
Introduction

As the pace of medical practice
accelerates, health care

providers seek tools that expedite
patient care in a safe high-quality
manner. The clinical utilization of
cyanoacrylate tissue adhesives (or
glues) is an example of a popular
clinical topic that has the potential
to enhance patient care. As many of
the articles selected for this review
will support, there is a clear time
benefit to gluing. Questions do
remain regarding cosmetic out-
come, wound closure stability,
infection risk, and the benefit of
other potential, even less-sophisti-
cated, wound closure techniques.
Articles were selected based on
their ability to maximize coverage
of issues in the medical literature
concerning tissue adhesive utiliza-
tion, while selecting representative
papers from within specific topic
areas that are particularly relevant to
clinical practice. The majority of lit-
erature reviewed is from the last two
years, but articles were selected

based on clinical relevance and
applicability. The overall objective
of this article is to arm the reader
with a broad array of information
regarding the clinical utilization of
tissue adhesives, and allow him/her
to answer the burning clinical ques-
tion: to glue or not to glue?

Skill Level Needed?

Source: Lin M, et al. Tissue adhesive
skills study: The physician learning
curve. Pediatr Emerg Care 2004;
20:219-223.

This study sought to identify
acceptable methods for intro-

ducing tissue adhesive use to med-
ical students and house staff.
Researchers prospectively identified
two groups. The participants in one
group were oriented by attending a
30-minute lecture that reviewed the
medical literature, utilization of
glue, exclusion criteria, and tissue
application technique. Another
group was  trained on an individual

basis. Practitioners were queried
following each appropriate wound
closure regarding:

• their perception of time re-
quired for closure versus suturing;

• difficulty of closure with tissue
adhesive versus the expected com-
plexity if it had been sutured;

• their personal satisfaction with
immediate post-repair appearance
of the wound; and

• the number of prior experi-
ences utilizing tissue glue for
wound closure.

During the nine-month study
period, 81 such encounters were
evaluated. Respondents in both
groups uniformly reported signifi-
cant time saved, expectation of sub-
stantially greater complexity of clo-
sure had the wound been sutured,
and very good overall cosmesis-
with measures >/= to 4.0 on a 1-5
scale; 37 of the 81 respondents were
first-time tissue adhesive users. The
authors concluded that wound clo-
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sure utilizing tissue glue is an easily
acquired skill and that the type of
initial training did not significantly
alter the parameters evaluated. 

Commentary
Initial training, need for in-serv-

ice education, and the manner to be
selected for such training are
important considerations for pro-
gram or department level decision
makers regarding the implementa-
tion of tissue adhesive in the ED.
Current “gluers” may have difficul-
ty recalling exactly how or when
they were introduced to the tech-
nique, but particularly in settings
that receive frequent new, junior, or
rotating providers, consideration
must be given to the adequacy of
initial instruction to minimize the
risk of adverse outcomes for
patients. While the number of par-
ticipants was small, the data pre-
sented strongly support that wound
closure utilizing tissue adhesives is
an easily acquired skill. Advocates
for tissue adhesive utilization may
reasonably use this data to support
the ease of acquirement of this skill.
An additional layer of complexity
that would have further supported
the cosmetic outcome similarity
would have been a query of the
patient or a supervising clinician for
their assessment of immediate post-
procedure cosmesis. 

Application 
Technique

Source: Santibanez-Gallerani A, et al.
Improved esthetic results with fine-tip
Dermabond application technique.
J Craniofac Surg 2004;15:890-892.

Dr. Santibanez-Gallerani and
colleagues sought a means to

enhance the accuracy of application
of tissue adhesive to better limit
contact to the dermal layer of the
wound, which they report is the
source of the strength of the closure.
To achieve this accuracy, at time of
wound closure, deep dermal sutures
were placed initially; after crushing

the adhesive’s inner container, a 25-
gauge needle on a 1-mL syringe is
introduced into the cotton-top appli-
cator and the contents aspirated.
The wound to be closed is dried and
approximated. The needle is then
allowed to “fall” into the break in
dermal continuity without skin pen-
etration by the needle. The tissue
glue is then applied along the
wound’s defect without overflow
onto surrounding intact skin. The
wound is held approximated for 45
seconds to allow adequate time for
polymerization and then released.
The authors queried the patients
immediately post-procedure; more
than 90% reported a “good to excel-
lent” esthetic result and patient sat-
isfaction score. They concluded that
this application technique could
result in lower complication rates
and superior esthetics than is cur-
rently reported in the literature. 

Commentary
The authors pointed out that con-

tact of the normal surrounding skin
with tissue adhesive may result in a
“chemical wrinkle-like effect” that
can persist for several weeks, as
well as a glue-based “scab” that per-
sists around the wound for 9-25
days. These esthetic concerns com-
bined with the potential for the stan-
dard packaging applicator swab to
contact foreign objects (e.g., gloves
or instruments) were motivators in
the creation of this study. The
potential to minimize or eliminate
these occurrences made this an
excellent area for study. The study
included 20 patients, and the
authors reported surveying partici-
pants immediately post-procedure
and at 1-week and 4-week follow-
ups. Patient complaints were docu-
mented and monitored. No informa-
tion is provided on the 1- or 4-week
survey results, and no information is
provided as to the nature of com-
plaints, if any. No mention of pres-
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entation to an Institutional Review
Board is included in the article.
Despite these issues, the potential
for further improvement of our clin-
ical tissue adhesive application
skills led me to include this paper.
The authors concluded with the pro-
viso that “basic [wound closure]
principles must be followed.” Fur-
ther study would be required to
determine suitability of using this
technique in an outpatient (clinic or
emergency department) setting
where deep dermal sutures are not
routinely placed for wound tension
relief and closure support. 

Steri-Strip Closure vs
Tissue Adhesive

Source: Zempsky WT, et al. Random-
ized controlled comparison of cosmetic
outcomes of simple facial lacerations
closed with Steri-Strip Skin Closures or
Dermabond tissue adhesive. Pediatr
Emerg Care 2004;20:519-524.

The primary purpose of this
study was to compare the cos-

metic outcome of tissue adhesive
(Dermabond®) versus tape closure
strips (Steri-Strips™) on simple
facial lacerations in children. Only
patients with low-tension wounds
less than 2.5 cm in length, less than
12 hours old, and who presented
during the clinical shifts of one of
the authors were eligible. Topical
anesthesia with lidocaine-epineph-
rine-tetracaine (LET) was allowed
to facilitate wound cleansing and
care if required. Steri-Strips were
applied following benzoin applica-
tion and supplemented by a second
layer of strips perpendicular to the
first. The tissue adhesive closure
group was approximated manually
or using forceps and applied with
usual technique. Both groups were
instructed to keep the sites dry for
five days. Follow-up phone calls to

caregivers were made after one
week to assess for wound dehis-
cence or infection. 

At two months post closure, the
wounds were photographed using a
standardized technique and then
evaluated by two cosmetic surgeons
who were blinded to the closure
technique used. The cosmetic out-
come determination showed mod-
erate agreement, and the 95% con-
fidence intervals around each mean
overlapped. Six (12%) of the glued
wounds dehisced by report,
although all were reported as
“small” or after new trauma. 

Commentary
The authors in Hartford, CT,

elaborated upon a similar previous
study by Mattick and colleagues
from Edinburgh, UK (Emerg Med J
2002;19: 405-407), that had larger
numbers: 100 total versus 60 and
follow-up on 89 versus 44. The cur-
rent study’s  conclusions are com-
patible with the prior study and lend
support to the option to not formally
close (with sutures, staples, or glue)
appropriate simple facial lacerations
in children, and still achieve “simi-
lar cosmetic outcomes,” acceptable
to plastic surgeons and parents
alike. 

The authors did comment on the
need for hemostasis prior to tissue
adhesive application and that a
burning sensation may be reported.
They noted that both of these may
be mitigated by topical anesthetic
application—LET or similar—how-
ever, they also identified an impor-
tant limitation to this study: the uti-
lization of such agents should be
assessed for any independent effect
on the study wound. An additional
potential limitation was the provi-
sion of “research support” from
3M, Inc. 

Potential ‘Sticky’ 
Situations

Source: Lo S, et al. A review of tissue
glue use in facial lacerations: Potential
problems with wound selection in acci-
dent and emergency. Eur J Emerg Med
2004;11:277-279.

Lo and associate conducted what
they report as the first study to

review the appropriateness of facial
lacerations selected for tissue adhe-
sive closure based upon current evi-
dence. They retrospectively exam-
ined charts from a six-month period
and identified 200 facial lacerations.
Their search criteria excluded bite-
related wounds and wounds to the
neck or scalp; 45 of the 200 wounds
were closed with tissue adhesive.
Three of these 45 (7%) were nonlin-
ear, and as such were assessed as
not proper candidates for glue use. 

Commentary
The authors did great work

reviewing and identifying limita-
tions of other tissue adhesive studies
including restriction to lacerations
less than 4 cm, and the absence of
trials addressing traumatic flaps or
stellate wounds. They commented
on the risk of dehiscence and pro-
vided a 4% risk for a number need-
ed to harm of 25, but they did not
specify if this was borne out in their
review or is only referencing pub-
lished data. The authors subdivided
the face into 15 areas to allow local-
ization of the lacerations, and did
identify 25/45 on the forehead,
12/45 in the periorbital area, and the
final eight on the remainder of the
face. The frequency of glue use in
the periorbital area is an interesting
finding as this typically is discour-
aged due to risk of eye injury. 

An older study (Simon, et al.
Lacerations against Langer’s lines:
To glue or suture? J Emerg Med
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1998;16:185-189) assessed 48 chil-
dren with facial wounds oriented
either with or against Langer’s lines
and evaluated them for cosmetic
appearance at a two-month follow-
up visit. Two plastic surgeons evalu-
ated the photographs and reported
appearance as significantly worse
for wounds counter to Langer’s
lines. In a larger study population,
the addition of laceration detail—
such as with this prior study—may
provide further information to clini-
cians to help determine the appro-
priateness of a given facial lacera-
tion for tissue adhesive closure ver-
sus an alternate method. 

Subcuticular Closure
vs Tissue Adhesive

Source: Switzer EF, et al. Subcuticular
closure versus Dermabond: A prospec-
tive randomized trial. Am Surg
2003;69:434-436.

This paper evaluated a new appli-
cation of tissue adhesive to

deeper wounds — specifically
inguinal herniorrhaphy incisions —
compared to subcuticular closure.
Informed consent was obtained
from 45 consecutive volunteers pre-
operatively. All patients had three
interrupted 3.0 Vicryl® deep dermal
sutures placed and, then, were ran-
domized to either tissue adhesive or
running subcuticular skin closure.
Time for closure was significantly
shorter in the adhesive group.
Patients were followed up at two
and four weeks by four staff sur-
geons who were blinded to the
repair technique. The evaluators
scored cosmetic and functional
issues of step-off, contour irregular-
ities, dehiscence, edge inversion,
distortion, and overall appearance.
The mean cosmetic scores reported
were 3.88 for glue versus 4.20 for
suture (on a 1-5 scale) and were not

statistically significantly different. 

Commentary
By randomization, the tissue

adhesive group had a nonsignificant
younger mean age (42.8 versus
50.2, p=0.23), which, if anything,
might have led to an expectation of
fewer wound healing complications,
making the five found more atten-
tion grabbing. The authors
explained the placement of the deep
dermal sutures was a responsible
precaution against frank adhesive
closure failure and was standardized
to both groups to minimize con-
founding. They attributed the fail-
ures to the increased fluid seepage
from deeper wounds during the first
24 hours, which may have lifted the
adhesive and led to the wound sepa-
rations. 

An editor's letter and author's
reply (Am Surg 2004;70:369; author
reply: 370-1) elaborated that while
this was intended as a pilot study,
with plans to repeat the methodolo-
gy absent the deep dermal sutures,
this intent and the pilot study itself
were terminated early due to inves-
tigator concerns regarding the unac-
ceptably high rate of “problems”
encountered (5 of 24). The authors’
response concluded with the recom-
mendation that dermal sutures be
placed to protect against wound
separation should tissue adhesives
be considered for use in deeper
wounds. This study may further
guide practitioners in their determi-
nation of the appropriateness of tis-
sue adhesive use to minimize the
overall complication rate. 

Use in Traumatic 
Laceration Repair 

Source: Farion K, et al. Tissue adhe-
sives for traumatic lacerations in chil-
dren and adults. Cochrane Database
Syst Rev 2002;(3):CD003326.

Fairon and colleagues examined
the literature for the use of tis-

sue adhesives in adult and pediatric
traumatic lacerations for the
Cochrane Database. They cited the
major factors—increasing populari-
ty of glue use, ease of use,
decreased pain, decreased time to
apply, and no required follow-up
visit—as advantages contributing to
the popularity of this technique.
None of the substantial number of
studies published to date had ade-
quate power or consistency in study
parameters to allow assertion of
definitive answers regarding the
efficacy of tissue adhesives. The
authors vigorously searched for ran-
domized controlled trials and
included them for comparison if
they addressed acute, linear, low-
tension traumatic (nonsurgical) lac-
erations. Eight studies were com-
pared; no significant difference for
cosmetic result was found. Favor-
able reductions in both procedural
pain and time to complete were
reported. A “small but statistically
significant risk” of wound dehis-
cence was identified with tissue
adhesives—number needed to harm
(NNH) 25, with 95% CI 14-100, as
well as local erythema—NNH 8,
95% CI 4-100. Their conclusions
reflected these findings and report-
ed tissue adhesives to be an “accept-
able alternative to standard wound
closure for simple traumatic lacera-
tions.”

Commentary
Since my initial introduction to it

in residency training, the Cochrane
Collaboration has been praised for
its rigorous efforts and methodolo-
gies to present meta-analyses with
the best information available for
clinical application. I found no rea-
son for change in my esteem of their
reputation based upon my review of
their methodology of literature
search, scoring, inclusion, and



review techniques used for this
topic. Their conclusions pre-dated
many of the other papers summa-
rized here, and are further supported
by the findings of the subsequent
authors. Of note to readers: A one-
page summary of Fairon and col-
leagues’ contribution is presented
in Evid Based Nurs 2003; 6:46.

Antimicrobial Barrier
Properties

Source: Bhende S, et al. In vitro assess-
ment of microbial barrier properties of
Dermabond® topical skin adhesive.
Surg Infect(Larchmt) 2002;3:251-257.

This study was performed to
gather additional information

for the clinician (based upon an in
vitro study) regarding the antimi-
crobial/ barrier effect of tissue adhe-
sives in general, and octylcyano-
acrylates (Dermabond®) in particu-
lar. Sterile agar containing
bromocresol purple (as a color-
change indicator of biological activ-
ity) was prepared and then layered
with one or three “films” of adhe-
sive with liquid from individual
applicators, to create uniformly
thick films, each approximately 20
mm in diameter. Positive control
plates were created by punctures
with a sterile needle. Negative con-
trols included plain agar and
uninoculated glue film agar plates.
Twenty films per organism were
subjected to a broad spectrum of
organisms, including S.
epidermidis, methicillin resistant S.
epidermidis (MRSE), S. aureus,
MRSA, E. faecalis, vancomycin-
resistant Enterococci (VRE), E.
coli, Klebsiella pneumoniae, Pro-
teus species, S. marcescens, Acine-
tobacter baumanii, and Candida
albicans. The plates were then incu-
bated right side up for three days at
37°C. The 300 single-layer films

had one plate lost due to compro-
mise of the integrity of its glue
layer, resulting in “95% confidence
of 98.5% efficacy for 72 hours” as
an in vitro barrier to microbial pene-
tration. The 300 triple-layer films
had one plate demonstrate growth
around the layer as a contamination
rather than an accepted true-positive
result (=failure) by growth through
the layer. This yielded similar effi-
cacy estimates. 

Commentary
The introduction does comment

on potential mechanisms for reduc-
tion in the risk of infection with the
use of tissue adhesives:

• elimination of punctures (for
anesthesia and suture) that may
introduce skin flora into the wound; 

• the absence of suture material
that may provide a migration path
through the skin for bacteria; and 

• the flexible seal over the wound
to reduce secondary contamination. 

The project was conducted with
resources from Jansen® and
Ethicon®, which could pose the
only potential “cloud” over this oth-
erwise elegant basic science investi-
gation; however, as reported it is
unlikely that there would be any
interference with the project as
reported. 

The paper is well written and
contains background information on
tissue adhesives that likely only a
manufacturer would be able to
detail. The authors mentioned a
guinea pig wound closure study that
found lower infection rates than
with traditional monofilament
suture closures and built from this
point to reflect that in this in vitro
study model; absent the protection
of an immune system’s inherent
protections, penetration of the
film(s) by even one microorganism
could have caused an agar color
change and resulted in a positive
(=failed) barrier determination.

Hair Apposition 
Technique

Source: Hock MO, 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;40:19-26.

This article compared a hair twist
secured by tissue adhesive

against standard suturing. Re-
searchers required the lacerations to
be linear, not actively bleeding or
severely contaminated, less than 10
cm total length, in an area with hair
at least 3 cm long, and hemodynam-
ic stability of the patient to be ran-
domized. 

Participating practitioners were
in-serviced on the technique prior to
the study. Ninety-six patients had
hair apposition technique (HAT)
used, and 93 were sutured. The
patients were instructed to not wash
the wound for two days. Wound
inspection was performed after one
week, and infection, bleeding, aller-
gy, scarring, and wound breakdown
were noted as either present or
absent based upon definitions elab-
orated upon in the article. The
examiner at follow-up was also to
determine if “satisfactory wound
healing had occurred.” If this was
not the case, the patient was brought
back weekly until healing was
deemed complete. 

Demographic and wound char-
acteristics were similar between
groups. The investigators reported a
significant reduction in procedural
time with hair apposition and glue
(p < 0.001) and an increased inci-
dence of scarring and infection in
the suture group (p = 0.004 and
0.005, respectively). They reported
limitations of patients with very
short or no hair, profusely bleeding
wounds, or grossly contaminated
wounds. They reported HAT to be
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simple, effective, and able to be
“learned quickly by anyone.”

Commentary
The authors mentioned prior

studies with use of hair, but clarified
that those physically knotted the
strands to oppose the wound edges
and, thus, had to eventually be cut
off. The related editorial (Ann
Emerg Med 2002;40:27-29) elabo-
rated on prior reports in the litera-
ture of hair-assisted wound closure
techniques, plus pointed out that
only the outermost layers of skin are
opposed, which could potentially
result in a deeper tissue dead space,
and wound edge eversion with HAT
would be very difficult to obtain.
The editorialist pointed out that
function and cosmesis are not criti-
cal in most scalp wounds, and that
early wound appearance does not
correlate to later outcome. The
authors, editorialist, and I agree in
the end that knowledge of this tech-
nique could only serve to benefit the
occasional, appropriately wounded
patient in the future. Lastly, brief
synopses of Hock’s work have been
presented in two articles (Weick R,
et al. Hair apposition technique is
better than suturing scalp lacera-
tions J Fam Prac 2002;51:818; and
Brosnaham J. Treatment of scalp
lacerations with a hair apposition
technique reduced scarring, pain,
and procedure duration compared
with suturing. Evid Based Nurs
2003;6:17.) 

Needle-stick Injuries
and Glue Use

Source: Gordon CA. Reducing needle-
stick injuries with the use of 2-octyl
cyanoacrylates for laceration repair. J
Am Acad Nurse Pract 2001;13:10-12.

This small descriptive study
sought to confirm an expecta-

tion of reduced needle-stick expo-
sure risk through the utilization of
tissue adhesives for laceration
repair. Thirty-eight patients had data
collected when their treating practi-
tioner (physician or nurse practi-
tioner) selected glue as the closure
method for a laceration; 58% of
these cases were pediatric. “At the
end of treatment,” 92.1% of wounds
were completely approximated, and
there was no erythema, wound
drainage, or warmth reported by any
patient. They reported that 7.9%
required reapplication of the adhe-
sive due to wound dehiscence.
Among the providers, no needle-
stick injuries were reported as a
result of these wound closures, and
82.3% preferred tissue adhesive as a
closure technique. 

Commentary
This study is reviewed here to

remind us of the obvious: stuff hap-
pens. No matter the level of precau-
tion, if someone/something moves
wrong at the wrong time during a
suture closure of a laceration, there
is a potential for percutaneous blood
exposure. Because it is widely
acknowledged that more than 25%
of persons with HIV do not know
they have it, it is not just a “nondis-
closure” circumstance. The oppor-
tunity to avoid contact with needles
or other sharps in a procedure, when
feasible, does make the risk of a
sharps-related injury that much less
likely. 

Conclusion/
Recommendations

Iwill preface this summary with
mention that given an appropri-

ately cleansed, nonbleeding wound
and a willing patient, I use tissue
adhesives in a broad variety of lac-
eration presentations, generally with
excellent results. If an acceptable

closure cannot be achieved in this
manner, the glue is then removed
and the wound prepped and closed
in an alternate fashion. Lin demon-
strated the relative simplicity of pro-
viding initial instruction on proce-
dural aspects of this technique to a
varied skill-level audience. 

The syringe-and-needle tech-
nique as an alternate applicator may
eventually migrate into the outpa-
tient arena where “glue-clot” and
self-adhesion issues can complicate
wound closure, however this will
require further investigation. Two
separate, alternate techniques for
laceration approximation were pre-
sented (hair apposition and adhe-
sive strip application) with poten-
tially even less discomfort than tis-
sue adhesive application, and com-
parable cosmetic outcomes to
broaden the practitioner’s procedur-
al armamentarium in appropriate
lacerations. The Bhende paper elab-
orated on the potential added bene-
fit to the use of tissue adhesives of
an antimicrobial barrier, an excel-
lent investigation utilizing an in
vitro model.

Several of the abstracts either
directly or indirectly drew attention
to the importance of selecting
appropriate wounds for tissue adhe-
sive application to optimize the
likelihood of satisfactory outcomes
for our patients. Excessive depth,
significant incongruity with
Langer’s lines, or lacerations locat-
ed in more mobile or tensile areas
of skin are factors that should be
considered  to yield an educated
decision to utilize an alternate clo-
sure technique. The clinician
should be able to articulate the
rationale for selection of closure
technique to the patient or other
practitioners, if asked. 

Alternately, if the clinical deci-
sion is made to utilize cyanoacry-
late glue on a laceration that would
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reasonably pose an increased risk
of dehiscence, the old-fashioned
practice of adding support and
additional protection to a wound
once closed via overriding adhesive
strips, bulky dressings, or even
splinting if necessary, will improve
the odds in favor of the wound heal-
ing in an acceptable fashion. 

Future Issues

• What is the best diagnostic
test for nephrolithiasis?

• Is an LP necessary in SAH
with new generation scanners?

• Should steroids be used to
treat croup?
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Wound Repair—Tissue Adhesives: Wound Types and 
Locations Contraindicated for Use of Tissue Adhesives

• Puncture wounds
• Animal or human bites
• Heavily contaminated wounds
• Wounds with active infection or gangrene
• Stellate or crush wounds
• Wounds of length greater than 4-6 cm
• Wounds gaping greater than 4-6 cm
• Wounds below skin surface
• Areas with dense natural hair
• Wounds near or on the eye
• Areas of tight skin tension, such as over a joint
• In patients with immune compromise, poor wound healing, collagen

vascular disease, or coagulopathy
• Patients with known allergy to cyanoacrylate or formaldehyde
• Areas subjected to repetitive friction (hands, feet)
• Areas of prolonged moisture (mucosal surfaces, mucocutaneous junctions)

Wound Repair—Tissue Adhesives: Pearls and Pitfalls

PROBLEM PREVENTION

Adhesive sticks to gloves Use vinyl gloves instead of latex; 
adhesive easily is removed with gentle 
traction

Gauze sticks to skin Dampen gauze with water or saline

Adhesive runs into eyes Position sensitive areas uphill from area
where adhesive is being applied and
surround area with damp gauze

Adherence to plastic forceps Use metal instruments; less adherent

Seepage into wound Do not release wound edges until poly-
merization is complete; may remove
with petroleum jelly-based ointment

Hematoma formation Ensure complete hemostasis prior to
wound closure

Adherence to skin sutures Do not apply adhesive over or near skin
sutures that already have been placed

Tables adapted from: Dietrich A. Trauma Reports Rapid Reference Guidelines.
Atlanta: Thomson American Health Consultants;2004:72-73.
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CME OBJECTIVES

Upon completing this program, participants will be able to:
• Summarize the most recent significant studies in emergency medicine/acute care related 

to a single topic;
• Discuss up-to-date information about new drugs, techniques, equipment, trials, studies, 

books, teaching aids, and other information pertinent to the stated topic;
• Evaluate the credibility of published data and recommendations about the stated topic. 

CME INSTRUCTIONS

Physicians participate in this continuing medical education program by reading the arti-
cles, using the provided references for further research, and studying the CME questions. Par-
ticipants should select what they believe to be the correct answers, then refer to the list of cor-
rect answers to test their knowledge. To clarify confusion surrounding any questions
answered incorrectly, please consult the source material. 

After completing this activity, participants must complete the evaluation form provided at
the end of each semester (June and December) and return it in the reply envelope provided to
receive a certificate of completion. When an evaluation form is received, a certificate will be
mailed to the participant. 

CME QUESTIONS

1. Tissue adhesive application instruction:
a. introduces a complex skill requiring dedicated instruction.
b. demonstrates basic information on an easily acquired skill.
c. is subject to skill-decay and must be in-serviced routinely.
d. should best be accomplished via video presentation. 

2. As reported by the authors, the benefits for needle application of glue stem from:
a. chemical interaction from the plastic/air interface prior to application.
b. the ability to directly inject adhesive into the tissues to be approximated.
c. lack of tissue-applicator contact to minimize glue-clot and self-adhesion.
d. fine control of application to limit contact to dermal tissue only.

3. Octylcyanoacrylate tissue adhesives may result in a decreased risk of wound infection
by:
a. creation of polymerization byproducts that are directly bactericidal.
b. engulfing microbes within the adhesive film to restrict nutrient access.
c. forming a solid barrier that microbes are not able to penetrate.
d. a complex chemical reaction that disrupts microbial mitochondria.

4. The hair apposition technique must be utilized with prudence due to the risk of:
a. severe follicular damage and creation of areas of nongrowth near the wound.
b. local autoimmune response to hair held in the wound by tissue adhesive.
c. creation of deeper tissue potential space for hematoma or abscess formation.
d. secondary trauma with wound re-opening during personal hygiene activities.

5. The association between needle-stick injuries and tissue adhesives utilization:
a. reminds clinicians that if sharps are not required, related injury risk is minimal.
b. serves to remind practitioners to use caution when crushing the ampoule.
c. identifies the frequent need to utilize local anesthesia to reduce pain from glue.
d. cautions providers regarding presentations of parenteral drug abuse as trauma.

Answers:
1. b 
2. d 
3. c 
4. c 
5. a
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Emergency department (ED) physicians frequently are
required to assess and stabilize multiple trauma patients. Follow-
ing the initial stabilization of
the patient’s airway and circu-
latory status, secondary poten-
tial life-threatening injuries
should be identified and
addressed. 

Pelvic injuries may occur
secondary to blunt or penetrat-
ing trauma and may result in
stable or life-threatening injury
patterns. Patients with pelvic
trauma require a thorough eval-
uation for associated injuries
and careful monitoring for
potential deteriorations. 

Therapeutic options continue to advance and evolve as alter-
native modalities are explored. The authors review the early
recognition, stabilization, and management of a patient with a
pelvic fracture. 

— The Editor

Introduction
Although pelvic injury can be the result of either penetrating

or blunt force injury, the major-
ity of pelvic trauma cases
involve blunt force. Pelvic frac-
ture management is perhaps the
best example of multidiscipli-
nary care because patients often
require therapy—in addition to
bony stabilization—for associ-
ated system injury including
neurologic, urologic, and vascu-
lar injuries. Although the initial
patient focus should be rapid
hemodynamic stabilization fol-
lowed by complete radiologic

survey to determine the severity of the injury and associated
injuries, upper level interventions (e.g., angiographic emboliza-
tion) may be necessary. Both general and orthopedic surgery
expertise may be necessary to provide optimal care. It is also
important to determine whether transfer to a higher level of care
is necessary early in the patient’s course. 

Patients with penetrating pelvic trauma, although they have
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the potential for similar organ injury as those with blunt trauma,
are more likely to sustain intra-abdominal injury. Penetrating
pelvic injury should be suspected with any gunshot or stab
wound that involves the flank, buttock, or lower back and par-
avertebral region. Patients who present in shock require immedi-
ate surgical exploration. Those patients who are stable can be
evaluated with a series of radiographs and potentially treated
nonoperatively.

Blunt Pelvic Injury
Epidemiology. More than 60% of pelvic fractures are the

result of vehicular trauma, either vehicular crashes or struck
pedestrians; falls from a height account for an additional 30%.1

The remainder generally occur from industrial or recreational
injury. Low impact injuries may produce stable isolated fractures
(e.g., an isolated pubic rami fracture). High impact injuries often
produce gross instability of the pelvic ring with concomitant
soft-tissue injury and life-threatening hemorrhage.

The mortality from pelvic fractures ranges from 6% to 20%,
but may reach 50% when associated with significant hemorrhage
and hypotension.2 Shock on arrival and age more than 60 years
have been shown to be associated with increased mortality.3,4 A
base excess (> -5) at the time of patient presentation also has
been shown to be associated with increased mortality.5 While
death can occur directly from pelvic hemorrhage, more often it is
the result of concomitant injuries.6 The mortality rate from open
pelvic fractures can be as high as 30-50%, also often from asso-
ciated injuries.7 Older patients tend to have a more protracted and
complicated course, probably secondary to chronic medical

problems and lack of physiologic reserves. Older patients also
tend to have a worse outcome, are more likely to bleed, and may
require angiography for relatively minor fractures.8

Anatomy of the Pelvis. The pelvis consists of two innomi-
nate bones and the sacrum. Each innominate bone consists of an
the ilium, pubis, and ischium. The pubic bones are the thinnest of
the pelvic bones and often are fractured in pelvic trauma. Their
fragments may injure the bladder, urethra, or vagina.9 Several
strong posterior ligaments, as well as the sacroiliac joint, give the
pelvis its stability. The two most important ligaments are the
sacrotuberous ligaments, which extend from the sides of the
sacrum to the iliac tuberosities; and the sacrospinous ligaments,
which pass from the sides of the sacrum to the ischial spines. 

There are four pelvic joints. The symphysis pubis is a slightly
movable anterior joint that connects the two pubic bones. The
sacroiliac (SI) joints, which are the strongest joints in the body,
are formed where the ilium joins with the first two sacral verte-
brae and connect the spine to the pelvis. These joints gain addi-
tional strength from the anterior and posterior ligaments;
although rarely involved in pelvic fractures, when disrupted, the
pelvis almost invariably is unstable. The sacrococcygeal joint is a
hinge joint between the sacrum and the coccyx. 

Muscles of note that attach to the pelvis include the sartori-
ous, which inserts on the anterior superior iliac spine; the rectus
femoris, which inserts on the anterior inferior iliac spine; and the
hamstrings, which attach to the ischial tuberosities. Avulsion
fractures sometimes occur at these sites.10 Posterior fractures of
the pelvis more commonly are associated with neurovascular
structural damage and can affect weight-bearing activities. Ante-
rior fractures are more likely to cause urogenital damage and
usually do not affect weight-bearing activities.

The acetabulum articulates with the femoral head to make the
hip joint. These two bones fit together like a ball and cup; there is
free rotation of the femoral head. The anterior column of the
acetabulum is formed by the pubic ramus and the anterior rim.
The posterior column comprises the ischial tuberosity and the
posterior rim of the acetabulum. The dome is especially impor-
tant in weight-bearing activities.

Classification of Pelvic Fractures
Several different classifications of pelvic fractures exist, but

all emphasize the underlying stability or instability of the pelvis.
High-risk pelvic fractures are those with symphysis diastasis
more than 2.5 cm, involvement of all four rami, widening of the
SI joint more than 0.5 cm, or vertical shear. A stable fracture is
one that will not undergo rotational or vertical deformation when
subjected to normal physiologic loads. An unstable fracture is
one in which movement —rotational, vertical, or both—can
occur in the three-dimensional plane when normal forces are
applied.

Morphologic Classification: The Kane Modification of the
Key and Conwell Classification. This system is based upon
radiographic assessment of the bony components involved and
the number of breaks identified.

Type I. These are isolated disruptions of pelvic bone and do
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not involve the pelvic ring (e.g., fractures of single pubic ramus,
iliac wing, sacrum, and avulsion fractures). The pelvic ring is
intact, and these stable fractures generally heal rapidly. Avulsion
fractures and those suggesting a single break in the ring are usu-
ally the result of less kinetic energy transfer, and hence have
fewer sequelae.11 These fractures may involve the anterior superi-
or iliac spine, anterior inferior iliac spine, or the ischial tuberosi-
ties. Avulsion injuries of the anterior superior iliac spine or
ischial tuberosities most commonly are seen in teenagers who
have sustained an injury while participating in vigorous running
or dancing. These fractures generally are treated conservatively
with bed rest and gradual ambulation.

Type II. These are single fractures of the pelvic ring without
displacement. These fractures commonly involve the pubis or
sacroiliac (SI) joint, which are relatively mobile joints, allowing
a single break to occur. These are stable fractures that are treated
conservatively with bed rest. However, 25% of these patients will
have a major soft-tissue injury and/or hemorrhage.11 If displace-
ment of the fracture fragment is found, a second break in the ring
usually exists.

Type III. These involve double fractures of the pelvic ring.
These are unstable fractures resulting from high-energy pelvic
trauma and often are associated with life-threatening injuries.
Examples include straddle fractures, open book fractures, bucket
handle fractures, Malgaine fractures, and pelvic dislocations. 

A Malgaine fracture is a fracture of the pubis and ischium
associated with a vertical shear fracture of the ipsilateral ilium,

fracture/dislocation of the sacroiliac joint, or a vertical fracture of
the sacrum. This is an extremely unstable pelvis, often associated
with leg shortening. There is rupture of the entire pelvic floor,
and this fracture is rotationally and vertically unstable. It usually
results from a fall from a height onto lower limbs. Approximate-
ly 20% of all patients who sustain a fatal injury in a motor vehi-
cle crash also have a Malgaine fracture.12

Type IV. These involve a fracture of the acetabulum (Figure
1). Although these fractures only account for 5% of all pelvic
fractures, they may affect weight-bearing activities.11 Fractures
can alter the integrity of the anterior or posterior column or the
dome of the acetabular cavity.

Classification by Mechanism of Injury. The Young and
Burgess Classification. This classification system has good pre-
dictive value of mortality and morbidity by incorporating an
appreciation of the causative forces and resulting injury patterns.13

Lateral Compression (LC) Fractures I, II, III. Lateral com-
pression is the most common type of pelvic fracture (about 60%
of injuries) and has an associated 6.6% mortality.13 Force is
applied to one side of the pelvis (e.g., when a patient is “t-boned”
in a motor vehicle crash). With these injuries the pelvic ring
implodes or collapses; one side rotates medially toward and
sometimes beyond the midline, usually on a posteriorly based
perpendicular axis. Usually, the sacrotuberous and sacrospinous
ligaments are intact. While bleeding is less common, LC frac-
tures more often are associated with life-threatening torso injury.
Thirty percent of these patients present in shock, usually from
extra pelvic bleeding, and 20% develop adult respiratory distress
syndrome (ARDS) with its associated high mortality rate.13-15

Anterior-Posterior Compression (APC) Fractures. In these
fractures, force is applied directly to the pubis (e.g., when a
pedestrian is struck frontally by a car). These fractures compose
15% of pelvic fractures and have an associated mortality of
approximately 20%. They are associated with the largest amount
of blood loss. Sixty percent of these patients present in shock,
and 20% develop ARDS.13-15

Unclassified Injuries. Open fractures: These often occur with
motorcycle accidents and struck pedestrians. An open fracture
occurs when there is communication between the pelvic fracture
and a laceration or puncture of the skin, vagina, bowel, or rec-
tum. These are associated with a mortality rate as high as 50%
from massive hemorrhage, major vessel injury, and sepsis. Con-
trolling hemorrhage with wound packing, MAST trousers, or
angiography can reduce the mortality rate to below 10%.16 Many
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Table 1. Associated Injuries

• Closed head injury • Liver

• Long-bone fracture • Gastrointestinal tract

• Peripheral nerve injury • Kidney

• Thoracic injury • Urethra

• Bladder • Mesentery

• Spleen • Diaphragm

Figure 1. Acetabular Fracture

Figure 1. Acetabular Fracture. There is a left acetabular fracture.
A cystogram was performed by instilling iodinated contrast into
the patient’s bladder (B) through the Foley catheter. The bladder
is deformed and elevated by the pelvic hematoma (curved
arrows).

Reprinted with permission: Wiest. Fundamentals of Emergency
Radiology. Philadelphia: Elsevier;1996.



of these patients will require a colostomy. Principles of care
include rapid control of bleeding, fecal diversion, and wide local
debridement of nonviable tissue. Straddle injury: This injury
usually causes fractures of bilateral pubic rami and often is the
result of a high-speed motorcycle accident or a fall from great
height. Genitourinary and renal damage are common.

Associated Injuries. In pelvic fractures and high-energy
injuries, many patients have associated injuries. (See Table 1.)

The high association of multisystem injury in patients with
pelvic fractures should lead to a thorough evaluation of all organ
systems based on injury mechanism, patient history, and current
examination of the patient. A computed tomography (CT) head
scan should have a high priority in patients with altered level of
consciousness; patients with the possibility for an associated
long-bone fracture should undergo focused appropriate imaging,
remembering that patients with associated brain injury may be
unable to identify sites of pain. Serial examinations are also an
important tool to identify potential areas of injury. 

Significant thoracic trauma also is associated with pelvic frac-
tures, and the patient should be evaluated for pneumothoraces, or
hemothoraces and blunt aortic injury. Aortic injury is most com-
mon in patients with lateral compression mechanisms. Initially, a
chest radiograph is used to identify obvious abnormalities or
findings that are significant for more serious underlying injury.
Spiral CT can be used to obtain more detailed imaging. In
patients who require immediate operative intervention for life-
threatening hemorrhage, transesophageal echocardiography can
be quite helpful for aortic injury.

Intra-abdominal injuries often accompany pelvic fractures and
may involve the liver, spleen, or mesentery. The reported inci-
dence of diaphragmatic injuries is relatively low, but the statistics
may be badly under reported because the diagnosis can be
missed. The perineum should be examined carefully on the sec-
ondary survey for vaginal and/or perirectal laceration, signifying
an open pelvic fracture. These injuries must be dealt with expedi-
tiously to avoid the complications of retroperitoneal sepsis. 

Urinary tract injuries are common, especially with displaced
pelvic fractures. With major pelvic injuries, it is safe to assume a
urinary tract injury exists until proven otherwise. Urethral
injuries are twice as common as bladder injuries and are the most
common lower urinary tract injuries associated with pelvic frac-
tures. Signs include gross hematuria, blood at the meatus, a high-
riding prostate, and scrotal ecchymosis. The high-riding prostate
is the result of shearing of the prostate from the pelvis with sub-
sequent migration superiorly and a hematoma filling the normal
position of the prostate. If there is no meatal blood and the rectal
examination is normal, then a gentle attempt at Foley catheter
placement may be tried. If any resistance is encountered, assume
a urethral injury exists and consult urology for suprapubic cys-
tostomy.17 Male patients should have a retrograde urethrogram
before a Foley catheter is placed if there is blood at the meatus.

The most common associated lower urinary tract injury in the
male is a posterior urethral tear and should be suspected in any
patient who presents with gross hematuria and a pelvic injury.17

Anterior urethral tears commonly are associated with straddle
injuries, but actually occur infrequently.

Bladder contusions are the least serious bladder injury. They
are common and usually resolve without complications. They
result from an incomplete tear of the bladder mucosa and usually
are treated with short-term bed rest until hematuria resolves.
Bladder rupture occurs in about 5-8% of pelvic fractures.19 A full
bladder usually will rupture at the dome, which is the weakest
part of the bladder wall and the only part of the adult bladder
covered by peritoneum. Intraperitoneal bladder ruptures are more
commonly the result of seat belt compression of a full bladder,
representing 20-40% of traumatic bladder ruptures.19 An
intraperitoneal bladder rupture requires surgical repair because of
the risk of associated chemical peritonitis. It is diagnosed via ret-
rograde cystogram (voiding cystourethrography). 

An empty bladder usually will not rupture but may be lacerat-
ed by a bony fragment producing an extra-peritoneal rupture; 50-
80% of bladder ruptures associated with pelvic fracture are
extraperitoneal and usually occur near the base of the bladder.19

The mechanism is believed to be a burst injury or the shearing
force of the deformed pelvic ring. The pelvic fracture itself usu-
ally does not cause the bladder perforation. The bladder must be
distended fully during the evaluation, and a post-void film is
done. The post-void film is important because posterior tears
may not be evident in a simple anterior-posterior film; 10% of
bladder ruptures are detected only on post-drainage films.19

Some practitioners advocate the use of a CT cystogram as a more
sensitive detector of small bladder rupture as well as soft-tissue
injury. A cystogram of an extraperitoneal bladder rupture may
show extravasation around the base of the bladder and may
extend into the thigh and penis; these injuries usually are treated
with only Foley catheter drainage. 

Combined intraperitoneal and extraperitoneal bladder injuries
occur in approximately 10% of bladder ruptures. The mortality
rate for combined injuries approaches 60%, owing to the severity
of concomitant injuries.19 Penetrating pelvic trauma also can
result in bladder injuries. There is a high association with intra-
abdominal injury with penetrating trauma, and surgical explo-
ration often is mandated. The cystogram may be negative in
patients with small caliber bullet wounds; these injuries some-
times are diagnosed only at exploratory laparotomy.

Initial Management
The priority for a patient with a significant pelvic injury is the

same as any trauma patient with multisystem injury. Immediate
airway control is critical and endotracheal intubation should be
performed in any patient in extremis or in whom there is a suspi-
cion of significant pelvic trauma. Endotracheal intubation will
help facilitate the evaluation process and allow for adequate anal-
gesia. The adequacy of oxygenation and ventilation should be
monitored continuously, and an arterial blood gas (ABG) meas-
urement can be extremely helpful. 

Assessment of hemodynamic stability follows; some patients
with significant blood loss will present with classic findings (e.g.,
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hypotension and tachycardia); other younger patients may com-
pensate for blood loss relatively well, so a high degree of suspi-
cion is critical. A significant base deficit on arterial blood gas
measurement is also a marker of volume depletion. Ongoing
resuscitation to maintain stability also should be monitored and
fluid totals carefully recorded; these patients almost always are
bleeding, and a rapid search for the source is imperative. 

Geriatric patients also represent a rapidly growing population
with unique considerations and requirements. In addition to the
presence of co-morbidities (e.g., diabetes, chronic obstructive
pulmonary disease, and renal insufficiency), they are much more
likely to develop multisystem organ disease during their hospi-
talization.

Because of the high incidence of multisystem trauma, patients
with pelvic fractures may be unstable from other entities, in addi-
tion to pelvic fracture bleeding, and should be evaluated for ten-
sion pneumothorax, hemothorax, intra-abdominal injury, and
bleeding from lower extremity fractures. 

Caring for a patient with a pelvic fracture can be extraordinar-
ily challenging. It is important to anticipate problems; these
patients often have multiple injuries and can decompensate quite
quickly. 

Large bore intravenous access is mandatory in all patients
with pelvic fractures. Every patient should have blood type and
cross-matched and immediately available. In patients who are
unstable, it is important to anticipate the need for coagulation
factors (e.g., fresh frozen plasma and platelet packs). Hypother-
mia can be extremely problematic. It is wise to warm all fluids
and blood early in the resuscitation. Finally, all patients with
pelvic fractures must be assumed to have multiple injuries. The
evaluation process must be rapid. It is important to anticipate the
need for consultation and have all resources available when
needed. The algorithms in Figures 2 and 3 may be useful in man-
aging the pelvic trauma patient based upon the patient’s level of
hemodynamic stability. 

Physical Examination
A careful physical examination is part of every trauma

patient’s evaluation and should be performed following the pri-
mary survey. In general, patients who have pelvic fractures will
complain of pain. They may not complain of direct pelvic pain
but often complain of lower abdominal pain, hip pain, or low
back pain. Careful abdominal examination should be performed.
Retroperitoneal injury, particularly if accompanied with signifi-
cant blood loss, often will produce abdominal distension with
tympany. The abdomen should be evaluated for bruising and
tenderness.

The genitourinary tract should be examined with careful
attention to identify blood at the urethral meatus in men, a sign
of urethral disruption. In addition, suprapubic pain, tenderness,
or the inability to void strongly suggests either a bladder or ure-
thral injury; however, the ability to void does not rule out one. A
careful rectal examination should be performed to evaluate rectal
tone and the position of the prostate. A high-riding prostate also

strongly suggests a urethral injury. 
Lower extremities should be evaluated for concomitant frac-

tures as well as their position. Some patients with significant pos-
terior pelvic fractures often have unopposed motion of the ipsi-
lateral psoas muscle, thus, that hemipelvis migrates cephalad and
shortens the extremity. Careful neurologic examination should be
performed with attention to the lower extremities. Patients with
pelvic fractures may have lower extremity sensory or motor
changes, some of which may be identifiable at the initial pres-
entation.

The pelvis should be examined carefully. Rocking the pelvis
is not considered to be an appropriate way to examine the pelvis.
In addition to producing significant pain in patients with pelvic
fractures, vigorous motion may cause recurrent bleeding in
patients with unstable pelvic fractures. Thus, this maneuver
should be avoided. Instead, the correct way to examine for pelvic
stability is to gently attempt to compress the pelvis medially by
squeezing the pelvis at the level of the iliac crest. If the pelvis is
stable, there will be no motion. In patients with an unstable
pelvis, there will be give with gentle manual compression. 

The following physical findings may be helpful in patients
with suspected pelvic fractures. Earle’s sign is present when, on
rectal examination, there is a large hematoma present or there is
tenderness along the fracture line. A bony prominence also may
be palpable. Destot’s sign is a superficial hematoma seen above
the inguinal ligament or on the scrotum. Roux’s sign is present
when the distance measured from the greater trochanter to the
pubic spine is diminished on one side compared with the other.
This finding suggests an overlying fracture of the anterior pelvic
ring.

Laboratory Work 
All patients with a suspected pelvic fracture should have rou-

tine chemistries and a complete blood count performed. The
urine should be examined for gross or microscopic hematuria.
The majority of patients with a bladder injury will have gross or
microscopic hematuria; however, 5% will have a normal urinaly-
sis.19 ABG measurements are useful, especially early, to deter-
mine if there is a base deficit and the degree of acidosis. The
serum lactate level also is useful as a measure of the adequacy of
resuscitation. Coagulation profiles should be followed because
patients with severe injury commonly develop coagulopathies.

Radiologic Evaluation
Plain Films. Every patient at risk for a pelvic fracture should

be screened with an AP pelvic film. Patients who are hemody-
namically stable, awake, and alert, who have no complaints of
pelvic pain, and who are nontender on examination, do not
require radiographic evaluation. However, any patient with a sig-
nificant mechanism of injury and the potential for multitrauma,
patients unable to provide a history, and those who are hemody-
namically unstable, must be imaged. 

The pelvic radiograph must be examined carefully for evi-
dence of fracture. A systematic approach will minimize missed
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fractures. Initially, we should ignore the pelvic bones and evalu-
ate the soft tissue for signs of inflammation or foreign bodies.
The next step is to examine the lumbar spine for evidence of
fracture and the femoral head and neck for signs of injury. Final-
ly, the pelvis itself should be examined. It is useful to start with
the three big circles that form the majority of the pelvis. The two
circles that represent the superior and inferior rami should be
examined for fracture or loss of continuity of the cortices, which
will signify more subtle fractures. Finally, the circle that repre-
sents the pelvic inlet should be examined. Then, the SI joints
should be examined for width and the sacral bone then exam-
ined. The arcuate lines of the sacrum should each be traced; this
will identify subtle fractures. The iliac bones should be examined
next, followed by each acetabular surface. It is important to trace
both the anterior and posterior lip of the acetabulum to identify
more subtle fractures.

It is also important to remember that the pelvis is a circle. It is
difficult to break the pelvis in a single place. Virtually all pelvic

fractures have at least two breaks. If one identifies a single pelvic
fracture, a careful search for a second fracture is essential. In
addition, plain films can underestimate both the number and
severity of pelvic fractures. This fact is particularly evident in the
posterior elements. The gastrointestinal tract may obscure subtle
fractures. Even badly displaced posterior fractures may be diffi-
cult to see on plain x-ray because they are viewed only in a sin-
gle projection. 

Alternative views may be helpful. Inlet views place the radi-
ographic beam at 45 degrees and shoot through the pelvis. These
are most helpful in identifying sacral fractures or subtle anterior
element fractures. Outlet views place the beam at 45 degrees
with the beam sent through the anterior pelvis. These provide
additional information about the sacrum at the SI joints. Judet
views involve bumping the patient up and directing the beam at
the acetabular surfaces and are very useful in identifying acetab-
ular fractures. 

CT Imaging. Abdominal and pelvic CT scans offer advan-
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tages in many patients who have sustained pelvic fractures. The
ability to image the abdomen and pelvis simultaneously can be
of great value. Clearly, CT imaging has become the gold stan-
dard imaging for blunt, solid, and hollow visceral injuries follow-
ing blunt trauma. In addition, many patients who have pelvic
fractures may have intra-abdominal injury without hemoperi-
toneum that will be missed with either ultrasound examination or
diagnostic peritoneal lavage.

CT imaging also allows for better definition of pelvic fracture
anatomy. Because CT images in three dimensions, it easily can
define anterior-posterior displacement, which can be difficult to
see on plain x-rays. Three-dimensional reconstructions can pro-
vide sophisticated images that will help define anatomy and
operative fixation.

The final advantage of CT imaging is its ability to quantify
intra-abdominal and retroperitoneal hemorrhage. Occasionally,
patients with pelvic vascular injuries will have contrast blush or
active extravasation at the time of the CT scan. 

The disadvantage of CT imaging involves the time required
and the small—but real—chance of IV contrast reaction. While
CT imaging can be extremely helpful, it is contraindicated in
patients who are hemodynamically unstable because the patient
usually must be transferred out of the resuscitation area for the
study. In this case, other methods of evaluation must be

employed, or the patient must be stabilized before CT imaging is
appropriate. 

Treating Pelvic Fracture Bleeding
Treating pelvic fracture bleeding is a significant challenge.

First, it is necessary to localize the pelvis as the source of blood
loss. Other areas should be examined (e.g., the thorax and the
abdomen). The general rule of thumb is that each major closed
long-bone fracture results in a loss of several units of blood.
When patients show signs of hemorrhage that cannot be ascribed
to the chest, abdomen, or muscle compartments, pelvic fracture
bleeding must be considered.

It can be very difficult to discern retroperitoneal hemorrhage
from intra-abdominal hemorrhage on physical examination. Sev-
eral modalities can be extremely helpful in rapidly assessing the
abdomen for blood loss. Diagnostic peritoneal lavage (DPL) is a
simple test that can be performed at the bedside. In patients with
pelvic fractures, it is imperative to do this test using a supraum-
bilical open technique, which radically decreases the chances of
inadvertently tapping any retroperitoneal hemorrhage.20, 21 Aspi-
ration of 5 to 10 mL of gross blood generally is considered an
indication for emergent laparotomy. Results from a recent study
demonstrated that 84% of patients with grossly positive tap had
life-threatening hemorrhage at the time of laparotomy.21 Decision

Special Editorial Supplement/Trauma Reports 7

Figure 3. Unstable Algorithm

Reprinted with permission: Mattox K, et al. Trauma. New York:McGraw Hill;2000:824.



making can be more difficult in cases where patients have a neg-
ative tap but bloody lavage fluid. False-positive lavage can result
from diapedesis of red cells from retroperitoneal hemorrhage.
DPL can be too sensitive, and small quantities of blood in the
peritoneum may turn the lavage positive. This major risk is per-
forming surgery on an insignificant intra-abdominal injury at the
time the patient is exsanguinating from pelvic fracture bleeding.

Focused assessment with sonography for trauma (FAST)
examination largely has replaced DPL in many trauma centers.
FAST examination is portable and rapid and often can identify
even small quantities of intraperitoneal fluid. It can be repeated if
equivocal and should be able to identify large-volume hemor-
rhage in virtually every patient if the operator is skilled. In the
hemodynamically unstable patient, it can be extraordinarily help-
ful in rapidly identifying free intraperitoneal fluid. If no free fluid
is identified, then the focus for finding the source of hemorrhage
may be directed toward the pelvic injury. While the amount of
fluid necessary to turn a FAST examination positive may vary
based upon body habitus, a FAST examination is usually positive
with 200-300 mL of intra-abdominal blood.22,,23 Thus, hemody-
namically unstable patients with a positive FAST examination
almost certainly should undergo prompt laparotomy. 

Methods of Hemodynamic Stabilization
External Compression. External compressive devices are

considered the first-line therapy for treatment of pelvic fracture
bleeding. External compression reduces the pelvic bony ele-
ments, restoring more normal pelvic anatomy. While this almost
certainly will not stop major arterial bleeding, it can be helpful in
tamponading venous bleeding or reducing blood loss from frac-
ture fragments.24 A number of methods exist to achieve this
result. Among the simplest is placement of a bed sheet under the
patient with subsequent crisscrossing across the patient and then
tying it down.25 While not elegant, it can be extremely effective
and is perhaps most useful when transferring patients from rural
EDs to a higher level of care. 

The medical anti-shock trousers (MAST) garment was devel-
oped for use in the field. Although its role in patients with
hypotension is debated, it can be quite helpful in patients with a
pelvic fracture. The MAST garment acts as a pelvic splint and
can reduce fracture fragments similar to the bed sheet with the
advantage of pressure regulation, making this a more attractive
alternative. It may be particularly effective when transporting
patients within the hospital; keeping the fracture fragments stable
reduces the blood loss that so often is associated with patient
movement (e.g., from the stretcher to the bed).26 Disadvantages
of using the MAST garment include a potential for increased
intra-abdominal as well as intrathoracic pressure, difficulty with
oxygenation and ventilation, renal dysfunction, and limb ischemia.

A number of pelvic clamps have been devised that can com-
press the posterior fragments of a pelvic fracture. The disadvan-
tage of the pelvic clamps is that they require significant expert-
ise, and general anesthesia frequently is required to place them.
The advantages include good reduction of the posterior pelvic
elements and the ability to be adjusted to give better access to the

groin or abdomen for angiography or laparotomy.
One of the greatest advances recently has been the develop-

ment of the pelvic binder. The pelvic binder acts similarly to the
bed sheet, putting even pressure on the pelvis. The binder can be
placed and, then, adjusted using the Velcro straps. This simple
device can dramatically reduce displaced fracture fragments. Its
advantages are its ease and rapidity of use. However, it must be
adjusted to obtain access to the groin or anterior abdominal wall.

External fixation offers a number of advantages in patients
with skeletally unstable fractures. The skeletal rigidity provided
by an external fixator is probably superior to all other methods,
except the posterior pelvic clamp. The external fixator can pro-
vide definitive stabilization in some patients with pelvic frac-
tures. In some level I or II trauma centers where orthopedic
expertise is immediately available, the external fixator can be
applied immediately. Similar to the MAST or pelvic clamps,
external fixation almost certainly helps tamponade bleeding from
bony fragments and by reducing pelvic volume, it almost certain-
ly stops venous bleeding as well. The external fixator can be
adjusted to give access to the abdomen for laparotomy or to the
groin for angiography. 

Angiography and Selective Embolization. Angiography has
the ability to precisely define a pelvic vascular injury. In addi-
tion, transcatheter embolization can provide definitive hemosta-
sis in patients with pelvic fractures.27 Embolization has been
demonstrated to be both safe and effective in obtaining pelvic
hemostasis.28,29

Identifying patients in need of embolization can be difficult. It
is wise to have a pre-established limit on the amount of blood
transfused for pelvic bleeding to rapidly identify patients who
may benefit from embolization. 

The Eastern Association for the Surgery of Trauma suggests
the following guidelines for angiography: 1) patients with major
pelvic fracture who have signs of ongoing bleeding after non-
pelvic sources have been ruled out; 2) patients with major pelvic
fracture who are found to have bleeding in the pelvis who cannot
be controlled adequately at the time of laparotomy; and 3)
patients with evidence of arterial extravasation of intravenous
contrast in the pelvis by CT imaging.25

Our institutional indications for angiography are: 1) patients
with pelvic fracture with ongoing hypotension and a negative
FAST examination; 2) larger expanding hematoma seen at the
time of laparotomy; 3) more than four units of blood for pelvic
fracture bleeding in 24 hours; 4) more than six units of blood for
pelvic fracture bleeding in 48 hours, and 5) evidence of vascular
injury seen on CT imaging. 

Diagnostic angiography should involve a flush aortogram
first, which may identify very large pelvic vascular injuries,
allowing the angiographer to deal with them expeditiously. In
addition, aortography may identify other injuries (e.g., concomi-
tant lumbar artery injuries). Once the arterial injury is identified,
it can be embolized with a number of substances (e.g., poly-
styrene spheres, wire coils, or hemostatic gelatin sponges).29 Ide-
ally, one would like to occlude the blood vessel at its point of
bleeding but not flush hemostatic material distally. Dual
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embolization potentially increases complications such as impo-
tency or perineal ischemia. Contrast studies of the genitourinary
tract should be delayed until after angiography is completed. If
positive, contrast extravasation of the pelvis may limit the ability
of the angiographer to identify pelvic vascular injuries. Indepen-
dent predictors of finding bleeding on angiography include: 1)
age more than 55 years; 2) absence of long bone fractures; and 3)
emergent angiography.29

Direct Operative Control of Pelvic and/or Abdominal
Hemorrhage. Many patients with pelvic fractures have con-
comitant intra-abdominal injuries that are best treated with oper-
ative control. It is tempting, then, to attempt direct operative con-
trol of the pelvic fracture bleeding; in the majority of situations
this is unwise. The main hypogastric vessel artery is extremely
short and sequences into a large number of vessels deep in the
pelvis. It can be extraordinarily difficult to identify the precise
source of bleeding deep in the pelvis. In addition, unroofing the
hematoma loses all tamponade effect that the hematoma has pro-
vided. Venous injuries that have stopped bleeding may bleed
again with real force once the pelvic fracture hematoma is entered. 

Main hypogastric ligation typically is not selected as an oper-
ative procedure in most patients. While ligation may drop the
perfusion pressure to the injured blood vessel, it may be insuffi-
cient to stop the bleeding, and, more importantly may negate the
potential for the use of angiography, or the interventional radiol-
ogist may have to attempt access to the injured blood vessel
through a ligated hypogastric artery.

Direct operative control may be indicated for selected
patients; some authors suggest that patients with ongoing shock
and stable pelvic fractures are more likely to be bleeding
intraperitoneally and should undergo laparotomy; similar patients
with unstable pelvic fractures are more likely to have a pelvic
bleeding source, and therefore, should undergo angiography, and
then laparotomy if necessary.31-33 Patients who present with hem-
orrhagic shock and a unilaterally absent femoral pulse generally
have injury to the common iliac or external iliac artery. Prompt
therapy obviously is necessary to salvage these patients; they are
best served by direct operative control and bypass grafting of the
injured blood vessel. These patients typically present with badly
displaced posterior pelvic fractures and have essentially sus-
tained a traumatic hemipelvectomy. The leg is attached only by
skin and soft tissue.

Patients who present in refractory hemorrhagic shock from
pelvic fracture bleeding sometimes may not survive until the
angiography team can be mobilized; in selected centers, there
may be a rule for direct operative control of this type of pelvic
fracture bleeding in these patients. 

Finally, bony fixation can stop bleeding. In patients with
badly displaced SI joints, early percutaneous fixation is extreme-
ly attractive. The percutaneous nature of the procedure means
that the pelvic hematoma is undisturbed. The SI joint is closed
down and bony stability provided. While this action will not stop
major arterial bleeding in most cases, it reduces the volume in
the pelvis, provides definitive fixation, and allows for early
mobility. 

An Approach to Pelvic Fracture Bleeding. Several algo-
rithms to treat pelvic fracture bleeding have been developed. A
number of decision nodes exist; the first is to determine the
hemodynamic stability of the patient. Hemodynamically unstable
patients are managed in a very different manner than hemody-
namically stable patients (See Figures 2 and 3.)

Complications of Pelvic Fractures
Thromboembolism is probably the most common complica-

tion following a pelvic fracture. The force needed to fracture a
pelvis almost always disrupts some of the pelvic veins. The inci-
dence of proximal deep vein thrombosis (DVT) with pelvic frac-
tures has been reported to be 25-35%. The incidence of sympto-
matic pulmonary embolism is 2-10%.34 Certainly, every patient
with a pelvic fracture should receive prophylaxis for DVT.
Unfortunately, the potential hemorrhagic complications of pelvic
fractures may make prophylaxis also somewhat dangerous. Rec-
ognizing a DVT on physical examination may be challenging on
a patient with a pelvic fracture secondary to lower extremity
swelling from fractures or fluid resuscitation. Duplex ultrasound
examinations can be helpful in assessing for proximal venous
thrombosis but almost never will be able to image the pelvic
venous structures.

If possible, all patients should receive either unfractionated
heparin or low molecular weight heparin and have sequential
compression devices placed. If both therapies are not possible, at
least one is better than no prophylaxis at all. Certainly, early fixa-
tion and aggressive mobilization are key to preventing DVT.
Despite all efforts, however, these may not be possible. 

Patients with significantly displaced pelvic fractures or those
who have other concomitant critical illness injuries, should be
evaluated for placement of a prophylactic inferior vena cava fil-
ter. While some may consider this procedure overly aggressive,
prophylactic filter placement is relatively safe and should
decrease the rate of pulmonary embolism.35,36 With the advent of
retrievable filters, filters can be placed and then removed some
weeks later when the risk of thromboembolic complications may
be less significant. 

The mortality for pelvic fractures is approximately 5-10%.2 In
the past, this was due to hemorrhage, but it is no longer the case.
Better organization of trauma systems and trauma centers has
allowed for more expeditious management of pelvic fracture
bleeding. While almost half of patients with pelvic fracture who
die do so from hemorrhage, the hemorrhage may be from
sources other than the pelvis. Other common sources of major
morbidity involve traumatic brain injury, sepsis, and multiple
organ failure.

Unfortunately, patients who survive may have significant
ongoing morbidity. Pelvic fractures have significant associated
pain, especially if fractures involve the sacrum or SI joints.
Malunion or delayed union can cause leg length discrepancy or
malrotation of the hemipelvis; both can alter gait mechanics.38

Other long-term complications involve sexual dysfunction and
impotence. There is a surprising rate of genitourinary and lower
gastrointestinal symptoms in patients with pelvic fractures, even

Special Editorial Supplement/Trauma Reports 9



in those patients who did not have an associated urologic or
intestinal injury. Neurologic problems or impingement on viscer-
al organs can occur secondary to the disturbed integrity of the
pelvic ring.39,40 It is not clear whether treatment decisions affect
long-term outcome. While some practitioners would argue that
meticulous fracture fixation that restores the pelvic anatomy as
close to normal as possible improves long-term outcome, the
data are unconvincing. More work will need to be done to define
long-term outcome and the role that therapy may have in it.

Penetrating Pelvic Injuries
Penetrating pelvic injury is treated largely the same as pene-

trating intra-abdominal injury. All structures in the pelvis are at
risk from penetrating injury and must be evaluated. As with
abdominal injury, any patient with transpelvic penetration and
hypotension or peritonitis is best served by prompt laparotomy.
In addition, patients with rectal bleeding can be explored for
diagnosis, or they will require a colostomy. The abdomen can be
explored first, followed by direct operative exploration of the
pelvis. Injuries are identified and treated.

More controversial is the patient who presents hemodynami-
cally stable following penetrating injury to the buttock or pelvis.
Mandatory laparotomy in those patients will be negative approxi-
mately 95% of the time.41,42 Some authors advocate expectant
observation in patients who are hemodynamically stable, and
who do not have peritoneal signs, gross hematuria, or rectal
bleeding.41,42 There are several approaches: The first involves
serial physical examinations.43 A group at Los Angeles County
Hospital has demonstrated clearly that careful physical examina-
tion during a 24-hour period will identify virtually all patients
with significant injury. It is important to remember that this is a
group of highly sophisticated clinicians who practice in a high
volume trauma center, and the patients are managed on strict pro-
tocol. In doing so, missed injuries are identified early and treated
before the patient suffers irreversible consequence. 

The second option is to evaluate the patient with CT imaging.
Historically, the triple contrast CT imaging was first described
for the evaluation of patients with pelvic and retroperitoneal tra-
jectories. In the original study, the abdomen was evaluated by
DPL, and then the patient underwent CT imaging with oral, rec-
tal, and intravenous contrast, which allowed the clinician to eval-
uate the patient for injuries that may not have been obvious on
first presentation. 

More recently, triple contrast CT imaging has been advanced
as a way to image both the abdomen and retroperitoneum. Early
results have been quite good. These include retroperitoneal colon
injuries and injury to the ureter or bladder. CT imaging should
identify trajectory adjacent to other important structures (e.g.,
vascular structures or the rectum), then, these can be investigated
further with adjunctive studies such as proctoscopy and/or
angiography. 

Conclusion
The management of pelvic trauma can be challenging, but the

same principles guiding all trauma care should be applied.

Bleeding from blunt pelvic injury can be among the most diffi-
cult challenges facing any clinician caring for injury. It is impor-
tant to keep institutional resources in mind and mobilize patients
early to maximize outcome.
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CE/CME Questions

1. Which one of the following statements is true?

A. More than 60% of pelvic fractures are the result of car accidents.

B. Penetrating trauma to the pelvis always requires surgical 

exploration.

C. Rupture of the diaphragm rarely is associated with pelvic 

trauma.

D. Arterial blood gases measurement has little utility in the man-

agement of pelvic fractures.

2. Injury to the urethra:

A. occurs less often than injury to the bladder.

B. is the most common lower urinary tract injury associated with a

pelvic fracture.

C. is ruled out if there is no blood at the meatus of a male.

D. can be diagnosed via the presence of Destot’s sign.

Special Editorial Supplement/Trauma Reports 11

CE/CME Instructions
Physicians and nurses participate in this continuing medical

education/continuing education program by reading the article,
using the provided references for further research, and study-
ing the questions at the end of the article. Participants should
select what they believe to be the correct answers, then refer to
the list of correct answers to test their knowledge. To clarify
confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this
activity, you must complete the evaluation form provided
and return it in the reply envelope provided in order to
receive a certificate of completion. When your evaluation is
received, a certificate will be mailed to you.

CE/CME Objectives
Upon completing this program, the participants will be able to:
a.) discuss conditions that should increase suspicion for 

traumatic injuries;
b.) describe the various modalities used to identify different 

traumatic conditions;
c.) cite methods of quickly stabilizing and managing patients;

and
d.) identify possible complications that may occur with 

traumatic injuries.



3. The sacroiliac joints:

A. are the weakest joints in the body.

B. join the thinnest bones of the pelvis.

C. are strengthened by the anterior longitudinal ligament.

D. rarely are involved in pelvic fractures.

4. Which one of the following statements is correct?

A. High-risk pelvic fractures typically involve diastasis of the pubis

less than 2.5 cm.

B. The majority of patients who die in a car crash have sustained a

Malgaine fracture.

C. Acetabular fractures account for less than 5% of all pelvic 

fractures.

D. Anterior-posterior compression is the most common classifica-

tion of pelvic fracture.

5. Which one of the following statements regarding anterior-posterior

compression (APC) fractures is true?

A. APC fractures bleed more than lateral compression fractures.

B. The majority of victims with anterior-posterior compression

fractures die despite intervention.

C. The pubic symphysis is widened more than 2 cm in an APC I

fracture.

D. An APC III fracture has the lowest incidence of hemorrhage of

all classifications.

6. Which one of the following statements regarding bladder rupture is

true?

A. Bladder contusions usually are treated with Foley catheter

drainage until hematuria stops.

B. The majority of bladder ruptures are detected only on post-void-

ing films.

C. The majority of bladder ruptures are extraperitoneal.

D. Intraperitoneal bladder ruptures usually are the result of puncture

by bone fragments.

7. The Young and Burgess Classification of pelvic fracture:

A. is based upon the number of associated injuries involved in a

pelvic fracture.

B. is useful for predicting mortality and morbidity.

C. can be used to predict the likelihood of a posterior urethral tear.

D. is based upon radiographic assessment of the number of breaks

involved.

8. Which one of the following statements regarding penetrating pelvic

injury is true?

A. Transpelvic penetrating pelvic trauma and hypotension is best

treated by laparotomy.

B. Laparotomy in patients with penetrating pelvic injury reveals

colon injury most often.

C. Associated liver injury is more common with blunt pelvic trau-

ma than is penetrating injury.

D. Most patients with penetrating pelvic injury and shock can be

managed nonoperatively.

9. Which of the following conditions is associated with an increased

mortality from pelvic trauma?

A. Shock on arrival

B. Posterior urethral tears

C. A base excess greater than or equal to –5

D. Sacroiliac joint disruption

E. A and C are correct.

10. The most common complication of a pelvic fracture is:

A. Foot ischemia

B. Thromboembolism

C. Femoral vascular bleeding

D. Peroneal nerve damage

E. Inability to walk

Answers:
1. A 
2. B 
3. D 
4. C 
5. A 
6. C 
7. B 
8. A 
9. E 
10. B

12 Special Editorial Supplement/Trauma Reports

In Future Issues: Ultrasound applications in the hypotensive patient

Please contact the Copyright Clearance Center for permission to
reproduce any part of this newsletter for educational purposes:

EE--mmaaiill:: info@copyright.com
WWeebbssiittee::  www.copyright.com
TTeelleepphhoonnee::  (978) 750-8400

FFaaxx::  (978) 646-8600
AAddddrreessss::  222 Rosewood Drive • Danvers, MA 01923 

To reproduce for promotional purposes, please contact: 
SStteepphheenn  VVaannccee  
TTeelleepphhoonnee:: (800) 688-2421, ext. 5511

Fax: (800) 284-3291
EEmmaaiill::  stephen.vance@thomson.com
AAddddrreessss::  3525 Piedmont Road, Bldg 6, Ste 400 

Atlanta, GA 30305



Thomson American Health Consultants
Building Six, Suite 400

3525 Piedmont Road NE

Atlanta, Georgia 30305-1515

Tel (404) 262-7436   Fax (404) 262-7837

www.ahcpub.com

Dear Trauma Reports Subscriber:

This issue of your newsletter marks the start of a new continuing medical education (CME) or
continuing education (CE) semester and provides us with an opportunity to review the procedures. 

Trauma Reports, sponsored by Thomson American Health Consultants, provides you with evi-
dence-based information and best practices that help you make informed decisions concerning treat-
ment options and medical practices. Our intent is the same as yours — the best possible patient care.  
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2. Describe the various modalities used to identify different traumatic conditions;
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4. Identify possible complications that may occur with traumatic injuries.
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