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Abstract

Background: Prone positioning has proven clinical benefit in ARDS patients. Theoddinisal dilemma in patients at risk of
respiratory failure with concurrent brain injury and reduced intracranial I@mp who may benefit from prone positioning. Current
guidelines are lacking evidence and recommendations regardiraggement in context of this clinical scenario.

Objectives: This study aimed to determine the safety and efficacy of prone positioninecimanically ventilated adult patients with
acquired brain injury using a narrative systematic review.

Methods: The following databases were searched: CENTRAL, MEDLINE, Cochr@&tieicalTrials.gov, HERDIN for relevant
studies from the last 20 years. Prespecified screening and eljgibiliéria for inclusion were applied. Included studies underwent
methodological quality assessment. Study design, patient characteristingritions given, and relevant outcomes were extracted and
summarized

Results: This review included five relevant articlesl randomized controlled trial (RCT) aAdbservational studies (2 retrospective
case-series, 2 prospective case-series). There was a total of 114spatkmed in the studies (51 from the RCT and 63 from the
observational studies). The RCT was found to be of fair methodologicalyquile the 4 observational studies satisfied most of the
criteria of good methodological quality based on risk of bias assessmé&nused. General consensus revealed improved oxygenation in
mechanically ventilated ABI patients with Level 4 evidence, but imergase ICP levels with Level 2 evidence at most.

Conclusion: It may be safe and effective acarefully selected population of mechanically ventilated ABI patients if IGRitoring
is available.
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Abbreviations:

ABI — acquired brain injury

ARDS — acute respiratory distress syndrome

CENTRAL - Cochrane Central Register of Controlled Trials
CPP- cerebral perfusion pressure

GCS- Glasgow coma score

HERDIN — Health Research and Developmental Information Network of the Philippines
ICP — intracranial pressure

LIS - lung injury score

MAP — Mean arterial pressure

MeSH- medical subject headings

PaCQ - arterial partial pressure of carbon dioxide

PaQ - arterial partial pressure of oxygen

PEEP- positive end-expiratory pressu

PF- PaQ/FaG
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PP-— prone positioning

PRISMA - Preferred Reporting Items for Systematic reviews and Meta-analyses
PROSEVA - Prone Positioning in Severe Acute Respiratory Distress Syndrome
ptiO, — brain tissue oxygen partial pressure

RCT - randomized controlled trials

SP- supine positioning

SaQ - arterial oxygen saturation

1. Introduction

During the initial phase of brain injury, tissue deformation occurs that caasgnag irreversible damage to neurons,
glia, axons, and blood vessels. This is followed by a more delaysse @i injury mediated by biologic pathways in the
cellular level which can be present for minutes and persistently up to weeks @ft@rypnjury. In this delayed phase,
many patients experience secondary insults such as hypoxia, hypotensbral@velling, and consequences of increased
intracranial pressure (ICP) (Shahlaie et al., 2017) [1]. Arterial hypotensidaced cerebral perfusion pressure, elevated
ICP and hypoxemia have been consistently correlated with poor clinical oufdones et al., 1994) [2]. Several studies on
acute brain injury (ABI) focus on preventing or lessening the extérgecondary injury by managing intracranial
hypertension, and maintaining adequate oxygenation.

Mechanical ventilation is often necessary in patients with ABI, especially those presentipgofatind alterations in
sensorium; and respiratory deterioration can be multi-etiological (Dela Torre, €204l7) [3]. Additionally, acute
respiratory insufficiency is the most common non-neurological organ dy&fnnn severe traumatic brain injury with a
major impact on outcome (Zygun et al.,, 2005) [4]. In brain-injupadients with reduced intracranial compliance,
coexistence of respiratory failure depicts a poor clinical picture and ventilatorggeraent can be very challenging, as
ventilatory targets are often in conflict in these two conditions and lung protective veyntiatdegies are associated with
anincreased risk of intracranial hypertension and varying effects ebre¢perfusion (Dela Torre et al., 2017) [3].

Therapeutic prone positioning (PP) is one of those strategies which has beehtsub number of studies. In the past
20 years, five major trials have tried to demonstrate the effectiveness of gmsitien as supportive therapy for acute
respiratory distress syndrome (@abni et al., 2001, Guériet d., 2004, Mancebo et al, 2006, Taccone et al., 2009, Guérin
eta., 2013) [5,6,7,8,9] Of these studies, the Prone Positioning in Severe Acute RespirateegdByndrome (PROSEVA)
trial, a large multicenter prospective randomized study showed a significant reddctiontality after 28 and 90 days in
acute respiratory distress syndrome (ARDS) patients treated with prone positiomipgred to supine positioning (Guérin
eta., 2013) [9] However, all those major trials have excluded patients with ABI.

There is a scarcity of available data to evaluate the benefits and risks of psitenimg in patients with ABI. This
paper aimed to review available literature on this subset of patients in ordemito mbre insight into the influence of
prone position on ICP and oxygenation in the intensive care unit (ICU)gsettin

In this review, the term ABI was used to refer to acquired brain injuries vidhighy damage to the brain that occurs
after birth and is not related to a congenital or a degenerative disease, lahdecbom external or internal causes. This
operational definition was used to be as inclusive as possible to studies which imagiviajbry from traumatic and non-
traumatic causes.

2. Methods

This study adhered to the Preferred Reporting Items for Systematic reviews tnémdg/ses (PRISMA) Guidelines
[10].

2.1. Criteria for selection of studies
The author considered randomized controlled trials (RCT); prospective/retiespazhort studies; and case series.

Adult patients with ABI who were mechanically ventilated, placed on PP and subjed@® toonitoring were the main
prerequisites of including studies. Additionally, reported baseline and postimierv measures of ICP and respiratory
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parameters were a must for the included studies. Studies were chosen regardlekmypfoétidBl, baseline neurologic
status of the study population, and existing pulmonary pathology ddtticly population. Studies with concurrent lung
protective ventilatory strategies as seen required by patients other than PP were included.

2.2. Primary and secondary outcomes

The primary outcome for this review was ICP levels measured as mean levelahdingafter PP; and arterial oxygen
partial pressure (Paflevels measured as mean level during and/or after PP.

Secondary outcomes included: 1) B&@QQ (PF)ratio, 2 arterial oxygen saturation (SgQ3) arterial partial pressure of
carbon dioxide (PaC£p, 4) cerebral perfusion pressure (CPP), and 5) mean arterial pressure (MAP)

2.3. Search methods for identification of studies

Literature search using medical subject headings (Me@id free texts related to (“prone”) AND (“intracranial
pressure”) were used. Time frame limit was set to retrieve articles in the last 20 years with English full-text document
available. The following databases were systematically searched: Medline (PubMed), €oCkraral Register of
Controlled Trials (CENTRAL), ClinicalTrials.gov website, and Health Research and Dewabpnfiormation Network
(HERDIN) of the Philippines. Citations of the selected studies were also searched fort igiadias.

Primary screening involved reviewing the titles and abstracts of the available studieextaiticles were obtained for
relevant studies and secondary screening allowed the author to select the studiesfibdttisatipredefined eligibility
criteria to be included in this review.

2.4. Risk bias assessment, data collection, and analysis

Risk of bias was assessed for each included study. The Cochrane Collab®wmiowas used for RCTs. For
observational studies, the tool developed by Murad et al., 2018 [11] wadouasdess for bias, which comprises eight
questions categorized into four domains: selection, ascertainment, causality, atidgrepall of which were critical to
determine risk of bia context of this review’s objective.

Year publication, study design, population size and mean age, details of PP as intengsatjoneasures of intracranial
and respiratory parameters pre and post intervention, and adverse eventsadb@®esere extracted from each included
study. The author narratively summarized current knowledge reflected in thtutigerand level of evidence was generated
as adapted from a method used by Meyer et al., 2010 [12]:

e Level 1 evidence: Findings supported by the results of one or mor@R&Teast good quality

e Level 2 evidence: Findings supported by a single RCT of at least fair quality

e Level 3 evidence: Findings supported by at least one case-control study

e Level 4 evidence: Findings supported by at least one: ap&setest: A prospective trail with a baseline measure and a
post-intervention measure in a single group of subjects; b) Post-tesbsfeptive study using a post-intervention
measure only (no pre-test or baseline measurement with one or mors)pi©u@ase series: A retrospective study,
usually a chart audit.

e Conflicting evidence: Findings are in direct contradiction in at least two papers of similawdulogical quality.

3. Reaults
3.1. Included studies

As shown in Figure 1, identification, screening, and application of eligibility criter@dwant studies were done. Of all
the mentioned databases searched, only PubMed yielded results wherein 96 articles were.idRentifies of citations
yielded 1 significant study. Screening of titles and abstracts was done fiecd@@ds from which 90 were excluded mainly
due to non-relevance to the study topic and absence of English full-tgxtFadptext articles for 6 studies were obtained
and evaluated for eligibility. One study was excluded on the basis that it invaitiedtp with no ABI who were for spinal
surgery subjected to non-invasive ICP estimations (Robba et al., 2317) [
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Figure 1. Flow diagram of the literature screeningpss as adapted from PRISMA guidelines [10]
3.2. Study design and patient population

Five studies satisfied the eligibility criteria (Beuret et al., 2002 [14]; Reinpetciit, 2003 [15]; Thelandersson et al.,
2006 [16]; Nekludov et al., 2006 [17]; Roth et al., 2014 [18]l were published in international journals. Table 1 is a
summary of patient characteristics, design, and methodology of includiesstu

These studies were of different designs - 1 RCT (Beuret &08l29 [14], 2 retrospective case series (Reinprecht et al.,
2003 Roth et al., 2014) [15,18], and 2 prospective case series (Thelson@tsal., 2006, Nekludov et al., 2006) [16,17]
All had different inclusion criteria but all studies involved mechanically ventilated ABI pati€mly one study included
ARDS patients in its study population (Reinprecht et 2003 [15]. There was a total of 114 patients identified
collectively in all studies- 51 patients from the RCT (25 in the PP group and 26 in the SB)gend 63 patients from the
observational studies.

All studies utilized invasive ICP monitoring on all their patients, except the RCT whigh23% of enrolled had ICP
monitoring (6 out of 25 patients in the PP group and 6 out of 26 tmiiethe SP group) (Beuret et al., 2p4]. Method
of recording of ICP levels also differed on all the studies. These afe sgmmarized on Table 1, including how they
measured ventilation parameters for each patient.

Baseline neurologic status was not similar for all the studies. Beuret et al,,e200@=d patients who were Glasgow
coma score (GCS) 9 or below [14]. The case series of Reinprecht 20@8,involved patients with subarachnoid
hemorrhage, Hunt-Hess grad#sV [15]. Nekludov et al., 2006 studied patients treated at the intensivergaferisevere
traumatic brain injury and subarachnoid hemorrhage with GCS 8 or beldwl [ielandersson et al., 2006 and Roth et al.
2014,did not mention the baseline neurologic status of their patients [16, 18].

The manner of PP also varied in all the studies. These are simplified and summariable ih. Beuret et al., 2002 did

continuous cycles of PP 4 hours daily, until the patient is able to get uptamén armchair. If ICP increased over 30mm
Hg, PP was stopped and the patient was returned to SP [14]. Reinprech2@3lplaced patients in PP for 14 hours if
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well tolerated. They were returned to SP earlier if ICP continuously exceeded B§mmthose patients who tolerate PP
well, repeated cycles were performed as long as pulmonary function could toeechpl5]. Thelandersson et al., 2006,
placed patients in PP for 3 hours, then back to SP. Indications to petiient back to SP early include: ICP more than
20mm Hg and CPP less than 60mm Hg [16]. Ne&ludt al., 2006, utilized a Stryker frame, which can be rotated 180
degrees, shifting from supine to prone and back again. The entirgasesloped, with head of patient 10 degrees upward,
regardless if in SP or PP. Treatment in PP was done for 1 hour fitA]eRal., 2014, placed patients idZb-degree PP. If
well tolerated, they stay in PP for 8 hours. If the respiratory situation wasirstgitisfactory, another unit of PP was
initiated [18].

All studies aimed to looked into the safety and efficacy of PP in termseffetsts on ICP and oxygenation in patients
with ABI, except for Beuret et al., 2002hose RCT’s objective was to determine whether PP would prevent lung
worsening in comatose patients which was evaluated by daily measurements ofghejluy Score (LIS) [14].

Table 1. Design, inclusion criteria, population idhateristics, details of prone positioning, and oote measures of included studies.

Population Details of prone positioning Outcome M easur es of interest
Study Design Inclusion Size Age Duration Manner |CP Measurements Ventilation Clinical
(Mean) (h =hour) parameters Outcome
Beuret et al.,, 2002  Prospective, Required invasive 51 55 4 hours once Complete Available in 23% of PaO-/FIO: Death at Day
[14] Randomized mechanical daily prone enrolled patients (SP,  trend over 28, Duration
Controlled ventilation due to PP 1h, PP 2h, PP 3h, first 14 days of mechanical
Study coma (GCS <9) PP 4h, SPP) in percentage  ventilation,
of baseline Duration of
values intensive care
unit stay,
Good
neurologic
outcome at 3
months
Reinprecht, et al., Retrospective SAH diagnosed 16 44 up to 14 Complete ICP, MAP and CPP Pa0: every 2h  None
2003 [15] case series clinically and hours once prone with measured 4h before the and ptiO-
confirmed by daily head midline first PP and continuing continuously
imaging; b) ARDS or turned until 6h after returnto  at 15sec
and c) treatment by slightly the SP; comparison as intervals
prone positioning laterally and  mean values SP vs PP
elevated
Hunt-Hess IlI-V between 15
and 20°
Thelander sson, et Prospective Mechanically 12 51 3 hours once Complete SP baseline, PP 10min  PaO:, Sa0-, None
al., 2006 [16] case series ventilated patients daily prone PP 1h, PP 3h, SPP PaCO.,
with a minimum 10min, SPP 1h measured in
PrePost FiO2 of 0.4 and an *including CPP and intervals same
Design intraventricular MAP as ICP
catheter placed to
measure the ICP
Nekludov et al., Prospective Adult patients treated 8 53 1 houronce  Stryker SP baseline, PP 1h, Pa0, Sa0, None
2006 [17] case series at the ICU for severe daily frame with SPP 1h *including CPP PaCOs,
traumatic brain head of bed  and MAP measurement
Pre-Post injury, or elevated at taken ome
design subarachnoid 10° during
hemorrhage, regardless if baseline and
presenting with a SP or PP twice during
GCS <8 with PP
associated pulmonary
pathology
Roth et al., 2014 Retrospective  Patients with severe 29; 57 up to 8 hours  135° prone ICP and CPP PEEP, PaCO., None
[18] Study intracranial analyzed once daily position continuously recorded  PaO»/FIO:)
pathologies who as 119 every hour regardless  were
were treated with treatment of position documented
kinetic therapy for at units before, during
least one treatment and the day
unit of prone after the last
positioning and movement of
concurrent a patient to a
monitoring of prone position

intracerebral pressure
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3.3 Methodological quality assessment

Bias was evaluated using the Cochrane Collaboration’s tool for the RCT of Beuret, et al, 2002. This RCT was rateal
fair level of methodological quality as seen in table 2.

Table 2.Risk of bias summary using the Cochrane Collaboration’s tool for RCTs

Bias domain Source of bias Support for judgement Author's
judgement
Selection bias Random sequence Method of randomization was not specified. The sjudymentioned that the  Unclear Risk
generation patients were randomized into SP and PP group from aoppatients that

specified the eligibility criteria. Although theygmented that the baseline
characteristics of patients from the two groups ad@amzation were similar.

Allocation concealment Further description of allocation is not included Unclear Risk
Performance bias Blinding of participants and Comatose patients could not have known they wetaded in a study. A Low Risk
personnel physician blinded to the study reviewed chest x-rayetify that the new

radiographic infiltrate was not present at the timmufbation. (Primary
endpoint of the study was incidence of lung worsedigfined by an increase it
the LIS of at least 1 point since time of randomizatiomputed using values o
PF ratio, PEEP and X-ray grading.)

Detection bias Blinding of outcome Comatose patients were enrolled in the study Low Risk
assessment
Attrition bias Incomplete outcome data  Losses to follow-up were disclosed for which there wergen Data were Unclear Risk

analyzed on an intentiadio-treat basis but not all 53 patients initially
randomized were included in the analysis. 2 patienta the SP group died in
the first 24 hours. This is a reasonable attritiod aot expected to significantly
affect results. Adequate sample size of 33 patientgneep was not achieved.

Reporting bias Selective Reporting All prespecified outcomes were reported Low Risk

Other bias None identified

For the four included observational studies, bias was assessed using threfgoskg by Murad et al., 2018, presented
in table 3[11]. These studies did not rule out other alternative causes that mag tplabservation. Although some
studies used concurrent ventilatory strategies aside from PP; they were only institutedessary or kept within
institutional protocol, hence there is no way to fully verify whether these additiotgal/entions could have had a
significant effect on the observed outcome, likewise can be said forah# LGP lowering medication which was claimed
to be kept well within baseline across the study population. There was no challenge/reyeltiiles in any of the studies.
Dose/exposure-response effect was not manifested in the studies except for ythef sthélandersson et al., which
presented outcome data in relation to different time points of prone positi@indg hours in PP reflected better values of
ventilation status as compared to the 10-minute and 1-hour time points). aimirgmguestions were satisfied by all four
studies. Therefore, all observational studies satisfactorily addressed the necessarjoagpedsrethodological quality.

Table 3. Risk of bias assesstr included observational studies

Domains L eading Explanatory Questions Reinprecht Thelander sson Nekludov Roth 2006
2003 2006 2006
Selection 1. Does the patient(s) represent(s) the whole experief Clear Selection Clear Selection Clear Selection Clear
the investigator (centre) or is the selection methazlear to  Method Method Method Selection
the extent that other patients with similar presentatiag Method

not have been reported?

Ascertainment 2. Was the exposure adequately ascertained? Yes Yes Yes Yes

3. Was the outcome adequately ascertained? Yes Yes Yes Yes
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Causality 4. Were other alternative causes that may explain the No No No No
observation ruled out?

5. Was there a challenge/rechallenge phenomenon? No No No No

6. Was there a dose/expostesponse effect? No Yes No No

7. Was follow-up long enough for outcomes to occur? Yes Yes Yes Yes
Reporting 8. Is the case(s) described with sufficient details tonall Yes Yes Yes Yes

other investigators to replicate the research orowval
practitioners make inferences related to their owntjpe®

3.3 Effects of prone positioning

Beuret et al., 2002 [14]n this RCT, 13 out of 26 (50%) patients presented lung worsenihg iBP group compared to
3 out of 25 (12%) in the PP group (RR = 4.17; 95% CI =1.3B%2p= 0.003). Using survival analysis, 28-day lung
worsening was lower in the PP group (p = 0.0018). Clinical outcomes (Deisl 28, duration of mechanical ventilation,
duration of intensive care unit stay, good neurologic outcome at he)amere better for the PP group but not significantly
different from the SP group. ICP monitoring was done only in 12b61t (23%) patients, 6 patients for each PP and SP
group. Mean values of ICP were recorded during 17 periods didPPlevels (mean + SD) were significantly elevated in
PP at hours 1 (23.7 £ 9.6mm Hg), 2 (21.5 + 4.3mm H@223+5.7mm Hg), 4 (20.2 + 5.4mm Hg) as compared to baseline
SP (11 + 8.8mm Hg) (p <0.01).

Reinprecht et al., 2003 [15 this case series, a significant increase in P& 97.3 + 20.7 torr (mean £ SD) in the
SP to 126.6 £+ 31.7 torr in the prone position was joined by a significargase in brain tissue oxygen partial pressure
(ptiO2) from 26.8 + 10.9 torr to 31.6 + 12.2 torr (both p.8@1). whereas ICP increased from 9.3 + 5.2mm Hg to 14.8 £
6.7mm Hg and CPP decreased from 73.0 £ 10.5mm Hg to 6X07/mmHg (both p < 0.0001). There was no significant
difference in MAP levels between the PP and SP.

Thelandersson et al., 2006 [1&) this case series, there was a significant increase inrRa&ured at 3 hours in PP
(SD £ mean) from 19.1 + 6.1 kPa to 13.2 + 2.1 kPa, 16.3%kBa, 17.3 £ 6.5 kPa compared to baseline, 10 minutes in
prone, and 1 hour in PP respectively (p <0.05)..3a@ls were significantly increased in the PP as well. No significant
changes were demonstrated in ICP, CPP, MAP, and aCO

Nekludov et al., 2006 [17]n this case series, a significant improvement in Re&3 observed in the PP, from (mean £
SD) 12.6 + 1.4 kPa to 15.7 + 3.2 kPa (p < 0.05). Both ICPMAR increased in PP, from 12 £+ 6 to 15 + 4mm Hg (p <
0.05), and from 78 + 8 to 88 + 8mm Hg (p < 0.01), respelstiv Arterial pressure increased to a greater extent than ICP,
resulting in improved CPP, from 66 + 7 to 73 + 8mm HG (p $)0i0 PP.

Roth et al., 2014 [18]In this case series, ICP increased significantly from (mean + SD) 9.8mnbHg to 15.4 +
6.2mm Hg (p < 0.0001) in PP. Overall, an increase of mean ICP deRngas observed in 87.4% of all treatment units
(n=104/119). MAP significantly decreased from 72.6 + 17.5mm Hg irntdS&4.7 + 17.5mm Hg in PP. There was no
significant difference between CPP in a PP or SP. The baseline mean P/Famitib3®4 + 43 with a significant
improvement during PP (339.8 £ 93.6) and after termination of3RB.§ + 84.6). Mean PaGQevels remained within
normal limits.
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3.4. Summary of redts
Table 4. Summary of results of included studies lati@n to prone positioning
Primary Outcomes Secondary Outcomes

Study Design ICP PaO: Sa0. MAP CPP P/Fratio PaCO: Additional findings:
Beuret et al., Prospective, ) 0 0 0 0 0 0 28 day lung worsening lower in PP
2002 Randomized group; clinical outcomes better in PF

Controlled Study but not significant

Pressure ulcer incidence PP=SP

Reinprecht et Retrospective ) (+) 0 ND ) 0 0 (+) ptiO2
al., 2003 case series No adverse outcome reported
Thelander sson Prospective case ND (+) (+) ND ND 0 ND
et al., 2006 series
Nekludov et al., Prospective case ) (+) 0 (+) +) 0 0
2006 series
Roth et al., 2014 = Retrospective ) 0 0 ) ND (+) ND

case series

(+), beneficial result;ND) no difference; (-), negative result; (0), no data

Summary of results regarding the various effects of prone positiomn@®, oxygenation, and other respiratory and
hemodynamic parameters are presented in Table 4. Four out of 5 studied ahgeveeral consensus that PP may increase
ICP levels in mechanically ventilated patients with ABI with Level 2 (Meyer et al.,)J@2] evidence at the most. This
similar outcome appeared despite employment of different metho&® bfy the included studies. Only the study by
Thelandersson et al., 2006, showed that PP badiverse effect on ICP level.

Oxygenation appeared to generally improve in all the observational studies ubitgs sf patients based on the different
respiratory parameters collated from their outputs supported by Levelye(Meal., 2010) [12] evidence. Although, the
RCT of Beuret et al.,, 2002, did not have data on respiratory paranmeésesnted, their study showed good clinical
outcomes (although non-significant) and lower 28-day lung worsémipagtients in the PP group. Additionally, Reinprecht
et al., 2003, presented a significant improvement in ptidich represents a more direct measure of cerebral brain tissue
oxygenation.

Only 2 studies explicitly mentioned about adverse outcomes directly attributable & pmsitioning unrelated to ICP
elevation (Beuret et al., 200Reinprecht et al., 200314,15]. The RCT found that the incidence of pressure ulcer of grade
2 or more, regardless of site of the lesion was similar in the PP and &P Beinprecht, et al. 2003, stated that aside from
ICP elevations, no complications from PP were observed in thdy.stu

4. Discussion

The 15 to 30-degree head elevation on supine is the ideal positioraiiorijured patients because it can significantly
decrease ICP while maintaining CPP and cardiac output (Feldman et al., 1992)CR 9jecreases because on head
elevation: 1) there is hydrostatic displacement of cerebrospinal fluid from dh@lccavity to the spinal subarachnoid
space; and 2) venous outflow is facilitated. In contrast, prone positionirgages ICP through an increase in the cerebral
venous pressure (lwabuchi et al., 1983) [22]. In patients with incre@gedslich as in ABI, there is decreased intracranial
compliance, whereby, smaller changes in intracranial volume will produce greatereshan ICP making proper
positioning an important part in the standard of care. Accordingetonttst recent Brain Trauma Foundation Guidelines,
evidence suggest that ICP levels above 22mm Hg is the threshold for trieh&oause pressure levels beyond Hage
been associated with an increase in mortality (Caebal, 2017) [21].

Therapeutic prone positioning is used to improve oxygenation in mechaniealijated patients at risk of respiratory
failure (Artigas et al., 1998) [23]. In fact, it has been shown to significaaduce mortality in patients with ARDS,
however, mortality benefit is seen in the subset of patients who have P/F rB50 afid below (Guérin et al., 201[3). It
is not useful as long-term therapy in patient with P/F ratio above 150 bdbairsanatomic and clinical characteristics
allow standard mechanical ventilation protocol to satisfy oxygenation requiref@attisoni et al., 2019) [24].

We are presented with great clinical dilemma if we encounter ABI patients at risk for regpiatore whose
oxygenation status may benefit from PP. This systematic review aimed to ewsaitdble literature regarding the safety
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and efficacy of prone positioning in mechanically ventilated ABI patients, howepenied to be difficult because of the
paucity of good studies even in widely known databases. A total of five stueiesfound- 1 RCT and 4 observational
studies with a general consensus that PP in mechanically-ventilated ABI patients, IGIP imdesreased, but with
significant improvement in oxygenation. Although there is apparent corgguenthe results of these studies, much
methodological heterogeneity (Table 1) prevents us from making a defindiision.

Only 1 study involved ARDS patients exclusively (Reinprecht et al., 2003) Nigan duration of PP in the PROSEVA
trial was 17 hours daily for 4 daysnone of the studiesasable to replicate this treatment duratiéi of the studies had
different treatment protocols, each having different termination criteria ¢fee@as well (Table 1). The mortality benefit
as suggested by the PROSEVA trial is unlikely to be expected from the studies in #vis revi

Additionally, none of the included studies involved patients with ICP levels 20mor Hgpre at baseline likely because
they have already been started on initial tier ICP lowering interventions per instiputitocol Therefore a good clinical
question for further tadies to look into would be:” Will the mortality benefit of PP on respiratory status outweigh the
possible mortality risk it poses on ARDS patients already presenting with significattoefiCP elevations?”.

Across all included studies in this review, inclusion criteria are encompassing afgvargin pathologies, which involve
different pathophysiologic mechanisms. Although majority ofrtlséudy population involved cases of traumatic brain
injury, we are unable to say in which specific conditions PP will work best on basedrentavidence. However, with
this review, we are more or less given a general idea about the effecirop&ients with reduced intracranial compliance
with regards to oxygenation and ICP changes.

5. Conclusion

Is it effective? There is Level 4 evidence thBP improves oxygenation in mechanically ventilated patients with. ABI
Good clinical outcomes have been reported but to a non-significant degree.

Is it safe? There is a general consensus among the studies that PP may increase ICP |esefmimcally ventilated
patients with ABI with Level 2 evidence at the most. No adverse events directlytatitébto PP unrelated to the expected
ICP elevation were reported in 2 studies aside from occurrence of pressuse ulcer

The extent to how much PP increases ICP in those already with reduced intramwenpéance has not yet been
answered, but it appears to be reasonable to do PP in severely hypoxeimiatiéBts when other rescue therapies
instituted have not been effective as long as strict ICP monitoring is present to maiRtérels 22mm Hg and below.

6. Recommendations

To be able to make more definite treatment guidelines, the authors behg¢Vettine researches should involve a more
homogenous study inclusion criterigpossibly, patients with severe traumatic brain injury. Invasive ICP monitonirsg m
be available in the institution conducting the study. Studies should include patientsagéline GCS scores of 3-8 with
intact brainstem function provided that existing hydrocephalus or mass lesieadéen addressed as needed. Patients
should be clustered within a specific range of baseline ICP (e.g., 10-15mb%RPmmHg, 20-25mmHg) because
intracranial compliance decreases with increasing ICP levalpathophysiologic mechanism which will have significant
influence on treatment effect. We believe that the PP as described by Nekludo2@86a[16], was the most ideal for this
subset of patients which was, a 10-degree head of bed elevation regardldethafr wh SP or PP, however, mortality
benefit in ARDS patients has only been seen in complete prone position as pyothe PROSEVA trial. Treatment
duration may vary and depend on the patients’ ICP levels and oxygenation status. PP may be employed as long as ICP
levels are kept at 22mm Hg and below, with termination of PP cycles as dictated byament of oxygenation status
(e.g., P/F levels > 150). ICP levels and ventilation parameters should be measured as mean vahgeSHBuand PP as seen
similar to the study of Reinprecht et al., 2003 [15]. Lastly, we believe tit is an essential outcome measure to prove
the benefit of PP in future studies because it is a more direct measure of bugmxggenation.

WWw.ijrp.org



Emmanuel D. Debuque/ International Journal of Research Publications (IJRP.ORG) @ JJ RP. 'ORG

ISSN: 2708-3578 (Online)

112

References

[1] Shahlaie K, Zwienenberg-Lee, Paul J. Chapter 3#60al Pathophysiology of Traumatic Brain Injury. Younsaand Winn Neurological Surgery, 7th
edition. Elsevier, Inc. 2017.

[2] Jones PA, Andrews PJ, Midgley S, et al. Measurireg ibrden of secondary insults in head-injured patientmgl intensive care. J Neurosurg
Anesthesiol. 1994,6:4-14.

[3] Della Torre V, Badenes R, Corradi F, et al. Acuéspiratory distress syndrome in traumatic brain injoow do we manage it?. J Thorac Dis.
2017;9(12):5368-5381. doi:10.21037/jtd.2017.11.03

[4] Zygun DA, Kortbeek JB, Fick GH, Laupland KB, @oCJ. Non-neurologic organ dysfunction in severenaic brain injury. Crit Care Med 2005
33: 654-60.

[5] Gattinoni L, Tognoni G, Pesenti A, et al; ProBepine Study Group. Effect of prone positioning ba survival of patients with acute respiratory
failure. N Engl J Med 2001;345(08): 56873

[6] Guérin C, Gaillard S, Lemasson S, et al. Effectsystematic prone positioning in hypoxemic acute ragmiy failure: a randomized controlled trial.
JAMA 2004;292(19):2372387

[7] Mancebo J, Fernandez R, Blanch L, et al. A muitieetrial of prolonged prone ventilation in sevareite respiratory distress syndrome. Am J Respir
Crit Care Med 2006;173(11):123B239

[8] Taccone P, Pesenti A, Latini R, et al; ProneiSepl Study Group. Prone positioning in patientshwnoderate and severe acute respiratory distress
syndrome: a randomized controlled trial. JAMA 2009;3@82(19771984

[9] Guérin C, Reignier J, Richard JC, et al; PROSESWdy Group. Prone positioning in severe acutpir@sry distress syndrome. N Engl J Med
2013;368(23):2152168

[10] Moher D, Liberati A, Tetzlaff J, Altman DG, The BSMA Group (2009). Preferred Reporting ltems for SystamiReviews and Meta-Analyses: The
PRISMA Statement. PLoS Med 6(7): €1000097. doi:10148urnal.pmed1000097

[11] Murad MH, SultarS, Haffar S, et al. Methodological quality and symiise of case series and case reports. BMJ Evidence-Based
Medicine 2018;23:60-63.

[12] Meyer MJ, Megyesi J, Meythaler J, et al. Acute manage of acquired brain injury part I: an evidenaesdd review of non-pharmacological
interventions. Brain Inj. 2010;24(5):694-705. doi3109/02699051003692118

[13] Robba C, Bragazzi NL, Bertuccio A, et al. Effeof Prone Position and Positive End-Expiratory PressorNoninvasive Estimators of ICP: A Pilot
Study. J Neurosurg Anesthesiol. 2017;29(3):243-250.

[14] Beuret P, Carton MJ, Nourdine K, Kaaki M, Tram@n Ducreux JC. Prone position as prevention of umgry in comatose patients: a prospective,
randomized, controlled study. Intensive Care M&02228(5):564-569. doi:10.1007/s00134-002-1266-x

[15] Reinprecht A, Greher M, Wolfsberger S, Dietrigf lllievich UM, Gruber A. Prone position in subahnoid hemorrhage patients with acute
respiratory distress syndrome: effects on cerebral eisstygenation and intracranial pressure. Crit Cared.M2003;31(6):1831-1838.
doi:10.1097/01.CCM.0000063453.93855.0A

[16] Nekludov M, Bellander BM, Mure M. Oxygenatiaand cerebral perfusion pressure improved in the ppmtion. Acta Anaesthesiol Scand.
2006;50(8):932-936. doi:10.1111/j.1399-6576.20069®1x

[17] Thelandersson A, Cider A, Nellgard B. Prone gosiin mechanically ventilated patients with redudetacranial compliance. Acta Anaesthesiol
Scand. 2006;50(8):937-941. doi:10.1111/j.1399-657@5.01037.x

[18] Roth C, Ferbert A, Deinsberger W, et al. Doemprpositioning increase intracranial pressure? Aspactive analysis of patients with acute brain
injury and acute respiratory failure. Neurocrit €a82014;21(2):186-191. doi:10.1007/s12028-014-0004-x

[19] Feldman Z, Kanter MJ, Robertson CS, et al. Eftédtead elevation on intracranial pressure, cergimelsion pressure, and cerebral blood flow in
head-injured patients. J Neurosurg. 1992;76(2):207-@1i110.3171/jns.1992.76.2.0207

[20] Durward QJ, Amacher AL, Del Maestro RF, et atrébeal and cardiovascular responses to changes ingheaation in patients with intracranial
hypertension. J Neurosurg 59:938-944, 1983

[21] Carney N, Totten AM, O'Reilly C, et al. Guidedis for the Management of Severe Traumatic Braimynjoourth Edition. Neurosurgery 2017;80:6-
15.

[22] Iwabuchi T, Sobata E, Suzuki M, et al: Dural sipuessure as related to neurosurgical positions. Neurogi@f3; 12:203207

[23] Artigas A, Bernard GR, Carlet J, et al. The Aimen-European consensus conference on ards, pah@atory, pharmacologic, supportive therapy,
study design strategies, and issues related to rgcavel remodeling. Acute respiratory distress syndrohme.J Respir Crit Care Med.
1998;157:13321347.

[24] Gattinoni L, Busana M, Giosa L, Macri MM, Quintdl. Prone Positioning in Acute Respiratory Distregadsome. Semin Respir Crit Care Med.
2019;40(1):94-100. doi:10.1055/s-0039-1685180

WWw.ijrp.org



