practices for wound care.
Conclusion Acute wound management varies based on the
wound location and characteristics. No single approach can be
applied to all wounds; however, a systematic approach to
acute wound care integrated with current best practices
provides the framework for exceptional wound management.
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Introduction

The emergency department (ED) is frequently the present-
ing location for acute wounds, which is appropriate given
its convenience, resources, and expertise. Acute wounds are
often precipitated by trauma, such as burns, lacerations, or
abrasions [1]. As the historical and clinical features
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surrounding the cutaneous injury process differ, wounds
must be evaluated and treated individually.

Without proper cleansing and wound care, these acute
wounds can lead to complications, such as poor healing and
infection. Optimizing wound healing through proper acute
wound management involves removal of harmful debris/
necrotic tissue, exploration for underlying injuries, control
of bacterial burden and appropriate closure. A comprehen-
sive evidence-based approach to acute wound management
is an essential skill-set for any ED physician or acute care
practitioner.

Discussion

Definitions

Primary closure, also known as healing by first intention,
represents closure of a wound at the time of initial
presentation. Wound edges are approximated with suture,
adhesives, staples, or strips after appropriate wound
management techniques are applied.

Delayed primary closure represents a delay in wound
closure for approximately 3–5 days. This is ideal for
delayed presentations or for wound infection concerns. If
there are no signs of infection and the wound margins
appear healthy, removal of devitalized tissue and subse-
quent primary closure is appropriate.

Healing by secondary intention represents those wounds
that are allowed to heal through contraction—a natural,
unaided physiologic property. While appropriate wound
management practices are involved, no attempt is made to
aid wound closure.

Epidemiology

In 2006, 11 million traumatic wounds were managed through
the ED in the US [1]. Young adult males account for the
majority of lacerations with 35% in the upper extremities and
nearly 50% in the head and neck region (Table 1) [1, 2]. Of
those presenting to the ED with acute wounds, primary
concerns relate to cosmesis, minimizing the pain of repair,
preventing infection, and restoring normal function [3].

Anatomy/physiology

The epidermis, dermis, subcutaneous tissues, and fascia are
the layers most frequently involved with acute lacerations. In
normal tissue, the epidermis provides the barrier protecting
the integumentary system. With simple laceration repair, the
epidermis and dermis are closed as one layer—with the
dermal closure accounting for the strength. The subcutaneous
(adipose) layer contains neurovascular structures, but pro-
vides little support to the closure. Assessment for associated
tendon, vascular, and facial involvement is essential, as these
wounds typically require more complex evaluation, consulta-
tion, and repair by the appropriate specialist.

Normal acute wounds usually progress through an
orderly sequential trajectory of hemostasis, proliferation,
maturation, and remodeling [4]. After initial injury to the
dermal tissue, hemostasis is established by platelet
aggregation, fibrin clot formation, and the subsequent
coagulation pathways. Local migration of neutrophils and
macrophages initiates an acute inflammatory response to
help prevent microbial overgrowth as well as initiate
wound healing. During the proliferative phase, deficien-
cies in soft tissue are replaced with healthy new granula-
tion tissue and matrix material. As healing progresses, the
majority of type III collagen formed by fibroblasts is
converted to type I collagen to enhance soft tissue strength
and integrity [5].

To ensure the normal physiology of healing, wounds
must have sufficient blood supply. Inflammation, infection,
or residual debris may delay or prevent adequate healing.
As healing occurs, wound tensile strength will approach
20% at 3 weeks and 60% by 4 months [4].

Acute assessment

As with all emergency presentations, patient resuscitation
and stabilization are of paramount importance. Aside from
those requiring immediate intervention due to significant
hemorrhage, most wounds are evaluated during the
secondary assessment. Wound irrigation and exploration
in a well-lighted area may help identify the site of
bleeding, allow for immediate intervention, and identify
any emergency surgical concerns. In addition to volume
loss from hemorrhage, wounds involving more than 10%
of the body surface area are associated with loss of excess
extracellular fluid, may become life-threatening, and often
need inpatient management [6].

The primary goals for wound care are to attain a
functional closure, decrease potential risk for infection,
and minimize scar formation [6]. As such, a complete
patient history is needed to determine the outcome risks for
all wounds, including risks for and type of potential
contamination, activity at time of injury, functional

Table 1 Type and frequency of wounds per ED admissions [1]

Burns 0.4%

Open wounds, unspecified 5.2%

Other injuries 1.4%

Superficial injury 1.2%

Surgical and medical complications 0.4%

Trauma complications and unspecified injuries 1.6%

Total wound care (% of ED admissions) 10.2%
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changes, and any comorbid illnesses that may prevent or
decrease normal healing. Injury to and through the
epidermis can allow for bacterial migration and subsequent
inflammation and infection if not appropriately managed.
Associated risk factors for infection are increased age,
diabetes, increased laceration width, wound contamination,
or the presence of a foreign body [2]. In addition, tetanus,
medication and allergy history should be obtained prior to
initiation of wound management.

The time from injury to acute wound management is an
essential consideration for appropriate wound closure.
Studies by Berk, Chisholm, and Lammers have provided a
framework for a well-defined closure period [7–9]. In
general, 6-10 h is an appropriate time period for extremity
laceration repair, with 10-12 h for the more vascular face
and scalp. However, these time suggestions require inte-
gration with clinical judgment and infection potential.

Wound debris can act as both an infectious nidus and
toxic contaminant [10]. Wounds in which soil or dirt are
embedded are considered contaminated at the time of injury
and may need to be left open if adequate debridement is
uncertain, or may require a more aggressive operative
washout. A deeply contaminated wound that is not
completely clean has an increased risk of developing an
anaerobic infection if closed [6].

The physical examination of a wound requires assess-
ment of location, length, width, depth, type of tissue in the
wound bed, neurovascular and functional status of
surrounding structures, and associated contaminants. If
neurovascular compromise is present or if deep structures
such as tendons, muscles, or bones are involved, specialty
consultation may be warranted. It is imperative to assess
all wounds through a full range of motion, paying
particular attention to the position at the time of injury.
For those delayed presentations, infection is expected in
cases of secondary abscess, purulent drainage, or if the
skin has a dimpled appearance >1 cm beyond the wound
edge. Wounds that appear dry, gangrenous, or have
demarcated gangrene are non-healable due to ischemia
and other secondary factors.

Managing wound pain

Proper wound evaluation and cleansing can be a painful
process that may cause less physical and emotional damage
if anesthetics are used. Current options include topical,
local injection, and regional anesthetics. The American
Academy of Pediatrics recommends the use of topical
anesthestics, such as LET (4% lidocaine, 0.1% epinephrine,
0.5% tetracaine), for simple lacerations of the head, neck,
and extremities, or trunk <5 cm in length [11]. Systemic
toxicity can occur through excessive absorption of topical
anesthetics; however, this can be minimized by avoiding

mucosal membranes and large open wounds [12]. Additional
studies have shown the gel formulation can provide better
area containment and improved anesthesia [13]. Assessment
of the wound prior to the onset of repair is essential since
topical preparations may not anesthetize the most distal areas
involved in repair. Contamination of the skin may affect
absorption and efficacy, especially if the contaminant
interacts with the drug [14].

While there are numerous commercially available topical
anesthetic agents, most of these require 10 to 30 min to
become effective. The combination of lidocaine/prilocaine
may have a delayed onset of 1 to 2 h [15]. If a more rapid
anesthetic response is needed, injectable lidocaine (1%),
bupivicaine (0.25%), or procaine (1%) is commonly used.
While these drugs remain the mainstay of anesthesia for
cutaneous repair, the associated pain on injection remains a
major drawback. Numerous studies have shown that buffering
the lidocaine solution (1 ml of sodium bicarbonate to 9 ml of
lidocaine), warming the solution to body temperature, and
injecting slowly through a 27–30 gauge needle will decrease
the pain on injection [16, 17]. Bicarbonate increases the
spread of the anesthetic and shortens the time to onset.
Anesthetic should be injected through non-contaminated
wound margins. Bupivicaine provides duration of action of
4–8 h compared to the 1–2 h when using lidocaine. If
epinephrine is added, the duration of action is prolonged, but
this should only be used in areas with adequate vascular
supply. Epinephrine should be avoided when injecting
directly into areas prone to ischemia due to variable blood
supply, such as fingers, toes, the distal nose tip, pinna, and
penis.

Application of a regional nerve block may have
preferential benefits in areas where injection of local
anesthesia is limited by anatomic considerations, concern
for distortion of the tissues being closed, or benefit of
proximal blockade to maximize site anesthesia when the
distribution is appropriate. Utilization of a 25- to 27-gauge
needle is preferred. Neurovascular assessment prior to the
onset of the block is essential. The dose of each drug is
limited, and epinephrine is included in the injection when
higher doses are needed (Table 2).

Table 2 Dose limitation of locally injected anesthetics

Drug Maximum dose

Bupivacaine 0.25% (2.5 mg/ml) 2 mg/kg

Bupivacaine 0.25% with epinephrine 3 mg/kg

Lidocaine 1% (10 mg/ml) 4.5 mg/kg

Lidocaine 1%with epinephrine 7 mg/kg

Procaine 1% (10 mg/ml) 7 mg/kg

Procaine 1% with epinephrine 9 mg/kg
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Allergy to local anesthesia may occur and represents a
combination of immediate and delayed hypersensitivity
reactions [18]. Although topical anesthetics are not typically
associated with allergy, contact dermatitis and irritation have
been reported. While rare, cases of seizure and sudden
cardiac arrest have been reported after the use of TAC
(tetracaine, epinephrine, and cocaine) solutions on or near
mucous membranes [19, 20]. The most likely causes of
allergic reactions are either the preservatives or the ester type
of anesthetic agents. Bupivicaine, lidocaine, and prilocaine
are classified as amides, whereas benzocaine, cocaine,
procaine, and tetracaine are classified as esters [18]. Cross-
reactivity is not seen between esters and amides, making
allergy history essential before anesthesia is provided.

Cleansing techniques

Proper wound preparation improves healing and outcomes
[21]. While evidence-based recommendations for wound
care exist, many practitioners continue to treat wounds
based on personal preference—some employing unneces-
sary or possibly detrimental techniques [21]. Acute wound
cleansing incorporates three different techniques: com-
presses, irrigation, and soaking (Table 3). The technique
used and degree of cleansing depend on the type of injury,
environmental considerations, and condition of the wound
on presentation.

Compresses

Cleansing with compresses is done by gently pressing
moist gauze on the wound to remove gross surface debris,
while also improving wound moisture balance [21]. For
wounds presenting with dry, imbedded debris or with
desiccated tissue, brief soaking will hydrate the wound,

soften the underlying tissue, and enhance the irrigation
process [22].

Pressure irrigation

Wound irrigation is arguably the most important step for
optimizing wound healing as long as there is sufficient
pressure and volume. Irrigation pressure recommendations
that are often cited in the literature come mostly from
studies in chronic wounds (such as pressure ulcers). Many
studies either failed to describe how pressure was measured
or identify the actual realized pressure on the tissues.
Within the realm of acute wound management, the term
‘high pressure’ irrigation is frequently used to describe the
best practice for wound irrigation. However, it is important
to understand that this term reflects a wide range of
pressures and a paucity of well-supported literature as to
the deliverable irrigant pressure.

Classically, equipment used for irrigation has included
bulb syringes, syringes with an attached needle or catheter,
intravenous or irrigation fluid in plastic containers with a
pour cap or nozzle, and pressure canisters. Puncturing
containers of irrigation fluid and manually squeezing are
inadequate for pressure irrigation [23]. Studies have shown
that when using a syringe with an attached 19-gauge
needle, pressures range from 11 to 31 psi—however, only
8 psi may reach the wound [23, 24]. Current medical
devices have been designed to provide a more consistent
and measurable application of wound irrigation pressure.
Clinicians currently believe that these advances may
provide a better approach to wound cleansing [25].

There is some evidence that very high pressure irrigation
may actually increase infection rates due to further tissue
damage. This is particularly evident in highly vascularized
wounds, such as the face and scalp [2]. A study by

Table 3 Methods of wound cleansing

Cleansing method Description Purpose Potential risks

Compress Gently pressing excess moisture from a
moistened gauze/cloth applied to the
wound and removing after wound contact
to remove surface debris. The cycle can
then be repeated

Astringent action
(coagulate protein) to
remove surface debris
from the wound

• The compress can stick to the wound
surface or there may be local pain from
application or removal

• Faulty technique can introduce infection

Irrigation Steady flow of solution across
wound surface

Hydrate the wound • More trauma if pressure too high

Remove deeper debris • Splash back

Assist with visual exam • High pressure may drive bacteria into
deeper compartments

Soaking Immersion of wound in solution applying
an over-hydrated cloth or gauze to the
wound surface (no removal of excess
moisture prior to application)

Hydrate the wound • Disruption of moisture balance

Allow for physical
removal of debris

• Maceration of surrounding skin

• Impaired healing with introduction
of bacteria from immersion fluid
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Chisholm found no difference in infection rates of
lacerations that required closures when irrigation was done
using a pressure canister compared to a syringe/needle
irrigation (5.0% vs. 3.6%; P=0.05) [26]. Longmire found
that high pressures of 13 psi, generated by using a needle
and syringe, were effective in reducing inflammation and
infection when compared to irrigation using a bulb
syringe associated with lower pressures [24]. Pressures
of 8–12 psi in the wound are believed to overcome the
adhesive forces of the introduced bacterium [24, 26].
However, both of these studies were limited by the
inability to measure consistent pressures across the tissue
beds being irrigated.

Irrigation volume

Irrigation volumes of 50 to 100 ml per cm of laceration
length have been reported [9, 26]. The volume of irrigation
should be adjusted to the wound characteristics and degree
of contamination. All wound surfaces should be irrigated
and may require pulling open the wound edges and flaps
for exposure [9]. Repeat irrigation has been recommended
after any re-examination of the wound [27].

Irrigation solution

Decontamination, including brushing off any dry chemicals
prior to copious irrigation, is an essential part of the initial
wound management. It is important to consider toxicolog-
ical exposure as it relates to wound irrigation. Antiseptic
solutions, such as povidone-iodine, chlorhexidine, and
hydrogen peroxide, are toxic to tissues and may impede
acute wound healing [25]. The current literature supports no
difference in ED wound infection rates when using potable
tap water versus saline in adult and pediatric populations
[28]. Further, studies comparing saline irrigation with
diluted 1% povidone-iodine have shown no difference in
infection rates [26, 29, 30]. A study of chemical burns (N=
24) recommended copious amounts of potable tap water or
saline for irrigation and decontamination [31].

Debridement

Debridement may be necessary to remove any devitalized
tissue or to facilitate improved wound closure. In general,
devitalized tissue is removed using a sharp/surgical debride-
ment using a scalpel or scissors [32]. In addition, surgical
debridement produces perpendicular (rather than beveled)
wound edges. On occasion, sharp surgical wound debride-
ment in the operating room may be required [32].

Acute wounds without intrinsic, extrinsic, or mechanical
damage may be debrided and closed immediately. Wounds
that are left to heal by secondary intention will need follow-

up for wound assessment and possible secondary debride-
ment to ensure proper healing.

Antibiotics/tetanus

Current CDC guidelines recommend a tetanus vaccine for
wound management based on vaccination history and
wound severity. All patients with an unknown vaccination
history or who have received fewer than three doses should
receive a tetanus diphtheria vaccine (Td). Inadequately
vaccinated patients with anything other than a clean, minor
wound should also receive tetanus immune globulin (TIG).
Patients who have received three or more tetanus vaccines
prior to the injury only need Td vaccination if their
previous dose was more than 10 years ago for clean, minor
wounds or 5 years for other wounds (Table 4) [33].

The need for antibiotic therapy should be based on the
wound characteristics as well as the closure method.
Wounds that are more likely to become infected include
bites of the hand or face, deep puncture wounds, and
lacerations to lymphedematous tissue as well as those
presenting with pus or contaminated with saliva, feces, or
vaginal secretions [34]. Patients who are immunocompro-
mised, with prosthetic joints, at risk for endocarditis, or
receiving corticosteroid therapy should be considered for
antibiotic therapy [34, 35]. Although 6 h is considered the
“golden” time between injury and risk for infection, 3 h is a
more conservative recommendation for deciding to start
antibiotic therapy when appropriate[36].

A controlled study by Ichikawa found baseline wound
infection rates that varied by degree of contamination:
2.6% in clean-contaminated, 5.8% in contaminated, and
20.8% in dirty wounds [37]. In a study of 1,142 acute
wounds, Lammers found an overall infection rate of 7.2%,
although rates vary based on location [9]. Scalp wounds
had an infection rate of 1.7%, whereas thigh and leg
wounds were as high as 23% (Table 5). The most predictive
factors for wound infection were wound location, wound
age, depth, configuration, contamination, and patient age
[9]. Infection rates also correlate well to physician
perception of risk [9]. Antibiotic selection should be based

Table 4 Tetanus wound management [33]

Clean, minor wounds All other wounds

Vaccination history Td TIG Td TIG

Unknown or <3 doses Yes No Yes Yes

≥3 doses No* No No** No

Td, tetanus diphtheria; TIG, tetanus immune globulin

*Yes, if >10 years since last dose

**Yes, if >5 years since last dose
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on local patterns of resistance and microbial risks based on
type of injury.

Closure considerations

Primary wound closure incorporates suture, tissue adhe-
sive, staples, and strips individually or in conjunction
with each other. Sutures remain the most common closure
technique, supported by years of refinement and safety.
Low to medium tension wounds are closed by percuta-
neous sutures using a low reactive material including
monofilament sutures such as nylon or polypropylene.
Surgical strips, only appropriate for wounds with low
tension, have low reactivity and are frequently used in
conjunction with another closure method. Wounds that
are either stapled or glued appear to have similar
outcomes, but glues are less painful and placed more
quickly [38]. Tissue adhesives are associated with signif-
icantly more dehiscence than sutures and are most
appropriate for non-mucosal facial wounds and low-
tension extremity wounds [38]. Complex wounds need to
be closed in two layers using absorbable sutures such as
polydioxanone (PDS), polyglycolic acid (Dexon-Plus), or
polyglactin 910 (Vicryl).

Staples are faster to place and less expensive than
sutures. When wounds are appropriately prepared and the
site is correctly selected, staples tend to have lower wound
infection rates and fewer complications [39]. If used on the
scalp, staples are not associated with any greater scar
formation than sutures. However, if left in place too long,
staples may result in greater scar formation [39]. Staples are
commonly used on the scalp, trunk, and extremities—areas
less prone to cosmetic considerations.

Healing heavily contaminated wounds

Wounds that are heavily contaminated may need delayed
primary closure to minimize the risk of infection. These

wounds are cleaned, debrided, and dressed with a moist
dressing, then covered to prevent further contamination.
The moist dressing is typically changed daily and the
wound reassessed after 3 to 4 days. If no signs of infection
are present upon re-examination, secondary closure can be
performed. Extremely dirty wounds may benefit from daily
cleansing and dressing changes for the first 3 to 5 days
prior to closure.

In circumstances where secondary closure cannot be
performed, healing by secondary intent is generally used.
No attempt for aided wound closure is provided.

Aftercare

There are several factors that directly impact wound
outcome. A moist wound healing environment has been
shown to help prevent cell dehydration and death,
promote angiogenesis, and improve phagocytosis and
growth factor elaboration. Moisture also improves the
rate of re-epithelialization, reduces pain, and improves
the cosmetic outcome [40]. It is essential that appropriate
wound dressing, patient education related to wound care,
appropriate environmental considerations, and clinical
follow-up are discussed. In general, referral to the
patient’s primary care physician or outpatient clinic will
be necessary for evaluation of the healing process or
follow-up depending on the closure technique.

Current literature, mainly from plastic surgery and
dermatology, recommends the use of sunblock products
on a new wound for 3–6 months after epithelialization
(which is typically completed within 48–72 h). This should
be reiterated to the patient during any wound check visits,
but especially during suture or staple removal [41]. The
choice of dressing applied to a wound directly impacts both
wound healing and scarring. This is accomplished with
application of dressings that provide a warm, moist
environment. While the value of topical antibiotics is
debated, aside from possible contact dermatitis, its applica-
tion may create the appropriate conditions needed for
epithelialization.

Pitfalls

& Not providing adequate wound care information to the
patients

& Not advocating for the patient to maintain a moist
wound environment

& Not using universal precautions when irrigating, cleans-
ing, or closing wounds

& Irrigating clean wounds unnecessarily and excessively
in highly vascularized locations

& Not considering the wound characteristics and circum-
stances when determining the best closure approach

Table 5 Wound location and infection rates [9]

Location Infection rate (n)

Arm/forearm 15.3% (157)

Back 8.3% (12)

Chest/abdomen 11.8% (17)

Ear/nose 3.6% (28)

Face 3.9% (383)

Foot/toe 12.5% (21)

Hand/finger 5.7% (192)

Scalp 1.7% (233)

Thigh/leg 23.0% (87)

Adapted with permission from Elsevier Ltd
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Acute care of chronic wounds

Chronic wounds, including diabetic foot ulcers, venous leg
ulcers, and pressure ulcers, are complex and often present
to the ED. The wound bed preparation (WBP) model is
used to systematically manage chronic wounds and opti-
mize achievable patient outcomes (Fig. 1) [42–44]. The
three important components of local chronic wound care
are represented by the letters DIM: debridement, infection
and inflammation control, and moisture balance. Advanced
active therapies are used to stimulate the non-advancing
edge or promote healing of the stalled wound by other
mechanisms.

In order to treat a diabetic foot ulcer, it is important to
consider the VIPS: assess vascular supply; treat infections;
redistribute plantar pressure with shoes, orthotics or special
devices; use sharp surgical debridement if the wound is
healable.

Patients with venous leg ulcers require bandaging to heal
and stockings to maintain circulation. An ankle brachial
pressure index greater than 0.8 requires high-compression
bandaging, whereas patients with values between 0.6 and
0.8 can be bandaged with modified compression. Patients

with pressure ulcers need pressure reduction through
assessment of beds, mattresses, and seating. In addition to
pressure, other issues need to be addressed including excess
moisture (urinary and fecal incontinence), nutrition, mobil-
ity, and friction and shear.

Additional wound considerations

The non-healable wound has either inadequate vascula-
ture or a coexisting factor that prohibits the healing
process. In general, immunosuppressive therapy, tissue
ischemia, poor wound repair, and other wound charac-
teristics (Table 6) can all present risk factors for poor
wound outcomes [45]. Treatment of wounds with inade-
quate vascular supply or certain coexisting medical
conditions heal by secondary intention and require long-
term maintenance.

Wound depth is a factor that affects the rate of healing.
Superficial wounds in otherwise healthy people, involving
only the epidermis and papillary dermis, are expected to
heal within 10 days with appropriate treatment and no
complications [21, 44]. Partial thickness wounds, such as a
skin graft donor site, normally take up to 21 days to heal [8,
21, 43]. Full thickness wounds undergo two stages of
healing. Primary healing of the deep tissue within 7 days
post-injury allows for secondary healing through
re-epithelialization and contraction.

Conclusion

The variety of acute wounds presenting to the ED
challenges the physician to select the most appropriate
management to facilitate healing. A complete wound
history along with knowledge of the healing potential of
the wound, as it relates to the specific medical and
environmental considerations for each patient, provides
the basis of decision making for wound management. It is
essential to consider each wound individually in order to
create the optimal conditions for wound healing.

Fig. 1 Wound bed preparation and DIM-E model [42–44]

Table 6 Risk factors for poor wound repair outcome [45]

Immunosuppression Tissue ischemia Poor wound repair Wound factors

• Chemotherapeutic agents • Anemia • Connective tissue disorders • Contamination

• Chronic renal failure • Peripheral vascular disease • Elderly • Crush injuries

• Congenital immunodeficiencies • Vasculitis • Malnourished • Foreign bodies

• Diabetes • Location

• Hematologic malignancies • Tissue loss

• Steroids

Adapted from Tintinalli’s Emergency Medicine. Reprinted with permission from The McGraw-Hill Companies, Inc
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