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Visualizing secondary brain insults:
does the emperor have new clothes?
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The management of patients with severe traumatic brain
injury (TBI) is at a crossroads. What we know is that there
are an estimated 558–790 cases of TBI per 100,000 per-
son-years in industrialized countries annually, costing
more than US$60 billion each year in the USA alone [1,
2]. We also know that it is bad to have persistently
elevated intracranial pressure (ICP) after TBI. What we
do not know is how best to treat elevated ICP. Guidelines
include ICP monitoring and treatment as part of funda-
mental tenets [3]. However, recent clinical trials cast
doubt on whether it is the ICP management that makes the
difference and even whether our standard guidelines-
based approach targeting an ICP level below 20 mmHg is
beneficial at all. In the DECRA trial, decompressive
craniectomy lowered ICP in TBI patients whose ICP was
considered refractory, but did not improve outcome and
may have even been harmful [2]. In the BEST-TRIP

clinical trial, a strategy of invasive monitoring of ICP
with care focused on maintaining ICP below 20 mmHg
was not superior to empiric treatment based on solely
clinical examination and imaging [4]. It appears that ‘‘one
size does not fit all’’ and new approaches in assessing ICP
and secondary brain injury are needed [5].

The study by Güiza et al. [6] published in this issue of
Intensive Care Medicine describes a new way for assessing
the consequences of elevated ICP on outcome after TBI.
Using color-coded plots the authors correlated the score on
the Glasgow Outcome Scale at 6 months with the number,
intensity, and duration of ICP elevations. A transition curve
separating the ICP insults associated with good or poor
outcome was also described. Interestingly, the cumulative
percentage of time above the transition curve was inde-
pendently associated with mortality. By exploring different
ICP thresholds and calculating patient-specific ICP ‘‘dos-
es’’ based on the continuous monitoring of cerebrovascular
pressure reactivity, they found that these individualized
doses of elevated ICP were stronger predictors of death than
doses derived from the standardized thresholds of 20 and
25 mmHg. Finally, the authors demonstrated that pediatric
TBI patients were more sensitive to these secondary insults
than adults. Figure 1 illustrates some of the differences
between adults and children.

A major strength of this study is in providing a time-
based dose cutpoint regarding the maximal tolerable du-
ration of elevated ICP (above 30 min approximately) for
avoiding poor outcome. Importantly, this study also pro-
vides an intuitive, clinician-friendly, visual method of
distinguishing potentially harmful states (based on ICP
dose) of secondary brain injury. This is not the first study
to suggest that a more nuanced and individualized ap-
proach to intracranial hypertension may have merit [7].
Vik et al. [8] looked at 135 TBI patients and assessed
whether the calculated ‘‘ICP dose’’, estimated as the area
under the curve (AUC) of ICP versus time, was related to
outcome. They found a significant relationship between
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the dose of ICP, patient outcome, and the worst Marshall
head CT score. The results of Güiza et al. [6] confirm
these data by showing that more than a given threshold,
the duration of ICP above the treatment goal is probably a
critical determinant of patient outcome.

A notable finding of the Güiza et al. study [6] is the
demonstration that when the cerebral perfusion pressure
(CPP) was below 50 mmHg, any ICP insult was associated
with worse outcome. This strongly suggests that the status
of pressure autoregulation in an individual patient plays a
key role in how dose-insults of ICP are ‘‘tolerated.’’ In
another study, Lazaridis et al. [9] explored the importance
of different ICP thresholds on outcome by calculating
patient-specific ICP doses based on the continuous
monitoring of cerebrovascular pressure reactivity. These
individualized doses of intracranial hypertension were
stronger predictors of death than doses derived from the
standard threshold of 20 mmHg. In the current article by
Güiza et al. [6], the association between ICP insults and

outcome was examined at three different CPP thresholds
(50, 60, and 70 mmHg), with elevated ICP no longer tol-
erated when CPP was below 50 mmHg. Furthermore,
there is a suggestion that an ICP threshold of 25 mmHg is
not tolerated for more than 10–20 min regardless of the
autoregulatory state and thus may be a more appropriate
clinical trigger threshold than the more commonly used
threshold of 20 mmHg. It is relevant to note that the ob-
served association does not mean causality, and as
acknowledged by the authors, this direct data visualization
will not provide a direct modification of the current ICP
thresholds. However, the data presented here [6] seems to
give some insight into why randomized clinical trials that
use a uniform treatment threshold of 20 mmHg to initiate
have failed and frankly may continue to do so [2, 4].

The holy grail of optimal CPP continues to be sought.
Recently data were provided to support age-specific CPP
goals as greater than 50 or 60 mmHg in adults, greater
than 50 mmHg in 6–17 year olds, and greater than
40 mmHg in 0–5 year olds [10]. These thresholds may
then be combined with individual measures of cerebral
blood flow autoregulation, such as measured by the pres-
sure reactivity index (PRx) used in both children [11] and
adults [12]. Güiza et al. demonstrate that it is eminently
possible to update, integrate, and present data in a way that
helps decision-making in our neurocritical care practice.

Finally, this study is noteworthy not just because of the
findings described above. We often take data visualization
for granted. But a major current problem facing critical
care, especially neurocritical care, is data overload. We
have lots of data but we are not optimizing the way we
collect, analyze, and view it [13]. It may be that Güiza
et al. are showing us a glimpse of the future, where we
can make better sense of complex relationships between
multiple parameters such as ICP and cerebral au-
toregulation that we would otherwise miss using current
approaches to bedside care. The challenges of negative
studies in TBI (including those focusing on elevated ICP)
have led some to wonder if the emperor is actually naked.
Perhaps improved methods of data analysis and visual-
ization such as those described here represent new clothes
and will motivate us to become more thoughtful tailors.
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Fig. 1 Relationships between cerebral blood flow (CBF) and
cerebral perfusion pressure (CPP). Some of the differences between
adults and children. Note the absolute as well as relative higher
cerebral blood flow in a young child compared to an adult. Given
that cerebral blood flow may be over 50 % of cardiac output in the
young child, vs. 15 % in adults, even though the lower inflection
point for loss of autoregulation at 40 mmHg in children is lower
than in adults (ca. 50 mmHg), the resultant associated injury may
be higher because of a lower capacity to buffer. This is
compounded by a higher baseline metabolic rate
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