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Brain Injury: A Systematic Review
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bstract: Head elevation is a conventional nursing proce-

dure for brain-injured individuals with intracranial hyper-
tension; it is performed with the intent of reducing intracranial
pressure (ICP) by means of a noninvasive physical intervention.
However, in certain circumstances, head elevation puts the brain-
injured individual at risk for secondary cerebral injury because of
impaired arterial blood pressure and compromised cerebral perfu-
sion pressure (CPP). A systematic literature search was conduct-
ed to evaluate existing evidence regarding the effect of changing
the backrest position on ICP and CPP in brain-injured individu-
als. Eleven articles were retrieved. In nine articles it was con-
cluded that ICP significantly decreased at 30 degrees of head
elevation compared with a flat position. Five of the nine articles
showed no statistical significance in the magnitude of change in
CPP from a flat position to 30 degrees of head elevation. Major
limitations in the 11 articles were small sample sizes and unclear
study protocols, which may have caused a failure to detect the
effect of head elevation. In clinical practice, intensive care unit
staff members need to cautiously perform head elevation with a
thorough understanding of its physiologic effect and potential
hazard. Future research should investigate the effects of thera-
peutic positions on different neurological and neurosurgical pop-
ulations and explore the combination of head elevation and lateral
side-lying positions.

Characteristics of the primary injury are not the major
determinant of outcome for individuals with brain
injury. It is the secondary injury, developing after the
acute phase of the primary injury, that plays a crucial role
in determining outcome for individuals with brain injury
(Chesnut, Marshall, Piek et al., 1993; Cormio, Robertson,
& Narayan, 1997; Jones et al., 1994; Narayan, 1995). The
causes of secondary injury include both intracranial and
extracranial factors. The intracranial factors include the
cascade sequence of pathophysiological mechanisms of
brain injury, biochemical mechanism, and cellular, meta-
bolic, and chemical events (Dearden, 1998). Extracranial
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factors, such as hypoxia, pyrexia, and hypotension, also
evolve over time (Chesnut, Marshall, Klauber, et al;
Chesnut, Marshall, Pieka, et al; Dearden, 1998; Heath &
Vink, 1999; Jones et al., 1994; Pietropaoli et al., 1992; Sig-
norini, Andrews, Jones, Wardlaw, & Miller, 1999). More
extensive and permanent damage is caused by the sec-
ondary injury (Gualtieri, 2002). Many studies have
shown that frequent episodes of secondary insults yield
poorer outcomes (Boumna, Muizelaar, Choi, Newlon, &
Young, 1991; Downard et al., 2000; Jones et al., 1994; Mar-
marou et al., 1991; Rosner & Daughton, 1990; Rosner,
Rosner, & Johnson, 1995).

After brain injury, intracranial hypertension and insuf-
ficient cerebral perfusion pressure (CPP), resulting from
both primary and secondary injuries, are the major con-
cerns during care of individuals with brain injury (Sig-
norini et al., 1999). Intracranial hematoma, edema,
vascular engorgement, and hydrocephalus are common
causes of intracranial hypertension after brain injury and
occur in 50%-75% of individuals with severe brain
injuries (Dearden, 1998; Miller, Deardan, Piper, & Chan,
1992). These consequences are associated with 69%—95%
mortality, especially in individuals with increased
intracranial pressure (ICP) refractory to treatment
(Alberico, Ward, Choi, Marmarou, & Young, 1987; Miller
et al., 1977; Saul & Ducker, 1982; Signorini et al., 1999).
Representing the pressure gradient between cerebral
artery and venous vasculature, CPP is calculated by arriv-
ing at the difference between mean arterial blood pres-
sure (MABP) and ICP. CPP is usually maintained above
70 mm Hg to meet the requirement of supplying cerebral
metabolism via cerebral autoregulation (Brain Trauma
Foundation, 2000b; Rosner & Daughton, 1990). Failure to
maintain an adequate CPP worsens the existing ischemic
zone and jeopardizes the normally perfused regions
(Brain Trauma Foundation, 2000b). Several studies dis-
closed systemic insults such as unstable hemodynamics,
hypoxia, and pyrexia, which have a critical impact on the
development of secondary brain injury (Chesnut, Mar-
shall, Klauber et al., 1993; Chesnut, Marshall, Piek, et al.,
1993; Dearden, 1998, Heath & Vink, 1999; Jones et al.,
1994; Pietropaoli et al., 1992; Signorini et al., 1999). The
goals of treating individuals with brain injury are not
only to attenuate the impact of the secondary injury
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through the management of intracranial hypertension
but also to preserve adequate CPP and to ensure mainte-
nance of systemic hemodynamic function during the
acute stage (Gualtieri, 2002).

In neurosurgical and neurological intensive care units,
head elevation is a conventional nursing procedure in
the care of brain-injured individuals with intracranial
hypertension; it is performed with the intent of reducing
ICP by means of a noninvasive physical intervention that
promotes intracranial venous return and increases cere-
brospinal fluid (CSF) drainage from the head (Kirkness,
1992). Recently, this traditional nursing practice of head
elevation has come into question because of its potential
to decrease CPP by decreasing the arterial blood pressure
(Kirkness, 1992). The purpose of this systematic review is
to evaluate the existing evidence regarding the effects of
changing the backrest position on ICP and CPP in indi-
viduals with brain injury.

Conceptual Basis

Head elevation, a conventional nursing procedure, is
performed routinely for brain-injured individuals with
intracranial hypertension. The theoretical basis is that the
head is above the level of the heart on the vertical axis, and
as a result, CSF is redistributed from the cranial to the
spinal subarachnoid space (Kenning, Toutant, & Saun-
ders, 1981), and it facilitates cerebral venous return (Mag-
naes, 1976, Magnaes, 1978, Marmarou, Shulman, &
LaMorgese, 1975; Potts & Deonarine, 1973). The redistrib-
ution of CSF in response to head elevation occurs imme-
diately after a change in position because of free
communication between the cranial and spinal subarach-
noid spaces (Magnaes, 1978). The major routes for cerebral
venous drainage include the internal jugular veins with
the accessory systems of the external jugular veins and the
vertebral venous plexi (Kenning et al., 1981). All these
venous systems are valveless channels that allow cerebral
venous return without interruption after head elevation.
The postural impact on the systemic hemodynamics (e.g.,
when the patient is moved from a supine to an upright
position) causes approximately 30% of the blood volume
from the upper body to be suddenly displaced into the
peripheral vein. In addition to the intravascular pressure
in the heart, gravity contributes an additional pressure
component to vessels below the heart. That is, standing up
causes the compliant veins to distend. This is known as a
venous pooling, an effect of hydrostatic pressure. Together
these decrease venous return.

For a healthy individual, a sudden shift in blood vol-
ume has little effect on systemic arterial blood pressure
(SABP) and CPP because various mechanisms maintain
adequate cardiac output and cerebral blood flow. Main-
taining SABP involves compensatory mechanisms such
as baroreceptor reflexes, vasoconstriction, and the pump-
ing effect of the skeleton muscles and the lungs that help

facilitate venous return to the heart. However, these
mechanisms become less effective when an individual
has prolonged bed rest. Cerebral autoregulation is the
most important mechanism for maintaining CPP. It
maintains a relatively constant cerebral blood flow to the
brain across a range of MABP from 50 to 150 mm Hg.
This is accomplished by regulation of the diameter of the
resistant vessels including the major arteries in the brain
parenchyma and the pial arteries (Mchedlishvili, 1980;
Rogers & Stump, 1989). Impaired cerebral autoregulation
is commonly associated with pathological intracranial
conditions such as traumatic brain injury.

Thus, head elevation can produce a particular dilem-
ma for healthcare providers because in certain circum-
stances elevating the head of the bed does not ensure
decreasing ICP. On the contrary, it may put some indi-
viduals at risk for increasing ICP and cerebral ischemia
due to impaired cerebral autoregulation and unstable
arterial blood pressure (Rosner & Coley, 1986; Simmons,
1997). It is therefore critical to evaluate the existing evi-
dence concerning the effects of changing the backrest
position on ICP and CPP in brain-injured individuals.

Methods

Sampling and Criteria

Data for this systematic review were retrieved from
electronic databases such as MEDLINE, CINAHL,
PsycINFO, Health STAR, and Cochrane Library, as well
as from dissertation abstracts, a university library cata-
log, and the bibliographies of relevant studies. Keywords
included position, intracranial pressure (ICP), cerebral perfu-
sion pressure (CPP), and head elevation. The search was
restricted to works in English published between 1980
and 2003. The following criteria were used to identify
appropriate articles: (a) the representation of brain-
injured patients including those with traumatic brain
injury, subarachnoid hemorrhage (traumatic or
aneurysm), stroke, brain tumor, and hydrocephalus; (b)
therapeutic positions including supine (flat), head eleva-
tion of different degrees with or without knee-gatch, and
reverse Trendelenberg; and (c) content including major
outcome variables of ICP or CPP. Exclusion criteria were
(a) case reports (excluded because they lack statistical
inference to validate their scientific significance); and (b)
studies with subjects less than 18 months of age (exclud-
ed because of the subjects” unfused skulls).

Articles were systematically analyzed and placed into
the categories of author(s), year of publication, study
title, research design, therapeutic backrest positions,
sample size, age range (mean), pathological condition,
Glasgow Coma Scale (GCS) score, ICP device, and phys-
iologic parameters (ICP, CPP, MSAP, etc.); see Table 1.
Statistical methods, major findings, effect size, strengths,
and limitations of studies, and comments on each are
presented in Table 2.
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Results

The initial search yielded 43 potential references, 15 of
which were directly relevant to positioning and ICP or
CPP. One was published before 1980 (Shalit & Umansky;,
1977); the others were published between 1980 and 2003
and included 13 published articles and 1 unpublished
thesis. Three (Hugo, 1992; Jones, 1994; Lee, 1989) were
excluded because of the therapeutic positions used, such
as head down, head rotation, and turning. Eleven refer-
ences were analyzed according to the categories
described above and are summarized in Tables 1 and 2
(Durward, Amacher, Del Maestro, & Sibbald, 1983; Feld-
man et al.,, 1992; Kenning et al., 1981; Kirkness, 1992;
March, Mitchell, Grady, & Winn, 1990; Meixensberger,
Baunach, Amschler, Dings, & Roosen, 1997; Parsons &
Wilson, 1984; Ropper, O’'Rourke, & Kennedy, 1982; Ros-
ner & Coley, 1986; Schneider, von Helden, Franke,
Lanksch, & Unterberg, 1993; Winkelman, 2000).

Study Characteristics

Five articles (45.5%) were published from 1980 to 1989,
and six (54.5%) were published between 1990 and 2003.
Two studies (Meixensberger et al., 1997; Schneider et al.,
1993) were conducted in Germany, while the other nine
were conducted in the United States. A total of 178 partic-
ipants were enrolled in 11 studies, and the studies” sample
sizes ranged from 4 to 25. Three studies did not provide
information on the ages of the subjects (Durward et al.,
1983; Parsons & Wilson, 1984; Ropper et al., 1982). Subjects
in the remaining eight studies ranged in age from 7 to 83
years with a mean age of 37 years. Five studies (45.5%)
focused on participants with severe head injury, and six
studies (54.5%) reported that more than half of the partic-
ipants had severe head injury. Ten out of the 11 studies
provided the range of GCS scores, from 3 to 15; Ropper et
al. (1982) was the exception. GCS scores were lower than
8 for more than half of the participants (69.1%, 124/178), a
finding that implied participants had severe brain injury.
Most studies reported the range instead of the individual
value of GCS scores; only four studies provided each par-
ticipant’s GCS scores, ranging from 3 to 15 with a mean
GCS score of 7 (Kenning et al., 1981; Rosner & Coley, 1986;
Schneider et al., 1993; Winkelman, 2000).

ICP Device

ICP was measured by an intraventricular catheter, an
intraparenchymal or a subarachnoid bolt, or epidural
devices, except that four participants were measured by
both intraventricular catheter and subarachnoid bolt
simultaneously (Ropper et al., 1982). Two studies involv-
ing 24.7% of the patients, or 44 out of the 178, did not
report what type of device was used for collecting ICP
data (Feldman et al., 1992; Meixensberger et al., 1997).
Subarachnoid bolt (36.0%, 64/178) was the most com-
monly used device, in nine studies; other devices used
(listed by order of the utilization percentage) were

intraventricular catheter (25.8%, 46/178), intraparenchy-
mal device (11.2%, 20/178), and epidural device (2.8%,
5/178).

Design

Two studies (18.2%) used descriptive designs; six
(54.5%) used quasi-experimental designs; and three
(27.3%) used experimental designs.

Therapeutic Backrest Positions

Flat position. All studies used a flat position as their
baseline, which meant that the mattress was horizontal
to the bed frame, with the patient lying supine. None of
the studies mentioned whether pillows were used.

Elevated head of bed. The bed was adjusted so that
the upper part of the bed was elevated to the chosen
degree from 10 to 90 degrees. Head elevation of 30
degrees was the most commonly used position in 8 out
of 11 studies. Head elevation of 35-90 degrees was used
in 3 (18.2%) studies (Kenning et al.,1981; Parsons & Wil-
son, 1984; Ropper et al., 1982). March et al. (1990) and
Kirkness (1992) used a head elevation of 30 degrees, with
gatched knee flexion at 20 degrees. The purpose of the
“knee-gatch” position was to prevent the patient from
sliding down the bed.

Reverse Trendelenberg. The reverse Trendelenberg
position requires elevating the head of the bed while simul-
taneously lowering the foot of the bed, and keeping the
mattress frame straight. The beds utilized in studies by
March et al. (1990) and Kirkness (1992) allowed a 15-degree
angle of elevation in the reverse Trendelenberg position
with the patient supine, because the investigators consid-
ered that patients in the elevated head position experi-
enced a certain degree of flexion at the hip that might
decrease the venous return to the extremities and conse-
quently decrease cardiac output by decreasing preload.

Measurement Parameters

Two studies (Kenning et al., 1981; Ropper et al., 1982)
used ICP as the sole outcome measure. The remaining
nine used ICP, CPP, and MABP as outcome measure-
ments, and additional outcome variables such as cerebral
blood flow (CBF) (Feldman et al., 1992; Kirkness, 1992;
March et al.,, 1990), jugular venous oxygen saturation
(S§jvO»; Schneider et al., 1993), and brain tissue oxygena-
tion (ti-PO,; Meixensberger et al., 1997).

Major Findings

ICP Response to Head Elevation and Flat Position
ICP showed a statistically significant decrease with
head elevation of 30 degrees in six studies (Durward et
al., 1983; Feldman et al., 1992; Meixensberger et al., 1997;
Rosner & Coley, 1986; Schneider et al., 1993; Winkelman,
2000), head elevation of 35 degrees in one study (Parsons
& Wilson, 1984), head elevation of 45 degrees in one
study (Kenning et al., 1981), and head elevation of 60

282 Journal of Neuroscience Nursing, October 2004  Volume 36, Number 5



degrees in one study (Ropper et al., 1982). ICP values
were maximal when the patients were placed flat com-
pared with head elevation of different degrees in seven
studies (Durward et al., 1983; Feldman et al, 1992; Meix-
ensberger et al., 1997; Parsons & Wilson, 1984; Rosner &
Coley, 1986; Schneider et al., 1993; Winkelman, 2000).

CPP Response to Head Elevation and Flat Position

All but two studies (Kenning et al., 1981; Ropper et al.,
1982) measured CPP as the main outcome variable. Four
studies (Feldman et al., 1992; Kirkness, 1992; March et al.,
1990; Schneider et al., 1993), showed no statistically sig-
nificant changes in CPP from a flat position to 30 degrees
of head elevation; one study (Durward et al., 1983)
showed no change in CPP; two studies (Meixensberger
et al., 1997; Winkelman, 2000) showed increased CPP;
and two studies (Parsons & Wilson, 1984; Rosner &
Coley, 1986) showed decreased CPP. Two studies (Kirk-
ness, 1992; March et al., 1990) showed no statistically sig-
nificant difference in CPP between a flat position and
head elevation with knee gatched, and between flat and
reverse Trendelenberg bed positions. Meixensberger et
al. (1997) showed CPP was significantly higher at 30
degrees of backrest elevation (76.5 + 13.5 mm Hg) than a
flat position (71.5 + 13.2 mm Hg). Winkelman (2000)
showed a similar result: 84.0 +9.87 mm Hg at 30 degrees
of backrest elevation and 79.9 + 9.72 mm Hg at a flat
position. Parsons and Wilson (1984) showed CPP was
significantly lower at 30 degrees of backrest elevation
than in the flat position. Rosner and Coley (1986) showed
CPP was significantly higher at a flat position (73.0 + 3.4
mm Hg) than at 30 degrees of head elevation (67.2 + 2.8
mm Hg) resulting from a decrease in SABP from at a flat
position (94.8 + 3.1 mm Hg) to 30 degrees of head eleva-
tion (85.4 + 2.4 mm Hg). The ICP was 22.2 + 2.3 mm Hg
and 17.6 + 2.3 mm Hg for the positions of flat and 30-
degree head elevation, respectively. The authors also
reported that CPP was maximized (73.0 + 3.4 mm Hg)
with patients lying flat even though ICP was usually
highest (22.2 + 2.3 mm Hg) at this point. Durward et al.
(1983) showed that CPP did not decrease significantly
until head elevation reached 60 degrees.

Effect Size

Effect size is defined as the “magnitude of the difference
between observations. It answers the question: ‘Is the
effect large or useful?” rather than the question ‘Is there a
difference?”” (Winkelman, 2001, p. 216). Effect size also
provides information that allows the reader to determine
whether the intervention is clinically significant or useful
(Winkelman, 2001). One common criterion is based on
sociobehavioral research: A small effect size is 0.2, a medi-
um effect size is 0.5, and a large effect size is 0.8 (Cohen,
1988; Winkelman, 2001). Only Winkelman (2000) report-
ed an effect sizes; for decreasing ICP it was 0.55, and for
improving CPP it was 0.41, which showed that a head

elevation of 30 degrees is a moderately effective interven-
tion for decreasing ICP and has a moderate trend toward
improving CPP. According to the available information
from each study, effect size for ICP and CPP were calcu-
lated retrospectively in four studies (Table 2). The effect
size for ICP ranged from 0.74 to 7.68, showing a medium
to large effect size, indicating that the head elevation of 30
degrees is beneficial to decreasing ICP. The effect size for
CPP varied in range from 0.02 to 1.71, indicating that the
head elevation of 30 degrees might not improve CPP.

Discussion

Selecting sensitive outcome parameters to measure
treatment effect is crucial in an intervention study. Fail-
ure to detect a significant effect can be attributed to (a) an
inadequate and weak operationalization of the interven-
tion; (b) a sample size too small to verify a statistically
significant effect; (c) too much heterogeneity without
comparable distribution of data within each stratum of
the dependent variables; (d) an ineffective intervention;
and (e) the lack of sensitivity of the measure in the out-
come variable measurements (Lipsey, 1990; Toseland &
Rossiter, 1989). The following section discusses these
issues related to integrity of outcome variables, thera-
peutic positioning, limitations, clinical application, and
recommendations for further studies.

Integrity of Outcome Variables

Treatment of individuals with brain injury focuses on
prevention or reduction of intracranial hypertension and
maintenance of adequate cerebral perfusion to minimize
secondary injury (Yanko & Mitcho, 2001). Therefore,
therapies to manage intracranial hypertension and main-
tain CPP should be evaluated on whether they benefit
patients or place them at risk (Simmons, 1997).

An extensive body of clinical research demonstrates a
correlation between high ICP and a poorer outcome in
individuals with severe brain injury (Becker et al., 1977;
Marmarou et al., 1991; Miller et al., 1981; Narayan et al.,
1981). However, no study to date has clearly shown that
lowering ICP will be beneficial for individuals with
severe brain injury. If it is accepted that an ICP greater
than 20 mm Hg places patients at risk for pathological
changes, any therapy that lowers ICP to 20 mm Hg or
below and also ensures adequate CPP might be consid-
ered beneficial, thus maximizing the likelihood of recov-
ery (Eisenberg et al., 1990; Miller et al., 1981; Narayan et
al., 1981). From this point of view, ICP is a very sensitive
outcome variable and should be included in each study
relevant to brain-injured patients.

Another major goal in the management of severe brain
injuries is to prevent or minimize secondary brain dam-
age by maintaining adequate cerebral perfusion. The
Brain Trauma Foundation (2000b, 2000c) suggests that
maintaining the CPP greater than 70 mm Hg promotes
adequate brain perfusion and prevents tissue ischemia.

Journal of Neuroscience Nursing, October 2004 ¢ Volume 36, Number 5 283



‘sisAjeur JualayyIp 0 anp siojediy

-S9AUI JBU]0 JO S0} URLY) JUBJBYIP 819M SUOISN|IUOI SIOYINE 8y |
"8su0dsal

pajelql|inbs ue 10 asuodsal ajeIpawlIl Ue Bunos|jal siam san

-[BA BU JI UMOUY JOU SI 11 0S ‘USHE] 81am SJUaLWaINSeaL 8y} 810§8q
uonisod yaes Ul a1am $198lqns ay) Buo| moy pajels Jou sem |
“DAJRUILLIG 8 PINOYS JBY] SNINWIIS 8SIBAPR UR PalapIs

-U02 80 P|NOM UOIJBAS|S PRaY ‘SNY| "UIRIQ pain(ul 8y) Uo SSa1)s
PasSealaul o BIWAYIS! JO JNSal B 8q 0) PaIapISU0d 8q Pjnod pajeA
-9]9 SI peay 8y} Usym dd9 Ulelulew 0} $INa90 Jey} ainssaid poo|q
[e1I8)IR Ul 8SesIoUl A10jesuadLod ay) 1ey) pa1sabbns sioyine ay|

‘sl
SIy} Jayje 1290 Aew sabueyd Jayuny os ‘sabueya uonisod ayy Hul
-M0J|0} BINUIW | 10} apew Ajuo alem Sjuswainseaw Apnis siy} U

INs$al 8y} JO 80URD

-1JuBIS By 9SBaIOUI YIIYM ‘PajuaLLNIop aiem abueyd Juedljiubis
10 S|9A3] pue pasn aism sBulpeal ainssaid ueaw ‘Apnis siys U
“uoisnyad (10180 J0 aInSesw ajeinage aJow e BulAlb snyj ‘uonouny
JBIPJED PUB [RI03I8D 0} palejal slajswered pajelodioaul Apmis sy

dd? 108}je Jybiw Jey s1ojoj Jayio

8} JapISU0d 10U PIp NG 49| pa1dajie Bujuonisod moy auwex3
‘uolyisod pasiel-peay

e Ul Sjuaned |[e Buioeid Ajaunnol uey) Jayel SISeq [eNpIAIpUI Ue
U0 Pays!|qeIss aq pinoys uoiisod peay [ewndo Ue pusL0dsy

"asuodsal pajeiql|inba Ue o asuodsal ajelpawiwl Ue Bunosjal

1M S3N[eA 3U] JI UMOUY JOU SI }I 0S ‘U] aIom SaInsesw ay)
210J8q U0NISod Yaes Ul alam $193(gns ay) BUO| MOy Palels Jou Sem |
dd? Ul Juswanoidwi Ue Ul paynsal sAeY Jou AW painago

1Bl 49| 10 Uonanpal ay} 0S 49| Jo Joadse auo siapisuod AjuQ
"U011eA3|3 peay yim Builinddo 4o

Ul S8SB9103P 8U) 10) UBAID Sem 80UBIIIUBIS [BIIISIEIS JO [9A3] ON

sjuawwoy pue ‘suonepwi ‘syibuang

“Juiod siyy 1e 1saybiy Ajjensn

SeM 49| ybnoyy uana Jey} Buih| sjusized yim [eLIIXeW Sem dd9

(G0 > d) dd9 U1 asealasp

18U B Ul Bunnsas (O > @) 49| Ul 9Sea193p URY) J8]Se] SeM

(L0O > d) peay 1e 4gys Ul 8Sea109p B Ul pa)jnsal UoIeAs|a peoH

"GO 01 0}" > d J0 89URDIIUBIS [RINSIEIS B UJIM UOIBASD

peay pue 49| Usamiag diysuoiie|al ay) paquasap uoljenbs iyl

8L =ddJ dA\J PUB dd9 ‘pesy e ddys usamiaq diysuol}
2=d9l -elaluealiubls papjalA pue s|apowl Jeaul| Ylim pazAjeue siam ele

‘BH WW QG UBY) S| JaAdU Sem dd0) pue (8'2 F 2'29 01

¥'€ ¥ (/. WOl 8Sea1aap) 440 Ul 8bueyd Jueiiubis e sem aisy |
‘(papodai jou d R 4) 91 daviN

Ul $8sealoul JuedIiubIS pap|aik 1ej) 01 ,GE WOJ) peay 8y BulismoT

(50" >d) 4013 davin Ul $8
VN -SeaJ08p JUBaIUBIS paonpoid ,GE 0] 18]} WO} Peay au Jo UONRAS|T

(B Ww €'6¥6°/ 10 9Se8193p) 18|} 0} pasedwod uaym ,09

1e Ajueaiyubis paseasasp 11 jun Apueanyiubis abueyd jou pip dd9

509 PUe 1B} 18 491 1s8yBIH

‘uoimsod Jejy yim pasedwod uon

VN -1s0d 15814984 ,0€ 1e sjualied ||e 1o} paonpal AjuslSISU0d Sem 49

‘uol)isod Je} Ul Jamoj s1am sanjen Sjuaijed
2 uoisod JaylIa Ul S39UsIalIp 9ARY 10U PIP Sanje 49| Swalted /

VN (0" > d) 409 & paanpal AjuediubIs aiam Sanjea 49| swaited o}
YN 'sBUIp10931 £ [[e Ul 06 PUB Gy 1B PaaNnpal 49|
az1g sbuipui4 Jolep

anI8y3

uoIssaifa) Jesul
aAdiosag

YAONY
andiosag

YAONY
101591 palled
andiosag

18
andiosag

aAndiIasa(

Spoyiaii
aisnels

9861 8109 % Jaus0y

7861 “UOS|IM g SUOSIEd

€861 ‘PIeqAIS 1§ “0lISSe
[aQ “Iayoewy ‘preming

2861 ‘Apauuay
9 ‘ayinoy, Jaddoy

1861 ‘siap

-Uneg xR ‘JueIno] ‘Butuusy

99uaiajay

sjuawwo) pue ‘suonenwi ‘syibuang ‘sbuipuid Jolep ‘spoylapy [eansnels g ajqeL

Journal of Neuroscience Nursing, October 2004 ¢ Volume 36, Number 5

284



8Inssaid uoisniiad [B1qaisd = 447 ‘81nssaid [ejueioeijul = 49| A8y

IN$8 8y} IN0ge 8zijelauab jou
PIN0J ‘810jaIay) ‘UoNBIWI| Jofew 8y} SI (8 =) 8zIs ajdwes |[pwS
"|09030.d Apms paqliasap Ajjn4

"U017B|N2120.491W |R1Q8I89 [euolbal Bul
-ZipJedosl Inoylim 49| $89Nnpal (0€ JO UOIIEA|a peay aleispoul i

*8|qeoIpaidun aynb

alam uoiyisod peay ur sabueya 0} 449 Jo sasuodsal [enpiaipy|
‘uoisnjiad 218189 Jeduwl Jou saop ‘[eiauab Ul ‘pue 49| seanpal
AuealubIS 0 PUB ,G| Usamiaq UOIBAS|S Peay djelapowl i

"uoljeywWi| Jofew ayy St (/£ =) 8zis a|dwes |jews
"|00030.d ApMIS Ul PaqIIasap S|Ielep ||n4

"asuodsal pajelq|inba ue 10 asuodsal ajeipawW ue

BU1193]191 91aM SNJBA 8] JOYIBUM UMOUY 10U SI 1 0S ‘UBHE] aJom
SJuaLalNseaw ay) 810Jaq UoIsod Yyaea Ul asam $393[gns ayy Buo)
MOY Paje)s Jou Sem | “paliodsl Jou Sem 8103s 1s81 “Apnis siuy U]
‘sjusized Jo AyJolew 8y Ul 499 Ul 8Ses109p

1UBIIIUBIS B INOYIIM 9] Ul 8SB3II8P B Ul JNS8l [|IM YIIym

‘,0€ 0] UOIIeA3| RSy pauleluIeW aq PInoys 45| Ul paseaioul
Uim syuaired painful-peay ‘jelausb ul ‘ley) paisabibng sioyine ay |

sjuawwoy) pue ‘suonepwi ‘sybuang

H'0=ddO
660 =dal

L€0=dd0
£6'0=d0I

21'0=dd0
892 =d0I

¢k1=ddo

200=dd9
pL'0=dol
aug

anaay3

(0" =d'¢ee8 = (¢}

uonIsod 1ej) B 10) UBY) UOITRA3|9 15814080-,0€ B 10} Jaybiy Apue
-J1UBIS SeM dd0) pue 1amo| Jueailiubis sem 49| ‘wnugijinba buung
(200" =0 1202 = (2)4) c0€ 0} 1B} wolj peay

83U} JO UOI1eA3|3 Jaye AjaleIpsliW] PalInaao sabueyd 449 pue 4o

‘uolisod Apoq Aq pa1oa)eun sem ¢0d-11 [euoibsy

“uoIeAa|a peay AQ pajalieun sem dgyin

(BHuWw z'gl ¥6°12)

o0 18 Uey} (BH ww G'g| ¥ G'9/) ,0€ 1e Jaubiy Ajnubiis sem dd9
(BH WWw '8 F 6'61) 40 & UBY) UONLA3[9 PRsy

2081 (BH ww €L 7 |'¢1) Jamo| Apuedijiubis sem 49| ueaw ay|

‘uonisod peay BulAe yiim pajelaosse

QNS pue 449 ui 8Bueyd Jueaiiubis Aj[eansnels ou sem alay|
WG 1B BH Ww gL ¥ 2'0) 0} ey je

OH Ww €| 861 Woly 49| paonpal Ajuealiubis uoieas|a pesy

"UOIJeAS]a Peay PUR LonIsod ey} LUaamiaq
dd? pue 49 ur $a0us1alIp JuRdLIUBIS A|[RINSIBIS OU B1aM alal|

"UOIJeA3| PBAY U}IM 8Sealosp

au Jeyealf 8y} ‘uorsod Jel} 8y} Ul ('8 ¥ 2'61) 491 8L Jaybiy ayL
"(068G'— =) uolyisod peay pue 49| Ussmiaq UOIL|81109 aAllebaN
“(80URISISAI JBINISBADIGRIRD 0 ‘B)e)

-0B| J0 89UBJBJIP SNousAoLIBlE ‘Uondwnsuod usbAxo Jo 8jel 91j0q
-BJoLU |R18190) painsesu Jejaweled Jayjo Aue 1o (4G9 =d) 499
‘(8" =d) ddn u1 8aualayip Juealiubis Aj[eansieIS ou Sem alay|
‘uonisod

1814984 ,0€ 18 Jamo| (1000 =) Ajjuealiubis sem anjea 49| uesy

sbuipui4 Jolep

YAONY
SaINseall-pajesday

aAduosag

18
aAdiosag

1581 UBWPALI4
aAdiosag

159}

SyueJ-paubis sired
-payazew UoXo9|Im
1S9} palled
aAduosag

VYAONY
189} palled
aAndiIasa(

Spoyiaii
ansnels

000C ‘UeLL[@UIM

1661

‘Uasoay g ‘sbulq ‘Usjyoswy
‘yoeuneg ‘1ab1aqsuaxiap

€661 ‘018q

-19)UN % ‘UosyueT ‘ayuel
‘UBPJaH UOA “I3pIauyos

2661 Ssauily

2661 “[e 18 UBWp|a4
99uaIajay

("u09) syuawwog pue ‘suoneywi ‘syibuaig ‘sbuipuid Jolely ‘spoyialy [eansnels ‘z ajgel

285

Journal of Neuroscience Nursing, October 2004 ¢ Volume 36, Number 5



Many studies considered ICP as the factor to predict
patients” outcome but found that it was not enough to
measure the cerebral perfusion (Brain Trauma Founda-
tion, 2000a, 2000b; Hilton, 2000; Iacono, 2000). Both ICP
and CPP parameters are therefore key determining fac-
tors for treatment of brain-injured patients and should be
included in each brain injury study. Low CPP (< 60 mm
Hg) would cause brain ischemia, especially in brain-
injured patients who have had hypotensive episodes
(systolic blood pressure < 90 mm Hg) during the first sev-
eral hours or days after their primary injury (Brain Trau-
ma Foundation, 2000b). Carefully monitoring the MABP
is crucial because MABP is a component of CPP (equal to
MABP minus ICP), and it also can reflect the adequacy of
blood supply to the brain, along with its oxygen substrate
(Hilton, 2000; Yanko & Mitcho, 2001).

Some evidence exists that ICP and CPP do not accu-
rately reflect cerebral blood flow (CBF) and autoregula-
tory capacity (Feldman et al., 1992; Hilton, 2000). CBF
was added as an outcome variable in three studies (Feld-
man et al., 1992; Kirkness, 1992; March et al., 1990).
Results showed no statistically significant change
between 30 degrees of backrest elevation and a flat posi-
tion. This may be due to a sample size too small to have
relevance for this issue. Jugular venous oxygen satura-
tion (SjvO2) and brain tissue PO; (ti-PO,) were outcome
variables in the studies conducted by Schneider et al.
(1993) and Meixensberger et al. (1997). The results
demonstrated no significant change in SjvO, or regional
ti-PO; associated with various head positions. Although
no evidence was available to validate CBF, SjvO2, and ti-
PO2 as reliable outcome variables, it is highly recom-
mended that studies using these physiologic measures
be conducted to clarify their roles in clinical practices.

Therapeutic Positioning

Positioning can influence physiologic variables for
brain-injured patients in the critical care setting. Head ele-
vation is a conventional nursing intervention used to con-
trol increased ICP in patients with brain injury.
Appropriate therapeutic position or optimal level-of-head
elevation has been widely investigated. In most studies,
head elevation up to 30 degrees, along with fixed head and
neck alignment, limited hip flexion, stability of CPP, and
other cerebrovascular parameters, decreased ICP. Thus,
head elevation up to 30 degrees is highly recommended as
a therapeutic position for increased ICP patients.

Limitations

The randomized controlled trial (RCT) is thought to
be the scientific gold standard and the most rigorous
method for accepting a clinical treatment as the standard
of care. Difficulties in conducting an RCT in intensive
care units include the unpredictable and debilitating con-
ditions of critically ill individuals. In this report, all stud-
ies were crossover designs, with patients as their own

control, except two studies (Kenning et al., 1981; Ropper
et al., 1982), and only three studies were randomized
crossover experimental designs (Kirkness, 1992; March
et al., 1990; Winkelman, 2000).

Small sample size is the major limitation in these stud-
ies. The sample size in four studies ranged from 4 to 11
(Durward et al., 1983; Kirkness, 1992; March et al., 1990;
Winkelman, 2000). Although the remainder were from 18
to 25, Winkelman (2001, p. 216) claimed that “non-signif-
icant results do not mean that there is no difference
between the positions; rather it means that the researcher
cannot rule out the chances or sampling variability as an
explanation for the observed difference.” Larger sample
size and study of specific populations, such as traumatic
brain injury or subarachnoid hemorrhage, are highly rec-
ommended for future investigations.

The study protocol was not fully described for either
the experimental or the control groups. For example,
(Feldman et al., 1992; Kenning et al., 1981; Parsons & Wil-
son, 1984; Rosner & Coley, 1986) did not state how long
the subjects stayed in each position before the measure-
ment was taken, so it was not possible to define whether
the values reflected an immediate response or an equili-
brated response. Only 3 (Durward et al., 1983; Kirkness,
1992; Winkelman, 2000) out of the 11 fully detailed their
study protocol. Regarding appropriate time points for
measurements, decreased ICP is expected to occur imme-
diately (Winkelman, 2000), but might vary according to
different subjects, hemodynamic status, and position
manipulation. Multiple time-point measurements are rec-
ommended to capture whether the effect of decreasing
ICP is transient. This systematic review revealed that all
but one (Kenning, 1981) reported collecting the data dur-
ing the procedure, and the timing in these 10 studies var-
ied. Six measured only at one time point either right after
the change in position (Feldman et al., 1992; Parsons &
Wilson, 1984; Ropper et al., 1982; Rosner & Coley, 1986) or
10-20 minutes after the change in position (Meixensberg-
er etal.,, 1997; Schneider et al., 1993). The single time-point
measurement could not capture both immediate and
equilibrated response; in order to capture these respons-
es, multiple time-point measurements are necessary. In
four studies, measurements were taken more than twice:
The first measurement was taken at five minutes after the
change in position, and 1-3 additional measurements
were taken within 60 minutes (Feldman et al., 1992; Kirk-
ness, 1992; March et al., 1990; Winkelman, 2000).

Clinical Applications

Although aimed at providing empirically based guid-
ance on positioning practice with brain-injured patients,
all the studies yielded somewhat inconclusive and occa-
sionally conflicting findings, which restricted broader
evidence-based clinical applications. On the basis of the
studies reviewed, two clinical recommendations for ther-
apeutic positioning can be made: (a) consider using head
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elevation up to 30 degrees to significantly reduce ICP but
without significantly changing CPP, and (b) monitor CPP
during head-elevation positioning because head elevation
may simultaneously decrease CPP by decreasing MABP.

Recommendations for Future Studies

A comprehensive multisystem physiologic perspec-
tive on outcome variables such as cerebral, hemodynam-
ic, and systemic oxygenation is needed (Sullivan, 2000).
These variables should be studied with large sample sizes
in order to validate statistically and clinically meaningful
effects. Future research should examine the effects of ther-
apeutic positions in different neurological and neurosur-
gical populations such as people with cerebrovascular
disorders or brain tumors, the elderly, and children in
order to generalize the findings. In clinical practice, most
patients with traumatic brain injury have combined mul-
tisystem injuries such as lung contusions or multiple
bone fractures or underlying diseases such as chronic
obstructive pulmonary disease or cardiovascular disease.
Therefore, use of supine and head-elevated positions may
not be sulfficient to address these patients’ clinical condi-
tions. Further investigations should evaluate the effect of
lateral side-lying positions on ICP and CPP for brain-
injured individuals who have multisystem involvement.

Summary

Reviewing current therapeutic positioning research has
provided a template of evidence-based data from which
preliminary recommendations may guide present nursing
practice in the therapeutic positioning of patients with brain
injury. A backrest elevation of 30 degrees is a therapeutic
intervention for ICP in brain-injured patients. Ongoing and
future studies are needed to generate the conclusive, empir-
ically based determination of best practices for positioning
critically ill neurology and neurosurgery patients.
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