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ABSTRACT: We conducted a systematic review to examine the relationship between intracranial pressure monitors (ICP) monitors and
mortality in traumatic brain injury (TBI). We systematically searched for articles that met the following criteria: (1) adults patients, (2)
TBI, (3) use of an ICP monitor, (4) point estimate for mortality with ICP monitoring (5) adjustment for potential confounders. Six
observational studies were identified with 11,371 patients. There was marked between-study heterogeneity that precluded a pooled
analysis. Patients with ICP monitors had different clinical characteristics and received more ICP targeted therapy in the ICU. Four
studies found no significant relationship between ICP monitoring and survival, while the other two studies demonstrated conflicting
results. Significant confounding by indication in observational studies limits the examination of isolated TBI interventions. More
research should focus on interventions that affect TBI careplan systems. Further research is needed to identify which subset of severe
TBI patients may benefit from ICP monitoring.

RESUME: Moniteurs de la pression intracranienne dans les traumatismes craniens graves : une revue systématicque. Nous avons effectué une
revue systématique de la littérature pour examiner la relation entre les moniteurs de la pression intracranienne (PIC) et la mortalité dans les traumatismes
craniens (TC). Nous avons recherché systématiquement les articles qui rencontraient les criteres suivants : 1) des patients adultes; 2) un TC; 3)
l'utilisation d'un moniteur de la PIC; 4) une estimation ponctuelle de la mortalité lorsque la surveillance de la PIC était effectuée; 5) 1'ajustement des
facteurs de confusion potentiels. Six études d'observation ont été identifiées auxquelles un total de 11 371 patients avaient participé. Il existait une
hétérogénéité marquée entre les études, ce qui excluait la possibilité de regrouper les données. Les caractéristiques cliniques des patients sous
surveillance de la PIC étaient différentes et ces patients recevaient plus de traitements ciblant la PIC a I'unité des soins intensifs. Quatre études n'ont pas
montré de relation significative entre la surveillance de la PIC et la survie alors que les résultats des deux autres études étaient contradictoires. Dans les
études d'observation, I'examen d'interventions isolées dans le TC est limité par un facteur confondant important, I'indication de ces interventions. Les
recherches devraient cibler les interventions qui touchent les plans de traitement dans le TC. Il faudrait procéder a des études plus approfondies dans le
but d'identifier quel sous-groupe de patients atteints d'un TC sévere est susceptible de bénéficier de la surveillance de la PIC.
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Traumatic Brain Injury (TBI) is a significant cause of
mortality and morbidity around the world. The United States
experiences an average of 235,000 hospitalizations and 50,000
deaths from TBI annually!. Although neurocritical care has
evolved dramatically since its inception in the 1950s, the
mortality from a severe TBI remains significant?>.

Elevated intracranial pressure (ICP) is an important cause of
secondary brain injury and is consistently associated with worse
neurologic outcomes in patients following TBI®!°. Given this,
ICP monitoring is currently a level II recommendation from the
Brain Trauma Foundation (BTF) in patients with severe TBI
Glasgow Coma Scale (GCS)<= 8)!!.

Despite these recommendations, there exists significant
variability in the use of ICP monitors across different hospitals
and countries*'>!>, This may reflect conflicting or absent
clinical evidence as to the benefit of ICP monitoring'®'8,
Although a Cochrane review on the topic was recently
published, no studies were analyzed as they included only
randomized trials'®. Without considering observational studies,
this review was unable to provide any conclusions as to the value
of ICP monitoring in patients with TBI. In this context, we
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conducted a systematic review of observational studies to
evaluate the evidence examining the relationship between use of
ICP monitors and mortality in patients with severe TBI.

METHODS

This article reports our systematic review in accordance with
the Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) guidelines®.
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Search Strategy

We systematically searched MEDLINE (1966 — October
2011) and EMBASE (1977 — October 2011) for observational
studies and trials examining the effect of ICP monitors on
mortality. We hand searched online abstracts of selected
conferences from 2000 — 2009, including: American Thoracic
Society (ATS), the American College of Chest Physicians
(Chest), the American Association for the Surgery of Trauma, the
American Association of Neurological Surgeons, and the
Congress of Neurological Surgeons. We also hand searched
bibliographies of all relevant studies.

For the bibliographic review of MEDLINE, we constructed
search filters for ICP monitors and TBI using a combination of
exploded Medical Subject Heading (MeSH) terms and text
words, all combined with the Boolean OR operator. The ICP
filter contained text words: subarachnoid bolt, subdural
monitoring, intraparenchymal monitor, intraventricular drain,
intracranial pressure monitor, icp monitor, external ventricular
drain, ventriculostomy, and evd. The TBI filter contained the
MeSH term craniocerebral trauma and text words: closed head
injury, closed head trauma, traumatic brain injury, brain injury,
tbi and chi. We then combined both filters using the Boolen
operator AND. A similar search strategy was employed for
EMBASE. These search methods can be found in the Appendix.

Search Criteria

In duplicate and independently, two authors (AM and CG)
screened all articles using the following inclusion criteria: (1)
adult patients, (2) traumatic brain injury, (3) use of an ICP
monitor, (4) presented a point estimate and 95% confidence
interval for mortality for ICP monitoring (compared to no ICP
monitoring), and (5) described adjustment for potential
confounders.

Data Abstraction

Independently and in duplicate, two authors (AM and CG)
abstracted the following data: mortality, type of TBI, duration of
intensive care and hospitalization, duration of mechanical
ventilation, admission GCS, severity of illness, presence of
hypotension on admission (systolic blood pressure =<=90).
Authors were contacted to obtain unpublished data*?! and
articles were not excluded if they were published in a language
other than English??. Disagreement was resolved by discussion
and arbitrated by the third author (D.G.) if necessary.

REsuLTS
Literature Search

Searching the electronic databases revealed a total of 351
unique citations. We excluded 268 by screening titles and
abstracts resulting in 83 articles for full text review. Seventy-
seven publications were excluded for reasons listed in the
Figure, leaving a total of six studies included in this systematic
review*!13:1621.23.24 Srudy characteristics, outcomes, and clinical
variables are listed in the Table.

Assessment of Methodological Quality and Bias

All six studies were retrospective and non-randomized with
respect to ICP monitoring. The inclusion and exclusion criteria
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for each study were not uniform. Although each of the six studies
conducted a multivariate analysis, the variables used by the
authors were not homogenous; studies included anywhere from
three to eight independent clinical variables. Some studies failed
to adjust for age'>!1%2!, GCS'>?*, or pupillary response®!3:16:23.24
which are all considered to exert profound influences on
outcome in TBI?*?¢, Ultimately, between-study heterogeneity
precluded pooled analysis of the data included in these studies.

ICP monitors and mortality

Lane' and colleagues demonstrated an overall harm to ICP
monitor insertion on univariate analysis (OR 1.24, p <0.032).
However, after controlling for injury severity (maximum
Abbreviated Injury Scale (AIS) head and Injury Severity Score
(ISS)) and mechanism, ICP monitoring was associated with
improved survival (Mortality OR 0.769 p<0.015). In contrast,
Shafi'® and colleagues found ICP monitor insertion to be
associated with significantly worse survival for both univariate
and multivariate analysis (Survival OR 0.55, 0.39-0.76
p<0.0001; multivariate analysis). Mauritz?> and colleagues
demonstrated that ICP monitoring was associated with an overall
lower ICU mortality on unadjusted analysis (Survival OR 1.17,
95% CI: 1.15—-1.2,p <0.05). However, in a subgroup of patients
with a GCS > 8, ICP monitoring was associated with increased
ICU mortality (data presented only graphically in manuscript).
Moreover, the reduction in ICU mortality with ICP monitoring

Citations identified in literature
search (n=351)

+ MEDLINE

+ EMBASE

Excluded by abstract
screening (n=268)

A

Full text review
(n=83)

Excluded (n=77)

* Not a series of TBI patients
(n=135)

* No control of patients without
ICP monitor (n=57)

+  No multivariate data (n=1)

+ Comparison of systems of care
(n=2)

+  Non-traumatic (n=1)

" * Pediatric (n=1)

Articles included in
systematic review
(n=6)

Figure: Flowchart for study selection. Search: MEDLINE (1966-2011)
+ EMBASE (1977-2011)
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Table: Overview of studies included in systematic review

Author, Yr ICP monitored Multivariate
Number of Patients| Study Design Inclusion Criteria Exclusion Criteria n (%) Type of ICP monitor Crude Outcome | CP group Outcome | CP Group
Lane 2000™ Retrospective AlShead >3 None stated 541 (10%) Not specified Mortality OR 1.24, p <0.032 Mortality OR
n=5,507 cohort 0.77, p=0.015
Mauritz 2007 Retrospective GCS<9 Died before admission to 264 (63%) Intraparenchymal 77% Survival OR 1.17, 1.5-1.2, NS
n=415 cohort hospital EVD 10% p <0.05
Epidura 3%
Unknown 2% Improved 90-day outcome NS
Combined 8% (42% vs 33%)
Mauritz 2008* Retrospective AlShead >2 Discharged from 825 (56%) Not specified ICU mortality p=NS NS
n=1856 cohort hospital <4 days Hospital mortality p=NS NS
Thompson 20087 | Retrospective | Any TBI ICD code Dead on arrival, 281 (16%) Not specified Hospital death RR Hospital death RR
n=1776 cohort Age 24-65 homeless, 0.94, 0.79-1.12 p=NS 0.94, 0.81-1.09 p=NS
non-US citizen
12-month death RR 12-month death RR
1.07, 0.87-1.32 p=NS 1.15, 0.97-1.36 p=NS
Shafi 2008™ Retrospective GCS<9 Dead within 708 (43%) Not specified Survival OR 0.55, 0.42-0.72 Survival OR 0.55, 0.39-0.76
n=1646 cohort AlS head >2 48 hrs p <0.0001 p <0.0001
Postive CT head
Age 20-50 ICU stay <3 days
Griesdale 20107 Retrospective GCS<9 Obeying commands or 98 (57%) EVD 100% 28-day mortality 28-day mortality
n=171 cohort dead within 12 hrs (22% vs 12%) p = 0.07 OR 2.1, 0.80-5.6 p=0.13
High c-spineinjury Hospital mortality Hospital mortality
(29% vs 12%) p <0.01 OR28,11-7.1p=0.04

ICP, intracranial pressure; AIS, Abbreviated Injury Scale; ISS, Injury Severity Score; RTS, Revised Trauma Score; GCS, Glasgow Coma Scale;
TBI, traumatic brain injury; ICD, International Classification of Diseases; RR, risk ratio; OR, odds ratio; NS, not significant; CT, computerized

tomography.

did not persist after multivariate regression analysis. Similar
findings were demonstrated by Griesdale and colleagues®.
Although ICP monitoring was associated with increased hospital
mortality on adjusted analysis (OR 2.8, 95% CI: 1.1 — 7.1,
p=0.04), these results were entirely driven by those patients who
had a GCS =6 (OR 5.6,95% CI: 1.7 — 18.4,p<0.01). In contrast,
those patients with a GCS < 6 had no increased risk of mortality
with ICP monitoring (OR 0.76, 95% CI: 0.18 — 3.2, p=0.71).
Finally, Thompson?! and Mauritz* found no significant effect of
ICP monitor insertion on survival with univariate or multivariate
analysis.

Baseline Patient Characteristics

All six studies identified at least one clinical variable that
differed significantly between the group of patients that received
ICP monitoring and the controls. Patients in whom an ICP
monitor was inserted were younger*!>2!2324 had higher injury
severity scores*!31923 ‘more hypotension?, and lower GCS?*.

Intensity of Care in the ICU

The proportion of cohort patients receiving ICP monitors was
highly variable, ranging from 10%-63%. Only two studies
reported the type of ICP monitor that was used*?*. The use of
ventricular drains was markedly different in both of these studies
(100% vs 10%). Patients with ICP monitors received more
therapy targeted towards ICP reduction (i.e. mannitol, hypertonic
saline, hypothermia, hyperventilation)>*?*, had more invasive
procedures (i.e. craniotomy, jugular bulb monitor)'¢2*, and spent
more days ventilated and in the intensive care unit*!3:16-24,
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Table: continued

Variablesincluded in
Multivariate Analysis

Points of Interest

Lane 2000™ Mechanism of injury Only 61% of cohort had complete GCS
AlS Head documentation
1SS

Mauritz 20072 Age ICP patients were younger, more severely
1SS injured, and were more likely to receive mannitol
GCs or hypertonic saline

Mauritz 2008* SAPS I (includes age, GCS) Included amultivariate regression analysis for
Gender factors influencing the use of 1CP monitor
AlS head
Large volume replacement
Isolated TBI

Volume of TBI per centre
Thompson 20087 | 1SS Only cohort that included non-severe TBI (GCS
GCSM >8)

Midline shift Registry included non-trauma hospitals
Pupillary response
AlSHead

Gender

Charlson score
Shafi 2008™ 1SS |CP patients had higher injury severity scores,
RTS were |ess likely to have a positive alcohol screen,
AlS head and spent longer time in the ICU

Craniotomy

GCsS-M

Spineinjuries

Pre-morbid cardiac disease
ICU complications

Griesdale 2010 | Age

APACHE

Positive CT findings
Mannitol

Year of admission
Hypotension
Hypoxia
Craniotomy

Demonstrated a binary effect in mortality
outcomes with ICP monitoring; patients with
GCS > 6 had worse outcomes with monitoring
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Discussion

In this systematic review, we demonstrated that there is large
amount of between study heterogeneity examining the role of
ICP monitoring and outcomes following traumatic brain injury
that precluded performing a pooled analysis. There were frank
differences both within and between studies in terms of which
patients were chosen for ICP monitoring, the definition of severe
TBI, the type of ICP monitor used, and the levels of intervention
offered to each group of patients. Not surprisingly, there were
conflicting mortality outcomes attributable to ICP monitoring,
partly explained by the observed heterogeneity.

Because these studies are all observational and non-
randomized, the decision to insert an ICP monitor has already
been made by the neurocritical care team prior to the onset of the
study. Therefore, this decision may be influenced by factors
relating to patients’ pre-morbid conditions, the severity of the
current TBI, and centre-specific practices and preferences. Thus,
much like other therapies in medicine, the use of ICP monitoring
is subject to strong confounding by indication?’. Confounding by
indication occurs when variables that are associated with an
outcome in the study base are also associated with the exposure.
Consequently, even with multivariable adjustment, determining
an unbiased outcome estimate for ICP monitors in these studies
is extremely difficult. This is exacerbated by the generally small
samples sizes of the published studies that limits confounding
adjustment. Despite straightforward BTF indications for ICP
monitoring, it is clear that clinicians do not strictly adhere to the
BTF guidelines. Whether this reflects an acknowledged lack of
evidence or skepticism as to the relevance of the guidelines
remains unclear. Nevertheless, this lack of uniform application
of the BTF guidelines deserves further consideration.

Although confounding by indication may be an alternate
explanation for the mixed results in these studies, ICP
monitoring may still influence outcomes independently and
therefore deserves closer attention. Being a monitoring device, a
distinction must be made between the information obtained from
the ICP monitor and the interventions instituted based on this
information. For example, change in management based on ICP
measurements can be instituted within an ICP, Cerebral
Prefusion Pressure (CPP), or Lund-based TBI protocol®.
Moreover, ideal ICP and CPP target values have yet to be
identified. Furthermore, clinicians may decide to use only the
quantitative value of ICP while others may additionally use the
ICP waveform to direct management®. Therefore, by refining
and optimizing the use of ICP monitors, clinicians may be able
to elicit indications and benefits from ICP monitors that are not
currently evident.

Our review also demonstrates that patients who receive ICP
monitoring are subject to increased interventions based on this
information. Another observational study in patients with TBIs
demonstrated that compared to hospitals without ICP
monitoring, those with ICP / CPP targeted therapy had increased
intensity of therapy as defined by increased use of sedatives,
mannitol, vasopressors and barbiturates®®. This has also been
discussed with respect to other monitoring devices including the
pulmonary artery catheter?! and brain tissue oxygen monitoring
(PbO,)*?. Ultimately, we hope that the information gained from
these monitoring devices will lead to interventions that improve
outcomes. Yet, many of our current therapies for increased ICP
such as sedation and pharmacologic paralysis are potentially
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associated with worse outcomes in critically ill patients®3-34,

Thus, in order for any monitoring device to independently
improve outcome, it must be: (1) used in the appropriate patient
population, (2) accurate and reliable, (3) used with minimal
complications (4) correctly interpreted within the clinical
context (5) be acted upon in a standardized and reproducible
manner, and (6) dictate interventions that generate positive
outcomes. Although there are challenges with all of these
criteria, certainly the specific patient population that may benefit
from ICP monitoring has yet to be clearly defined. This review
highlights the interplay between confounding variables,
monitoring devices, treatment philosophies, and clinical
outcomes; it speaks to the inherent complexity of delivering
neurocritical care.

Improvements to entire systems of care may lead to better
outcomes in patients with TBI. Several studies have looked at
the outcomes of severe TBI before and after the institution of
ICP protocoled centre-specific guidelines®*°. Not only have
these studies demonstrated improved outcomes after guideline
institution, but one study>® demonstrated improved survival with
the new protocol despite a dramatic reduction in the rates of ICP
monitoring (35% vs 9%). Another study® found that by simply
displaying CPP values prominently in the ICU, investigators
were able to improve survival in severe TBI patients. Given
many of the aforementioned limitations in TBI research, perhaps
focusing on the system at large, rather than isolated elements,
will yield stronger and more clinically relevant advances in TBI
care.

Major limitations of our systematic review are the few studies
available that met our inclusion criteria, and the marked
between-study heterogeneity. However, we were able to examine
this heterogeneity by exploring differences in ICP monitor
utilization and outcomes, which itself is clinically relevant
information. As with all observational studies, or systematic
review of observational studies, residual or unmeasured
confounding remains an alternate explanation for our findings.

CONCLUSIONS

The isolated benefit of ICP monitoring in severe TBI is not
clearly established. Clinical evidence is lacking as to the efficacy
of ICP monitoring mostly attributed to the heterogeneous nature
of the studies available on this topic. The significant
modification of signal effect by confounding variables suggests
that outcomes in severe TBI relate to both the presentation of the
patient and the overall delivery of care rather than specific
elements within the system. This theory is supported by
emerging evidence suggesting that guideline-driven
management of severe TBI improves patient outcome. Future
studies are warranted to investigate the ideal design of a practical
TBI protocol for standardized use and also to explore the current
barriers to standardized TBI management that exist. Research
should also focus on identifying distinct subgroups of severe
TBI patients who may benefit from monitoring and optimizing
ICP-directed care in patients undergoing monitor-based therapy.
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Appendix: Search strategy used for MEDLINE and EMBASE to identify studies included in this systematic

review

MEDLINE (Pubmed)
Subarachnoid bolt.tw
Subdural monitoring.tw
Intraparenchymal monitor.tw
Intraventricular drain.tw
Intracranial pressure monitor.tw
ICP monitor.tw
External ventricular drain.tw
Ventriculostomy.tw
EVD.tw
.lor2or3or4or5or6or7or8or9
. Craniocerebral trauma/
. Closed head injury.tw
. Closed head trauma.tw
. Traumatic brain injury.tw
. Brain injury.tw
. TBLtw
. CHIL.tw
.1lorl12or13or14or15o0r 16 or 17
. 10 and 18
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EMBASE
Subarachnoid bolt.tw
Subdural monitoring.tw
Intraparenchymal monitor.tw
Intraventricular drain.tw
Intracranial pressure monitor.tw
ICP monitor.tw
External ventricular drain.tw
Ventriculostomy.tw
EVD.tw
.lor2or3ord4or5or6or7or8or9
. Head injury/
. Closed head injury.tw
. Closed head trauma.tw
. Traumatic brain injury.tw
. Brain injury.tw
. TBL.tw
. CHIL.tw
.1lor12or 13 or 14 or 15 or 16 or 17
. 10 and 18
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