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Abstract Traumatic brain injury (TBI) is a major cause
of death and disability throughout the world. Injury can be
divided into primary and secondary injuries. For patients
with TBI admitted to the intensive care unit (ICU), the
management and prevention of secondary injury is most
important. The third edition of the Brain Trauma Founda-
tion guidelines was published in 2007 and is widely used to
guide treatment of patients with severe TBI. This article
reviews ICU care of patients with severe TBI, with a par-
ticular focus on recent evidence that is not incorporated in
the existing guidelines.
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Introduction

Traumatic brain injury (TBI) is a major cause of death and
disability throughout the world. In the USA it is estimated
that 1.5 to 1.7 million people experience TBI annually
[1, 2]. Globally, the burden is even greater, with 10 million
cases estimated each year [3]. Approximately one quarter
of these cases are classified as severe.

The Brain Trauma Foundation (BTF) first published
guidelines for the management of severe TBI in 1995, and
has subsequently revised the guidelines twice, most
recently in the third edition published in 2007 [4ee]. The
recommendations and management strategies outlined in
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these documents represent the foundation of intensive care
unit (ICU) management. Nonetheless, they remain largely
based on lower-level recommendations owing to a lack of
high-quality evidence. The purpose of this review is to
highlight recent evidence that addresses the most com-
monly used interventions for management of severe TBI in
the ICU as is relates to the existing BTF guidelines.

Physiology, Pathophysiology, and Principles
of Treatment

Cerebral injury can be broadly categorized as either pri-
mary or secondary. Primary injuries are characterized by
direct cellular destruction as energy is transferred to the
brain. This is commonly seen as the result of gunshot
wounds, stabbings, and bone fragments and other projec-
tiles that physically penetrate the skull and destroy normal
parenchymal and vascular architecture. Blunt and concus-
sive injuries, although outwardly less obvious, may result
in equally destructive levels of energy transfer. Secondary
injuries occur not because of the initial energy transfer, but
rather as a result of cerebral blood flow (CBF) disruption,
inflammatory mediator proliferation, edema, and excitatory
neurotransmitter release—all factors that lead to oxygen
supply and demand imbalance and ultimately disrupt nor-
mal cellular function.

The Fick equation (Eq. 1) describes the relationship
between systemic oxygen consumption (VO,), cardiac
output (CO), the oxygen content of arterial blood (CaO,),
and the oxygen content of venous blood (CvO,):

V02 =CO x (CaOz — CVOZ) (1)

An analogous cerebral relationship exists such that the
cerebral metabolic rate of oxygen consumption (CMRO,)
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can be described by relating CBF, CaO,, and the oxygen
content of jugular venous blood (CjvO,):

CMRO, = CBF x (Ca0, — CjvO,) (2)

Further, just as Ohm’s law (Eq. 3) relates mean arterial
pressure (MAP), central venous pressure (CVP), systemic
vascular resistance (SVR) and CO, there is again an
analogous relationship for the cerebral circulation (Eq. 4)
where CBF and cerebral vascular resistance (CVR) are
proportional to cerebral perfusion pressure (CPP), where
CPP = MAP — intracranial pressure (ICP):

(MAP — —CVP) = CO x SVR (3)
(MAP — —ICP) = CBF x CVR (4)

Therefore, any insult that results in less oxygen being
supplied to the brain must be accompanied by a decrease in
CMRO,. Conversely, when CMRO, increases, oxygen
delivery must also increase. When cerebral oxygen
delivery is insufficient to maintain basic cellular function,
infarct ensues. A common clinical scenario is one in which
the primary injury results in intracranial hypertension (ICH)
and systemic hypotension leading to decreased CPP and
brain ischemia. Subsequent respiratory depression results in
hypoxemia and exacerbates the primary insult. This causes
worsening cerebral ischemia and the release of excitotoxic
mediators such as glutamate, and can lead to seizures that
further increase cerebral oxygen demand. The resulting
downward spiral can worsen ischemia and extend the injured
territory. If untreated, this cycle can be fatal. It is with an
understanding of these basic principles and with the general
goal of minimizing secondary injury by maintaining oxygen
supply and minimizing oxygen demand that targets for
therapeutic interventions have been developed. Disturbances
that should be avoided are listed in Table 1.

Monitoring of ICP

ICP, MAP, and CPP Targets

The optimal therapeutic target for CPP and the upper
limit of acceptable ICP remain contentious. Treatment is

Table 1 Determinants of cerebral oxygen supply and demand

Factors that increase
cerebral oxygen demand

Factors that decrease
cerebral oxygen supply

Anemia Seizure
Hypoxemia Fever
Systemic hypotension Agitation
Low cardiac output Pain

Elevated intracranial pressure Excitatory neurotransmitters

Cerebral edema
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generally indicated for ICPs greater than 20-25 mmHg,
and maintenance of a CPP of 50-70 mmHg is recom-
mended [4+¢]. Using the current guideline recommenda-
tions as treatment thresholds has been reported to improve
outcomes [5, 6]. This is highlighted by a recent prospective
study reporting a correlation between an ICP of less
than 20 mmHg and CPP of more than 60 mmHg with
improved Glasgow Outcome Scale scores [6]. Nonetheless,
ICPs greater than 20 mmHg may be tolerated without
evidence of neurologic deterioration in patients with a
normal computerized tomography (CT) scan of the head
[7]. In the recently published Decompressive Craniectomy
(DECRA) trial [8¢¢], which compared decompressive cra-
niectomy with medical management in patients with severe
TBI and ICP greater than 20 mmHg for 15 min or more,
surgically treated patients had significantly worse scores on
the 6-month Extended Glasgow Outcome Scale assessment
than those who were medically managed [odds ratio 1.84,
95 % confidence interval (CI) 1.04-3.24, P = 0.003]. The
study has been criticized for including an ICP treatment
threshold that many consider too low and inconsistent with
current clinical practice [9], underscoring the fact that ICP
is simply a number and any treatments based upon it
must take into careful consideration the potential risks and
benefits. Additionally, these results may lend further sup-
port to the finding that some individuals tolerate higher
ICPs [7].

The critical level of CPP, which is the level below which
CBEF is insufficient and cerebral ischemia occurs, is gen-
erally felt to be in the range of 50-60 mmHg. Additional
monitoring techniques, including jugular venous oxygen
saturation (SjvO,) and brain tissue oxygen tension (PbO,)
monitoring, may help to further refine critical thresholds in
individual patients, but outcome data supporting a specific
CPP threshold are generally lacking. A similar physiologic
rationale supports the avoidance of systemic hypotension.
However, generalizable targets remain difficult to define
outside the broad recommendations to maintain a sufficient
MAP to keep the CPP in the 50-70-mmHg range at the
given ICP. The utility of an accurate ICP assessment is
therefore easy to understand.

Whom To Monitor

Current guidelines recommend invasive ICP monitoring
in all TBI patients with a Glasgow Coma Scale score less
than 9 after initial resuscitation and an abnormal CT scan
of the head [4°*]. An abnormal CT scan of the head is
further defined as one exhibiting any of the following:
hematoma, contusion, edema, herniation, or compressed
basal cisterns. Alternatively, ICP should be monitored in
those with a normal CT scan of the head and more than two
of the following alternative criteria: age more than
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40 years, systolic blood pressure (SBP) less than
90 mmHg, and unilateral or bilateral motor posturing. This
recommendation is based largely on an over two decades
old retrospective review of 207 patients with severe head
injury [10]. Although other studies support the low inci-
dence of ICH in the setting of a normal CT scan of the head
[11, 12], the larger question is whether knowledge of the
ICP is of clinical benefit. Proponents argue that objective
data are easier to follow and less prone to bias and mis-
interpretation than subjective clinical examination findings.
Historically this question was difficult to answer directly,
owing to the strong physiologic rationale for preventing
ICH. The recently published Benchmark Evidence from
South American Trials: Treatment of Intracranial Pressure
(BEST:TRIP) trial was designed to help answer this
question directly by taking advantage of a variation in the
practice patterns for the management of severe TBI in
South America [13]. A total of 324 patients with severe
TBI were randomly allocated to CT scan of the head and
clinical examination with or without the addition of ICP
monitoring to guide management. Mortality, ICU length of
stay, and functional outcome at 6 months were similar
between monitoring strategies. Although the authors are
careful to point out that this result does not detract from the
importance of managing ICP, it suggests the application of
invasive monitoring may be less clear than previously
thought.

Invasive ICP Monitoring

When the decision to monitor ICP is made, consensus on
which method to use is lacking. The externalized ventric-
ular drain connected to a strain gauge is commonly used
and offers the advantages of allowing therapeutic drainage
of cerebral spinal fluid and allowing in vivo calibration.
However, drainage of cerebral spinal fluid has not been
shown to improve outcomes [14], and there is a risk of
infection and hemorrhage [15]. Placement itself may be
difficult in patients with small ventricles. Subdural, epi-
dural, subarachnoid, and intraparenchymal monitoring
locations have all been studied as potential alternatives to
the ventricle. Of these, the intraparenchymally placed mi-
crotransducer appears to be the most accurate and consis-
tent [15, 16]. Although most microtransducer devices lack
the ability to be recalibrated in vivo, they show good
validity for up to 5 days in vitro, have published compli-
cation rates that are generally lower than those for exter-
nalized ventricular drains, and may be easier to place.
Microtransducers using pneumatic technology, which can
be recalibrated in vivo, are also available, but remain
untested. At this time, the evidence to recommend one
specific monitor over another is lacking.

Noninvasive ICP Monitoring

A variety of methods to measure ICP noninvasively have
been studied, including transcranial Doppler ultrasonogra-
phy [17, 18], optic nerve sheath diameter [19-21], fundo-
scopic papillary examination [22], and tympanic membrane
displacement [23]. Unfortunately, all of these techniques
are subject to artifact, have been studied in relatively small
numbers of patients, require significant expertise to per-
form, and have only limited correlation with invasively
obtained ICPs. Both magnetic resonance imaging [24] and
CT [25] have also been studied, but have not been shown to
correlate with validated methods.

The recently introduced Neurological Pupil index,
which requires an automated pupilometer to assess pupil
size and reactivity, is one method which does not require
specialized skills to perform or interpret the findings, and
may add additional objectivity to the clinical examination
[26]. In a study of 134 patients, the degree of pupil reac-
tivity was associated with ICPs, with less reactivity cor-
responding to higher ICPs. What is more, the pupil changes
occurred on average 15.9 h prior to peak ICP. Although
these studies certainly do not provide evidence for avoiding
invasive ICP monitoring in all situations, they demonstrate
that invasive monitors may not be superior to clinical
examination findings in all situations and should be eval-
uated for risk/benefit on a case-by-case basis.

PbO, and Metabolism Monitoring

PbO, represents the availability of oxygen for cellular
oxidative metabolism and, thus the balance between oxy-
gen delivery and consumption. PbO, monitoring is, there-
fore, of great interest as it directly measures the local
oxygen availability. The current recommendation for a
treatment threshold to maintain PbO, above 20 mmHg is
based on a paucity of outcome data, which include the
widespread use of historical controls. This is reflected in
the strength of the recommendation for their widespread
use [27, 28]. More recently a prospectively randomized
single-center trial comparing the addition of PbO, moni-
toring and targeted treatment to a protocol based on the
established guidelines found no difference in mortality or
functional outcome [29]. A prospective randomized mul-
ticenter phase 2 trial—Brain Tissue Oxygen Monitoring in
Traumatic Brain Injury (BOOST-2), ClinicalTrials.gov
identifier NCT00974259—comparing the addition of PbO,
monitoring to ICP monitoring versus ICP monitoring alone
is currently enrolling patients and may provide further
clarity regarding the usefulness of PbO, monitoring and
goal-directed therapy.

Cerebral microdialysis allows further discrimination of
the adequacy of oxygen and fuel substrates by directly
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measuring local extracellular brain concentrations of vari-
ous fuel sources and metabolic products. Nearly any mol-
ecule can conceivably be monitored, but glucose, lactate,
pyruvate, glutamate, glycerol, and pH levels are most
commonly evaluated. Although there is a growing body of
data showing that disturbances in many of these parameters
are associated with outcome independent of PbO, and other
factors, whether goal-directed correction of the distur-
bances can be translated into improved outcomes remains
unknown [6, 30-32].

Although ICP monitoring, CPP monitoring, PbO,
monitoring, and cerebral microdialysis may provide
important information, there are limitations common to all
techniques. Particularly challenging is locating the monitor
in an area of the brain that accurately reflects the conditions
in the brain as a whole. Normal anatomic structures such as
the falx cerebri and tentorium cerebellum present
mechanical barriers to the transmission of pressure from
one area of the brain to another such that monitoring on one
side may not detect pressure elevations on the other.
Hematomas or tumor may similarly limit pressure trans-
duction. Such differences may substantially alter local
blood flow and cellular metabolism, which can limit the
utility of PbO, monitoring and cerebral microdialysis. This
is highlighted by a recent study reporting that PbO, values
may be significantly higher in normal versus abnormal
brain parenchyma [33]. In addition, only PbO, values from
normal brain correlated with outcome. In general, moni-
toring devices should be located in normal brain tissue
considered to be at high risk of secondary injury, although
this can often be difficult to achieve. In patients without
focal parenchymal injury a right frontal location is rec-
ommended [4e°].

SjvO, Monitoring

Because focal cerebral oxygen levels are prone to the
previously noted limitations, SjvO, monitoring has been
advocated as a better method for assessing global oxy-
genation of the brain. In a manner analogous to mixed
venous oxygen saturation, SjvO, is theorized to reflect the
balance between oxygen supply and demand. Currently,
this technique is infrequently employed because of insen-
sitivity to focal ischemia in the face of relatively well
preserved global perfusion. However, the sampling of
jugular venous blood may still prove useful. The excitatory
amino acid glutamate is an excitotoxic mediator associated
with poor outcomes and its concentration has been shown
to increase rapidly when SjvO, falls below 50 % [34].
Additional metabolic markers may also be present in jug-
ular vein effluent in sufficient concentrations to be mea-
sured, but this requires further study.
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Interventions To Improve Cerebral Perfusion
Systemic Blood Pressure

Avoiding systemic hypotension is of obvious importance
when it comes to ensuring adequate CPP. How this is
accomplished is largely outside the scope of this article, but
general principles of hemodynamic management in the
critically ill apply. Although it is unclear if there is a
minimal SBP that should be targeted (MAP, not SBP, is
used for calculating CPP), an SBP below 90 mmHg has
repeatedly been linked to increased mortality in the TBI
population.

Patient Positioning

Raising the patient’s head above the level of the heart by
placing the patient in a seated or reverse Trendelenburg
position is one of the fastest and least invasive ways to acutely
lower ICP [35, 36]. Although there is commonly concern
raised that systemic hypotension will result from this
maneuver, it is not associated with negative effects on CPP
[14] and is considered a standard part of ventilator-associated
pneumonia prophylaxis in mechanically ventilated patients,
thus making it a recommended first-line intervention.

Hyperventilation

Hyperventilation (acute hypocapnea) causes cerebral
vasoconstriction by increasing pH and therefore decreasing
the volume of blood in the head. Conversely, hypoventi-
lation decreases pH, which leads to cerebral vasodilatation
and increased cerebral blood volume. Although changes in
PaCO, may acutely change ICP for short periods, evidence
suggests that the reduction in CBF associated with pro-
longed hyperventilation to a PaCO, below 34 mmHg may
be deleterious [14]. In addition, physiologic compensatory
mechanisms to ongoing hyperventilation return the sys-
temic pH to normal within 6-8 h, and a rebound acute
respiratory acidosis with the associated cerebral vasodila-
tation and increased ICP may occur upon return to nor-
moventilation [32]. Hyperventilation is, therefore, only
recommended as a short-duration temporizing measure,
and hypoventilation should be aggressively avoided.

Osmotherapy

Numerous hyperosmolar agents have been studied for
short-term and prolonged reduction of ICP, but mannitol
and hypertonic saline are by far the most commonly used
agents clinically. Both are thought to work by two distinct
mechanisms. First, plasma volume expansion and dehy-
dration of erythrocytes may improve blood viscosity.
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Second, as a result of establishment of an osmolar gradient
where the serum is hyperosmolar relative to brain tissue,
water moves out of brain tissue, thereby reducing cerebral
edema. A 2003 Cochrane review found 20 % mannitol was
safe and effective in lowering ICP in patients with intra-
cranial hemorrhage and planned craniotomy [37]. Two
studies analyzed in the review compared high-dose
(1.2-1.4 g/kg) versus low-dose (0.6-0.7 g/kg) rapid infu-
sion of mannitol and found the high-dose regimen to be
superior [relative risk (RR) of death 0.56, 95 % CI
0.39-0.79]. The use of 0.25-1 g/kg is recommended by the
BTF guidelines [4¢¢]. A subsequent Cochrane review per-
formed in 2007 [38] confirmed the results of the previous
Cochrane review, and also found mannitol to be superior to
barbiturates but inferior to hypertonic sodium lactate with
regard to mortality. However, the 95 % CI for all com-
parisons except for high-dose versus low-dose mannitol
crossed zero.

Hypertonic saline solutions are also commonly used and
may even be superior to mannitol. Multiple studies com-
paring mannitol and hypertonic saline have shown a con-
sistently increased improvement in ICH in the hypertonic
saline arms, but hypertonic saline may also be associated
with increases in other interventions such as the need for
more frequent serum sodium monitoring, and a mortality
and functional outcome difference is not noted in these
individual trials [39-41]. However, two recent meta-anal-
yses both found that combining the effect sizes from
individual trials reveals consistently more effective ICP
lowering in the hypertonic saline group compared with the
mannitol group (RR of effective ICP control 1.16, 95 % CI
1.00-1.33) [42-, 43]. The ICP lowering effect of hypertonic
saline appears consistent over a wide range of concentra-
tions from 3 to 23.4 % [25, 30, 40, 41, 42, 43-45]. Most
often the clinical choice of mannitol or hypertonic saline,
and if hypertonic saline, which concentration is chosen, is
guided by patient-specific factors such the starting serum
sodium level, presumed intravascular volume status, and
whether or not central venous access is present as hyper-
tonic saline often requires this, whereas mannitol can be
administered peripherally. Whether bolus dosing or con-
tinuous infusions are more effective remains unclear as the
heterogeneity of the trials in the most recent meta-analysis
precludes this determination [43]. Serum osmolarity should
be monitored with any hyperosmolar therapy, as serum
osmole loads greater than 320-330 mOsm may be harmful,
and serum sodium level should generally not be allowed to
go above 160 mEq/L [46].

Hypothermia

On the basis of a systematic review of 12 trials involving
more than 1,300 patients, a benefit from mild to moderate

(32-34 °C) induced hypothermia was reported compared
with simply maintaining normothermia (RR of mortal-
ity 0.73, 95 % CI 0.62-0.85; RR of good neurologic out-
come 1.52, 95 % CI 1.28-1.80) [47]. However, the
beneficial effects of cooling were only found for patients
cooled for more than 48 h. In contrast, the more recent
National Acute Brain Injury Study: Hypothermia II
(NABIS: H2), which enrolled more than 200 patients,
failed to find a benefit for cooling [48e¢]. The European
Study of Therapeutic Hypothermia (32-35 °C) for ICP
Reduction After Traumatic Brain Injury (EUROTHERM3235)
trial, a prospective randomized multicenter trial with a
target enrollment of over 1,300 patients, is currently ongoing,
with an anticipated completion sometime in 2013. On the
basis of current data and pending further evidence, it would
be reasonable to target mild hypothermia in severe TBI
patients. On the other hand, avoidance of hyperthermia and
aggressive treatment of fever is strongly recommended as
pyrexia is highly associated with worse outcomes [4e].

Seizure Prophylaxis

Seizures have been reported in up to 50 % of patients with
TBI and have potentially deleterious effects on neuro-
physiology [4ee]. Current guidelines recommend routine
antiepileptic prophylaxis not be continued for longer than
7 days from the time of injury unless seizure activity is
present. Multiple comparisons of leviteracetam with phe-
nytoin have failed to show superiority of one drug over the
other, results which have been confirmed in a recent meta-
analysis [49].

Sedation in the Mechanically Ventilated

Tracheal intubation and mechanical ventilation are often
components of early resuscitation in severe TBI. Pain and
agitation, either as a consequence of the initial injury or
caused by the presence of the ventilator, should be treated
in order to avoid potential increases in cerebral oxygen
requirements. Although a comprehensive review of seda-
tion and analgesia in the critically ill patient is beyond the
scope of this article, it is strongly recommended that
patients be assessed for pain, agitation, and delirium on a
routine basis using standardized and validated assessment
tools [50]. A point of contention is whether sedation,
whatever agents are used, should be continuously titrated to
a particular depth or whether daily interruptions should
take place as has been recommended for other populations
of critically ill patients. In one observational study of 127
neurologic wake-up trials among 21 severely brain injured
adults, the mean ICPs and CPPs modestly increased when
continuous propofol infusions were interrupted [S1]. In the
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TBI patients (n = 12), the ICP increased from
13.4 £ 6 mmHg at the baseline to 22.7 &+ 12 mmHg
(P <0.05) and the CPP increased from 75.6 & 11 to
79.1 £ 21 mmHg (P < 0.05). It was concluded that since
most of the patients experienced mild and transient ele-
vations in ICP/CPP, repeated-wake-up trials are not pre-
cluded in these patients. In contrast, another prospective
observational trial recently reported that among 54 seda-
tive-interruption trials performed on 20 patients over 82
study days, one third of the trials required cessation owing
to ICP crisis (ICP greater than 20 mmHg), agitation, or
oxygen desaturation [52]. Critically low levels of PbO,
(less than 20 mmHg) were observed in 67 % of the aborted
trials. Although there has been some historical apprehen-
sion to use sedative and analgesic agents because of their
tendency to obscure the neurological examination, the most
recent TBI guidelines [4¢°] as well as general critical care
guidelines [50] recommend their use as a routine method of
improving patient comfort when anxiety and pain are
present. They should be titrated to the minimum dosage
required to achieve a satisfactory effect in all critically ill
patients, including those with TBIL.

Burst Suppression

Although numerous agents, including benzodiazepines
[53], propofol [53, 54], barbiturates [40], dexmedetomidine
[55], and opioids [56], have been studied and clinically
implemented to directly or indirectly lower cerebral oxy-
gen consumption, CBF, and ICP, these effects have not
been shown to improve outcomes in rigorous trials and
meta-analyses [57¢]. Of these agents, only propofol and
barbiturates can readily achieve electroencephalographic
burst suppression when used alone, although ketamine [58]
and dexmedetomidine [59] may reduce the dose of thio-
pental or propofol required when used in combination.
Unfortunately, the use of propofol and barbiturates in doses
sufficient to achieve burst suppression is associated with a
25 % incidence of systemic hypotension [57¢]. Barbiturates
have accrued the most extensive clinical record, with at
least one head-to-head trial finding thiopental to be more
effective at ICP lowering than pentobarbital. However, this
was a small study, did not show an outcome benefit, and
there were some differences in baseline characteristics
between groups [60]. Propofol may be considered for
short-duration applications, but concern for the propofol-
related infusion syndrome often precludes the high doses
necessary for burst suppression in the ICU. Despite the
traditional teaching that ketamine increases ICP, a sub-
stantial body of evidence is conflicting regarding its effects
on cerebral physiology [58, 59, 61]. Regardless of the agent
chosen, it is recommended that the electroencephalogram
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be monitored continuously in order to assess burst sup-
pression and minimize sedative doses.

Decompressive Craniectomy

Surgical management may be necessary when ICP is
refractory to all medical interventions or when the initial
presentation includes a pending herniation syndrome where
waiting for noninvasive measures to be effective is not
considered reasonable. Although prompt relief of ICH has
been consistently documented, evidence for improved
overall outcome is lacking [62], In fact, The Decompres-
sive Craniectomy in Diffuse TBI (DECRA) trial reported a
higher mortality in patients randomized to undergo surgical
decompression compared with those randomized to
undergo continued medical management when ICPs
remained greater than 20 mmHg for 15 min [8]. However,
as mentioned earlier, the threshold may have been set too
low to make this a clinically relevant study, and debate
regarding the usefulness of the procedure continues [63].
The Randomized Evaluation of Surgery with Craniectomy
for Uncontrollable Elevation of ICP (RESCUE-ICP) trial is
an ongoing multicenter, multinational prospective con-
trolled trial designed to further define the role of surgical
decompression in patients with medically refractory ICH
[64]. Criteria for randomization include ICP greater
than 25 mmHg for more than 1 h. As the inclusion criteria
are more in line with current clinical practice, the results
will likely be more generalizable. Until more robust data
become available, decompressive craniectomy for patients
with medically refractory ICP remains a reasonable option.

Conclusion

Although there remains little high-quality evidence on
which to base strong recommendations for critical care
treatment of patients with severe TBI, extensive clinical
experience is available on which to inform clinical deci-
sions. The BTF guidelines remain a cornerstone. However,
in light of recently published trial results, highlighted
herein, some modifications to the existing recommenda-
tions may be considered. A suggested clinical treatment
escalation pathway is presented in Fig. 1.
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