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Evaluation and Management  
of Traumatic Wounds

Traumatic wounds are a common cause of ED visits and are often managed 
exclusively by the emergency medicine provider. Most of these patients are evaluated, 
appropriately treated, and discharged with satisfactory outcomes. Although outcomes 
are similar, there are no specific preferred treatments for traumatic wound injuries, 
and this requires the emergency provider to develop comprehensive efficacy strategies 
on how to approach these common injuries. Wound closure materials, techniques, and 
management strategies vary widely, with both the preferences of the physician and 
the patient influencing the final decisions.

— Ann M. Dietrich, MD, Editor

The general approach to wound management in the ED is as follows: stop 
the bleeding, prevent infection, and maximize both functional and cosmetic 
outcomes. The most appropriate way to accomplish these tasks is still up for 
debate. Methods of wound irrigation, pain control, sedation, and even the 
timing of wound closure are topics that are not clearly defined in the medical 
literature. For some topics, such as antibiotic use, the medical literature and 
emergency department common practice are often at odds, making the topic 
confusing for practitioners.

This article reviews specific methods and approaches to traumatic wound 
repair. The goal is an evidence-based practical guide for emergency medicine 
clinicians, which may serve as a basis for simple practice adjustments or for 
implementation of entirely new techniques in a clinician’s acute wound care 
management.

Introduction
Traumatic wounds are a major cause of emergency department visits in the 

United States. Between 1992 and 2002, there were more than 90 million lac-
erations treated in U.S. emergency departments.1 The ultimate goals of therapy, 
in relative order of importance, include prevention of infection, maintenance of 
function, optimal cosmetics, and reduction in periprocedural discomfort. These 
goals are accomplished with appropriate planning, preparation, procedural tech-
nique, and patient education.

Wounds are not only a major source of ED visits each year, they are also a com-
mon source of patient dissatisfaction, complaints, and, not surprisingly, malprac-
tice cases. In one analysis, approximately 20% of malpractice cases were related 
to issues and complications with wound management.2,3 In the majority of these 
cases, the main complaints were missed foreign body, missed tendon injury, or 
missed nerve injury.2 Correct evaluation, technique, and procedural approach to 
emergency wound care are essential in avoiding these and other complications.
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EXECUTIVE SUMMARY
 z The timing of collagen formation and maximum wound 

tensile strength dictates when sutures should be removed, 
generally within 5-10 days depending on location, severity, 
vascularity, and wound tension. Wounds generally reach maxi-
mum tensile strength between 3 and 12 months.

 z The high vascularity of the face and scalp help to reduce the 
risk of infection in these areas, but the relative low vascularity 
of the extremities leads to a higher rate of infection in these 
areas, particularly the hands and feet.

 z Recent evidence has not shown any increase in the risk of 
infection when clean, nonsurgical exam gloves are worn dur-
ing wound repair.

 z Diabetes; crush injuries; large, jagged, or nonlinear wounds; 
distal extremity wounds; and contaminated wounds are all 
associated with a higher incidence of wound infections, poor 
wound healing, and suboptimal cosmetic outcomes.

Wound Anatomy and 
Physiology

There are four layers of tissue that 
require evaluation and possible repair in 
the setting of an acute traumatic wound. 
From superficial to deep, these layers 
are the epidermis, dermis, subcutane-
ous layer, and deep fascia. Each of these 
layers has specific qualities that must be 
addressed during wound repair. 

The epidermis is the key cosmetic 
layer and should be manipulated with 
care. Caution should be used when 
grasping this tissue, and is best achieved 
with gentle use of specific tissue forceps, 
which have sharp, “rat-tooth” jaws that 
minimize crushing of tissue. The dermis 
is the key layer for tensile strength and 
is the layer that suture must penetrate 
and secure for appropriate wound clo-
sure. The subcutaneous tissue contains 
blood vessels and nerves, and as such 
must be handled with care during repair, 
and is a key layer for anesthesia. The 
deep fascia, beneath the subcutaneous 
tissue should be considered for closure 
if violated and may require a surgi-
cal evaluation if there is concern for 
inadequate wound closure, or if there is 
suspicion of injury to critical structures, 
including tendons, nerves, and deeper 
blood vessels. 

A knowledge of the mechanism of 
injury will not only aid the clinician in 
appropriate wound management, but 
will also allow for better counseling of 
the patient in regard to wound heal-
ing and potential complications. Table 
1 shows various types of force, damage 
generated, and general outcome for 
traumatic wounds often encountered in 
the emergency department. 

Once the mechanism of injury has 
been determined, and the extent of 

injury assessed, specific techniques for 
wound closure can be addressed with 
the goal of optimizing healing and func-
tionality. Managing patient expectations 
throughout the assessment and repair, 
and involving the patient in wound care 
decisions with associated patient educa-
tion on the process of wound healing, 
can maximize patient satisfaction and 
prevent unnecessary concern over nor-
mal healing processes.

Wound healing is complex and occurs 
in stages. Immediately post-injury, the 
tissue responds by contracting, the ves-
sels constrict, and coagulation begins, 
leading to hemostasis. In the absence 
of inhibiting or aggravating factors, this 
process lasts approximately 6 hours. The 
inflammatory phase begins at approxi-
mately 6 hours; cytokines and other 
chemical mediators are released, which 
attract lymphocytes, granulocytes, and 
other inflammatory cells to the area. The 
numbers of these cells peak at about 24 
hours. Around this time, macrophages 
begin to migrate to the wound, peak-
ing by day 5. These cells ingest cellular 
debris and also aid in activation of 
fibroblasts and promote collagen for-
mation. Simultaneously, the process of 
re-epithelialization is occurring. This 

process starts as early as 12 hours after 
the injury, and after 24-48 hours the 
re-epithelialized layer is impermeable 
to water. New capillaries, arterioles, and 
lymphatics form or repair during days 
3-7 in a process known as neovascular-
ization, which helps sustain the growing 
tissue by increasing blood flow to the 
wound bed. Fibroblasts, with support 
from macrophages, are already forming 
collagen, with the process accelerated 
by the proliferation of new blood ves-
sels providing oxygen and nutrients to 
the wound bed, with peak synthesis of 
collagen between days 5-7. The wound 
then begins to contract during a process 
called remodeling, which continues for 
several months. This balance between 
growth and contraction creates a time 
period, usually around days 7-10, in 
which the wound is most prone to 
dehiscence.4

Each of these stages can be influ-
enced by the medical professional 
during repair, and then by wound care 
post-repair. The process of epithelializa-
tion can be impeded by factors such as 
bacterial inoculation or infection and 
excessive wound debris, or enhanced by 
factors such as adequate moisture level 
and appropriate wound approximation. 

Type of Force Cause Extent of  
Damage

General  
Outcome

Shearing force Sharp object — 
knife, glass

Little adjacent 
damage

Heals well

Avulsion (tension) Blunt object, acute 
angle

Moderate cell 
disruption causing 
tissue flap

Heals poorly

Compression (crush) Blunt object, right 
angle

Cell destruction Heals poorly, high 
infection risk

Table 1. Types of Traumatic Wounds
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Neovascularization and resultant granu-
lation tissue formation can be disturbed 
by vigorous washing or application of 
high concentration disinfectants. The 
timing of collagen formation and maxi-
mum wound tensile strength dictates 
when sutures should be removed, gen-
erally within 5-10 days depending on 
location, severity, vascularity, and wound 
tension. Wounds generally reach maxi-
mum tensile strength between 3 and 12 
months.4,5

Cosmetic outcomes are naturally 
important to most patients, and all 
patients should be counseled on this 
aspect of wound healing.6 All wounds 
will contract and form scar tissue, 
but utilizing proper suture placement 
techniques can minimize these effects. 
Placing the suture with the needle held 
perpendicular to the skin surface will 
evert the skin and will result in a more 
cosmetically acceptable scar. Contrarily, 
if the needle is held at a shallow angle, 
it will cause tissue inversion and a 
depressed scar, which will be more 
noticeable and have decreased tensile 
strength. 

Skin is an elastic membrane, and its 
appearance and functionality across 
the body relates to static and dynamic 
skin tension due to adherence to the 
underlying tissue, and to the activity 
of muscle and joint movements. This is 
clinically noticeable by the retraction 
of skin edges when a laceration occurs, 
exposing the underlying tissue.7 The 
width of retraction relates to the 
inherent skin tension in the area of the 
wound, and can dynamically change 
if the wound is in a location with sig-
nificant flexion and extension stresses 
such as the elbow. Generally, the more 
marked the amount of retraction, the 
higher the risk for dehiscence and the 
wider the scar after repair. This can be 
addressed during wound repair using 
techniques to reduce overall tension, 
such as vertical or horizontal mattress 
sutures, multilayer repair, or temporary 
splinting. When discussing the issue 
of scar formation, it is also important 
to note whether or not the patient 
has a known tendency to form keloid 
scars, in which case the patient should 
be warned about this possible outcome 
and referred to a plastic surgeon for 
close follow up.7 

Wound Infection
Wound infection causes delayed heal-

ing, decreased tissue scar strength, poor 
cosmetic outcomes, and, not surpris-
ingly, decreased patient satisfaction. 
One of the primary goals of wound 
care is infection prevention. The overall 
incidence of wound infection varies 
depending on what study is cited, but is 
most often reported as 2-3%.6,8 Factors 
leading to increased risk of infection 
include advanced age, poor nutrition, 
obesity, immune compromised states, 
initial bacterial contamination and bur-
den of wound, and diabetes mellitus.6 
Increased time before wound closure, 
usually stated as greater than 8 to 12 
hours, is often cited as a risk for infec-
tion; however, this is not fully supported 
by the evidence presented in several 
recent reviews of the subject.6-8

A bacterial count of greater than 
105 bacteria per gram of tissue is an 
associated risk factor for infection. 
Contaminated wounds greater than 5 
hours old tend to grow more than 105 
bacteria per gram of tissue.7 Locations 
on the body with greater than 105 
bacteria per gram of tissue include the 
mouth, vagina, perineum, axilla, hands, 
feet, and scalp. The high vascularity of 
the face and scalp help to reduce the 
risk of infection in these areas, but the 
relative low vascularity of the extremi-
ties leads to a higher rate of infection in 
these areas, particularly the hands and 
feet. Using epinephrine in these areas 
can lead to decreased blood flow and 
could potentially lead to higher rates 
of infection.4 Patients with wounds to 
the hands and the feet, particularly if 
they have an underlying immunocom-
promised state such as diabetes, should 
be counseled about the increased risk 
of infection and to be vigilant about 
wound surveillance.

Planning the Procedure
As with all procedures that could 

result in exposure to biologically active 
material, universal precautions should 
be followed for protection of both the 
clinician and patient.7 Soap and water 
or an alcohol-based scrub should be 
used to wash and decontaminate the 
hands. Either sterile or non-sterile 
gloves should be used; historically, 
sterile gloves have been the standard 

of care during laceration and wound 
repair. Recent evidence, however, has 
not shown any increase in the risk of 
infection when clean, nonsurgical exam 
gloves are worn during wound repair.9 
Surgical gloves do have the advantage of 
better fit, allowing for greater dexterity, 
but are more expensive. A mask with 
face shield or goggles for eye protec-
tion should also be utilized throughout 
the procedure, particularly when using 
irrigation and when injecting anes-
thetic. Adequate lighting is a necessity 
for optimal visualization of the wound. 
The patient should be placed in as com-
fortable a position as possible for the 
duration of the evaluation, preparation, 
and repair. When possible, the clinician 
should sit down for the procedure, and 
ideally the patient should be lying down 
or in a reclined position.10 

During initial evaluation, counsel the 
patient on what to expect during the 
procedure, and also discuss factors that 
could lead to delayed or poor wound 
healing. Diabetes; crush injuries; large, 
jagged, or nonlinear wounds; distal 
extremity wounds; and contaminated 
wounds are all associated with a higher 
incidence of wound infections, poor 
wound healing, and suboptimal cos-
metic outcomes.6,11

The timing of wound closure should 
be considered during the initial evalu-
ation of the wound. Time after injury, 
wound location, and mechanism of 
wound are important factors to con-
sider when deciding to close a wound 
immediately (primary closure) or 
after a period of delay and reevalu-
ation (delayed closure). Scalp and 
face wounds can generally be closed 
within 12-24 hours of injury,4,6 while 
closure of hand or extremity wounds 
should generally occur sooner, within 
10 hours of injury.6,12 Delayed primary 
wound closure should be considered in 
wounds that are greater than 10 hours 
old, contaminated by large amounts 
of biological material or debris, or 
wounds that may evolve over time, such 
as crush injuries or animal bites. The 
initial management should be the same 
for any wound, with copious irriga-
tion and debridement with removal of 
nonviable tissues. In the case of delayed 
repair, the bacterial count will generally 
decrease over 2-4 days, assuming initial 
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appropriate irrigation and debridement, 
and further nonviable tissue and debris 
will further demarcate.7 After initial 
evaluation, the wound should be dressed 
in sterile saline gauze and reevaluated in 
2-3 days for signs of infection, need for 
further debridement, and appropriate-
ness of delayed repair.

Evaluation of the 
Traumatic Wound

The most immediate concern during 
the evaluation of a traumatic wound 
is active hemorrhage. The majority of 
wound hemorrhage can be controlled 
with direct pressure. If bleeding does 
not stop through direct pressure alone, 
absorbable collagen or fibrin sealant 
placed directly on the wound in the area 
of hemorrhage is often successful. Care 
should be used in any attempt to clamp 
a blood vessel, as this can cause signifi-
cant damage to the vessel itself and may 
risk damage to other vital structures in 
the area, including nerves, tendons, and 
adjacent vascular structures. 

In the setting of uncontrollable arte-
rial extremity bleeding, a tourniquet 
above the joint proximal to the injury 
is often successful in stopping hemor-
rhage — allowing for full exploration of 
the wound in a dry field. A blood pres-
sure cuff can be utilized in this setting, 
inflated until bleeding ceases, allowing 
for wound evaluation, and then slowly 
deflated to identify the specific source 
of hemorrhage. If exsanguination is not 
a risk, the cuff should be deflated after 
approximately 20 minutes to prevent 
vascular and nerve compromise of the 
limb. If the bleeding cannot be con-
trolled, the tourniquet should remain in 
place and the wound should be explored 
further in the operative setting. A neu-
rovascular exam of the injured extremity 
should be conducted prior to and after 
application of a tourniquet, and should 
be documented in the patient’s chart.

Once bleeding is controlled, wound 
exploration can commence. Explore the 
depth of all wounds. Occasionally, this 
will require wound extension to fully 
examine surrounding structures such as 
tendons and joints, and to evaluate for 
foreign bodies. Prior to using local or 
regional anesthesia, a focused neurologi-
cal exam distal to the wound must be 
conducted to determine if there is any 

nerve injury. A motor examination is 
essential throughout the extremities, 
but a sensory exam including two-point 
discrimination is important for areas 
involved in fine motor skills, such as 
the hand and fingers. A vascular exam 
should also be documented specifi-
cally evaluating distal pulses, skin color, 
tactile temperature, and capillary refill. 
All joints and muscle groups should 
be isolated and evaluated for tendon, 
ligament, or joint injury.4,7 If there is 
concern for joint compromise, saline 
with or without methylene blue can 
be injected into the joint, and then 
observed for extravasation with move-
ment.13 Unfortunately, this technique 
does not have the sensitivity to com-
pletely rule out joint involvement, and 
if there is a high suspicion for injury, 
immediate evaluation or follow-up with 
an orthopedist is recommended.

Preparation for Wound 
Repair

The wound must be thoroughly 
examined and explored prior to repair. 
The main objective of wound explora-
tion is the removal of any substance, 
foreign body, or devitalized tissue that 
can facilitate infection or delay wound 
healing. Wound contaminants can be 
organic or inorganic in nature. Common 
contaminants include fresh water, wood, 
glass, metal, gravel, dirt, hydrocarbons, 
and saliva. Manual removal of larger 
foreign bodies should be accomplished 
as soon as possible, the wound should 
then be further debrided with moist 
gauze, and afterward copiously irrigated 
to remove finer particles and reduce 
bacterial burden. There have been sev-
eral studies and literature reviews that 
indicate tap water is equivalent to sterile 
normal saline for wound irrigation in 
the emergency department.14-16 Volume 
appears to be the main variable for 
adequate irrigation, and tap water often 
provides the mechanism for highest irri-
gant volume. The volume of irrigation 
varies in practice. Available studies indi-
cate amounts between 200-500 mL per 
wound, as well as wound surface area-
based protocols where approximately 
50 mL of fluid per cubic centimeter of 
wound is utilized are appropriate.7,14-16 
Based on this clinical variation, 500 mL 
of fluid for an average wound is likely 

adequate; however, clinicians must use 
their own judgment when evaluating 
for adequate wound irrigation. Wounds 
that have high levels of debris contami-
nation, high bioburden debris such as 
stool, or that occur in immunocompro-
mised patients should be more aggres-
sively irrigated. The amount of irrigant 
and time of irrigation should always be 
documented in the chart.

Plain film radiographs should be 
obtained of any wounds that have a 
high likelihood of retained foreign body, 
i.e., broken glass, road rash, or penetrat-
ing injuries. Metal fragments are eas-
ily seen on plain films. Plain films are 
generally able to detect glass if the size 
is greater than 1 mm, and can detect 
glass fragments larger than 2 mm with 
a sensitivity above 95%.17 The depth of 
glass fragments affects the detection 
rate, with a miss rate of 4% in superficial 
fragments, increasing to 11% for deeper 
fragments.18 Many foreign bodies are 
potentially undetectable by X-ray, noto-
riously wood, other vegetative materi-
als, and plastic material. Ultrasound 
can detect wood fragments and other 
foreign bodies that are not usually seen 
by plain film. A high frequency linear 
probe should be used to evaluate the 
site of injury. The size of the object that 
can be detected by ultrasound will vary 
depending on the probe used, as chang-
ing the frequency will change the reso-
lution, so the highest frequency probe 
available should be used to evaluate for 
foreign bodies. When viewed under 
B mode, foreign bodies will appear as 
bright objects, usually with distortion 
of any structures deep to the foreign 
body, an effect known as “dirty shadow.” 
Depending on the operator and the 
level of training, ultrasound has been 
shown to have a sensitivity between 
40-72% in these cases.19 Although 
ultrasound does miss foreign bodies 
made from radiolucent materials, it is 
superior to X-ray for initial evaluation 
of radiolucent foreign bodies despite 
its limitations.20 If there is still concern 
for foreign bodies not seen on X-ray or 
ultrasound, a CT scan can be obtained.21

The possibility of retained foreign 
bodies and the signs and symptoms of 
infections should be discussed at length 
with the patient, and this conversation 
should be documented in the chart. 
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The sensation of a foreign body by the 
patient is an indicator that there may be 
retained material in the wound that was 
missed during the initial exploration, 
particularly if the wound was caused by 
a glass fragment.22 Repeat radiographic 
evaluations are reasonable to assure for-
eign body removal.

Further decreasing the bacterial 
burden of the wound and surrounding 
tissue is accomplished with antiseptic 
solutions. Cleansing the area surround-
ing the wound with iodophor (10% 
betadine) solution is recommended. 
Betadine solution is preferred over 
betadine scrub because the scrub form 
contains detergent, which may damage 
exposed tissues. A dilute solution can 
be used (less than 1%) in the wound 
and along the wound margins, as higher 
concentrations are toxic to exposed epi-
thelial cells and other exposed tissues.4,5 
Hair can be adequately cleaned in the 
same manner as the skin, and usually 
does not need to be clipped. If hair must 
be moved out of the way, use petroleum 
jelly antibiotic ointment to reposition 
and hold the hair in place. If hair must 
be removed for better visualization or 
closure, use clippers and do not shave 
the hair. Shaving unnecessarily exposes 
the base of hair follicles and causes 
microscopic injury to the surrounding 
epithelium, providing a mechanism for 
bacterial invasion and increasing the 
rate of wound infection.5

Inspect the wound for any necrotic 
or nonvascularized tissue, heavily mac-
erated tissue, or minimally adherent 
subcutaneous fat nodules. These should 
be removed, as these devitalized tissues 
will act as a nidus for bacterial growth 
and infection. Sharp scissors are the best 
instrument for this task.4,5

Pain Control and Types of 
Anesthesia

Perform anesthesia early in the course 
of evaluation. Pain is often undertreated 
by emergency medicine physicians,23 
and there are many available options 
for pain management in traumatic 
wounds. The patient should be aware 
of possible options and included in the 
decision-making process.24 Options 
include local infiltration of the wound, 
topical anesthetics, regional anesthesia, 
conscious sedation, and, rarely, operative 

sedation. The most appropriate option 
depends on many factors, including 
hemodynamic stability, physical exam 
findings, age, allergies, wound size, and 
the patient’s previous experiences with 
anesthesia.

One percent lidocaine without 
epinephrine is the most commonly 
used local anesthetic injected into the 
wound site; however, bupivacaine is 
more often used for regional nerve 
blocks.25 Bupivacaine has a longer 
duration of action than lidocaine but is 
less frequently used in the ED setting, 
although it has a similar safety profile to 
that of lidocaine.25 The maximum dose 
of lidocaine is 4 mg/kg in a single injec-
tion of plain lidocaine, or 7 mg/kg if 
epinephrine is used.5,25 Considering that 
the standard 1% lidocaine for cutane-
ous anesthesia is 10 mg/mL, the maxi-
mum dose of lidocaine is much larger 
(approximately 30 mL) than is given in 
the routine setting of laceration repair. 
If there are multiple large lacerations 
or extremely long lacerations, though, 
this may be a concern. Epinephrine-
containing local anesthetics decrease 
wound hemorrhage, prolong anesthesia, 
and permit higher doses of anesthetic, 
making it an ideal adjunct for wound 
repair. However, the routine use of epi-
nephrine should be avoided in wounds 
that are highly contaminated, as it may 
impede blood flow to the area and 
increase the risk of infection and delay 
wound healing.7 In the emergency 
department setting, regional blocks are 
often utilized in the form of digital 
blocks, facial blocks, and penile blocks. 
More extensive blocks are generally 
done under the direction of an anesthe-
siologist. Classically, it has been taught 
that epinephrine should not be used in 
certain regional blocks, such as digital 
blocks and penile blocks, with concern 
for possible vasospasm and resultant 
distal tissue injury, but recent literature 
argues for the safety of epinephrine.29 

Occasionally, patients will report 
an allergy to local anesthetics. This is 
often an allergy to the preservative 
methylparaben, which is frequently 
used in shelf anesthetics, as opposed 
to the anesthetic itself. In these cases, 
cardiac lidocaine can be utilized. If a 
patient reports an allergy to one of the 
amide class of anesthetics, an ester class 

anesthetic, such as tetracaine, can be 
used with little if any risk for cross-reac-
tivity.25 An alternative to the amide and 
ester anesthetics is local infiltration of 
0.5-1% diphenhydramine and 1% saline; 
however, pain of injection is report-
edly greater with these formulations, 
although it should be noted that this 
is an off-label use of diphenhydramine 
and saline and may not be appropri-
ate depending on the clinical situation 
or institutional policies. Epinephrine, 
diphenhydramine, and saline injec-
tions should be avoided in areas with 
poor collateral circulation, as there may 
be a small risk of tissue necrosis.30-32 
Evidence-based methods for reducing 
pain of anesthesia are shown in Table 2. 

Topical anesthetics (see Table 3) are 
often used in the pediatric population, 
and are associated with less discomfort 
to the patient during application when 
compared to injectable anesthetics.33,34 
LET (lidocaine 4%, epinephrine 0.1%, 
and tetracaine 0.5%) is available as both 
a solution and a gel. LET has been 
shown to be as effective in controlling 
pain as injected lidocaine, from both 
a patient and a physician perspective. 
LET can easily be applied by nursing 
staff, and has been shown to be effective 
and efficient when applied in triage.35,36 
LET is most often used for lacerations 
to the face and scalp where the epider-
mis is relatively thin, but can be used 
on any external location. TAC (tetra-
caine 0.5%, adrenaline 1:2000, cocaine 
11.8%), does not appear to be any 
more effective than LET.36 Fatal side 
effects of TAC have been reported in 
younger children when used on mucosal 
surfaces, but it seems to be safe when 

Table 2. Evidence-based 
Methods for Reducing Pain 
of Anesthesia5,7,26-28

• Use a 27-30 gauge needle, 
injecting slowly

• Infiltrate through wound edges, 
not intact skin

• Inject into the subcutaneous 
tissue, then the dermal tissue

• Add 1 mL bicarbonate per 10 mL 
lidocaine to buffer the solution

• Warm the solution to 40 degrees 
Celsius
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used in children older than 5 years 
old with appropriate dosing and close 
supervision.37 

EMLA (2.5% lidocaine and prilo-
caine) and LMX (4% lidocaine) are 
often applied to intact skin before veni-
puncture or abscess drainage; however, 
these mixtures take 45-120 minutes for 
maximal effectiveness and their benefit 
has been reported inconsistently in the 
literature.37 Sequential layered applica-
tion of topical lidocaine and epineph-
rine was shown to be less painful than 
infiltrated lidocaine; however, a signifi-
cantly longer time period for applica-
tion was required.38

Consider conscious sedation for 
patients who have extensive injuries 
that may require large amounts of 
local anesthetics, for patients who are 
unlikely to tolerate the procedure, and 
for patients with inadequate pain con-
trol. For wound repair, sedation is most 
often utilized in the pediatric patient. 
Propofol and ketamine are two of the 
most common and well-studied medi-
cations used for sedation. When com-
pared in adult patients, ketamine and 
propofol have a similar safety profile 
and are similarly effective in controlling 
patient discomfort during the proce-
dure.39 Propofol is dosed at 1 mg/kg 
initially, followed by 0.5 mg/kg every 
1-2 minutes until sedation is achieved. 
The major concerning side effects are 
respiratory depression and hypoten-
sion, but are generally rare and easily 
managed.  

Ketamine is dosed intravenously at 
1-2 mg/kg, and can also be given intra-
muscularly at 2–4 mg/kg. Ketamine 
offers some physiologic advantages 
including relative preservation of respi-
ratory function and blood pressure 

when compared to other sedative medi-
cations, and provides additional analge-
sic properties. Laryngospasm is a rare 
but potentially serious adverse reaction 
with ketamine. An “emergence” phe-
nomenon can also be encountered; as 
the sedative effects dissipate, the patient 
can emerge agitated and dysphoric. If 
an emergence reaction occurs, the treat-
ment is low dose benzodiazepines, i.e., 
midazolam 1 mg IV.39,40 Alternatively, 
a benzodiazepine can be given prior 
to sedation and may help reduce the 
incidence of emergence reaction.41 
There is some evidence to suggest that 
pretreatment with an antiemetic such as 
ondansetron can reduce the incidence 
of vomiting in children; however, this 
is not standard of care and there are 
only anecdotal reports of this practice in 
adults.42 

A mixture of propofol and ketamine, 
referred to informally as “ketofol,” has 
also been studied, and has been shown 
to be effective, safe, and easy to use. The 
two medications are mixed together in 
a 1:1 ratio of 10 mg/mL of both ket-
amine and propofol, in a single syringe. 
This mixture is then infused and titrated 
by the physician in 0.5 mg/kg aliquots 
every 1 minute until the desired level of 
anesthesia is acheived.43 The goal of this 
combination is to obtain adequate anal-
gesia and sedation, while minimizing 
the unwanted side effects of the indi-
vidual medications, and decreasing the 
total dose of medications.43,44 This com-
bination was compared with combined 
midazolam and fentanyl, and was found 

to be equally effective with no increase 
in adverse effects.44

Suture Materials, 
Selection, and 
Applications

The choice of wound closure material 
should be based on provider experience, 
wound characteristics, patient prefer-
ence, and availability. Ask the patient 
if he or she has an opinion based on 
previous experience, or what his or her 
perceived outcomes are from a particu-
lar closure material. Discuss these pref-
erences early with the patient in order 
to help guide expectations for wound 
healing, follow up, and timing of suture 
or staple removal. 

The primary materials used for wound 
closure are sutures, staples, and skin 
adhesives.

Sutures are the most common 
method of wound closure.4,5,11,45 The 
initial decision when selecting a suture 
material is whether to use absorb-
able (see Table 4) or non-absorbable 
sutures (see Table 5). Several studies 
have examined the cosmetic outcomes, 
scar formation, and patient satisfac-
tion with the use of absorbable and 
non-absorbable suture. A meta-analysis 
did not appear to reveal any statisti-
cal difference between any of these 
outcomes; however, there have been no 
large, randomized controlled studies 
across age groups evaluating these two 
options.46 Absorbable sutures should 
be used in areas that are likely to heal 
over and make removal difficult, such 

Table 4. Types of Absorbable Sutures

Brand Name/
Suture

Material Duration of  
Tensile 

Strength

Absorption

Plain gut Sheep intestine 
mucosa

5-10 days Variable

Chromic gut Chromium trioxide 10-21 days Up to 90 days

Vicryl Polyglactin 20-30 days 30-120 days

Dexon Polyglycolic acid 20-30 days 30-120 days

Maxon Monofilament 45 days 180-200+ days

PDS Monofilament 45 days 180-200+ days

Caprosyn Monofilament 14 days 56 days

Biosyn Monofilament 21 days 90-110 days

Table 3. Common Topical 
Anesthetics and Locations  
of Use

Topical  
Anesthetics

Intact Skin Wound

LET X

TAC X

EMLA X

LMX X

Skin refrigerant X
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as mucosal surfaces in the mouth or 
vagina. Absorbable sutures should be 
used for all deep sutures and whenever 
the wound must be closed in multiple 
layers. Absorbable sutures are also 
appropriate for patients with poor 
follow-up who are unlikely to return 
for suture removal, and for patients for 
whom removal will be difficult second-
ary to young age or agitation. Non-
absorbable sutures should be used in 
areas that are at risk for poor wound 
healing, wounds under significant ten-
sion, and wounds over flexor and exten-
sor surfaces.4,5,11,45,46

Sutures come in either monofilament 
or braided forms. Monofilaments are 
less immune reactive, are associated with 
lower risk of infection, and result in less 
scarring when compared with braided 
suture materials. Most physicians 
choose monofilament material for these 
reasons.47 However, it should be noted 
that braided sutures generally have a 
higher tensile strength, and are at lower 
risk of spontaneous rupture.45

Staples are quicker and easier to 
place than sutures; however, they are 
slightly more complex to remove, with 
the resultant possibility of more pain. 
Skin staples are less biologically reactive 
and associated with less infection risk 
than sutures, and are especially good for 
lacerations in hair-covered areas, and 
long or straight lacerations involving the 
extremities or trunk. They have compa-
rable cosmetic outcomes to sutures.48

Topical skin adhesives are liquid 
monomers that polymerize once 
exposed to moisture from the wound 
and the atmosphere. They form a hard, 
water-resistant, bonding substance over 
the wound. The adhesive remains on 
the skin and eventually sloughs off, usu-
ally in 7 to 10 days. There are several 

commercial preparations, nearly all 
based on the cyanoacrylate monomer. 
The octyl-cyanoacrylate monomer has 
been shown to have a higher tensile 
strength than butyl-cyanoacrylate, both 
of which have superior strength to 
surgical skin tapes.49,50 Skin adhesives 
are best utilized for linear wounds that 
are under little tension, and are often 
the method and material of choice for 
facial wounds and wounds in children. 
The advantage of using skin adhesives 
in children is twofold: 1) the application 
is much less uncomfortable and well 
tolerated; and 2) the child does not need 
to go through a second procedure for 
suture or staple removal.45,50 

Skin adhesives are applied by approxi-
mating the wound with either a gloved 
hand or sterile skin forceps, and then 
applying a small bead of glue linearly 
along the approximated wound. The 
skin should be held in close approxima-
tion for about a minute until the skin 
adhesive no longer feels tacky, at which 
point it is set and does not need any 
further dressing. Patients should be 
instructed that although the skin adhe-
sive is waterproof, they should not soak 
the area, as this can lead to early slough-
ing of the adhesive.

Surgical skin tapes are an option for 
the same wound types as mentioned for 
tissue adhesives. Skin tapes have similar 
outcomes and similar infection rates as 
topical skin adhesives, but are associated 
with fewer complications.51 Skin tape and 
skin adhesives can be used in conjunction 
with good results, and have less dehis-
cence than when using skin adhesives 

alone. Skin tape should be applied first 
and then both the wound and the tape 
coated with tissue adhesive.45,52 Skin tape 
can also be used in flap wounds where the 
tissue is too thin for sutures.21

Post Procedure Care
The timing of suture, staple, or tape 

removal is dependent upon the location 
and the material used. Table 6 gives a 
general guideline for how long sutures 
or staples should remain in place.4,5

Facial sutures are removed more 
quickly in order to prevent “railroad 
tracks” from forming. This is a cross-
hatched scar resulting from epithe-
lialization and keratinization of the 
suture puncture marks perpendicular to 
the wound bed. These generally occur 
when sutures are left in place greater 
than 8 days after wound repair.45 After 
removing sutures from the face, apply 
skin tape to decrease the likelihood of 
dehiscence, as wound tensile strength is 
extremely low this early in healing.

Prophylactic antibiotics have not been 
well supported in the civilian medical 
literature or textbooks.5,53-55 A mili-
tary study showed that in penetrating 
injuries, antibiotics reduced infection 
rates from 23.1% to 4.2% and irrigation 
decreased infection rates from 44% to 
2%.56 If a wound is contaminated and 
has the potential for infection, antibiot-
ics are indicated, and should be admin-
istered as soon as possible to achieve 
adequate blood and tissue levels. (See 
Table 7.)

Historically, the first-line antibiotic for 
prophylaxis has been a first-generation 
cephalosporin, such as cephalexin. The 
recent increase in MRSA infections and 
isolates argues for the use of antibiotics 
that appropriately cover this pathogen, 
such as clindamycin or a combination 
of cephalexin and trimethoprim sulfa-
methoxazole. Amoxicillin-clavulanate 
or clindamycin should be considered if 
contamination by anaerobes is suspected, 
as in wounds contaminated by feces.11 
Tetanus prophylaxis is based on the state 
of the wound, and if the patient has pre-
viously received the full three-dose pri-
mary vaccination series. (See Table 8.)

Repairing Special 
Locations

Scalp wounds are best evaluated 

Table 5. Types of  
Non-absorbable Sutures

Brand Name/
Suture

Material Tensile 
Strength

Dermalon Nylon Intermediate

Ethilon

Prolene Polypropylene Greatest

Surgilene

Silk Silk Least

Table 6. Timing of Suture 
Removal

Location When to Remove  
(Number of Days)

Face 3-5

Scalp 7

Trunk 7-10

Extremities 10-14

Fingertip 10-12

Palms/soles 14

Extensor joints 14

Joints 8-10
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after trimming hair, either with scissors 
or clippers. A series of figure of eight 
suture or skin clips should be used to 
control hemorrhage that does not stop 
with direct pressure alone. Once hemo-
stasis is achieved, the wound should be 
evaluated for galeal injury. Any defect in 
the galea should be closed with absorb-
able suture before placing any superficial 
sutures. This improves cosmesis and 
lowers the risk of catastrophic infection. 
The scalp is an ideal location for skin 
staples, as long as the galea is intact or 
after closing the galea with appropriate 
sutures. These wounds rarely become 
infected as there is excellent blood flow, 
and unless the wounds are grossly con-
taminated or contain numerous foreign 
bodies, they rarely need prophylactic 
antibiotics. Patients should be instructed 
to wait 24-48 hours before washing 
their hair. 

Facial wounds, including those on the 
eyelid, nose, lip, and ear, may require a 
specialist if complicated, but are gen-
erally within the scope of practice of 
emergency practitioners. Absorbable 
sutures should be used for deep layers 
whenever possible, as this will relieve 
superficial tension, appropriately align 
the dermis, and allow for a more cos-
metic closure. Utilize 6-0 suture for 
superficial closure and take care to 
ensure appropriate wound eversion. As 
wounds heal, the edges will become 
slightly depressed, and if the wound is 
closed without appropriate eversion, the 
resultant scar may be depressed and thus 
more noticeable. 

Lip lacerations are often best anes-
thetized via infraorbital and submental 
nerve blocks. These blocks allow for 

adequate analgesia without distortion of 
the wound margins, allowing for more 
anatomically correct alignment and bet-
ter cosmetic results. The initial and most 
critical portion of lip laceration repair 
involves precise approximation of the 
vermillion border, as even small discrep-
ancies can become very noticeable after 
healing. If the laceration is through the 
entire lip, close the intraoral portion first 
with absorbable suture and the external 
portion last, using deep sutures if neces-
sary for a multilayered approach.  

Lacerations involving the nose require 
intranasal exploration, with the nasal 
septum specifically inspected for lac-
erations and septal hematomas that 
would require drainage. If the nostril 
is involved, it must be reapproximated 
carefully, often via layered approach, to 
avoid asymmetry. Any lacerations over 
exposed cartilage should be irrigated 
and closed as soon as possible. If there is 
a nasal bone fracture underlying a lacer-
ation, this should be treated as an open 
fracture with appropriate antibiotics. 

Lacerations involving the eyelid must 
be inspected thoroughly, with careful 
evaluation of the surrounding structures 
including the lacrimal duct, tarsal plate, 
and globe. Referral to an ophthal-
mologist, either urgently or emergently 
depending on degree of injury, should 
occur for any laceration involving the 
lid margin, the medial third of the 
lower lid, or for suspicion of open globe. 
Visual acuity should be documented, 
and the eye should be evaluated for 
hyphema, iritis, and corneal abrasion. 
Do not shave the eyebrow, as 20% will 
either not grow back or will grow back 
irregularly. A supraorbital nerve block 

provides adequate anesthesia and will 
prevent distortion of wound edges 
for forehead and eyebrow lacerations. 
Colored nylon suture can be used for 
lacerations through the eyebrow, as this 
will help distinguish the suture from 
eyebrow hair during repair and during 
suture removal. 

Ear lacerations are closed first anteri-
orly and then posteriorly. If the cartilage 
needs to be repaired, an absorbable 
suture with a longer duration of tensile 
strength should be utilized. If a peri-
chondral hematoma is present either 
before or after repair, it must be drained 
to avoid the potential for permanent 
deformation. Once the ear is repaired, a 
compression bandage should be applied 
for at least 24 hours to prevent further 
fluid collection and to help maintain the 
shape of the ear.

Hand wounds require careful evalua-
tion and often exploration. The patient 
should perform a full range of motion, 
with close evaluation of full exten-
sor and flexor movements. The wound 
should also be explored in the position 
of injury, as tendon, joint, vascular, and 
nerve injuries are common and the 
superficial appearance of the lacera-
tion can cause an underestimation of 
the wound depth and of injury to the 
underlying structures. A laceration may 
need to be extended if a thorough exam 
is impossible secondary to the small 
size of the wound. Any laceration to 
the hand that occurs during an alterca-
tion should be considered the result of a 
dental penetrating injury, or “fight bite,” 
and should be prophylactically treated 
with amoxicillin-clavulanate, as these 
are at great risk for aggressive infection. 
Consider either immediate consultation 
or urgent follow up with a hand surgeon 
for complicated wounds, such as those 
with injury to the tendon, nerve, or 
vasculature. 

Digital blocks allow for adequate 
pain control and do not distort distal 
tissues, allowing for easier exploration 
and better alignment of wound edges. 
Lacerations of the fingertip that include 
the nail bed can be repaired with 6-0 
absorbable suture after removal of the 
nail, and then either a clean semi-rigid 
material or the nail itself can be placed 
in the potential space between the nail 
bed and cuticle. This helps to preserve 

Table 7. Indications for Prophylactic Antibiotics54,55

Consensus Indications • Tendon, bone, joint involvement
• Implanted hardware (heart valves, hip 

replacement)
• Contamination with saliva, vaginal 

secretions, or feces
• Old wounds or delayed closure

Relative indications (base on clinical 
judgment)

• Bite or other puncture wounds to the hand
• Any human bites
• Through and through lip lacerations
• Risk of infection greater than 10%
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the germinal matrix and to prevent 
adhesion and resultant nail deformities 
as the nail regrows. Subungual hema-
tomas do not require nail removal to 
inspect for nail bed laceration. These 
can be safely trephinated with a cautery 
device or an 18-gauge needle, which 
allows for self-evacuation of the hema-
toma and nearly immediate pain relief 
for the patient.57,58 

Recent research has shown that the 
pretibial area is an area at risk for poor 
healing, and that for every 1 cm increase 
in wound size, there is a 30% reduction 
in the healing rate.59 This should be 
discussed with the patient to help set 
expectations. These wounds, if not gap-
ing, can be closed with steri-strips with 
no change in outcomes.60 

Puncture wounds of the foot often 
require X-rays to evaluate for foreign 
bodies. Routine tissue coring and high-
pressure irrigation is not recommended; 
simple exploration and irrigation usu-
ally suffices for adequate treatment. 
Prophylactic antibiotics are not well 
studied for puncture wounds to the 

foot, but consider ciprofloxacin for deep 
puncture wounds over the forefoot or 
through the sole of a shoe. Regional 
nerve blocks of the foot may be better 
tolerated than trying to inject into the 
thick plantar skin or around calluses.21 

Tips/Tricks
In summary, approach the patient 

with a traumatic wound in the following 
manner: 

• Obtain a detailed history of the 
trauma and assess for risk factors associ-
ated with poor wound healing.

• Optimize the procedure by placing 
the patient supine and ensure adequate 
lighting and exposure.

• Determine and continually reas-
sess the most appropriate method of 
anesthesia.

• Thoroughly explore, irrigate, and 
debride the wound.

• Use skin adhesives with or without 
tape for superficial wounds under light 
tension.

• Use absorbable sutures for mucosal 
surfaces and deep sutures, and consider 

their use in children. Use non-absorb-
able sutures for wounds subject to 
movement or under high tension.

• Educate the patient on proper after-
care, and on the unavoidable nature of 
scar formation.

• Do not routinely give prophylactic 
antibiotics to the healthy patient with 
a simple non-contaminated wound, 
and ensure tetanus immunization is 
complete.
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CNE/CME Questions
1. Which of the following cannot be reli-

ably seen with X-ray?
A. wooden splinter
B. glass shard
C. metal fragments
D.  hypodermic needle

2. Which of the following has the lowest 
incidence of wound infection?
A. shoulder
B. scalp
C. foot
D. hand

3. Which is the best suture material for an 
inner lip repair?
A. silk
B. nylon monofilament
C. braided nylon
D. chromic gut

4. What is most important regarding 
wound irrigation?
A. adding an antiseptic to the solution
B. using an adequate volume of irrigant
C. sterility of solution
D. type of solution

5. What initial pain management strategy 
is best for a 6-year-old child with a 2 cm 
laceration on the forearm?
A. intravenous ketamine
B. topical LET
C. intradermal lidocaine
D. oral narcotics

6. Which of the following is most impor-
tant when contemplating the use skin 
adhesives?
A. location of wound
B. patient request for optimal cosmetic 

outcome
C. ease of approximation of wound 

edges
D. likelihood of appropriate follow up

7. Why is the early removal of sutures rec-
ommended for facial lacerations?
A. Facial wounds are proven to have 

lower rate of dehiscence.
B. There is a risk of poor cosmetic out-

come if sutures are left in for more 
than 8 days.

C. Sutures on the face are at higher risk 
of infection.

D. Facial lacerations are generally less 
complicated than injuries to the 
extremity.

8. Which of the following puts the patient 
at greatest risk for poor wound healing?
A. The patient is male.
B. The patient has diabetes.
C. The patient is 52.
D. The patient is homeless.

9. Which of the following types of injury 
cause the greatest amount of damage to 
tissue?
A. laceration with a surgical scalpel
B. avulsion, non-penetrating, by a blunt 

projectile
C. crush injury by construction  

equipment
D. puncture by a screwdriver

10. Which of the following patients should 
receive a tetanus vaccine?
A. a 55-year-old woman, last immu-

nized 9 years ago, who cut herself 
with a clean kitchen knife

B. a 30-year-old male who cut his leg 
in a field on a plow shear, and states 
he knows he was fully vaccinated 
and got a booster shot when he was 
20

C. a 19-year-old male with an abrasion 
from falling off his skateboard who 
had his last booster at age 12 after 
being fully immunized as a child

D. a 45-year-old male who stepped on a 
nail and had a recent Tdap last week, 
with full vaccination status as a child

TRAUMA REPORTS 

CME Objectives

Upon completing this program, 
the participants will be able 
to:

• discuss conditions that should 
increase suspicion for 
traumatic injuries;

• describe the various 
modalities used to 
identify different traumatic 
conditions;

• cite methods of quickly 
stabilizing and managing 
patients; and

• identify possible complications 
that may occur with 
traumatic injuries.
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