PANAMERICAN JOURNAL OF TRAUMA
INSTRUCTIONS FOR AUTHORS

INSTRUCCIONES PARA LOS AUTORES

Manuscripts and related correspondence should be sent to
either Dr. Kimball Maull MD or Dr. Ricardo Ferrada MD to
the following addresses:
Kimball Maull, M.D. FACS, Carraway Medical Center,
1600 Carraway Boulevard, Birmingham, Alabama USA.

Los manuscritos y la correspondencia se deben enviar a
Ricardo Ferrada MD o Kimball Maull MD a las siguientes
direcciones:Ricardo Ferrada, M.D., FACS Departamento
de Cirugía, Hospital Universitario del Valle, Calle 5 # 3608, Cali, Colombia, S.A.

1. Manuscript. The original typescript and two high-quality
copies of all illustrations, legends, tables and references
must be submitted. All copy, including references, must be
typed double-spaced on 21 x 27 cm, heavy-duty white bond
paper. Margins must be at least 1 inch. A computer diskette
or CD containing a ﬁle of the article must be included. Files
in Word either for IBM-compatible or Apple are preferred.
The diskette should be labeled with the author’s names,
the title of the article, the type of computer, and the word
processing software used.
2. Title. The title must be short, speciﬁc and clear. It cannot
exceed 45 characters per line, and is limited to two lines.
The title page should include the full names, and academic
afﬁliations of all author. Foot notes indicating where
the works was done, where orders for reprints should
be addressed and those contributing grants for the work
should be given at the bottom of the second page. If the
manuscript was presented at a meeting, indicate the name
of the organization, the place and the date on which it was
read.
3. Illustrations. Please send three complete sets of high
contrast glossy prints. Figure number, name of senior
author, and arrow indicating top should be typed on a
gummed label and afﬁxed to the back of each illustration.
Cost of color ﬁgures, where used, is borne by authors.
4. Summary. A summary of 150 words or less should be
submitted in English and Spanish. The summary must
include a statement of the problem, methods of study,
results and conclusions. A list of key words to be used for
indexing should appear at the end of the summary.
5. References. References should be listed in consecutive
numerical order as they are cited in the text. Once a reference
is cited, all subsequent citations should be to the original
number. All references must be cited in the text or tables.
References to journal articles should include: authors,
title, journal name as abbreviated in Index Medicus, year,
volume number, and inclusive page numbers in that order.
References to books should include: authors, chapter title,
if any; editor in any; title of book; year; city and publisher.
Volume and edition numbers, speciﬁc pages, and name of
translator should be included when appropriate. The author
is responsible for the accuracy and completeness of the
references and for their correct text citation.
6. Originality & copyright. Manuscripts and illustrations
submitted for consideration should not have been published
elsewhere except for such preliminary material presented
to the Panamerican Trauma Society.

1. Manuscritos. Se debe enviar un original del manuscrito y
dos copias de todas las ilustraciones, leyendas, cuadros y
referencias. Todas las copias, incluso las referencias, deben
ser escritas a doble espacio en papel blanco de 21 x 27
cm. Los márgenes deben ser amplios. Se debe incluir un
diskette o CD que contenga el artículo. Son preferibles los
archivos en Word IBM compatibles o Apple. El diskette
debe ser marcado con el nombre del artículo y de los
autores, el tipo de sistema operativo y el procesador de
palabras utilizado.
2. Título. El título debe ser corto, claro y especíﬁco. No
puede exceder de 45 caracteres por línea y está limitado a
dos líneas. La página del título incluye el nombre completo
y la posición académica de los autores. En la parte inferior
de la segunda página se debe indicar dónde se llevó
a cabo el trabajo, la dirección para los reimpresos y las
donaciones recibidas para su realización. Si el manuscrito
se presentó en una reunión cientíﬁca, indicar el nombre de
la organización, el lugar y la fecha de presentación.
3. Ilustraciones. Por favor enviar tres copias completas de
las ilustraciones en alto contraste en papel brillante. En la
parte posterior de cada ilustración anote el número de la
ﬁgura, el autor principal y una ﬂecha con la punta hacia
el borde superior. Si existen ﬁguras a color, el costo será
cubierto por los autores.
4. Resumen. No debe tener más de 150 palabras y debe
ser enviado en español y en inglés. El resumen incluye
una deﬁnición del problema, los métodos de estudio, los
resultados y las conclusiones. Al ﬁnal del resumen se
debe adjuntar una lista de palabras claves para efectos de
índice.
5. Referencias. Las referencias se citan en orden numérico
consecutivo, tal como aparecen en el texto, e incluyen
el siguiente ordenamiento: autores, título en el idioma
original, nombre de la revista en su forma abreviada según
el Index Medicus, año de publicación, volumen de la
revista y páginas iniciales y ﬁnales. Se recomienda citar
hasta cuatro autores en forma completa. Si hay más de
cuatro autores, después del tercero, seguido por una coma,
se colocan las palabras latinas et al. Las citas de libros
incluyen: autores o editor y así se debe identiﬁcar (ed.),
título del libro, edición, ciudad de publicación, la empresa
editorial y año. Las referencias deben ser veriﬁcadas por
los autores y ésta es una de sus responsabilidades.
6. Originalidad y derechos de autor. Los manuscritos deben ser
inéditos y no haber sido publicados en otra parte, excepto como
material presentado a la Sociedad Panamericana de Trauma.

PANAMERICAN JOURNAL OF TRAUMA
Editors:
RICARDO FERRADA, M.D., Cali, Colombia
RAO IVATURY M.D., Richmond, Virginia
DARIO BIROLINI, M.D., Sao Paulo, Brazil
Assistant Editors:
SAMIR RASSLAN M.D., Sao Paulo, Brazil
ANDREW PEITZMAN M.D., Pittsburgh, Pennsylvania
JORGE NEIRA, M.D., Buenos Aires, Argentina

RAFAEL ANDRADE, M.D.
Panama, Panama
JUAN ASENSIO, M.D.
Los Angeles, California
CARLOS BARBA, M.D.
Hartford, Connecticut
LUIS BAEZ, M.D.
Caracas, Venezuela
MARY BEACHLEY, R.N.
Baltimore, Maryland
RICARDO ESPINOZA M.D.
Santiago, Chile
EUGENE FAIST, M.D.
Münich, Germany
DAVID FELICIANO, M.D.
Atlanta, Georgia
ALBERTO GARCIA, M.D.
Cali, Colombia
LUIS GRANJA MENA, M.D.
Quito, Ecuador
GERARDO GOMEZ, M.D.
Indianapolis, Indiana
FRANCISCO HOLGUIN, M.D.
Cartagena, Colombia
LENWORTH M. JACOBS, M.D.
Hartford, Connecticut
TEOFILO LAMA PICO, M.D.
Guayaquil, Ecuador
CHARLES LUCAS, M.D.
Detroit, Michigan
ROBERT MACKERSIE, M.D.
San Francisco, California
KATZIUKO MAEKAWA, M.D.
Kitasato, Japan
KIMBALL MAULL, M.D.
Birmingham, Alabama

ERNEST E. MOORE, M.D.
Denver, Colorado
DAVID MULDER , M.D.
Montreal, Canada
DAVID ORTEGA, M.D.
Lima, Peru
RENATO POGGETTI, M.D.
Sao Paulo, Brazil
ABRAHAM I RIVKIND, M.D.
Jerusalem, Israel
AURELIO RODRIGUEZ, M.D.
Pittsburgh, Pennsylvania
CLAYTON SHATNEY, M.D.
San Jose, California
RAUL COIMBRA M.D.
San Diego, California
JOSE MARIO VEGA, M.D.
San Salvador, El Salvador

VIVIAN LANE, R.N.
Hartford, Connecticut
Orthopedic Trauma:
BRUCE BROWNER, M.D.
Hartford, Connecticut
Pediatrics:
MARTIN EICHELBERGER, M.D.
Washington, D.C.
Plastic Surgery:
DAVID REATH, M.D.
Knoxville, Tennessee
Prehospital Care:
ALEJANDRO GRIFE, M.D.
Mexico, Mexico

SECTION EDITORS
Critical Care:
DAVID HOYT, M.D.
San Diego, California
Emergengy & Disaster
SUSAN BRIGGS, M.D.
Boston, Massachusetts
Infection:
RONALD MAIER, M.D.
Seattle, Washington
Nursing:
ROBBIE HARTSOCK, R.N.
Baltimore, Maryland

Coordinación Editorial:
DISTRIBUNA
Editorial y Librería Médica
Autopista Norte 123 - 93
Fax: (57) 2132379
Tel: (57) 213-2379  (57) 620-2294
Bogotá - Colombia

w w w. l i b re r i a m e d i c a . c o m
Impreso por: Gente Nueva editorial

PANAMERICAN JOURNAL OF TRAUMA
CONTENT

CONTENIDO

5. INOTROPES. CHOICES, COMBINATIONS, RISKS AND RESULTS
Manuel Lorenzo, FACS
8. INNOVATIVE TECHNIQUES IN CONTROLLING LIVER HEMORRHAGE
Kimball I. Maull, MD
12. PENETRATING TRAUMA – SAME PROBLEMS, DIFFERENT SOLUTIONS. THE NECK
Larry Lottenberg, MD, FACS
16. NONOPERATIVE MANAGEMENT HAS THE PENDULUM SWUNG TOO FAR?
Manuel Lorenzo, MD, FACS
19. OPEN PELVIC FRACTURE – CRITICAL CONSIDERATIONS
Gerardo Gómez, MD, FACS
21. PELVIC FRACTURES: INITIAL RESUSCITATION - DIAGNOSTIC AND THERAPEUTIC OPTIONS
Steven B. Johnson, MD, FACS, Deborah Stein, MD, Ellyn Tennyson, RN, CRNP
26. UNSTABLE PELVIS – ROLE OF THE ORTHOPEDIST
Saqib Rehman, MD
33. SIRS – EARLY RECOGNITION, EARLY RESPONSE
Leonard Weireter, Jr., MD, FACS
36. THE ROLE AND TIMING OF SURGERY FOR ACUTE SPINAL CORD INJURY
J Brad Bellotte, MD, Daniel Altman, MD, Jennifer Erdos, MD, Jack E. Wilberger, MD
39. TELEMEDICINE IN RURAL TRAUMA CARE – IS IT READY FOR PRIME TIME?
Rifat Latiﬁ, MD, FACS
44. DISASTERS – THEY’RE NOT SOMEONE ELSE’S PROBLEM ANYMORE PRINCIPLES & PRESSURES
OF TRIAGE
Jeffrey Salomone, MD, FACS
53. VENTILATION
Ajai K Malhotra, MD

Panamerican Journal of Trauma Vol. 14 No. 2 2007 Pages 05 - 07

INOTROPES.
CHOICES, COMBINATIONS, RISKS AND RESULTS
Manuel Lorenzo, FACS

Improvements in technology, innovations in molecular
biology and a greater variety of medications have increased
the survival of critically ill patients. However, increased
survival has conveyed new challenges in the management
of these patients. The stress on the body due to critical illness increases oxygen demand by the tissues centrally and
peripherally. Survival and good outcomes depend on the
prevention and prompt recognition of tissue hypoxia. Poor
tissue perfusion has been found to be related to the activation of multiple tissue mediator factors, like cardiac depressant factors, from local cells having systemic effects on
multiple body organs. Cardiac depressant factors have been
identiﬁed to be released into the circulation during periods
of shock aggravating the insult on the heart. Even patients
with no previous history of heart diseases who are exposed
to severe episodes of tissue hypoxia are susceptible to organ
dysfunction during shock. Myocardial oxygen demand can
be affected by increased tissue metabolism, increased heart
rate, decreased contractility, decreased preload or increased
afterload.
The Frank-Starling law explains that an increase in enddiastolic ventricular volume produces an increase in stroke
volume. The force of heart muscle varies with wall ﬁber
tension, which is a function of the length. Inotropic agents
like dopamine or dobutamine will shift the curve leftward
with an increase in cardiac output as left ventricular end
diastolic volume is optimized.1 Factors affecting cardiac
contractility are acidosis, electrolyte and endocrine imbalances, medications, cytokines, body temperature, levels of
oxygen, uremia, hyperglycemia, nutritional deﬁciencies
and volume changes. Various studies of cardiac contractility have shown that when contractility is initially normal,
the addition of inotropic agents has a minimal effect on the
heart pump function.2 In contrast, when the inotropic action
of the heart is initially low, the addition of inotropic agents
increases the heart pump action signiﬁcantly. In contrast,
Assistant Professor of Surgery
University of Connecticut

when the heart pump action is normal, reducing afterload
does not improve cardiac contractility and instead produces
hypotension. However, when the afterload is decreased in
a state of low cardiac contractility, there is a signiﬁcant
increase in the heart pump action.2
The pharmacological characteristics of each drug, their
indications and risks will be discussed. Also, a review of
the current recommendations in the use of inotropes in
critically ill patients will be done.
INOTROPIC AGENTS
Inotropes can be classiﬁed in two groups: inoconstrictors
which show inotropic and vasoconstricting properties and
inodilators which present inotropic and vasodilatory properties. Inoconstrictors include epinephrine, norepinephrine
and high doses of dopamine. Inodilators include dobutamine, low-dose dopamine and dopexamine.
Dopamine is a beta-adrenergic agent which interacts with
D1 receptors in the renal, mesenteric, cerebral and coronary
vessels. It increases cardiac output by increasing myocardial
contractility, increases stroke volume and cardiac output
up to a dose of 4 ug/kg/min and augments left ventricular
afterload with higher doses. It also increases pulmonary
artery occlusion pressure, left ventricular diastolic volume
and left ventricular preload. Risks related to this medication are the production of tachycardia, arrhythmias and
vasoconstriction. It causes inhibition of vasoregulation of
regional blood ﬂow which can compromise microperfusion
in some vascular beds in the body. Dopamine effectiveness
diminishes with prolonged use as tolerance develops. Also,
there is evidence of dopamine activating apoptosis at the
cellular level.1,3
Dobutamine is a synthetic sympathomimetic agent which
activates alpha1 and beta1 adrenergic receptors. It exerts
a beta2 vasodilating effect which counteracts the alpha1
stimulation causing vasoconstriction. There is an increase
5
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in cardiac output through an increase in stroke volume in
a dose dependent fashion. In major contrast to dopamine,
dobutamine decreases pulmonary artery occlusion pressure
with no increase in the left ventricular diastolic volume.1
Like dopamine, it could produce tachyarrhythmias and can
develop tolerance. An advantage of dobutamine over dopamine is that it decreases cardiac ﬁlling pressures, increases
right ventricular ejection fraction for the same pulmonary
artery pressure and right ventricular end diastolic volume
in patients with sepsis with no hypotension.1An appealing
characteristic of dubutamine is that at low doses increases
gut and celiac trunk blood ﬂow whereas hepatic artery and
renal blood ﬂow remains unchanged.4,5
Dopexamine acts by inhibiting neuronal uptake of norepinephrine and shows beta2 and dopaminergic (D1 and D2)
receptors activity with vasodilating and inotropic effects. It
increases stroke volume and cardiac output through afterload reduction and positive inotropism. Dopexamine is
beneﬁcial as it does not cause vasocontriction and increases
blood ﬂow to splachnic beds. Risks associated with its use
are tachycardia, hypotension, thrombocytopenia, hyperglycemia, hypokalemia, tremors, headaches and dyspnea.1,6
Norepinephrine is an alpha1 and beta1 adrenergic agonist
released by the post-ganglionic adrenergic nerves with arterial and venous vasoconstriction properties.. It increases
diastolic and systolic blood pressure without causing signiﬁcant changes in heart rate and cardiac output. Its effect
on beta1 receptors produces positive inotropism and an
increase in stroke volume. Norepinephrine improves coronary blood ﬂow due to an increase in cardiac metabolism
and diastolic blood pressure.1
Epinephrine is an alpha adrenergic agonist released by
the adrenal medullary gland which produces arterial and
venous vasoconstriction. It increases systolic arterial pressure and cardiac output through an increase in heart rate,
increase in inotropism and venous constriction. It increases
the heart rate and inotropism through beta1 stimulation and
vasodilation through beta2 stimulation.1
Amrinone and milrinone inhibit the peak III isoform of
phosphodiesterse which catalyzes cAMP resulting in an
intracellular increase of cAMP and relaxation of vascular
smooth muscles. While both agents increase cardiac output
through an inotropic effect by facilitating ventricular relaxation, milrinone has been shown to be a more potent drug
while having fewer side effects like thrombocytopenia,
fever or gastrointestinal toxicity than amrinone.7
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Levosimendan is a calcium channel sensitizer that binds
with troponin and increases the sensitivity of troponin C
for Ca+. It increases cardiac output and heart rate without
increasing myocardial oxygen consumption and the chances
of developing arrhythmias.
Risks with this drug are hypotension and tachycardia.8
CHOICES AND COMBINATIONS
There are no established guidelines for inotropic drug choice
and administration at the present time. However, recommendations for use can be derived from clinical and investigational evidence. Inotropic therapy to achieve supranormal
levels of oxygen delivery with normal heart contractility is
not recommended for critically ill patients with circulatory
shock.9,10 Dopamine at high doses is not recommended as
it increases afterload and creates a mismatch in myocardial
oxygen demand and supply.11 Low-dose dopamine is no
longer recommended to maintain splachnic ﬂow for renal
protection.12 Probably, the only indication for dopamine
use is in the patient with pump failure, volume overload
and hypotension. In contrast, dobutamine is an excellent
drug to increase cardiac contractility in patients with ﬂuid
overload, pump failure and normal to mild hypotension.2
Norepinephrine is a good selection for hypotensive septic
patients as it increases cardiac output as well as dopamine
and maintains renal blood ﬂow.13,14 Epinephrine impairs
splanchnic ﬂow, increases metabolic acidosis and is not recommended for septic patients.14 Particularly, when studies
have shown that increasing mean arterial pressure from 65
to 85 mmHg in septic shock patients did not improve organ
perfusion.15 The combination of dobutamine with norepinephrine was superior in keeping vasomotor tone with
decreased myocardial contractility than epinephrine as the
splachnic ﬂow was maintained at higher levels.16,17
Phosphodiesterase inhibitors and beta-agonists (dobutamine) are a good synergistic therapy for patients suffering
from an acute decompensation of the heart pumping action
because beta agonists increase the production of cAMP and
phosphdiesterase inhibitors increase intracellular cAMP
levels.18 This therapy is not recommended for patients suffering from septic shock.
Vasopressin is an important drug which is part of the
armamentarium in the management of septic patients. Low
dose of vasopressin infusion (from 0.01 to 0.05 units/min)
improves mean arterial pressure, systemic vascular resis-
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tance and urine output in patients with septic shock and
hyporesponsiveness to cathecolamines.19,20,21,22

10. Walley KR. Ventricular Dysfunction in Critical Care Illness.
Hall JB, et al ed. Principles of Critical Care. 3rd ed.McGraw
Hill.2005. pgs. 270-72.

The development of medications has provided the clinician with an extensive armamentarium for managing the
critically ill patient. As more research and development
identiﬁes techniques to treat complex physiologic derangements, it is imperative for physicians to recognize the best
alternatives in treating complex disease processes and to
individualize the management and treatment of critically
ill patients.

11. Kern JW, Shoemaker WC: Meta-analysis of hemodynamic optimization in high-risk patients. Crit Care Med
2002;30:1686-1692.
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INNOVATIVE TECHNIQUES IN CONTROLLING LIVER
HEMORRHAGE*
Kimball I. Maull, MD

INTRODUCTION
The current trend toward non-operative management of
solid organ injuries is based on the diagnosis and delineation of anatomic injury by computed tomography(CT).
This approach has led to a dramatic decline in operations
on the injured liver.(1) The early conﬁrmation of intraabdominal hemorrhage by ultrasonography in the stable
patient, supplemented by CT scanning, has led to a corresponding drop in non-therapeutic celiotomies. In most
trauma centers in the United States, diagnostic peritoneal
lavage(DPL), a sensitive method to detect intraperitoneal
bleeding, has become almost inconsequential in the resuscitation algorithm of the stable patient.
For both adults and children, the non-operative management
of liver injuries is reportedly successful in >90% of cases.
As a result, when operation is required for liver trauma, the
injury is usually severe, the condition of the patient is often
grave, and attempts at deﬁnitive management, as reported
in previous series, have led to high mortality. The challenge to the surgical team is to stabilize the patient, control
bleeding, and minimize post-operative complications. Past
experience with lobectomy, vascular isolation(shunts), and
sustained attempts to control bleeding by other means in the
bleeding patient resulted in a high operative mortality.(24) The introduction of guaze packing and other “damage
control” approaches improved outcome.(5) Nonetheless,
the 10% of patients with liver injuries requiring operation
demand a high level of surgical expertise in order to survive their injuries. This report describes several recently
Department of Surgical Education
Carraway Methodist Medical Center
Birmingham, Alabama, USA
*Presented at the 25th Annual Meeting
Trauma and Critical Care –
Point/Counterpoint
Williamsburg, Virginia
June 6, 2006
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introduced tamponade techniques to control liver bleeding.
Some are suitable only for blunt or only for penetrating
injuries, others for both. It is fair to state that, in the patient
exsanguinating from the injured liver, survival depends on
both the skill and innovativeness of the surgeon in controlling hemorrhage.
EXTERNAL HEPATIC TAMPONADE
Gauze Packing
The initial operative maneuver to control major hepatic
hemorrhage is manual compression of the liver. This
generally slows, but does not stop, liver bleeding, but
provides ancillary personnel the opportunity to institute
further resuscitative measures. It also provides the surgeon
an opportunity to explore the abdomen for other injuries.
Manual compression is continued but modiﬁed to allow the
surgeon to assess the anatomy of the injury and to formulate a plan to control the hemorrhage. In instances where
deﬁnitive control of the bleeding is not possible, a means of
continued tamponade should be considered. The technique
most commonly used is the placement of external gauze
packs. Gauze packs serve to reconstitute the intrinsic form
of tamponade, ie, the ligamentous attachments and capsule
which normally contain and restrain the liver parenchyma.
There is no single method of pack placement applicable to
all injuries, but certain principles apply:
1. Packs should be placed in opposition to each other to
effect compression of the liver substance.
2. An impervious barrier should be interposed between
the packs and the liver to avoid re-bleeding at pack
removal if pressure is applied directly to the liver
parenchyma. A barrier is not essential, but may still be
used, if compression is applied via Glisson’s capsule.
3. Assuming adequate hemostasis, packs should be
removed as early as possible but not before the patient
has regained hemodynamic stability and coagulopathy
acidosis and hypothermia have been corrected.

Innovative techniques in controlling liver hemorrhage

4.

Re-operation is required when guaze packs are used.
Closed suction drains may be placed at the option of
the surgeon upon removal of the packs if bleeding is
staunched.

The technique of gauze packing is quick and effective but it
has the disadvantage of requiring a second operation and is
attended by an increased risk of peri-hepatic sepsis.(6)
Absorbable Mesh Wrapping
The technique of total mesh wrapping of the liver was
introduced in 1991 by Stevens et al.(7) After demonstrating
its effectiveness in a porcine model, technique was used
in six patients with severe exsanguinating liver injuries.
There were two early deaths and a late death from sepsis,
but the technique was successful in three patients who otherwise would have died. The technique is not applicable
to patients with retrohepatic vena cava or hepatic vein
injuries but, as described by the authors, the compression
of the liver by encircling it with a mesh envelope provides
effective tamponade and avoids the necessity of a second
operation.(Figures 1 and 2) The authors endorsed the
technique only for the exsanguinating patient, but in a later
report, Brunet et al used the technique successfully for less
severe injuries and found it effective in 33 of 35 patients.(8)
Both deaths had retrohepatic venous injuries. In 1992,
Jacobson et al described a variation of the mesh wrap technique whereby mesh wrapping was used in addition to other
techniques and placed only about the right lobe with good
control of hemorrhage.(9) In 2004, Sattler and Gentilello
reported a case where gauze packing was ineffective, but
the liver bleeding was controlled by completely enclosing
the liver within an x-ray cassette bag which was tightened
to effect tamponade.(10)

Figure 2. Drawing of completed total mesh wrapping of liver.

INTERNAL HEPATIC TAMPONADE
Omental Packing
In 1975, Stone and Lamb published the original description
of creating an omental pack based on an arcade from the
gastroepiploic vessels and mobilizing the omental pedicle
from the transverse colon.(11) They placed this omental
pedicle into liver lacerations in 37 patients, securing it
with sutures to keep it in place. Sump suction drains were
uniformly used. Hemostasis was obtained in 32 of the 37
patients; there were two deaths. This technique continues to
be used by surgeons with good results when liver bleeding
is primarily venous in origin.
Absorbable Mesh Packing
In 1992, Schmidt et al reported the results of their use of
absorbable mesh packing for liver trauma.(12) They created
deep liver lacerations in a series of pigs, placed absorbable
mesh into the wounds to tamponade the bleeding, then
sacriﬁced the animals sequentially over a 6 month period to
determine the fate of the packing. All animals survived the
acute experiment with good control of hemorrhage. There
were no adverse reactions to the intra-hepatic mesh and reabsorption was complete by 6 months. A follow-up clinical
study from the same group published in 1995 included
twelve patients treated with absorbable mesh packing.(13)
There were 2 deaths, both Grade V injuries involving the
retrohepatic vena cava. CT was used to follow the reabsorption process in the survivors(Figure 3). The authors
recommended intra-hepatic absorbable mesh packing as a
rapid safe and effective technique for the control of liver
bleeding in selected patients.
Intrahepatic Balloon Tamponade

Figure 1. Drawing of technique of total mesh wrapping of liver,
showing placement of mesh after ligamentous attachments have
been incised.

Intrahepatic tamponade has also been described in the management of penetrating liver trauma. In 1992, Pogetti et al
9
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described the use of an intrahepatic balloon crafted from
a nasogastric tube and Penrose drain.(14) The devise was
passed into the missile tract and distended with saline to
tamponade bleeding within the liver parenchyma. In 1993,
Thomas et al described the ﬁst case of using an inﬂated
foley catheter balloon to tamponade cavitary liver bleeding
secondary to a missile injury.(15) In 1998, Demetriades
described three additional cases successfully managed
using a similar technique(16).

which may be injurious to tissue. Further clinical experience is needed before this agent can be recommended.
COMBINATION OF TAMPONADE AND
HEMOSTATIC AGENTS
Following the favorable report by Frame et al on the
effectiveness and safety of absorbable mesh packing, other
investigators studied the feasibility of using both mesh
packing and hemostatic agents to control bleeding. In 1999,
Holcomb et al reported a novel and reproducible experimental method to create Grade V parenchymal liver injuries
in swine(19). He compared the effectiveness of extrahepatic
gauze packing with intrahepatic mesh packing impregnated
with lyophilized ﬁbrin sealant. In a series of acute experiments, they demonstrated a statistically signiﬁcant reduction
in blood loss and resuscitation ﬂuid requirements.(Figure
4) In 2003, the same working group reported comparisons
of nine different types of hemostatic dressings using the
same experimental model of severe liver injury.(20) Four
hemostatic preparations either failed to stop hemorrhage or
all the animals died. The remaining ﬁve products showed
some effectiveness, although the ﬁbrin sealant impregnated
absorbable mesh statistically signiﬁcantly outperformed the
others in terms of blood loss.

Figure 3. Sequence of CT scans showing gradual disappearance
of lucency within the liver corresponding to resorption of mesh
packing.

HEMOSTATIC AGENTS
There has been considerable recent interest in the application of hemostatic agents to control liver and other solid
organ bleeding. Beyond the traditional agents – topical
thrombin, gelatin, microﬁbrillar collagen, and oxidized cellulose - ﬁbrin sealant(ﬁbrin glue) has been used successfully
in a wide variety of bleeding conditions, including liver
injuries. Early experience with ﬁbrin sealant derived from
bovine sources led to hesitation in its use following reports
of anaphylactic shock and death.(17,18) The newer preparations utilize human sources for ﬁbrinogen and thrombin,
reducing the allergic risk. Calcium is added to the preparation to accelerate the reaction. Fibrin sealant is effective
where other agents fail, speciﬁcally, on wet surfaces in the
hypothermic, coagulopathic patient. This has led to its broad
application in surgery. Another agent gaining acceptance is
acetylated poly-N-acetyl glucosamine. Its mechanism of
action is unconﬁrmed but it does appear to be effective in
the coagulopathic patient. Granular zeolite(QuickClotTM),
while effective in hemostasis, generates a heat of reaction
10

Figure 4. Graph adopted from Holcomb et al showing less
bleeding and reduced ﬂuid requirements in study animals(ﬁbrin
impregnated mesh) compared to controls(gauze packing).

In 2004, King et al reported clinical experience in nine
patients with severe liver bleeding and the use of nonabsorbable gauze pads impregnated with lyophilized acetylated poly-N-acetyl glucosamine.(21) All patients were in a
damge control mode with hypothermia and coagulopathy.
In most cases, the hemostatic dressings were placed into the
liver parenchyma, compressed for ﬁve minutes and standard
Vol. 14 Number 2 November 2007
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gauze packs were added. Bleeding stopped in all cases but
one who had a retrohepatic venous injury and died. A second
operation was required for pack removal but there was no
re-bleeding and no septic complications in the series.

7.

Stevens Sl, Maull KI, Enderson BL et al. Total mesh wrapping
for parenchymal liver injuries – a combined experimental
and clinical study. J Trauma. 1991, 31:1103-1109.

8.

Brunet C, Sielezneff I, Thomas P et al. Treatment of hepatic
trauma with perihepatic mesh: 35 cases. J Trauma. 1994,
34:200-204.

9.

Jacobson LE, Kirton OC, Gomez GA. The use of an absorbable mesh wrap in the management of major liver injuries.
Surgery. 1992, 111:455-461.

TRANSCATHETER ARTERIAL EMBOLIZATION
Another aspect in the dramatic change in management of
liver bleeding relates to the use of embolization of bleeding
arterial vessels within the hepatic parenchyma. The utility of
this technique is best seen in patients with contrast extravasation on CT and in patients initially treated non-operatively
who evidence continued bleeding. This approach, termed
“pre-emptive angiographic embolization” averts the need
for celiotomy in selected cases.
SUMMARY
Operation for liver bleeding is performed less often but for
more severe hemorrhage. Injuries requiring hepatic lobectomy for deﬁnitive management should be treated by lesser
techniques to avoid mortality. Extrahepatic tamponade by
gauze packing is widely accepted as an effective modality
but requires re-operation and may increase the risk of perihepatic sepsis. The reported techniques using absorbable
mesh to wrap the liver or pack the area of injury have been
effective in selected patients and avoid the need for a second
operation. Recent experience using hemostatic impregnated
absorbable mesh for packing holds promise for rapid control
of severe liver bleeding not involving the retrohepatic venous
complex. Successful arterial embolization may avert the need
for operation in selected patients with CT extravasation.
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PENETRATING TRAUMA–SAME PROBLEMS, DIFFERENT
SOLUTIONS. THE NECK
Larry Lottenberg, MD, FACS

The management of penetrating neck trauma has undergone
centuries and generations of change. A superb review by
Thompson, et al details the history of neck injuries. Most
advances occurred previously during wartime. During the
Civil War observation was the standard. Mortality was
15%. Observation was still the standard in World War I
but there were some reports of exploration and ligation of
vessels. Mortality increased slightly to 18%. During World
War II mandatory exploration and attempted vascular
repair reduced mortality to 7%. In the Vietnam era exploration and repair continued but mortality rose to 15% again,
probably related to wounding agents and multiple other
injuries. Now we have come full circle with the so-called
“selective” management including non-operative management and observation, resulting in an even lower mortality
rate and in some series, no mortality.
Management of penetrating neck trauma is totally dependent
on two major factors, the surgeon’s complete understanding
of the anatomy of the neck and the surgeon’s experience
with operative procedures of the neck. Anatomically, the
neck has constant anatomy and this alone gives one an
advantage in the operating theater as well as during physical
examination. However, there is no substitute for a robust
experience doing a myriad of procedures on the organ systems in the neck during one’s career. Unfortunately, in the
current environment of the 80 hour resident work week and
super-specialization of endocrine surgeons and vascular
surgeons, limited training and experience can set the stage
for misadventures in the neck. Therefore, precise management protocols have become increasingly important.
Six body systems traverse the neck. The vascular system
includes the innominate, subclavian, axillary, carotid, jugular and vertebral vessels. The respiratory system includes
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the larynx, trachea, and the lung. The digestive system
includes the pharynx and the esophagus. The neurologic
system includes the spinal cord, brachial plexus, cranial
nerves, and the sympathetic chain. The endocrine system
includes the thyroid and parathyroids. The skeletal system
includes the cervical spine.
When one considers discussing injury types and injury
subsets it is important that the same language is spoken
amongst surgeons and others. Anatomically the neck is
divided into three zones of injury. Zone I is from the level
of the clavicles and sternal notch to the cricoid cartilage.
Zone II extends from the level of the cricoid cartilage to
the angle of the mandible. Zone III injuries occur from
the angle of the mandible to the base of the skull. (Figure
1) AAST Injury Grading scores (Moore, E et al) for penetrating neck trauma offer grading in vascular injuries and
esophageal injuries only. They appear in Table 1 and Table
2 respectively.
WORKUP OF PENETRATING NECK INJURIES
There has been an evolution in the workup of these injuries.
Whereas a great deal of value can be placed on physical
examination in injuries involving the so-called “hard signs”
of neck trauma such as hemodynamic instability, expanding
hematoma, pulsatile bleeding, deteriorating neurologic
status, and air bubbling in the wound, these injuries required
mandatory surgical exploration.
Those wounds without the above hard signs pose a diagnostic dilemma and we have come full circle from routine
mandatory exploration of all wounds penetrating the
platysma muscle to relying on physical exam and other
adjunctive studies. Rodman et al showed in the early 1990s
that routine angiography for all wounds was not necessary
if physical examination was performed meticulously. Many
negative invasive arteriograms were performed and this
modality has been almost totally replaced with dynamic
helical CT scanning. Panendoscopy has also been added

Penetrating trauma – Same problems, different solutions. The neck

to the non-operative workup of these injuries as well. This
would include esophagospy, bronchoscopy and direct
laryngoscopy. Contrast studies of the esophagus have also
been added to the work-up.
Despite all of the sophisticated non-operative assessments
available to the surgeon today, there still exist numerous
pitfalls. An excellent prospective blinded study done by
Gonzalez et al in Mobile, AL looked at a cohort of 42
patients who had no hard signs and underwent non-operative workup with CT and esophagography. All patients
were operated on and the surgeons were blinded as to the
results of the pre-operative studies. Surgical exploration
revealed two esophageal injuries missed by CT and esophagram and the workup also missed seven internal jugular
injuries. However, a study done by Cohn et al in Miami, FL
pointed out that almost all internal jugular injuries identiﬁed as the only injury on CT scan could be safely managed
non-operatively.
A recent study by Soto et al from Boston, MA concluded
that CT angiography has essentially replaced digital subtraction angiography (DSA) as the study of choice for the
initial evaluation of the neck vessels for penetrating trauma.
This allows for appropriate triage of patients to conventional angiography or surgery for appropriate treatment.
Conventional angiography now allows for endovascular
therapy for selected lesions and this may also guide more
conservative management.

exposure and repair are essential. Workup must include
physical examination, esophagram (CT swallow), and most
recommend esophagoscopy. Operative exposure is best via
a left neck approach but high esophageal or pharyngeal
injuries can be exposed from either side. Primary repair is
preferred and drainage is mandatory.
Tracheal wounds are usually obvious on presentation.
Changes in speech patterns can be a subtle sign but bubbling air makes the diagnosis. Most tracheal injuries can
be repaired quite easily with simple absorbable monoﬁlament sutures and do not require tracheostomy but complex
wounds that are repaired can be “protected” with a distal
tracheostomy.
Laryngeal wounds are often complex and require direct
laryngoscopy for both diagnosis and repair. Enlisting the
assistance of ear, nose and throat surgical specialists is especially important in assessing and repairing these injuries.
Thyroid and parathyroid injuries are actually rare and mostly
handled with direct suturing; occasionally a thyroid lobectomy is necessary. Hypoparathyroidism is most unusual.

Finally, it is of utmost importance to have a protocol for
penetrating neck wounds and identify indications for helical
CT angiography. Cohen et al in Miami, FL have worked
out an excellent algorithm that offers a complete workup
and absolute indications for operative interventions. (ﬁgure
2) Such protocols are necessary in both high volume and
low volume centers and lead to patient safety and evidence
based medicine.

Vascular injuries are the most obvious of all systems
injured in the neck. Venous injuries to the external jugular
or anterior jugular veins are managed with ligation. Internal
jugular injuries can be managed non-operatively or repaired
or ligated. Ligating both jugular veins is discouraged however, because of some reports of decreased venous return
from the brain. Arterial injuries concerning the carotid
artery and its branches need precise pre-operative evaluation including imaging and neurologic assessment and precise intra-operative management including proximal and
distal control, availability of shunts (Pruitt or Javid) and
careful attention to vascular repair. Dense neurologic deﬁcits should not be revascualarized and there is an interest in
endovascular repairs of certain amenable injuries.

CLINICAL PEARLS IN MANAGEMENT

SUMMARY

Penetrating trauma to the spine accounts for 14% of all spinal
cord injuries. These injuries are devastating. Diagnosis is
fairly straightforward. There is no need for early ﬁxation
and no need for steroids in these injuries.

Non-operative management of asymptomatic penetrating
injuries must include helical CT scan, esophagoscopy and
probably bronchoscopy. Physical examination alone can
play a role in select patients but in centers doing low volume
trauma or in non-academic, non-teaching environments
one could not be faulted for mandatory exploration. Missed
esophageal injuries can be devastating and much investigation still remains in patients with neurologic deﬁcits on
presentation with penetrating neck trauma. Nothing replaces
protocol driven, evidence based practices for these injuries.

The esophagus is the most difﬁcult injury to deal with. It
often presents with little or no symptoms or signs. It is
missed on non-operative workup but must be dealt with
timely (usually more than 9 to 13 hours results in overwhelming morbidity and mortality) and experience with
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Figure 1. Zones of the neck: Zone I. Inferior aspect of
cricoids cartilage to the thoracic outlet. Zone II. Cricoid
to angle of mandible. Zone III. Angle of mandible to the
base of the skull.
Table 1
Cervical vascular organ injury scale
Grade*
I

II

III

IV
V

Description of injury

ICD-9

AIS-90

Thyroid vein
Common facial vein
External jugular vein
Non-named arterial/venous branches
External carotid arterial branches (ascending pharyngeal,
superior thyroid, lingual, facial maxillary, occipital, posterior
auricular)
Thyrocervical trunk or primary branches
Internal jugular vein
External carotid artery
Subclavian vein
Vertebral artery
Common carotid artery
Subclavian artery
Internal carotid artery (extracranial)

900.8
900.8
900.81
900.9
900.8

1-3

900.8
900.1
900.02
901.3
900.8
900.01
901.1
900.03

1-3
2-3
3-4
2-4
3-5
3-4
3-5

*Increase one grade for multiple grade III or IV injuries involving more than 50% vessel circumference. Decrease
one grade for less than 25% vessel circumference disruption for grade IV or V.
From Moore et al. [1]; with permission.
Table 2

Grade*
I
II
III
IV
V

Esophagus injury scale
Description of injury
Contusion/hematoma
Partial thickness laceration
Laceration <50% circumference
Laceration >50% circumference
Segmental loss or devascularization <2cm
Segmental loss or devascularization >2cm

ICD-9
862.22/.32
862.22/.32
862.22/.32
862.22/.32
862.22/.32
862.22/.32

AIS-90
2
3
4
4
5
5

*Advance one grade for multiple lesions up to grade III.
From Moore et al [5]; with permission
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UM ALGORITHM FOR EVALUATION OF
PENETRATING NECK WOUNDS

Figura 2.
signiﬁcant injury? A prospective blinded study. J Trauma.
2003 Jan;54(1):61-64
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NONOPERATIVE MANAGEMENT ¿HAS THE PENDULUM
SWUNG TOO FAR?
Manuel Lorenzo MD FACS

The liver is the most frequently injured organ in blunt
abdominal trauma. It accounts for approximately 15 to
20% of all the abdominal injuries. There has been an
increasing percentage of blunt trauma over penetrating
in the last 25 years and among those with blunt trauma
the most common cause is motor vehicle crashes.(1)
Most liver injuries involve segments 6, 7, and 8 of the
liver (85%) and are caused by direct pressure on the dome
of the right liver against the ribs and spine. Despite the
annual incidence for severe liver injuries (Grade IV and
V) of 16%,(2) trauma literature shows that 50 to 80% of
all adults with hepatic injury are treated nonoperatively.
Some authors have found that as many as 86% of liver
injuries have stopped bleeding at the time of laparotomy
and that 67% of laparotomies performed for blunt abdominal trauma are nontherapeutic.(2) The percentage of
nontherapeutic laparotomy has decreased remarkably by
the use of selective strategies and adjunct therapies in the
management of patients with blunt liver injuries.
The Eastern Association for the Surgery of Trauma published guidelines for the nonoperative management of
blunt liver injuries in 2003 (Table 1). Although nonoperative management is the preferred method of therapy,
there has been controversy involving the overuse of this
modality.(3) As more low-grade injuries are identiﬁed due
to the common use of computed tomography, the mortality
rate of patients with low grade hepatic injuries (Grade I
and II and most Grade III) has become extremely low.
These patients typically do extremely well with a nonoperative approach. However, high grade injury (Grade
IV and V) patients have a considerable complication
rate when treated nonoperatively and a higher mortality
rate with higher degree of injury or when laparotomy is
undertaken for associated injuries or in a delayed fashion.
Authors like Strong and Trunkey have advocated initial
operative management to prevent those complications
Assistant professor of surgery
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known to result as a consequence of the nonoperative
approach.(3,4,5) There is sound data demonstrating good
outcomes using anatomic liver resections for high grade
injuries by experienced liver surgeons.(5) We will review
the current nonoperative management of hepatic injuries,
its complications and results and the selective management of the patients with high grade hepatic injuries as a
result of blunt abdominal trauma.
NONOPERATIVE MANAGEMENT
Through the 1990s and the beginning of this century, the
nonoperative management of blunt hepatic injuries has been
established as the treatment modality of choice in hemodynamically stable patients regardless of the grade of injury
and the degree of hemoperitoneum.(6) Approximately 50%
of all adult patients with this type of injury were treated
nonoperatively. Not surprisingly a higher percentage (66%)
of patients requiring surgery was found to have a grade IV
and V injury.(6) A prospective study by Sherman et al found
that transfusion requirements were signiﬁcantly lower for
the nonoperative group when independent variables like
injury grade, injury severity score and the number of nonabdominal injuries were considered.(7) This is in keeping
with studies that show that the operative management of
hepatic injuries carries a higher mortality rate (30% vs.
2.2%) compared to nonoperative due to hemodynamic
instability and associated injuries.(8)
COMPLICATIONS
Kozar and colleagues examined complications resulting from
the nonoperative management of high grade blunt hepatic
injuries. In the 68% of patients who were managed nonoperatively, 11% percent had complications and most of them
were in patients with Grade IV (21%) and Grade V (63%)
injuries.(9) Another study showed a higher rate of complications (19%) with biliary leaks (40%) and subcapsular bilomas
(60%) as the most common complications. Once again, most
complications were found in the population with the highest

Nonoperative management ¿Has the pendulum swung too far?

grades of injury (III-V).10 Goldman and associates presented a series of complications resulting from nonoperative
management. They found that 12% of the patients treated
nonoperatively developed complications. In this series,
the complications were bile leak (40%), bleeding (33%),
abscess formation (7%), abdominal compartment syndrome
(13%) and hepatic compartment syndrome (7%).(11) In a
study comparing abscess formation between operative and
nonoperative management of blunt hepatic injuries, Hsieh
and colleagues found an increase in abscess formation in
patients undergoing laparotomy (20%) than the nonoperative
group (6%).(12) Croce showed in 2004 a failure rate of 7.5%
with nonoperative management of hepatic injuries with the
highest percentage of liver related failures among the Grade
V (22%) and Grade IV (14%) injuries.(13) Kemmeter and
associates have shown similar ﬁndings with 5.3% of patients
suffering blunt enteric injuries along with blunt injuries to
the liver and the spleen.(14)

NONOPERATIVE MANAGEMENT OF BLUNT LIVER
INJURIES: HAVE WE GONE TOO FAR?
Velmahos et al asked the same question about splenic injuries
where they found that failure rate was related to variables like
age, grade of injury, the number of associated injuries and the
number of blood transfusions.(19) Perhaps, the recommendations for management of splenic injury posed by Peitzman
and colleagues should be extended to the management of
liver injury. They found that 30% to 40% of the patients
who had unsuccessful nonoperative management of splenic
injuries were selected inappropriately. They recommended
written protocols, timely reading of radiological studies and
good patient selection through strict clinical criteria for better
outcomes.(20) Ochsner also recommended that nonoperative
management should not be considered unless the patient meets
criteria of hemodynamic stability, with or without minimal
ﬂuid resuscitation, no peritoneal signs on physical examination and the absence of associated injuries on CT scan.(21)

OPERATIVE MANAGEMENT
Mirvis and associates recommended that the hemodynamic
status of the patient is more important than the CT scanderived injury grade in determining the need for operative
intervention. However, they suggested careful monitoring of
patients with higher grades of injuries (Grade IV and V) due
to their high risk for complications.(15) Gao et al found a
failure rate of nonoperative approach of 17% with the highest
percentage of failure (46.7%) in patients with Grade III-V
hepatic injuries. The authors also concluded that severe injuries (Grade IV-V) usually require surgical intervention.(16)
Gaoxing et al showed that the patients undergoing surgery
had a higher percentage of complex liver injuries (30% vs
11%), and required more units of blood (3.2% vs 2.1%), but
interestingly had a shorter hospital stay (mean 9 vs. 12 days)
than the nonoperative group.(17) Claridge and colleagues
found that the mortality rate of nonoperative management
of hepatic injuries was 3.7% compared to 11.5% for the
operative group; however, they emphasized that there was
no difference when patients with the same injury severity
score were compared. They recommended a multimodality
strategy for the management of liver injuries for the successful outcome of these patients.(18)
Studies supporting operative management include that of
Goldman and Trunkey where liver-related complications
developed in 12% of the patients undergoing nonoperative
management. Almost 80% of these patients had a delayed
laparotomy for abdominal complications as a consequence
of the initial attempt at observation.(11) This emphasized
the importance of careful patient evaluation and selection
in determining which approach to take.

The use of adjunct therapy is essential in the management of
these types of injuries.(22) For example, the timely application of angiographic embolization is crucial for the success of
both operative and nonoperative management of blunt hepatic
injuries. Early embolization decreased the number of red
blood cells transfused, mortality rate and the number of liver
related operations.(23) Asencio et al reported improvements in
survival when an appropriate operative approach was applied.
They found a survival rate of 63% in Grade IV injuries and
23% in Grade V injuries by using angioembolization and
packing techniques in a select group of patients.(24)
CONCLUSION
As Trunkey and Snow have advocated, good results can
be achieved with operative management. Management
strategy centers on the hemodynamic status of the patient.
Only those patients with hemodynamically stability can
be considered for nonoperative management. We, as clinicians, need to be aware that “conservative” nonoperative
management of Grade IV and V hepatic injuries requires
close monitoring of the patients. A considerable percentage
of post-traumatic complications occur in patients managed
nonoperatively. Surgeons should not hesitate to embark
on operative management when there is a deterioration of
hemodynamic status or ongoing need for blood transfusions
and/or signiﬁcant ﬂuid resuscitation.25 Anatomic hepatic
resections for trauma are associated with low mortality and
low liver-associated morbidity rates when performed by
experienced surgeons.5 Surgeons should be able to utilize
adjunct therapies in a multimodality approach for the successful management of patients with blunt hepatic injuries.
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OPEN PELVIC FRACTURE – CRITICAL CONSIDERATIONS
Gerardo Gómez, MD, FACS

Open pelvic fractures are deﬁned as those pelvic fractures
where there is a direct communication between the bony
injury and the overlying skin, rectum or vagina.
They are caused by high-energy trauma, and the most
common mechanism of injury include pedestrian struck by
a car and motorcycle collision.
Overall open pelvic fracture accounts for 2-4% of all pelvic
fractures. While the mortality rate for pelvic fractures has
been reported to range from 1% to 15% mortality for open
pelvic fractures has been reported as high as 50% in the
1980s. ( Table 1 )
Reports in the 1990s have shown a signiﬁcant decrease in
mortality for these injuries to a rate of 18%, but a more
recent report out Grady Memorial Hospital in 2005,
showed an overall mortality for open pelvic fractures of
45% concluding that indeed mortality for these injuries
remains high and that there is a continuing need for new
therapeutic modalities for the management of this injury
complex. They also reported mortality according to three
different classiﬁcations ( Faringer, Young and Gustilo ),
positive angiogram and presence of intra-abdominal injuries.( Table 2 ). Mortality is most commonly secondary to
massive blood loss, sepsis and associated intra-abdominal
or brain injuries.
Initial assessment and management of open pelvic fractures includes hemodynamic stabilization with hemorrhage control, stabilization of the pelvic ring, diagnosis
of vaginal and/or rectal injuries, aggressive management
of soft tissue open wounds and selective fecal diversion. Patient with open pelvic fractures require four
times more blood in the ﬁrst 24 hours than patients with
closed pelvic fractures due to the loss of retroperitoneal
tamponade effect. Patients unstable, with intra-peritoneal
Director of Trauma/Critical Care, IU/Wishard Trauma Center
Associate Professor of Surgery, Indiana University School of
Medicine
Indianapolis, Indiana

hemorrhage by FAST or diagnostic peritoneal lavage
should undergo damage-control laparotomy.Up to 55%
of patients with open pelvic fractures are found to have
associated intra-abdominal injuries. Angiography with
selective embolization for active arterial bleeding has
been effective in controlling hemorrhage in 67% of cases.
This modality should be used early by transporting the
patient to the interventional radiology suite directly from
the emergency department or to follow damage-control
laparotomy if bleeding persists.
Emergency temporary stabilization of an unstable pelvic
ring can be achieved with a circumferential sheet wrapped
closely around the pelvis and clamped anteriorly or with
the use of external ﬁxators.
Extensive soft tissue injury is usually present in patients
with open pelvic fractures. One report found 72% of their
patients had Gustilo grade III open wounds often with gross
contamination. Extensive and frequent debridment, irrigation and removal of foreign bodies with the use of broad
spectrum antibiotics are recommended.
The use of selective diverting colostomy has been reported
to decrease the incidence of pelvic infection and late mortality due to sepsis. Other reports had concluded that colostomy is not always necessary and only on those patients
with open pelvis fractures with open wounds located around
the rectum and perineum may beneﬁted from diverting
colostomy. Because potential need for further orthopedic
interventions, the colostomy should probably be performed
using the transverse colon so the stoma can be located
distant to the pelvis. In these scenarios a distal washout of
residual bowel content is recommended.
Foley catheter should be inserted following ATLS guidelines, if urethral injury is suspected, a retrograde cystourethrogram to conﬁrm integrity of the urethra should be
obtained. If injury to the urethra is diagnosed, a supra-pubic
bladder catheter should used. Intra-peritoneal bladder
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ruptures should undergo open repair. The management of
extra-peritoneal bladder ruptures in open pelvic fractures
is controversial but most authors reviewed recommend
managing them conservatively with large Foley catheter
drainage. Vaginal full thickness lacerations should be
treated with surgical debridment and repair with absorbable
sutures. Superﬁcial, small vaginal lacerations may not need
to be repaired.
Risk factors of overall mortality as reported by Dente et al.
( Table 3 ), increasing ISS, decreasing RTS and Glasgow
coma scale, as well as transfusion requirements were all
predictors of mortality. Pelvis sepsis is a signiﬁcant predictor of late mortality in these patients.
In summary, open pelvic fractures is a devastating injury
which continues to be a signiﬁcant source of morbidity
and mortality in our trauma patients. It most be treated
aggressively including a multidisciplinary team. Early
hemorrhage control is the ﬁrst priority with vigorous
ﬂuid resuscitation, blood and blood products transfusions.
Liberal used of damage-control laparotomy, temporary
pelvis stabilization, angiography with embolization
as soon as possible. Detail physical examination of the
perineum, rectum and the vagina vault to detect occult
open fractures. Early administration of broad-spectrum
antibiotics with irrigation and wound debridment with
open wound care should be performed. The use of fecal
diversion in selected patients and management of associated injuries is also essential.
Table 1. Reported Mortality Rates in Open Pelvic Fractures
Author
Year
N
Dead
%
Raffa and Christensen
1976
16
8
50.0
Maull et al.
1977
12
7
58.3
Rothenberger et al.
1978
22
11
50.0
Perry
1980
31
13
41.9
Richardson et al.
1982
35
2
5.7
Govender
1990
32
8
25.0
Up to 1990 (total)
148
49
30.4
Hanson et al.
1991
43
13
30.2
Sinnott et al.
1992
27
4
14.8
Mundy
1993
21
1
4.8
Jones et al.
1997
39
10
25.6
Brenneman
1997
44
11
25.0
Woods
1998
60
7
11.7
Rieger
1998/1999 40
5
12.5
Michel
1999
11
1
9.1
Ferrera
1999
17
2
11.8
Mosheiff
1999
15
3
20.0
From 1991-onwards (total)
257
50
18.0
* From Grotz MR, Allami MK, Harwood P. et al.1
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Table 2. Mortality Rates According to:
% Faringer class (n)
.048
Zone I
58 (15/26)
Zone II
67 (4/6)
Zone III
8 (1/12)
% Young class (n)
.0387
APC
57 (11/19)
LC
30 (7/23)
VS
10 (2/2)
% Gustilo grade (n)
<.0001
I
0 (0/9)
II
31 (5/16)
III
79 (15/19)
% Angiogram (n)
.0011
Positive
100 (6/6)
Negative or not needed
37 (14/38)
Intra-abdominal injury
.0061
Yes
89 (8/9)
No
34 (12/35)
* From Dente CJ, Feliciano DV, Rozycki GS, Wyrzykowski
AD, Nicholas JM, Salomone JP, Ingram WL.2
Table 3. Risk Factors for Overall Mortality
Risk Factor
Survivors
Nonsurvivors
P
(mean ± SEM) (mean ± SEM)
GCS
14.7 ± .2
9.3 ± 1.2
.0400
RTS
11.5 ± .2
7.2 ± 1
.0109
ISS
20.0 ± 2.2
41.2 ± 2.9
.0005
PRBCs
4.7 ± 2.0
20.0 ± 3.6
.0086
* From Dente CJ, Feliciano DV, Rozycki GS, Wyrzykowski
AD, Nicholas JM, Salomone JP, Ingram WL.2
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PELVIC FRACTURES: INITIAL RESUSCITATION DIAGNOSTIC AND THERAPEUTIC OPTIONS
Steven B. Johnson, MD, FACS,1y2 Deborah Stein, MD,2 Ellyn Tennyson, RN, CRNP,2

Identiﬁcation and proper management of pelvic fractures
is an essential component of the optimal management
of the polytraumatized patient. Pelvic fractures can span
the spectrum of complexity and acuity from very minor
insigniﬁcant injury to immediately life-threatening. It is
impingent on qualiﬁed trauma personnel to rapidly identify
and manage these often difﬁcult injuries. This frequently
requires a multidisciplinary team composed of experienced
trauma surgeons, orthopedic surgeons, intensivists, interventional radiologists, nurses, and other support personnel
available at any time of day or night1.

most frequently indicative of high energy mechanisms and
therefore severe injuries to other structures are common.
Besides associated injuries and instability, intubation may
be speciﬁcally necessary for pelvic fracture management
due to pain and sedation issues. Not infrequently patients
with pelvic fractures may be agitated due to head injury,
drugs, pain, or hypovolemia. In these patients, agitation
resulting in movement of unstable pelvic bones can result
in increased blood loss and further injury to the patient.
Intubation and heavy analgesia/sedation may reduce this
risk and assist in the care of the patient.

The incidence of pelvic fractures varies depending on the
demography of the trauma center caring for the patient. Pelvic
fractures are almost exclusively a blunt trauma condition
occurring in 4-9% of blunt trauma patients and accounting
for approximately 3% of all skeletal fractures in the United
States2. Associated organ injuries occur in 11 – 20% of pelvic
fracture patients. Most frequently pelvic fractures are simple
injuries to pubic rami but can be associated with approximately 6 – 10% mortality. Mortality increases if hypotension
occurs (42% mortality), if traumatic brain injury requiring
surgical intervention is present (50% mortality), or if abdominal injury requiring laparotomy is present (52% mortality).
Hemorrhage accounts for 39% of pelvic fracture deaths
while traumatic brain injury and sepsis/multisystem organ
failure account for approximately 30% each3.

Breathing considerations similarly are more likely to be
related to associated injuries. Abdominal compartment
syndrome related to increased retroperitoneal hemorrhage
can adversely impact lung mechanics. This problem may
develop insidiously, especially after the patient has been
aggressively resuscitated, leading to hypoxia and hypercarbia despite ventilatory support.

PELVIC FRACTURE CONSIDERATIONS IN
INITIAL TRAUMA MANAGEMENT
Airway considerations are predominately related to associated injuries and their management. Pelvic fractures are
1
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Baltimore, Maryland 21201
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University of Maryland School of Medicine
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Circulation or shock considerations are the most important
aspects of the initial management of pelvic fractures. Rapid
assessment and interventions are critical to reducing morbidity and mortality. Key decision making priority steps are
helpful to providing a systematic approach
Priority 1: Determining if the patient is
hemodynamically unstable or hypoperfused
The assessment of hemodynamic status determines very
different diagnostic and therapeutic interventions in pelvic
fracture management. The presence of hemodynamic instability, large resuscitation volume requirements, or occult
hypoperfusion signs (elevated lactate, decreased venous O2
saturation, elevated base deﬁcit) requires immediate attention to improving perfusion and localizing the source of
hemorrhage. The placement of large bore venous resuscitation catheters above the diaphragm is essential as pelvic
fractures can be associated with pelvic venous injuries
negating the effectiveness of ﬂuids administered via lines
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placed inferiorly. Early crossmatching and availability of
blood products, including uncrossmatched blood, for transfusion is critical. For patients exhibiting a coagulopathy,
consideration should be given to early administration of
recombinant Factor VIIa to reverse the coagulopathy and
reduce blood loss4.
In hemodynamically stable patients, thorough evaluation
for other injuries is indicated. Frequently abdominal CT
scanning will be performed and should be accompanied by
pelvic CT scanning. In hemodynamically stable patients
without signs of pelvic fracture, a plain pelvic radiograph
is not necessary if abdominopelvic CT is obtained5.
Priority 2: Determining the source of hemorrhage
There are ﬁve areas associated with hemorrhage sufﬁcient
to cause hypotension: thorax, abdomen, pelvis/retroperitoneum, femurs, and external. Physical exam can be helpful in
localizing the source of hypotension. Assessment of pelvic
integrity should include evaluation for hematomas, open
wounds, and compression testing. Bilateral gentle lateral
“squeeze” compression and posterior “push” compression
over the iliac crest can provide rapid insight into the presence and stability of pelvic fractures. An assistant palpating
over the pubis while compression testing is performed can
sometimes detect otherwise occult movement. In addition
to a chest radiograph, a pelvis radiograph is indicated in
hemodynamically unstable patients and can provide further
insight into the presence and type of pelvic fracture. It is
important to remember that pelvic radiographs provide
a static fracture assessment and do not represent the full
dynamic displacement of bony fragments and therefore
extent of damage that occurred at the time of injury.
A key step in the management of the unstable patient with
pelvic fracture is determining if intraperitoneal and/or
extraperitoneal sources of hemorrhage are responsible
for the instability. Supraumbilical diagnostic peritoneal
lavage (DPL) is generally considered the gold standard for
making this determination although the focused abdominal
sonography for trauma (FAST) performed by experienced
personnel is an acceptable alternative. FAST provides a
rapid assessment of intraperitoneal ﬂuid as well as intrapericardial and pleural ﬂuid and can be repeated. A grossly
positive DPL or signiﬁcant intraperitoneal ﬂuid seen on
FAST suggests major intraperitoneal hemorrhage and the
need for emergent exploratory laparotomy. A negative or
“microscopically positive” DPL or a FAST exam without
signiﬁcant ﬂuid should prompt evaluation for extraperitoneal sources of hemorrhage although laparotomy may be
subsequently necessary6.
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Hemorrhage from pelvic fractures can be related to cancellous bony fracture fragments, venous, or arterial sources.
The type of fracture provides insight into the probability of
associated hemorrhage7, 8. Pelvic ring fractures are typically
divided into 4 types based on the vector forces causing the
fracture (table 1)9. Acetabular fractures may involve the
pelvic ring but involve different vector forces and are usually not associated with signiﬁcant hemorrhage at the time
of injury as compared to pelvic ring fractures.
The posterior pelvic ring, which encompasses the sacrum,
sacro-iliac joint, and ilium, is most closely associated with
vascular structures including the iliac arteries and their
branches, pelvic venous plexus, and iliac veins. Pelvic
fracture hemorrhage is most commonly associated with
Anterior-Posterior Compression (APC) or Vertical Sheer
(VS) fractures because these fractures cause an opening of
the posterior elements, speciﬁcally the sacro-iliac joint or
sacrum with resultant stretching of the vessels. Not infrequently the posteriorly located superior gluteal artery will
be injured by APC fractures while injuries to the anteriorly
located obturator and pudenal arteries are associated with LC
fractures. Similarly disruption of the pelvic venous plexus
can occur with these fractures. Lateral compression (LC)
fractures are the result of collapse of the pelvic ring and are
less likely to result in major hemorrhage. An exception is
LC-III fractures which can be associated with hemorrhage
because of the contralateral APC fracture component. Pubic
rami fractures infrequently cause signiﬁcant hemorrhage.
Knowledge of the type of fracture provides additional information about the risk of associated hemorrhage.
Priority 3: Sequencing of therapeutic interventions
to control hemorrhage
After determination of potential sources for life threatening hemorrhage, a thoughtfully considered plan for
hemorrhage control is paramount. Initial efforts to
control hemorrhage related to pelvic fractures should
be directed at stabilizing the pelvis to avoid fragment
movement and reduce pelvic volume. This can be rapidly performed utilizing pelvic binder, MAST, bed sheet,
C-clamp, or external ﬁxator placement. Of these options,
commercially available pelvic binders are gaining popularity because of ease and rapidity of placement, reliability of stabilization, and minimal interference with
operative and angiographic procedures10, 11.
The decision to proceed initially with laparotomy for control of intraperitoneal hemorrhage or with angiography
for pelvic hemorrhage control can be extremely difﬁcult.
Sometimes both are necessary and immediately indicated.
Vol. 14 Number 2 November 2007
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Variables to consider are extent of blood noted on FAST
or DPL, type of pelvic fracture, response to pelvic binder
placement, and availability of operating room or angiography. In experienced hands, minimal ﬂuid on FAST or
absence of gross blood with a “microscopically positive”
DPL suggests that hemodynamic instability is from a pelvic
source and angiography is indicated prior to laparotomy.
In hemodynamically unstable patients with LC-I or APC-1
fractures, an intraperitoneal source is responsible in 85%
of patients supporting laparotomy prior to angiography.
Conversely for LC-II, LC-III, APC-II, APC-III, and VS
fractures, an angiographic pelvic source of hemorrhage is
present in 59% of patients while therapeutic laparotomy
for hemorrhage control is necessary in only 28%, supporting angiography before laparotomy12. The combination of large amounts of intraperitoneal blood on FAST
or DPL and an unstable complex pelvic fracture should
typically be managed with laparotomy prior to angiography. However operating room and angiography suite
availability may support angiography prior to laparotomy
in some situations (Table 2).
If laparotomy is performed ﬁrst, rapid control of intraperitoneal hemorrhage is necessary as the release of pelvic
volume control can increase blood loss from a pelvic
source by up to 15%13. Damage control approaches to
non-hemorrhaging injuries, including temporary suture
closure and stapling of bowel injuries without re-establishment of continuity, are indicated if hemodynamic
instability persists or the patient becomes coagulopathic
or hypothermic. Packing of the pelvis with radiolucent
packs such as sterile towels or Kerlex gauze tied together
can help reduce pelvic hemorrhage. Direct placement of
retroperitoneal packs via the space of Retzius approach
has been successful. This can be done via a midline
or Pfannensteil incision14. Direct opening of a pelvic
hematoma with or without internal iliac artery ligation
can become problematic and should be considered as a
desperation effort. Mobilization of the angiography team
should occur simultaneously with laparotomy allowing
the patient to be taken immediately to angiography at
completion of the laparotomy.
If angiography is performed ﬁrst, a ﬂush aortogram should
be the initial procedure. This will allow potential identiﬁcation of multiple bleeding sites including intraperitoneal
sites such as splenic and hepatic. Subsequently selective
angiography should be performed with angioembolization to control hemorrhage from injured pelvic vessels15.
Intraperitoneal bleeding sites can also be managed with
angioembolization at the time of pelvic angioembolization

thereby potentially eliminating the need for subsequent
laparotomy16. Additional indications for angiography are in
patients with contrast extravasation blush on pelvic CT scan
or a large/expanding pelvic hematoma seen at laparotomy
or on pelvic CT scan. These patients are at high risk for
continued bleeding and are best managed with angioembolization17, 18.
Angioembolization is effective in controlling arterial
bleeding related to pelvic fractures in 90-95% of patients19.
Patients at risk for rebleeding following initial successful
angioembolization include those with > 2 units/hour transfusion prior to initial angiography, and multiple sites at the
time of initial angioembolization. Repeat angioembolization should be performed and 68% will have a new site of
bleeding20.
Priority 4: Open wounds and preventing pelvic
sepsis
Open pelvic fractures, in which bony fragments are
directly associated with open skin, perineal, vaginal, or
rectal injuries, are associated with particularly high mortality rates (40-50%)21. These open wounds allow pelvic
hematomas to decompress resulting in increased blood
loss. Hemorrhage can be difﬁcult to control and contributes to the majority of deaths occurring early after injury.
Aggressive packing of these wounds, preferably in the
operating room initially, is warranted. Patients with open
pelvic fractures surviving initially are at high risk for
subsequent development of pelvic sepsis. Early debridement of devitalized tissue, diversion of fecal stream to
reduce contamination, and frequent dressing changes
are instrumental to minimizing the risk of subsequent
pelvic sepsis. Early fracture ﬁxation reduces the risk of
continued tissue injury.
Priority 5: Management of associated injuries
Considerable energy is required to fracture the pelvis
and consequently rarely is the pelvis injured in isolation.
Management of other injuries must be prioritized according
to risk of death and complications. Certain conditions may
require simultaneous interventions such as craniotomy or
ICP monitor placement while laparotomy or angioembolization are being performed. Other conditions, such as
thoracic aortic injuries are associated with an increased
incidence of pelvic fractures, may have different diagnostic
procedures performed based on the management of the
pelvic fractures. If angiography is being performed for the
pelvic fracture then concurrent evaluation of the aorta can
occur. However if laparotomy is performed initially then
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intraoperative transesophageal echocardiography (TEE)
may be advantageous in assessing the thoracic aorta.
Similarly in hemodynamically stable patients undergoing
abdominopelvic CT scan, the aorta can be simultaneously
evaluated by thoracic CT scanning.
Injuries to the bladder and urethral are commonly associated with pelvic fractures. Although neither injury is immediately life-threatening, they present speciﬁc problems.
Urethral injuries occur in approximately 15% of pelvic
fractures and occur most frequently, but not exclusively,
in males. Typical ﬁndings of scrotal/perineal hematomas,
meatal blood, or high riding prostate may be absent in up
to 57% of male patients with uretheral injuries22. Patients
with pelvic fractures should have retrograde urethrography
performed prior to foley placement to evaluate for urethral
injury especially in patients with ﬁndings suggesting injury.
Bladder injuries occur in approximately 6% of pelvic fracture patients and can be due to direct bony intrusion (usually
extraperitoneal) or compressive rupture of a full bladder
(either intraperitoneal or extraperitoneal). Evaluation for
bladder injury can be performed by CT cystogram or plain
cystogram. Cystograms should be performed after angiography to prevent contrast extravasation from the bladder
interfering with angiography.
Pelvic fracture patients are at risk for developing abdominal
compartment syndrome because of both retroperitoneal
hemorrhage and aggressive resuscitation. Careful and frequent monitoring for changes in renal, pulmonary, and cardiac function in association with increased intra-abdominal
pressures is important. Measurement of bladder pressures,
the most frequent method of assessing intra-abdominal
pressures, may be problematic in patients with urethral or
bladder injuries or in patients with large hematomas surrounding the bladder.
Priority 6: Fracture Fixation Timing
The extent of initial fracture ﬁxation is dependent on the
physiologic stability, fracture type, and associated injuries.
Whereas early deﬁnitive fracture ﬁxation is advantageous,
persistent shock, coagulopathy, hypothermia, or other lifethreatening injuries may preclude this approach. Initial management with pelvic binders can stabilize the patient, even in
the ICU, while other more problematic conditions are being
corrected. Prolonged use of the MAST to stabilize pelvic
fractures should be avoided due to the risk of compartment
syndromes and other complications. The rapid placement
of external ﬁxators, even in the Emergency Department,
for appropriate fracture patterns can provide temporary and

24

sometimes deﬁnitive fracture ﬁxation. Once physiologic
derangements and critical associated injuries are treated,
early deﬁnitive fracture ﬁxation is beneﬁcial in reducing
pulmonary complications and allowing aggressive early
physical therapy. The placement of symphseal plates and
percutaneous sacro-iliac screws provides minimally invasive
deﬁnitive stabilization of appropriate fracture types.
SUMMARY
The initial management of pelvic fractures is dependent
on the hemodynamic stability. Unstable patients should
undergo rapid temporary pelvic compression followed
by hemorrhage control with laparotomy and/or angioembolization depending on physical ﬁndings, FAST or DPL
results, and pelvic fracture type. Stable patients should
undergo abdominopelvic CT scan with angioembolization
for contrast extravasation blush or large pelvic hematomas.
Early deﬁnitive fracture ﬁxation is advantageous but may
be precluded by other life-threatening associated injuries or
physiologic derangements.
Table 1. Pelvic Ring Fracture Classiﬁcation
Lateral Compression (LC) Fractures
Transverse fracture of pubic rami and posterior injury
LC I—Sacral compression on side of impact
LC II—Crescent (iliac wing) fracture on side of impact
LC III—LC-I or LC-II injury on side of impact; contralateral
APC injury
Anterior Posterior Compression (APC) Fractures
Symphyseal diastasis or longitudinal rami fractures and
posterior injury
APC I—Slight widening of pubic symphysis or anterior SI
joint; stretched intact anterior SI, sacrotuberous, sacrospinous ligaments; intact posterior SI ligaments
APC II—Widened anterior SI joint; disrupted anterior SI,
sacrotuberous, and sacrospinous ligaments; intact posterior
SI ligaments
APC III—Complete SI joint disruption with lateral displacement; disrupted anterior SI, sacrotuberous, sacrospinous
ligaments; disrupted posterior SI ligaments
Vertical Sheer (VS) Fracture
Symphyseal diastasis or vertical displacement anteriorly and
posteriorly, usually through the SI joint, occasionally through
the iliac wing or sacrum
Combined Mechanism (CM) Fracture
Combination of other injury patterns, LC/VS being the most
common
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Pelvic
Assessment

Table 2. Sequencing of Interventions Based on Pelvic and Abdominal Findings
Abdominal Assessment
DPL or FAST Positive
DPL or Fast Borderline Positive DPL or FAST Negative
High Risk Fracture Pattern

Laparotomy, then Angiography Angiography, then Laparotomy

Low Risk Fracture Pattern

Laparotomy, monitor pelvis
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UNSTABLE PELVIS – ROLE OF THE ORTHOPEDIST
Saqib Rehman, MD

IMPORTANCE OF INTERDISCIPLINARY
MANAGEMENT
Appropriate management of pelvic ring trauma requires an
interdisciplinary approach from emergency management to
deﬁnitive reconstruction. It is therefore imperative that trauma
centers foster good working relationships between trauma surgery, orthopaedic surgery, radiology, critical care, and urology.
Though deﬁnitive pelvic reconstructive decision-making and
surgery are well within the role of the orthopaedic surgeon,
pelvic trauma care extends far beyond this aspect.
WHAT DEFINES THE “UNSTABLE PELVIS”?
Before discussing the management of the unstable pelvis,
this concept must ﬁrst be deﬁned. The term, “unstable
pelvis” can refer to stability by physical exam, hemodynamic parameters, or by radiographic fracture classiﬁcation. An unstable pelvis by any of these criteria justiﬁably
triggers heightened vigilance by the treating physicians.
Hemodynamic Instability
Fractures and dislocations of the pelvic ring are a potential
source of uncontrolled bleeding in blunt trauma patients.
Bleeding typically is venous, but can also be arterial and/or
bony in origin. Widening of the bony pelvis can increase its
potential volume and therefore the potential space in which
hematoma can collect before tamponade occurs. Patients
with pelvic injuries and hemodynamic instability are considered to have an “unstable pelvis” by these deﬁnitions.
Physical Exam
Careful physical exam may reveal gross instability to compression and distraction of the palpable iliac wings. Leg length
discrepancy in the absence of lower extremity injuries may
Assistant Professor. Division of Orthopaedic Trauma
Department of Orthopaedic Surgery
Temple University Hospital, Philadelphia, Pennsylvania
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indicate the presence of a vertically unstable pelvic injury.
Similarly, rotational asymmetry of the lower extremities may
be indicative of a rotationally unstable pelvic injury.
Radiographic Fracture Classiﬁcation
There are two major classiﬁcation schemes which are
commonly used by orthopaedic surgeons when discussing
pelvic ring injuries. Both the Tile (Figure 1) and the YoungBurgess classiﬁcations (Figure 2) employ the concepts of
rotational and vertical instability.4,19
By these classiﬁcations, Tile type A fractures are unquestionably mechanically stable pelvic ring injuries. Type B
and C injuries are both “unstable”, with increasing degrees
of instability within the subtypes. Most orthopaedic surgeons would consider APC-I, LC-I, and some B2 fractures
to be clinically “stable” injuries. The concept of stability
in these classiﬁcations is based largely on biomechanical
integrity of the pelvic ring. With increasing instability,
there is increased disruption of the pelvic ﬂoor including
the sacrotuberous and sacrospinous ligaments as well as the
posterior ring mainly comprising the sacrum and posterior
sacroiliac ligaments.10,17
These classiﬁcations are widely utilized in the orthopaedic
trauma literature and they can help with determining prognosis and management. The Young-Burgess classiﬁcation
has demonstrated that LC type injuries are more often
associated with head and chest injuries while APC type
2 and particularly 3 injuries (“open book”) are associated
with signiﬁcant hemorrhage and transfusion requirements.4
Increasing mechanical instability of the pelvis increases
the indication for operative stabilization. Distinguishing
rotational (incomplete) from vertical and rotational (complete) instability helps determine which pre-operative and
operative procedures which will be necessary to restore
pelvic stability. For instance, an anterior external ﬁxator
may adequately stabilize a rotationally unstable injury, but
may not adequately stabilize a Tile type C injury.
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What is the correlation between these three deﬁnitions of instability?
The correlation between these three deﬁnitions has not been
deﬁnitively proven. Nevertheless, one should use radiographic classiﬁcation to recognize the highly unstable fracture patterns which most likely will lead to hemodynamic
instability and possible shock. Some correlation, though not
statistically signiﬁcant, has been suggested.9 On the other
hand, minimally displaced and seemingly stable fracture
patterns (Figure 3) by radiographic criteria have been noted
to lead to hemorrhage on occasion, particularly in geriatric
patients.5 It is thought that their lower physiologic reserve
and decreased compliance of local atherosclerotic vessels
may put these patients at particular risk. A pelvic fracture
often implies high energy trauma occurred and usually
grabs the attention of the treating physicians. Unfortunately,
the same sense of urgency is often not directed towards
low-energy geriatric fractures. A distinction must be made
between the “unstable” pelvis and the unstable or “at-risk”
patient which do not always go hand in hand.
EMERGENCY TREATMENT
Emergency treatment of pelvic fractures involved coordinated care by pre-hospital and hospital emergency
personnel as well as by trauma surgeons, orthopaedic surgeons, urologists, and radiologists. The ABC’s and ATLS
should be routinely followed as well as the trauma center’s
protocols, if available.
Diagnostic evaluation starts with the AP pelvic x-ray, which
provides a wealth of information for both immediate and
deﬁnitive treatment planning. Unfortunately, some have suggested that an abdominal CT scan with a scout image can
replace the pelvic AP x-ray, which we strongly disagree with.
The AP ﬁlm and subsequent inlet and outlet views (or Judet
views for concomitant acetabulum fractures) are essential for
operative reconstructive planning. CT scans are essential for
complete evaluation, particularly of the sacroiliac complex.
3D CT reconstruction, however, may eventually supplant
plain radiographs due to its ability to give the surgeon a true
appreciation for the fracture characteristics.
The characteristics of the pelvic injury can be assessed from
an AP x-ray and the radiographic classiﬁcation can then be
assigned and correlated to the patient’s condition. Emergency
reduction of the fracture or dislocation typically involves
circumferential compression or external ﬁxation devices.
Open pelvic fractures will be discussed elsewhere in this
symposium in detail. The role of the orthopaedist is to

recognize that open pelvic fractures may not appear like
most open fractures with bone obviously penetrating the
skin. Open pelvic fractures may involve rectal or vaginal
lacerations, thereby requiring routine rectal and vaginal
examination on presentation of a patient with a pelvic fracture. Open pelvic fractures need to be treated with urgent
irrigation, debridement, stabilization, antibiotic coverage,
and diverting colostomy.
Pelvic Binders, Sheets, External Fixators, and
C-clamps
An unstable pelvic fracture may require emergency reduction in order to reduce the pelvic volume and potential
space for bleeding. This, in addition to establishing
mechanical stability helps tamponade ongoing hemorrhage
in the hemodynamically unstable patient. 6,9,10,16,14,16,17,19
There are no established evidence-based guidelines to help
decide which maneuvers should be used in which patients.
Nevertheless, there are some basic principles with regards
to the utility of external immobilization of the pelvis. The
techniques of achieving external immobilization have
evolved somewhat, and are also institution-dependent.
Wrapping sheets and using pelvic binders provide circumferential compression of the pelvis and can provide
compression and reduction both anteriorly and posteriorly.
They are particularly useful in rotationally unstable open
book pelvis injuries (APC II, Tile type B1). Sheets are
inexpensive, readily available, and can be quite effective in
proving a reduction as shown in Figure 4.14 Trauma pelvic
binders are becoming much more commonplace and utilize
a similar concept of circumferential compression (Figure 5).
These are also quick to apply and easily removable. They
may be applied by emergency room physicians, members
of the trauma team, orthopaedic surgeons, or even in the
ﬁeld if necessary.
The main pitfalls to the use of circumferential compression
is placement location, loosening, migration, and skin complications. Even nerve palsy has been reported as a complication.15 They must be centered on the greater trochanter of
the proximal femur bilaterally for effective compression.
Proximal migration or incorrect initial placement may
cause abdominal compression instead. It is generally not
recommended that these devices be left on for long periods
of time due to the risk of skin breakdown which can jeopardize deﬁnitive surgical management.
The external ﬁxator is a quite different method to achieve
the same result with APC II and Tile type B1 injuries and
has its own advantages and disadvantages (Figure 6). It
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avoids the potential problems with skin breakdown and can
therefore be left in place even as deﬁninitive ﬁxation if necessary in certain injury patterns. It can also be applied rapidly by an experienced orthopaedic surgeon, but not nearly
as rapidly as a pelvic binder or sheet. The disadvantage is
that it is typically placed by an orthopaedic surgeon with
or without c-arm control and has its own potential pitfalls
such as iliac wing fracture, visceral pin penetration, and pin
tract infections. Furthermore, most external ﬁxation conﬁgurations are useful for anterior compression, but do not
fully address complete posterior instability (APC III, VS,
or Tile Type C injuries).

The ease of application, low rate of complications,
and effectiveness of the pelvic binder has made this the
treatment of choice at our institution and many others
as well. Both reduction of the pelvis and arteriography
have been advocated as maneuvers to stop pelvic hemorrhage.3,4,6,9,10,14,15,15,17,19 It is not deﬁnitively known if compression of an open book pelvic injury will more effectively
stop bleeding in a hemodynamically unstable patient than
angiography, but the choice between arteriography and
external ﬁxation as the surgeon’s next move is no longer an
issue with the use of the pelvic binder.
DEFINITIVE MANAGEMENT

Pelvic c-clamps traditionally are placed percutaneously
as shown in Figure 7. They apply compression posteriorly,
which is not efﬁciently achieved with an anterior external
ﬁxator. The insertion can be quick and it can reduce and stabilize Tile Type B and C injuries. However, the proximity of
the pins to the greater sciatic notch is particularly hazardous,
particularly when attempting to safely place them in an externally rotated pelvis. The signiﬁcant risk of major neurovascular injury has diminished the popularity of this device, and
we do not recommend its routine use. A trochanteric c-clamp
has been recently developed (Depuy, Warsaw, IN) which
resembles the two-pointed c-clamp but instead is placed on
the palpable greater trochanters in a similar fashion to pelvic
binders.2 This device was developed in order to reduce the
rate of neurovascular injuries with traditional c-clamps.
Which to use and when to use it?
Deciding when to use any of the above external reduction
and immobilization devices will depend on the status of the
patient, the injury pattern, and the experience and preferences
of the surgeons involved. Open book pelvic injuries with
symphyseal widening are excellent candidates for sheets,
binders, or anterior external ﬁxators. These injuries typically have the highest rates of blood loss and often reduce
satisfactorily with binders, sheets, or external ﬁxators.
Type C injuries are also often treated with sheets, binders or
external ﬁxators, though some instability will likely remain.
In patients with signiﬁcant vertical instability, skeletal traction may also be required to the shortened extremity.
Patients with LC type pelvic injuries may beneﬁt from
external immobilization as well, though only minimal compression should be applied since the pelvis has already been
compressed by the trauma itself and reduction will often
require the opposite maneuver. Nevertheless, stabilization
with a sheet, binder, or external ﬁxator can be useful to
limit gross motion in certain circumstances.
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Timing of Reconstruction
The main responsibility of deﬁnitive pelvic reconstruction
is with the orthopaedic surgeon. Timing of surgery depends
on multiple factors such as the overall resuscitative state of
the patient, associated injuries, and priority with regards to
other needed procedures. In the damage control model of
polytrauma care, deﬁnitive pelvic ﬁxation would be considered a “second hit” and would therefore be avoided on
the day of admission.7,12 The orthopaedic surgeon needs to
realize the priority of the deﬁnitive pelvic reconstruction
in light of these other factors. In a patient with a pelvic
binder holding a reduced APC type injury, the risk of skin
breakdown goes up the longer the binder is in place which
necessitates early conversion to reduction and internal ﬁxation procedure (ORIF) or external ﬁxation. In a patient with
a fracture reduced with an external ﬁxator, the orthopaedic
surgeon has more time to schedule the ORIF procedure,
if necessary. This method of staging pelvic reconstruction
procedures has been advocated by orthopaedic trauma
surgeons, particularly the advocates of the damage control
model7,12,13
Associated injuries such as bladder ruptures may also
affect the timing of deﬁnitive pelvic reconstruction.
Intraperitoneal bladder ruptures are typically repaired
urgently. In these cases, ORIF can be performed at the
same time. Extraperitoneal bladder ruptures are not typically surgically repaired, but should be repaired in a timely
fashion in the setting of a pelvic fracture which will require
anterior ORIF (ie. symphyseal plating) to reduce the risk of
deep infection. The ORIF should be performed in the same
procedure (Figure 8).
TYPE B INJURIES
The type B injury is deﬁned by rotational instability. The
B1 or APC II injury is treated usually by anterior stabiliVol. 14 Number 2 November 2007
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zation. The external ﬁxator can act as deﬁnitive anterior
stabilization for a rotationally unstable pelvic disruption, as mentioned earlier. However, this is generally
considered less optimal deﬁnitive treatment compared
with ORIF. An example of this is illustrated in Figure
8. Additional posterior stabilization in these injuries is
typically not required.
Displaced ramus fractures can be reduced and stabilized with ORIF or with percutaneous screw fixation
in select cases (Figure 9). LC II injuries (B2) can be
treated in a similar fashion with additional posterior
fixation as necessary.

Avulsion, Stable Ring
A1: Fx not involving ring
A2: Stable, minimally displaced
ring fractures

Rotationally Unstable
B1: Open book
B2: Lateral compression:ipsilateral
B3: Lateral compression:
bilateral

Type C Injuries
Posterior ﬁxation is generally required in some Type B
and most Type C injuries. The details of operative pelvic
stabilization are beyond the scope of this article, but
involve a variety of techniques and surgical approaches.
ORIF from a posterior approach, either with direct plate
ﬁxation, transiliac plates, or sacral bars, can provide signiﬁcant posterior stability in a vertically and rotationally
unstable injury (Figure 9). Iliolumbar ﬁxation, also known
as the “Galveston technique” has also been utilized with
and without S1 pedicle screws for stabilization of sacral
fractures, particularly “H” or “U” type sacral fractures.1
The open posterior approach is occasionally complicated
by wound breakdown. Therefore, it is imperative that the
posterior soft tissues are checked pre-operatively to aid in
operative decision-making.
Percutaneous iliosacral screw ﬁxation is possible for
certain injury patterns which can be close-reduced in
patients without lumbosacral dysmorphism.8,17,18 The
ideal case would be a patient with a sacroiliac joint
dislocation with normal anatomy who can go to the
OR within 48 hours of the time of injury (Figure 10).
Posterior iliac wing fractures and certain sacroiliac joint
injuries can also be approached and ﬁxed via an anterior
approach and ORIF.

Rotationally and Vertically Unstable
C1: Unilateral
C2: Bilateral
C3: Associated with acetabular fx.

Figure 1. Tile classiﬁcation of pelvic ring injuries: (Adapted
from Tile 1988 and from www.trauma.org)

Pubic rami fractures ipsilateral or
contralateral to posterior injury
I: Sacral compression ipsilateral
II: Posterior iliac wing fracture,
ipsilateral
III: LCI or LCII with contralateral APC injury (“wind-swept”)

Symphyseal diastasis or longitudinal rami fractures
I: <2.5 cm widening of symphysis and anterior SI joint
II: > 2.5 cm widening of symphysis and anterior SI joint
III: Symphyseal widening with
complete posterior SI joint disruption

SUMMARY
The orthopaedic surgeon plays an important role in the
management of the unstable pelvis. He or she should be
prominent in both the emergency management as well as
the deﬁnitive management and followup of the patient
with the unstable pelvis. Indeed, it is the job of the orthopaedic surgeon, in collaboration with trauma surgeons
and other involved specialists, to restore stability to the
unstable pelvis.

Symphyseal diastasis or vertical displacement anteriorly and posteriorly

Figure 2. Young-Burgess classiﬁcation of pelvic ring injuries.
Note that a fourth type, Combined Mechanism (CM), is not
illustrated here. CM fractures are a combination of other injury
patterns, LC/VS being the most common. (Adapted from Starr
2006 and from www.trauma.org)
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Figure 3. A minimally displaced lateral compression injury
(LC-I) should not be ignored as it may occasionally present
with signiﬁcant hemorrhage in the geriatric patient.

Figure 5. An example of a pelvic binder utilized to close an
open book pelvic injury (from www.tpod.com)

Figure 4. Application of circumferential sheet wrapping to
reduce an open book pelvic injury (from Routt, 2002)14
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Figure 6. Slatis type trapezoidal anterior pelvic external ﬁxator which is preferred at our institution.15 Two or three pins
can be inserted into the iliac crests. This frame can easily be
adjusted to allow for ﬂexion at the waist for improved nursing
care or to allow access for laparotomy.

Vol. 14 Number 2 November 2007
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Figure 8. Tile type B, APC II pelvic injury (open book) with extraperitoneal bladder rupture. This patient was treated urgently with
a pelvic binder and foley catheterization. Note extravasated cystographic contrast on pre-operative AP x-ray (left). After 24 hours,
the patient underwent bladder repair and ORIF of the symphysis via a Pfannensteil incision anteriorly.

Figure 9. Type C injury with widely displaced superior ramus fracture treated by closed reduction and percutaneous screw ﬁxation
anteriorly and ORIF posteriorly.

Figure 10. Closed reduction and percutaneous iliosacral screw ﬁxation of a Tile type C pelvic injury with right sacroiliac joint
dislocation.
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SIRS – EARLY RECOGNITION, EARLY RESPONSE
Leonard Weireter, Jr., MD, FACS

The debate regarding the most appropriate resuscitation
methodology is not new and still stimulates vigorous
debate. The realization that the underlying physiologic
perturbation is driven by the cellular and humoral response
systems intended to protect us has lead to investigations
into novel resuscitation strategies directed at modulation of
that response. This represents a move from macrovascular
to molecular methods and endpoints and may direct future
approaches to resuscitation of the injured patient.

Our understanding of the complex cellular events promoting
inﬂammation and the response to tissue injury or infection
has improved markedly over the past decade. The primary
role of the neutrophil and its interaction with the vascular
endothelium has been elucidated. The rolling neutrophil that
slows, adheres, migrates across the endothelial barrier into the
interstitium where it can degranulate, has taken center stage in
our understanding of this complex process. The role of speciﬁc humoral and cellular factors that attract the neurophil and
allow it to act in speciﬁc ways are better understood as well.

SIRS – THE CURRENT PROBLEM
The Systemic Inﬂammatory Response Syndrome, SIRS, was
ﬁrst described by Bone1 and colleagues in 1992. It gave name
to the physiologic response to stress, injury and infection that
medicine has tried to understand and control for the past several decades. SIRS is deﬁned as a febrile or hypothermic state
associated with tachycardia and an increased respiratory rate.
Either leukocytosis or neutropenia accompanies the clinical
presentation. Sepsis is the SIRS response to a speciﬁc infectious etiology. Severe SIRS implies the presence of at least
one organ failure in addition to the syndrome.
Our inability to recognize the syndrome reliably as it develops
leaves us in the common position of playing catch up. We
are usually responding to, rather than controlling, the clinical
situation, at least in the early stages. Multiple elements
affect the timing of therapy; some we can control, others we
cannot, but the reality persists that we frequently deal with
the established syndrome rather than utilize pre-emptive
therapies intended to mitigate its severity. Hemorrhage and
resuscitation, infection, injury, perfusion and re-perfusion are
all known inciters of the SIRS response. Determining when
a given patient is deviating sufﬁciently from the expected
clinical course becomes key to identifying the moment
physiologic adaptive responses become detrimental.
Professor of Surgery, Eastern Virginia Medical School
Medical Director, Shock Trauma Center
Sentara Norfolk General Hospital
Norfolk, Virginia

Since the Viet Nam War era resuscitation has been focused
on the principles written by Shires2 and associates. Volume
expansion with crystalloid solutions to macrovascular
endpoints became the standard for the next three decades.
Blood replacement was used to supplement crystalloid for
severe shock and was the preferred non-crystalloid ﬂuid.
The crystalloid colloid debate is well known to students of
this literature. ATLS® advocates crystalloid resuscitation
with blood administration for crystalloid non-responders.
Increasing frustration with the complications of this crystalloid based resuscitation has generated a shift in the focus
of resuscitation research efforts. Once seen as a cellular
energetics problem shock is now appreciated as a molecular process with the interplay of adaptive mechanisms
involving inﬂammatory cells and humoral mediators. The
turning on and off of speciﬁc pathways and reactive species
has attracted research interest in the last decade. The realization that the SIRS response entails a well coordinated
interaction of cellular and humoral factors with speciﬁc up
regulating and down regulating agents has prompted the
search for more precise controls of the response system.
The hope is that the modulation of the SIRS response will
maximize normalization of physiology while minimizing
the downside that has presented as ARDS, the perfusion
– reperfusion syndrome and the multi-organ dysfunction
syndrome. Simple restoration of tissue perfusion without
allowance for the molecular changes induced by the inﬂammatory response will no longer be sufﬁcient. The new end-
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points of resuscitation will be deﬁned in terms of how on or
off the inﬂammatory state is, rather than by macrovascular
or tissue level markers.

regulates PMN activation and pro-inﬂammatory mediators.
Additionally PTX down regulates TNF-α production with
subsequent inﬂammatory down regulation.

DIFFERENT RESUSCITATION RESPONSES

Coimbra7 studied inﬂammatory modulation with PTX in
blood from healthy volunteers. HS-PTX reduced oxidative
burst in the face of a lipopolysaccharide (LPS) challenge.
Also noted were reductions in β2 integrin expression and
LPS induced TNF-α production.

Hypertonic saline(HS) has been intermittently advocated as
a resuscitation ﬂuid for much of the last half century. Rhee3
recently studied neutrophil activation in a swine hemorrhage model. Resuscitation arms included Ringer’s Lactate
(RL), shed blood and 7.5% NaCl, hypertonic saline(HS).
The RL group demonstrated a 273% increase in neutrophil
activation whereas the 7.5%NaCl group demonstrated virtually no increase in neutrophil activation.
Ciesla4 demonstrated the effect of exposure of polymorphonuclear cells(PMN’s) to HS pre- versus post-activation.
β-2 integrin expression and O2- are reduced when pre-PMN
activation exposure to HS is compared to exposure post
PMN activation.
In a follow up series of experiments Ciesla5 demonstrated β-2
integrin expression and O2- production that is suppressed with
HS exposure can be reversed with normalization of tonicity.
Upon repeat exposure to HS a marked decrease in cytotoxicity
is observed. The question for timing of exposure to alternative
agents is raised by these results. Is there a window of opportunity that might allow modulation of the immune response
before the cascade has spun out of control?

In a follow up experiment Coimbra8 studied end
organ damage in a rat model of hemorrhagic shock.
Resuscitation arms tested RL versus HS-PTX. 7.5%
NaCl at 4 ml/kg and PTX 25 mg/kg constituted the test
dose. PTX alone is not a signiﬁcant volume expander so
it is added to HS. The HS-PTX group demonstrated a
marked decrease in white blood cell counts, PNM count
and TNF-α in bronchoalveolar lavage ﬂuid. Additionally
there was no increase in the expression of IL-1β and a
50% reduction in the myeloperoxidase expression compared to RL. The gut injury score on histologic examination of the HS-PTX group at 24 hours post resuscitation
was equal to that of the sham group, while the gut injury
score of the RL group increased dramatically. HS-PTX
is postulated as an attractive alternative to RL for hemorrhagic shock resuscitation.
APOPTOSIS AND MODIFIED RINGERS
SOLUTIONS

A speciﬁc study of PMN and endothelial cell interaction was
reported by Pascual6. Utilizing a murine model and cremaster
muscle vital microscopy a Wiggers type shock model was
performed. Resuscitation consisted of HS and shed blood;
HS and RL; and shed blood with RL. HS resuscitation
induced less PMN roll and adhesion and demonstrated 45%
less endothelial leak than the other resuscitation arms. When
this model was repeated with the addition of an lipopolysacarhide (LPS) challenge after initial resuscitation, the HS
group demonstrated a 55% reduction in PMN – endothelial
cell adherence, a 61% reduction in lung myeloperoxidase
production at 24 hours post resuscitation and 57% less
severe lung injury score on H&E sections. The conclusion
is that this is a method to modulate the PMN – endothelial
cell interaction with diminished PMN accumulation at an
injury site. The clinical suggestion is clear although not yet
subjected to real trial. Certainly the door is open for new
investigation along this avenue of resuscitation.

Apoptosis is programmed cell death. The process is organized, highly regulated and does not entail inﬂammation.
Necrosis is the end of the inﬂammatory process. As such
it is frequently the end result of unabated shock, sepsis or
ischemia. It entails cell rupture with spillage of cellular
contents. Shires9 studied the effect of differing resuscitation
solutions on apoptosis. Apoptotic rate provides some insight
into cellular injury in that apoptosis is an orderly breakdown
to eliminate injured cells. Shock and resuscitation are known
inducers of increased apoptosis. The pathway responsible for
such elimination of injured cells involves capase activation
that stimulate proteolysis. Modiﬁcation of the resuscitation
ﬂuid decreased the incidence of tissue apoptosis. The conventional use of racemic RL induced apoptosis in lung and liver.
Both of these target organs saw a reduction in the degree of
apoptosis when bicarbonate ringer’s, ketone ringer’s or HS
were substituted in the resuscitation scheme.

Pentoxiﬂylline (PTX) is clinically used for its ability
to deform red blood cells and facilitate microvascular
ﬂow. It acts as a phosphodiesterase inhibitor that down

Ayuate 10 utilized a swine hemorrhage model to demonstrate a reduction in apoptosis induction after shock.
Elimination of the racemic form of RL and substitution of
the L-isomer or ketone ringer’s resulted in a marked reduc-
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tion of apoptotic activity in the liver. The substituted resuscitation ﬂuids further demonstrated a marked reduction in
the proapoptotic protein expression and an increase in the
antiapoptotoic protein expression. A minor modiﬁcation in
the resuscitation ﬂuid leads to a markedly different cellular
environment that is much more pro-survival than seen with
conventional resuscitation ﬂuid.
HUMAN TRIALS
Rizoli11 tested a HS and dextran (HSD) combination versus
0.9% NaCl for shock resuscitation in a human model.
Dextran was added as it prolongs the plasma expansion
effect of HS. Compared to the control group, the HSD
resuscitation group demonstrated a down regulation of proinﬂammatory monocyte populations. There was a reduction
in cell surface and soluable adhesion molecule expression
as denoted by reduced
CD-11-b and CD62L levels on exposure to HSD resuscitation. An up regulation of the counter inﬂammatory cytokines IL-10 and IL-1ra was also noted as was a reduction
in circulating norepinephrine. These effects were observed
despite a delay in administration of agent until evaluation in
the emergency department, and randomization occurred, and
the administration of large volumes of asanguinous ﬂuids.
Of note, no signiﬁcant clinical outcome difference could be
noted between the treatment groups in this small trial

avenues of investigation that demonstrate the capacity to
modulate cellular events. The translation of these modiﬁcations into clinically signiﬁcant results is still to be studied
before the recommendation to abandon current resuscitation methods can be made. What appears clear is that as
our understanding of the cellular events surrounding the
inﬂammatory response to shock or injury improves, our
resuscitation goals will change and with them the methods
of accomplishing them.
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THE ROLE AND TIMING OF SURGERY FOR ACUTE SPINAL
CORD INJURY
J. Brad Bellotte, MD, Daniel Altman, MD, Jennifer Erdos, MD, Jack E. Wilberger, MD

BACKGROUND
The United States sees approximately 11,000 new spinal
cord injury (SCI) cases every year[1]. Spinal cord injury
is predominately a disease of young people. The economic
and social impact of spinal cord injury is staggering. In
a single year the direct costs associated with spinal cord
injury in the U.S. amounted to $7.736 billion[2].
There is no area more controversial in spinal cord injury medicine than the role and timing of spinal canal decompression.
Both primary and secondary injury account for the destruction seen in SCI. The initial impact to the spinal cord from
boney fragments, disc, or concussive force is primary injury.
As in head injury, the secondary injury involves a molecular
cascade that can lead to further neurological deterioration.
The primary injury occurs at the time of the insult and only
mitigated by prevention. The secondary injury begins after
the primary injury and can continue for some time afterward.
This is the point at which treatments are designed to intervene.
Much work has been done to understand the mechanisms
of secondary injury to the spinal cord. The National Acute
Spinal Cord Injury Study (NASCIS) used pharmacotherapy
to target the secondary injury[3, 4].

and worse outcomes. Laminectomy alone for spinal cord
injury is often inadequate to fully decompress the injury
and may lead to further spinal instability. Conservative
treatment consisted of postural techniques and bed rest to
achieve spontaneous fusion of the spine[6, 7]. Spontaneous
neurological improvement has been noted in several
reviews of conservative treatment.
THE CASE AGAINST CONSERVATIVE
MANAGEMENT
Advances in surgical techniques and newer instrumentation have changed the operative management of spine
injuries. Surgeons now have more options to address
more complicated problems than they have in the past.
There have also been signiﬁcant advances in the ﬁelds of
neuroanesthesia and critical care that increase the safety
of spinal surgery. It is known that laminectomy alone
is contraindicated in most acute SCI[5]. Additionally,
there can be neurological deterioration with closed treatment as demonstrated by Katoh et al. in which ﬁve of
63 patients worsened neurologically during conservative
treatment[8].
THE CASE FOR DELAYED SURGERY

Compelling data from numerous animal studies have
repeatedly shown a window of opportunity of the beneﬁts
of spinal cord decompression in mitigating the damage
caused by secondary injury[5]. However, other studies
have failed to show any such beneﬁt, particularly at more
than several hours from injury. Spinal cord decompression
has been advocated for decades. Despite recent advances in
surgical technique and stabilization, as well as the animal
data, there is no consensus on the timing of spinal canal
decompression and stabilization in the injured patient.
THE CASE FOR CONSERVATIVE MANAGEMENT
In the past operative management of spinal cord injury was
avoided because of the association with neurologic decline
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Proponents of delayed surgery suggest that it is best
to wait until acute issues have resolved before undertaking a spinal decompression operation. It is thought
that by waiting for spinal cord swelling to reduce,
an operation may be more safely performed without
inflicting additional damage. It is also presumed that
by waiting until the patient is physiologically maximized, medical complications can be minimized. In a
randomized prospective study, Vaccaro demonstrated
no significant neurological difference in patients that
underwent spinal decompression early (<72 hours) vs.
late (>5 days). In addition there was no difference in
the intensive care unit (ICU) length of stay (LOS) or
rehabilitation stay[9].

The role and timing of surgery for acute spinal cord injury

A retrospective multicenter trial has demonstrated that some
patients worsen after early (<5 days) surgery[10]. It has been
suggested that some patients will spontaneously worsen after
a spinal cord injury. Delaying surgery will identify those
patients and they can then be treated as needed.
There are many reports documenting neurologic recovery at a
remote time from the injury (even years). Delaying surgery for
some time, until the patient is more medically optimized has
been suggested to decrease post-operative complications,

with a cervical spine injury. Of those, it was successful 42% of
the time. About 8% of patients had a neurologic deterioration
during traction. Surgery was performed in 65% of patients
(23.5% in <24 hrs, 15.8% in 25-48 hrs, 19% in 49-96 hrs,
41.7% in >5 days)[16]. This study indicates that surgery is
performed on about two thirds of patients. However, there
seems to be little agreement on the timing of surgery. There are
a signiﬁcant number of surgeries delayed for more than 5 days.
This may reﬂect the data from Marshall, et al.[10] who in 1987
strongly advocated waiting 5 days before any spinal surgical
intervention because of the risk of neuologic deterioration.

THE CASE FOR EARLY SURGERY
Advocates of early surgery suggest that decompression of
the spinal cord will limit secondary injury and improve neurologic outcome. It has also been suggested that early mobilization can decease post-operative medical complications.
A recent review of the literature[5] found that a number of
authors advocated early reduction (4-10 hours) and operative ﬁxation[11-15]. Although, they are not prospective
randomized studies, they suggest that early surgery may
be associated with an improved neurological outcome.
Papadopoulos et al. demonstrated in an algorithm geared
towards emergency surgery, patients had improved neurologic outcome compared to those not on the experimental
algorithm. The degree of recovery was inversely correlated with the timing of decompression. Also, there were
improvements in the length of stay in those patients that
had surgery sooner[15].
Multiple studies have shown that if early surgery is undertaken, it is not associated with an increased incidence of
complications, including neurologic deterioration and may
have the beneﬁt of decreasing ventilator/ICU days and time
to patient mobilization.

To date an ideal time window for surgical decompression
has yet to be established. In a comprehensive review article
Fehlings concludes, “Surgery remains a valid practice
option, although there is no conclusive data showing a
beneﬁt over conservative management[5]. “ Regarding the
timing of decompression it can only be said that class II
evidence suggests that, “early decompression is safe and
effective, and even delayed decompression may convey a
neurologic beneﬁt.[5]”
A prospective randomized multicenter study is underway to
address the role and timing of surgery in acute SCI.
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TELEMEDICINE IN RURAL TRAUMA CARE – IS IT READY
FOR PRIME TIME?
Rifat latiﬁ, MD, FACS

INTRODUCTION
Most trauma centers and trauma specialists around the
world are concentrated in urban settings leaving most of
the population of the USA, and the world for that matter,
not covered by specialized trauma systems. Those communities that do not have specialized trauma system
have much higher morbidity and mortality. For example,
although only 23%-25% of the population in the USA lives
in rural America, 56.9% of deaths caused by motor vehicle
crashes (MVC) occur in this population [1]. As a result,
rural patients are at greater risk of traumatic death than
their urban counterparts [2]. In fact, patients involved in
motor vehicle crashes in rural America have twice the rate
of mortality when compared with those in an urban setting
with the same injury severity score [1-7].
Many factors have been identiﬁed for this discrepancy in
trauma care between rural and urban America [2-5]. First,
emergency room personnel with low volume trauma care often
have limited experience with major traumas, lack adequately
trained personnel, and have limited possibilities and requirements for continuous medical education which may lead to
serious management errors [6]. Creating sophisticated and
advanced trauma system to physically cover the entire country,
while highly desirable, it is impossible and impractical.
Thus, there is a need to develop means to reduce this
major discrepancy between urban and rural trauma care.
Telemedicine and telepresence applications may be the
solution as the means to reduce and/or eliminate the
gap in trauma care between rural and urban areas. The
implications of telemedicine for trauma and emergency
management, however, include the entire spectrum of
continuum of care from the site of injury or prehospital
Professor of Surgery
Trauma and Surgical Critical Care
University of Arizona and Arizona Telemedicine Program
Tucson, Arizona

care, to the site where the patient is seen ﬁrst in rural
hospital to the tertiary hospital or trauma center where
deﬁnitive care is provided.
Based on current data, trauma surgeons and trauma centers
provide consultation over the phone for patients in the rural
or community hospitals. Oftentimes, however, this is based
on very limited amount of information, if not wrong information. Based on this “limited” and often “untrustworthy”
information, the surgeon on call will decide to accept the
patient on transfer having in mind primarily of the patient’s
safety. With the ability to see the patient, and virtually
perform or witness the primary and secondary survey of
the patient, view the vital signs and other medical records,
as well as images when indicated, the trauma surgeon in
collaboration with the referring physician and/or other
health care provider will make the appropriate the decision
process on the treatment of the patient. However, this can
be accomplished only if small emergency rooms or other
centers in rural areas will have access to major trauma centers and trauma surgeons 24 hours a day, seven days a week.
This true “telepresence” undoubtedly will have a major
impact on communities around the world that cannot afford
or obtain trauma expertise. Most of non-critically ill trauma
patients will be managed at the local hospitals, without the
need for expensive and needless transportation. In return,
major trauma centers will than concentrate their resources
on evaluating and managing only most critically ill patients
who need specialized and deﬁnitive trauma care.
CURRENT TECHNOLOGY
Technologies used for teletrauma and telepresence vary, and
in a way, each of them is in the experimental phases. No one
system is better than the other at the present. One element
is important for all, and that is the internet as a backbone.
Sophisticated networks such as Arizona Telemedicine
Program use a dedicated T1 line for its connectivity [8].
Others use ISDN or IP technology. Still others prefer satellite, as it is the only available technique [9].
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TELEMEDICINE AND TELEPRESENCE VIA
SATELLITE

be used, and the design of telecommunication channels
should use TCP/IP based operation [15].

Proponents of satellite technology claim that this is the best
way to deal with trauma and disaster management. This,
however, is based on retrospective analysis of several past
mass casualty incidents where radio communications were
overloaded and had their technical limitations, especially
under concrete and other tight-ﬁtting surroundings [10]. In
these situations manual distribution of the other medical
data by many receivers using different communication lines
caused errors. The quality of disaster management largely
depends on the quality of communication and information
present at the time of management of that particular crisis.
[10]. Satellite technology will play a major role in this ﬁeld,
despite great advances in other modes of data transmission
and broadcasting used for telemedicine. The major application ﬁelds for satellite technology in trauma, emergency,
and disaster handling are: remote or inaccessible areas of
the world (both in developed and developing countries), as
well as territories prone to natural and man-made disasters.

Thus, it has become clear that telemedicine via satellite
under the conditions of trauma, emergencies and disasters
become and even will become substantial ﬁelds of applications and potent market shares for the use of satellites
in these settings. In conclusion, satellites are promising
technological instruments to enable mandatory ad-hoc
broadband communication in case of medical trauma,
emergencies, and disaster situations.

Examples of successful employment of satellite support in
natural disasters are numerous [11] including the Mexico
City earthquake 1985 when the ATS-3 satellite communication system provided critical support to international rescue
efforts [12] and the US-USSR space bridge for support to
the Armenian earthquake in 1988 [13] . Similarly, in 1994,
when a volcano disrupted the entire public communication
system of Rabaul, the only line through which this community was able to communicate with the rest of the world
was the satellite connections established for AMINE (The
Asian Paciﬁc Medical Information Network) project [14].
There is enough experience in establishing the conﬁguration of such systems around the world, but one should beneﬁt from the experience obtained from military sector. The
military experience in establishing satellite connectivity
has been well described elsewhere, especially during the
most recent wars in Somalia, the Gulf, Europe, Croatia,
Macedonia, and Kosova, as well as in natural disasters
such as hurricanes using different satellite technologies and
solutions (e.g. INMARSAT, EUTELSAT).
Currently, the satellite technology, while abundant in the
television industry, still is not commonly used for telemedicine needs because of the high cost. The future of satellite
applications in telemedicine should take in consideration
the advances made already and the experience from many
projects in other countries. In a survey interactive telemedicine projects via telecommunications satellite in Japan, it
was suggested that VSATs (very small aperture terminals)
40

WIRELESS TECHNOLOGY: TUCSON ER-LINK
PROJECT – TELEMEDICINE AND TELEPRESENCE
IN PREHOSPITAL ASSESSMENT AND
INTERVENTION
A search for a model where the wireless technology is
implemented to link moving ambulances to trauma and
emergency centers is being conducted and is very attractive.
This will facilitate and advance the management of most
critical trauma patients, and will help dispatch appropriate
management of emergency resources for incident command, accident management and medical triage/mechanical
assessment of the scene for the trauma team.
The City of Tucson and the University of Arizona Medical
Center are currently taking telemedicine and telepresence
beyond current boundaries. The City of Tucson Emergency
Room Link or “ER-Link Tucson” project allows physicians
to be virtually present at the scene and/or in the ambulance, while the patient is being transported to the hospital
emergency room. This program will provide emergency
dispatchers and responders a view of the incident scene(s)
in order for them to optimally assign emergency ﬁrst
responders and other necessary resources for incident management and homeland security. This system allows video
and audio teleconferencing communication between the
University Medical Center and all of the City of Tucson Fire
Department Advanced Life Support (ALS) Ambulances.
The system will ensure near-constant two-way audio-video
and medical data transmissions between the attending
paramedic in the ambulance and the trauma and emergency
room medical personnel. The communications is made
possible using existing city communications infrastructure
and wireless technology. The telepresence at the scene of
events made possible from cameras mounted externally
to the emergency vehicle. These cameras, in conjunction
with the existing highway cameras, operating along the
freeway or at intersections, provide view to the command
and control regional E-911 centers and emergency department. These images are intended to facilitate the dispatch
Vol. 14 Number 2 November 2007
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and management of emergency resources for incident command, accident management and medical triage/mechanical
assessment of the scene for the trauma team.
This project funded by the Federal Department of
Transportation makes Tucson one of the ﬁrst cities in the
nation to use combinations of trafﬁc control and communications infrastructure to relay “real-time” accident video
to the E-911 center and patient information to the trauma /
emergency room physicians.
WHAT IS BEING DONE CURRENTLY: THE
SOUTHERN ARIZONA TELETRAUMA (SATT)
PROGRAM
The University Medical Center trauma program in Tucson
has designed and is currently implementing the Southern
Arizona Teletrauma (SATT) Program to ensure constant or
on demand presence in small hospitals and communities
in rural Arizona [16]. The pilot project which started in
the town of Douglas, the most southern point of the state
is being implemented into 8 (eight) other rural towns and
communities along the Arizona-Mexico border. Teletrauma
consultations are being provided through existing T1 lines
of the Arizona Telemedicine Program (ATP). Through the
teletrauma system (VitelNet, McLean, VA, USA) [16]
trauma surgeon has video, audio, and vital signs access
to events unfolding in trauma and emergency rooms
throughout the “border belt” of these rural communities.
When requested, trauma surgeon can be “virtually” present
at the remote location. We can remotely assist during the
primary and secondary survey and directly take part in the
decision making processes regarding the need for speciﬁc
procedures, further diagnostics, and/or transfer to a Level
I trauma center [17]. Special procedure and policies have
been adopted to ensure trauma management protocols using
ATLS principles. Among 21 patients managed through
teletrauma system during the ﬁrst year four had direct life
saving intervention, and ﬁve were managed locally without
need for transfer (unpublished data).
WHAT HAS ALREADY BEEN DONE?
The ﬁrst attempt to simulate the use of telemedicine in
trauma resuscitation in real time was recorded in 1978 by
Dr. R. Adams Cowley, who staged a disaster exercise at
Friendship Airport in an aged DC-6 aircraft [3], using old
cumbersome satellite technology. Rogers, et al [7] reported
use of a tele-trauma service in rural Vermont, and their
initial experience with 41 tele-trauma consultations was
very encouraging. Thirty one of 41 patients that were seen
via the tele-trauma system were transferred to the tertiary

care center. In 59% of the cases transfer was recommended
immediately, due to the critical condition of the patient;
41% of transfers were accomplished by helicopter. While
in three cases, tele-trauma consultation was considered life
saving, the most common recommendations from the teletrauma consultant were regarding patient disposition. For
example, in 15% of cases the trauma surgeon recommended
keeping the patient at the referring facility. Other recommendations included suggestions for diagnostics such as
obtaining or foregoing a CT scan, as well as recommendations for additional therapeutics (placement of an NG tube,
or a chest tube, transfusion of blood, etc.)
COMFORT ZONE WITH TELETRAUMA: HOW DO
WE GET THERE?
In order to fully implement remote trauma resuscitation,
the remote trauma surgeons and referring health care providers must feel comfortable and conﬁdent in their ability to
supervise and mange trauma resuscitation in the remote site
from a central location. The technology has to be simple
to use, reliable 100% of the time. There is no room for non
functional technology. When the level of satisfaction with
Teletrauma [4, 7] was analyzed, eighty-three percent of
referring doctors and 61% of the trauma surgeons thought
that the consultation improved patient care. In addition, 67%
of all the physicians involved in teletrauma care, thought
that the consultation could not have been performed as well
by telephone. This study demonstrated the effective use of
telemedicine for consultation, expert opinion, and to determine the need for transfer of the patient to the major trauma
center and as such has been successfully implemented in
a rural setting [4], where both patients and the referring
doctor beneﬁted greatly from the expert at a distance. In our
ﬁrst 21 patients, telephone consultation, only, would have
not provided adequate to manage directly these critically
injured and critically ill patients. (Unpublished data).
However, the most important element to become comfortable with the whole concept is to continuously use of the
system. This will bring comfort zone to every one involved
and further advance the abilities to manage patient from
the distance. It is as simple as this: the more you use, the
easy it gets, and both the remote physician and the trauma
surgeon get to know each other better, the limitation of the
remote site and of the system, and will become a true team
in patient’s care. As trauma surgeon one has to be very
gentle and collegial during these interactions with remote
doctors, since what we do it every day, may be the ﬁrst time
for the physician, nurse practitioner, a volunteer paramedic
or ﬁreﬁghter in the remote site. Speaking directly to a phy-
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sician at the remote site through earphone and not on the
speaker phone is very important.
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OPERATIONAL MANUAL AND PROGRAM
SUSTAINIBILIY
Successful teletrauma program requires careful planning,
sophisticated telemedicine network, technical support
on a 24 hour basis, and a well-developed business plan,
with a detailed operational procedure manual. This document needs to be created with input from each member of
the multidisciplinary trauma team, as it represents a new
paradigm providing telemedicine services for trauma and
emergency care.
To insure program sustainability and acceptance by all
members of trauma team, including hospital administration
and legal department, we created an operational document
using a business model that includes an executive summary, vision and objectives, products, current and future
services, and step-by-step operations. The operational procedures consist of how to operate the telemedicine system,
how to initiate and complete teletrauma resuscitation based
on ATLS protocols, trouble-shooting and avoiding system
failures, stafﬁng and scheduling, documentation and maintaining a database. The schedule for telemedicine for trauma
at the University of Arizona now is part of the attending
schedule. During the day time, the back up call attending
takes the telemedicine calls, if ﬁrst attending is in the operating room. This has ensured that always an attending will
respond to trauma telemedicine call promptly.
CONCLUSION
Telemedicine will become a major tool in trauma care
and trauma education [18-21]. Trauma resuscitation can
be performed successfully and safely using telemedicine
principles, when guided by and under direct supervision of
a trauma surgeon. Furthermore, major trauma centers can
render direct help in primary resuscitation of trauma victims
to small hospitals without trauma specialists, potentially
reduce cost, prevent unnecessary transfers, and promote
early transfer when indicated to Level I trauma centers.
There is a need for investment in technology, creation of
substantial networks, and for creativity among trauma
center, trauma surgeons, emergency medicine physicians,
and other healthcare workers providing care to trauma
and injured patients. This is an excellent tool to provide
true outreaching programs through out all rural regions.
Technology is the easiest part. The human factor is the one
that we need to work on.
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DISASTERS – THEY’RE NOT SOMEONE ELSE’S PROBLEM
ANYMORE. PRINCIPLES & PRESSURES OF TRIAGE
Jeffrey Salomone, MD, FACS

Natural and man-made disasters may strike at any time.
Those caring for trauma patients encounter situations on
a fairly regular basis that involve more than one patient,
such as a high-speed motor vehicle crash involving multiple occupants. Events producing scores of patients are
not rare. Several examples from the past decade readily
come to mind: Oklahoma City bombing (1995), Olympic
Park bombing (Atlanta, 1996), and the terrorist attacks
of September 11, 2001 involving the World Trade Center
towers and the Pentagon (New York City and Washington,
DC). Non-terrorist related events may also produce hundreds of victims, as did the Cocoanut Grove nightclub ﬁre
in Boston in 1942.These situations underscore the need for
all trauma practitioners (physicians, nurses, prehospital
care personnel, etc) to be prepared for incidents that produce multiple casualties and to possess sound knowledge
of the principles of disaster triage.
NOMENCLATURE
Signiﬁcant confusion surrounds terminology used to
describe both the scope of an event involving multiple
patients and the types of triage methodology. Few deﬁnitions have been standardized. A multiple patient incident
typically refers to an event in which the number of patients
can be managed by the resources available in a given
area, while the term mass casualty incident (MCI) is often
reserved for situations in which the number of patients
overwhelms local capabilities, and additional resources
must be sent in to that area.[1] As these deﬁnitions do not
utilize an arbitrary number of patients, they are dynamic
based upon resources. For example, an incident involving a
school bus crash with 40 injured students in a rural setting
may well qualify as an MCI if it overwhelms the local volunteer rescue squad, while in a large urban setting it may be
considered a multiple patient incident.
Associate Professor of Surgery
Emory University Department of Surgery
Associate Director of Trauma, Grady Memorial Hospital
Atlanta, Georgia
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In 1996, Koenig and coauthors suggested new nomenclature to replace the confusing and less-precise terms disaster,
multiple patient incident and MCI.[2] In the PICE system,
“PICE” is an acronym representing a “potential injury-creating event.” A series of three modiﬁers is used to describe
the extent of the PICE. The ﬁrst modiﬁer focuses on the
potential for additional patients. If the number of patients is
ﬁxed without any expected new patients, the term “static” is
used, while “dynamic” would refer to an incident wherein
the number of patients may continue to climb. A train
wreck could be seen as static, while a nightclub explosion
with additional numbers of entrapped individuals would
be dynamic. The next group of modiﬁers describes the
ability of the local resources to manage the PICE. If local
resources can manage the injured, it would be categorized
as “controlled”. An incident in which local resources would
need to be augmented from surrounding areas would be
described as “disruptive.” An event that requires reconstitution of resources is considered “paralytic.” The ﬁnal modiﬁer considers the geographical extent of the PICE, using
the terms “local,” “regional,” “national,” or “international.”
Thus, a major earthquake involving the border of two countries that injures or kills many local healthcare workers and
for which additional strong aftershocks are expected would
be described as a “dynamic, paralytic, international PICE.”
While these terms provide signiﬁcant clarity over referring
to the same incident as a “disaster,” experts have not readily
adopted this nomenclature.
INCIDENT COMMAND SYSTEM
The Incident Command System (ICS) developed from
systems used by ﬁre departments to manage large scale ﬁre
situations. The system allows for the integration of multiple
different agencies, including law enforcement and emergency medical services under a single command structure.
Underneath the Command component, four additional key
elements are established: Operations; Planning; Logistics;
and Finance (Figure 1). Emergency medical care falls under
operations, and an individual is identiﬁed as the Triage
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Ofﬁcer (TO) for a given PICE. The TO is responsible for
performing the primary triage of the victims. In an event
with a large number of casualties, triage may be performed
by more than one individual.
TRIAGE
Triage involves the sorting of multiple patients and prioritizing their need for medical intervention. Triage is utilized
when the number of patients exceeds the medical resources
available to care for them; when sufﬁcient resources are
available for those injured, there is no need for triage.
In the everyday practice of medicine, practitioners are
accustomed to providing the highest level of care to each
patient they encounter. Even those with profound injuries
and low likelihood of survival receive heroic efforts to
save their lives. When faced with disruptive PICE, such
tenets of medical care are abandoned. Instead, priorities
are adjusted to providing the greatest care for the greatest
number of individuals. Tough decisions must be made, and
some patients with extensive injuries may be deemed to
be too signiﬁcant of a drain on medical resources to merit
life-saving measures and only receive care and comfort
measures as they die.
At least three levels of triage can be identiﬁed for a PICE:
•

•

•

Primary triage- the initial sorting of victims to
assess severity of injury and determine treatment
priority. Minimal, if any, treatment is administered
at this point.
Secondary triage- at a large-scale PICE, patients
are often brought to a central collecting point where
additional assessment is performed, and treatment is
initiated. Decisions are made about the urgency of
transport at this point. In some situations, primary
and secondary triage may be combined, or may occur
nearly simultaneously.
Hospital or tertiary triage- as patients arrive at a
medical facility, they often undergo re-assessment and
to their need for care is again prioritized.

Secondary and tertiary triage is required because patients’
conditions are dynamic, and their status may improve or
deteriorate. The term “ﬁeld triage” has been used by the
American College of Surgeons Committee on Trauma to
refer to a methodology of identifying those patients who
may beneﬁt from the specialized care provided by trauma
centers.[3] Field triage is not intended for utilization during
a PICE, as many patients may been to be managed at nontrauma centers if the number of casualties exceeds the
capabilities of the trauma facilities in a given area.

Primary Triage
The goal of primary triage is to identify the critically ill
patients who will most beneﬁt from immediate life-saving
interventions. In most events, this generally represents a
minority of the patients involved. This approach may also
help preserve prehospital and hospital resources so that they
may be devoted to those patients with highest priority.[4]
The typical sorting scheme include four or ﬁve categories
of patients:[5]
1.
2.

3.
4.

5.

Immediate (Red or triage 1, T1). Critically injured
patients with a reasonable chance of survival.
Delayed (Yellow or triage 2, T2). Debilitating, potentially life-threatening injuries that do not require
immediate intervention.
Minor (Green or triage 3, T3). Minor injuries that can
wait for treatment.
Expectant (Blue or Black or triage 4, T4). Critically
injuries patients with a poor prognosis for survival and
would require intensive resources
Dead (Black or triage 4, T4). Those in cardiopulmonary arrest.

Characteristics of the ideal primary triage tool have been
suggested:[6]
•
•
•
•
•

Easily memorized
Rapidly applied
Little inter-rater variability
Applicable by rescuers with a variety of backgrounds
and levels of education and experience
Reliable in determining priorities correctly

Examples of Primary Triage Systems
START-Simple triage and rapid treatment. START
was developed by the Newport Beach Fire and Marine
Department and Hoag Memorial Hospital in Newport
Beach, CA in 1983. (Figure 2). Upon arrival at the scene,
the triage ofﬁce ﬁrst asks all those who are injured but
can ambulate to walk to a collection site away from the
remaining victims. These “walking wounded” constitute
the “minor” injury group, and are triaged Green. As the
walking wounded have been evacuated from the area, the
TO begins moving from patient to patient performing a
quick assessment and marking or tagging the patient with
their priority level for care. Respirations are ﬁrst assessed.
If the patient is apneic, one attempt is made to reposition the
airway. If the patient is still not breathing, the TO tags the
individual “dead” without further assessment. If the patient
begins to breath, the TO tags the patient “immediate” and
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moves to the next victim. If the patient is breathing, rate
is assessed. Those breathing more than 30 times/min are
tagged “immediate,” while those breathing less than 30/min
are assessed for adequacy of perfusion. If the radial pulse
is absent (or capillary reﬁll greater than 2 seconds), the
patient is tagged “immediate.” A pressure dressing or tourniquet is applied to wounds with signiﬁcant hemorrhage. If
the radial pulse is present (or capillary reﬁll is less than 2
secs), mental status is assessed. Patients who are unable to
follow a simple command are tagged “immediate,” while
those who can constitute the “delayed” group.[5]
Triage sieve. This system, developed by the British military,
uses assessment components similar to START, namely
ability to walk, presence of an airway, respiratory rate and
capillary reﬁll. [7] (Figure 3)
CareFlight triage. This approach ﬁrst triages walking
wounded to the T3 (called “delayed”) category. Next, a
patient is asked to perform a simple command command. If
the patient can do this, presence of a radial pulse is used to
differentiate T1 (“immediate”) from T2 (“urgent”) patients.
If the patient cannot perform a simple command, ability
to breath with an open airway separates the T1 from T4
(“unsalvageable”) casualties.[8] (Figure 4)
M-A-S-S / ID-me. This approach has been developed and
promulgated in the National Disaster Life Support (NDLS)
family of courses.[9] The NDLS courses (Core Disaster
Life Support, Basic Disaster Life Support and Advanced
Disaster Life Support) are the product of collaboration by
the American Medical Association and the Medical College
of Georgia, the University of Georgia and the University of
Texas. In this system, the mnemonic “M-A-S-S” refers to
the steps of move, assess, sort and send. “ID-me” refers to
the categories of immediate, delayed, minor and expectant.
In the move step, ambulatory patients are directed to a collection point (minor, T3). Next, those who cannot ambulate
are asked to follow a simple command, such as raising an
arm or leg. The patients who can follow this command are
categorized delayed (T2). Patients who cannot ambulate or
follow a command are categorized immediate (T1) unless
they are apneic or pulseless, in which case they are marked
dead (T4).
Sacco triage method (STM). This system, recently developed in the US, is the only system that is not in the public
domain. It differs from other systems in that it purports to
use a computerized mathematical simulation for validation
of accuracy. STM is a proprietary product, marketed to
EMS systems and hospitals and details of this system are
available only to those who purchase the product. [10]
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CBRN-capable triage. Developed and published in 2005,
Cone and Koenig modiﬁed the START system, facilitating
its use for triaging in chemical, biological, radiological or
nuclear environments.[11] The basic triage approach eliminates the assessment of respiratory rate and presence of the
radial pulse (Figure 5). This basic scheme is them modiﬁed
depending upon whether the triage environment includes
chemical, biological or radiological/nuclear contamination.
While numerous systems have been proposed, unfortunately, no best approach has yet been identiﬁed. Despite
its widespread adoption, there has been relatively little
published research on the START system. One report
noted that after only 2 hours of training on the START
scheme, EMS personnel triaged simulated patients with
93% accuracy, however accuracy was not deﬁned.[12]
Another analysis reported similar results following only 30
minutes of training. [13] Garner and colleagues published
one of the few comparative studies of mass casualty triage
schemes.[8] Their methodology involved retrospectively
applying the various triage approached to data from over
1,100 consecutive adult trauma patients transported and
admitted to 2 trauma centers. While CareFlight, START and
a modiﬁcation of START all had similar sensitivities for
identifying critically injured patients (82%, 85% and 84%,
respectively), CareFlight demonstrated a better speciﬁcity
(96%, vs. 86% and 91%, respectively). The Triage Sieve
performed less well. Also of note is that the authors are
afﬁliated with the organization that developed CareFlight.
Each of these systems includes only cursory assessment,
and the need for the TO to keep moving to the next patient is
emphasized. During primary triage, minimal treatment is initiated, with time being taken only to open an airway or apply a
pressure dressing or tourniquet. Further attempts at treatment
merely delay the triage process. Primary triage is typically
performed at the site where the injured patients are found.
However, the one exception to this approach occurs when
the scene is deemed unsafe. Examples include an unstable
building with potential for further structural collapse, presence
of CBRN agents, and the potential for secondary explosive
devices. Within months of the bombing at the 1996 Summer
Olympic games, the Atlanta, Georgia area experiences two
additional bombings, one at an abortion clinic and the second
at a nightclub. These two bombings were the ﬁrst time in 17
years that secondary explosives were planted with the intent
of harming or killing rescuers who responded to the site. In
both situations, the secondary device was identiﬁed or suspected prior to detonation and no additional injuries occurred.
Following these events, the Georgia Emergency Management
Agency recommended two important changes in practice for
personnel responding to the site of a bombing:[14]
Vol. 14 Number 2 November 2007
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•

•

Extend the boundaries of the zone of danger (hot zone)
to at least 1000 feet in all directions, including vertically. As more powerful bombs are created, shrapnel
may travel further.
Victims should be rapidly evacuated from the scene
and hot zone, without time taken to triage until casualties are outside of the hot zone. The EMS command
post (triage site) should be 2000 to 4000 feet from the
scene of the initial bombing.

Failures of Primary and Secondary Triage
1.

Secondary Triage
Secondary triage is generally performed in a large open
area that serves as a collection point and transport site for
the casualties. As patients are triaged, additional rescuers
evacuate those deemed immediate to this site, followed by
those who are classiﬁed as delayed, and then minor.
One approach for organizing the secondary treatment site
involves using large colored tarps to corresponding to
the triage priority (red, yellow and green) to designate an
area for each category. Patients are placed on the tarp and
secondary triage and management are initiated until transportation is available. At this point, the number of patients
falling into each category is logged, and plans are made to
appropriately distribute the patients based upon the capabilities of medical facilities available. Decontamination for
CBRN events would also occur at this time, if needed.
Tertiary (Hospital) Triage
As a receiving facility for casualties from a PICE, a hospital
should establish a triage site for those who are arriving at their
facility either by walking, private vehicle or EMS transportation. This site should be established in a large area outside the
emergency department, especially if the injuries were associated
with the potential release of a CBRN agent and decontamination may be needed.[15] This additional step in triage, generally
performed by a physician, allows for the dynamic nature of a
patient’s condition, allowing either upgrading or downgrading
their treatment priority. It also allows for the patient’s needs to
be matched to the capabilities of the institution. Upon arrival at
the trauma center, some patients with obvious need for surgery
from the Olympic Park bombing were triaged directly to the
operating room for further assessment and management.[16]
PRESSURES AND PITFALLS OF TRIAGE
The most common problems encountered during triage of
casualties from a PICE can be categorized into failures or
primary and secondary triage, and issues with transportation and communication.

2.

Inadequate scene management. At a PICE, failure
by authorities to secure the scene or utilize the ICS
system may result in multiple problems. At large-scale
incidents, self-dispatch of lay persons and other rescue
agencies, rather than responding to speciﬁc requests by
the ICS command structure, may contribute to chaos.
When they are not working within the ICS system,
such individuals may be unaware of secondary triage
sites and may opt for transport to a facility of their own
choosing, rather than one selected by those overseeing
EMS Operations. Self-dispatch of rescuers occurred
at the Olympic park bombing, and were a signiﬁcant
problem with the September 11, 2001 events at the
World Trade Center towers in New York.[16] Another
issue resulting from inadequate scene management is
that many victims, especially the walking wounded,
may self-transport to the closest medical facility,
bypassing on scene triage, thereby overwhelming it
with casualties having only minor injuries (see discussion below).[16]
Lack of triage. During the Olympic park bombing, no
triage site was created, and patients were rapidly evacuated from the scene to nearby hospitals.[17] It remains
unclear if any attempts at triage were performed prior to
transport. The danger of this approach is that it simply
relocates the disaster from its original site to the hospitals, where chaos may ensue especially if a triage site
is not established at the medical facility. One expert
has commented that it is often not clear during disaster
drills that those who are triaging are actually utilizing
a recognized triage system, regardless of their training.
The TO often appears to make a snap judgment based
upon an initial impression, without following a systematic assessment.[18] Whether additional education on
triage techniques will translate to improved triage at a
PICE is unclear. Vayer and colleagues have suggested
two options to incorporate triage techniques into daily
patient care as a method for providers to refresh their
triage knowledge and skills. One proposal involves
requiring EMS providers to perform disaster triage on
each trauma patient they encounter on a given day of the
week (“Triage Tuesdays”), while the second approach
involves mandating the use of triage principles on any
incident with more than 5 patients.[19] Conventional
wisdom in EMS has suggested that triage may be best
performed by an individual with less training (EMTBasic, as opposed to an EMT-Paramedic or physician),
as those with higher levels of training may be tempted
to perform too much assessment and initiate treatment,
thereby slowing down the process.
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3.

4.
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Over- and undertriage. Triage decisions during a PICE
cannot be perfect, and one author has argued that decisions are about 80% accurate.[20] Some degree of
overtriage and undertriage is expected. Undertriage
may result in preventable deaths as the result of transporting a critically injured patient to a facility that is
ill-prepared to manage the injuries. Overtriage may
also result in a morbidity and potential mortality by
transporting too many patients with minor injuries to
facilities already caring for many critically injured
patients. Resources may be spread thin, resulting in a
dilution of care. At least one publication suggests that
less over triage results when the TO is a physician.[21]
The rates of over- and undertriage are difﬁcult to assess
as patient’s conditions are dynamic and may change
between the time of primary triage at the PICE scene
and arrival at the medical facility. Frykberg and Tepas
analyzed the triage of over 3300 casualties from 220
incidents, and calculated an overtriage rate of 59%,
and an undertriage rate of 0.05%.[22]
Triage tag issues. Numerous problems involving
triage tags may confuse triage decisions. Most agencies in the US utilize a standard triage tag that has
a tie to afﬁx it to the patient. At the end opposite
from the tie and colored bars representing the various
triage categories (red, yellow, green and black). In
between these bars are perforations that allow the
higher priority bars to be easily torn off, leaving the
color corresponding to the patient’s triage category
(e.g., for a patient triaged as minor, the red and
yellow portions are removed leaving a green bar at
the end). One problem with this design is that the tags
are unidirectional, and colored bars may not be added
on if the patient’s condition was to improve and his
priority downgraded. Thus, a new tag would have to
be afﬁxed to the patient, and any medical information
written on the original tag (medical history, allergies,
treatment, injuries) would need to be transferred to
the new tag. As these perforations are easily torn,
a conscious patient could potentially tear off a section, potentially downgrading his condition, without
knowledge of the implication of their action. Triage
tags should be tied directly to the patient, rather than
to his clothing, as clothing may be removed during
assessment of decontamination processes. In general,
these tags are manufactured from heavy paper and are
not weather-resistant; similarly, they may be damaged
by water during decontamination. In their review of
triage techniques, Kennedy and colleagues [23] noted
that in several major events, triage tags have been
unavailable[24], in short supply[25], or unfamiliar to
the rescuers using them.[26]

Failures of Transportation and Communications
1.

2.

3.

Self-transport of patients. In numerous recent PICE,
ambulatory patients have self transported to the closest
facility. Following the bombing in Istanbul, Turkey
in November, 2003, many patients sought care at the
closest facility [27], while in the 1995 Oklahoma
City bombing of the Murrah Federal building, more
than 65% of those injured were not transported by the
formal EMS system.[28] Large number of “walking
wounded” arriving at their center may take the attention of health professionals away from the critically
injured patients who are most in need. Scene security
may minimize this, by establishing a perimeter around
the PICE to keep ambulatory patients from self-referring to nearby facilities. The CDLS course recommends
early and active management of the patients in the
minor category, so that they can be transported to nontrauma centers away from the incident. The authors
of this program also note that some of these “walking
wounded” may be used to serve as volunteers to assist
with treatment of the more seriously injured, such as
holding direct pressure.[9] In his review of disaster
data, Auf der Heide found that most patients arrive
at hospitals by non-EMS transport, including private
vehicles, police vehicles, taxis and even on foot.[16]
Inequitable distribution of patients. In a PICE, patients
would ideally be distributed to medical facilities in as
equitable of a fashion as possible, based upon the severity
of the patients and the capabilities of the hospitals.
Unfortunately, all too often, the closest institution is overburdened very quickly.[16] Following the attacks on the
World Trade Center on September 11, 2001, New York
Downtown Hospital, the closest hospital to the towers,
received about 350 patients in the ﬁrst two hours following
the attacks.[29] Similarly, following the train bombings
in Madrid, Gregorio Maraňón University Hospital evaluated over 270 patients in the initial 2.5 hours.[30] Incident
command should be in communication with potential
receiving facilities and should make the destination decisions based upon a systematic method. Transporting EMS
units should be directed to take their patients to different
facilities in a “leap-frog” fashion, allowing for distribution of patients to sequential locations.[15]
“Reverse-triage.” If the system was working as
planned, one would expect the most serious patients to
be the ﬁrst to arrive at the medical facilities. Ironically,
data supports the opposite result: the least serious
injured are often the ﬁrst to arrive, often at the closest
facility.[16] This phenomena results from the combination of inadequate scene management, inefﬁcient
triage and self transport of victims.
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4.

Communications failures. Communications play an
essential role in the management of casualties from
the scene to the receiving hospitals. Rather than notiﬁcation from the Incident Command Post (ICP), most
hospitals learn of the PICE by ﬁrst-arriving patients or
from the news media.[16] The ICP at the PICE should
regularly communicate with potential receiving facilities regarding their potential capabilities. While the ICP
will be aware of patients that have been directed toward
a given facility, the will not be aware of the self-transport patients who arrive at that facility until updated
by those in leadership rolls at the hospital. During the
Olympic park bombing in Atlanta, and aircraft crashes
in Dallas, the phone lines of the Level I trauma centers
were overwhelmed by countless incoming calls.[15,16]
While many calls involved relatives inquiring about
their potentially-injured loved ones, other calls resulted
from healthcare workers calling to offer assistance.
These calls made internal communication inside the
trauma centers difﬁcult, as well as creating signiﬁcant
challenges for calling in off-duty medical personnel.
Radio walkie-talkies were a useful back-up system for
internal communication. During the London bombings
of 2005, failures of mobile phone networks compromised communications.

SUMMARY
1.

At a PICE, the scene perimeter should be secure to that
rescuer ingress and patient egress can be controlled.

2.

3.

4.

5.

6.

7.
8.
9.

A systematic approach should be used to categorize
casualties into immediate, delayed, minor, expectant
and delayed groups. At present, START appears to be
the most widely utilized system.
Only limited time should be spent at the side of each
patient; the TO must resist the temptation to perform
more thorough assessment and should keep moving
until all victims have been triaged.
Patients should be marked (e.g., with a triage tag tied
directly to an extremity) so their treatment priority is
readily identiﬁed. These tags should be available in a
sufﬁcient quantity for the number of victims present,
and rescuers should be familiar with their use.
Victims categorized as dead should only be move to
permit access to assess other potential patients. Many
PICE are the result of criminal activity, and the deceased
should be considered as evidence in a crime scene.
A secondary triage and transportation site should be established at a safe distance from the PICE, and medical care
should be initiated as patients are prepared for transport.
The triage system adopted by a community should be
practiced on a regular basis to maintain the skill.
Patients should undergo decontamination prior to
transport from the scene, if indicated.
Each hospital should establish a tertiary triage site,
preferably outside of the building for further triage
of patients arriving at their facility. Institutions, especially those closest to the PICE, should expect arrival
of less injured patients by non-EMS transport prior to
the arrival of the more critical patients via EMS.

Figure 1. Incident Command Structure for a Large-scale Operation.
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10. The Incident Command Post should be in frequent
communication with area receiving facilities in order
to keep them informed of patients that are being transported their direction, and the facilities should communicate back their present capabilities.

11. Hospitals should expect failure of their phone systems
and should have back-up systems in place for vital
communications.
12. Communications failures represent a frequent source
of problems during PICE triage and transport.

Figure 2. START (Simple Triage and Rapid Treatment) Algorithm
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Figure 4. CareFlight Triage Algorithm

Figure 3. Triage Sieve Algorithm.

Figure 5. CBRN-capable Triage Algorithm
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VENTILATION
Ajai K Malhotra, MD

Respiratory failure is the commonest organ system failure
managed in the intensive care unit. All patients with respiratory failure require some form of ventilation. In the overwhelming majority of patients positive pressure ventilation
is utilized. With improved understanding of respiratory
pathophysiology, and improved ventilator technology,
the number of modalities of ventilation and the number of
parameters that can be varied has increased often causing
great confusion among health care personnel. In addition it
is increasingly being recognized that the process of artiﬁcial
ventilation itself can cause lung injury. The current presentation will focus on the basic pathophysiology of acute lung
injury, the fundamental principals behind ventilatory therapy
and the resurgence of interest in other forms of ventilation.
PATHOPHYSIOLOGY OF RESPIRATION AND
RESPIRATORY FAILURE
Respiratory failure requiring ventilatory therapy maybe classiﬁed as: 1. pure ventilatory failure where problems with respiratory muscles and/or airway do not allow normal breathing
– inspiration and/or expiration; and 2. diffusion failure where
even when adequate volume of gas is present in the alveolus,
there is a problem with exchange of gas between the alveolar
lumen and blood. In trauma patients pure ventilatory failure
is observed in patients with paralysis or exhaustion of the
respiratory muscles while diffusion failure is observed in a host
of conditions where there is damage to the lung parenchyma
leading to impaired gas exchange. In trauma patients this later
form of respiratory failure can be caused by a host of conditions
including direct trauma to the lung, shock, infections, systemic
sepsis, massive blood product transfusions, transfusion of
wrong blood type etc and is called acute lung injury (ALI).
In a normal lung, gas exchange occurs across a highly
specialized extremely thin (0.57-1.25μ) membrane – respiAsst. Prof. of Surgery, Medical Coll. of Virginia, Virginia
Commonwealth Univ.
Associate Director, Level-I Trauma Center, VCU Health System
Richmond, VA

ratory membrane – lining the alveolus. This respiratory
membrane consists of, from alveolus to capillary lumen:
1. type-I pneumocyte lining the alveolar lumen; 2. fused
basement membrane of the alveolus and the alveolar capillary; and 3. the capillary endothelial cell lining the capillary
lumen. When blood traverses through the alveolar capillary,
oxygen (O2) from the alveolar lumen diffuses across the
alveolar membrane, along its concentration gradient, and
dissolves in the plasma. As the partial pressure of O2 in the
plasma (PaO2) rises, the hemoglobin molecules in the RBC
combine with oxygen to create oxyhemoglobin. This reaction is deﬁned by the oxyhemoglobin dissociation curve.
The large majority of O2 transported by blood is carried by
hemoglobin, while a miniscule amount is carried dissolved
in the plasma. Since carbon dioxide (CO2) is a much more
soluble gas, a signiﬁcant proportion of the CO2 is carried
dissolved in the plasma, with the rest being transported by
the hemoglobin and as plasma bicarbonate.
From this brief description of gas exchange within the lung
it should be obvious that for normal respiration to occur the
following things have to happen: 1. the alveoli have to be
inﬂated during inspiration with O2 rich air; 2. the alveoli
have to be lined by healthy type-I pneumocytes; 3. the
alveolar capillaries have to be healthy; and 4. the RBCs
ﬂowing in the blood in the alveolar capillaries have to have
adequate dwell time while traversing the alveolus to allow
gas exchange to happen. The ﬁrst of these is accomplished
by breathing where the respiratory muscles create a negative pressure within the thoracic cavity that is transmitted
to the airways. The negative airway pressure pulls ambient
air into the airways and inﬂates the alveoli. In patients
with pure ventilatory failure only this part of respiration
is disturbed. In such patients, management of ventilation
is relatively simple in that the ventilator is set to achieve
inspiration and expiration as close to normal breathing as
possible – physiologic tidal volume (TV) with atmospheric
air composition delivered to the lung at normal rate of
breathing with the inspiratory to expiratory time ratio (I:E
Ratio) close to the normal of 1:3. It is extremely important
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to mimic normal breathing as much as possible to prevent
the development of ventilator induced lung injury (VILI),
which is the iatrogenic form of ALI.
In patients with ALI all four components of respiration are
deranged. The type-I pneumocytes lining the alveoli secrete
surfactant that reduces the surface tension and allows the
alveoli to remain in the open state even during expiration
ie when the lung volume is down to functional residual
capacity (FRC). The lung volume at which the alveoli start
to completely close (collapse) is termed closing volume
(CV). One of the most prominent changes in ALI is the
destruction of type-I pneumocyte with reduction in the surfactant production. This causes an increase in CV and thus
complete collapse of the alveoli during expiration and, in
the later stages, non-opening during inspiration (derecruitment), resulting in loss of compliance adding ventilatory
failure to the diffusion defect. The collapsed alveoli cause
a mismatch of ventilation to perfusion (V/Q mismatch)
resulting in an increase in intra-pulmonary shunting and
systemic hypoxia. The other major component of ALI is
severe inﬂammation observed at the respiratory membrane
level. This inﬂammation causes: 1. increase in thickness of
the respiratory membrane due to swelling of the capillary
endothelial cells; 2. accumulation of inﬂammatory cells and
edema between the capillary and alveolar basement membranes, and 3. ﬂooding of the alveolar lumen by inﬂammatory ﬂuid. This thickened respiratory membrane, devoid
of type-I pneumocyte, acts as a signiﬁcant barrier to the
diffusion of gas and thus requires higher alveolar PO2 and
increased dwell time by the RBC in the alveolar capillaries
for the hemoglobin to be saturated with O2. While there is
a necessity of increased dwell time to partially overcome
the diffusion barrier, there is actually less dwell time since
very often these patients are extremely ill and tachycardic
causing a general increase in blood velocity. All in all
gas exchange is severely compromised causing systemic
hypoxia. ALI patients very often require advanced ventilatory management that may entail going against normal
physiology. Not only that, these advanced ventilatory
modalities have far reaching effects – both positive and
negative – on the ventilated lungs and on multiple other
organ systems in the body.

systemic hypoxia. 1 It was felt that higher TV will prevent
the atelectasis and related problems, and hence TV of 1015ml/Kg body weight were routinely utilized. 2 In the 1970s
reports started to appear that high TV led to overstretching
of the alveoli with harmful effects on the lung. 3 Furthermore
these effects could at least partially be prevented by positive
end expiratory pressure (PEEP). 3 Since that time considerable clinical and experimental evidence has accumulated
that suggests that the ventilatory strategy utilized in treating
patients with ALI can cause or worsen ALI.
It is felt that ventilation of the lung can cause injury to the
lung by at least two mechanisms: 1. volutrauma; and 2. atelectrauma. 4 Volutruama occurs when the lungs are ventilated
with relatively high TV causing overstretching of the alveolar
membrane. This stretch tugs on cellular stretch receptors
and sets up an intense inﬂammatory response at the level of
the alveolar membrane. More recent experimental studies
have demonstrated that not only is the degree of maximal
stretch important, but also the tidal stretch, rate of stretch,
and frequency of stretch. Further complicating the picture is
the fact that in ALI, the injury to the lung is oftentimes inhomogenous, thus the compliance of the lung is better in the
less diseased parts as compared to parts where ALI is more
prominent. This leads to different degrees of stretching and
overstretching in different parts of the lung. Atelectrauma is
seen at the other end of the spectrum as it occurs in alveoli
that are not so damaged that they stay permanently collapsed,
but are damaged enough to collapse during expiration. This
repeated opening and closing of the alveolus leads to shear
forces acting on the type-I pneumocytes lining the alveoli,
and damaging it. This damage in turn adds to the inﬂammatory response at the respiratory membrane.
VENTILATORY STRATEGY
Based on the brief description of the pathophysiology of
ALI, and of the mechanisms responsible for VILI, the ideal
ventilatory strategy should be based on the following principals and goals:
1.

Ventilator induced lung injury (VILI)
2.
Before proceeding to details of ventilatory therapy for the
management of patients with respiratory failure, it is important
to understand the fundamentals of VILI. In the early 1960s
it was noted by physicians caring for ventilated patients that
such patients often developed atelectasis with gradual loss of
lung volume and increased intra-pulmonary shunting with
54

3.

A TV that is sufﬁcient to achieve adequate gas exchange
– oxygenation and washout of CO2. At the same time
the TV should not be so high as to lead to overexpansion of the lung and overstretching of the alveoli.
To prevent repeated closing and opening of the partially
diseased alveoli, optimum PEEP should be utilized.
To partially overcome the diffusion defect at the respiratory membrane, the contact time between the RBC
in the capillaries and the inﬂated alveolus should be
increased to the maximum possible – control tachycardia, and increase inspiratory times.
Vol. 14 Number 2 November 2007
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4.

5.

A careful evaluation of the patient’s needs should be
performed so that the minimum levels of oxygenation
that are compatible with the well being of the patient
are aimed for and not necessarily ‘normal’ levels that
will place an undue stress on he lung.
By itself a high CO2 level is not dangerous for the
patient (except patients with head injury). If a patient
is having acceptable oxygenation, but poor CO2
washout, changing ventilator settings just to achieve
more ‘normal’ levels of CO2 and loosing oxygenation
or causing VILI in the process is not a good bargain to
make. However the respiratory acidosis produced by
high CO2 levels can be dangerous and if this strategy
of permissive hypercapnia is used then the pH may
have to be controlled by other means.

VENTILATORY THERAPY
To understand ventilatory therapy certain terms have to be
understood:
Mode of ventilation
Mode refers to what the ventilator provides the patient. The
three commonly utilized modes are: 1. Assist Control (AC)
or previously referred to as Controlled Mandatory Ventilation
(CMV); 2. Synchronous Intermittent Mandatory Ventilation
(SIMV); and 3. Continuous Positive Airway Pressure
(CPAP). In AC and SIMV modes, the ventilator delivers a
set number of breaths at the modality (see below) set by the
therapist. If the patient initiates a breath the ventilator breath
synchronizes with it to avoid the patient ‘ﬁghting’ with
the ventilator. In the AC control mode if the patient’s own
breathing rate is higher than the set rate, the other breaths
above the set rate are assisted just like the ventilator breaths.
In the SIMV mode however the ‘extra’ patient breaths are
not assisted as a full ventilator breath rather the patient sets
his/her own parameters for those extra breaths. The patient
is helped in those extra breaths by another parameter set in
the ventilator called Pressure Support (PS). It is the pressure
that is provided to the patient to increase tidal volume for
those extra breaths. Lastly, to avoid complete collapse of the
alveoli during expiration, there is a minimum pressure that
the ventilator maintains throughout the repertory cycle called
PEEP (see below) in the AC and SIMV modes and called
CPAP in the CPAP mode. In the SIMV mode as the set rate of
breathing is decreased, more of the breaths are patient’s own
helped only by CPAP and PS. When the set rate is dropped to
zero, the patient is completely on the CPAP mode.
The AC mode is the most assisted mode, and reduces the
work of breathing to the minimum but does lead to decon-

ditioning of the respiratory muscles. The SIMV mode is the
most commonly utilized mode, and maintains some degree
of respiratory muscle function. CPAP mode is utilized for
weaning and helping patients that are physically very weak
and/or whose respiratory muscles are deconditioned.
Modalities (controlled or limiting variable)
Modality of ventilation refers to the variable that is limited
by the setting on the ventilator. The two limiting variables
are volume – volume controlled ventilation – and pressure – pressure controlled ventilation (PCV). In volume
controlled ventilation, the ventilator provides a set TV
and airway pressure is not controlled. In poorly compliant
lungs the pressures generated to deliver the set volume can
become very high leading to barotrauma of the lungs. In
PCV, the therapist sets the pressure at which the ventilator
provides the breaths. During the inspiratory phase of the
ventilator breaths, the ventilator increases the airway pressure to the point set by the therapist (driving pressure)
and, depending upon the compliance of the lungs, the TV
may be high (good compliance) or low (poor compliance).
PCV is becoming more and more in vogue as it is felt to be
kinder to the lung. The driving pressure in PCV is over and
above the set PEEP and so the peak pressure during inspiration is equal to the sum of PEEP and driving pressure.
Recently a type of PCV is often utilized called “Bilevel’. In
this type of PCV, the lowest pressure (at end expiration) is
set called the ‘low’ PEEP which is the same as PEEP, and
the highest pressure (at peak inspiration) is set and called
by the misleading term of ‘high’ PEEP. It should be clear
that the ‘high’ PEEP is nothing but the sum of ‘low’ PEEP
and the drive pressure. Another type of PCV is Airway
Pressure Release Ventilation (APRV). In this form the low
PEEP is set very low (<5mmHg) and the high PEEP set
at for adequate ventilation. The key difference in APRV
as opposed to Bilevel is that the I:E ratio (see below) is
reversed to the degree that the patient hardly spends any
time in expiration. In both PCV and volume controlled
modalities these limiting variables come into play for the
ventilator full breaths ie all the breaths in AC, and the set
rate synchronized breaths in the SIMV.
Positive End Expiratory Pressure (PEEP)
Since most of VILI is as a result of repeated closing and
opening of the alveoli, PEEP is utilized to keep the alveoli
open throughout the respiratory cycle preventing repeated
opening and closing. PEEP can be utilized in all modes and
all modalities. This is the minimum pressure that the ventilator maintains throughout the respiratory cycle. Since when
a patient is being ventilated, the lowest pressure is at the end
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of expiration, it is referred to as the positive end expiratory
pressure. In the CPAP mode the patient breaths in the pressurized environment set at the level of CPAP, in this mode,
CPAP becomes the same as PEEP. PEEP or CPAP increase
the FRC so that it is above the CV of the alveoli. PEEP is
an extremely effective tool in opening up collapsed alveoli
(recruitment) and maintaining these alveoli in the open state
(preventing derecruitment). However, high levels of PEEP
can have far reaching consequences on multiple organ systems of the body. One of the most important negative effects
of PEEP is on the venous return to the heart. Normal venous
return is heavily dependent on the lower pressure in the
chest during expiration allowing the blood to return from the
periphery to the heart. This decrease in venous return affects
the cardiac output (CO) thus affecting tissue perfusion. To
overcome the negative effects of PEEP on the venous return
and CO, higher ﬁlling pressures maybe necessary for adequate cardiac ﬁlling. Another negative effect of PEEP is on
the kidneys with decreases in urine output. While the exact
mechanism of this phenomenon is not well understood, it is
believed the higher intra thoracic pressures due to PEEP are
transmitted via the inferior vena cava to the renal veins and
this negatively impacts renal function.
Inspiratory to expiratory time ratio (I:E ratio)
As mentioned above during normal breathing the I:E ratio is
1:2 or 1:3. In a normal lung during expiration a few alveoli
are completely closed but most are smaller with slightly less
O2 concentration. In the absence of ALI, the hemoglobin can
still be saturated with O2 even during expiration. However, in
patients with ALI due to the diffusion barrier, and the complete closing of a large number of alveoli during expiration
(increased intrapulmonary shunting), the hemoglobin cannot
become saturated with O2. This problem can be partially
overcome by increasing RBC dwell time with continuously
inﬂated alveoli full of high O2 concentration by changing
the I:E ratio such that a greater proportion of the respiratory
cycle is spent in the inspiratory phase. Extreme inversion of
the I:E ratio so that very little time is spent in expiration is
the hallmark of APRV. In effect the lung is maintained in
an inﬂated state almost throughout the respiratory cycle.
However just as PEEP, when the intra thoracic pressure is
high for a greater proportion of time during the respiratory
cycle, there is less time for adequate venous return to ﬂow to
the heart. Thus increasing inspiratory time, while beneﬁcial
for oxygenation often comes at the cost of reduced CO.
Permissive hypercapnia
From the above it maybe obvious that for patients with severe
ALI, the modality most often utilized is PCV with inspiratory
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pressures kept at a minimum to avoid barotrauma, level of PEEP
set relatively high to allow recruitment and prevent derecruitment, and I:E ratio reversed to allow proportionately greater
time to be spent in the inﬂated state and increase RBC dwell
time. With these settings, the tidal volume and minute ventilation is often very low thus not allowing the CO2 to be removed
from the blood to the lungs and exhaled. As the PaCO2 levels
rise the patient develops respiratory acidosis. It should be understood that an elevated PaCO2 level by itself is not dangerous for
a patient (except in patients with signiﬁcant head injury), but the
lowered pH caused by these levels maybe harmful. So instead
of trying to increase ventilation to washout the CO2 and possibly
loosing oxygenation or causing VILI, the PaCO2 is allowed to
stay elevated – permissive hypercapnia. However the pH needs
to be maintained above 7.20 by other means such as infusion of
bicarbonate or tromethamine (THAM).
VENTILATORY SETTINGS
Tidal volume (TV)
In the early days of ventilation, in an attempt to avoid atelectasis, high TV of 10-15ml/Kg were utilized. 1,2 When reports
of VILI appeared it started to become obvious that high TV
were deleterious to the lungs. 3 In an animal study performed
on sheep, two groups of animals were ventilated at very low
pressure but very high TV or at very high pressures and very
low TV. After some time the animals ventilated at very high
TV were the ones that developed severe VILI. 5 Two clinical
studies performed in the last decade have borne this out. In the
ﬁrst one (ARDSNet), patients with ARDS (ALI) were ventilated at low TV of 6ml/Kg and compared to a similar group
of patients ventilated at TV of 12ml/Kg. 861 ARDS patients
from ten centers were randomized (432 to low TV and 429 to
high TV). The inhospital mortality was signiﬁcantly lower at
31% for the low TV group as compared to 40% for the high TV
group. 6 This study was criticized for 1. the control group (high
TV) not representative of current practice, 2. arbitrary PEEP to
FiO2 ratios, and 3. for including patients that may not have had
‘real’ALI. In a subsequent study (ARIES) these criticisms were
addressed, and the control group was given ‘standard’ ventilatory therapy while the experimental group was given low TV in
combination with higher PEEP deﬁned by the lower inﬂection
point of the pressure volume loop. While the number of patients
was small (45 controls and 50 experimental) ICU mortality,
post randomization organ system failure and ventilator free
days were all signiﬁcantly lower in the low TV group. 7
Since more and more patients are being ventilated in the
PCV mode, the drive pressure should be so set that the
patient achieves a relatively low TV of about 5-7ml/Kg
ideal body weight.
Vol. 14 Number 2 November 2007

Ventilation

PEEP

HIGH FREQUENCY VENTILATION

Initial reports of the beneﬁts of PEEP in preventing derecruitment appeared in the late 1960s and early 1970s. After
these initial reports, very high levels of PEEP were utilized
and soon the deleterious effects of high levels of PEEP on
multiple organ systems were discovered and the enthusiasm
waned. In addition, in very ill patients requiring high levels
of PEEP, very often the patient’s hemodynamic status too
is compromised due to the illness. A common practice in
such patients used to be to disconnect from the ventilator
to acquire an accurate pulmonary capillary wedge pressure,
not affected by the high PEEP. This led to rapid derecruitment and the loss of beneﬁt of PEEP. In more recent times,
ventilator technology has improved to a point that pressure volume loops of the respiratory cycle can be easily
constructed. This allows a much more scientiﬁc method of
determining optimum PEEP that allows for the beneﬁts to
be gained while keeping the deleterious effects at bay. Also
with more advanced pulmonary artery catheter technology
measuring end diastolic volumes, the importance of gathering the wedge pressure has diminished, so the patient is
not disconnected from the ventilator as frequently.

High frequency ventilation is when extremely small volumes (few ml) of gas is inspired with each inspiratory cycle
but the number of respiratory cycles per minute is kept
extremely large (120-240/second). This high frequency is
achieved by either jet ventilation or by an oscillator. High
frequency ventilation is the most extreme form of continuous inﬂation of the lung. Studies examining gas movement
have shown that high frequency ventilation does not lead to
a traditional inspiratory and expiratory phases, rather there
is a continuous laminar ﬂow of gas within the airways with
a central column of gas moving in and a peripheral column
moving out. The optimum level of inﬂation is determined
not by volume parameters but radiologically by counting the
number of ribs overlying the inﬂated lung ﬁelds. Usually 910 ribs being visible is considered optimum inﬂation. Here
again since the intra thoracic pressure is continuously at a
high level, venous return to the heart suffers and the CO
can fall. Also, while oxygenation can be improved, CO2
washout can be extremely poor. Permissive hypercapnia
plays a very important role in this modality. Also a small
leak from the airway by partially deﬂating the balloon of
the endotracheal (or tracheostomy) tube can be helpful in
achieving some CO2 clearance.

In the current era, relatively high levels of PEEP are being
utilized in combination with fairly low TV to achieve the
best oxygenation often combined with permissive hypercapnia. An experienced intensivist can gradually raise the
PEEP and achieve optimum oxygenation by recruitment
and preventing derecruitment. In situations where the level
is difﬁcult to determine, a careful study of the pressure
volume loop can help. The optimum level of PEEP is the
pressure level seen at the lower inﬂection point of the pressure volume loop. It is at this point that the alveoli that are
closing during expiration are ‘popping’ open. Maintaining
PEEP at that level prevents that repeated opening and
closing of these alveoli. 8
I:E ratio
In patients with severe ALI, when despite low TV, high
levels of PEEP, and permissive hypercapnia, oxygenation is
not possible, the I:E ratio can be changed so that the patient
spends more time of the respiratory cycle in the inspiratory
phase allowing continued recruitment and increased dwell
time for the RBC. The I:E time initially can be equalized (I:
E ratio=1:1) and if the oxygenation is still not adequate, it
can be reversed. In extreme situations I:E ratios of upto 9:1
have been utilized. At all times it should be kept in mind
that these extreme reversals can have far reaching effects
on other organ systems of the body especially the cardiovascular and renal system.

RECRUITMENT AND DERECRUITMENT
In patients with ALI, there is signiﬁcant barrier to diffusion
and a signiﬁcant proportion of the lungs alveoli are either
collapsed or repeatedly opening and closing. To bring
these alveoli back into functioning units, they have to be
kept in an inﬂated state and the collapsed ones opened up.
This process is called recruitment. Studies examining the
effects of recruitment maneuvers have not been conclusive.
9
However, all agree that collapse of functioning alveolar
units (derecruitment) should be prevented. This means that
the ventilator should not be disconnected often, suctioning
should be limited to when it is necessary to clear secretions,
and any procedure that can lead to derecruitment like bronchoscopy should be performed after carefully considering
the risks of derecruitment and possible loss of oxygenation
and weighing these against the beneﬁts of the procedure.
MONITORING OF VENTILATION
As mentioned above most patients with signiﬁcant ALI
are ventilated in the PCV mode. The aims are to prevent
derecruitment of functioning alveolar units and achieving
recruitment of nonfunctional collapsed units. Any changes
made to the controlled parameters take some time to work.
The urge to quickly change many parameters should be
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avoided. Each change in a parameter (PEEP, drive pressure.
I:E ratio etc) should be carefully considered and the aims
understood. Once the change is made, unless the patient
shows signs of acute deterioration, adequate time (30-60
minutes) should be allowed before a decision is made as to
whether the change achieved the desired aim. Secondly as
recruitment is achieved and as the compliance of the lung
improves, the TV will slowly start to rise at the same drive
pressures. When that starts to happen, the drive pressures
should be lowered to maintain the ideal TV and prevent
the development of VILI. When the patient’s gas exchange
status is improving and some downward adjustment of the
parameters maybe possible, the parameter that is the most
unphysiologic should be turned down ﬁrst followed by
others. This usually means that I:E should be normalized
before PEEP. Just as in escalating the level of support, the
de-escalation too should be slow as rapid de-escalation can
lead to derecruitment and be a step back.
ADJUNCTS TO VENTILATORY THERAPY AND
THE FUTURE
In addition to the actual ventilation, a number of other
adjuncts can help with adequate respiration. These include
inhaled nitric oxide (improves V/Q mismatch), controlling
the heart rate (increases RBC dwell time), prone positioning (improves V/Q mismatch), adequate nutrition, good
pulmonary therapy, prevention and early detection and
rapid therapy of pulmonary infection and protocol driven
weaning. The details of these are beyond the scope of the
current chapter, but attention to these will help in salvaging
more patients in the long run.
Finally there has been a recent resurgence of interest in
extra-corporeal support of gas exchange. This modality has
been used with considerable success in neonates suffering
from pulmonary hypoplasia. Studies in adults have been
disappointing but that maybe changing, and in some highly
selected adult cases it may prove to be a worthwhile tool.

of CO2 is secondary. This primary objective should be
achieved by using the ventilation in a manner that has the
least chance of developing VILI. To achieve this low tidal
volumes with relatively high levels of PEEP and possible
inversion of I:E ratio should be utilized. Changes in parameters can take time to act and hence too many changes too
rapidly should be avoided. De-escalation of therapy should
proceed when the respiratory status is improving and should
likewise be slow. The parameter that is most abnormal
physiologically should be normalized ﬁrst. Lastly adjunctive therapy can play an important role in maximizing successful outcomes.
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CONCLUSION
The aims of ventilatory therapy are to provide adequate gas
exchange. Oxygenation is the priority, while the washout
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