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ABSTRACT

Introduction: Head-of-Bed Elevation (HOBE) is now considered
as a main modifiable factor for decreasing Ventilator-Associated
Pneumonia (VAP) especially in the area of intensive care nursing.
Despite numerous studies on the beneficial effects of different
HOBE, there is little scientific evidence examining the effect of
a 60° HOBE position.

Aim: The present study aimed to examine the effect of 60° HOBE
on preventing VAP and respiratory parameters in mechanically
ventilated patients.

Materials and Methods: In a single-blind prospective
randomised clinical trial, 25 patients were recruited in the
multidisciplinary surgical intensive care unit over a period of a
year (June 2011 to April 2012), and randomly assigned to the
intervention group maintaining position of 60° (n=14) and the

control group in the routine position of 45° (n=11). VAP and
respiratory parameters (tidal volume, pulmonary compliance,
pulmonary resistance, and respiratory rate) were investigated
from first to the seventh day of intubation.

Results: HOBE at 60° resulted in significantly lower pulmonary
infiltration on chest X-ray (p=0.009), lower axillary temperature
(p=0.001), as well as higher tidal volume (p<0.001) and higher
pulmonary compliance (p=0.038) compared with the control group.
The overall prevalence of VAP was 20% in the intervention group
and 73% in the control group (p=0.016). In this regard, HOBE from
45° to 60° reduced the risk of VAP more than three times.

Conclusion: HOBE at 60° results in a significant decrease in the
occurrence of VAP and also improvement in some mechanical
respiratory parameters including tidal volume and pulmonary
compliance.
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INTRODUCTION

Many countries have paid more attention to nosocomial infection
in recent years and most health care organizations have focussed
their efforts on their prevention [1]. Pneumonia is the most frequent
nosocomial infection in mechanically ventilated patients with high
mortality and morbidity in Intensive Care Units (ICUs). The overall
prevalence of VAP has been estimated 24% to 76% and the risk for
VAP has been recently considered as a quality of care indicator in
hospitals [2,3,4].

Aspiration of gastric contents is one of the most common com-
plications in patients receiving mechanical ventilation [5]. Aspiration
is the most common cause of bacterial pneumonia infection
that results in mortality rate of 40% to 50% due to a wide range
of serious complications and progression to Acute Respiratory
Distress Syndrome (ARDS) [6,7]. Also, studies have shown that
the duration of hospital stay is prolonged and hospital costs are
increased in patients with severe pneumonia [8-9]. Epidemiological
studies have also shown that the prevalence of VAP can increase
from 10-68% in mechanically ventilated patients who are fed in the
supine position [11,12]. Supine position is considered as a major
risk factor for mortality in mechanically ventilated patients [13,14],
while the fowler position (placing the patient in a semi-upright sitting
position of 45°) has led to a significant decrease in the prevalence
of VAP [15]. Positioning can be used to prevent complications
[16]. Recommendations of the Centers for Disease Control and
prevention (CDC) are based on HOBE to 45° and even higher than
45° for preventing VAP [17,18]. Additionally, it seems that the only
modifiable factor for decreasing VAP especially in the area of nursing
is HOBE. Despite numerous studies on beneficial effects of 30° - 45°
HOBEs, It remains uncertain which degrees of semi-recumbent
position are optimal and there is little scientific evidence investigating
the effects of HOBE to 60° [19,20].

As aspiration events (especially micro-aspirations) are a major risk
factor for VAP, placing mechanically ventilated patients into the
semi-recumbent position with HOBE to 60° is hypothesised to be
more effective in prevention of VAP compared to 45° HOBE. The
present study aimed to investigate the effect of elevating HOBE to
60° on preventing VAP and respiratory parameters in mechanically
ventilated patients.

MATERIALS AND METHODS

Study population: In a single-blind prospective randomised clinical
trial (IRCT201106146801N1), 25 patients were recruited in the
multidisciplinary surgical intensive care unit of Sina hospital in
Tehran over a period of one year June 2011 to June 2012. Power
calculation based on the results of a similar previous study suggests
that a study of 14 patients in each group would be required to detect
a 26% reduction in VAP with a power of 0.8 [21].

Al patients with Endotracheal Tube (ETT) under mechanical
ventilation who met inclusion criteria were eligible for enrollment
into the study were randomly allocated to intervention (HOBE of
60°) and control (HOBE of 45°) groups by using computer allocate
random numbers. The study was conducted under the approval of
the Tabriz University of Medical Sciences ethics committee (code
NO: 5.4.1160). The written consent of all subjects was obtained
from their next of kin before randomization. Inclusion criteria were
patients of both sexes who were mechanically ventilated for >7
days who were under mechanical ventilation (MODE = SIMV, VT =
6-8 ml/kg, PEEP=2.5-7.5 cmH,O, FiO,=<50%, RR=6-12/minute).
Only patients, who maintained haemodynamic stability during the
assessment period, were eligible for administration of the protocol.
The exclusion criteria included any clinical or laboratory evidence of
active infection on admission to ICU, ARDS, head and neck trauma
and any contraindication for supine positioning.
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The research nurse in the ICU unit conducted data collection in
the morning shift and in the evening and night shift consigned to
his colleagues however HOBE at 60° was ordered by intensivist.
The staff collecting laboratory data in ICU were blinded to
group assignment of subjects. In the assessment period before
intervention, we recorded the following parameters in all patients:
demographic characteristics including gender, age, body weight,
underlying disorders, the aetiology of hospitalisation, the type of
surgery, history of surgery, previous oral medications, history of
gastrointestinal disorders, drug sensitivity, endotracheal tube size,
and the day of intubation. The limitations of sample size are due
to prolong length of the study intervention and exclusion of nine
patients because of pulmonary positive culture.

Study interventions: Bed position (HOBE 45° or 60°) was
attached to the patients’ bedside for awareness of the nurses
compliance with the protocol. All of the patients underwent oral
and endotracheal suctioning routine care to remove secretions. The
endotracheal secretions were removed before the patient position
change with suctioning less than 20 seconds and pressure of 60-
80 mmHg. The ETT cuff was monitored every shift to maintain
pressure of 20 to 30 cm H,O at all times in both groups. Also, all
patients had an ETT with a dorsal lumen above the ETT cuff to
allow continuous suctioning of tracheal suctions accumulating in
the subglottic area (TYCO Health Care Group LP, NO: 1-800-635-
5267, made in Mexico). The 60° elevated position was maintained
continuously, 24 hours a day for seven days needed for study.
All patient’s position was changed every two hours and The
changing of position would take about 15 minutes. The patient
who got out of 60° HOBE position over six hours for a day was
excluded from the study. Back and under pressure areas massage
carried out for preventing bedsores. Chest and limb physiotherapy
was performed daily by a trained physiotherapist. A battery of
investigations was performed [{Acute Physiology and Chronic
Health Evaluation Il (APACHEII), a severity-of-disease classification
system in ICU setting}, GCS, culture of tracheal tube and blood as
main indicator and chest X-ray, Axillary temperature, tidal volume,
pulmonary compliance] initially and at the end of the seven day
intervention period. Pulmonary compliance and resistance were
measured by the ventilator monitoring (Bennett 840).

The amount and method of patient feeding was either parenteral
or enteral and depended on the order and decisions of the
intensivist. Enteral feeding was given intermittently by the nurse via
a nasogastric tube (16-French SUPA medical Devices NO: 19699-
45411, Tehran-IRAN) with a target maximum of 1500 to 2000 mL
per 24 hours. When residual measurements were more than 200
mL, at every 3 hours, enteral feeding was stopped and all decisions
of enteral feeding were left to the intensivist order. All patients had
a central venous catheter route for infusion therapy. Pain was
managed equally in both groups and all patients were prescribed
pain medication as required, according to the intensive care
specialist. The pharmacological and non-pharmacological methods
for the prevention of pneumonia were the same for all patients. For
the pharmacological prevention of stress ulcers, all patients had a
nasogastric tube in place and received Ranitidine 50 mg/TDS or
Pantoprazole 40 mg/BD. All patients received a low-molecular-
weight heparin for prophylaxis of Deep Vein Thrombosis (DVT) and
mouth washed with chlorhexidine. Non-pharmacological methods
such as implementing comprehensive oral care, continuous sub
glottal suctioning, hand washing, and preventing stomach overload
for all patients were the same.

Diagnosis of VAP: We applied the modified Clinical Pulmonary
Infection Score (CPIS) to diagnose VAP (total score > 6 suggested
VAP- [Table/Fig-1]) [22]. VAP was diagnosed with use of standard
clinical and microbiological criteria in the first 24 hours as well as
the seventh day of intubation. Sputum was aspirated by sterile
endotracheal suction technique and collected in a sterile container
by nurse for all cultures. White Blood Cell (WBC) count and gram
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Component Point
Temperature °C

36.0 ~ 38.4 0
38.5~38.9 1
<36.0 or 239.0 2
Blood leukocytes mm-®

4000 ~ 11000 0
<4000 or >11000 1
Tracheal secretions

Few 0
Moderate 1
Large 2
Purulent +2
Oxygenation Pa.O,/FI.O, ratio (mmHg)

>240 or ARDS

<240 and no ARDS

Chest radiograph

No infiltrate 0
Patchy or diffuse infiltrate 1
Localised infiltrate 2

[Table/Fig-1]: Clinical Puimonary Infection Score (CPIS).

Total points for CPIS varied from 1-10 points. Pa,O,: arterial oxygen tension; FI,0,: inspiratory
oxygen fraction; ARDS: acute respiratory disease syndrome.

stain were performed at the first and seventh day of admission. The
clinical diagnostic criteria for infection included fever (temperature
>38.2°C), leukopenia (WBC count <4000/mmd) or leukocytosis
(WBC count >12000/mm?), and purulent tracheal secretions.

STATISTICAL ANALYSIS

Results were presented as mean+Standard Deviation (SD)
for quantitative variables and were summarized by frequency
(percentage) for categorical variables. Continuous variables were
compared using t-test or non-parametric Mann-Whitney U test
whenever the data did not appear to have normal distribution or
when the assumption of equal variances was violated across the
two study groups. Categorical variables were, on the other hand,
compared using chi-square test or Fisher’s-exact test when more
than 20% of cells with expected count of less than five were
observed. Statistical software SPSS version 19.0 for Windows
(SPSS Inc., Chicago, IL) was used for statistical analysis. A p-value
of 0.05 or less were considered statistically significant.

RESULTS

Among all 34 patients who were initially included into the study, nine
were excluded because of pulmonary positive culture. Fourteen and
11 patients were included in the intervention and the control group
respectively [Table/Fig-2]. There was no significant differences
between the two groups with regard to baseline characteristics
such as demographics, mean weight, etiology of admission as
trauma, size of tracheal and nasogastric tubes, mean Glasgow
Coma Score (GCS) WBC count, as well as mean APACHE I
score [Table/Fig-3]. The two groups were also similar in terms of
respiratory and ventilation-related haemodynamic parameters at
baseline [Table/Fig-4]. The assessment of the changes in GCS
score within the seven days of the study showed no significantly
difference between the intervention and control groups [Table/
Fig-5]. Positioning the patients in the 60° head up elevation position
resulted in significantly lower pulmonary infiltration in chest X-ray,
lower axillary temperature, as well as higher patient’s tidal volume
and pulmonary compliance compared with the control group [Table/
Fig-6]. The overall prevalence of VAP was 20% in the intervention
group and 73% in the control group with a significant difference. In
this regard, HOBE from 45° to 60° reduced the risk of VAP more
than three times. Also, the diagnosis of VAP using the CPIS score in
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[Table/Fig-3]: Baseline (day 1) characteristics of the study participant.

*p-value < 0.05 is significant
**APACHE I1: Acute Physiology and Chronic Health Evaluation

- Interventional | Control Group p-value
Group M+SD M=SD
Axillary temperature (°C) 37.17+0.44 37.26+0.36 0.58
Arterial oxygen saturation (%) 99.00+1.57 98.36+1.75 0.35
Arterial oxygen pressure (mmHg) 196.86+80.25 176.73+48.50 0.47
Arterial CO, pressure (mmHg) 30.86+6.82 35.05+5.25 0.1
Ventilator oxygen capacity (%) 56.79+12.34 54.09+10.91 0.57
Ventilator respiratory rate (/minute) 12.14+2.54 12.18+1.08 0.96
:j;’rfmge) end expiratory pressure 5.00£0.12 5.36+1.21 0.28
Ventilator tidal volume (mL) 545.00+48.44 | 498.73+171.59 0.34
Patient’s tidal volume (mL) 555.29+104.87 | 545.82+72.70 0.80
Pulmonary compliance (L) 72.36+3.15 69.38+9.79 0.29
Pulmonary resistance (cmH,0/L/s) 10.59+4.85 11.47£3.13 0.61
CPIS 0.93+0.55 1.35+0.86 0.53

[Table/Fig-4]: Baseline (day 1) respiratory and ventilation-related haemodynamic

parameters of the study participant.
*p-value < 0.05 is significant

two groups showed no difference at baseline (p=0.53), whereas this
score was significantly lower in the groups at day 7 (p=0.001).

8 -
Eligible for participation in
the study (n = 34)
. 1.5
ﬁ Excluded (n=9)
E Not meeting inclusion criteria
5] Positive culture (n=9) 7 4
6.5 -
Randomised (n = 23)
g
: ‘-
_8 Allocated to intervention Allocated to control
= 60° HOB 45°HOB
(n=14) (n=11)
5.5 —4— 60 degrees group
= 45 degrees group
- Lost 7 days follow up 5 ! ! ! ! g d .
; (n=4) GCS GCS GCS GCS GCS GG GCS
=2 dayl day2 day3d dayd day5 daye day7
‘2 Tracheal tube extubation
n=4) [Table/Fig-5]: Trend of the changes in GCS in two study groups (p=0.729).
. Interventional Relative
—2 Respiratory outcome Group Control Group | p-value Risk
5 | Analysed (n=10) Analysed (n=11) Pulmonary infiltration in CXR 3(30.0) 9(81.8) 0.009° | 3.10
. - Axillary temperature (°C) 37.28+0.90 38.63+0.70 | 0.001" | 3.85
[Table/Fig-2]: Flow of participants through the study.
WBC count (x 10%/mm?g) 9.39+3.45 12.00+6.20 0.225 117
Characteristics Ig:gzv;?;gn‘gl Con::lo_lﬂr)oup e Prevalence of pneumonia 2 (20.0) 8 (72.7) 0.016 3.64
- - Arterial oxygen pressure
48.90+99. . 73+51.37 704 1.42
Women 12 (85.7) 7 (63.6) (mmHg) 8.90+99.88 | 35.73+51.37 | 0.70
Gender, N (%) 0.19 - - N
Men 2 (14.3) 4 (36.4) Patient’s tidal volume (mL) 678.76+76.33 | 549.03+50.24 | <0.001 4.86
Age (year), M+SD 38.12+15.02 39.35+13.36 0.20 Pulmonary compliance (L) 79.05+39.15 52.50+8.07 0.038 2.23
Weight (kg), M+SD 74.47£12.55 75.05+9.60 0.34 EU(I;DHSE)W resistance (cm 10.6044.49 11.9449.08 0.889 114
Etiology of admission as trauma, N (%) 10(71.4) 10 (90.9) 0.23 2
- CPIS 3.20+2.86 7.64+2.42 0.001" 3.72
Size of tracheal tube (mm) M+SD 7.82+0.25 7.68+0.34 0.25
- - [Table/Fig-6]: Outcomes of the study participant on the seventh day of intubation.
Size of nasogastric tube (mm) M+SD 15.64+0.81 15.86+0.53 0.42 "p-value <0.05 is significant
Baseline GCS score M+SD 6.07+2.23 6.55+1.37 0.54
WBC count (x 10°/mm?) M+SD 7.41+2.54 6.93+2.48 0.64 DISCUSSION ) )
Our study demonstrated that HOBE to 60° was associated with
APACHE TIT score*™ M+SD 18.57+3.61 15.64+3.56 0.54 [ . Lo )
significant decreases in the incidence of VAP as well as a meaningful

improvement in tidal volume and higher pulmonary compliance in
comparison with the control group positioned in 45° elevation. To
the best of our knowledge and based on reviewing the literature, this
is the first prospective randomised controlled study investigating the
effects of HOBE to 60° on pulmonary outcomes and preventing
occurrence of VAP in ICU admitted patients.

In accordance with our findings, 45° HOBE improved end-expiratory
lung volumes in mechanically ventilated subjects in sooner study [23]
and decreased aspiration in the study of Schallom M et al., [24].
Our findings suggest that the recommended semi-upright or upright
positions may be beneficial in some mechanically ventilated patients.
In fact, HOBE in critically ill patients hospitalized in ICU wards, not
only led to a considerable decrease in the appearance of VAP, but
also significantly improved some vital puimonary indices that can be
potentially result in favourable long-term outcomes in these patients.
Although, beneficial effects of the 60° HOBE has not been previously
described, several trials addressed clinically suspected VAP following
lower degrees of elevation. The baseline risks for clinically suspected
VAP across trials ranged from 15% to 34% [22,25].

The pooled relative risk derived from the trials also showed a benefit in
favor of the 45° HOBE. In a study by Torres A et al., the supine position
and length of time the patient is kept in this position were shown
to be potential risk factors for VAP that can be prevented by HOBE
for patients [26]. The baseline mechanisms related to improvement
of pulmonary indices with HOBE to higher levels have been widely
investigated. It has been revealed that the obtained results can reflect
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an improved circulation profile with higher systemic venous return,
higher cardiac output and, as a consequence, improved oxygen
delivery; while adversely, lower degrees of elevation can be associated
with lung de-recruitment and hypoxemia [27,28)]. Positioning patients
in the semirecumbent (60°) position is also associated with significant
changes in intra-abdominal pressure [29-31].

This study provides a new insight into a link between the beneficial
effects of the 60° HOBE positioning compared with 45° on pneumonia
prevention. In fact, this new positioning can effectively improve
the host response against bacterial infection and also prevent
transmission of gastrointestinal pathogens to respiratory systems. In
this context, involvement of the innate host immunity to protect the
respiratory system against pathogenesis is also suggested [32].

It has been hypothesised that HOBE to higher degrees may change
lung distension leading in turn to the release of smaller amount of some
cytokines such as interleukin-8 (IL-8), thereby protecting the host from
the detrimental effects of an inflammatory response [33,34].

LIMITATION

However, the main study limitation was the small sample size that
study with large number is recommended.

CONCLUSION

Altogether, our findings suggest that 60° HOBE can be proposed
as an efficient way to decrease VAP occurrence and improve gas
exchange in mechanically ventilated ICU patients. This positioning
can allow better distribution of lung inflation along the craniocaudal
axis through improvement in respiratory system compliance,
together with tidal volume. The major strength of the study was the
statistically and clinically significant findings.
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