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Ventilation in Trauma Patients: The First 24 h is Different!
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Abstract

Introduction Ventilation of major trauma patients is often needed in both the acute (emergency department and early
ICU phase) and subsequent phases of trauma care for those who need ICU admission. What is unclear is whether ICU
ventilation strategies should be directly extrapolated to the acute phase of treatment.

Methods This paper reviews the ARDS.net study, highlights recent developments in ventilation strategies, and
provides practical ventilation guidance to the trauma surgeon for acute phase (in the ED or ICU) and the subsequent
phase of ICU care.

Results The acute phase of care in the ED and the ICU is different from the subsequent phases of ICU care as the
lung is more recruitable and there are other aspects of resuscitation from metabolic acidosis and traumatic brain
injury, which require a different ventilation strategy to the traditional ARDS.net approach.

Discussion and conclusion The acute phase is different from the subsequent phase of care and there appears to be
some inappropriate extrapolation of ICU practice to the acute phase. Application of the proposed ventilation
strategies should ensure an optimal outcome. It is important to treat patients as individuals during assessment and

treatment.
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Introduction

Trauma remains a leading cause of non-natural mortality
and disability across the world. Major trauma affects
between 5 and 15 % [1, 2] of the total trauma burden to as
high as 25 % in certain facilities (Seattle, WA). Depending
on location, the need for aggressive resuscitation and
intensive care admission accounts for a similar percentage
of the total injury spectrum. Since pulmonary injury or
associated dysfunction is frequently present, it is important
that every trauma surgeon and intensive care specialist has
a safe and reasoned approach to the management of ven-
tilation of the trauma patient.

Much had been written about the improved concepts of
“lung-protective ventilation.” However, some of the con-
cepts are applied incorrectly when these ventilation modes,
useful in the post-acute ICU phase, are extrapolated to the
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Fig. 1 a A patient three weeks after admission for an abdominal stab
wound with contamination and repeated episodes of sepsis who now
has “ARDS.” b A patient just admitted after a motor vehicle collision

prehospital, emergency department, and ICU environment,
during the acute resuscitative phase (12-24 h), when the
patient needs are far different. The ARDS.net study [3]
radically improved the way patients with severe lung
injury, also known as Acute Respiratory Distress Syndrome
(ARDS), are ventilated, but extrapolation to ventilation
prior to the “resuscitated” ICU environment has occurred
without rigorous trials to test if these concepts are indeed
the best option for the emergency or elective non-ARDS
patient requiring ventilation during the acute resuscitation
of the unstable patient.

Figure la, b demonstrates chest-CT slices of two
patients with the clinical need for invasive ventilation, but
at two very different stages of care. Both patients are aci-
dotic and hypoxic, and currently mildly hypercarbic. Fig-
ure la depicts a patient three weeks after admission for an
abdominal stab wound with contamination and repeated
episodes of sepsis who now has “ARDS,” while Fig. 1b
demonstrates a patient just admitted after a motor vehicle
collision as an unrestrained passenger who has a pneu-
mothorax, bilateral lung contusions, a femur fracture, and
an associated traumatic brain injury (TBI) (the chest tube
as treatment for the pneumothorax is not visible on this
slice). The question is how best to ventilate these two
patients—do the same ARDS.net philosophies apply
equally to these two patients or any acute resuscitative
patient versus the “stable” resuscitated ICU patient?

Physiologically, the chest examined early after trauma is
often more compliant and recruitable, since the patient was
previously healthy, which does mean that one must care-
fully monitor the ventilation settings and titrate the effect.
One may err in either direction: too little volume may fail
to recruit available, but atelectatic lung tissue, while
excessive volume may lead to over-distension and hemo-
dynamic compromise, although this is rare with modern
ventilators and good clinical management. Later in the
course, the lungs will be stiffer (restrictive phase), making
later recruitment more difficult, yet with the changes in
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as an unrestrained passenger who has a pneumothorax, bilateral lung
contusions, a femur fracture, and an associated traumatic brain injury
(chest tube not visible on this CT-slice)

)

pulmonary pressure having a lesser impact on pressure-
induced hemodynamic changes. Additionally, early in the
course lung “happiness” may be at the expense of cardiac
or brain “happiness,” requiring the clinician to balance
more carefully potentially conflicting goals. This paper
aims to address these controversies from a practical
perspective.

Methods

This paper will review the original ARDS.net trial and the
principles that resulted therefrom. It will also review some
of the recent literature examining whether the research-
gaps left by the ARDS.net trial have been adequately
addressed. Furthermore, the authors attempt to place the
various aspects of ventilation into perspective relevant to
the major trauma patient, with, or without TBI and at
various time-points in the management pathway. The paper
will attempt to dispel some myths and illogical extrapola-
tion of ventilation concepts to the acute resuscitation phase
of care.

Results
ARDS.net: a critical review

The ARDS.net study [3] enrolled patients in the ICU with a
clinical diagnosis of ARDS to either 4-6 or 12—15 ml/kg
tidal volume ventilation and also compared plateau pres-
sures less than 50 cm H,O to reduced plateau pressure of
less than 30 cm H,O. The trial was terminated prior to
completion of enrollment due to higher mortality and
longer length of ventilation in the control arm. Although
the study demonstrated lower complications and mortality
with the 4-6 ml/kg group with restricted plateau pressures,
there was one quartile of static compliance that showed no
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difference in outcome, namely the group with near normal
compliance. Also, while there was a higher trauma sub-
group in the trial cohort (13 vs. 9 %), overall there was a
very low trauma-patient group. Randomization in the ICU
was on condition that the physician treating the patient
agreed and the trauma subgroup excluded patients with a
TBI. Any patient with a predicted mortality over 50 % was
also excluded. These latter points are critical to the dis-
cussion in the context of the severely injured trauma
patient. Additionally, a volume-control ventilation strategy
was used, currently less favored in modern ICU practice
where pressure-control and patient-compliant modes are
preferred [4]. Lastly, functional reserve capacity (FRC)
recruitment was primarily achieved using PEEP, with
a ~1:5 ratio of PEEP:F;0,.

Ventilation during resuscitation

During the resuscitation phase of trauma care, the patient is
often in hypovolemic shock resulting in anaerobic meta-
bolism, a metabolic acidosis and hyperlactemia. If there is
chest trauma, especially blunt chest trauma, aspiration, or
secondary inflammatory insults, the resultant loss of alve-
olar volume may still be recruitable early in the disease
process by using tidal volume in addition to PEEP. During
the acute phase with required volume resuscitation, there
are rapid ongoing changes in the patterns and extent of
alveolar loss due to direct injury and ischemia/reperfusion
insults. This is very different compared to the ARDS sce-
nario in the ICU, where the degree of pulmonary
recruitability is much less and PEEP functions to maintain
the limited recruited alveoli that are open.

Most trauma patients that require ventilation are initiated
on full mechanical ventilation (MV) with intubation as
opposed to non-invasive ventilation (NIV), especially if
there is a TBI. Continuous Positive Airway Pressure (CPAP)
or non-invasive pressure-support ventilation, by face mask
or helmet, should be reserved for patients with mild pathol-
ogy where support is predicted to be of short duration. If this
modality is utilized and despite this the PCO, increases or the
PaQ, or saturation decreases, MV should ensue [5]. It is far
safer to initiate early intubation and ventilation than to try to
recover from a step-wise failure of face mask, to non-re-
breather mask, and to non-invasive support leading to
potential respiratory arrest. This latter group of patients have
much longer ICU stay and more complications.

In this acute phase of care, one is aiming to correct
acidosis, maintain normocapnea (at least until TBI is
excluded), and recruit available lung volume. To do this,
either a pressure-control or volume-control mode may be
used, such as synchronized intermittent mandatory venti-
lation (SIMV), with the focus having moved away from the

peak and plateau pressures, to driving pressure, using the
peak pressure minus PEEP as the driving pressure, with a
goal of no greater than 25-30 cm H,O [6] and an ideal of
around 18 cm H,O [7].

In general, the peak or plateau pressure, depending on
mode, should not exceed 30 cm H,O; however, in patients
with significant chest wall trauma, with obese abdomens, or
secondary to generalized tissue edema from diffuse capil-
lary leak from ischemia/reperfusion secondary to the shock
state, this pressure could be exceeded as most of the com-
pliance is determined by factors other than the pulmonary
parenchyma. The same applies due to increased abdominal
pressures or abdominal compartment syndrome [8]. With
extreme acute pulmonary failure, significantly higher peak
pressures and PEEP may be required to maintain minimal
oxygenation to support organ function and survival.

Pressure support should be added to ensure adequate
spontaneous tidal volumes, if possible, as the modern
approach to trauma ventilation is to avoid long-term
chemical paralytics [9]. The aim is to keep the tidal vol-
umes around 8-10 ml/kg, rather than 6-8 ml/kg, so as to
avoid hypercapnea and also recruit acute volume loss.
Furthermore, the aim is to correct the acidosis, which
enhances coagulation and sensitivity to medications that
may be administered. The oxygen requirement is adjusted
to achieve at least a saturation greater than 92 % or P,
0, > 60 mmHg/8 kPa.

The endotracheal cuff pressure should be maintained at
around 1 cm H,O above the peak ventilator pressure to
prevent an air-leak, and the tube position should be checked
at 2-3 cm above the carina with a Chest X-ray [10].

PEEP has been controversial, with some authors advo-
cating against it during the resuscitation phase on the
erroneous belief that it reduces cardiac output. PEEP is
essential to prevent further atelectasis of the recruited
segments of lung and to reduce the risk of atelectrauma.
The PEEP may be adjusted upward and an acceptable ap-
proach is that based on the ARDS.net philosophy of using
the PEEP in a ratio of 1:5 with the F;0, [3]. An example of
this would be that for a patient requiring 80 % oxygen, the
PEEP would be rapidly advanced to 16 cm H,0, (known in
Seattle as “Maier’s Rule”). Combination of low tidal
volume, low or no PEEP and high inspired O, concentra-
tion can only be expected to worsen atelectasis [11].

This approach is not associated with worsening lung
injury in the acute phase and avoids the risk of causing
further harm if there is a TBI present. Once the acute
acidosis is reversed and the resuscitation is completed,
usually within the first 12-24 h, then the ventilator settings
can be adjusted to more “lung-protective” values provided
there is no TBI to be adversely affected by the concomitant
physiologic changes.
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Dilemma of neuroprotection versus lung protection

Patients with TBI are a challenging issue, as the risk of
worsening the brain perfusion from hypercapnea is sig-
nificant. Lung-protective ventilation, as espoused in the
ARDS .net philosophy, allows for permissive hypercapnea
and permissive acidosis [12]. Both acidosis and hyper-
capnea are detrimental for TBI. The goal is to therefore
optimally ventilate and balance the risk—benefit of saving
neurological tissue at risk while doing the least harm to the
lungs. Recent research suggests that higher tidal volumes
(8-10 ml/kg) are at least no more harmful and at most may
increase the pneumonia risk only, without affecting mor-
tality, when compared to 4-6 ml/kg, yet with the advantage
of avoiding hypercarbia [13, 14]. Hyperventilation of the
TBI patient is not advised unless used as a bridge to acute
surgical intervention and decompression [15]. Equally
controversial has been the use of PEEP. It does appear,
however, that when PEEP is set at levels lower than ICP, it
does not have a significant detrimental effect on ICP [16].

Complicating all of these factors is the effect recently
described where pathology in one compartment (e.g., the
head) can affect the pressures and perfusion in the other
compartments (e.g., chest or abdomen) and vice versa, a
so-called multi-compartment syndrome theory. This must
be borne in mind when adjusting ventilation and optimiz-
ing end-tidal carbon dioxide control [17].

Recruitment strategies in the early phase
of ventilation

Transition to lung-protective ventilation may involve lung
recruitment attempts. Traditional recruitment strategies
included the 40-40 concept [18], which implied a 40-s
breath-hold at 40 cm H,O using an inspiratory hold on a
ventilator or using a bag-valve-mask device. If non-para-
lyzed, patients find this to be very uncomfortable and
therefore alternative methods have been derived. These
include slow gentle recruitment with a combination of
higher tidal volumes and adequate pressure support,
maintaining the recruitment with higher PEEP [19]. Also
one can use incremental pressure support/pressure control
above PEEP to avoid derecruitment and enable recruitment
in the early transition phase of ventilator support [20].

Prevention of lung injury

The concern with large tidal volumes was the induction of
various types of lung injury, namely volutrauma (over-
expansion), barotrauma (high-pressure alveolar rupture),
atelectrauma (inadequate PEEP leading to shear stress from
repeated cycles of alveolar collapse), and also bio-trauma
(intra-pulmonary inflammation of the non-injured lung)
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[21]. To prevent this, the ARDS.net study [3] showed that
4-6 ml/kg tidal volumes had a largely protective effect
when compared to 12-15 ml/kg. What the ARDS.net study
did not examine was whether there was any real difference
in the in-between volumes. To date, studies prior to
ARDS .net using slightly higher tidal volumes and the
subsequent studies have shown mild benefit, or equiva-
lence, for any tidal volume less than 10 ml/kg, while there
is increasing harm above 10 ml/kg, including secondary
injury to other organ systems [12, 13, 22-24]. Additionally,
intra-operative trials of lung-protective ventilation during
abdominal surgery have shown mixed results, with limited
overall benefit [25, 26].

ARDS in the trauma patient

The Berlin consensus is the most recent document defining
the concept of ARDS, listing the causative potentials and
the inclusion/exclusion criteria [27]. This new definition
sets a timeframe for the development of ARDS (within
7 days of an insult), and suggests imaging criteria (bilateral
opacities not explained by effusions, collapse, or nodules)
and respiratory failure not explained by cardiac failure or
fluid overload. They also removed the Acute Lung Injury
(ALI) category of the older classifications, replacing this
with a mild/moderate/severe ARDS grouping of <300/
<200 and <100 P:F ratios, respectively.

The challenge with the use of the Berlin definition in
patients with chest trauma (or trauma in general) appears to
be that the trauma would count as the inciting event;
however, chest trauma with haemothorax and collapse
(lung contusion) would partially fit the exclusion group.
Additionally, there are numerous causes of ARDS, with the
trauma patient at risk for a number of these including lung
contusion, aspiration of gastric content, fat embolism
syndrome, massive transfusion, sepsis, and pneumonia.
Patients with over 20 % lung contusion have a high inci-
dence of prolonged ventilation and development of ARDS
[28]. The incidence is considered to be about 6.5 % in all
trauma patients needing in excess of 48-h mechanical
ventilation [29]. Patients with ARDS after injury tend to be
younger and have fewer comorbid medical conditions [30].

Ventilation for the patient in ICU after trauma

In the patient with TBI, the current best-practice is to offer
“neuroprotection” for at least 48 h post trauma, using
normocapnea as the goal, along with the other aspects
advocated by the Brain Trauma Foundation [15]. For the
patient without TBI, once the acute resuscitation phase is
complete and the patient has “stabilized,” the application
of the ARDS.net lung-protection strategies are completely
acceptable. For those who develop the full-blown
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syndrome of ARDS, all the additional interventions to
recruit and maintain alveolar surface area are important, for
example patient head-up 30-45', prone-positioning if nee-
ded, physiotherapy, bronchoscopy, etc. [28]. Once the
neurological, chest or other trauma-related indication for
ventilation has resolved the patient can be weaned onto a
spontaneous mode (such as pressure-support ventilation),
prior to extubation. The use of t-piece trials are not advo-
cated as routine practice due to the loss of PEEP during the
procedure [31].

Additional optional modes and alternative
oxygenation strategies

If standard methods of recruitment, ventilation, and the
routine adjuncts in the ICU do not result in adequate
oxygenation, there are a number of alternative or newer
ventilation or oxygenation strategies available to improve
pulmonary function.

Biphasic positive airway pressure (BIPAP) [32] ventilation
uses two preset pressure levels with a time-cycled change in
the applied pressure level. It is a useful option when weaning
as an alternative to pressure-support-type modes, but carries
the additional advantage of potentially being combined with
other modes, such as airway pressure release ventilation. Bi-
level positive airway pressure ventilation (BiPAP) can also be
applied in a non-invasive method. Airway pressures are ele-
vated and yet auto-PEEP is less common.

Pressure-regulated volume control (PRVC) uses a
decelerating flow pattern with pressure control while
ensuring a guaranteed tidal volume. It has shown better
outcomes than traditional volume-control ventilation.
There is a sensing feedback loop that adjusts the ventilator
next breath based on the pressures generated [33].

Airway Pressure Release Ventilation (APRV) [34], is
similar to BIPAP, but uses a pressure-control mode with
inverse ratio ventilation allowing unrestricted spontaneous
breathing. It is mainly used as a rescue-mode for severe
ARDS. Some purported advantages include alveolar recruit-
ment (using this so-called open-lung approach), improved
oxygenation, and preservation of spontaneous breathing,
improved hemodynamics, and potential lung-protective
effects. Numerous claimed disadvantages relate to the risks of
volutrauma, increased work of breathing, and increased
energy expenditure related to spontaneous breathing. Auto-
PEEP is very common and sedation is usually required for
patient compliance and to avoid ventilator-asynchrony. There
remains no proven mortality or ventilation-duration benefit
over other modes of treatment.

High-frequency oscillatory ventilation (HFOV) uses
miniscule tidal volumes at high frequency to deliver oxy-
gen to the lungs, at a constant relatively high mean airway
pressure and is known to be mildly beneficial in neonates

[35]. However, to date trials in adults and trauma patients,
in particular, have failed to show a survival advantage or
reduced ICU length of stay [36, 37].

Extracorporeal membrane oxygenation (ECMO) is
mentioned for completeness as a rescue oxygenation ther-
apy for severe ARDS that has found a small niche in the
trauma patient population [38]. ECMO will not be dis-
cussed in detail as it is the subject of a separate paper in
this IATSIC Symposium [39].

Summary: a practical approach for the surgeon

In summary, the trauma patient should be treated based on
the phase of treatment and the underlying injuries. In the
early phase of care, recruitment, normocapnoea, and
reversal of the associated metabolic acidosis remain the
goal. As such, higher tidal volume ventilation with either a
synchronized mode that provides adequate support in
spontaneous breathing or mandatory volume ventilation in
patients with respiratory insufficiency due to any cause
along with adequate PEEP is essential. The lung-protective
strategies as espoused for ARDS patients in the ICU should
not simply be translated to the acute phase of resuscitation.
On the other hand, once the patient is out of the acute
resuscitation phase, ventilation should be a balance of
risk—benefit with lung-protective strategies and rapid
weaning to spontaneous modes, provided the TBI patient
has received adequate neuroprotective strategies. For the
patient who develops ARDS, lung-protection and rescue
therapies may offer the ability to achieve adequate tissue
oxygenation with minimal iatrogenic pulmonary injury.

Conclusions

A one-size-fits-all approach is not appropriate for the ven-
tilatory management of the trauma patient and the patient’s
care must be individualized to the phase of treatment.
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