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TREATMENT OF STOMACH AND DUODENUM INJURIES
Charles E. Lucas, MD, Manuel Duron, MD

SUMMARY
Location and severity of stomach and duodenum injuries
determine surgical intervention. Complete unrooﬁng
of a stomach hematoma ensures identiﬁcation of a full
thickness injury. In the proximal stomach, full thickness
wounds require complete exposure for treatment. Injuries
to the corpus of the stomach are treated in a longitudinal
manner with a GIA stapler. Massive gastric injuries are
addressed with resection and appropriate reconstruction
for gastrointestinal continuity. A delay in diagnosis
may complicate treatment of minor duodenal injuries.
Injuries involving more than 50% of the duodenal
circumference are treated in a transverse manner with a
two-layer closure. Ampullary area or bile duct injuries
pose a challenge and will necessitate stenting of the
repair. Destruction of the pancreatic duodenal complex
may require a pancreaticoduodenectomy and bypass of
the duodenum. Treatment of ampullary complex injuries
from endoscopic retrograde cholangiopancreatography
includes control of biliary leaks and diversion of the food
stream from the duodenum.
RESUMEN
La localización y la severidad de lesiones del estómago
y del duodeno determinan el tipo de intervención quirúrgica. La apertura completa de los hematomas en la pared
gástrica permite determinar si existe una perforación. Las
lesiones penetrantes en el estómago proximal requieren
una exposición completa para su reparo. Las lesiones del
cuerpo gástrico se pueden tratar con grapa GIA longitudinal. Las lesiones masivas del estómago se manejan con
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resección y reconstrucción de la continuidad gastrointestinal. En cuanto al duodeno, lesiones menores se pueden
complicar si hay retraso en el diagnóstico. Las lesiones
mayores del 50% de la circunferencia se manejan con
sutura transversal en dos capas. Las lesiones de la
Ampolla de Váter o del conducto biliar representan un
reto y requieren de un molde (stent) para evitar las estenosis. La destrucción del complejo pancreatoduodenal
puede requerir una pancreaticoduodenomía y by-pass
del duodeno. El tratamiento de las lesiones complejas de
la ampolla de Váter por endoscopia retrógrada incluye
control del escape biliar y desvío del ﬂujo alimentario
del duodeno.
STOMACH
Most stomach injuries are caused by penetrating wounds
which can occur at any site; blunt rupture is uncommon
and usually involves the anterior wall or the greater
curvature.1,2 Since most injuries occur after eating or
drinking, early peritoneal spill causes pain and tenderness upon presentation.1 The nasogastric tube, placed
during early resuscitations, yields a bloody return. The
pain and tenderness often mimics that which is seen following perforation of a peptic ulcer; pneumoperitoneum
is common after blunt rupture.3 The optimal operative
approach is through the upper midline incision which
facilitates diagnosis, treatment and identiﬁcation of other
organ injuries.4,5
TREATMENT
The technical difﬁculties of treatment of stomach
injuries vary according to the severity and location. Most
minor injuries, such as an intramural hematoma, partial
thickness laceration, or small (< 3 cm) perforation, are
1

Panam J Trauma

best treated by evacuation of the hematoma and primary
closure of the perforation. The surgeon must be sure that
the intramural hematoma is not full thickness; complete
unrooﬁng of the hematoma precludes this oversight.
Indeed, it is better to create and promptly close a full
thickness injury while unrooﬁng a hematoma than
overlook a full thickness injury because of inadequate
evacuation of the hematoma.1,3 The main complication
following treatment of a minor injury is postoperative
bleeding due to inadequate hemostasis from the inner
layer absorbable suture used as part of a two-layer
closure. The stomach is quite vascular; the author prefers
2-0 chromic closure with careful placement of each stitch
to insure that the mucosa and submucosa vasculature is
well incorporated.1 When the injury is located along the
greater curvature, full thickness closure is facilitated by
the use of the GIA stapler. The author prefers staple line
inversion as long as this does not compromise lumen;
this seldom occurs with stomach injuries.1,6 Patients
who develop postoperative gastrointestinal bleeding
after repair of both gastric perforations and multiple
small bowel perforations are likely to be bleeding from
the stomach repair.
A special area of concern in the treatment of minor
full thickness stomach injuries is the missed injury on
the posterior wall. Exploration and visualization of the
posterior wall, accessed through the greater omentum
peripheral of the arcades of the gastroepiploic vessels,
are essential. Wounds located adjacent to the greater
curvature arcades are exposed by dividing each of the
branches at the serosal level to facilitate full visualization
of all layers of the gastric wall. Closure of greater
curvature wounds can be done longitudinally except
in the prepyloric area where a transverse closure may
better protect the lumen.1 Proximal perforations along
the lesser curvature often produce annoying hemorrhage
from the branches of the left gastric vessels. Control of
these short arcades is essential to expose and repair the
lesser curve or adjacent perforation.
The greatest difﬁculty with treatment of the small
full thickness wounds is seen when the perforations
occur at the gastroesophageal junction, just distal to
the gastroesophageal junction near the ﬁrst branch
of the left gastric artery on the lesser curvature, or in
proximity to the short gastric vessels and the posterior
2

gastric vessels on the proximal greater curvature. Full
exposure to these lesions may require mobilization
of the left lateral segment of the liver, incision of the
cardiophrenic ligament, and division of the proximal
gastroepiploic arcades, the short gastric vessels coming
from the superior branches of the splenic hilar vessels,
and the posterior gastric artery coming from the splenic
artery and entering the stomach about 2 cm posterior to
the proximal left gastroepiploic arcade.1 The division
of the cardiophrenic ligament is done just proximal to
the apical fat pad. Mobilization of the lower esophagus
up into the mediastinum gives better access to this
area and may be facilitated by dividing the diaphragm
in the median plane through the hiatal sphincter for
about four or ﬁve centimeters. When injuries occur at
the cardioesophageal junction, closure with interrupted
sutures for both the internal and external layers helps
protect lumen size. Stapled closure of wounds in this
location have the potential danger of compromising the
lumen.
Larger (more than 3 cm) perforations typically cause more
bleeding and greater leakage of gastric contents. These
lesions are easier to see and, thus, never overlooked.
Adjacent branches of the gastroepiploic arcades along the
greater curvature should be divided in order to facilitate a
stapler closure which, when done longitudinally, will not
compromise lumen size. The author routinely coagulates
the staple line prior to inversion with interrupted 4/0 silk
sutures.6 Larger grade-IV injuries involving the lesser
or greater curvature arcade vessels are treated in the
same manner; luminal compromise is unlikely.
When large injuries occur through the anterior and
posterior walls of the greater curvature, the involved
areas can often be resected in a longitudinal manner
using the long GIA stapler with inversion of the staple
line. Reducing the lumen of the stomach by up to 70
percent in the longitudinal manner seldom has long-term
consequences as it relates to gastric compliance and
nutrition.7
Major blunt ruptures are full thickness on the anterior
wall along the greater curvature. These large blunt
injuries are best treated by resection of the injury which
is most easily performed by longitudinal placement of
the GIA stapler; luminal compromise is rare.
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Massive gastric injuries involving more than 50 percent
of the gastric wall may require resection, especially
when they occur in the distal half of the stomach.1,8,9
The decision to perform a gastroduodenostomy or a
gastrojejunostomy after distal resection will be based
upon the extent of the remaining stomach and associated
injuries. If this is an isolated gastric injury due to blunt
injury, a Billroth-I reconstruction can almost always be
accomplished without tension.
When the massive blowout injury occurs in the proximal
stomach following a shotgun wound or a high velocity
rifﬂe wound, the proximal stomach needs to be resected
when the injury compromises the gastroesophageal
junction.1,8,9 Once the proximal stomach has been
resected, the distal stomach needs to be fully mobilized
by an extended Kocher maneuver of the duodenum to
facilitate a tension free end-to-side esophagostomy. The
author prefers to do this with sutures, although the EEA
stapler should produce an excellent result. Since the
proximal resection has compromised vagal function, a
distal pyloroplasty should be added.
Extensive injury to all of the stomach requiring total
gastrectomy would be extremely rare and has never been
seen by the author. Following total gastrectomy, Rouxen-Y esophagojejunostomy is indicated to reestablish
continuity. If there is some concern about the viability
of the technical reconstruction, a feeding jejunostomy
should be added.
Postoperative care following repair of stomach
injuries is no different from other injuries. Nasogastric
decompression is maintained until gut function has
been restored. Histamine receptor blockade or protein
pump intervention is recommended until diet has been
tolearted.
DUODENUM
Most penetrating duodenal injuries are diagnosed during
laparotomy performed for signs and/or symptoms of
intraperitoneal injury. In contrast, most blunt ruptures
of the duodenum, treated early, are identiﬁed on
imaging studies. Since the duodenum is located in the
retroperitoneal space, the intraperitoneal ultrasound
examination (FAST) and diagnostic peritoneal lavage
Vol. 12 Number 1

(DPL) are often negative.1,2,3 Missed injury from a
penetrating wound is due to failure to fully mobilize
the duodenum to the superior mesentry artery, thereby,
allowing all of the duodenum to be seen. Delayed
diagnosis following blunt injury is seen when one places
too much conﬁdence on the imaging studies and not
enough reliance on sequential physical examinations.
The patient who is initially impaired from alcohol
intoxication may deny pain and tenderness when ﬁrst
seen, but will develop peritoneal signs and symptoms
within six hours as the ethanol is metabolized and
the extravasation of duodenal content into the
retroperitoneum space increases. This critical level of
suspicion is enhanced by a rising serum amylase which,
unfortunately, is often not measured in patients with
blunt abdominal injury. Most patients with full thickness
rupture will have signs of duodenal extravasation on
plain abdominal ﬁlms within two hours of injury;
unfortunately, such ﬁlms are no longer a part of the
workup in patients with blunt abdominal injury.1 The
contrast CAT scan of the abdomen may identify this
extravasation but, unfortunately, there is a signiﬁcant
incidence of false negative examination. Consequently,
the serial physical examination is very important.
The duodenum can be subdivided into four segments,
namely, duodenal bulb (D-1), descending duodenum
with the ampulla of Vater (D-2), inferior duodenum at
the uncinate process (D-3), and ascending duodenal
extending to the ligament of Treitz (D-4). The treatment of
minor duodenal injuries, namely, intramural hematomas,
partial thickness tears and small full thickness tears,
require simple evacuation of the hematoma or simple
two-layer closure of the full thickness perforation.1 The
only technical difﬁculty with the treatment of minor
duodenal injuries occurs in patients with a small full
thickness perforation that is not diagnosed until many
hours after injury by which time, there is extensive edema
and inﬂammation.1,2,3 Extensive inﬂammation threatens
the integrity of primary closure, thus, necessitating
an alternate strategy for maintaining protection of the
closure and establishing early nutrition.
Grade-III duodenal injuries which involve over 50
percent of the circumference are best treated with full
mobilization and two-layer closure in a transverse
manner.1,6,7 The author prefers an inner layer closure
3
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with a running inverted absorbable suture followed by
an outer layer closure with an interrupted nonabsorbable
suture. Stapling devices have little place in the treatment
of duodenal injuries because of the constant curvature
which promotes luminal compromise at the staple line.
When the margins of perforation are ragged and of
questionable viability, minimal debridement should be
performed. When the debridement precludes primary
closure, the distal portion of the duodenum can be
closed primarily, whereas the proximal portion should
be drained into a jejunum loop.1 The author prefers the
Roux-en-Y jejunum loop in this circumstance. Again, the
sewn anastomosis is preferred because of the cramped
operating space and the curvature of the duodenum.
Treatment of the grade-IV duodenal injury with near or
complete circumferential disruption of the ampullary
area or bile duct (D-2) is very challenging. When the
margin is viable, one can achieve a primary two-layer
closure if the ampulla and bile duct remain attached to
the duodenal mesentery.1 When the ampullary complex
has been disrupted from the duodenal wall and the rupture is clean, this complex can be reimplanted into the
posterior medial duodenal wall but great care in placement of each suture is mandatory.1,10 Full thickness bites
are placed between the common channel of the bile duct
and pancreatic duct, and the duodenal wall being careful
to get serosa and mucosa of the duodenal on each bite.
Stenting the anastomosis with a choledochostomy tube
or stent which extends distally into the duodenum facilitates antegrade ﬂow of bile and pancreatic secretions
until the potential obstruction due to edema is no longer
anticipated. Alternatively, this anastomosis may be protected by an externalized transhepatic stent introduced
intraoperatively from the common bile duct through the
liver capsule and abdominal wall. The distal end of this
catheter is extended into the duodenum. When there is
some question about the viability of this repair, diversion
of the food stream away from the duodenum is essential. When this injury is combined with disruption of
the pancreatic head, pancreaticoduodenectomy may be
needed.1,7
The grade-V duodenal injury, with massive destruction of
the pancreatic duodenal complex or devascularization of
the duodenum, may require pancreaticoduodenectomy.
Such devascularization is quite rare unless the patient
4

has a large disruption of the pancreatic head. Most
patients maintain an adequate blood supply so that
diversion of the food stream can be safely implemented.
There are two commonly used techniques to bypass the
duodenum, namely, pyloric exclusion and duodenal
diverticularization. The pyloric exclusion procedure
combines occlusion without division of the prepyloric
area with sutures placed through a low greater curvature
gastrotomy or by stapling across the prepyloric area
followed by a side-to-side gastrojejunostomy placed
on the greater curvature just proximal to the occluded
pylorus.11 Alternatively, the pyloric exclusion may be
performed without the gastrojejunostomy with the
expectation that duodenal repair will have healed by
the time the staple line disrupts and ﬂow from the
antrum into the duodenum is restored. This lateral
procedure has been preferred by some surgeons because
of the high leakage rate of the gastrojejunostomy.
The author prefers the duodenal diverticularization
procedure which consists of resection of the distal two
or three inches of the stomach followed by a Billroth II
(gastrojejunostomy) reconstruction.12 The duodenum is
closed primarily and, if intraluminal decompression of
the duodenum is deemed essential, a tube duodenostomy
is placed in the lateral position to allow for primary
healing of the duodenal stump. External closed drainage
around the duodenal repair and pancreatic head is
added. Vagotomy is no longer an essential part of either
diversion procedure because of the efﬁcacy of histamine
receptor blockade and protein pump inhibition. The use
of antegrade and retrograde tube decompression of the
duodenum is no longer used.13
ENDOSCOPY INJURY TO THE AMPULLARY
COMPLEX
The widespread use of endoscopy treatment
for ampullary lesions has created a new type of
ampullary complex injury.1,10 Endoscopic Retrograde
Cholangiopancreatography (ERCP) is commonly
used for papillotomy or sphincteroplasty in patients
with retained biliary stones, refractory pancreatis or
papillary stenosis. One of the complications of this
procedure is perforation of the ampulla or of the medial
and posterior duodenal walls. This complication may
occur at the second, third or fourth attempt by ERCP
guided intervention to release obstruction; the injury
Julio 2005
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often goes unrecognized for 24 to 72 hours. Subsequent
laparotomies and attempted repair of this injury are
compromised by edema, inﬂammation and tissue
discoloration; subsequent biliary and pancreatic leakage
is common. Referral to a larger medical center often
occurs after the patient has become quite septic.
Intervention at this time requires control of the biliary
leakage by means of internal and external biliary
drains and diversion of the food stream away from the
duodenum by way of antrectomy and end-to-side gastrojejunostomy. An antecolic anastomosis is preferred
to avoid the lesser sac inﬂammation. Control of biliary
and pancreatic leakage may be obtained by t-tube choledochostomy if the common bile duct is accessible or
by transhepatic choledochostomy; external drainage of
the involved area is added. Often the deﬁnitive biliary or
pancreatic reconstruction must wait until the patient has
recovered from the septic insult and is tolerating regular
diet; this may occur many weeks after the patient has
been discharged.
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ESOPHAGEAL PERFORATION AFTER EXTERNAL BLUNT
TRAUMA IN CHILDREN
Brian Plaisier, MD1, David Schlueter II, MD1, Scott Davidson, MD1, Paul Blostein, MD1,
Robert Beck, MD1, Michael Halpin, MD1, C. Gregory Hodgman, MD1

SUMMARY

RESUMEN

Blunt esophageal rupture is uncommon but may be
devastating. Most of these cases are in adult patients and
the frequency of this injury in children is extremely low.
We recently treated a pediatric patient with esophageal
rupture from external blunt trauma and analyzed similar
patients from the literature in order to help clarify factors
related to diagnosis, treatment and complications. A
single case of pediatric blunt esophageal rupture was
found in our trauma registry between January 1992-June
2003. A search of the English language medical literature
revealed 16 more patients and these cases were analyzed.
The most common etiologies of perforation were motor
vehicular crashes and crush injury. When all causes
were considered, 15 (88.2%) patients sustained violent
anterior-posterior compression of the torso. The thoracic
esophagus was the most common site (n = 11; 64.7%)
of perforation. Delay in diagnosis (> 24 hours) was seen
in nine (52.9%) patients. Esophageal repair was carried
out acutely in eight (47.1%) patients and in four (23.5%)
patients after a sufﬁcient interval of time had elapsed.
Nine (52.9%) patients experienced complications
directly related to esophageal perforation. There were
no deaths. Esophageal perforation from blunt trauma in
children is extremely rare. Delay in diagnosis is common
and therefore a high index of suspicion is required.
The thoracic esophagus is the most common site of
perforation. Primary repair carried out acutely is the
most common mode of therapy. Although complications
are common, no cases of mortality have been reported.

La ruptura de esófago por trauma cerrado es rara pero
puede ser devastadora. La mayoría de estos casos son
pacientes adultos, y la frecuencia en niños es muy baja.
Recientemente tratamos a un niño con ruptura esofágica
por trauma cerrado externo, y analizamos los pacientes
similares en la literarutra para ayudar a clariﬁcar los factores relacionados con el diagnóstico, el tratamiento y las
complicaciones. Se encontró un solo caso en el registro
de trauma entre Enero 1992 y Junio 2003. Una búsqueda
en la literatura médica de habla inglesa reveló otros 16
pacientes, los cuales fueron analizados. Las cuasas más
frecuentes fueron el accidente vehicular y la lesión por
apalsatamiento. Cuando se consideran todas las causas,
quince pacientes (88,2%) tuvieron una compresión
anteroposterior violenta del tronco. El esófago torácico
fue el lugar más común de perforación (n=11; 64,7%). Se
observó restraso en el diagnóstico (>24 horas) en nueve
pacientes (52,9%). El reparo del esófago se llevó a cabo
en forma aguda en ocho pacientes (47,1%), y en cuatro
(23,5%) después de un lapso de tiempo apreciable. Nueve
pacientes (52,9%) tuvieron complicaciones relacionadas
con la perforación esofágica. La perforación esofágica
en niños es extremadamente rara. El retraso en el diagnóstico común, por lo que se requiere un alto índice de
sospecha. El esófago torácico es el lugar más frecuente
de perforación. El reparo en agudo es la forma de terapia
más común. No se han reportado casos de mortalidad a
pesar que las complicaciones son comunes.

Departments of Emergency Medicine (DS), Trauma Surgery
(BP, SD, PB), Pediatric Critical Care (RB), Thoracic Surgery
(MH), and Radiology (CGH). Bronson Methodist Hospital,
Kalamazoo, Michigan.
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INTRODUCTION
Esophageal perforation from blunt trauma is one of the
most difﬁcult problems encountered by surgeons due to
highly complex diagnostic and therapeutic challenges.

Esophageal Perforation after External Blunt Trauma in Children

Because other injuries are more evident, the diagnosis of
esophageal perforation is often delayed, making it one of
the most lethal gastrointestinal ruptures.1 The majority of
these cases occur in adults and are distinctly uncommon.2
Reports of children with esophageal perforation from
blunt trauma are rarer still.3 We recently encountered
a pediatric patient with blunt rupture of the thoracic
esophagus and analyzed additional reports of blunt
esophageal rupture in children in order to characterize
risk factors, diagnostic and therapeutic options, and
complications.
MATERIALS AND METHODS
Search of our trauma registry (National TRACS®;
American College of Surgeons; Chicago, IL) identiﬁed
a single pediatric (aged 0-16 years) patient with esophageal rupture from blunt trauma. A query of the English
language literature using PubMed® (National Library of
Medicine; Bethesda, MD) was conducted from 1966-2003
and 16 additional patients were identiﬁed. Demographic
information, symptoms, signs of injury, methods of diagnosis, delay in diagnosis, treatment options, and outcome
were analyzed.
PATIENT REPORT
A nine-year-old girl was riding on the back of a truck
pulling a wagon containing a load of wood when she
fell off and was run over by the wagon at mid-torso.
She was brought to a local emergency department with
complaints of right upper quadrant abdominal pain and
left hip pain. Tube thoracostomy was performed for a
right hemo-pneumothorax. Further evaluation revealed
sacral and pubic rami fractures, left hip dislocation, and
multiple facial abrasions. Upon arrival at our facility, her
thoracostomy drainage was consistent with gastric contents. Computed tomography of the chest and abdomen
using water-soluble enteral contrast revealed a residual
right pneumothorax and mediastinal emphysema. An
esophageal injury was suspected and an esophagram
using water-soluble contrast conﬁrmed a distal esophageal leak into the right chest.
Emergent exploration via right thoracotomy revealed
an esophageal perforation measuring ﬁve centimeters
in length. The edges of the esophageal wound appeared
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clean and there was minimal mediastinal inﬂammation.
Primary repair was performed buttressed with a pleural
patch. Mediastinal and pleural drains were placed and a
feeding jejunostomy was inserted. Esophagram on postoperative day seven revealed a leak at the distal aspect
of the repair. The surgical drains controlled the efﬂuent
and she displayed no signs of sepsis. She was discharged
home 48 days after her injury on jejunostomy feedings.
Esophagram done two months post-injury revealed no
leak. Oral intake was begun and she tolerated a regular
diet without difﬁculty. The remainder of her recovery has
been uneventful.
RESULTS
Review of the English language literature revealed 16
pediatric patients with blunt esophageal rupture (Table
1). The traumatic events leading to esophageal perforation were varied (Table 2). Kinematics in 15 (88.2%)
patients involved a sudden, violent anterior-posterior
crushing of the torso. Patients sustained numerous
associated injuries (mean = 2.4 associated injuries per
patient) as a rule (Table 1). Where speciﬁed, symptoms
and physical signs are noted in Table 1. Cough (n = 4)
was the most common symptom. Subcutaneous emphysema (n = 5) and abdominal tenderness (n = 5) were the
two most common signs of injury seen.
Diagnostic tests were speciﬁed in 15 patients. The
esophagram was the most common modality, being used
in seven cases. Endoscopy was utilized in four patients
after esophagrams had been interpreted as normal,
but clinical suspicion remained high. Endoscopy was
employed in one patient as the initial modality. In a
single patient bronchoscopy was utilized for a suspected
tracheal injury and the esophageal rupture was detected.
Two patients were brought directly to the operating room
and deﬁnitive diagnosis was made upon exploration.
There was a delay in diagnosis greater than 24 hours in
nine (52.9%) patients. Two of these patients experienced
intentional delay related to child abuse and are therefore
excluded from timing analysis. In the remaining seven
patients, length of delay ranged from three to 60 days
with a median of ﬁve days. There was no diagnostic
delay in eight (47.1%) patients. A single patient with
perforation of the cervical esophagus was diagnosed
7
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TABLE 1 - CASES OF PEDIATRIC BLUNT ESOPHAGEAL RUPTURE
Investigator

Age
(Yrs.)

Mechanism

Rx

Complications
/ Patient
Outcome

Esophagoscopy /
None

AR

None / Live

Esophagram /
3 days

AR

None / Live

Crepitus
Esophagram /
Hematemesis,
5 days
Hemoptysis

AR

None / Live

Esophagram /
2 months

AR

Abscess / Live

Esophagram /
5 days

AR

Symptoms

Physical
Exam

Cervical

Dyspnea

Stridor

Pneumothorax,
Pulmonary contusion

Thoracic

Chest pain,
Dyspnea

Chest /
Abdomen
tender

Thoracic

Chest pain,
Odynophagia,
Swallow-cough
on day #4

Crepitus
Hemoptysis
Abdomen
tender

Beal (2)

14

Flail chest, Tracheal
laceration, TibiaPedestrianﬁbula fracture, Ankle
struck
fracture, Facial
lacerations

Sartorelli (3)

11

Crush

14

“Soap
box
Not stated
derby” racer

Nolan (4)

Diagnosis / Delay

Site

Associated Injuries

Wychulis (5)

16

MVC

Rib fracture

Thoracic

Odynophagia,
Swallow-cough

Chapman (6)

12

Go-cart

Brain injury, Mandible
fracture, Tracheal
laceration

Thoracic

Swallow-cough
on day #5

Crepitus

Lucas (7)

16

Motorcycle

Skull fracture, Brain
injury, Pulmonary
contusion

Thoracic

Not stated

Not stated

Basaklar (8)

12

Explosion

Facial burn

Thoracic

Not stated

Not stated

Martín de
Nicholas (9)

14

Crush

Tracheal laceration

Thoracic

Not stated

Crepitus

Cordero (10)

16

MVC

Splenic, hepatic, and
renal lacerations

Thoracic

Abdominal pain

Abdomen
tender

10

Hit wire riding
C2 / C3 fracture,
p e r s o n a l
Tracheal laceration
watercraft

Davies (11)

Oral laceration,
Humerus fracture,
Pelvic fracture,
Multiple contusions
Pneumothorax, Spleen
laceration, Liver
laceration, Cardiac
injury

Cervical

Not stated

Not stated

Cervical

Cough

Not stated

Esophagoscopy /
> 24 hours

Abdominal

Chest pain

Abdomen
rigid

Operative /5½
hours

Morzaria
(12)

2½

Abuse

Miller (13)

13

MVC

Engum (14)

?

Blunt
trauma
Not stated
(unspeciﬁed)

Cervical

Not stated

Not stated

2

Crush

Thoracic

Not stated

Not stated

11

MVC

Thoracic

Not stated

Not stated

Cervical

Irritability

Crepitus

Thoracic

Abdominal pain

Abdomen
tender

Martinez
(15)
Martinez
(15)
Tavill (16)

8
Abuse
weeks

Current
study
Rx = Treatment
G = Gastrostomy

8

9

Crush

Not stated
Intestine perforation,
Diaphragm rupture
Rib fractures, Tibia
fracture
Pneumothorax, Pelvic
fracture
AR = Acute repair
IR = Interval repair

Esophagoscopy /
3 days,
Esophagram
normal
Esophagram /
3 days
Bronchoscopy /
None
Esophagram /
None
Operative / None
– diagnosis
3 weeks – therapy

D = Drainage
R = Resection

Not stated /
< 24 hours
Not stated /
< 24 hours
Endoscopy /
14 days
Esophagoscopy /
> 24 hours
Esophagram /
None

None / Live

D, E,
G
IR

Abscess / Live

D, G

Abscess / Live

R,D,
IR

None / Live

AR

None / Live

D, G
IR

Infection,
Stricture /
Live

D

Abscess / Live

E, G
IR

Mediastinitis,
Leak / Live

C

None / Live

G

None / Live

G

Mediastinitis
/ Live

AR

Leak / Live

AR

Mediastinitis,
Leak / Live

E = Esophagostomy
C = Conservative
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upon initial presentation, but deﬁnitive treatment was
delayed for three weeks.
The thoracic esophagus was the site of perforation in 11
(64.7%) patients. There were ﬁve (29.4%) cervical perforations and one (5.9%) abdominal perforation. There
were seven (63.6%) cases of diagnostic delay among 11
thoracic perforations. Of the ﬁve cases of cervical perforation, there were two (child abuse) cases with delayed
diagnosis. There was no diagnostic delay in three cervical
perforations and the single abdominal rupture.
Treatment methods are listed in Table 1. Primary repair
(suturing the esophagus either acutely or in an interval
fashion) was carried out in 12 (70.6%) patients. Treatment
that did not include direct suture repair of the esophagus
(tube thoracostomy, gastrostomy, esophagostomy, or no
invasive procedure) was used in ﬁve (29.4%) patients.
Nine (52.9%) patients experienced at least one complication directly related to esophageal rupture (Table 1).
Abscess was seen in four (23.5%) patients and mediastinitis in three (17.6%). Esophageal leak was seen in
two patients after acute repair and a stricture was found
in one case following interval repair. Of eight patients
with a delay in diagnosis (after excluding patient with
no diagnostic delay but delay in treatment), six (75%)
experienced complications. In contrast, only two (25%)
patients with no delay in diagnosis experienced complications. There were no deaths.
DISCUSSION
Injury to the esophagus as a result of blunt trauma is
exceedingly rare, comprising less than 1% of admitted
injured patients1. Of all esophageal injuries, less than
10% are due to blunt trauma.3 Beal found a 0.001%
incidence of blunt esophageal perforation following
external trauma and in her literature review nearly all
of these injuries occurred in adults.2 This injury is even
more rare in the pediatric population as only 16 cases
have been reported in the English language literature
over the past 37 years (Table 1).2-16
The mechanism of blunt esophageal rupture is not entirely
clear, although several theories have been proposed.3, 6, 9, 17, 18 A
rapid rise in intraluminal pressure against a closed glottis
Vol. 12 Number 1

may lead to a breach of the esophageal wall. Another
theory suggests that sudden deceleration leads to extreme
traction on the esophagus, resulting in ischemia of the
esophageal wall with subsequent rupture. In the case of
concomitant tracheal injury, it is believed the “blast” from
tracheal rupture compromises the wall of the esophagus
leading to eventual full-thickness injury followed by
rupture. What seems clear is that sudden, violent compression of the torso is important in the pathogenesis of
this injury.4, 17 In our review, 81% of patients experienced
severe compression of the chest or abdomen due to crush
injuries from large objects (basketball goal, soccer goal,
television set, and wagon), high energy motor vehicle
crashes, go-cart crashes, pedestrian-motor vehicle collision, motorcycle crash, explosion and child abuse.
The diagnosis of blunt esophageal rupture is highly challenging because these patients often have severe injuries
to multiple body regions.17 Over 90% of patients incur
serious associated injuries.2, 19 Diagnostic delay was seen
in 68% of cases in Beal’s review even though 78% of
patients displayed symptoms, signs, or radiographic
evidence of esophageal injury.2 Symptoms and physical
ﬁndings are often attributed to common or more obvious
injuries.3, 4, 8, 17 In cases of blunt trauma, this delay in diagnosis is the rule rather than the exception. The median
delay in diagnosis in our review was equal to that seen
by Beal.2 Therefore, not only is a high index of suspicion
required, but also any symptom or sign indicative of
esophageal perforation must be completely evaluated.2,
3, 17

Esophagography and endoscopy are the most
widely utilized diagnostic tools. In most studies, the
esophagram is the most commonly utilized test.2, 14, 19,
20
While this examination is efﬁcacious, authors have
noted false-negative results in 12.5-25% of cases.2, 19, 20
Water-soluble contrast should be administered initially
and if the result is negative, the patient should receive
barium sulfate. Esophageal perforation will be missed
in 22% of patients when water-soluble contrast is used
exclusively.21 The esophagram is ideal for patients
who are alert, cooperative, and capable of swallowing.
Esophagoscopy results vary widely between series,
although recent data in adults demonstrates high
sensitivity and speciﬁcity.1, 22 While debate exists over
the best diagnostic test, it is important to note that a
9
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negative result with any test does not exclude injury.19
Indeed, if high suspicion remains, further testing must
be undertaken in order to avoid diagnostic delay. Use of
both radiologic and endoscopic modalities in a highly
suspicious case may be warranted.
Repair options depend upon the rapidity of diagnosis,
extent and location of injury, degree of mediastinal
contamination, and stability of the patient. Important
treatment principles for all patients include drainage of
the esophageal efﬂuent from the pleural cavity and mediastinum, decompression of the esophagus and stomach,
optimal nutritional support, and appropriate antibiotic
therapy.17, 18
Operative repair is the treatment option of choice in
most series.2, 19, 20 However, the majority of these patients
were adults. Our review found that 12 (70.6%) pediatric
patients underwent primary repair of the esophageal
perforation in an acute or interval fashion. In a large
series of pediatric esophageal perforations, Engum
recommends direct suture repair of the esophagus and
reinforcement of the closure with a suitable buttress, if
possible, for most traumatic esophageal injuries.14 In this
series, primary repair could be satisfactorily carried out
even if there was a delay in diagnosis.
While non-operative treatment of an adult with esophageal perforation from blunt trauma would be likely
viewed as a deviation from standard therapy, there
appears to be accumulating evidence that this approach
may be efﬁcacious in the child with cervical and thoracic
perforations.12, 14, 15 Martinez uses the term “aggressive
conservative” to describe a context in cases of iatrogenic perforation where early diagnosis, percutaneous
drainage, adequate nutrition, and effective antibiotics
were utilized in the absence of primary repair.15 These
conservative, yet active, therapeutic measures resulted in
no mortality. It should be noted however, that only two
of the 17 patients sustained blunt external trauma.
Complications rates in both adult and pediatric patients
range from 38-50%.2, 14, 19 In Beal’s series, patients
with early diagnosis had a 38% rate of infectious
complications compared to 88% in those with delayed
diagnosis.2 Engum found that 73% of patients with
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TABLE 2 - CAUSES OF BLUNT ESOPHAGEAL
RUPTURE
Etiology
Motor vehicle crash
Crush injury
Go-Cart crash
Child abuse
Explosion
Motorcycle crash
Outstretched wire
Pedestrian struck
Unspeciﬁed

# Patients
4
4
2
2
1
1
1
1
1

complications presented in a delayed fashion and 84%
of all complications occurred in this subset of patients.14
In contrast, the complication rate was 27% for children
treated within 24 hours of injury.
Delayed diagnosis also appears to inﬂuence both the outcome of primary repair and mortality in adults.23 Wright
studied 28 patients who underwent primary repair with a
reinforcing buttress. Fifteen patient were treated within
24 hours and 13 were treated greater than 24 hours after
diagnosis. In the early group, there were no esophageal
leaks and no deaths. In the late group however, there was
a 54% leak rate and 31% mortality.
Mortality in children varies signiﬁcantly from that seen in
primarily adult populations. Two large series of pediatric
esophageal rupture (albeit not all traumatic) report mortality rates of 4% and 0% respectively.14, 15 Our review,
which focused exclusively on blunt external trauma,
found 0% mortality. This is in contrast to adult series,
which report mortality rates ranging from 14-21%.2, 19,
20, 23

In conclusion, esophageal rupture from blunt external
trauma is exceedingly rare in the pediatric population.
Maintaining a high index of suspicion is essential. Delay
in diagnosis is common and increases the rate of complications. Primary repair is the most common method
of treatment and may be carried out even in cases of
delayed diagnosis. Mortality rates seen in children are
markedly less compared with adult populations.
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TRATAMIENTO MÉDICO DE LA MORDEDURA POR VÍBORA
CASCABEL
José Monge M., MD1 - Colaboradores: María Isabel Sánchez M., Salvador A. Valencia MD

RESUMEN
Antecedentes
En México hay más de 700 especies de serpientes aunque
sólo 102 son venenosas, de éstas las que provocan más
accidentes son los géneros Crotalus y Sisrutos, conocidas
como víboras de cascabel. El tratamiento oportuno es
de suma importancia puesto que en algunos casos compromete la vida. Según la OMS ocurren 40.000 muertes
mundiales al año por mordedura de serpiente. En México
existe un subregistro puesto que la población de más
riesgo no cuenta con acceso a servicios de salud. No obstante se calculan cerca de 27.000 casos por mordedura y
100 defunciones anuales.
Objetivos
Describir el tratamiento de las mordeduras de serpiente
de cascabel.
Fisiopatología
La ﬁsiopatología depende de dos factores principales:
las propiedades tóxicas del veneno y la respuesta inmunitaria de la víctima. En el caso de las mordeduras por
cascabel los efectos citotóxicos predominan sobre los
neurotóxicos.
Cuadro clínico
El cuadro clínico varía desde la sola marca de colmillos,
con o sin dolor e inﬂamación local, hasta situaciones que
Profesor titular del Diplomado en Trauma de la Asociación
Mexicana de Medicina y Cirugía del Trauma, Médico adscrito
al Departamento de Cirugía de la Secretaría de Salud del
Distrito Federal
1

12

comprometen la vida, tales como coagulopatía, insuﬁciencia renal y choque.
Tratamiento
El tratamiento extrahospitalario se limita a la estabilización del paciente y su traslado al hospital que cuente
con antiveneno. El antiveneno con el que más se dispone
es el derivado de caballo (Antivenen Crotalide Polivalent
o ACP), aunque existe otro de mayor costo (FabAV),
derivado del suero de ovejas. Una vez estabilizado el
paciente y después de la administración del antiveneno,
se atenderá la lesión local, poniendo atención en los pacientes con síndrome compartimental.
Conclusiones
El envenenamiento por mordedura de serpiente es un
problema de salud en zonas endémicas, el porcentaje
de casos y muertes no es nada despreciable, de aquí la
importancia de hacer énfasis en su asistencia y adiestrar
al personal de salud en su manejo.
Palabras clave: (1) mordedura, serpiente, cascabel.
SUMMARY
There are more than 700 species of snakes in Mexico,
although only 102 or them are poisonous. From these,
most accidents are caused by the Crotalus and Sisrutos
genders, also known as rattlesnakes. Opportune treatment
is extremely important since life is at risk. According to
the WHO, there are 40,000 deaths every year due to snake
bite. In Mexico, registered occurrences are low because
the high risk population does not have quick access to
health services. However 27,000 snake bite cases have
been recorded with 100 deaths a year.

Tratamiento Médico de la Mordedura por Víbora de Cascabel

Objectives
To describe the treatment for rattlesnake bites.
Patophysiology
Patophisiology depends on two main agents: Poison
toxic properties and the victim’s immunologic response;
in rattlesnake bites citotoxic effects prevail over neurotoxic effects.
Clinical Chart
Clinical charts vary from a single fang mark, with or
without pain and local inﬂammation, to situations that
risk life, such as coagulopathy, renal inadequancy and
shock.
Treatment
Treatment outside the hospital is limited to the patient’s
stabilization and transfer to the nearest hospital with an
antidote. The most common antidote is the one derived
from horses (Antivenen Crotalide Polivalent or ACP),
although there is another more expensive one (FabAV)
derived from sheep serum. Once the patient is stabilized
and the antidote has been administrated, local injury
must be treated, watching patients closely for compartment syndrome.
Conclusions
Rattlesnake poisoning is a health problem in endemic
areas, with a high number of cases and deaths. It is
important to track its frequency and also following up on
treatment by a trained health staff.
Key words: (1) rattlesnake bite.
ANTECEDENTES
El diagnóstico oportuno del envenenamiento por mordedura de serpiente, y la aplicación del tratamiento correcto
en el menor tiempo posible, es de suma importancia,
puesto que este accidente es una emergencia médica
potencialmente mortal. Se calcula que en México ocurren
cerca de 27,000 casos anuales, de los cuales 100 culminan
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con el fallecimiento del paciente. En México se encuentran más de 700 especies de serpientes, de las cuales sólo
102 son venenosas. De estas, las que más accidentes
provocan son las pertenecientes a la familia Viperidae,
subfamilia Crotalinae, dentro de la cual se encuentran
los géneros Crotalus y Sisrutos, conocidas popularmente
como serpiente de cascabel.17 Las serpientes venenosas, a
diferencia de las no venenosas, tienen la cabeza triangular
o en forma de diamante, ojos elípticos o pupilas en forma
de gato, una sola ﬁla de escamas subcaudales detrás de
la placa anal, y unos hoyuelos faciales localizados detrás
de los ojos que perciben el calor y que utilizan para
detectar a su presa. Las serpientes de cascabel tienen una
estructura de queratina al ﬁnal de la cola que producen
un sonido característico cuando la serpiente se mueve,
de ahí el nombre de cascabel.13 Sus colmillos son soﬁsticados si se comparan con los de serpientes de otras
familias, son móviles y poseen un canal interno que se
encuentra directamente conectado con las glándulas de
Duvernoy, las cuales contienen el veneno. Este sistema
de inyección logra inocular gran cantidad de veneno de
forma instantánea.1
El veneno de las serpientes tiene componentes con acción
neurotóxica y citotóxica, en el caso de las serpientes de
cascabel esta última propiedad es la que predomina. La
víctima de una mordedura por serpiente puede presentar
desde la simple presencia de las marcas de los colmillos
de la serpiente, sin envenenamiento (mordidas secas),
hasta toxicidad grave, con edema progresivo, choque y
muerte.10 Son complicaciones potenciales del envenenamiento la insuﬁciencia renal, que constituye una causa
importante de muerte; el síndrome compartimental; la
coagulación intravascular diseminada; el síndrome de
diﬁcultad respiratoria y la infección.
Toda persona que ha sido víctima de una mordedura por
serpiente debe ser trasladada lo más pronto posible a un
centro de atención en donde se le pueda brindar la ayuda
requerida. Como en todo caso de traumatismo, lo primero
a considerar dentro del manejo de un envenenamiento
por mordedura de serpiente es el ABC, después del cual
se instituirá el tratamiento especíﬁco. En el tratamiento
inicial del paciente con envenenamiento por mordedura
de serpiente, en el pasado se utilizaron algunas técnicas
que en la actualidad no se utilizan por su falta de eﬁcacia
o porque el riesgo que implican es mayor que el beneﬁcio.
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Tal es el caso de los torniquetes, la aplicación de hielo a
la zona de lesión y la incisión de la piel.10 La desbridación
del tejido necrótico y la fasciotomía, en caso de síndrome
compartimental, son algunas de las medidas quirúrgicas
a tener en cuenta. Sin embargo, generalmente se pueden
evitar con la administración oportuna del antídoto.
La piedra angular del tratamiento del envenenamiento por
mordedura de serpiente, es la aplicación del antídoto. El
antiveneno derivado del caballo (Antivenen Crotalidae
Polivalent o ACP), fue introducido en los Estados Unidos
en el año de 1954, y desde entonces ha contribuido a un
descenso notable de la mortalidad. En la actualidad se
cuenta con otro antiveneno, FabAV, derivado del suero
de ovejas, que además de tener mayor eﬁcacia que el
ACP, causa menos reacciones alérgicas.6
OBJETIVO GENERAL
Describir el tratamiento de las mordeduras por víbora de
cascabel.
Objetivos particulares:
1. Identiﬁcar la importancia de un tratamiento oportuno
de la mordedura por víbora de cascabel.
2. Describir las diferentes opciones de tratamiento
prehospitaliario y hospitalario, para el manejo de las
mordeduras por víbora de cascabel.
3. Describir las posibles complicaciones que surgen
como consecuencia de la mordedura por víbora de
cascabel.
4. Describir el tratamiento de las complicaciones por la
mordedura de víbora de cascabel.
EPIDEMIOLOGÍA
Según la OMS ocurren alrededor de 40,000 muertes
anuales por mordeduras de serpientes en todo el mundo.
El 50% de estos acontecimientos se producen en la
India.16
No existen cifras conﬁables acerca de la frecuencia con
la que ocurren las mordeduras por serpiente. Este subregistro resulta del poco acceso a los servicios de salud de
la población con mayor riesgo de sufrir este accidente.
14

Pese a ello, existen algunos registros que reportan alrededor de 20 muertes por año, aunque se calcula que la
cifra real es de 100 defunciones y 27,000 casos de envenenamiento anuales en México.17
En el Instituto Mexicano del Seguro Social (IMSS), en
el período comprendido de 1994 a 1998, se registraron
2,620 mordeduras por serpiente, siendo los estados con
mayor incidencia Quintana Roo, el Sur de Veracruz,
Durango, Tlaxcala y Nayarit. El grupo de edad más afectado fue el de 15 a 44 años, con 48.75% de los casos, de
los cuales el 64% fueron hombres y el resto mujeres. El
44% se dedicaban al campo, 22% eran estudiantes, 17%
amas de casa, 2% obreros y el resto se dedicaba a otras
actividades. Por orden descendiente de frecuencia las
regiones más afectadas fueron los pies (72%), seguidos
por muslos (14%), manos (13%) y cabeza (1%). La mayor
parte de las mordeduras fueron producidas por serpientes
cascabel (44.9%), en los meses de Junio y Octubre. En
este mismo período (1994-1998) se registraron 23 defunciones, la mayor parte de los cuales ocurrieron en San
Luis Potosí y Nuevo León, seguidos por Tamaulipas,
Chihuahua, y el Norte y Sur de Veracruz. El 41.67% de
las defunciones se registraron en personas de 45 a 64 años
de edad, siendo más afectados los hombres (66.7%).16
En lo que respecta a Estados Unidos, en los pasados
tres años la American Association of Poison Control
Centers ha reportado un promedio de 6,000 mordeduras
por serpiente al año, 2,000 de las cuales corresponden a
serpientes venenosas. Al igual que en México, las cifras
no son conﬁables, y se ha calculado que la verdadera incidencia es de 7,000 a 8,000 casos por año, de los cuales 5
a 6 resultan mortales. Generalmente la muerte ocurre en
niños, ancianos, y pacientes que no reciben el antídoto,
lo reciben de manera tardía o en dosis inapropiadas. A
diferencia de lo que ocurre en México, en Estados Unidos
el 90% de las mordeduras se localizan en las manos y los
brazos, puesto que la mayoría resultan de la exposición
deliberada para capturar a las serpientes.6
FISIOPATOLOGÍA
La ﬁsiopatología del envenenamiento por mordedura
de serpiente depende de dos factores principales: las
propiedades tóxicas del veneno y la respuesta inmunitaria de la víctima a las toxinas del mismo. El veneno
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de serpiente es una mezcla compleja de compuestos
proteicos y no proteicos. Las proteínas son las responsables de la mayor parte de los efectos tóxicos, debido
a sus propiedades enzimáticas, y constituyen el 90-95%
del veneno. El restante 5-10%, que corresponde a los
compuestos no proteicos esta constituidos por metales,
como el zinc; aminoácidos libres, como glicina y valina;
carbohidratos, como el ácido siálico; y aminas biógenas,
como histamina y serotonina.14 En general, se podría
clasiﬁcar a los venenos como citotóxicos (que producen
hemototoxicidad y lesión tisular) y neurotóxicos, pero
esto sería arbitrario, ya que todos los venenos tienen en
mayor o menor medida ambos efectos. La citotoxicidad
es la propiedad que predomina en el caso del veneno
de la serpiente de cascabel, que de manera principal se
compone de las siguientes enzimas:6
ENZIMAS DEL VENENO DE LA SERPIENTE
CASCABEL
Enzimas proteolíticas
Enzima similar a la trombina
Colagenasa
Fosfolipasa A2
Fosfomonoesterasa
Fosfodiesterasa
5-nucleotidasa
Hidrolasa ester arginina
Hialurodinasa
Rnasa
Dnasa
l-aminoacido oxidasa

Las glándulas que contienen el veneno se localizan por
detrás del ojo y se encuentran rodeadas por un músculo
cuya función es comprimirlas. Cuando la serpiente
muerde, las glándulas son exprimidas y el veneno se
expulsa a través de un conducto que va de la glándula
a la punta del colmillo. Con la mordedura, el veneno es
inoculado dentro de la dermis y el tejido subcutáneo,
con menor frecuencia en el tejido muscular, lugares
desde donde es absorbido a través de los vasos linfáticos.
Pese a la gran variedad de acciones de cada uno de los
componentes del veneno, los principales problemas a
los que se enfrenta el médico son lesión tisular, coagulopatía, trombocitopenia, hipovolemia, neurotoxicidad 9
y anﬁlaxia.
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Lesión tisular y citotoxicidad
Las enzimas proteolíticas, las colagenasas y las hialuronidasas, producen necrosis inicialmente en el sitio de la
lesión, que puede extenderse conforme evoluciona el
proceso. Asimismo, las hialuronidasas incrementan la
permeabilidad vascular, dando como resultado extravasación sanguínea y formación de edema. Se ha identiﬁcado una enzima denominada miotoxina-a, la cual, por
medio del incremento del calcio intracelular conduce a
necrosis del músculo esquelético, lo que podría explicar
la rabdomiolisis que se presenta en ausencia de síndrome
compartimental en algunos pacientes.9
Alteraciones hematológicas
Las fosfolipasas, al destruir los fosfolípidos de la
membrana del eritrocito, originan hemólisis intravascular, y por el mismo mecanismo condicionan destrucción plaquetaria.13 Asimismo, el síndrome similar a CID
o el CID puede contribuir a la trombocitopenia.
Coagulopatía
La coagulación se puede alterar por cualquiera de dos
mecanismos: síndrome similar a la coagulación intravascular diseminada (coagulopatía por veneno) o coagulación intravascular diseminada (CID) propiamente dicha.
El primero es el más frecuente, y se trata de un proceso
de desﬁbrinación, del cual es responsable la enzima
similar a la trombina. Esta enzima induce la formación
de monómeros de ﬁbrina, los cuales a su vez generan
una malla de ﬁbrina anormal e inestable, sobre la que
no puede actuar el factor XIII y que al ser lisada, forma
productos de degradación de la ﬁbrina pero no dímero
D.17 La coagulopatía por veneno provoca persistencia del
sangrado en los vasos que han sido dañados, pero no se
produce hemorragia espontánea.19 La CID propiamente
dicha es rara, pero puede surgir como resultado de activación de la cascada de la coagulación por el endotelio
lesionado.9
Hipotensión
Generalmente resultado de hipovolemia por fuga al
tercer espacio.
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Neurotoxicidad
Las neurotoxinas del veneno impiden la propagación del
impulso nervioso mediante el bloqueo de la liberación
de acetilcolina (beta-neurotoxina), e interﬁriendo con la
acción de dicho neurotransmisor por su unión a los receptores posinápticos (alfa-neurotoxina). Estos mecanismos
pueden conducir al paciente a parálisis muscular, con
insuﬁciencia respiratoria y muerte por asﬁxia.17,19 Este
efecto no es frecuente en las mordeduras por víbora de
cascabel, en las que en cambio es posible observar otras
manifestaciones de neurotoxicidad como las parestesias.
Anaﬁlaxia
Como es bien conocido toda sustancia ajena al organismo
es capaz de despertar una respuesta inmune y producir
alergia, que en el peor de los casos puede culminar en un
choque anaﬁláctico y la muerte del paciente. La reacción
anaﬁláctica suele presentarse en personas que han estado
previamente expuestas al veneno de la serpiente, generalmente se trata de criadores de serpientes.
En algunos casos, 10-25%, ocurren “mordeduras
secas”,5,6,13 es decir, no hay inoculación de veneno. Estas
se maniﬁestan tan solo por la presencia de las marcas de
los colmillos de la serpiente y dolor en el sitio de lesión,
que generalmente se autolimita.
MANIFESTACIONES CLÍNICAS Y EVOLUCIÓN
El cuadro clínico varía desde la presencia de la marca
de los colmillos, con o sin dolor e inﬂamación local,
hasta situaciones que comprometen la vida, tales como
coagulopatía, insuﬁciencia renal y choque. La severidad
del cuadro clínico depende de diversos factores, entre
los que se cuentan tamaño y edad de la serpiente, condición de los colmillos y de las glándulas venenosas de la
misma; número y localización de la o las mordeduras,
profundidad a la que es depositado el veneno, cantidad
de veneno inoculado; edad, talla y estado de salud previo
de la víctima; tratamiento recibido de forma extrahospitalaria, y tiempo transcurrido entre el accidente y la
administración del antídoto.12
La reacción más común de la víctima es el pánico, que
puede causar náusea, vómito, diarrea, síncope, taqui16

cardia, y piel fría y pálida, manifestaciones que puede
confundirse con envenenamiento real, y que deben diferenciarse de él.6
Los síntomas de envenenamiento pueden dividirse en
locales y sistémicos.
Manifestaciones locales
En la totalidad de los pacientes se encuentran las marcas
de los colmillos de la serpiente. El síntoma más frecuentemente asociado a la mordedura por cascabel es el dolor
en el sitio en que se produjo la mordedura, aparece de
manera inmediata, y se describe como quemante, su
intensidad depende de la cantidad de veneno inoculado y
el grado de edema.14 El edema, el eritema y la equimosis
pueden presentarse en un período de 30 a 60 minutos
después de la mordedura, cuando estos datos estan
ausentes se debe sospechar una mordedura seca. Puede
haber linfangitis con ganglios regionales dolorosos y
aumento local de la temperatura.6 El edema puede ser
rapidamente progresivo, llegando a involucrar una
extremidad completa en menos de una hora. Puede haber
necrosis la cual se acompaña de formación de bulas.
Aunque es sumamente raro, el veneno puede ser inoculado dentro de una articulación o directamente dentro
de una vena. En el primer caso se produce destrucción
severa de la superﬁcie articular, mientras que en segundo
hay toxicidad grave y la muerte puede ser inmediata. 13
Manifestaciones sistémicas
Dentro de las manifestaciones sistémicas tempranas
se encuentran naúsea, vómito, parestesias periorales,
hormigueo en la punta de dedos y lengua, fasciculaciones, letargia y debilidad.6 El paciente suele referir un
sabor metálico, que se debe a la presencia de metales
como el zinc en el veneno.13 Puede haber efectos sistémicos severos como choque anaﬁláctico, hipotensión,
taquipnea, diﬁcultad respiratoria, alteraciones de la
conciencia, síndrome similar a CID (que se maniﬁesta
por alteraciones en el perﬁl de coagulación), y que
debe ser diferenciado del CID verdadero, puesto que su
manejo es diferente.
Si no se presta el manejo apropiado el cuadro clínico
puede evolucionar a choque hipovolémico, síndrome
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de diﬁcultad respiratoria, acidosis láctica, insuﬁciencia
renal y ﬁnalmente a la muerte.
DIAGNÓSTICO
El diagnóstico es relativamente fácil de hacer, puesto
que generalmente se cuenta con el antecedente “de haber
sido mordido por una serpiente”, ya sea referido por la
propia víctima o por las personas que lo acompañan. Si
es posible, contar con la identiﬁcación de la serpiente es
de gran utilidad. Algunas características pueden ayudar
a diferenciar una serpiente venenosa de otra que no lo
es. Una de ellas, que se encuentra en el 100% de las
serpientes venenosas y que no forma parte de la morfología de las no venenosas, es un hoyuelo localizado entre
el ojo y la narina, que representa un órgano sensitivo
que permite a la serpiente percibir el calor, y de este
modo localizar a su víctima. Otras características de las
serpientes venenosas son la cabeza triangular, la pupila
elíptica, una hilera única de placas subcaudales y colmillos bien desarrollados.14 En el caso de la cascabel, hay
DIAGNÓSTICO DIFERENCIAL ENTRE CID Y
COAGULOPATÍA POR VENENO DE SERPIENTE
(TOMADO DE URGENCIAS HIM)
Manifestación y tratamiento
Formación patológica de
trombina
Activación del factor XIII
Formación de ﬁbrinopéptido
AyB
Formación de ﬁbrinopéptido
AoB
Formación deﬁbrina de unión
cruzada

CID

Coagulopatía
por veneno

Sí

No

Sí

No
No
(poco común)

Sí
No

Sí

Sí

No

PDF

Sí

Sí

Dímeros D

Sí

Depleción de antitrombina III
Trombocitopenia
Hemorragia activa
Trombosis intravascular
Heparina útil
Antídoto útil
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No
No
Sí
(poco común)
Sí
Ocasional
Muy
Poco
frecuente
frecuente
Poco
Sí
frecuente
Posiblemente
No
No
Sí

una estructura característica localizada al ﬁnal de la cola
constituida por queratina, que al moverse produce un
sonido al que la serpiente debe su nombre. Por otro lado,
las serpientes no venenosas tienen pupilas redondas, dos
ﬁlas de placas subcaudales y no tienen colmillos.17
Los estudios de laboratorio deben estar encaminados a
identiﬁcar alteraciones de la coagulación, anemia, hemoconcentración, y rabdomiolisis.
Estudios de
laboratorio

Resultados
1. Disminución de la
hemoglobina

Biometría
hemática
completa

2. Trombocitopenia
3. Hemoconcentración

Fisiopatología
1. Hemólisis
intravascular y
hemorragia
2. Lisis plaquetaria
y síndrome similar
a CID
3. Por fuga de líquido
a tercer espacio

1. TP y TPT
Síndrome similar a la
prolongados
coagulación intravas2. Niveles bajos de
cular diseminada, o
ﬁbrinógeno
coagulación intravasPérﬁl de
3. Productos de
cular diseminada
coagulación
degradación de
la ﬁbrina (excepto
dímero D, a
menos que haya
una real CID)
1. Altos niveles de
Rabdomiólisis
creatinin fosfocinasa
Química
2. Niveles elevados
sanguína
de creatinina
no atribuibles a
insuﬁciencia renal
1. Mioglobinuria
Rabdomiólisis
Exámen
2. Proteinuria
Hemolisis
general de
3. Hemoglobinuria
Insuﬁciencia renal
orina
4. Hematuria
La frecuencia con que se repitan los estudios dependera de las condiciones clínicas del paciente. Se recomienda hacer una toma después
de administrar el antídoto, y posteriormente cada 4 horas.18

En el caso de personas mayores de 40 años, en quienes
padecen una enfermedad cardiopulmonar, o en quienes
sufrieron un envenenamiento severo se sugiere tomar un
electrocardiograma y una radiografía de tórax. Debe realizarse una gasometría en caso de que el paciente presente
datos de compromiso respiratorio.7, 10 La radiografía
simple será de utilidad sólo en caso que hubiese quedado
17
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un fragmento de colmillo, cuando la región afectada es
una articulación o cuando se sospeche lesión ósea.13
El aspecto más importante del diagnóstico, y que
además permitirá decidir el tratamiento a proporcionar,
es el grado de envenenamiento. Para el efecto existen
diversas escalas, de las cuales, quizás la más práctica sea
la siguiente:6
Tipo de
signos o
síntomas

Locales

Grado de severidad del envenenamiento
Mínima

Moderado

Inﬂamación,
eritema o
equimosis
limitado a la
zona de la
lesión

Progresión de
la inﬂamación,
el eritema o la
equimosis a
tejido adyacente
al sitio de lesión.

Inﬂamación,
eritema o
equimosis que
compromete
la totalidad de
la extremidad
afectada.

No están
presentes

Síntomas que no
comprometen
la vida: náusea,
vómito,
parestesias
periorales e
hipotensión
leve.

Hipotensión
grave (presión
sistólica menor
a 80 mmHg),
alteraciones de la
conciencia, taquicardia, taquipnea,
insuﬁciencia
respiratoria.

No hay
alteración

Alteración
leve de la
coagulación
(aumento de
TP y TPT,
disminución de
plaquetas y del
ﬁbrinógeno),
sin evidencia de
sangrado

Alteración grave
del pérﬁl de
coagulación,
con evidencia de
hemorragia (TP
y TPT no cuantiﬁcables, trombocitopenia severa
<20,000/mm3);
los resultados de
otros examenes de
laboratorio pueden
estar severamente
alterados.

Sistémicos

Coagulación

Grave

(Tomado de N Engl J Med 2001, 347:347-356)

COMPLICACIONES
Choque hipovolémico
Es la causa más frecuente de muerte. Se debe principalmente a la fuga de líquido hacia el tercer espacio, como
consecuencia de la lesión del endotelio y vasodilatación.13
18

Síndrome de diﬁcultad respiratoria del adulto
Es el resultado del edema pulmonar secundario al aumento
de la permeabilidad de los capilares pulmonares.13
Insuﬁciencia renal
Como consecuencia de la hipoperfusión renal, mioglobinuria, hemoglobinuria, síndrome similar a CID o CID
propiamente dicho, y/o por efecto nefrotóxico de los
componentes del veneno.6
Infección de la herida
Es una complicación rara, por lo que no se recomienda la
proﬁlaxis, a menos que la herida este muy contaminada.17
Síndrome compartimental
Es muy raro que se presente esta complicación, sin
embargo merece mención por la gravedad que representa, ya que puede culminar en la pérdida de la región
afectada. Este síndrome es el resultado del aumento de la
presión dentro de un espacio limitado, que compromete
la irrigación y la inerviación de las estructuras contenidas
dentro de él. Se caracteriza por dolor desproporcionado
en relación a la lesión, hipoestesia en la distribución de
los nervios que pasan por el compartimento, aumento
de la sensibilidad a la palpación y debilidad de los
músculos que forman parte del compartimento involucrado. Como se puede apreciar, las manifestaciones son
indistinguibles de aquellas propias del envenenamiento,
por lo que la única manera de diagnosticar el síndrome
compartimental de forma objetiva es midiendo la
presión intracompartimental.8 Todos los compartimentos
tienen una presión menor a 10 mmHg y generalmente
cercana a cero. El síndrome compartimental responde
de manera satisfactoria a la administración del antídoto.
Es recomendable que en todo paciente en que se detecte
síndrome compartimental, la presión del compartimento
afectado sea monitorizada, y si esta se eleva a un valor
>30 mmHg se recomienda hacer fasciotomía.8
Coagulación intravascular diseminada
Es rara, pero puede surgir como resultado de activación de
la cascada de la coagulación por el endotelio lesionado.
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TRATAMIENTO
Extrahospitalario
El manejo extrahospitalario, debe enfocarse a estabilizar
al paciente y transportarlo lo más pronto posible a un
hospital que cuente con el antiveneno.
La primera preocupación debe ser resolver los problemas
que pongan en peligro inmediato la vida del paciente, de
aquí, que el manejo inicial debe centrarse en el ABC. Una
vez se han resuelto o se han descartado estos problemas,
se debe trasladar al paciente.
En el pasado fueron recomendadas varias técnicas
como parte del manejo extrahospitalario de la víctima
de mordedura de serpiente, tales como la crioterapia y
la aplicación de torniquetes. Hoy en día, dichas técnicas
han entrado en desuso debido principalmente a que
pueden provocar mayor daño.
En los años 90 algunos recomendaron la incisión a través
de las marcas de los colmillos de la serpiente, seguida de
la succión. Esta medida es muy controvertida. Quienes
la recomiendan dicen que se debe realizar una incisión
de 1 mm de longitud y 3 de profundidad, que se debe
realizar dentro de los primeros cinco minutos después de
la mordedura, en pacientes con manifestaciones claras
de envenenamiento, cuando la llegada del paciente al
hospital tardará más de 30-40 minutos.8 Algunos estudios llevados a cabo en animales han demostrado que
la incisión-succión puede remover cantidades de veneno
que varían de 1-50%, pero si se realiza después de 15-30
minutos no ofrece ningún beneﬁcio.11 Debido a la falta
de evidencia clínica y a las complicaciones potenciales
(mayor daño del tejido involucrado e infección), esta
terapia no se recomienda.11,19 Se ha dicho que la succión
con un extractor de veneno, aplicada dentro de los cinco
minutos posteriores a la mordedura, durante 30 minutos
puede ser de beneﬁcio, sin embargo aun no hay pruebas
contundentes.10,19
La utilidad de los torniquetes se basa en el hecho de que
al obstruir el ﬂujo sanguíneo se disminuye la velocidad
de absorción del veneno, y por lo tanto la toxicidad sistémica. Sin embargo se han prohibido por la desventaja que
plantea la posibilidad de isquemia del miembro afectado.
En lugar del torniquete que obstruía el ﬂujo arterial, se
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han utilizado otras técnicas como la banda de constricción
la cual impide el ﬂujo venoso y el linfático, sin comprometer el arterial. Este efecto se consigue aplicando una
presión que permita el paso de uno o dos dedos (generalmente 20 mmHg). De esta manera, además de disminuir
la velocidad de absorción del veneno, se reduce el riesgo
de isquemia, sin embargo, la técnica sigue planteando la
desventaja de que al quedar atrapado en el sitio de lesión,
el veneno producirá mayor daño local. Se ha sugerido el
uso de la banda de constricción en casos en que demorará
la llegada de la víctima al hospital, y en caso de haberse
aplicado no debe ser retirada hasta que se halla administrado el antídoto.10,11
Lo que se recomienda actualmente es inmovilizar la
parte afectada, con la ﬁnalidad de disminuir la cantidad
y velocidad de absorción; retirar los anillos, relojes y
ropa apretada, y transportar al paciente lo más pronto
posible.7,10,11
De ser posible se deben tomar los signos vitales y medir
la extensión del edema.
Intrahospitalario
A la llegada del paciente al hospital, el médico debe
valorar nuevamente el ABC, y en el caso de mordeduras
en el cuello o en la cara, debe considerar la intubación
endotraqueal porque la progresión del edema puede
impedir su realización en un futuro. Si no se llevó a
cabo en el manejo extrahospitalario, se debe obtener
una vía permeable, y en caso de requerirlo (paciente
hipotenso) indicar la infusión intravenosa de líquidos y
administración de vasopresores según lo amerite el caso
en particular. Algunos pacientes pueden requerir oxígeno
suplementario e incluso ventilación asistida.11
Se debe obtener una breve historia de los acontecimientos
ocurridos, poniendo énfasis en los siguientes puntos: 6
♦
♦
♦
♦
♦
♦

Hora a la que ocurrió el accidente
Descripción general de la serpiente
Manejo que recibió antes de la llegada al hospital
Estado de previo salud del paciente
Alergias (caballo, oveja).
Antecedentes previos de mordeduras de serpiente y
tratamiento recibido.
19
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Una vez estabilizado el paciente, y después de administrar el antiveneno, se debe limpiar y explorar la herida.
Además, y con la ﬁnalidad de vigilar la progresión local,
se debe marcar la extensión del edema y la circunferencia
de la extremidad afectada cada 15-20 minutos.6,9,13
Los pacientes asintomáticos deben ser observados por un
mínimo de 12 horas. Si después de este período de tiempo
el paciente no presenta alteraciones ya sea clínicas o por
laboratorio, puede ser enviado a casa, con la indicación
de regresar al hospital si se presenta cualquiera de los
siguientes síntomas: aumento del dolor o del edema,
epistaxis, orina oscura o con sangre, náusea o vómito,
diﬁcultad respiratoria o diaforesis.10
Uso del antídoto
Los antídotos constituyen la base del tratamiento de la
víctima de una mordedura de serpiente, y están indicados
en las siguientes circunstancias: 3, 6
♦ Inﬂamación rápidamente progresiva
♦ Coagulopatía
♦ Efectos sistémicos como: hipotensión, neurotoxicidad
y alteración del estado de alerta.
El primer antídoto utilizado en el tratamiento del envenenamiento por serpiente, antiveneno polivalente contra
Crotalidae (ACP) fue introducido en 1954, por los laboratorios Wyeth.3 Contribuyó a una notable disminución
del índice de mortalidad, de 5-25% en el siglo XIX a <5%
en la actualidad.6 El ACP se deriva de suero de caballos
que han sido inmunizados contra C. durissus terriﬁcus
(cascabel), C. Adamanteus, C. attrox, Bothrops atrox.6
La cantidad del antídoto que se administre dependerá del
grado de envenenamiento del paciente. Antes de aplicarlo es recomendable hacer una prueba de sensibilidad,
esta consiste en la inyección intracutánea de 0.02-0.03
ml de una dilución 1:10 de suero de caballo o del antiveneno. En el caso de pacientes en quienes se sospeche que
existe sensibilidad, la dilución utilizada debe ser 1:100.
La lectura de la prueba se hará en 15-30 minutos después
de aplicada la inyección, si es positiva se observará una
pápula rodeada o no por eritema. Se debe mencionar que
una prueba cutánea negativa no descarta la posibilidad
de aparición de enfermedad del suero. Si no existen
antecedentes de alergia y la prueba cutánea es negativa,
se procederá a la administración del antídoto; si por el
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contrario tanto los antecedentes como la prueba son positivos, se tendrá que hacer una valoración riesgo-beneﬁcio, puesto que la aplicación del antídoto es peligrosa
por la reacción que pudiera presentar el paciente. Con
la ﬁnalidad de disminuir la posibilidad de presentación
de una reacción sistémica inmediata, Wingert y Wainshel
propusieron el siguiente procedimiento: Administrar
de 50-100mg de clorhidrato de difenhidramina por vía
intravenosa, seguido de infusión lenta, por la misma vía,
del antiveneno diluido durante 15-20 minutos mientras
se monitoriza cuidadosamente al paciente; si no presenta
signos de anaﬁlaxia se continúa la administración del
antídoto. Cuando el paciente no es sensible se utilizan
diluciones 1:1 o 1:10 en cloruro de sodio, o dextrosa al
5%. La dosis inicial recomendada es la siguiente: envenenamiento leve 20-40ml (2-4 viales), envenenamiento
moderado 50-60ml (5-9 viales), y envenenamiento grave
100-150 ml (10-15 viales). Se debe comenzar con la
administración de 5-10ml en 3-5 minutos, para observar
si hay reacción. La necesidad de antiveneno adicional
dependerá de la valoración continua del estado de envennamiento. Para lograr la mayor eﬁcacia el antídoto debe
ser administrado en las primeras cuatro horas de ocurrida
la mordedura. Su uso después de 12 horas es cuestionable, sin embargo, en pacientes graves se recomienda
utilizarla aun cuando hayan transcurrido 24 horas.12
Actualmente se cuenta con otro antídoto, Crotalidae
Polivalent Immune Fab (FabAV)5, que es obtenido
mediante la inmunización de ovejas con veneno de
serpiente, y fue aprobado por la FDA en octubre del año
2000. Estudios llevados a cabo en animales, han demostrado que el FabAV es 5.2 veces más potente que el ACP,
además de ser menos antigénico. En efecto, la frecuencia
de la anaﬁlaxis con ACP es de 23-56%, mientras que con
FabAv es de 14%. Lo mismo ocurre con la enfermedad
del suero, 18-86% de frecuencia con ACP y 16% con
FabAv.3 El FabAV, se distribuye más rápido y alcanza
mayor concentración que ACP, pero se elimina a mayor
velocidad (vida media de ACP 61-194 horas, mientras
que la de FabAV es de 14.3-25.4). Ambos antídotos son
capaces de prevenir los efectos sistémicos del veneno,
pero ninguno resulta tan eﬁcaz tratándose de los efectos
locales.
En el primer ensayo clínico llevado a cabo para evaluar
el FabAV se observó que puede haber recurrencia de los
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síntomas relacionados con el veneno. La inﬂamación de
la extremidad afectada recurrió dentro de las primeras
18 horas en algunos pacientes, y en un individuo se
encontró hipoﬁbrinogenemia 7 días después de administrar FabAV.4 La recurrencia puede ser explicada por la
diferencia entre la farmacocinética y la farmacodinamia
del veneno y el antiveneno, ya que este último se elimina
más rápido que el primero. Otros mecanismos que contribuyen a la recurrencia son la separación de los complejos
veneno-antiveneno, y el desarrollo de anticuerpos contra
el antídoto.2 La recurrencia suele presentarse cuando
disminuyen las concentraciones del antiveneno, por lo
cual se han desarrollado algunos esquemas de tratamiento
encaminados a evitar la caída de la concentración y por
lo tanto la recurrencia. El esquema consiste básicamente
en lo siguiente: como dosis inicial el paciente recibe de
6-12 viales, posteriormente 2 viales a las 6-12 y 18 horas
de la administración inicial.3 Asimismo, las recurrencias
también pueden ser corregidas con una nueva administración del antídoto, que debe llevarse a cabo en todo
paciente con < 50 mcg/ml de ﬁbrinógeno, < 25,0000
plaquetas/mm3, aumento de los datos locales o sistémicos
de envenenamiento, alto riesgo de sufrir un traumatismo,
o en quienes presenten alguna enfermedad de base que
aumente el riesgo de sangrado. La recurrencia ocurre con
mayor frecuencia cuando se utiliza el ACP.
Diferencias entre ACP y FabAV
Variables
ACP
FabAV
Animal de origen Caballo
Oveja
C. adamanteus, C.
C. adamanteus, C
Venenos utilizados
Atrox, C. Durissus
atrox, C. sculatus,
para inmunizar al
terriﬁcus, Bothrops
Agkistrodon
animal
atrox.
piscivorus
Fragmento Fab
Inmunoglobulina IgG (150kD)
(50kD)
Método de
Precipitación en sulfato Precipitación en
puriﬁcación
de amonio
sulfato de sodio
Proteíanas totales 2.1g/vial
< 1.5 g/vial
Albúmina
120 mg/vial (6% w/w) < 0.5% w/w
85% w/wfragmento
Anticuerpos
18.9% w/w IgG
Fab
totales
< 3% w/w Fc
Color
Amarillo
Blanco
w/w=peso/peso. (Tomado de N Engl J Med, 2002; 347:347-56)

Reacciones adversas
Independientemente del antídoto que se elija, siempre se
debe mantener en mente que se trata de productos antiVol. 12 Number 1

génicos, que pueden originar alguna de las siguientes
manifestaciones:
- Choque anaﬁláctico. Ocurre dentro de los primeros
30 minutos de administrado el antídoto, y puede
curar con urticaria, edema de cara, lengua y garganta;
disnea, cianosis, y colapso cardiovascular. 12
- Enfermedad del suero. Se presenta 5-24 días después
de administrado el antídoto, y se maniﬁesta con
malestar general, ﬁebre, urticaria, linfadenopatía,
edema artralgias, náusea y vómito. Ocasionalmente
puede haber meningismo o neuritis periférica.12
La importancia de reconocer los antecedentes de mordeduras previas, radica en el hecho de que el paciente
pudiera haber recibido el antídoto, y así haber sido sensibilizado, lo que diﬁcultará el manejo, puesto que aumenta
el riesgo de que se presente alguna reacción alérgica y
disminuye la respuesta del paciente al tratamiento.15
La fasciotomía, es un procedimiento quirúrgico que
está estrictamente reservada para aquellos pacientes que
presenten síndrome compartimental, y nunca debe ser
realizada como tratamiento proﬁláctico8
Hay que considerar la administración de toxoide tetánico
o inmunoglobulina tetánica, de acuerdo a los antecedentes de inmunización del paciente.10
No se recomienda el uso de antibióticos proﬁlácticos,
puesto que la incidencia de infección después de la
mordedura por serpiente es de tan sólo 3%.10 Estos se
utilizarán únicamente en caso de que la herida este muy
contaminada o que haya datos de infección.
CONCLUSIONES
El envenenamiento por mordedura de serpiente constituye una emergencia médica que compromete la vida.
El manejo extrahospitalario se debe limitar a la inmovilización de la extremidad afectada y al traslado de la
víctima al hospital más cercano lo más pronto posible.
Los objetos constrictores, tales como pulseras y anillos,
deben ser retirados. Hay que evitar la aplicación de
torniquetes y la incisión-succión, por el riesgo que representan. Cuando el paciente llega al hospital la primera
meta será estabilizarlo (aplicación del ABC). Es impor21
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tante obtener información acerca de la hora en la que
ocurrió el accidente, si el paciente ha sido anteriormente
mordido por una serpiente y el tratamiento recibido, y
si es alérgico a los caballos o las ovejas. Según sea el
caso; además se deben monitorizar los signos vitales y
medir la extensión del edema cada 15-20 minutos. Es
necesario establecer el grado de envenenamiento para
valorar si el paciente requiere o no la aplicación del antídoto. En caso de envenenamiento leve y no se observe
progresión, se debe lavar la herida, inmovilizar la parte
afectada, administrar la vacuna antitetánica, en los casos
que lo requieran y mantener al paciente hospitalizado por
un período mínimo de 12 horas, transcurridas las cuales
si no se observan alteraciones clínicas y/o de laboratorio
se podrá egresar. Si el paciente amerita la administración
del antídoto (pacientes con síntomas locales o sistémicos
progresivos), es necesario tomar las medidas necesarias
para prevenir la aparición de reacciones anaﬁlácticas.
Con respecto a la elección del antídoto parece ser que el
FabAV ofrece mayores ventajas que el ACP, sin embargo,
existe la desventaja de su baja disponibilidad y su alto
costo, por ello lo más recomendable es aplicar el tipo
de antiveneno que se tenga a la mano, siempre en las
mejores condiciones para prevenir la progresión de la
lesión y la aparición de recurrencias. Los antibióticos se
administraran solo en caso necesario, la administración
proﬁláctica debe evitarse. En cuanto a la fasciotomía,
esta se debe reservar sólo para los verdaderos casos
de síndrome compartimental. En cuanto sea posible el
paciente debe recibir rehabilitación para recuperar la
función de la región afectada.
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ABBREVIATED CELIOTOMY FOR DAMAGE CONTROL TECHNICS
Vicente H. Gracias, MD, FACS, Benjamin Braslow, MD

INTRODUCTION

DCO

Experience with the damage control (DC) approach
continues to evolve and improve. Analysis of DC
outcomes in severely injured patients with abdominal
injury has shown improved survival. The DC principles
now cross all surgical disciplines and are practiced
as part of orthopedic, thoracic, vascular, neurologic
and urologic surgery. The initial operation (DCI)
accomplishes cessation of exsanguination and control of
GI contamination. The patient subsequently undergoes
warming and ongoing resuscitation in the intensive care
unit until physiologic and biochemical stabilization is
achieved (DCII) followed by deﬁnitive repair of all
injuries at re-exploration (DCIII). The combination of
hypothermia, shock, multiple blood transfusions, and
severe organ injury creates an unfavorable environment
for surgical success. In the hostile environment of the
DC abdomen, events can prove extremely challenging
and imminently life threatening. Several techniques
are employed to streamline the surgical approach to
the exsanguinating patient and achieve an ultimately
successful outcome.

This represents the earliest phase of the damage control
process, which occurs in the pre-hospital setting and
continues into the trauma bay. Here the emphasis is on
injury pattern recognition of potential damage control
patients. For the EMS providers this manifests in
truncated scene times and early notiﬁcation of the trauma
response team. Pre-hospital awareness of severity of
injury and a proper pre-arrival reporting mechanism for
such injury makes anticipating patient needs more ﬂuid
and ensures less delay in resource mobilization at the
trauma center. Damage Control stage O has two main
technical considerations that must essentially be met
for ultimate success. Primarily the trauma hospital must
be prepared and equipped with resources to implement
successful damage control techniques. Gaining large
bore IV access, rapid sequence intubation, chest tube
placement if indicated, early rewarming maneuvers,
immediate blood product resuscitation, and expedient
transport to the OR are the key elements of DC 0 in
the trauma bay. Simple yet crucial resources such as
blood banking capabilities with adequate blood products
and readily accessible rewarming equipment must be
available to all DC patients. Pattern recognition also
plays an integral role in selecting which patients are
at risk for damage control procedure. If entertained
early, the hospital system can be efﬁciently mobilized
to facilitate the appropriate resuscitation and operative
intervention of the most severely injured patients.
Triggers include pH<7.30, transfusion greater than blood
volume and temperature less than 35oC. Optimal success
for damage control techniques requires application prior
to onset of extreme acidosis, when rapid hemorrhage
control and aggressive resuscitation with reversal of
hypothermia can best limit physiologic derangement
such as coagulopathy.

Currently, damage control signiﬁes the complete process
of salvage, from the ﬁrst contact with severely injured
patients until deﬁnitive repair has been completed
successfully. Each stage of Damage Control employs its
own unique techniques to create an ultimately successful
orchestration of multiple surgical and resuscitation
events.

Director, Surgical Critical Care, Trauma Center at PENN,
Philadelphia, Pennsylvania

24

Abbreviated Celiotomy for Damage Control - Technics

DCI
Two separate yet equal processes continue during Phase
I of Damage control: active resuscitation and surgical
control of injury. Phase I of damage control involves
three simple dictums, hemorrhage control, contamination
control to limit the secondary inﬂammatory response
with rapid bony stabilization (if needed) and prompt,
temporary closure to protect viscera and limit heat loss.
Monitoring of resuscitation and appropriate control and
correction of acidosis and hypothermia occurs in the
operating room (OR) concomitant with the operative
procedure. In a mature trauma center, the operating
room is warmed prior to the patient’s arrival to roughly
27ºC and the anesthesiologists ready their circuit to
deliver warmed oxygen and anesthetic agents. Once
in the OR, the patient is placed in a supine position on
the table with upper extremities out at right angles on
arm boards. Positioning of ECG leads and monitoring
equipment should not interfere with potential options
for surgical incisions. In anticipation of the need for a
median sternotomy, resuscitative left thoracotomy, or
bilateral tube thoracostomy, no leads or tubing should
be present on the anterior or lateral chest wall. The
patient is prepped from chin to mid thighs, extending
down to the table laterally to allow for thoracotomy if
necessary. A Foley catheter and naso-gastric tube are
inserted during the prep if not already performed in the
trauma bay. Surgery should not be delayed while waiting
for the insertion of invasive monitoring devices, i.e.,
arterial lines or central venous lines. These can be placed
during the procedure either by the anesthesiologists or
members of the surgical team if in the prepped region.
Active resuscitation with biologically active colloids
(BAC) ensures control of anemia as surgical control of
hemorrhage proceeds. BAC is also administered to begin
combating coagulapathy that often accompanies lifethreatening hemorrhage. Phase one requires expedited
surgical techniques in order to maintain operating time
within the 90 to 120 minute range. The most expeditious
incision for abdominal exploration is the vertical
midline extending from the xiphoid process to the pubic
symphysis. Once the abdominal cavity is entered, large
clots are manually removed and the abdomen is packed
tightly in all four quadrants with laparotomy pads.
Manual occlusion of the aorta at the diaphragmatic
hiatus can be performed quickly to control abdominal
Vol. 12 Number 1

exsanguination and give anesthesia some time to catch
up with volume replacement. Pre-operative knowledge
of the trajectory of the projectiles expedites focused
assessment of potential sites of major bleeding or organ
injury. Rapid hemorrhage control consisting of hepatic
packing, prompt ligation of non vital bleeding vessels
from mesentery etc. and shunting of destructive injuries
to vital arteries such as iliac and superﬁcial femoral
arteries has greatly reduced operative times. Many
types of shunting material have been described: IV
tubing, internal carotid shunt such as the Argyle shunts,
red rubber catheters, thoracostomy tubes, etc. With
respect to other solid organ injuries, prolonged repair
for bleeding must be avoided. Splenic, renal and distal
pancreatic hemorrhage is best managed with resection.
Damage control orthopedics with rapid external ﬁxation
and rapid shunting of effected vascular structures has
hastened overall operative fracture stabilization and
allows for shortened ischemia times if shunts are applied
rapidly and deﬁnitive repair deferred. During DCI the
emphasis should be on temporary control. Intestinal and
gastric destructive lesions can be quickly resected using
GIA stapling devices or isolated using proximal/distal
umbilical tape and resected. Intestinal continuity is
delayed in order to hasten termination of DCI operative
phase. Colonic injury may require colostomy creation
however, this decision can generally be deferred until
deﬁnitive repair. Once all vascular and bowel injuries
have been controlled, diffuse intra-abdominal packing
is performed. The manner in which this is performed
becomes extremely important when coagulopathy is
noticed and extensive retroperitoneal or pelvic dissection
has been performed. Folded laparotomy pads are ﬁrst
placed over any solid organ injuries as well as over
all areas of signiﬁcant raw surface. Packing should be
tight enough to provide adequate tamponade without
impeding venous return or arterial blood supply.
Much study has involved hemorrhage control in this
group of severely injured patients. Phase I of the Damage
Control sequence cannot be considered complete until
all surgical bleeding has been controlled. Although the
usual next stop along the damage control sequence is the
surgical intensive care unit, occasionally a patient will
require an interventional radiology procedure to achieve
or prolong hemodynamic stability. This is particularly
true for complex hepatic, retroperitoneal, pelvic or
25
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deep muscle injuries that because of location are not
amenable to surgical control or would require lengthy
surgical exploration often in the setting of coagulopathy.
A Growing body of evidence suggests that postoperative
hepatic angiography has a high rate of diagnostic and
therapeutic success. It is best to notify the interventional
radiology team as early as possible once their services are
deemed necessary. This allows for proper mobilization
of personnel and equipment necessary to handle these
complex patients.
Abdominal closure is the ﬁnal step in the initial
laparotomy prior to transport to the ICU. Fascial closure
is not recommended during DC I. Third spacing of
resuscitative ﬂuids leads to intestinal and abdominal
wall edema, which will continue and potentially cause
intra-abdominal hypertension, abdominal compartment
syndrome and fascial necrosis if there is not adequate
provision for volume expansion. Temporary closure
techniques have evolved form simple skin only closures,
to temporary silo type devices, to complex vacuum pack
techniques which allow for maximal abdominal volume
expansion while maintaining a sterile barrier and control
of egress of ﬂuids from the abdominal cavity.
Whether the patient moves through a mature trauma
system or through a system struggling with less
than optimal resources, simple techniques such as
ongoing resuscitation and continuous monitoring and
rewarming of patients can be performed anywhere and
help enormously to support the restitution of normal
physiology which is the corner stone of DCII.
DCII
During this portion of damage control an aggressive
attempt to reverse the sequelae of shock related
metabolic failure and restore normal physiology is made.
Appropriate communication between trauma team, OR
and ICU personnel is considered crucial for successful
resuscitation of DC patients. Communication errors often
lead to delays in the set up of resuscitation equipment
and the availability of BAC. If possible consideration of
prior coordination with hospital blood bank regarding a
trauma exsanguination protocol should be considered.
With prior arrangement a system that delivers large
amounts of PRBC, FFP and other BAC can be created
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that reduces delays and helps prepare the blood bank
system for the enormous toll/work these types of patients
require in preparing BAC. The portion of DC that sets the
stage for ultimate improved survival is damage control
phase II (DCII). Core rewarming is pursued aggressively
to eradicate hypothermia and its detrimental effects upon
acidosis and coagulapathy. If possible, core rewarming
involves, warming all transfused BAC and crystalloid,
ventilator heating elements and warming blankets
(heated air or ﬂuid systems). Should core temperature
reach critical levels below 33oC, extra-corporeal circuit
rewarming may need to be considered. Coagulapathy
requires attentiveness to biologically active colloid
resuscitation. Recently, Activated factor VII has been
used with some success in reducing over all coagulapathy
and transfusion requirements. Although originally
developed as a pro-hemostatic agent for the treatment
of bleeding episodes in patients with hemophilia A or
B with inhibitors to factor VIII or IX, respectively, its
efﬁcacy in the trauma setting is still being evaluated.
Acidosis is monitored and involves ABG pH, lactic
acid and/or base excess monitoring. Resuscitation with
end points directed toward cardiac efﬁciency should be
sought. This describes a state of appropriate end organ
blood ﬂow and cellular oxygen extraction whereby
acidosis is demonstrated to be actively clearing.
Over-resuscitation and end organ edema may have
as detrimental an effect on overall morbidity as does
under resuscitation. Aggressive cardiac monitoring
and liberal PAC use is considered necessary in many
of the severely multiple injured patients. Abdominal
compartment syndrome (ACS) must be suspected and
can occur even in the presence of an open abdomen
with temporary vac- pack dressing or other temporary
abdominal closure technique. An argument can be made
to standardize therapy and monitor all patients who
receive large volume resuscitation for ACS. At the very
least, patients receiving large volume resuscitation that
experience ongoing acidosis and worsening abdominal
distension mixed with worsening pulmonary compliance
should have bladder pressure monitored for possible
abdominal hypertension. Bladder pressures above 25
cmH20 are highly suspect for abdominal hypertension
and any value above this, in association with previously
mentioned physiologic parameters, should be considered
candidates for abdominal decompression. Often patients
are transfused multiple blood volumes and appropriate
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re-dosing of antibiotics need to be considered and
performed.

and patient is ready to return to operating room for
completion of surgical procedures.

Throughout DC II the patient should remain sedated and
receive complete ventilatory support. Chemical paralysis
is used to promote synchrony with the ventilator and
avoid sudden movement that could lead to clot disruption
within the packed abdomen.

Following successful pack removal, a complete reexamination of the abdominal contents should occur with
particular attention paid to any previous repairs made
during DC I. Bowel continuity is restored with normal
surgical technique. Formal vascular repair with PTFE or
vein can be constructed. Consultant surgical specialists
may also perform their speciﬁc reconstructions during
this stage as well. The amount of needed transfusion and
overall physiologic detriment to the patient during this
phase is often surprisingly small. Primary fascial closure
can be attempted at this point if minimal contamination
is present and the closure can be done without signiﬁcant
tension. Primary closure is successful generally 75% of
the time. Fascial closure with standard suture is carried
out and skin is generally closed in delayed primary
fashion.

During this phase, a complete physical exam or ‘tertiary
survey’ of the patient should occur to identify and
address all missed injuries. This can be very difﬁcult
in the obtunded, paralyzed, massively edematous DC
patient. Appropriate radiographs of concerning skeletal
injuries based on physical exam (i.e. bruising, gross
deformity, projected missile trajectory) should be
obtained and immobilization and/or traction devices
applied if indicated. In the case of associated blunt
mechanism, completion of the spine survey is imperative.
Peripheral wounds are addressed and vascular integrity
of all injured limbs is frequently assessed. Necessary
adjunctive studies such as CT scanning should be
obtained at this time however the patient is often too
unstable for travel. Recruitment of surgical specialty
consultants (orthopedics, otolaryngology, vascular) for
all deﬁnitive repairs should occur early in this phase
and both the extent and priority of repairs must be
established with the trauma team leader serving as the
ultimate coordinator.
Occasionally a patient will continue to require packed red
blood cell transfusions despite a corrected coagulopathy
and normalized core temperature. This often requires an
unplanned early return to the OR for exploration. These
patients usually are found to have ongoing surgical
bleeding from a vascular site that was not adequately
treated during the initial damage control operation.
These patients suffer a very high mortality.
DCIII
The third stage of damage control is planned deﬁnitive
reconstruction. This occurs following restitution of
normal physiologic parameters, on average thirty hours
after stage I is completed. Generally, coagulapathy,
acidosis and hypothermia have all been addressed
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Persistent edema within the retroperitoneum, bowel
wall, and abdominal wall often renders primary closure
impossible at this time. Should the abdomen fail to close,
the aforementioned “vac-pack” closure is reapplied and
the patient is then returned to the ICU. Aggressive
diuresis is implemented over the next several days if
hemodynamically tolerated. The patient undergoes daily
abdominal washouts and vacuum pack reapplications
during this time. The majority of damage controlled
open abdomens can be primarily closed within one
week especially if there is no sign of intra-abdominal
infection. If after this time primary closure is still not
possible, delayed abdominal closure with placement of
vicryl mesh followed by split thickness skin grafting is
performed. Again all patients in whom fascial closure
is performed should be monitored for abdominal
compartment syndrome.
DCIV
Invariabally, Damage Control techniques create unique
patients that, 25% of the time, survive with large ventral
hernias. These hernias require careful followup and
when ready at six to eight months post acute recovery,
can be reoperated to attempt facial closure. Abdominal
wall reconstruction with releasing incisions and rectus
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abdominus ﬂap techniques have allowed most damage
control patients to ultimately regain abdominal domain
and return to normal lives.
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LIMITATIONS OF BESIDE DIAGNOSTICS & MINIMALLY
INVASIVE PROCEDURES: THE FAST APPROACH
Grace S. Rozycki, MD, RDMS, FACS

INTRODUCTION
For over 10 years, surgeons in American trauma centers
have successfully performed, interpreted and taught
ultrasound examinations of patients who are injured or
critically ill. The use of this diagnostic tool with real-time
imaging allows the surgeon to receive “instantaneous”
information about the clinical condition of the patient
and, therefore, expedite the patient’s management.
While diagnostic peritoneal lavage (DPL) and computed
tomography (CT) scanning are still valuable diagnostic
tests for the detection of intra-abdominal injury in
patients, ultrasound is faster, noninvasive, and virtually
painless.
TRAUMA SETTING

FAST
Developed for the evaluation of injured patients, the
Focused Assessment for the SonographY of Trauma
(FAST) is a rapid diagnostic examination to assess
patients with potential thoracoabdominal injuries. The
test sequentially surveys for the presence or absence of
blood in the pericardial sac and dependent abdominal
regions, including the right upper quadrant (RUQ), left
upper quadrant (LUQ), and pelvis. Surgeons perform
the FAST during the American College of Surgeons
Advanced Trauma Life Support secondary survey and,
although minimal patient preparation is needed, a full
urinary bladder is necessary to provide an acoustic
window for visualization of blood in the pelvis.

Professor of Surgery, Director, Trauma/Surgical Critical
Care, Emory University School of Medicine, Grady Memorial
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The FAST is based on anatomy because blood accumulates
in dependent areas of the pericardial sac and abdomen.
Furthermore, ultrasound is an excellent modality for the
detection of intra-abdominal ﬂuid, having been shown to
detect ascites in small amounts. Although the minimum
amount of intraperitoneal ﬂuid that can be detected
by ultrasound is not known, most authors agree that it
is a sensitive modality for the detection of ﬂuid. The
abdominal part of the FAST should begin with a survey
of the RUQ which is the location within the peritoneal
cavity where blood most often accumulates and is
readily detected with the FAST.

Technique
Ultrasound transmission gel is applied on four areas of
the thoracoabdomen, and the examination is conducted
in the following sequence: the pericardial area, RUQ,
LUQ, and the pelvis
A 3.5 MHz convex transducer is oriented for sagittal
or longitudinal views and positioned in the subxiphoid
region to identify the heart and to examine for blood in
the pericardial sac. The subxiphoid image is usually
not difﬁcult to obtain, but a severe injury to the chest
wall injury, a very narrow subcostal area, subcutaneous
emphysema, or morbid obesity can prevent a satisfactory
examination. Both of the latter conditions are associated
with poor imaging because air and fat reﬂect the wave too
strongly and prevent penetration into the target organ. If
the subcostal pericardial image cannot be obtained or is
suboptimal, a parasternal ultrasound view of the heart
should be performed.
Next, the transducer is placed in the right midaxillary
line between the eleventh and twelfth ribs to identify
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the sagittal section the liver, kidney, and diaphragm.
The presence or absence of blood is sought in Morison’s
pouch and in the right subphrenic space. With the
transducer positioned in the left posterior axillary line
between the tenth and eleventh ribs, the spleen and
kidney are visualized and blood is sought in between the
two organs and in the left subphrenic space.
Finally, the transducer is directed for a transverse
view and placed about four centimeters superior to the
symphysis pubis. It is swept inferiorly to obtain a coronal
view of the full bladder and the pelvis examining for the
presence or absence of blood.
Accuracy of the FAST
Improper technique, inexperience of the examiner,
and inappropriate use of ultrasound have always been
known to adversely impact ultrasound imaging, while
the etiology of injury, the presence of hypotension on
admission, and select associated injuries have more
recently been shown to inﬂuence the accuracy of this
modality. Failure to consider these factors has led to
inaccurate assessments of the accuracy of the FAST
by inappropriately comparing it to a CT scan and
not recognizing its role in the evaluation of patients
with penetrating torso trauma. Both false positive and
negative pericardial ultrasound examinations have
been reported to occur in the presence of a massive
hemothorax or mediastinal blood. Repeating the FAST
after the insertion of a tube thoracostomy improves
the visualization of the pericardial area and decreases
the number of false positive and negative studies.
Notwithstanding these circumstances in which false
studies may occur, a rapid focused ultrasound survey
of the subcostal pericardial area is a very accurate
method to detect hemopericardium in most patients with
penetrating wounds in the “cardiac box”. In a recent large
study, patients who sustained either blunt or penetrating
injuries, the FAST was 100% sensitive and 99.3%
speciﬁc for detecting hemopericardium in patients with
precordial or transthoracic wounds. Furthermore, the use
of pericardial ultrasound has been shown to be especially
helpful in the evaluation of patients who have no overt
signs of pericardial tamponade. This was highlighted in a
study in which ten of 22 patients with precordial wounds
and hemopericardium on the ultrasound examinations
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had admission systolic blood pressures >110 mmHg
and were relatively asymptomatic. Based on these
signs and the lack of symptoms, it is unlikely that the
presence of cardiac wounds would have been strongly
suspected in these patients and, therefore, this rapid
ultrasound examination provided an early diagnosis
of hemopericardium before the patients underwent
physiologic deterioration.
The FAST is also very accurate when it is used to
evaluate hypotensive patients who present with blunt
abdominal trauma. In this scenario, ultrasound is so
accurate that when the FAST is positive, an immediate
operation is justiﬁed.
Because the FAST is a focused examination for the
detection of blood in dependent areas of the abdomen,
its results should not be compared to those of a CT
scan because the FAST does not readily identify
intraparenchymal or retroperitoneal injuries. Therefore,
select patients considered to be at high risk for occult
intra-abdominal injury should undergo a CT scan of
the abdomen regardless of the results of the FAST
examination. These patients include those with fractures
of the pelvis or thoracolumbar spine, major thoracic
trauma (pulmonary contusion, lower rib fractures) and
hematuria. These recommendations are based on the
results of two studies from Chiu in 1997 and Ballard
in 1999. Chiu and colleagues reviewed their data on
772 patients who underwent FAST examinations after
sustaining blunt torso injury. Of the 772 patients, 52
had intra-abdominal injury but 15 (15/52 = 29%) of
them had no hemoperitoneum on the admitting FAST
examination or on the CT scan of the abdomen. In
other work conducted by Ballard at Grady Memorial
Hospital, an algorithm was developed and tested over
a 3.5 year period to identify patients who were at high
risk for occult intra-abdominal injuries after sustaining
blunt thoracoabdominal trauma. Of the 1,490 patients
admitted with severe blunt trauma, there were 102 (70
with pelvic fractures, 32 with spine injuries) who were
considered to be at high risk for occult intra-abdominal
injuries. Although there was only one false negative
FAST examination in the 32 patients who had spine
injuries, there were 13 false negatives in those with
pelvic fractures. Based on these data, the authors
concluded that patients with pelvic fractures should have
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a CT scan of the abdomen regardless of the result of the
FAST examination. Both studies provide guidelines to
decrease the number of false negative FAST studies, but,
as with the use of any diagnostic modality, it is important
to correlate the results of the test with the patient’s
clinical picture.
Quantiﬁcation of Blood
The amount of blood detected on the abdominal CT scan
or in the DPL aspirate (or efﬂuent) has been shown to
predict the need for operative intervention. Similarly,
the quantity of blood that is detected with ultrasound
may be predictive of a therapeutic operation. Huang
developed a scoring system based on the identiﬁcation
of hemoperitoneum in speciﬁc areas such as Morison’s
pouch or the perisplenic space. Each abdominal area was
assigned a number from 1 to 3, while 2 was assigned to
the presence of free ﬂoating intestinal loops as seen on
the real-time ultrasound examination. The authors found
that a total score of ≥3 corresponded to more than 1 liter
of hemoperitoneum, and it had a sensitivity of 84%
for determining the need for an immediate abdominal
operation. Another scoring system, developed and
prospectively validated by McKenney and colleagues,
examined the patient’s admission blood pressure, base
deﬁcit, and the amount of hemoperitoneum present
on the ultrasound examinations of 100 patients. The
hemoperitoneum was categorized by its measurement and
its distribution in the peritoneal cavity, so that a score of
1 was considered a minimal amount of hemoperitoneum
but a score of >3 was a large hemoperitoneum. Forty-six
of the 100 patients had a score >3, and 40 (87%) of them
underwent a therapeutic abdominal operation. Their
scoring system had a sensitivity, speciﬁcity, and accuracy
of 83%, 87% and 85%, respectively. The authors
concluded that an ultrasound score of >3 is statistically
more accurate than a combination of the initial systolic
blood pressure and base deﬁcit for determining which
patients will undergo a therapeutic abdominal operation.
Although the quantiﬁcation of hemoperitoneum is not
exact, it can provide valuable information about the
need for an abdominal operation and its potential to be
therapeutic.
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SUMMARY
As the role of the general surgeon continues to evolve, the
surgeon’s use of ultrasound will surely inﬂuence practice
patterns, particularly for the evaluation of patients in
the acute setting. With the use of real-time imaging,
the surgeon receives “instantaneous” information
to augment the physical examination, narrow the
differential diagnosis, or initiate an intervention.
The advantages of ultrasound are easily seen in the
following clinical scenarios. As a noninvasive, nonionizing radiation modality, ultrasound can be used to
evaluate the injured pregnant patient and simultaneously
identify the fetal heart so that its rate can be recorded.
For the patient with multiple fractures who is in traction,
the portable machine is wheeled to the patient’s bedside
and the FAST is performed without having to move the
patient. If hypotension or an unexpected decrease in
hematocrit occurs, an ultrasound examination can be
easily repeated to exclude hemoperitoneum as the source
of hypotension. When several patients with penetrating
thoracoabdominal injuries present simultaneously to
the emergency department, a rapid FAST examination
with thoracic views can assess for pericardial effusion,
massive hemothorax, or hemoperitoneum within
seconds. This information helps the surgeon to prioritize
resources and triage patients. Finally, ultrasound may be
suitable for the initial assessment of the injured child.
A recent study showed that ultrasound is an effective
tool to screen for hemoperitoneum in the hypotensive
pediatric patient.75 This painless noninvasive modality is
well accepted by children because it is performed at the
bedside and is not intimidating.
As surgeons become more facile with ultrasound, it
is anticipated that other uses will develop to further
enhance its value for the assessment of patients in the
acute setting.
CAVEATS IN ULTRASOUND IMAGING
1. Proper maintenance of the ultrasound machine as
per the guidelines of the institution’s department of
biomedical engineering is recommended.

Julio 2005

Limitations of Beside Diagnostics & Minimally Invasive Procedures: The Fast Approach

2. The orientation of the patient on the monitor relative
to the position of the transducer can be checked in
the following manner. Apply gel to the footprint (part
of the transducer that is in contact with the patient’s
skin) and then rub the footprint near the indicator line
of the transducer with your ﬁnger. Note the motion
that occurs on the left side of the screen indicating
that the transducer is properly oriented.
3. Apply liberal amounts of gel to the area being
examined. The gel acts as an acoustic coupling agent
to help transmit the ultrasound waves and reduce the
amount of reﬂection.
4. Manipulate the transducer only slightly (not wide
sweeps) and apply gentle pressure initially. This is
particularly helpful when imaging soft tissue because
and too much pressure will compress the area and
distort the image.
5. Perform an ultrasound examination of normal
tissue ﬁrst, then examine the area in question. For
example, when trying to assess an abscess or deep
vein thrombosis in an extremity, inspect the normal
extremity ﬁrst so that you can see the normal tissue.
This will help distinguish subtle pathologic changes
in the abnormal tissue.
6. If the left upper quadrant of the abdomen is difﬁcult to
visualize, insert a nasogastric tube to decompress the
stomach and minimize air so that it does not interfere
with the transmission of the ultrasound waves.
7. A full bladder is needed to act as an acoustic window so
that pelvic structures can be visualized. If the bladder
is not full enough because a urinary catheter has
already been inserted, clamping the urinary catheter
will allow the bladder to ﬁll and the examination can
be repeated. A full bladder compressed in the “oval
shape” and surrounded by hematoma may be an
indirect sign of a pelvic fracture.
8. Blood vessels are usually identiﬁed with only B
mode ultrasound but occasionally differentiating
the artery from the vein may be difﬁcult because of
transmitted pulsations from the artery. Application of
the Doppler mode, compression of the vessel (veins
compress very easily), or having the patient perform
the Valsalva maneuver can help differentiate arterial
and venous anatomy.
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TERMINOLOGY USED IN INTERPRETATION OF
ULTRASOUND IMAGES
Term

Deﬁnition
Degree to which tissue echoes the ultrasonic
Echogenicity waves (generally reﬂected in ultrasound
image as degree of brightness)
Showing no internal echoes, appearing dark
Anechoic
or black
Having appearance similar to that of
Isoechoic
surrounding tissue
Hypoechoic Less echoic or darker than surrounding tissue
More echoic or brighter than surrounding
Hyperechoic
tissue
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LIMITATIONS OF BESIDE DIAGNOSTICS & MINIMALLY
INVASIVE PROCEDURES: THORACIC ULTRASOUND
Scott A. Dulchavsky, MD, PhD, FACS

The recent use of ultrasound to detect pneumothorax after
acute trauma was initially driven by an Operational Space
Medicine concern at NASA. The NASA Critical Path
Roadmap Project coordinated a consensus conference
of health care experts who rated trauma at the highest
impact on incidence versus mission and health. The risk
of pneumothorax secondary to the hypobaric exposure
during space walks, and the inherent risks of blunt chest
injury due to kinetic impacts from large structures and
payloads, or collision with exposed spacecraft surfaces
predicate that diagnostic imaging of the chest may be a
requirement on-orbit. The clinical presentation of this
illness or injury in the environmental control system
with high ambient noise levels may prevent proper
diagnosis of pneumothorax by auscultation. The absence
of immediate radiographic capabilities complicates the
diagnosis of pneumothorax and may necessitate directed
action in patients with a high suspicion of pneumothorax
alone. Although the morbidity of a non-therapeutic chest
tube is considerably less than that of a missed critical
pneumothorax or hemothorax, placement of a chest tube
complicates patient management especially in situations
where care is provided in remote areas. This concern is
particularly evident in military conﬂicts and aerospace
medicine.
Pneumothoraces are common following blunt and
penetrating trauma and are a noteable cause of
preventable death. The diagnosis of pneumothorax is
optimally made clinically, however, recent series have
reported a high rate of occult pneumothorax on clinical
and supine radiologic investigation. The shortcomings of

Roy D. McClure Chair of Surgery, Henry Ford Health System,
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clinical examination, in combination with false negative
radiologic investigations and expansion of ultrasound
availability has prompted numerous centers to evaluate
ultrasound in the diagnosis of chest injury.
Ultrasound is currently used in most trauma centers as the
ﬁrst line diagnostic procedure in patients with abdominal
trauma and has been veriﬁed as accurate and sensitive
even when performed by non-radiologists. Advances in
ultrasound technology have led investigators to suggest
an expanded application of diagnostic role of ultrasound
to evaluate a variety of non-conventional areas including
the musculoskeletal system, soft tissues including
odontogenic and sinus infections and the thorax.
Direct ultrasonographic evaluation of the thorax is
hampered by the high acoustic impedance of the lung.
Non-the-less, pneumothorax may be excluded based
upon visualization of to and fro sliding motion, “lung
sliding” or “gliding”, synchronized with respiration at
the lung-chest wall interface. The sensitivity of lung
ultrasound in the detection of pneumothorax appears
comparable to routine radiography or perhaps greater.
The veriﬁcation of thoracic ultrasound, coupled to
newer, portable ultrasound equipment, may allow
expanded application of ultrasound in clinical situations
where radiography is difﬁcult or impossible including
the space program.
We prospectively evaluated the sensitivity and speciﬁcity
of thoracic ultrasound, performed by surgical residents
trained in thoracic ultrasonography, against routine
radiography in the diagnosis of pneumothorax in surgical
patients at a Level 1 Trauma Center. The study protocol
was approved by the University Human Investigation
Committee and the National Aeronautics and Space
Administration-Johnson Space Center Investigational
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Review Board. All stable patients with a clinical history
and physical examination suggestive pneumothorax
presenting to the emergency room at Detroit Receiving
Hospital, a Level 1 urban trauma center were assessed
for study inclusion. The patients were identiﬁed by the
emergency medicine attendings or the trauma team
which consisted of surgical attendings with surgical
and emergency medical residents. Patients were eligible
with blunt or penetrating chest injury or with a history
suggestive of spontaneous pneumothorax.
All of the ultrasound examinations were performed by
surgical residents or attendings familiar with ultrasound
for abdominal trauma who had attended a formal
ultrasound course for surgeons. The residents also
were instructed in the principles of thoracic ultrasound
with hands on demonstration of the normal ultrasound
ﬁndings in models with normal lung anatomy. Finally,
the majority of the residents viewed a pre-recorded
ultrasound examination of a patient with a pneumothorax
which clearly demonstrated the lack of pleural sliding
seen in patients with lung collapse.
Informed consent was obtained from patients who met
inclusion criteria prior to ultrasonic evaluation of the
chest. The ultrasonic examinations were done prior to
radiographic evaluation when possible or while the chest
X-ray was being developed allowing the ultrasonographer
to remain blinded during the examination; patients with a
conﬁrmed diagnosis of pneumothorax prior to ultrasound
were excluded from analysis.
Ultrasonic evaluation of the chest was done with a
Toshiba ultrasound machine (Model SSH 140A, Toshiba
American Medical Systems, Armonk, NY). A 4.0 MHZ
linear probe was used longitudinally over the anterior
chest bilaterally in the 3rd or 4th intercostal space at a
focal zone of the pleural interface zone for 3-5 breath
cycles. The intercostal plane was located by identifying
the acoustic shadow of the rib in realtime while the
probe is displaced longitudinally. This discontinuous
relief represents a constant landmark which facilitates
visualization of the pleura as a hyper echoic line between
and below the ribs. The examination was done initially
in the unaffected lung to determine a baseline and to
afﬁrm the normal ultrasound ﬁndings in patients without
pneumothorax. The lung pleural was visualized between
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rib echogenic windows and observed for evidence of
the to and fro Asliding@ sign on respiration or the
Acomet tail@ artifact. The scan was then repeated in
the contralateral chest. Patient demographics including
mechanism of injury, the duration of the examination,
and ﬁndings were recorded on a data sheet for later
evaluation.
There were 382 patients who fulﬁlled inclusion criteria
during the enrollment period and had ultrasound of
the thorax performed. The majority of patients were
male (74%) and the injury demographics of the patient
population reﬂect an urban level 1 trauma center (Table
I) The average time required to complete the ultrasound
examination was 2-3 minutes en toto.
TABLE 1
Mechanism Patients
Blunt
Gunshot
Stab
Spontaneous
TOTAL

281
22
61
18
382

Xray
PTX
11
6
9
13
39/39

U/S
PTX
10/11
6/6
9/9
12/13
37/39

False
False (-)
(+)
0
1/11
0
0
0
0
0
1/13
0/39
2/39

Pleural lung sliding was readily visualized in all of
the patients without a pneumothorax (343/382) for a
true negative rate of 100% (Figure 1). There were no
comet tail artifacts noted in this patient subgroup. The
ultrasonic examination was sub-optimal in one patient
with a spontaneous pneumothorax and one patient
with blunt chest trauma and rib fractures. Both of these
patients had moderate subcutaneous emphysema which
made the examination considerably more difﬁcult. If
these patients are included in the analysis, the sensitivity
or true positive rate is 95% ( p<0.0001 by Chi Square
Analysis with Kappa Correction). One patient had
an initial negative chest radiograph and a positive
ultrasound examination following a stab wound to the
chest; a repeat chest X-ray in 4 hours demonstrated an
apical pneumothorax. Although this patient may not have
had a pneumothorax on initial ultrasound evaluation, an
alternative explanation is that the ultrasound correctly
identiﬁed a small pneumothorax below the detection
threshold of portable radiography.
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Rib fractures were occasionally demonstrated in some of
the patients during the thoracic ultrasound examination.
Modest pressure on the transducer overlying the contused
or fractured rib was well tolerated by the patients; a
presumptive diagnosis of rib fracture was inferred when
cortical discontinuity or a constant transverse echogenic
line was noted in the rib.
The detection of hemothorax was not directly assessed by
this study, and is part of the routine focused abdominal
ultrasound examination. Non-the-less, 12 patients were
noted to have concomitant hemothorax which was
visualized on the abdominal examination on either upper
quadrant portal using a 3.74 MHZ curvilinear abdominal
probe. The hemothorax was conﬁrmed in all patients
during the thoracic examination by additional scanning
in the lower thoracic area (8-10 intercostal space in the
lateral clavicular line).
We concluded that thoracic ultrasound can be rapidly
learned and deployed to rapidly diagnose pneumothorax
with high accuracy and that the technique should
be evaluated for inclusion into the routine FAST
examination. Colleagues in Vancouver, British Columbia
corroborated our ﬁndings and suggested that the addition
of Power Color Doppler (PCD) to the thoracic ultrasound
examination would provide heightened sensitivity and
the ability to readily document the dynamic ultrasound
examination. Color-Doppler imaging applies the
principle of the Doppler effect to translate frequency
shifts in the transmitted ultrasound waves into a color
map in order to identify and semi-quantify both direction
and velocity of ﬂow. PCD analyzes and displays the
integrated power of the frequency-shifted components
of the returning signals, regardless of the movement
velocity or direction. The resulting color map is a
reﬂection of the intensity of the shifted signal. PCD
is superior to regular Color Doppler in determining
the presence or absence of movement, at the expense
of direction and velocity information. Subsequently,
PCD has the ability to identify low velocity and low
volume ﬂow (or motion). One of the most important
differences between the two Doppler modes relates to
their utility at low intensities and velocities. High gain
settings produce noise which obscures conventional
color Doppler maps, while with PCD it generates only
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a non-descript homogeneous appearance, with the image
remaining interpretable.
The following patient with an occult pneumothorax
following blunt chest trauma demonstrates this concept.
The initial CXR did not show a pneumothorax; a CT
scan of the chest was obtained without delay due to the
mechanism of injury to evaluate the mediastinum. The
chest CT scan demonstrated an apical pneumothorax
which was not apparent on the CXR.

The initial supine CXR did not demonstrate a
pneumothorax on initial or subsequent evaluation. A CT
scan of the abdomen was obtained without signiﬁcant
delay due to the mechanism of injury and to evaluate the
mediastinum.
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The CT scan revealed an apical pneumothorax which
was not apparent on the CXR. The CT was completed
within 30 minutes of the CXR, and demonstrates an
occult pneumothorax. The true incidence of occult
pneumothorax on CXR is not known, however, expanded
use of abdominal and chest CT has shown this to be a
common occurence.

A thoracic ultrasound was done concomitantly on the
patient. The left panel demonstrates a power color
Doppler examination of the normal lung with the box
centered over the visceral-parietal pleural interface. The
color map is clearly evident which due to movement
(lung sliding) with respiration. The right panel is
the PCD examination of the left chest and the apical
pneumothorax. There is no color enhancement or lung
sliding evident which is consistent with a collapsed
lung.
Thoracic ultrasound for the detection of pneumothorax
is a clinically attractive modality which can be readily
learned with minimal instruction. The surface of the lung
is easily visualized with a high frequency probe and can
be rapidly veriﬁed in the normal contra-lateral chest.
The scan can be concomitantly accomplished as other
therapeutic maneuvers are done and has a sensitivity
comparable or greater than radiography. The rediscovery
of this technique, mandated by requirements of the
space program, suggests that trauma ultrasonographic
evaluation should be broadened to include the thorax.
The veriﬁcation of thoracic ultrasound, coupled to
newer, portable ultrasound equipment, may allow
expanded application of ultrasound in clinical situations
where radiography is difﬁcult or impossible.
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OPTIMIZING TRAUMA CARE IN SPECIAL POPULATIONS:
INFANTS AND TODDLERS
Frank Ehrlich, MD, FACS

INTRODUCTION
An infant can be deﬁned as a child under the age of
one year. This group can be further broken down into 2
groups – the young infant under 6 months of age and the
older infant between 6 and 12 months of age. A toddler
is deﬁned for this talk as a child between 1 and 3 years
of age. It is important to remember that in the case of
infants and toddlers, trauma is almost always related to
an adult either failing their responsibility to the child,
some act, intentional or unintentional, committed by
an adult, or some negligent behavior on the part of an
adult. These groups of children are rarely responsible for
causing their own trauma.
By way of an introduction to pediatric trauma, some
facts need to be presented. Over 15,000 children die each
year from accidents or intentional injuries. Trauma is the
leading cause of death in children over the age of one.
About 150,000 become permanently disabled to some
degree. 43.6% of all deaths between the ages of 1 and
19 are secondary to unintentional injuries. It is estimated
that in 1999 the total cost of all childhood injuries was
$347 billion or 3.8% of the Gross Domestic Product. The
most frequently encountered mechanisms of injury are
the MVA, falls, bicycle injuries, drowning, burns and
child abuse. The most common fatal organ system injury
in the pediatric patient population is head trauma.
A few more general concepts involve a major difference
between infants and toddlers when compared to adults
and older children. Speciﬁcally that trunk height as a
percentage of body is 70% at birth, dropping to 60% at
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3 years of age and 50% as an adult. Furthermore, the
center of gravity which at birth is at the level of T11-T12
(above the umbilicus), drops to L4-L5 (about the pubis)
in the adult. These differences account in part for the
devastating injuries seen when a motor vehicle collides
with an infant or toddler as compared to an older child
or adult.
The areas to be discussed in this talk will focus on those
areas where major differences exist between infant
and toddler trauma patients compared to adult trauma
patients as well as older children. Those areas include:
1. Trauma System Problems
2. Resuscitation and PICU Care
3. Prevention
It should be noted that at least for the time being the
patho-physiology of trauma be it in the infant, toddler,
adolescent, or adult patient is very similar.
TRAUMA SYSTEM PROBLEMS
It is very important to remember that childhood injury
is a “preventable disease” and not an “accident”. This is
particularly true when dealing with infants and toddlers
based on the aforementioned adult fault/failure principle.
This raises the question of the trauma system and what
it is doing for prevention. We will discuss that further
on in the talk but sufﬁce it to say we are still not doing
enough particularly in the infant and toddler population
and even more so in the case of children from indigent
and deprived situations. It has long been known that a
major difference exists between pediatric facilities and
adult hospitals offering pediatric care. These differences
are most prominent when it comes to tertiary medical
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and nursing care. Perhaps the most noticeable difference
is in the area of support services where the pediatric
hospital far exceeds what is usually available from the
adult facility providing pediatric care – areas such as the
lab, x-ray, physical therapy, and play therapy are just a
few major differences.
Despite the above-mentioned differences, the overall
mortality rate was less then 3% in both pediatric trauma
centers as well as adult trauma centers. It also needs to
be pointed out that while the mortality rate and the care
of minor injuries in regional pediatric trauma centers
is no different than adult trauma centers with pediatric
commitment, the overall survival rate for children
with certain severe critical injuries, such as isolated
head injuries, multi-system injuries, and isolated blunt
abdominal injuries is better.
In an article by Segui-Gomez, et al in the Journal of
Pediatric Surgery in August of 2003, the authors looked
at pediatric trauma systems in 18 states. Of the 18 states,
15 had both pediatric and adult designation systems and
of those 9 had statewide hospital discharge data. In those
9 states, 77% of the discharges were from trauma centers
with no pediatric designation. While for many of those
patients it was probably a minor incident that took them
to the nearest ED, there can be no doubt that for many
others it was either for political, ﬁnancial, or pure lack
of availability that they were taken to a non-designated
facility. The same authors also discovered that in the case
of older children as well as children with commercial
insurance there was less likelihood that they would be
taken to a trauma center of any kind – even when injury
severity, body region injured, and other factors were
accounted for.
Another advantage of a pediatric trauma system with
its involved trauma centers is that because of their
unique physiology and maturation pediatric trauma
patients are best served by a team of multidisciplinary
specialists each having their own job in the resuscitation
and management of the trauma patient. There is data
available that says that for certain critical illnesses and
injuries, the presence of a pediatric critical care specialist
improves the survival rate signiﬁcantly. It is very unusual
for a hospital other than a full- ﬂedged children’s hospital
to offer this level of care and services.
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The conclusion, therefore, is that overall we need to do
a better job educating doctors, nurses, and pre-hospital
providers in the management of pediatric trauma since
there are not enough pediatric trauma centers or adult
trauma centers with pediatric commitment, or trained
staff to manage the number of pediatric injuries that
currently occur in this country. We also need to educate
the public and our politicians so that the dollar-based
movement of pediatric trauma patients ceases to exist or
at least declines in number.
RESUSCITATION AND PICU CARE

Airway Issues
Intubating infants and toddlers can be a very trying
situation. Among the many reasons for this is the fact
that they have a smaller functional residual capacity
than adults and therefore get hypoxic quicker. They also
have a relatively larger tongue and their larynx is higher
(C2-C3 versus C5-C6 for adults). An additional problem
lies in the fact that the narrowest part of the airway in
infants and toddlers is the area of the cricoid cartilage.
Infants and toddlers are also very prone to aerophagia
from vigorous crying and bag mask ventilation which
in turn causes compromised ventilation. Another
airway issue which occurs all too often and is the cause
of many problems lies in the fact that because of the
aforementioned anatomy and the use of small ET tubes
this group of patients has a problem with increased
secretions and secondarily more ET tube obstructions.
This latter issue requires vigorous nursing care and
attention to airway details.

Cardiovascular Issues
In infants and toddlers the blood volume is about 70-80
cc/kg. Therefore, we must be acutely tuned in to blood
loss since blood loss in an adult, which carries minimal
consequence, may be lethal in an infant or toddler.
Witness that a 10kg infant losing 200cc of blood has
lost 25% of their blood volume – yet an adult gives that
much and more without sequelae whenever they donate
blood. It is also important to remember that pediatric
patients maintain cardiovascular stability despite losing
a large percentage of their blood volume, which can be
very misleading in the trauma bay and in the PICU. A
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“normal” blood pressure can be totally deceptive and
the team should be looking at other parameters as well
– heart rate, mental status, capillary reﬁll, and metabolic
acidosis. Lastly, since vasoactive agents may become
necessary in the ED or in the PICU an appropriate and
accurate weight are necessary.
Thermoregulation Issues
Based on the fact that infants have an increased surface
to mass ratio, a large head size and an inability to shiver,
they have very poor thermoregulation responses. This in
turn means that in order to maintain their temperature
the trauma team may have to increase the ambient
temperature, make use of warming lights, cover the
child with a warming device such as the “Bear Hugger”,
warm any IV ﬂuids administered as well as blood, and
make certain that the ventilator is delivering warmed and
humidiﬁed gas.

Vascular Access
In a small child the femoral vein maybe the easiest
point of access. Use of the internal jugular vein is often
contraindicated because of the possibility of C-Spine
injuries. The antecubital veins and the external jugular
vein can be used but are difﬁcult for central access. A
good rule of thumb for what size catheter to use is as
follows:
3fr in children weighing less then 3kg
4fr in children weighing less then 10kg
5fr in children weighing between 10-20kg
6fr in children weighing over 20kg
An intraosseous catheter should be used in any patient
under 5 years of age in whom IV access cannot be
initiated “now” or basically within 5 minutes. While
cutdowns can be done, they are often too time-consuming
to perform and central lines carry their own inherent
risks. Any crystalloid solution, except hypertonic saline
as well as blood and plasma products, can be given by
this route. In addition, almost all of the cardiovascular
drugs used in a resuscitation can be administered via this
route. The needle is placed in the anteromedial surface
of the proximal tibia and enters the medullary sinusoids.
In a paper by Neufeld, et al in the Journal of Trauma in
March 1993 piglets were bled and sustained at shock
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blood pressure levels for 30 minutes and then resuscitated
with normal saline delivered via an intraosseous route as
well as peripheral and central lines. The response was
the same for all 3 routes and the marrow effects for the
intraosseous route was minimal.

Monitoring
The minimum monitoring required to care of a
pediatric trauma patient includes oximetry, heart rate,
blood pressure and temperature. End-Tidal CO2 is an
important adjunct in the care of pediatric trauma patients
particularly those with compromised intracranial
compliance who will not tolerate even short periods
of hypercarbia. It is also helpful as a rapid monitor for
accidental extubation. This latter problem is of particular
importance in infants and toddlers because of the small
ET tube size, problems with sedating these patients,
and the short distance between the end of the tube and
the carina. While there are no published guidelines for
ICP use, generally it is accepted for use in any pediatric
patient with coma, a GCS < 8, an abnormal CT of the
brain, and/or a grossly abnormal neuro exam. The
devices used include intraventricular catheters and solid
state ICP monitoring equipment. Non-invasive devices
such as fontanel tonometry are rarely used because their
accuracy is very poor.

Speciﬁc Injuries
CNS injuries are the leading cause of death among
injured children. There is a 10-fold increase in mortality
with head trauma in infants and toddlers. For reasons
related to the anatomy of the head in these small
patients, subdural hematomas are more prevalent.
Another problem is that spine injuries occur frequently
in infants and toddlers without x-ray evidence. Thus, it is
imperative that these patients be kept immobilized until
such time as they have had negative CT of their spine
or negative ﬂexion/extension ﬁlms. It should also be
pointed out that falls are a very common cause of CNS
injuries in children and that they are often preventable.
Thoracic injuries are the second leading cause of trauma
deaths in children. Because infants and toddlers have
signiﬁcant ribcage pliability as well as mediastinal
mobility, the classic external signs of thoracic trauma
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may be absent. This often leads to the situation where
pulmonary contusions and pneumothorax may be present
without rib fractures following blunt thoracic trauma,
something the members of the trauma team both in the
ED and in the PICU need to keep utmost in their mind.
Management of abdominal injuries has undergone the
most change. It is important to note that in the infant and
toddler the abdomen begins at the nipple line. It is also
important to realize that because of the pliability of the
rib cage, little protection is offered to the intra-abdominal
organs from the ribs. Another feature of these patients is
that the pelvis is very small in volume and therefore the
bladder becomes an intra-abdominal organ. Up to 80%
of blunt solid organ injuries may be managed without
operative intervention with up to a 97.4% success rate.
There is a 50-fold increase in mortality from septicemia
following trauma and a resultant splenectomy without
proper prophylaxis. Infants and toddlers require
daily antimicrobial therapy plus vaccination against
encapsulated organisms. My conservative management
protocol is as follows:
1) 4-5 day hospital stay
2) 4 weeks at home with quiet activity
3) Resume activity gradually
4) After 3 months of continued success,
may resume all activity
PREVENTION
Despite the increased awareness of injury prevention
today, unintentional injuries remain the leading cause
of death in infants and toddlers. As was stated earlier,
poverty is an important factor affecting children in so
much as children from indigent or deprived families
are at higher risk for unintentional injuries. In addition,
these same children have an increased mortality from
unintentional injuries – being 2.6 times higher then other
children.
If we review the developmental milestones for infants we
note the following – small size, large head, little muscle
control, small airway, primitive motor development,
and they are learning to move around in their world.
When we look at the common injuries in infants we
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note the relationship to these milestones – falls from
cribs, etc., MVA without or improper use of car seat,
choking and suffocation(crib), assaults such as shaken
baby syndrome, drowning, ﬁre/burns, and dog/cat
bites. A review of the developmental milestones for
the toddler group reveals – large head, protruding belly,
increased awareness and curiosity about their environs,
improved motor skills (crawling, walking, climbing),
increased cognitive and ﬁne motor skills. Looking at
the common injuries in the toddler group reveals a
similar relationship as was noted in the infants – falls
from heights (windows), MVA where they become the
unrestrained projectile, poisoning, choking (hot dogs,
toys, etc.), drowning, scald burns from liquids on stove,
unintentional gun related, assaults as discipline, dog/cat
bites. The relationships noted above must lead us to
better prevention activities, we must attack this problem
as though the next child to be injured unnecessarily was
going to be our own.
A review of some of the major injury prevention
strategies reveals the following success stories:
1. In response to motor vehicle crashes, the Highway
Safety Act of 1966 was passed and mandated seat
belts and child safety seats.
2. In response to bicycle injuries, the American National
Standards Institute developed safety helmets for bike
riders
3. In response to a number of falls from windows, the
Harlem Hospital Injury Prevention Program in 1988
developed a very successful project for window bars
4. In response to a number of choking and suffocation
incidents, the Consumer Product Safety Act of 1972
created two safety milestones – a maximum width for
crib slats and spaces as well as the idea of slicing food
lengthwise (hot dogs)
5. In response to a rash of poisonings the Poison
Prevention Act of 1972 mandated the use of child
resistant caps
These are just some of the examples of what has been
done in the past in response to infant and toddler injuries,
however it does not begin to deal with the many problems
that are still in existence.
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Our goal should be in keeping with the following quote
from an article by Sanchez and Paidas, “The ultimate
goal, now and in the new millennium, should not be
who, where, or when to administer care to critically ill
or injured children but rather the quality of the treatment
of these children.” Or as I said in the forward to Bill
Buntain’s book on pediatric trauma, “It is the right time
to end the senseless carnage and return to our society a
most wonderful resource: our children.”
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OPTIMIZING TRAUMA CARE IN SPECIAL POPULATIONS:
MORBIDLY OBESE
Ronald I. Gross, MD, FACS

INTRODUCTION
The 21st century has seen a graying of society in both
developed and developing nations, due to the aging of the
post World War II generation and coincident improvement
in medical care and medical technology. Simultaneous
with the aging of society, unfortunately, is an increased
prevalence of signiﬁcant obesity worldwide.1 The
difference between normalcy and obesity is arbitrary,
but it is fair to say that an individual is considered to be
obese when the amount of fat tissue has increased to the
extent that physical and mental health are effected, and
life expectancy reduced.2 Although the most obvious
evidence of morbid obesity is the external body habitus,
the effect of obesity extends to all organ systems, and
physiologic processes. Obesity, or “clinically severe
obesity” as some have termed the disease, substantially
raises the risk of morbidity from hypertension,
dyslipidemia, type 2 diabetes mellitus, coronary artery
disease, stroke, biliary disease, osteoarthritis, sleep
apnea, and respiratory disease, as well as endometrial,
breast prostate and colon cancer.3 Morbid obesity,
therefore, poses speciﬁc difﬁculties and dilemmas in the
care of the multiply injured and potentially critically ill
trauma patient.
EPIDEMIOLOGY
Obesity has been deﬁned in many ways, but the simplest
deﬁnition would be a condition of excessive body fat.
The name “obesity” is termed from the Latin word
“obesus” which means fattened by eating.4 Regardless
how one deﬁnes obesity, the fact remains that the number
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of obese adults has doubled and obese adolescents and
children age 6-18 years old has tripled. Furthermore,
obese adolescents already exhibit impaired glucose
tolerance and atherosclerosis; they are predisposed to
becoming obese adults. 5
While accurate measurement and body fat content is
difﬁcult, estimates of the body fat content in adults in
western societies ranges from 20-30% for the average
female, and 18-25% for the average male. For the
purpose of comparison, the body fat content for a
professional soccer player is estimated to be between 10
and 12%, and it is 7% for a marathon runner.6 The most
convenient, and most common method to quantify, and
therefore deﬁne the degree of obesity is the body mass
index (BMI). The National Institute of Health (NIH) has
deﬁned overweight as a BMI of 25 to 29.9 kg/m2 , and
obesity as a BMI of > 30 kg/m2, while the CDC deﬁnes
morbid obesity as a BMI of > 40 kg/m2, or a BMI of > 35
kg/m2 with signiﬁcant comorbidities.7
The prevalence of obesity in all societies has increased,
and shows no signs of reversing the present trends.
The International Obesity Task Force found that the
prevalence of obesity in Europe was 15-20%6. The NIH
found that over 60% of Americans over the age of 20 were
overweight, and one quarter of American adults were
obese.8 In fact, between 1986 and 2000, the prevalence of
a BMI of 40 or greater in American adults quadrupled.9
Given the morbidities associated with obesity referred
to earlier, it should come as no surprise that obesity
is the number one contributor to death and disease,
surpassing even tobacco abuse in one report10. In another
study, overweight and obesity is reported to be the most
common medical problem seen in primary care practice
in the U.S., affecting more than 60% of adults and 15%
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of adolescents; along with diet and physical inactivity,
obesity is estimated to be responsible for approximately
300,000 preventable deaths per year. Despite these well
known and publicized facts, and despite the importance
of, and need for screening and evaluation for obesity
suggested by multiple organizations such as the NIH,
the CDC, and the American Association of Family
Physicians, detection rates and counseling rates among
physicians remain low.11
The last decade has shown a dramatic surge in the
practice of bariatric medicine and bariatric surgery. This
increase in practice has been associated with an increase
in the medical and surgical literature associated with all
aspects of bariatric surgery, including indications and
complications of the various surgical procedures, the
long-term results of the surgical procedures, and the
psychiatric aspects of the care of the morbidly obese
patient. This has not been associated with a corresponding
increase in the study of the correlation between trauma
and overweight and morbid obesity; there is, in fact, a
paucity of information in the trauma literature dedicated
to the effects of morbid obesity on the evaluation and
care of the obese patient.
TRAUMA AND OBESITY
While trauma is the ﬁfth leading cause of death in the
United States,12 it remains the leading cause of death
in the ﬁrst four decades of life13. Injury pattern analysis
has shown that penetrating trauma now represents
approximately 15% of trauma admissions across the
United States.14 Blunt trauma now compromises the vast
majority of trauma seen, and non-operative management
has become commonplace, with less than 25% of
all hospitalized trauma patients requiring immediate
operative intervention of any type. More speciﬁcally,
motor vehicular crashes account for more than 42,000
deaths each year, and are the leading cause of death for
persons between the ages of 15 and 44 in the United
States.14 With the increase in the overweight, obese, and
morbidly obese populations, trauma centers are facing
an increasing struggle adjusting to the number of trauma
patients who are morbidly obese. Trauma triage criteria
now include morbid obesity as a co-morbid factor or
preexisting condition, equipment and supplies must
be modiﬁed or newly purchased to accommodate the
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morbidly obese patient, and health care providers are
going to have to adjust their own attitudes in dealing
with the morbidly obese patient.
Whether one considers morbid obesity as a pre-existing
condition, a co-morbid factor, or a disease, it has become
quite clear that virtually all organ systems and all
physiologic functions are affected by morbid obesity. It
is also becoming clear that the effects of morbid obesity
are ampliﬁed in the trauma patient. Morbid obesity
has been found to affect injury patterns; it appears that
morbid obesity protects the torso, but the risk of lower
extremity (LE) injury increases linearly with BMI in
motor vehicular crashes. Morbid obesity is associated
with a higher mortality in motor vehicular crashes.15,16,17
In fact, Choban and colleagues found that the mortality
rate of matched groups of normal, overweight, and
severely overweight blunt trauma victims were 5%, 8%,
and 42% respectively for victims over the age of 12 years.
In addition, they found an increase in complications and
lengths of stay in the severely obese group.18
Physical
examination,
diagnostic
modalities,
resuscitation, physiologic assessment, treatment, and
rehabilitation requirements are different for, and require
adaptation to, the obese patient.
The clinician needs to be aware of the major clinical
issues that will affect the morbidly obese patient, from
the initial injury, through out the hospital course, and
after discharge from the acute care facility. To more
clearly deﬁne the issues involved with, and affecting the
care of the morbidly obese trauma patient, it is helpful
to examine each segment of the care continuum that the
patient will pass through.
PRE-HOSPITAL CARE
Morbid obesity places the blunt trauma patient involved
in a motor vehicular crash at higher risk for lower
extremity injuries, while affording some protection to
the trunk and head. The same precautions and procedures
for immobilization and transport must be used for all
patients, including the morbidly obese. Pre-hospital
personnel are faced with the daunting task of extrication
and immobilization of the morbidly obese patient
according to standards they are expected to follow.
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Numerous people will be needed to properly place the
patient on a backboard and remove the patient safely, and
ambulance stretchers may not be rated for the patient’s
weight. In these cases, patients can be transported on
the ﬂoor of the ambulance with the stretcher removed.19
Helicopter transport may not be an option due to the
patient’s weight.
Accurate blood pressure measurements might not be
forthcoming if appropriately sized blood pressure cuffs
are not available on the ambulance, and intravenous
access might be unobtainable by conventional routes.
Auscultation of the chest and heart is difﬁcult, and neck
vein distention may be obscured by the patient’s obese
body habitus; this applies not only to the pre-hospital
setting, but to the hospital setting as well.
RESUSCITATION AND EVALUATION
The gold standard for the systematic evaluation and
diagnostic workup of the trauma patient has been
established by the American College of Surgeons
ATLS™ course. The primary and secondary surveys
are designed to provide the clinician with an initial
rapid assessment and treatment of immediate life
threatening injuries, with resuscitation and evaluation
occurring simultaneously. This is quickly followed by
the more deliberate evaluation of the A, B, C, D, and E’s:
airway, breathing, circulation, disability and exposure/
environment. Morbid obesity provides the clinician
with speciﬁc issues that are unique to the disease, and
that challenge the conventional evaluation and treatment
algorithms.
Management of the airway in the morbidly obese patient
can be extremely difﬁcult. These patients desaturate
more rapidly,20 and the functional residual capacity
(FRC) has been shown to decline exponentially with
increasing BMI.21 Bag-mask ventilation is more difﬁcult
that in the non-obese patient due to reduced pulmonary
compliance, increased chest wall resistance, increased
airway resistance, and abnormal diaphragmatic position.
The risk of aspiration is greater in the obese patient due
to a larger gastric ﬂuid volume, increased intraabdominal
pressures, and a higher incidence of gastroesophageal
reﬂux.19 Gastric insufﬂation during ineffective bag-mask
ventilation will further increase this risk.6
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The method of choice for the control of the airway in
the injured obese patient is endotracheal intubation, just
as it is with non-obese patients. It must be remembered
that obesity increases the risk of a difﬁcult intubation by
inhibiting the clinician’s view of laryngeal structures.
In a study of difﬁcult intubations, Williamson and
colleagues found that limited neck mobility and mouth
opening, coupled with obesity, accounted for two thirds
of all the contributing factors for difﬁcult intubations.22
Morbidly obese patients often have a short neck, and
these factors combined with limited mouth opening and
micrognathia have been strongly correlated with difﬁcult
intubations.19
Since cervical spine immobilization precludes
positioning the obese patient as one would for an
elective intubation, the clinician must expect a difﬁcult
intubation and prepare accordingly. Whenever possible,
anesthesia should perform the procedure. A “difﬁcult
airway cart” should be available. The cart should have
a wide assortment of laryngoscope blades, as well as
a gum elastic bougie, which has been shown to be the
most successful intubation aid in facilitating successful
intubations in the difﬁcult airway.22
The optimal technique for intubation in a difﬁcult airway
setting would be an awake ﬁberoptic intubation, but this
is obviously not going to be possible in the majority
of cases due to the emergent needs for airway control.
The Laryngeal Mask Airways (LMA), Intubating
LMA, and CombiTube have all been successfully in the
management of failed orotracheal intubation attempts in
the morbidly obese patient19. Regardless of the intubation
aids available, when the decision to intubate is made, all
of the above aids must be readily available. Apart from an
awake ﬁberoptic intubation, the safest technique will be a
rapid sequence induction after adequate preoxygenation
has been provided. Position of the endotracheal tube
should be conﬁrmed by auscultation, capnography and
chest radiograph.
An orogastric or nasogastric tube should always be placed
in the intubated patient; in trauma patients it is optimal
if the tube is placed prior to intubation to decompress
the stomach and minimize the risk of aspiration during
induction and intubation.

Julio 2005

Optimizing Trauma Care in Special Populations: Morbidly Obese

The immediate availability of a surgical airway kit must
always be insured. Although challenging, a surgical
airway can and should be obtained in patients who have
failed intubation. There have been reports about the
safety and efﬁcacy of percutaneous tracheostomy in the
critical care setting,23 but cricothyroidotomy remains the
current gold standard for establishment of an emergency
surgical airway in the acute setting.
The act of breathing in the morbidly obese is
compromised under normal circumstances. All aspects
of pulmonary function are compromised, even in the
non-smoking obese patient without evidence of chronic
obstructive pulmonary disease (COPD). There is an
increased work of breathing when compared to non-obese
patients, a reduction in lung volume and total respiratory
compliance, and an increased airway resistance.24-26 In a
study of morbidly obese males without clinically evident
COPD, 66% were found to be hypoxemic at rest, with
hypoxemia deﬁned as a PaO2 < 80 mm Hg at rest.27
All of these functions are further compromised when
the obese patient is in the supine position, sedated and
paralyzed.20 Digital pulse oximetry is often unreliable
due to the increased ﬁnger tissue thickness and poorly
transmitted light waves. If difﬁculty is encountered, then
the earlobe should be used for placement of the pulse
oximetry probe.
Based on all of the above ﬁndings of pulmonary
compromise under normal circumstances, it should be
clear that morbidly obese patients will require institution
of ventilator support far earlier that their non-obese
counterpart population. Tidal volumes should be
calculated based on ideal body weights, with subsequent
volume changes made according to inﬂation pressures
and arterial blood gas determinations. It should also be
mentioned that end-tidal capnography is a poor guide to
the adequacy of ventilation in the obese patient because
of the alveolar to arterial difference in carbon dioxide
in these patients. Here, again, blood gas determinations
will be needed to adequately assess minute ventilation.6
The addition of 10 cm positive end expiratory pressure
(PEEP) has shown to improve respiratory function in the
sedated and paralyzed obese patient.28
Cardiovascular disease (CVD) is the predominant
determinant of morbidity and mortality in the morbidly
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obese patient, and will necessarily need to be a focus
during resuscitation and subsequent treatment of the
morbidly obese trauma patient. Over one third of
patients with a BMI > 30kg/m2 have signiﬁcant CVD.29
Two thirds of all obese patients have either mild to
moderate or severe hypertension, with an expansion
of the extracellular volume, increased cardiac output,
increase splanchnic blood ﬂow, but normal renal and
cerebral blood ﬂow.6
The effects of hypertension are augmented by a
signiﬁcantly increased end-diastolic volume and
decreased left ventricular (LV) ejection fraction
demonstrated at rest during exercise in the asymptomatic
but otherwise healthy morbidly obese patient. The
obesity cardiomyopathy syndrome, i.e. congestive
heart failure (CHF) occurs when hemodynamic changes
become pronounced. This becomes critical in the
injured patient, where aggressive ﬂuid resuscitation is
required, and is poorly tolerated in the morbidly obese
patient because of the baseline alterations in cardiac
compliance, which predisposes these patients to early
CHF.19 Therefore, even mild hypotension in the morbidly
obese trauma patient is an extremely worrisome sign that
must be taken seriously, and dealt with in an expeditions
fashion. Early placement of a Swan Ganz Catheter for
hemodynamic monitoring is indicated in these patients,
because central venous pressure measurements may not
be entirely reliable, and judicious ﬂuid resuscitation
is crucial. Because accurate peripheral blood pressure
measurements are often difﬁcult to obtain, early
placement of an arterial catheter will provide both
accurate monitoring and easy access to obtain frequent
arterial blood samples for blood gas monitoring.
The use of central venous access in these patients may
not be entirely optional. While peripheral venous access
remains the access route of choice in any trauma patient,
venous access in the morbidly obese trauma patient
can be extremely difﬁcult and time consuming. Often
multiple skin punctures are needed, and successful
access with only the smaller sized catheters preclude
timely blood drawing for laboratory analysis, and
adequate ﬂuid resuscitation. Although venous ultrasound
scanning can be used to assist the clinician in venous
catheterizations, insertion of femoral venous catheters
may be the preferred route for intravenous access when
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ultrasound is not available, or immediate access is
necessary.
Assessing the neurologic status of a morbidly obese
patient can be challenging. While the mental status exam
is no different from their non-obese counterparts, the
motor, sensory and reﬂex examination can be difﬁcult.
The exam must be done in its entirety. It must be
remembered that even in the absence of injury, in the
supine position the obese patient will have a decreased
range of motion, and motor strength may be compromised
just by the extremity’s weight.6 Similarly, fully exposing
and examining obese patients can be difﬁcult, in that the
pannus and skin folds must be elevated or moved so as
to facilite an adequate exam. This will often take two
people, but it must be done, lest injuries or other chronic
processes be missed.
DIAGNOSTIC PROCEDURES
Issues surrounding the evaluation of the morbidly
obese patient carry forward from the resuscitation
and examination to the ability to appropriately and
adequately use diagnostic modalities normally used
to assess the trauma patient. The use of conventional
radiographs, computerized tomographic (CT) scanning,
and ultrasonography (US) become a major challenge in
the morbidly obese patient.
Standard radiograph plates are often too small to image
body parts or segments of the obese patient according
to standard protocols. Chest, abdomen, pelvis and even
extremity radiographs may have to be viewed on multiple
x-rays serially placed in a “panoramic” fashion. The
radiology technicians need to cognizant of the patient’s
body habitus, and adjust the ﬁlm exposures accordingly.
Even so, radiographs of the very obese patient tend to
be underexposed, and often require multiple attempts
to obtain adequate ﬁlms for interpretation. For some
radiographs, such as a cervical spine series, it will
be impossible to obtain ﬁlms of adequate quality for
interpretation, and CT scanning will be required.
CT scanning, and recently magnetic resonance imaging
(MRI), has become the workhorses of the diagnostic
workup of the multiply injured trauma patient.
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Unfortunately, the availability of these examinations
for the morbidly obese patient is limited by the weigh
restrictions of the machine gurneys, and by the diameter
of the scanner opening. While most CT scanners
currently employed have weight restrictions set by
the manufactures at around 400 to 450 pounds, CT
technicians will usually speak to a poorer quality of
scan for patients over 350 pounds due to the impaired
movement of the CT gurney, as well as the close
proximity of the patient to the actual scanner elements.
The use of US is also hindered by obesity, which has
long been listed as a relative limitation to the utility
and reliability of the technology. Morbid obesity makes
performance of the US exam for trauma technically
difﬁcult, and pushing harder into the patient’s abdominal
wall is often met with patient resistance due to the pain
of the injuries made worse by the examination. While the
3.5 MHz transducer is most commonly used to assess the
trauma patient, the use of lower frequencies (2 MHz) and
maximal gain and power settings may facilitate scanning,
but will sacriﬁce clarity of the images obtained.19,30
In short, the use of the focused US exam in trauma is
severely limited in the morbidly obese patient.
The use of the Diagnostic Peritoneal Lavage (DPL) has
decreased markedly over the last few years due to the
immediate availability of non-invasive examinations
such as US and CT scanning in trauma centers. However,
the in the morbidly obese, where these examinations
are limited in their use, DPL reemerges as a valuable
diagnostic tool, in spite of the technically challenging
nature of this procedure in the obese patient. Because
the open technique for DPL is extremely difﬁcult due to
the size and thickness of the abdominal pannus in the
morbidly obese patient, a modiﬁed Seldinger technique
has been advocated for the performance of the DPL
in these patients. A three to four centimeter incision
is made in the skin, and carried down to the midline
anterior abdominal wall fascia. It is useful to use a
local anesthetic containing epinephrine to assist with
hemostasis in the cutdown site. An 18-gauge needle is
inserted blindly into the peritoneal cavity, and using the
Seldinger technique, the peritoneal lavage catheter is
inserted, and directed towards the pelvis. A DPL is then
performed in the usual fashion.19,31
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DEFINITIVE CARE ISSUES
It is widely believed that outcomes in the morbidly
obese trauma patient are worse than non-obese matched
cohort groups, but prospective outcome data is sparse.
As discussed earlier, Choban and colleagues did show
that the mortality following blunt trauma in the morbidly
obese patient was eight times that for the non-obese
matched cohort. In a retrospective four-year review of
blunt trauma to obese and non-obese patients, Boulanger
and colleagues found that obese patients were involved
in more motor vehicle crashes (62.7% vs. 54.1%),
had better GCS scores, and were more likely to have
fractured ribs, pulmonary contusions, pelvic fractures,
and lower extremity fractures. They were less likely to
suffer head and liver injuries.
Although morbid obesity may present the clinician with
injury patterns in blunt trauma that differ from those
seen in their non-obese counterparts, the major outcome
determinants in the obese patient population seem to be
the pathophysiologic alterations associated with morbid
obesity, and not the trauma or the care they receive while
in the hospital. Regardless of whether the patient is being
managed operatively or non-operatively, the same issues
that were of concern on admission are present, and often
ampliﬁed, over the course of the patient’s hospital stay.
In patients who have required operative interventions,
wound integrity is always a concern. The very act of
wound healing becomes a major issue in the morbidly
obese, who have long been recognized as being prone
to wound infections. Some felt that poor blood supply
with impaired leukocyte migration was responsible
for the increased infection rates. Others pointed to
leukocyte dysfunction due to the hyperglycemia
frequently seen in the obese patient in association
with the thick hypovascular adipose tissue providing
substrate for bacterial growth. Recent advances point
to a multifactorial etiology. Recent studies in obesity
pathophysiology support the hypothesis of the existence
of a chronic inﬂammatory state, associated with impaired
neutrophyl activation and migration and impaired cellmediated immunity as possible reasons for the increased
rates of wound infections in the morbidly obese.32
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Another issue that requires close attention is the
nutritional needs of the morbidly obese patient. Obese
patients are not necessarily well nourished patients. In
fact, despite their excess body fat stores and increased
lean body mass, obese patients are at risk for protein
malnutrition during periods of metabolic stress. Obese
people cannot mobilize fat stores during critical
illnesses, and will, instead, rely on carbohydrates. This
increased carbohydrate utilization raises the respiratory
quotient and accelerates protein breakdown to fuel
gluconeogenesis. Indirect calorimetry should be used
to calculate energy expenditures, but if not available,
then patients should receive 20-30 kcal/kg of ideal body
weight (IBW). Most of the calories should be given
as carbohydrate, with fats given to prevent essential
fatty acid deﬁciency. As with caloric needs, protein
requirements can be difﬁcult to assess, but 1.5-2.0 gm/kg
IBW should achieve a positive balance.6
While there is a wide range of reported incidence of
DVT and PE in the bariatric literature, there are no
prospective randomized controlled studies looking at this
complication in either the bariatric or trauma literature,
and morbid obesity has long been associated with an
increased risk of deep venous thrombosis (DVT) and
pulmonary embolism (PE). Given the fact that morbid
obesity is increasing in prevalence globally, it must
be assumed that so, too, will the frequency that obese
patients are injured, and, therefore, the incidence of DVT
and PE will rise as well. While there is no clear consensus
in either the trauma or bariatric literature regarding the
best approach to minimize the complications of DVT,
PE and postthrombotic syndrome, clearly prophylaxis is
universally accepted as the standard of care. In a survey
of the members of the American Society for Bariatric
Surgery, Barba and Wu found that 86% of respondents
felt that their patients were at high risk for DVT and
PE. Of those surveyed, the reported incidence in their
patients of DVT was 2.63% and PE was 0.95%, and
48% of respondents had at least one mortality due to PE.
These numbers are lower than were anticipated, and this
may be due to the fact that the majority of respondents to
this survey did not routinely screen for DVT, and were
reporting clinically diagnosed cases. While most of the
responding physicians used routine prophylaxis (95%),
over two thirds (38%) used a combination of two or more
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prophylactic methods simultaneously. Low-dose heparin
was the preferred method used by 50% of respondents,
intermittent pneumatic compression stockings were used
by 33%, and low molecular weight heparins were the
preferred method of prophylaxis used by 13%.33 What is
clear is that the true incidence, morbidity and mortality
from DVT and PE in the postoperative morbidly obese
population are not known. Multi-center trials are needed
to determine the true incidence of these potentially
devastating complications, and the best method for
prophylaxis. Furthermore, there appears to be consensus
that postoperative DVT prophylaxis should be obligatory
in all patient populations in the absence of speciﬁc
contraindications.
Morbidly obese trauma patients are at a very high risk for
post-operative respiratory insufﬁciency and respiratory
failure due to their baseline pulmonary function
derangements. The increased work of breathing in these
patients, and the chronic hypercapnea experienced by
the morbidly obese patients in the baseline state will
predispose these patients to increased and prolonged
requirements for ventilatory support after trauma,
whether they require surgery and intubation or they are
managed non-operatively. The difﬁculty in Intubating
these patients has been addressed earlier. Once intubated,
immediate or early post-operative extubation is preferred;
long term weaning of the morbidly obese patient from
ventilatory support will frequently be complicated by
the pre-existing hypoventilatory state, poor ventilatory
mechanics, post-operative or post-injury pain, and poor
nutrition. These patients may require tracheostomy to
facilitate the ventilatory mechanics, decrease the work
of breathing, and facilitate successful weaning.
Mobilization, transportation, and rehabilitation of the
morbidly obese patient pose speciﬁc problems unlike
those faced by the non-obese. Many hospital beds, as
well as specialty beds, are not rated for, and therefore
not capable of supporting the weight of the morbidly
obese patient. Turning patients to reduce prolonged
pressure on the back and buttocks is difﬁcult, requires
more staff than usual, and often is not done as often as is
recommended. As a result, skin breakdown and decubiti
are seen more often in the morbidly obese patient than in
their non-obese counterparts. Inter-departmental patient
transfers are often complicated by the unavailability
52

of stretchers that can accommodate the weight of the
obese patients. The issue of weight limits of diagnostic
imaging equipment has been addressed earlier. When
available, obtaining diagnostic tests is a daunting task.
Moving the patients from bed to stretcher to imaging
table and back again frequently requires large numbers
of staff and innovative techniques, such as using two
sliders placed under the patient perpendicular to the
patient’s longitudinal axis.
For non-weight bearing patients, mobilization and
ambulation are especially difﬁcult, given the fact that
their baseline mobility is compromised by their size
and pulmonary dysfunction. Standard wheelchairs are
too small, and custom wheelchairs and walkers will be
needed. In addition, commode access will be limited
unless specially designed units are available.
Physical therapy will need to be involved early in the
care of these patients to minimize their down time,
and assist them in regaining independent ambulation
capabilities. More often than not, transfer to a short-term
acute inpatient rehabilitation facility will be needed.
Planning for this should begin early in the hospital stay
to minimize lost rehabilitation days and hospitalization
reimbursement denials by managed care and medicare
payors.
CONCLUSION
Morbid obesity is a disease that has increased in
prevalence over the last two decades, and continues to do
so. Medical personnel at all levels of care are, therefore,
going to be required to care for the morbidly obese
patient on a more frequent basis, and trauma surgeons
and trauma center personnel are no exception. While
morbid obesity seems to afford some protection due to
the “cushioning effect” of the patient’s size, they are
none-the-less subject to injury. Morbidity and mortality
for the morbidly obese patients have been shown to
be higher that it is for the non-obese cohort due to the
underlying baseline pathophysiologic derangements of
cardiovascular, respiratory, and endocrine function. In
addition, the logistics of caring for the morbidly obese
patient pose signiﬁcant challenges to healthcare givers
and institutions alike. All of these issues necessitate
study of, and an understanding of the speciﬁc needs of
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the morbidly obese patient in order to provide the best
level of care available, minimize complications, and
maximize return to pre-injury levels of function.

14. American College of Surgeons. National Trauma Data Bank
Report 2001.Chicago, IL: American College of Surgeons;
2001

1.

Björntorp P. Obesity Lancet 1997; 350:4232426.

15. Mock, CN, Grossman DC, Kaufman RP et al. The relationship
between body weight and risk of death and serious injury in
motor vehicular crashes. Accid Anal Prev. 2002;34:221228.

2.

National Institutes Consensus Development Conference
Statement. Health Implications of Obesity. Ann Int Med
1985; 103:147-151.

16. Boulanger BR, Milzman D, Mitchell K, Rodrigues A. Body
habitus as a predictor of injury pattern after blunt trauma. J
Trauma. 1992;33:228-232.

3.

National Heart, Lung and Blood Institute. Clinical
Guidelines on the Identiﬁcation, Evaluation, and Treatment
of Overweight and Obesity in Adults. 1998. NIH Publication
No. 98-4083.

17. Moran SG, MCGwin G Jr., Reiff DA, Rue LW III. The
association between body habitus, restraint use, and fatality
in motor behicular colisions. Annu Proc Assoc Adv Automot
Med. 2001;45:107-123.

4.

Fisher A. Waterhouse, TD, Adams AP Obesity: Its relation to
Anesthesia. Anaesthesia 1975; 30: 633-2647.

18. Choban PS, Weireter LJ, Maynes C. Obesity and increased
mortality in blunt trauma. J Trauma 1991:1253-1257

5.

Deitel M. editorial: “The Breadth of Obesity”. Obesity
Surgery 2003, 13: 665-666.

19. Brunette DD. Resuscitation of the Morbidly Obese Patient.
Am J Emerg. Med. 2004;22:40-47.

6.

Adams JP, Murphy PG. Obesity in Anesthesia and Intensive
Care. British Journal of Anesthesia 2000; 85(1): 91-108.

7.

Centers for Disease Control and Prevention. Update:
prevalence of overweight among children, adolescence and
adults—United States 1988-1994. Morb Mortal Wkly Rep
1997;46:198-202. Abstract.

20. Berthoud MC, Peacock JE, Reilly CS. Effectiveness of
preoxygenation of morbidly obese patients. Br J Anesth
1991;67:464-466.

BIBLIOGRAPHY

8.

National Institute of Diabetes & Digestive & Kidney
Diseases. Understanding Adult Obesity. October 2001. NIH
Publication 01-3680.

9.

Sturm R. Increases in clinically severe obesity in the United
States, 1986-2000. Arch Intern Med 2003; 163:2146-2148.

10. Sturm R. The effects of obesity, smoking and drinking on
medical problems and costs: Obesity outranks both smoking
and drinking in its deleterious effects on health and health
costs. Health Affairs 2002;2:245-253.
11. Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence
and trends in obesity among US adults, 1999-2000. JAMA
2002;288:1723-1727.
12. Minimo Am, Smith BL. Deaths: Preliminary data for 2000.
National Vital Statistics Reports 2001. 49:1-40.
13. American College of Surgeons Committee on Trauma.
Advanced Trauma Life Support for Doctors™ Sixth Edition.
1997.

Vol. 12 Number 1

21. Biring MS, Lewis MI, Liu Ji, Mohsenifar Z. Pulmonary
physiologic changes of morbid obesity. Am J Med Sci
1999;318:293-297
22. Williamson JA, Webb RK, Szekely S, et al. The Australian
Incident Monitoring Study. Difﬁcult intubation: An analysis
of 2,000 incident reports. Anaesth Intens Care 1993;21:602607.
23. Mansharamani NG, Koziel H, Garland R et al.. Safety of
bedside percutaneous dilatational tracheostomy in obese
patients in the ICU. Chest 2000;117:1426-1429.
24. Surratt P, Wilheit S, Hsaio H. Compliance of the chest wall
in obese subjects. J Appl Physiol 1984;57:403-409.
25. Naimark A, Cherniack RM. Compliance of the respiratory
system and its components in health and obesitsy. J Appl
Physiol 1960;15:377-382.
26. Sharp JT, Henry JP, Sweany SK. Effects of mass loading the
respiratory system in man. J Appl Physiol 1964;18:959-966.
27. Sehebjami H, Gartside PS. Pulmonary function in obese
subjects with a normal FEV1/FVC ratio. Chest 1996;110:
1425-1429.

53

Panam J Trauma

28. Pelosi P, Ravagnan I, Giurati G et al. Positive end
expiratory pressure improves respiratory f unction in obese
but not in normal subjects during anesthesia and paralysis.
Anesthesiology 1999;91:1221-1231.
29. Lean ME. Obesity and cardiovascular disease: the waisted
years. Br J Cardiol 1999;6:269-273.
30. Gross, R. Use in the Emergent Setting – FAST (Focused
Assessment by Sonography in Trauma). In Ultrasound for
the General Surgeon. H. Frankel (ed). Landes Publishing,
San Antonio, TX 2004 (in press).

54

31. Ochsner MG, Herr D, Drucker W et al. A modiﬁed Seldinger
technique for peritoneal lavage in trauma patients who are
obese. Surg Bynecol Obstet 1991;173:158-160.
32. Levi D. Goodman ER et al. Critical Care of the obese and
bariatric patient. Crit Care Clin 2003;19:11-32.
33. Wu EC and Barba, CA. Current practices in the prophylaxis
of venous thromboembolism in bariatric surgery. Obesity
Surgery 2000;10:7-14.

Julio 2005

Panam J Trauma 2005, 12:1

OPTIMIZING TRAUMA CARE IN SPECIAL POPULATIONS:
IMMUNO-COMPROMISED PATIENT
Lena Napolitano, MD, FACS

INTRODUCTION

TRANSPLANT PATIENTS

It is well-recognized that trauma patients are
immunocompromised secondary to their initial
injuries.1 Post-trauma patients show impaired immune
responsiveness and increased susceptibility to
infections.

Within the past decades, organ transplantation has
become established as effective therapy for end-stage
renal, hepatic, cardiac, pancreatic and pulmonary
disease. To date, over 311,000 patients have received
organ transplants in the United States.4 Recipients of
solid organ transplants, including kidney, pancreas,
liver, heart and lung transplants, are surviving longer
today with a better quality of life. With trauma being
common in this country and with many organ transplants
performed annually, transplant recipients may become
trauma victims.

Substantial clinical and laboratory research has revealed
that major injury causes abnormalities in both the innate
and adaptive immune systems. However, the relative
importance of each of these systems in the immune
dysfunction after injury is poorly understood and has
been difﬁcult to establish by clinical studies alone. A
recent clinical study documented that in posttrauma
patients there is a marked increase of monocytes
with decreased expression of CD4 and HLA-DR.2
Concomitant reduction in CD4 and HLA-DR expression
on monocytes may contribute to impaired immune
responsiveness in trauma patients. Preclinical studies
have conﬁrmed that the adaptive immune system is
necessary for protection from polymicrobial sepsis and
plays a signiﬁcant role in regulating the inﬂammatory
response to injury.3
The care of the trauma patient who has a pre-existing
immunocompromised state prior to their traumatic injury
is a particularly challenging task. Immunocompromised
patients may include transplant patients, human
immunodeﬁciency virus (HIV) patients, and patients
undergoing cancer chemotherapy. The speciﬁc challenges
in caring for each of these patient populations that may
sustain traumatic injury will be examined.

Director, Surgical Critical Care, University of Maryland Medical
System Baltimore, Maryland

Immunosuppressive Therapy
Although the incidence of acute rejection has decreased
sharply in the past decade, chronic rejection remains
an important problem.5 Regimens to prevent rejection
after transplantation commonly include high-dose
glucocorticoids and calcineurin-calmodulin phosphatase
inhibitors (the cyclosporines and tacrolimus), which
induce an immunosuppressive state.6 Transplant patients
are therefore predisposed to infectious complications
due to the active immunosuppression drugs required.
The goals of immunosuppression should focus
equally on prevention of rejection and post-transplant
complications. Newer and more speciﬁc agents are
available that can improve patient outcomes with fewer
adverse effects.
Immunosuppressive therapy must be maintained and
monitored after trauma to prevent transplant organ
rejection. Pharmacists are a critical component of the
healthcare team in this regard, and can help adjust
and modify these drugs to prevent post-transplant
complications and improve outcomes in patients
55
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requiring immunosuppressive therapy. Successful
management of trauma patients with pre-existing organ
transplantation requires a cooperative effort between
the trauma team, the transplant team, and other experts
(including nephrologist, hepatologist, pulmonologist)
dependent on the speciﬁc organ transplant present.
Osteodystrophy, Osteopenia and Fractures
Immunosuppressive agents used in solid organ
transplantation are also detrimental to bone and mineral
homeostasis, and are associated with rapid bone loss that
is often superimposed upon an already compromised
skeleton related to chronic medical diseases. Patients
with renal failure commonly suffer from some
degree of renal osteodystrophy. After solid organ
transplantation, the incidence of fracture ranges from
8% to 65% during the ﬁrst year after transplantation.
In general, fracture rates were lowest in renal transplant
recipients and highest in patients who received a liver
transplant for primary biliary cirrhosis. Rates of bone
loss and fracture were greatest during the ﬁrst 6 to 12
months after transplantation. Postmenopausal women
and hypogonadal men appear to be at increased risk.
Although no pretransplant densitometric or biochemical
parameter has yet been identiﬁed that adequately predicts
fracture risk in the individual patient, low pretransplant
bone mineral density does tend to increase the risk of
fracture, particularly in women. However, patients may
sustain fractures despite normal pretransplant bone
mineral density.
Although the pathogenesis of the rapid bone loss is
multifactorial, prospective biochemical data suggest that
uncoupling of bone formation from resorption may be in
part responsible, at least during the ﬁrst 3 to 6 months.
In patients with normal pretransplant bone density,
therapy to prevent early posttransplant bone loss should
be instituted immediately following transplantation.
Most pharmacologic agents available for therapy of
osteoporosis have not been subject to prospective
controlled studies in organ transplant recipients.
However, antiresorptive drugs, such as biphosphonates,
appear to hold therapeutic promise.
Following all types of solid organ transplants,
spontaneous fractures have been reported. A recent
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study examined organ-, age-, and gender-speciﬁc
fracture incidence in transplant recipients in a large
sample representative of the civilian noninstitutionalized
United States population using the 1994 National Health
Interview Survey (NHIS).7 Five hundred and thirty-nine
individuals who received abdominal organ and 61 heart
transplants in a single instititution, surviving at least
30 days from 1986 to 1996 were included in the study.
Incident fractures were ascertained by mail, in-person
interview, telephone survey, or medical record review.
All fractures were veriﬁed. Organ-, age-, and genderspeciﬁc fracture numbers and rates and person-years of
observation, were calculated for the transplant patients.
Weighted age- and gender-speciﬁc fracture rates from the
1994 NHIS were applied to the number of person-years
of observation for each organ-speciﬁc age and gender
category of transplant patients to generate an expected
number of fractures.
The ratio of observed to expected number of fractures
was used to compare fracture experience of transplant
patients to that of the national sample from the 1994
NHIS. Fifty-six of 600 (9.3%) patients had at least one
fracture following 1221 person-years of observation.
The sites of initial symptomatic fracture were as follows:
foot (n = 22), arm (n = 8), leg (n = 7), ribs (n = 6), hip
(n = 4), spine (n = 3), ﬁngers (n = 3), pelvis (n = 2), and
wrist (n = 1). Fracture incidence was 13 times higher
than expected in male heart recipients age 45-64 years;
nearly 5 times higher in male kidney recipients age 2544 and age 45-64 years; and 18 times and 34 times higher
in female kidney recipients age 25-44 years and 45-64
years compared with NHIS data. This study documented
an increased incidence of fractures in patients that were
recipients of solid organ transplantation. The authors
suggested the need for a long-term prospective study of
fracture risk in these patients.
In a search for factors predisposing to the occurrence
of spontaneous fractures in the renal organ transplant
patient, a comparison has been made of 38 recipients
sustaining spontaneous fractures and 106 without this
complication.8 The comparison was made with regard
to the clinical ﬁndings, the immunosuppressive therapy
given, and the results of the biochemical analyses, all
covering the ﬁrst year after the transplant operation.
There were no differences in the clinical ﬁndings or the
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biochemical analyses between the groups. An analysis
of the steroid doses showed that, during the ﬁrst three
months after the transplant operation, these were lower
for the fracture groups than for the controls (p less than
0.01), as was the case for the oral dose of prednisone, the
total dose of all steroids, and the mean daily dose of these
drugs in relation to body weight or body surface area.
One possible explanation of this unexpected observation
is that cortisone in high doses inhibits bone resorption
during the period after the transplant operation when
secondary hyperparathyroidism is present.
Trauma in Transplant Patients and Outcome
There is very little recent published data regarding the
outcomes of transplant patients who sustain traumatic
injury. In 1997, Barone and colleagues published a
retrospective study of 12 trauma patients who were
transplant recipients over a 40-month period at the
University of Arkansas.9 Seven patients had kidney
transplants, and ﬁve had combined kidney-pancreas
transplants. The most common causes of trauma in this
cohort were motor vehicle crash and falls. All patients
suffered closed skeletal fractures, and no transplanted
organs were directly injured or lost. Complications in
these transplant trauma patients included death, deep
vein thrombosis, renal failure, sepsis and pneumonia.
In spite of immunosuppression and pre-existing renal
osteodystrophy, fractures in the surviving patients
healed, with a mean follow-up of 15 months. These
authors recommended that a trauma transplant registry
be established to formulate appropriate management and
followup of these challenging patients.
Prior to this report in 1997, only a few older small series
of traumatized transplant patients were published.10
Each type of solid organ transplant presents with unique
anatomy and physiology. The location of the transplanted
organ is important information in kidney and pancreas
transplantation, and any prior diagnostic imaging studies
can provide baseline images of the transplanted organ.
Patients with pancreas transplant with drainage into the
urinary bladder may have a signiﬁcant non-anion gap
metabolic acidosis due to pancreatic bicarbonate loss.
These trauma patients should have an arterial lactate
measured to be certain that the metabolic acidosis is not
related to hemorrhagic or hypovolemic shock.
Vol. 12 Number 1

A number of important clinical strategies for the care
of the transplant patient who has sustained traumatic
injury have become evident. Radiographic evaluation
of trauma patients with solid organ transplantation for
the evaluation of extent of traumatic injuries should
not differ from the diagnostic evaluation undertaken in
non-transplant trauma patients. CT scan imaging has
emerged as the main diagnostic imaging modality in
trauma, and is especially useful in trauma transplant
patients. Prophylaxis for deep venous thrombosis should
be considered in all transplant trauma patients, since
the most common injury sustained is lower extremity
fracture.11 Corticosteroids are commonly prescribed for
both maintenance and acute rejection therapy, which
results in suppression of the endogenous hypothalamicadrenal axis. Transplant patients can develop signs
and symptoms of adrenal insufﬁciency post-trauma,
and stress-dose steroids should be considered in such
patients.12 Diagnosis of acute adrenal insufﬁciency
can be difﬁcult to make in patients on chronic steroid
therapy, since the cortrosyn (synthetic ACTH)
stimulation test is not reliable in patients that have
received prior prednisone or hydrocortisone. Patients
can be switched to dexamethasone for steroid therapy,
which does not interfere with the results of this test.
Finally, if unexplained dysfunction of the transplanted
organ develops, transplant organ biopsies or diagnostic
studies regarding function and blood ﬂow should be
considered.
HIV PATIENTS
Due to effective medical therapies for patients with
human immunodeﬁciency virus (HIV), these patients
have signiﬁcantly increased survival rates, thereby
exposing them to increased risk for traumatic injury
during their lifetime. Furthermore, recent data document
a high spontaneous fracture rate in HIV patients.
Osteopenia in HIV-infected patients is common, and has
been associated with antiretroviral therapy, particularly
with protease inhibitors. In contrast, osteopenia in
HIV-uninfected men is associated with mitochondrial
defects. A recent study in 221 HIV-infected men (mean
age 43 years) included 32 patients that were drug naïve;
42 patients receiving nucleoside analogue reverse
transcriptase inhibitors (NRTI) and 147 patients receiving
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NRTI plus protease inhibitors.13 Osteoporosis was found
in seven patients (3%) and osteopenia in 44 patients
(22%). The only factors independently associated on
logistic regression with osteopenia or osteoporosis
were higher lactate levels, even if asymptomatic [odds
ratio (OR) 2.39 per 1 mmol/l increase; 95% conﬁdence
interval (CI) 1.39-4.11; P = 0.002), and lower weight
prior to commencing antiretroviral therapy (OR 1.06
per 1 kg decrease; 95% CI 1.02-1.11; P = 0.006). There
was no independent association with type or duration of
antiretroviral therapy. Lower total bone mineral density
was associated with lower weight prior to commencing
antiretroviral therapy whereas lower spinal bone mineral
density was associated mostly with higher lactate.
Avascular osteonecrosis has shown an increased
incidence in HIV-infected patients during the last few
years, and has been considered as a side effect of HIV
infection itself, or of highly active antiretroviral therapy,
possibly related to hyperlipidemia.14-16 Therefore, a
signiﬁcant number of HIV-positive patients present with
spontaneous fractures due to avascular osteonecrosis,
and not fractures related to traumatic injury.
Since HIV-positive patients are at higher risk for fracture
than the general population, there is signiﬁcant concern
that they may be at higher risk for infection due to their
immunocompromised state. In a prospective study of
214 patients who had elective extensive operations
for fractures, the relative frequencies of postoperative
infections were compared in the 17 patients who
were HIV seropositive and had associated clinical
symptoms, in 26 patients who were HIV seropositive
and had no associated clinical symptoms, and in 171
patients who were HIV seronegative.17 The relative
frequency of postoperative infection was signiﬁcantly
higher in patients who were HIV seropositive and had
associated clinical symptoms (4 of 17, 23.5%) than in
patients who were seronegative (8 of 171, 4.7%, p =
0.01, Fisher exact test). In all patients who were HIV
seropositive and had a postoperative bacterial infection,
treatment with antibiotics was effective. The results of
this study suggest that patients who are HIV seropositive
with associated symptoms are at increased risk for
postoperative infection after fracture surgery.
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A retrospective study of 14 patients with 15 open tibial
fractures compared postoperative infection rates of
asymptomatic patients who tested positive or negative
for the HIV antibody (HIVab).18 All patients were treated
with a standard open-fracture protocol. All of the HIVabpositive patients developed postoperative infections.
There were ﬁve postoperative infections in 4 patients;
3 of the 4 patients were HIVab-positive and 2 of these
patients developed chronic osteomyelitis. The only other
infection, in an HIVab-negative patient with insulindependent diabetes, resolved without complication. All
other HIVab-negative patients had no complications. The
infection rate for asymptomatic HIVab-positive patients
with open tibial fractures was higher than that for HIVabnegative patients in this study. These data suggest that
the HIV status of patients with open tibial fractures is
very relevant to treatment outcome.
Most recently, a prospective, blind, controlled study
on wound infection after implant surgery involving 41
procedures in patients infected with HIV and 141 in
HIV-negative patients was published.19 The patients were
staged clinically and the CD4 cell count determined.
Wound infection was assessed using the asepsis wound
score. A risk category was allocated to account for
presurgical contamination. In HIV-positive patients,
with no preoperative contamination, the incidence of
wound infection (3.5%) was comparable with that of the
HIV-negative group (5%; p = 0.396). The CD4 cell count
did not affect the incidence of infection (r = 0.16). When
there was preoperative contamination, the incidence of
infection in HIV-positive patients increased markedly
(42%) compared with that in HIV-negative patients (11%;
p = 0.084). The results of this study with small sample
size documented that implant surgery may be undertaken
safely in HIV-positive patients when no contamination
has occurred, but infection is substantially increased in
HIV-positive patients with preoperative contamination.
POST-SPLENECTOMY PATIENTS
Trauma patients may require splenectomy due to
the injuries sustained. One important sequelae of
splenectomy is immunosuppression.20 Therefore,
these patients also represent an immunocompromised
patient population, and should be treated as such.
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Postsplenectomy patients are at higher risk for
septic complications, particularly with encapsulated
organisms, of which pneumococcus is the most
common. Overwhelming postsplenectomy infection
is a rare syndrome, occurring in < 1% of all patients,
that usually presents with fever, brief upper respiratory
tract infection and within hours can progress to septic
shock. This can occur in the immediate postoperative
period or delayed. Post-splenectomy immunization
is therefore recommended with pneumococcus, H.
Inﬂuenza and meningococcus vaccines.21,22 Careful
monitoring for infectious complications is mandatory in
post-splenectomy trauma patients.

support metabolic demands and the immune response.25
Therefore, a timely nutrition assessment is necessary,
and early aggressive intervention with nutritional
support is recommended. Enteral nutrition is indicated
for patients with a functional gastrointestinal tract;
parenteral nutrition should be instituted only in patients
with intestinal failure. Speciﬁc nutritional formulas
may be required in patients with organ failure. Careful
monitoring of the adequacy of nutritional support is an
important component of the care of trauma victims who
are also immunocompromised patients.

PREVENTIVE STRATEGIES

Intensive insulin therapy to maintain blood glucose
between 80-110 mg/dL was associated with signiﬁcant
reduction in mortality in a prospective randomized study
of 1548 patients admitted to the surgical ICU requiring
mechanical ventilation.26 Emerging data in trauma
patients conﬁrms that high glucose concentrations are
associated with adverse outcome in trauma.27, 28

A number of preventive strategies are utilized in trauma
victims to prevent injury-associated complications.
These preventive strategies should also be implemented
in immunocompromised patients who have sustained
traumatic injury, although no speciﬁc studies have been
published in these special patient populations.
VAP Prevention
A number of strategies to prevent ventilator-associated
pneumonia (VAP) have been identiﬁed, and should
be implemented in all trauma victims, including
immunocompromised patients.23 These include the use
of the semirecumbent position and aggressive weaning
protocols to minimize duration of mechanical ventilation.
Additional studies have documented that the use of
chlorhexidine in the posterior pharynx and specialized
endotracheal tubes for the continuous aspiration of
subglottic secretions may be useful in speciﬁc patient
populations. Any efforts to reduce pneumonia in the
trauma patient is effective, since this is the most common
infectious complications in trauma victims.
Nutritional Support
Multiple studies have conﬁrmed that nutritional support
is associated with improved outcome in trauma patients.24
Malnutrition is common in immunocompromised
patients, including transplant, HIV and cancer
patients. Adequate nutrition is required to help prevent
infectious complications, promote wound healing,
Vol. 12 Number 1

Glucose Control

Vitamins (Nathens)
A recent prospective randomized study compared
outcomes in patients receiving early antioxidant
supplementation [α-tocopherol (Aquasol-E 1000IU q8h
via NGT) and ascorbate (1000mg IV q8h)] versus those
receiving standard care, with a cohort of 595 patients,
91% of whom were trauma victims.29 Patients that
received antioxidants had signiﬁcantly decreased risk for
pulmonary morbidity, including ARDS and pneumonia
(RR 0.81, CI 0.60-1.1) and multiple organ failure (RR
0.43, CI 0.19-0.96) and decreased ICU length of stay.
Signiﬁcant limitations of this study, however, included
lack of a placebo and lack of investigator blinding.
Further studies in this important area are warranted.
Fungal Prophylaxis
There is no data to suggest that antifungal prophylaxis is
necessary in immunocompromised trauma patients, but
no speciﬁc clinical studies have addressed this issue. A
recent Cochrane Database Systematic Review conﬁrmed
that Nystatin prophylaxis cannot be recommended
for prophylaxis or treatment of fungal infections in
immunocompromised patients.30 In contrast, a single59
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center study in 260 surgical ICU patients documented
a signiﬁcant reduction in Candida infection with enteral
ﬂuconazole 400mg daily as fungal prophylaxis.31
Similarly, a prospective randomized double-blind
placebo-controlled trial in medial and surgical ICU
patients (n=220) documented that ﬂuconazole 100mg
daily was effective in reducing fungal colonization and
infection.32 There is a signiﬁcant concern about the use
of this prophylactic antifungal strategy, in that it has
resulted in an increased emergence of resistant Candida
isolates, including Candida glabrata.33
TREATMENT STRATEGIES
Bacterial complications are common in transplant
patients and are the most common complication in
trauma patients. No studies have yet evaluated whether
transplant patients that sustain trauma are at higher risk
for infectious complications that the general trauma
patient population. Data regarding risk of infections
in the post-transplant period is, however, available.
Wound infections, urinary tract infection and pneumonia
are the most common complications of solid organ
transplantation and generally involve Gram-negative
bacilli and Staphylococcus aureus.34 Transplant patients
requiring intensive care are also at risk of nosocomial
infections including legionellosis. Once engraftment has
occurred, there is much less risk of bacterial infection but
patients remain vulnerable to the intracellular pathogens
Listeria monocytogenes, non-typhoid salmonellae,
Norcardia spp. and mycobacteria for as long as
they require immunosuppression. Since solid organ
transplant patients require life-long immunosuppression,
they remain susceptible to infections with intracellular
pathogens and, even with minimal immunosppression,
there will always be the risk that common bacteria will
cause infection in unusual places and that uncommon
organisms will be involved in apparently straightforward
infections.
Signs and symptoms of infection in the solid organ
transplant recipient may be altered due to the
immunosuppressive regimen the patient is receiving.
A recent study examined this issue, and determined
that most infected transplant patients demonstrated
a similar maximum temperature and white blood
cell count compared to infected general surgery and
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trauma patients.35 Upon further analysis of subgroups,
patients receiving mycophenolate or azathioprine had
signiﬁcantly lower maximum temperatures and white
blood cell counts when compared to non-transplant
patients, while steroids appeared to have little effect on
the systemic inﬂammatory response. Overall mortality
was similar between groups. In general, solid organ
transplant recipients exhibited a physiologic response to
bacterial or fungal infection at least as great as that seen in
non-transplant surgical patients, although mycophenolate
and azathioprine appeared to slightly depress the ability
to respond with fever and leukocytosis.
A high index of suspicion for infection must be
maintained in the care of immunocompromised trauma
patients. Early initiation of broad-spectrum antibiotic
therapy is necessary in immunocompromised trauma
patients presumed to have infection with subsequent deescalation of antimicrobial therapy once identiﬁcation
and sensitivities of the causative organisms are
available. Since pneumonia in transplant and HIV
patients may be due to uncommon organisms, diagnostic
bronchoscopy for targeted cultures is a necessary
component of the workup for bacterial infections in these
immunocompromised patients.
For patients who progress to develop severe sepsis, a
recent advance in treatment is the use of drotrecogin alfa
(activated, human activated protein C), which has been
shown to be safe and effective in treating the underlying
inﬂammatory and procoagulant responses that contribute
to the development of multisystem organ failure. Little
data is available regarding the use of activated protein
C in trauma or transplant patients. A recent report
documented early experience with activated protein C in
3 solid-organ transplant recipients (liver, kidney, kidneypancreas) which was associated with initial success.36
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