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Violent trauma and road traﬃc injuries kill more than 2.5 million people
in the world every year. It has been calculated by the World Health Organization that in 2002 there occurred 1.6 million violent deaths [1] and 1.2
million deaths from traﬃc injury [2], for a combined mortality of 48 deaths
per 100,000 population per year.
Most trauma deaths occur at the scene or in the ﬁrst hour after trauma,
with a proportion from 34% to 50% occurring in hospitals [3]. These deaths
could be prevented by optimization of trauma care. Preventability of trauma
deaths has been reported as high as 76% [4] and as low as 1% in mature
trauma systems [5,6].
Prehospitalization procedures, elapsed time to hospital arrival are, of
course, vital to the whole trauma scenario, but errors made in the in-hospital
phase of care are responsible for one third to two thirds of the reported by
diﬀerent authors [7,8]. Of these, intensive care unit (ICU) errors are among
the most frequent and signiﬁcant. Errors in the ICU management of trauma
patients were studied by Duke and colleagues [9]. They reported 165 ICU
trauma deaths. Two hundred ﬁfty-eight errors occurred in 81 patients
(52%), and 134 of them contributed to death in 52 patients (34%). ICU
errors were classiﬁed as management errors (82%), diagnostic (9%), technique (5%), and system inadequacies (4%). Davis and colleagues [10]
identiﬁed critical care errors in 30% of 125 trauma deaths with errors. These
errors contributed to 48% of all preventable deaths.
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The most common critical care errors are related to airway and respiratory management, ﬂuid resuscitation, neurotrauma diagnosis and support,
and delayed diagnosis of critical lesions [9,10].
It is imperative for the general surgeon who takes care of trauma patients
to know how to deal with these critical aspects, to reduce preventable morbidity and mortality. In the next segment, the situations in which the participation of the surgeon is crucial, during the initial phases of reanimation and
stabilization of the critically traumatized patient will be discussed.
Airway and ventilation management
Airway and respiratory management errors are the most common of
those identiﬁed by several authors [9–11]. The mechanically ventilated
trauma patient may experience alterations in oxygenation as a result of
the trauma itself or because of complications of therapeutic maneuvers.
The source must be identiﬁed and treated expeditiously, to avoid additional
injury, particularly in patients with encephalic trauma.
The cardinal manifestation is a sudden or a rapidly progressing desaturation, frequently accompanied by tachycardia and arrhytmias, and occasionally by agitation. Hypertension announces the cardiovascular collapse, and
bradicardia appears immediately after the total collapse [12]. The symptoms
should not be attributed to agitation when it is present, and other possible
causes must be ruled out before. Diagnosing the complication involves
a directed physical examination, the analysis of the airway pressures and
ventilator volumes, chest radiographs, and sometimes the measurement
of arterial blood gases (ABG), and the urinary bladder pressure (Table 1).
The emergency conditions in which the access to the airways must be
gained, the displacement to diagnosis areas or operating room and the agitation, often present, make the critical trauma patient prone to airway complications [13–16]. Accidents of the airway cause preventable deaths and
increase morbidity, length of stay, and costs [17–20]. Adequate staﬃng
and protocolization could have avoided more than the half of them [20–22].
Disconnection, accidental extubation, and proximal orotracheal
tube migration
Disconnection and extubation are easily recognized by the rapid deterioration of the patient, and the ventilator alarms of low pressure and gas leak.
Reintubating the patient, after oxygenating him or her with mask-bag manual ventilation, is the treatment for the accidental extubation.
Migration of the tube to the pharynx produces a subtler clinical picture.
The most remarkable physiopathologic alteration is alveolar hypoventilation due to gas leak. Occasionally, the loss of positive pressure produces
hypoxemia in patients who need positive end expiratory pressure (PEEP).
The appearance of saliva bubbles in the mouth must cause suspicion. The
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Table 1
Diﬀerentiation of airway and ventilation crises
Condition

Peak pressure

Low or normal peak inspiratory pressure
Extubation/proximal
Low
tube migration
Disconnection
Low
Negative pressure

Low

High peak inspiratory pressure
Artiﬁcial airway
High
obstruction
Patient’s airway
High
obstruction
Atelectasis
High

Plateau pressure

Clinical ﬁnding

Low

Noises and saliva bubbles
in the mouth
Disconnection from the
ventilatory circuits
Agytation. Low pressures
alternating with high
pressures

Low
Low

Normal
Normal
High

Acute lung injury
Tension pneumothorax

High
High

High
High

Massive diaphragmatic
hernia
Intraabdominal
hypertension

High

High

High

High

Cuﬀ deﬂation test:
minimal change
Cuﬀ deﬂation test: scape
and pressures reduction
Asymmetry. Chest
X-rays conﬁrmation
Chest X-rays conﬁrmation
Asymmetry. Needle
conﬁrmation
Asymmetry. Chest
X-rays conﬁrmation
Symmetric diminished
breath sounds. Elevated
intravesical pressure

ABG will show hypercarbia, and the ventilator will indicate low airways
pressure and low expired gas volume. The diagnosis is conﬁrmed by direct
laryngoscopy, and the complication is treated by replacing the tube. Protocols of endotracheal tube securing and ventilator circuit checking should
avoid these complications [21,23,24].
Airway obstruction
Acute airway obstruction can develop in the trauma mechanically ventilated patient at any level, from diﬀerent causes: artiﬁcial airway may occlude
by kinking, biting, impacted secretions, or clots; trachea and bronchii tubes
by hematoma, clots, or secretions; and small airways by secretions or bronchospasm [25,26]. Foreign bodies can obstruct the airways at any level [27]
(Fig. 1). Manifestations include inspiratory eﬀort, elevated peak inspiratory
pressure, low level of plateau pressure (this diﬀerence results from the increased resistance to airﬂow), and decreased tidal volume. Oxygenation is
compromised as well as CO2 excretion [28]. Chest radiographs may not reveal
any acute abnormality, unless clots or secretions have caused an atelectasis.
Kinking and biting are easily detected and corrected. Diﬀerentiating
obstruction in the artiﬁcial airway or distal to it is critical, and often diﬃcult
to do. Passing a suction catheter into the endotracheal tube may detect an
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Fig. 1. (A) Orotracheal tube occluded by clots in a patient with lung contusion and hemoptysis.
He developed sudden dyspnea, agitation, and desaturation. The peak airway pressure and plateau pressure was 38 and 28 cm H2O, respectively. A suction catheter passed easily. The patient
improved after changing the occluded tube. (B) Orotracheal tube occluded by a segment of
a broken guide, in a BTI intubated in the emergency room. The mechanical ventilation was difﬁcult and airway obstruction was suspected because of high peak airway pressure and normal
plateau pressure. The patient improved after changing the tube.

obstruction in it. Nevertheless, the distal advance does not exclude the endotracheal tube occlusion by clots or impacted secretions. The cuﬀ deﬂation
test [28] may help to ﬁnd the obstruction site: the cuﬀ of the endotracheal
tube is deﬂated while the patient continues being ventilated. When the obstruction locates distal to the tube a dramatic reduction in the peak inspiratory pressure and a marked leak are observed. On the other hand, when the
endotracheal tube is occluded, high peak inspiratory pressure persists and
there is minimal leakage. Occasionally, the only way to be sure of the
obstruction of the tube is by changing it. Broncoscopy may be required.
Acute reduction of respiratory system compliance
A group of mechanically ventilated trauma patients exhibit a picture of
rapidly progressive elevation of the peak inspiratory pressure, with a parallel
increase of the plateau pressure, reduction of the tidal volume, and variable
hypoxemia and hypercarbia. This complex may be attributed to acute lung
injury or atelectasis. Nevertheless, it may correspond to an extrapulmonary
cause, that is, tension pneumothorax [29,30], massive diaphragmatic hernia
[31–34], or intraabdominal hypertension [35–37]. Clearly, diagnosing these
entities has critical transcendence, as they cause rapid hemodynamic deterioration and are susceptible to speciﬁc surgical treatment (Fig. 2).
The elevation of the plateau pressure discards airway obstruction, and
some clinical clues permit us to diagnose or to suspect speciﬁc entities: thorax asymmetry with an increase of chest volume on the compromised side,
tracheal deviation to the opposite side, resonance, and diminished breath
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Fig. 2. Segmental intestine necrosis in a patient with peritonitis after penetrating abdominal
trauma and late surgical decompression of the abdominal cavity. The respiratory manifestations
were managed with oxygen 100% and high PEEP levels; the hemodynamic instability with IV
ﬂuids and norepinefrine infusion. As a consequence, the intraabdominal hypertension syndrome
was diagnosed and treated late.

sounds of the compromised side in tension pneumothorax; tracheal deviation to the compromised side, decreased chest volume, dullness, and
decreased breath sounds in massive atelectasis (Fig. 3), and increase of the
chest volume of the compromise side, tracheal deviation to the opposite
side, dullness, and diminished breath sounds of the compromised side in
massive diaphragmatic hernia (Fig. 4).
Tension pneumothorax is conﬁrmed by the insertion of a 12 Fr intravenous (IV) catheter in the second intercostal space. A chest radiograph gives
clues to diﬀerentiate the other entities. Compartment abdominal syndrome
diagnosis is conﬁrmed by measurement of bladder pressure. Deﬁnitive treatment is made by surgery.

Fig. 3. Monobronchial intubation in a BTI patient. He was intubated in the emergency room
and transported to the ICU. In the ﬁrst evaluation there were desaturation, tracheal deviation
to the left, and diminished breath sounds in the left hemythorax. Chest radiographs shows the
tip of the tube in the main right bronchi, and signs of loss of volume in the left lung.
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Fig. 4. Massive left diaphragmatic hernia. The patient was dyspneic, tachycardic, and had tracheal deviation to the right and diminished breath sounds of the left hemythorax. (Courtesy of
Diego Rivera, MD, Hospital Universitario del Valle, Cali, Columbia.)

Evaluation and treatment of the circulatory state
The objectives of the circulatory assessment during the initial evaluation
of the trauma patient (recognizing the state of circulatory shock, identifying
the bleeding source, controlling the hemorrhage, and replacing IV ﬂuids and
eventually blood components), must be kept during critical care reanimation. Some of the most common errors reported during this phase of the
treatment are related to the failure in the accomplishment of these principles
[7,9,10].
Recognizing a state of shock
Relying exclusively on the vital signs to diagnose hypovolemic shock may
be misleading. Supine tachycardia or hypotension are speciﬁc but not sensitive to detecting moderate bleedings. Sensitivity of supine hypotension
(blood pressure !95 mm Hg) was only 33%, while speciﬁcity was 96%,
to detect a blood loss of 630 to 1150 mL, in healthly volunteers. In other
words, the presence of these signs conﬁrm hypovolemia, but their absence
do not discard it [38]. Celoria and colleagues [39] failed to predict a low
wedge pressure or a low cardiac output, based on clinical parameters in
one third of a group of surgical critical patients; additionally, most of the
patients in whom they predicted low wedge pressure or cardiac output,
had normal values. Shoemaker and colleagues [40] showed that vital signs
were not able to diﬀerentiate survivors from nonsurvivors in a group of
shock patients. Abou-Khalil and colleagues [41] found evidence of persistent
hypoperfusion in 80% of critically traumatized patients under hemodynamic reanimation, despite the normalization of their vital signs.
Hypoperfusion, frequently resulting from a low cardiac output (compared
with the required for that current physiological status) [42], causes cellular
damage, activation of inﬂammatory response, and increases multiple organ
dysfunction syndrome and death risks, if not corrected in a few hours [43–48].
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The aforementioned arguments constitute the rational basis for perfusion
monitoring and perfusion-based resuscitation in trauma patients, and for invasive monitoring when the hypovolemia or hypoperfusion do not correct
themselves despite adequate volume substitution.
Volume reposition
There has been a lot of controversy about the ﬂuid that must be
employed in the resuscitation of hemorrhagic shock patients.
When compared with crystalloids, colloid solutions expand faster in the
intravascular space, and remain there longer [49,50], which in turn, produces
a quicker restoration of the cardiac output and oxygen transport variables,
with less infused volume and less edema formation. When endpoints such as
mortality and morbidity are examined, colloids and crystalloids are equally
eﬀective. Roberts and colleagues [51] found in a meta-analysis, a pooled relative risk from 1.02 (95% conﬁdence interval, 0.93 to 1.11), in 42 analyzed
controlled clinical trials, with a total of 7576 patients included. The same
results were achieved when the analysis was performed for each diﬀerent
colloid. In a large randomized controlled clinical trial published recently,
albumin 4% or normal saline were administered during the ﬁrst 4 days of
the treatment of critical care patients. The study included 6997 individuals.
Mortality was the same in both groups, as well as the complications possibly
attributable to the ﬂuid regimes. The diﬀerences in the amount of ﬂuid
administered were small [52].
In view of the proven absence of beneﬁts of colloids, the absence of harm
of crystalloids, and the considerable expense diﬀerence favoring crystalloids,
these solutions must be considered the ﬁrst choice for the resuscitation of
trauma patients [53].
The required volume to resuscitate a trauma patient exceeds the basal
needs for several reasons: at least two thirds of the given crystalloids are redistributed to the interstitium, making it necessary to administer three times
the lost volume; the shift of ﬂuids to the interstitium will continue from
a few hours to several days, in proportion to the depth and duration of
the shock [54,55]. Additionally, the patient may still have some degree of active hemorrhage. In consequence, the needed volume cannot be predicted,
and must be carefully titrated to reach speciﬁc goals to avoid persistent
hypovolemia or excessive ﬂuid supply.
Endpoints for the resuscitation
Correcting overt signs of hypovolemia (hypotension, tachycardia, altered
mental status, and oliguria) constitutes the ﬁrst step in the resuscitation of
a trauma patient. However, achieving these goals cannot be considered satisfactory, because, as already mentioned, they fail to identify hidden hypoperfusion in the state of compensated shock. In consequence, resuscitation
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directed to the early identiﬁcation and correction of perfusion deﬁcit has
been proposed.
Early monitoring with a pulmonary artery catheter has been advocated,
and resuscitation toward supraphysiologic values of cardiac index, oxygen
delivery, and oxygen consumption has been proposed, and several controlled clinical trials have been performed. Their results were consolidated
in three meta-analyses. The ﬁrst one found methodologic limitations of
the primary studies, which made it diﬃcult to reach solid conclusions [56].
The authors found a nonstatistically signiﬁcant trend toward a reduced
mortality, a shorter ICU stay, and a signiﬁcant mortality reduction in the
experimental group, when the analysis was limited to the studies in which
the hemodynamic optimization started before the surgical procedure. Ivanov and coworkers [57] found in their meta-analysis a signiﬁcant reduction
in morbidity when the hemodynamic resuscitation of critically ill patients
was guided by the pulmonary artery catheter. Kern and Shoemaker [58] reviewed the impact of hemodynamic optimization, directed to supranormal
values, in high-risk patients. They concluded that the mortality was reduced
in the studies in which the treatment was instituted before organ failure was
established, and when the mortality of the control group exceeded 20%.
It seems that the hemodynamic optimization only can be beneﬁcial if
started early after the trauma and is directed to the correction of the underlying perfusion deﬁcit. So, markers of anaerobic metabolism, such as lactate
or base excess, must be evaluated and followed to trace the recovery of
shock at the cellular level.
Lactic acidosis has been associated with alterations in oxygen supply for
the past 50 years [59,60]. Its prognostic value in hemorrhagic shock was
established in terms of identifying the risk of death as well as in predicting
infectious complications and multiorgan failure [61,62]. Several authors
have shown that the early clearance of the lactic acidosis correlates with
a better chance of survival. All patients who corrected the acidosis in the
ﬁrst 24 hours survived. Mortality increased as the time elapsed to normalization was longer [63,64].
Other measurements of metabolic acidosis have shown a correlation with
mortality [65,66]. The most extensively studied is base deﬁcit. It has been
shown in animal and clinical studies of hemorrhagic shock that the severity
of metabolic acidosis determined by this method correlates with a higher
probability of death [67–69], as well as with a higher risk of multiple organ
dysfunction syndrome [43,48]. The velocity of normalization of the base deficit has not been related with the prognosis. Lactate and base deﬁcit have
been compared. They showed a good correlation in the ﬁrst evaluation
[65], but lactate showed a better performance after the resuscitation with
IV ﬂuids, and in the identiﬁcation of compensated shock [64].
Regional analysis of perfusion could give the most sensitive approximation [70]. Preliminary reports regarding regional CO2 measurement in sensible microvascular beds, as manifestation of hypoperfusion, are promising
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[71–73]. Measurement of oxygen tension or saturation in certain tissues has
permitted the identiﬁcation of occult hypoperfusion in animal studies and
in some limited clinical experiences published [71,74–78]. Unfortunately,
these methods have not been fully evaluated, and none of them has reached
widespread use.
Transfusion threshold and coagulopathy correction
The transfusion of red blood cells is a common practice in trauma patients. It was found in a multicenter trial that 55% of the trauma patients
who were admitted to the ICU received transfusions during their stay [79].
The decision of transfusing red blood cells (RBCs) is, in part, motivated
by the aim of improving the oxygen-carrying capacity of the blood and reducing the oxygen debt: ‘‘the higher hemoglobin level is the best.’’ This concept has been challenged by the understanding of the tolerance of low levels
of hemoglobin by the critically ill patient, and by the knowledge of the
detrimental eﬀects of transfusion in terms of immunosuppresion [80,81],
increased risk of infection [82], increased risk of blood-borne infection
acquisition [79], increased risk of multiorgan failure [43,48], and death
[83], when compared with matched critically ill patients.
The threshold for RBC transfusion was examined in a randomized clinical trial, in which 838 euvolemic critically ill patients with hemoglobin levels
below 9.0 g/dL within 72 hours after admission were assigned to receive
RBC transfusions to maintain the Hb concentration between 10.0 and
12.0 g/dL (Liberal group), or to receive RBC transfusions only when Hb
concentration fell below 7.0 to maintain the Hb concentration between
7.0 and 9.0 g/dL (Restrictive group). Overall 30-day mortality, length of
stay, and morbidity were not diﬀerent for either group [84]. Hill and coworkers [85], who undertook a meta-analysis comparing liberal and restrictive transfusion strategies, conﬁrmed the conclusions reached by these
researchers. They found an additionally 40% reduction in exposure to transfusions in the patients allocated in the restrictive groups.
The current recommendation for critical care patients younger than 55
years and without signiﬁcant heart disease is to administer transfusions to
maintain hemoglobin concentrations between 7.0 and 9.0 g/dL.
Coagulopathy is a common event in trauma patients. Its origin is multicausal, and the main etiologic factors are hypothermia, ﬁbrinolysis activated
by tissular trauma and by endothelial damage, and dilution of coagulation
factors and platelets [86–91]. Occasionally, a traumatized patient has a preexisting condition such as liver or hematologic diseases or anticoagulant
treatment that can predispose to bleeding [92], and must be identiﬁed in
the anamnesis.
The entity is recognized by bleeding from diﬀerent places such as intravenous sites, the nasogastric tube, the vesical catheter or the surgical drains, and
nonmechanical bleeding in the surgical ﬁeld. This complication as so many
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other things is better to prevent than to have to treat later. Prevention is accomplished by hypothermia prevention and treatment [93–97] (Box 1) and
shock limitation, which in turn, is guaranteed by rapid interruption of the
hemorrhage and aggressive hemodynamic resuscitation. Prophylactic administration of platelets or plasma usually do not prevent coagulopathy [98,99].
The characterization of coagulopathy is made in most of the cases by simple
laboratory tests: platelet count, activated partial thromboplastin time, prothrombin time-international normalized ratio, and ﬁbrinogen concentration,
which guide the administration of fresh frozen plasma, platelets, and cryoprecipitate [87–91]. Damage control surgery is a powerful ancillary tool in the
coagulopathic patient who is being operated on. It permits the expeditious
control of the nonmechanical bleeding, limits the extension of the surgery,
and stops the vicious circle of bleeding–hypothermia–coagulopathy.
The hypotense or hypoperfused trauma patient in the ICU
Frequently, a critically traumatized patient shows hypotension or persistence of the indicators of hypoperfusion. It often results from a mismatch
between the ﬂuids required and the ﬂuids administered. This situation
must be distinguished from occult bleeding and from intrathoracic hypertension that may result from a tension pneumothorax [29,30], a massive diaphragmatic hernia [31–34], or intra-abdominal hypertension [36,37]. On
rare occasions cardiac tamponade will result from a missed cardiac wound
or from liquid accumulation in the pericardial sac after a wound or an incision (Table 2) [100–102].
Persistent hemorrhage must be identiﬁed and treated immediately. It is
easily recognized when there is external bleeding coming from the drains

Box 1. Hypothermia prevention and treatment









Rationalize ICU temperature
Keep the patient’s skin dry
Avoid unnecessary body exposition
Limit cavities exposition
Administer warmed fluids and blood
Administer humidified gases
Correct shock as early as possible
Actively warm the patient.
 Surface warming (forced warmed air and resistive warmers,
better than circulating water mattresses)
 Continuous arteriovenous rewarming (very effective)
 Cardiopulmonary bypass (the most effective)
 Cavities rewarming (not recommended)
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Table 2
Diﬀerential diagnosis of the hypotense or hypoperfused trauma patient
Condition

Filling pressures

Airway pressures

Observations

Ongoing hemorrhage

Low

Low or normal

Fluids shifts, or
vasodilation

Low

Low or normal

Myocardial
depression or contusion
Cardiac tamponade

High

Low or normal

High

Low or normal

High

High

High

High

Hb drops
Source of bleeding is
found if looked for
Hb does not drop
Source of bleeding is not
found
Echocardiogram shows
contractility alterations
Subxyphoid echo or
subxyphoid pericardial
window identify
pericardial eﬀusion
Clinical diagnosis
Radiologic conﬁrmation if
clinical signs are nor
clear
Oliguria
Elevated intravesical
pressure

Tension
pneumothorax
or massive
diaphragmatic hernia
Intraabdominal
Hypertension

or the surgical wound (Fig. 5). It is more diﬃcult to recognize when the patient has not been operated on, or when the drains or the chest tube become
occluded by clots. In these cases the reexamination of the patient, aided by
a chest radiograph, an ultrasound directed to detect liquid in the cavities
[103–105], and a high suspicion index will help to diagnose the complication.
The treatment should not be delayed, and will consist of surgical exploration
with the strong consideration of performing damage control procedures.
Angiographic embolization may be employed in selected cases; which depends on the experience of the team in these cases and the resources available (Fig. 6) [106–112].

Fig. 5. Patient with massive bleeding due to a gunshot wound to the liver. It was controlled by
a catheter with a balloon. The photography shows blood coming from the wound. The patient
was reexplored and a wound of a diaphragmatic vein was found and treated.
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Fig. 6. Bleeding control in a patient with pelvic fracture. (Courtesy of Diego Rivera, MD, Hospital Universitario del Valle, Calle, Columbia.) (A) The arteriography identiﬁes a torn artery
bleeding. (B) The arteriography after coils embolization shows that the bleeding has stopped.

Conditions that course with elevation of the intrathoracic pressure decrease the venous return and the cardiac output, with potential disastrous
consequences that will not subside unless the cause be removed. The hemodynamic proﬁle includes low cardiac output, high ﬁlling pressures, and high
peripheral vascular resistances. The elevated intrathoracic pressure hinders
lung expansion and oxygenation. The mechanically ventilated patient shows
elevated airway pressures, hypoxemia, and sometimes hypercarbia [31,36,37].
The physical examination can identify asymmetry in tension pneumothorax
and diaphragmatic hernia. As the presence of a chest tube does not preclude
the development of a pneumothorax (Fig. 7), the presence of a silo in the abdominal wall does not prevent abdominal hypertension (Fig. 8). The diagnosis is based on clinical grounds in some instances, but in the cases of
diaphragmatic hernia and abdominal hypertension a chest radiograph and
the urinary bladder pressure must be obtained. The correct treatment must
be performed immediately, and sometimes, due to the enormous instability,
the surgical procedure must be performed in the ICU [113,114].
Cardiac tamponade must be suspected in the presence of elevated ﬁlling
pressures. Neck vein distension diminished heart sounds and paradoxal
pulse are absent in most cases. Subxyphoid echo will conﬁrm the diagnosis
[115], and subxyphoid pericardial window will be diagnostic in traumatic
hemopericardium and therapeutic in inﬂammatory pericardial eﬀusion
(Fig. 9) [100,101,116,117].
Independently of the cause of the hypotension or the hypoperfusion
signs, the monitoring must be increased and include at least a radial artery
catheter and a central venous catheter. The infused volume must be titrated
to reach speciﬁc goals: the mean arterial blood pressure must be of 65
mmHg or more during the ﬁrst 30 minutes, and the lactate and base deﬁcit
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Fig. 7. Tension pneumothorax in a patient with a chest tube. (A) Chest radiographs 5 days after
a right thoracotomy and tractotomy of the three lobes. (B) Chest radiographs 3 days later. A
massive right pneumothorax with left deviation of the mediastinal structures, compression of
the left lung, and a chest tube are seen. The patient looked restless and dyspneic. He had tachycardia and resonance of the right thorax, with diminished breath sounds. (C) Chest radiography
after the insertion of a second chest tube.

must show a clear trend to normalize in the ﬁrst 6 hours, with complete normalization at the end of the ﬁrst day (Table 3).
To avoid infusing excessive amounts of IV solutions and its complications, the condition of responsiveness to volume must be identiﬁed
[50,118–120]. The ﬁlling heart pressures have been used traditionally to accomplish this task, being that the pulmonary artery wedge pressure is
considered as the standard. Other methods such as the right ventricular
end-diastolic volume, measured with a specially designed pulmonary artery
catheter or the aortic blood velocity, and left ventricle end-diastolic area
determined by echocardiography have been tested [121]. The accuracy of
all these static variables to determine the status of responsiveness is low,
motivating the search of dynamic, more reliable measurements, of which
the variations of the arterial pressure with the respiratory cycle have proven
to be accurate and easy to obtain [122,123]. Other objectives to be accomplished in the initial hours is a hemoglobin concentration O7.0 g/dL and
a pulse oximetry (SatP) O94%.
A pulmonary artery catheter must be considered in the ﬁrst few hours if
there is not a clear response. This is to facilitate the decisions about the
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Fig. 8. A second episode of intraabdominal hypertension in a patient with intraabdominal hypertension after massive ﬂuid resuscitation for an extraabdominal trauma. (A) Eighteen hours
after a laparotomy and collocation of a Bogota Bag. The patient developed a scenario of diﬃcult ventilatory support, with progressive elevation of the airway pressures, requirement of high
oxygen concentrations, and high PEEP levels; hypotension despite IV ﬂuids and high dose of
norepinefrine. The urinary bladder pressure risen to 28 cm H2O. (B) After the decompression
the respiratory and hemodynamic changes reverted to normal. The patient requires a bigger
silo than before.

amount of ﬂuids to be given and the necessity of administering inotropes if
the cardiac output is judged not to be enough despite an adequate status of
intravascular volume or vasopressors if the cardiac output is good but
hypotension persists, due to a very low peripheral vascular resistance.
Initial neurologic evaluation of the trauma patient
Errors in diagnosis, monitoring, and treatment of brain trauma patients
are among the most frequently reported in the intensive care phase treatment of the trauma patient. Of the errors reported by Duke and colleagues
Table 3
Endpoints of the resuscitation
Parameter

Goal

Observations

MAP

TBI patients need MAP O70 mm Hg

Lactic Acidosis

O65 mm Hg in the ﬁrst
30 minutes
!2.1 mmol/L

Base deﬁcit

O 5.0 mEq/L

Hemoglobin

7.0–9.0 g/dL

SatP

O94%

Trend to reduction in the ﬁrst 6 hours
Complete clearance in 24 hours
Trend to reduction in the ﬁrst 6 hours
Complete clearance in 24 hours
Patients with signiﬁcant heart disease
or older than 55 years may need
higher levels
With the lowest PEEP that permits
keeping FIO2 !0.6

Abbreviations: MAP, mean arterial pressure; PEEP, positive end expiratory pressure; TBI,
traumatic brain injury.
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[9], 54% contributed to death. In the publication by Davis and coworkers
[10], 60% of the monitoring errors were classiﬁed as neurologic, while
12% of the management errors corresponded to this category. One fourth
of the neurologic errors of this study contributed to death.
Usually the condition of severe brain trauma (Glasgow coma scale of 8 or
less) has been diagnosed in the prehospital phase or in the emergency room.
In these cases the tracheal intubation has been achieved previously and the
patient is transferred to the ICU directly from the computed axial tomography (CT) suite if surgery is not indicated, or from the surgical theater when
a surgical operation was required. Occasionally, the cause of the emergency
intervention has been extracranial, and in such cases it is possible that the
CT had not yet been done. Usually the possibility of an intracranial lesion
has been ruled out with measurement of the intracranial pressure (ICP),
completed by an air ventriculography [124]. If an intracranial lesion has
not been ruled out, the arrangements to perform the CT must be made.
The optimal resuscitation constitutes the ﬁrst step in the optimal treatment of the brain trauma patient, in virtue of the acknowledged deleterious
role of secondary insults such as hypotension and hypoxia [125,126]. Maintaining SatP at a level O94%, the systolic blood pressure above 90 mm Hg,
the mean arterial blood pressure above 70 mm Hg, and the PaCO2 around
35 mm Hg seem reasonable goals [124].
The oxygenation goal must be rapidly obtained by manipulating FiO2,
while PEEP is titrated. Concerns about the worsening of ICP with PEEP
have not been conﬁrmed [127,128]. In any case, it must be titrated at the
lowest possible level. Sedation must be used to permit ventilatory support,
and contribute to lower ICP. Care must be taken to avoid hemodynamic
instability due to an excessive dose of sedatives. Neuromuscular blockade
should be used only if indispensable, as continuous protracted relaxation,
used to facilitate the ICP management, does not improve the results, prolongs ICU stay, and increases complication risks [129].
Isotonic crystalloids (preferable normal saline), should be used to reach
the blood pressure goal. Vasopressors should be used brieﬂy to sustain
blood pressure, while the volume resuscitation is performed. If continuous
administration is necessary due to hypotension despite the absence of hypovolemia, then phenyleprine or noradrenaline are preferred [130,131].
The patient must be maintained normothermic, as deliberate hypothermia
has failed in improve the prognosis of patients with traumatic brain injury
[132,133]. The head must be elevated, after the normovolemia has been restituted, because under these circumstances it improves ICP and cerebral perfusion pressure (CPP). The torso must not be ﬂexed until the spine has been
cleared, so the head will be elevated by reversed Trendelenberg position [130].
The ICP measurement must be started as early as can be permitted by the
patient’s stabilization process. The ICP is managed with the goal of maintaining CPP above 50–60 mm Hg. The ICP threshold above which interventions are warranted is 20 mm Hg [124], and they are applied in a sequential
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fashion, with the addition of a new treatment when the present one is inadequate (Box 2).
When intracranial hypertension is diagnosed, ventricular drainage is the
ﬁrst intervention to be employed if available [124]. When other ICP
measurement methods are employed, an intraventricular catheter must
be inserted. Its safety and eﬀectiveness have been proven: the risk of
hemorrhage associated with its insertion is low, and the risk of infection
less than 2% [134]. The drainage must be intermittent, with a maximum
of ﬁve times per hour, with a duration of 2 minutes each. Continuous drainage makes the ICP measurement inaccurate. The ICP is continuously
measured.
If intracranial hypertension persists despite the maximum of ﬁve drainages per hour, hyperventilation is indicated. The ventilator is set to drive
the PaCO2 to 30 mmHg. Monitoring the CO2 expired makes this task
easy, provided that the monitor is calibrated against the PaCO2.

Box 2. Management of the traumatic brain injury patient
Basic management
SatP >94%
PaCO2 around 35 mm Hg
MAP >70 mm Hg
Normothermia
Head elevated to 30 (if normovolemic)
ICP management goals
ICP <20 mm Hg
CPP >50 mm Hg
First line measures to control ICP
Intermittent ventricular drainagea
Hyperventilation to PaCO2 30–35 mm Hg
Mannitol bolus (0.25 g/Kg)a
Second tier therapies for intracranial hypertension
Barbiturates
Hypothermia
Optimized hyperventilation (PaCO2 to 25–30 mm Hg)
Decompresive craniotomy
CPP, cerebral pressure of perfusion; ICP, intracranial pressure;
MAP, mean artery pressure; SatP. pulse-oximetry.
a

Consider hypertonic saline

CRITICAL CARE ISSUES IN MANAGEMENT OF SEVERE TRAUMA

1375

If hyperventilation does not control the ICP, mannitol must be administered in a bolus at a dose of 0.25 g/kg. Administering it in infusion or at
higher doses do not improve the result [135]. Osmolarity and intravascular
volume status must be monitored, because hyperosmolarity or hypovolemia
may occur and negatively aﬀect the prognosis.
Along the process, care must be taken to maintain adequate oxygenation
and blood pressure. The persistence on intracranial hypertension despite the
above-mentioned therapies must reach the suspicion of an intracranial mass.
In this situation, a new CT must be obtained [130]. Additionally, a second
tier therapy must be considered [124].
The ﬁrst of the second tier therapies is optimized hyperventilation. There is
a small group of patients who could beneﬁt from lower the PaCO2 below 30
mm Hg. It is undertaken if a method such as jugular venous saturation, which
permits monitoring global brain ischemia, is being used [136]. The parameters
of the ventilator are modiﬁed to increase slowly minute volume, until ICP
controls or jugular venous saturation reaches its lower threshold (60–70%).
Barbirurates have long been used in the treatment of intracranial hypertension. Although their eﬀect may be deleterious in the initial management
compared with mannitol, barbiturates improve survival probability when
used in patients with intracranial hypertension, refractory to other therapies
[137]. The most commonly employed is pentobarbital sodium, at an IV load
doses of 10 mg/kg over 30 minutes, followed by an infusion of 5 mg/kg/h,
for 3 hours and then maintained at 1 to 3 mg/kg/h. The infusion is administered until ICP control for 24 hours; then is reduced by 50% per day. The
aim is to induce profound coma, with burst suppression on electroencephalogram. Barbiturates can produce severe hypotension. Patients must be
monitored carefully, to avoid potential disastrous consequences.
In recent years, decompressive craniectomy has emerged as a potential
second tier therapy. It allows the brain to swell, without further ICP increasing. It has been used lately in intracranial hypertension refractory to other
treatments [138]. The technique carries with it a high mortality that, in
part, can be attributed to several secondary injuries previously suﬀered by
the patients. It is strongly recommended in patients with complications
from the other therapies. The results could be better if applied earlier in
the course of intracranial hypertension [139].
Hypertonic saline has been used in the treatment of intracranial hypertension instead of mannitol [140–142]. In spite of the impressive support
given by animal studies, the clinical evidence fails to show the expected
beneﬁts [143].
Prophylactic anticonvulsivants do not provide any protection against
posttraumatic epilepsy, and should not be given prophylactically [124].
They are indicated when the patient has had seizures or when its detection
will be impossible, such as when neuromuscular blockade is used.
Corticosteroids have been used for many years in the treatment of
the traumatic brain injury. Literature evidence does not support its use.
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A mega randomized controlled clinical trial showed that corticosteroids
group had a higher mortality than the control group. In consequence,
this group of drugs must not be used in patients with traumatic brain injury
[144,145].
Missed injuries and tertiary survey
Delayed diagnosis of lesions has been reported to occur between 0.5% to
38%, in diﬀerent trauma populations [146–152]. When the analysis concentrates on high energy trauma, the incidence exceeds 10%.The most common
undiagnosed injuries in the primary and secondary surveys are fractures located on long bones, ribs, and clavicles [150,153]. Less frequent but not less
important are fractures of the spine, face, and pelvis [154]; with a much
lower reported frequency are intrathoracic and intraabdominal lesions. Visceral and vascular missed wounds are more frequent in series with penetrating trauma mechanisms [146,148,155].
The impact of delayed diagnosis has been determined: they cause a change
in the treatment in one third to two thirds of the aﬀected patients, with requirement of a surgical intervention in 20% of the cases [150,156–158]. Sharma and
coworkers [159] found missed injuries in 58% of the analyzed autopsies, with
negative impact on survival in 3% of them. Hollow viscus perforation is infrequent in blunt trauma [160], but delays in diagnosis and treatment result in
a signiﬁcant increase in morbidity and mortality [161]. Hemorrhage has
been reported between 18% and 25% of all preventable deaths, some of
them corresponding to an intracavital bleeding not timely recognized
[8,155,162].
The reasons associated with delayed diagnosis have been investigated,
and include trauma severity, conditions that alter the process of attention,
conditions that complicate the clinical evaluation, and errors in the process
(Box 3) [147,152,154,163,164].
To limit the number and the impact of the lesions diagnosed lately, a ‘‘tertiary survey’’ has been proposed [147,151,165]. It consists of a systematic review of the patient at the completion of the ﬁrst day. The patient must be
reexamined, and all the diagnostic investigations must be reevaluated. All
the detected lesions must be cataloged. The participation of the trauma surgeons and the radiology team increases the probability of detecting undiagnosed lesions, and may reduce preventable deaths [166]. Missed lesions were
reduced between 39% and 57% in prospective trials in which a tertiary survey was performed [147,150,167].
Of paramount importance is the diagnosis of occult bleeding and hollow
viscera perforation. The ﬁrst situation was discussed earlier. The second one
requires experience to detect that the evolution moves away from the
expected pattern: the ﬂuids requirements are higher than the usual, there
is no tolerance to the enteral feeding, there is no tolerance of the weaning
from the ventilator, and there are new and unexpected organ dysfunctions.
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Box 3. Causes of missed injuries
Trauma severity
Multiple systems
Severe brain injury
Conditions that complicate the complete clinical evaluation
Altered consciousness
 Brain trauma
 Early sedation-intubation
 Intoxication
Early surgical intervention
Altered process of attention
Referral
Workload excess
Error
Inadequate physical examination
Inaccurate interpretation of diagnostic investigations
Inadequate surgical sequence

In such cases a perforation of a hollow viscera must be considered. Endoscopy
and esophagogram will permit the diagnosis of an esophageal wound (Fig. 10),
and in some cases abdominal CT will help to diagnose an abdominal hollow
viscus perforation. In these cases, diagnostic peritoneal lavage, a laparoscopy,
or an exploratory laparotomy will identify an intestinal perforation missed by
image methods. Surgical treatment must be performed without hesitation.
Other considerations during the ﬁrst day
Critically traumatized patients pose signiﬁcant infection risk. Antibiotic
administration is indicated in abdominal penetrating trauma, and in open
fractures. The indication is less clear previous to the insertion of a chest
tube [168–173]. In any case, protracted administration is not indicated, provided that it does not confer additional protection and increases antibioticrelated complications, and in some instances the risk of nosocomial infections
[174–176]. Randomized clinical trials and comparative nonrandomized studies have proven it [177–181]. Comprehensive guides have been developed, regarding short antibiotic courses [173,182]. Operative site infection is best
prevented by early surgical treatment, when indicated: early control of
bleeding, early measures to control spillage from bowel perforations, gentle
manipulation of the tissues, avoidance of unnecessary maneuvers, and complete debridement of dead or severely contaminated tissues. Irrigating the
cavities with warm normal saline, to remove all the contaminants and blood
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Fig. 9. Cardiac tamponade of late presentation. The patient had received a precordial stabwound. A left chest tube was inserted because of hemothorax. A subxyphoid window did not
show pericardial eﬀusion. (A) The patient developed dyspnea 5 days later. The chest radiograph
shown enlargement of the cardiac silhouette. (B) A new subxyphoid echo showed a pericardial
eﬀusion. The patient was treated with a subxyphoid pericardial window; 400 cc of sterile liquid
were obtained.

remnants is a ﬁnal complementary step. Nosocomial infections are prevented by avoiding unnecessary use of invasive dispositives. Adequate insertion technique, appropriated care, and removal of them as early as possible
are recommended when they are indispensable [183–186].
An enteral access for nutrition must be gained from the ﬁrst day, as early
enteral feeding reduces infection risk [187–191].
Severely traumatized patients have increased risk of thromboembolic
complications [192,193]. Prophylactic measures must be instituted from the
ﬁrst day. Pharmacologic prophylaxis with a low molecular weight heparin is
the choice for the nonbleeding patient. When bleeding risk is considered to
be increased, intermittent pneumatic compression is indicated [194–198].

Summary
Increasingly in an ever more violent society, trauma surgeons are going to
be placed in stressful situations, calling for crucial split-second decisions.
Then only their skill and that of their support staﬀ can signiﬁcantly reduce
ICU mortality.
ICU trauma patients must be resuscitated toward speciﬁc goals. Ventilation must be directed to keep blood oxygenation at safe levels, hemodynamic support to the early correction of perfusion deﬁcit, and neurologic
support to avoid secondary insults and to maintain a cerebral perfusion
pressure. All these with less intense support must be possible, to avoid complications attributable to treatment.
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Fig. 10. Missed esophageal perforation. (A) The patient received a gunshot wound in the right
periclavicular region. He was intubated and mechanically ventilated after massive subcutaneous
emphysema and right pneumothorax. Bronchoscope, esophagoscope, and arteriography were
performed. All negative. Three days later he continued on mechanical ventilation with right inferior lobe atelectasis and progressive lung inﬁltrates. (B) A missed esophageal perforation was
suspected and a contrast esophagogram performed, which identiﬁes the lesion.

Respiratory, hemodynamic or neurologic complications may arise, with
catastrophic consequences if not treated in a timely and appropriate manner. A systematic and ordered approach by priorities will permit identifying
the cause of the crisis. The solution will consist of adjustments in the treatment in some cases, but frequently a surgical intervention will be crucial in
cases such as tension pneumothorax, massive diaphragmatic hernia, intraabdominal hypertension, and occult bleeding. Identifying its indication is
a key determining factor and prompt and precise execution deﬁnitive.
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