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This comment refers to the article available at https://doi.org/10.1186/513054-019-2529-z.

I read with great interest Drs. Robba and Citerio’s [1]
approach to intracranial pressure (ICP)-cerebral perfu-
sion pressure (CPP) management, and it is to be com-
mended. My approach over the years has evolved to
teach a visual pyramidal lapproach to our nurses, resi-
dents, fellows, and now our advanced practice providers
and neurosurgeons. Rather than use the Tier 0, 1, 2, 3

system as proposed by the Neurocritical Care Society in
Emergency Neurologic Life Support, I often simply pro-
vide this Fig. 1 to our teams to show the foundation is
laid with basics of CPP (mean arterial pressure-ICP)
management. This visual diagram shows that to measure
CPP, an ICP monitor and basic interventions like head/
neck positioning are needed. The diagram also demon-
strates the importance of emphasizing the ICP-CPP zero
at the tragus for standardization [2, 3]. These fundamen-
tals cannot be overstated, especially with nurses eager to
re-emphasize at bedside the goals of care of the patient.
Further, beyond basic CPP management, osmotherapy
comes into play, which once exhausted, moves up the
pyramid to escalation therapies of refractory ICP, includ-
ing |barbiturates or hypothermia, and ultimately to
neurosurgical decompression (‘top of the pyramid”
literally and figuratively). We find this Fig. 1 useful
for discussion, and even management with our
fellows, as well as for long-standing issues about use
of mannitol versus say hypertonic |saline in osmother-
apy selection, etc. We find that there is an insatiable
academic thirst for knowledge around this topic each
year among all team members and hope this Fig. 1
provides food for thought for similar teams at other
centers [4].
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Fig. 1 |PYiamidal’approach toICP*CPP management Barbs indicates barbiturates; CPP, cerebral perfusion pressure; CVC, central venous line; HOB,

head of bed; HTS, hypertonic saline; ICP, intracranial pressure; IV, intravenous; MAP, mean arterial pressure; NMB, neuromuscular blockade; POsm,
plasma osmolality. Used with permission of Mayo Foundation for Medical Education and Research, all rights reserved
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How | manage intracranial hypertension

Chiara Robba'® and Giuseppe Citerio™ ®

Why and when to manage intracranial hypertension
The detrimental effects of intracranial hypertension
(HICP, high intracranial pressure) are well documented
[1, 2]. HICP can cause secondary brain injury and death,
and therefore, intracranial pressure (ICP) elevations
should be aggressively treated.

HICP has been classically defined as an_
and this threshold has been considered the trigger for
treatment [3]. Recent have moved this
threshold to [4], grounded on a single-centre,
retrospective study. This modification is trivial [5]. As for
many other treatment options in intensive care, a single
threshold is debatable. In fact, recent evidence suggests
that not a single value but the

[6]. Moreover, Guiza demonstrated that not

only higher values but to values
ﬂ the classical ative

In my practice, the ICP
alarm is set at 20 mmHg and low CPP alarm at 55 mmHg.
This is a warning signal for nurses at the bedside. Before
starting any treatments for high ICP, I consider both the
intensity and duration of HICP. I am flexible with thresh-
olds putting them in the clinical contest, considering also
CPP. Short-lasting, low-intensity episodes (low ICP dose
with normal CPP) are observed and not treated. On the
contrary, higher ICP doses, progressively rising trends, or/
and HICP impacting CPP require prompt treatment.

How I intracranial hypertension
Figure 1 summarises the algorithm that I use in clinical

practice. Before starting any ICP-directed therapies, I t
to and systemic H

affecting and causing raised ICP

* Correspondence: giuseppe.citerio@unimib.it
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(see Additional file 1). I always consider the
option with a neurosurgeon; should

be promptly evacuated when indications are met, and
hydrocephalus should be drained.
When I decide to administer ICP—lowerini therapies, 1

”

use a [1] with treatment
intensity (starting with low risk-benefit profiles) [8]. The
first-line ICP-lowering strategies that I consider (without
a priority between them) include:

— Head-up positioning (15.
— Hemodynamic stability aimed to maintain an

according to autoregulatory
status. Increasing mean arterial pressure + 10%
might be considered as a test for exploring pressure

autoregulation),
- i and - (propofol, 4—6 mg/kg/h and

opioids, fentanyl 1-4 pg/kg/h used at the lowest

dose producing ICP control.
* if needed) [9],
Mechanical ventilation to
hypoxia (target - at
saturation > 94%),
if the temperature is > 37.5°C
(internal), I start Diclofenac infusion [10].

- _as preferred maintenance fluids [11]

to maintain euvolemia and to prevent drops in
plasma osmolarity. [ do - use - or
solutions w/o as maintenance fluids.

If HICP persists, I subsequentl

(up to
saline % solution, . They have

several mechanisms mainly due
to osmotic effects but also hemodilution, increased cardiac
output and increased blood pressure. I prefer testing both
of them (using an equimolar bolus) for evaluating their
efficacy in the individual patient. Their*
[11].

nd
mmHg, and oxygen

to
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Before treating ICP, check
and treat confounders
(ESM1). Evaluate surgical
amendable lesions

ICP>20-22mmHg
Consider “ICP
dose” and CPP

Ll

sedation and analgesia,
mild hypocapnia, maintain
pr— cerebral perfusion pressure
(50-70 mmHg according to

autoregulatory status),
normothermia, euvolemia

Head up 15-30° , ICP>20-25mmHg
with TIL1

therapies

TIL2

therapies the prognosis of the
patient, the best outcome that
might be obtained, the patient’s
wills and inform the patient’s family

Q Consider before using extreme

ICP>25mmHg
refractory to
TIL3 therapies

TIL3

Increase sedation, CSF
drainage, osmotherapy
(mannitol or hypertonic

saline), mild hypocapnia,
optimize CPP, consider
repeating a CT scan

ICP>20-25mmHg
with TIL2 therapies

Use barbiturates and hyperventilation for

“buying time” before decompressive
craniectomy.

Fig. 1 Summary of the_ Before starting an HICP-directed therapy, | consider-_ (summarised

in ESM as malfunctioning of ICP monitoring devices, pneumothorax, hypoxia, hypercapnia, pain, hypo/hypertension, hyperpyrexia, seizures, hypo-
osmolality). These factors need to be corrected early with specific therapeutical manoeuvres. In all TBI patients, | consider always obtaining an
early neurosurgical opinion on surgery for intracranial mass lesions and if the patient presents a clinical or imaging neuroworsening. | will escalate
TIL (therapy intensity level) accordingly to the ICP response. The progression | use is summarised in the TILs described below. The therapies with
a * are short lasting. TIL 1—Basic. consider (15. sedation and analgesia:

opioids: , normothermia and antiepileptics (if the patents has seizures or non-
convulsive status). Maintain ccording to autoregulatory status. The risks and level of evidence for these therapies are low but
this bundle is effective in many patients for controlling ICP. TIL 2—Mild. If ICP is > 20-25 mmHg with TIL-1 therapies, | consider the following:
increasing sedation (side effect: hypotension and need of vasoactive drugs), CSF drainage* inserting external ventricular drainage (side effect:
infections, hematoma), osmotherapy* (mannitol and/or hypertonic saline. Maintain a euvolemic status) and mild hypocapnia*. Maintaining CPP
50-70 mmHg according to autoregulatory status. If pressure autoregulation is preserved, higher CPP (around 70 mmHg) is tolerated and might
reduce ICP maintaining cerebral blood flow. If pressure autoregulation is not preserved, higher CPP increases cerebral blood volumes and,
consequentially, ICP TIL 3—Moderate. If ICP remains > 20-25 mmHg with TIL-2 therapies, | use higher doses of osmotic* (limits: natremia < 155 mEg,
Osm 320), profound hypocapnia* with a brain oxygen monitor. CPP 50-70 mmHg according to autoregulatory status. Consider repeating a CT scan.
TIL 4—Extreme. If ICP persists > 25 mmHg, refractory to TIL-3 therapies, consider before using extreme therapies the prognosis of the patient, the best
outcome that might be obtained and the patient’s wills and inform the patient’s family. Use barbiturates for “buying time” while discussing the utility
of decompressive craniectomy. Evaluate DC soon when TIL 3 therapies have failed. | am using moderate hypothermia only in selected cases. See text
for details. A continuous check of the efficacy of the therapies needs to be implemented and, if ICP is controlled, consider moving backwards in the

flowchart, deescalating ICP lowering as soon as possible

When and how to escalate to upper tier therapies
I generally reserve to patients with refractory intracranial
hypertension ICP-lowering strategies associated with sig-
nificant side effects and potential complications as hyper-
ventilation, metabolic suppression and decompressive

craniectomy [8, 12].
BERVERBOH pro-ice> - FRNEHEH ot HGH by .-

cing cerebral vasoconstriction and reducing cerebral blood
volume [13]. The effect i and when

the interstitial pH, alkalotic during the immediate hyper-
ventilation phase, to ﬁ However, because

of the theoretical risk of hypoperfusion, I aim to achieve
mild hyperventilation, ic. a PACO S 80232 Aarlig omly

in patients in whom ICP remains abnormally elevated

despite first- and second-line treatments, considering
adding for safety a brain oxygenation monitor. I use more
aggressive hyperventilation only in life-threatening cases
with the risk of cerebral herniation and death.
Barbiturates have been historically used for decreasing
brain metabolism and consequently cerebral blood flow/
volume and therefore HICP at the cost of serious side
effects including hypotension and infections. I avoid
long-term administration, and I generally administer
checking its efficacy,
as temporary ’
to (DC) in refractory cases. I
prefer, as third tier therapy, DC that has a long-lasting
effect on the control of refractory HICP. DC performed
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without severe refractory HICP increases the rate of un-
favourable neurologic outcome and should be avoided
[14]. On the other hand, DC in patients with severe re-
fractory HICP reduces mortality (22 more survivors for
every 100 patients treated) [15]. At 12 months, 13/22
survivors (59%) had favourable outcomes while 9/22
(41%) were in a vegetative state or in lower severe dis-
ability. For these reasons, DC needs to wisely ponder in
the context of refractory HICP and it should be under-
taken timely in subjects with a potentially acceptable
prognosis (i.e. before irreversible damages occurred),
considering individual patient’s preferences and family’s
quality of life expectations.

In conclusion, my approach to ICP-lowering strategies
has a stepwise fashion associated with a continuous
check of the efficacy of the therapies. This will allow me
to deescalate ICP-lowering strategies as soon as possible
(ICP control >24h). Tapering therapies (as hyperventi-
lation and osmotic) might produce a rebound effect, and
it needs to be done slowly and under ICP monitoring.

Alternatively, if the therapies are ineffective, I intensify
treatments until the patients are judged salvable. When,
in more severe unsalvageable cases, everything is inef-
fective and DC is not an option, a wise limitation of the
therapies has to be evaluated.

Additional file

Additional file 1: Summary of the remediable causes of intracranial
hypertension. (DOCX 15 kb)
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