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Introduction There is considerable uncertainty about the repro-
ducibility of the various instruments used to measure dyspnea, their
ability to reflect changes in symptoms, whether they accurately
reflect the patient’'s experience and if its evolution is similar
between acute heart failure syndrome patients and nonacute heart
failure syndrome patients. URGENT was a prospective multicenter
trial designed to address these issues.

Methods Patients were interviewed within 1 hour of first physician
evaluation, in the emergency department or acute care setting, with
dyspnea assessed by the patient using both a five-point Likert
scale and a 10-point visual analog scale (VAS) in the sitting (60°)
and then supine (20°) position if dyspnea had not been considered
severe or very severe by the sitting versus decubitus dyspnea
measurement.

Results Very good agreements were found between the five-point
Likert and VAS at baseline (0.891, P<0.0001) and between
changes (from baseline to hour 6) in the five-point Likert and in
VAS (0.800, P<0.0001) in acute heart failure (AHF) patients.
Lower agreements were found when changes from baseline to H6
measured by Likert or VAS were compared with the seven-point
comparative Likert (0.512 and 0.500 respectively) in AHF patients.
The worse the dyspnea at admission, the greater the amplitude of
improvement in the first 6 hours; this relationship is stronger when
dyspnea is measured with VAS (Spearman’s rho coefficient =
0.672) than with the five-point Likert (0.272) (both £<0.0001) in
AHF patients. By the five-point Likert, only nine patients (3% (1%
to 5%)) reported an improvement in their dyspnea, 177 (51%
(46% to 57%)) had no change, and 159 (46% (41% to 52%))
reported worse dyspnea supine compared with sitting up in AHF
patients. The PDA test with VAS was markedly different between
AHF and non-AHF patients.

Conclusions Both clinical tools five-point Likert and VAS showed
very good agreement at baseline and between changes from
baseline to tests performed 6 hours later in AHF patients. The PDA
test with VAS was markedly different between AHF and non-AHF
patients. Dyspnea is improved within 6 hours in more than three-
quarters of the patients regardless of the tool used to measure the
change in dyspnea. The greater the dyspnea at admission, the
greater the amplitude of improvement in the first 6 hours.
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Introduction Endotracheal intubation (ETI) engages the patient’s
life and demands a good experience. A preliminary prospective
study has shown in one hospital that emergency physicians (EPs)
rarely performed ETI. Do the EPs in lle de France (Paris region)
have sufficient experience and regular training to realise this
procedure safely in the emergency room (ER)?

Methods We conducted a descriptive telephone-based question-
naire study to assess EPs’ endotracheal intubation skills through all
ERs in lle de France public hospitals. A questionnaire was
completed by the investigator during a 10-minute telephone call
with at least one EP in each ER. The structure of hospitals, number
of ETls performed, devices and personnel available and the
existence of protocols were collected. Their usual practice of
sedation and intubation, training and proposals for changes were
noted.

Results The study was made through all of the 64 public hospitals
of lle de France. Fifty-six hospitals have an ICU, 37 a mobile ICU.
We questioned 96 EPs; that is, 10% of EPs from our region. All of
the 96 EPs called responded. These physicians were certified
emergency physicians (CAMU) for 90% of them. The median of
ETI declared was 24.5/year per ER. Thirty-eight percent of EPs
performed less than five ETls during the past 2 years. The success
rate reported was 85%. In 94% of ERs, metallic blades and
Eischmann mandrin were available and about two nurses can help
during the procedure. Predictive criteria for difficult ETI cited the
most were: short neck, obesity, small mouth opening and
otorhinolaryngology disease or previous history of cervical
radiotherapy. Seventy-six percent of EPs followed the
recommendations for preoxygenation and 91% performed rapid
sequence induction. The vast majority (76%) of ERs did not have
standardized procedures for airway management. Theoretical
training was acquired for 46% of EPs by the CAMU, practical
training occurring in the operating room for 71%. Among the EPs
interviewed, 87% believe that they should remain the principal
actor for ETI — although as high as 89% of them consider that they
were insufficiently trained in ETI management and only 41%
pursued continuing medical education on that theme. Seventy-
seven percent proposed to spend time in the operating room to
improve their practice of ETI.

Conclusions ETl is rarely performed in the ER. It should be part of
the EP curricula and written procedures should be made.
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Introduction Incorrect positioning of the endotracheal tube (ETT)
within the airway after emergent intubation can result in serious
complications. Accidental mainstem bronchus intubation is
associated with contralateral atelectasis, tension pneumothorax,
hypotension, and decreased survival. Conversely, failure to place
the tube several centimeters beyond the vocal cords may result in
inadvertent extubation, aspiration, pneumonia, or laryngeal spasm
[1]. The aim of this study was to investigate the occurrence of ETT
malpositioning after emergency intubation in the out-of-hospital
setting.
Methods A retrospective study of a 5-year time period, using
records of 1,081 patients admitted to the trauma emergency room
(ER) at a university hospital. Within 30 minutes after admission, a
chest X-ray or whole-body CT scan was routinely performed in
intubated patients to determine the tube-tip—carina relationship.
Results Sixteen out of 1,081 patients died immediately after
admission to the trauma ER and were not further radiologically
diagnosed. Of the surviving 1,065 patients, 346 (32.5%) were
female and 719 (67.5%) male. In the group of 488 intubated
patients, 346 (70.9%) were correctly intubated, 89 (18.2%) were
not correctly intubated — herein were 64 patients (14.7%)
intubated with tip—carina distance <2 cm, and 25 patients (5.7%)
were endobronchially intubated. Chest X-ray scans were not
available for 53 patients (10.9%). Detailed data on ETT placement
were available in 435 patients; 346 (79.5%) with correct ETT
placement, 89 (20.5%) with incorrect ETT placement. None of the
patients displayed an esophageal or pharyngeal intubation (0%).
Of 435 patients, 324 had been intubated preclinically on scene —
254 (78.4%) were correctly intubated, 70 (21.6%) were not
correctly intubated.
Conclusions This study clearly shows that ETT misplacement in
emergency patients is still a serious problem with an incidence of
21.6% in our study, of which 5.7% were endobronchially
intubated. We conclude that the skill level of the operator may be
key in determining efficacy of endotracheal intubation. Based on
our findings, all efforts should be made to verify the tube position
with immediate radiographic confirmation after admission to the
ER.
Reference
1. Owen RL, Cheney FW: Endobronchial intubation: a pre-
ventable complication. Anesthesiology 1987, 67:255-257.
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Introduction A bedside chest ultrasound (bCUS) programme
performed by intensivists after 18 months of training was
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introduced on a regular basis in a 10-bed emergency ICU from
April to November 2008, in order to check its effectiveness in the
early diagnosis and treatment of pleural effusion (PE). The results
have been compared with those of a control group, when bCUS
was not part of the ICU procedures.

Methods The procedure was performed within the first 24 hours
after admittance. All of the 92 patients were examined supine, with
the probe perpendicular to the chest wall, using all of the
intercostal spaces as the acoustic window. With this technique,
once we identified the lung's base, we looked for signs of PE
according to the following criteria: (a) space between the two
pleural layers; (b) variation in the interpleural distance of this space
during breathing. For each patient the following data were
collected: age, sex, weight, height, SAPS I, number of chest
drains, number of ultrasound scans performed, number of
significant PE (at least 2 cm of width between the two pleurae),
amount of ultrasound-guided drainage actually performed within
the first 24 hours, timing of resolution of PE. Data were compared
with those of a group of patients admitted to the ICU from January
to March 2008, when bCUS was not part of the daily procedures
and only chest CT and X-ray scans were used as evidence of PE.
We considered P <0.05 statistically significant.

Results A total of 103 bCUS were performed on the first day in
the control group, against the 12 bCUS performed in the study
group. A total of 59 PEs for which drainage proved to be useful
were found. An amount of 27 pleural drainages were performed
within the first 24 hours. We have no evidence of complications.
All of the positive cases for PE have been successfully treated. All
drainage was performed within the first 24 hours or at least within
the first 48 hours.

Conclusions Compared with the control group (25.9%), in the
study group 45% of drainage performed was done within the first
24 hours thanks to the skill of intensivists. As far as PE is
concerned, the introduction of bCUS performed by intensivists in
the ICU daily routine determines an increase of early diagnosis and
treatment. However, the increase in the number of the first-day
treatments was not significant since this procedure is now turning
from a purely diagnostic approach into an operative one. This will
necessarily need time.
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Introduction The quality of portable chest radiographs (CXRs)
taken in the ICU is inferior to films taken in the radiology
department. The inability of sedated, ventilated patients to hold
their breath during CXR will also affect the degree of lung inflation
and contribute to lack of correlation between serial CXR changes
and clinical status [1]. We studied the effect on CXR quality by
manually synchronizing the ventilator to end-inspiration in
mechanically ventilated ICU patients.

Methods A pair of CXRs was taken after recruiting intubated,
ventilated patients within 24 hours of emergency ICU admission.
Intubated post-elective surgical patients were excluded due to the
high likelihood of normal lungs. The control film was taken in the



usual way, at a random phase of the ventilator cycle. For the
synchronized film, the investigator wore a lead apron and
dosimeter, stood 1 to 1.5 meters away from the patient, and
pressed the inspiratory hold button. The sequence of the paired
films was computer-randomized. The ventilator model, settings,
patient position and portable X-ray machine settings were kept
constant between films. Patients served as their own controls.
Films were independently scored (1 = not clear/poorly inflated, 5 =
very clear/well inflated) by two specialist radiologists based on five
criteria: (i) clarity of lines and tubes, (ii) definition of pulmonary
vasculature, (i) visibility of mediastinum, (iv) definition of the
diaphragm and (v) degree of lung inflation. Linear regression,
taking two radiologists’ scores of each patient into account, was
used to examine whether there were any differences in the criteria
ratings between random and synchronized films. Radiologists and
statistician were blinded.
Results We recruited 110 patients; there were no complications
from the breath-hold maneuver. Dosimeter readings were
negligible. Synchronized films had higher total scores and mean
scores for criteria (i) to (v), 95% confidence interval. P values were
statistically significant: for total score, £ <0.001; and for criteria (i),
P =0.001; (jii), P<0.001; (iv), P<0.01; and (v), P<0.001.
Conclusions Synchronizing the CXR to end-inspiration improves
the quality of the film and is safe.
Reference
1. Langevin PB, Hellein V, Harms SM, Tharp WK, Cheung-Seekit
C, Lampotang S: Synchronization of radiograph film expo-
sure with the inspiratory pause. Effect on the appearance
of bedside chest radiographs in mechanically ventilated
patients. Am J Respir Crit Care Med 1999, 160:2067-2071.
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Introduction The use of continuous positive airway pressure
(CPAP) is beneficial in the hospital and home care environment. It
is used to support ventilation during neurological disease,
ventilatory defects, congestive heart failure and obstructive sleep
apnea. Field emergency medicine has inherent complications for
the delivery and monitoring of patients receiving CPAP. We
completed an internal quality audit to determine whether CPAP
had benefit and whether capnography could be comfortably used
in parallel with a CPAP device to monitor ventilation.

Methods The data collection was completed on patients with
respiratory distress. Data were collected pre-CPAP and post-
CPAP. Patients were monitored with capnography and pulse
oximetry. Emergency Medical Services and Emergency Depart-
ment staff evaluated acceptance and ease of use of the equipment.
A one-tailed paired test and descriptive statistics were completed.
Results Eighteen respiratory distress patients received CPAP:
eight female, nine male and one patient had missing data (sex entry
was blank). Mean age was 79 years. Statistical significance was
determined at P <0.05. There was no significant difference in heart
rate: mean pre-CPAP = 116, mean post-CPAP = 114, P = 0.19.
There was a significant improvement in arterial oxygen saturation per-
centage: pre-CPAP = 81.5, mean post-CPAP = 90.2, P=0.0003.
There was a significant improvement in end-tidal carbon dioxide
(etCO,) (ventilation parameter): mean pre-CPAP = 40.1, mean
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post-CPAP = 35.1, P = 0.038. There was a significant decrease in
respiratory rate: pre-CPAP = 36, post-CPAP = 33, P = 0.031.
Using a Borg scale for severity of respiratory distress, there was a
significant improvement after CPAP: pre-CPAP = 8.06, post-
CPAP = 5.7, P = 0.0001. The emergency medical technicians
found the devices, CPAP, mask, and etCO,, easy to use, and 16
patients ranked it comfortable. Two patients were uncomfortable
with CPAP. The most comfortable score was 10; the population
scored the overall comfort of CPAP with etCO, at 7.8.
Conclusions CPAP in field emergency medicine can be easily
applied, is well tolerated, and results can be monitored by
capnography. Capnographic measurements indicated improved
ventilation by a decrease in carbon dioxide. CPAP and etCO, can
be used in field emergencies to support and monitor ventilation
during respiratory distress.
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Introduction During mechanical ventilation, signal pulses within
pressure and flow curves can be observed that are related to the
activity of the beating heart. From a signal-processing view, these
cardiogenic oscillations (COS) can be understood as repeated
pulses that are transferred via the lungs and airways to the airway
opening. It was demonstrated earlier that COS, achieved during
breath-holding maneuvers, were influenced by changes in
mechanical properties of the thorax [1]. We hypothesized that
these COS can be extracted from the airway pressure and flow
signal during spontaneous breathing. Furthermore, we hypo-
thesized that these isolated signals contain information about the
mechanical properties of the respiratory system.
Methods Fifteen healthy volunteers breathed spontaneously
against continuous positive airway pressure (CPAP) of 0 to
9 cmH,O at normal thorax or at thorax bending, limiting motility to
90% of the normal circumference. Airway pressure and flow as
well as an electrocardiogram were recorded at a sample frequency
of 200 Hz. To isolate the signals that are related to the activity of
the heart, pressure and flow data were aligned in time to the R-
wave of the QRS complex and averaged.
Results Highly characteristic pressure and flow oscillations could
be extracted from the spontaneous breathing signals. Both signals
were closely related (2 = 0.97 * 0.02, each P <0.0001). The
pressure amplitude of the COS was influenced by CPAP
(P=0.049) and thorax motility (P <0.001); in contrast, the flow
amplitude was influenced only by thorax motility (P <0.001).
Conclusions COS can be extracted from the airway pressure and
flow signal during spontaneous breathing. They contain information
about the mechanical properties of the respiratory system. After
further investigations, our new method potentially allows an
estimation of compliance of the respiratory system during
spontaneous breathing.
Reference
1. Bijaoui E, Baconnier PF, Bates JH: Mechanical output
impedance of the lung determined from cardiogenic oscil-
lations. J App! Physiol 2001, 91:859-865.
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Introduction Respiratory failure is a common indication for
admission to a pediatric intensive care unit (PICU). Tracheal
intubation and invasive ventilation carries some risk and can
contribute to morbidity and possible mortality. Noninvasive positive
pressure ventilation (NIPPV) is a mode in which ventilation is
applied without tracheal intubation but via nasal prongs or a face
mask. We hypothesized that using NIPPV in infants with pending
respiratory failure may improve their outcome.

Methods In this prospective study, we enrolled infants admitted
with pending respiratory failure to the PICU. NIPPV was delivered
using silicone INCA nasal prongs (Ackrad Labs, Trumbull, CT,
USA) connected to an INFANT STAR 950 standard ventilator. The
NIPPV mode of support (continuous positive airway pressure vs.
synchronized nasal intermittent positive pressure ventilation) was
set to meet patient needs. Vital signs, ventilator settings and
laboratory results were recorded electronically. The primary
outcome was prevention of invasive ventilation. Secondary
outcomes were seeking a physiological marker for NIPPV failure
and complications from NIPPV.

Results Between December 2007 and November 2008, 18
patients (15 infants, three enrolled twice) were eligible to receive
NIPPV based on the attending physician’s decision. Median age
was 3 months (15 days to 17 months). Eleven patients had apnea
and seven patients had respiratory distress. Among them, five
patients had bronchiolitis, two had central hypotonia, two had
Pertussis and six patients had other miscellaneous respiratory
conditions needing support. Fourteen infants (78%) were
improved and weaned off NIPPV while four (22%) infants had to
be intubated. The mean length of NIPPV was 47 hours. No
complication secondary to the NIPPV was recorded. No single vital
sign or laboratory test predicted whether a patient would improve
or fail NIPPV, although the improvement (when happened) was
noticed within hours of NIPPV. All four failures were due to
continuum of apnea.

Conclusions Our study shows that NIPPV is a safe and successful
method to support infants suffering from pending respiratory
failure. Lacking a physiological or biological marker that could
distinguish between so-called responders and nonresponders to
NIPPV, and the high rate of success in preventing the need for
invasive ventilation, supports our recommendation to trial any infant
in pending respiratory failure with NIPPV.
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Introduction Noninvasive ventilation (NIV) is useful for improving
oxygenation, decreasing hypercapnia, and avoiding invasive
mechanical ventilation in patients with chronic obstructive
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pulmonary disease (COPD) exacerbations and acute respiratory
failure [1,2]. During the hospitalization, the treatment intensity is
quite variable on the basis of the patient’s clinical condition. Often,
after the acute phase, patients need only periods of NIV followed
by oxygenotherapy. NIV reduces the work of breathing and
probably improves the respiratory muscular strength even when
the ventilation is ended [3]. The aim of this study is to evaluate this
effect in COPD submitted to NIV.

Methods We studied 10 patients (seven male; three female; age

74.2 * 5.3 years) admitted to our hospital with a COPD

exacerbation and acute respiratory failure. After a period of clinical

stabilization, patients underwent spirometry and arterial blood gas
as basal examinations. For each patient, NIV was applied for

2 hours and than spirometry and arterial blood gas were repeated.

Results are presented as mean * SD. Data were evaluated by

paired t test and a value of P <0.05 was taken as statistically

significant.

Results At the end of NIV, the forced ventilatory capacity (FVC)

and the forced expiratory volume at the first second (FEV1)/FVC

ratio were significantly increased compared with the basal value:

FVC 47.9%+11.0% basal, 55.3 +15.6% after NIV, P=0.02;

FEV1/FVC 68.5+17.1 basal, 59.3 £ 15.2 after NIV, P=0.007.

Compared with the basal value, arterial carbon dioxide pCO, was

significantly decreased: 68.0 + 2.5 mmHg (basal), 55.3 + 4.5 mmHg

(after NIV), P<0.02; and arterial oxygen was increased:

50.0 = 14.2 mmHg (basal), 56.3 + 15.3 mmHg (after NIV).

Conclusions The results of this study demonstrate that, in COPD

exacerbation, NIV determines a decrease of the pulmonary

hyperinflaction. This effect could improve the clinical status and the
work of breathing.

References

1. West JB: COPD. In Pulmonary Physiology and Pathophysiol-
ogy. Baltimore, MD: Lippincott Williams & Wilkins; 2001:33-
53.

2. Brochard L: Mechanical ventilation: invasive versus non
invasive. Eur Respir J 2003, 22(Suppl 47):31s-37s.

3. Lightowler JV, et al.: Non-invasive positive pressure ventila-
tion to treat respiratory failure resulting from exacerbation
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analysis. BMJ 2003, 326:185-187.
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Introduction Noninvasive ventilation (NIV) is an option in patients
with acute respiratory failure [1-3]. However, NIV complications
and failure are not yet completely understood [1,2]. Our objective
was to evaluate the indications, complications and failure of NIV in
an adult general ICU.

Methods From 1 August to 27 October we analyzed prospectively
all patients admitted to a 40-bed clinical-surgical ICU of a tertiary
care hospital. From those patients, we included the ones who
received NIV (total face mask coupled to a BIPAP Vision® or
Synchrony®) and evaluated the indications, causes of failure and
the complications of this ventilatory support.

Results During the study period, 465 patients were admitted to
the ICU; 111 patients (23.9%) received NIV. The main indications
for NIV were: hypoxemic respiratory failure in 22 patients (19.8%),
respiratory infection in 19 (17.1%), acute COPD in 14 (12.6%), as



part of a weaning strategy in 16 (14.4%), cardiogenic pulmonary

edema in 15 (13.5%), ALI/ARDS in nine (8.1%), palliative care in

six (5.4%), neuromuscular disease in one (0.9%) and others in nine
patients (8.1%). NIV did not avoid intubation in 31 patients

(27.9%). The main reasons for failure were: progressive acute

respiratory failure in 23 patients (71.9%) and neurological

deterioration in five patients (15.6%). NIV was used after extu-
bation in 16 patients, and in five of them (31%) it was necessary
reintubation. The only complication observed was gastric

insufflation in six patients (5.4%).

Conclusions NIV is frequently used in a general ICU and the main

indication is acute hypoxemic respiratory failure. The NIV failure

incidence was significant but similar to the medical literature.
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Introduction Nasal continuous positive airway pressure (nNCPAP)
is accepted as an effective and relatively complication-free method
of respiratory support of premature infants [1,2]. We intended to
compare the effectiveness of two nCPAP devices/approaches
(Hudson prongs/bubble (H), and Infant Flow (IF)), in different
groups of very low birth weight infants in a large trial.

Methods Infants weighing 750 to 1,500g, gestational age
<32 weeks, were enrolled from April 2006 to July 2008 at 12
centers. The newborns, categorized into three study groups, were
randomly assigned to one of the nCPAP devices in the first 6 hours
of life. Study group A (n = 119) were neonates placed immediately
on nCPAP. Group B (n=157) were placed on nCPAP after
receiving surfactant. Group C (n = 56) were treated with conven-
tional ventilation and nCPAP was used as the method of weaning
from mechanical ventilation.

Results There were no statistically significant differences between
the two devices with regard to treatment success, pneumothorax
or bronchopulmonary dysplasia. The incidence of severe nasal

Available online http://ccforum.com/supplements/13/S1

complications was lower in the infants treated with Infant Flow:

0.8% (IF), 6.6.% (H) (P=0.01) in group A; 0.6% (IF), 5.1% (H)

(P=0.01) in group B; and 0% (IF), 5.3% (H) (P=0.1) in group C.

The incidence of necrotizing enterocolitis was also lower in the

group A infants treated with Infant Flow: 2.5% (IF), 8.3% (H)

(P=0.03).

Conclusions (1) The two nCPAP methods are comparable with

regard to the incidence of pulmonary complications and primary

effectiveness. (2) The Infant Flow method resulted in fewer severe
nasal complications.
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Introduction During the past decade, noninvasive ventilation (NIV)
has imposed itself as an alternative to endotracheal intubation.
Several recent studies let us believe that this technique could be
also beneficial at the precocious extubation. The purpose of our
survey is to value the place of NIV at the precocious extubation in
ventilated patients.

Methods A prospective, randomized and controlled survey has
been driven in a medical resuscitation unit during 6 months (June
to December 2007). After 48 hours of mechanical ventilation (MV),
if the patients have no fever, no neurological anomalies nor
hemodynamic instability and SaO, >90% with 40% FiO,, a
spontaneous breathing trial (T-piece) is performed. If after the
T-piece test the clinical status, blood gas and hemodynamic data
were good, the patient was extubated. If these criteria were not
filled, the MV was continued and a daily assessment performed.
On the other hand, if the patient was anxious, agitated, with
polypnea >35/minute, PaO, <60 mmHg under 40% FiO,, heart
rate >145/minute, systolic arterial pressure >170 mmHg or
<70 mmHg or arrhythmia, the patient is randomized for one of the
two protocols: in the first, the patient was extubated and NIV
(pressure support — positive end-expiratory pressure) via a facial
mask was performed; in the second, a classic weaning was
performed with pressure support ventilation. The quantitative
variables are expressed as the average or median * standard
derivation, and the qualitative variables by as the percentage. The
univariate analysis was based on the chi-squared test or Fisher test
for the qualitative variables and the Student test for the quantitative
ones. P<0.05 is considered significant. The statistic analysis was
based on SPSS 11.0 for Windows.

Results Twenty-four patients (13 men and 11 women) were
enrolled (12 in each group: NIV group and control group). The
mean age was 42 * 2 years. The length of hospitalization for the
NIV group is less than that for the control group (P = 0.001). The
weaning of MV was more precocious in the NIV group than in the
control group (P = 0.001). Also, nosocomial pneumonia occurred
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less in the NIV group than in the control group (P= 0.04). No case
of mortality was noticed.

Conclusions It seems that NIV permits one to shorten the duration
of MV and length of stay in the ICU at the precocious extubation.
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Survey of current intubation practices in Polish neonatal
and pediatric ICUs
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"The Childrens Memorial Heath Institute, Warsaw, Poland;
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Introduction Guidelines pertaining to the details of intubation
practices in neonates and children are not well established. We
sought to describe the current practices with regard to the
intubation of newborns and children.

Methods The study was performed in 2007. Anonymous question-
naires were sent out to all Polish neonatal (n = 418) and pediatric
(n = 45) ICUs. The overall response rate was 65%. The response
rate in level lll of neonatal care was 86.7% and in the pediatric ICU
(PICU) was 65.1%. The responders were asked to provide
information regarding the frequency of specific practices. Data
analysis (the difference between neonatal units and PICUs) was
performed by means of procedures available in SAS software.
Results Seventy-four percent of neonatal units and 89.3% of
PICUs have a policy for elective intubation. Only a part of the units
has a written policy (from 48% in level lll neonatal ICUs to 19.4%
in level | neonatal units). Unplanned extubation was found an
important problem in 3.0% of neonatal units and 7.1% of PICUs
(P=0.05). A written protocol for difficult airways intubation was
available in 48.1% of PICUs and 3.0% of neonatal units
(P=0.0001). In total, 92.2% of PICUs have regular sedative
practices for elective intubation. Only 44.6% of neonatal units have
such a policy (P=0.0001). Numerous combinations of either
sedatives or muscle relaxants were found to be used by units.
However the most common policy in neonatal units (69.0%) was a
single dose of midazolam. Combination of thiopental or midazolam,
muscle relaxant and/or atropine was used frequently (79.4%) in
PICUs. Only 74% of PICUs and 37.5% of neonatal ICUs have a
policy for elective extubation (P = 0.0001).

Conclusions When compared with similar studies, a lower number
of Polish neonatal and pediatric ICUs have a written policy for
elective intubation. Only a minority of PICUs fail to provide any
sedation prior to elective intubation. More than one-half of neonatal
units have no such policy despite strong evidence of physiologic
and practical benefits. This phenomenon was found also by others.
A lack of written guidelines for the extubation procedure is another
finding for a future educational programme.
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Incidence of post-intubation hemodynamic instability
associated with emergent endotracheal intubations: a
systematic review

R Green', B Hutton?, L Mclintyre2, D Fergusson?
"Dalhousie University, Halifax, NS, Canada, 2Ottawa Health
Research Institute, Ottawa, ON, Canada

Critical Care 2009, 13(Suppl 1):P14 (doi: 10.1186/cc7178)

Introduction The development of hemodynamic instability
following emergent endotracheal intubation and the initiation of
positive pressure ventilation is a potentially life-threatening adverse
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event. Unfortunately, the incidence of post-intubation hemo-
dynamic instability (PIHI) is relatively unknown. The objective of this
study is to estimate the risk of PIHI in adult patients who require
emergent intubation and to identify factors contributing to the
likelihood of this adverse event.

Methods This is a systematic review of published adult, inhospital
studies of emergent endotracheal intubation. A systematic search
of Medline (1950 to November 2008) and relevant bibliographies
was completed. No restrictions were placed on the language of
publication, patient diagnosis, indication for intubation, or
intubation method employed. One author independently reviewed
all citations, and two authors reviewed all candidate articles during
the process of final selection. Data were independently retrieved
on a standardized data abstraction form by two authors. Random-
effects meta-analysis was used to estimate the pooled prevalence
of PIHI across studies.

Results A total of 22 relevant studies were identified and included
in our analysis. One randomized controlled trial and 21 obser-
vational studies met the eligibility criteria. Sample sizes ranged
from 33 to 2,833 patients (median, 214). The prevalence of post-
intubation hypotension ranged from 0% to 39%, with a random-
effects, pooled estimate of 8.5% (95% Cl, 4.8% to 14.5%).
Studies that defined PIHI with a temporal relationship between
blood pressure reduction and intubation had a PIHI prevalence of
13.9% (95% CI, 8.8% to 21.2%) compared with a prevalence of
5.0% (95% CI, 1.6% to 15.0%) in studies that did not.
Heterogeneity between studies limits conclusions on the effect of
indication for intubation, intubator experience, medications utilized
to facilitate intubation, and management strategies used for PIHI.
Conclusions Post-intubation hemodynamic instability occurs
commonly after emergent intubations. Efforts are required to
identify risk factors, and potential preventative and therapeutic
interventions for PIHI.
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leak-proof, inflatable tracheal tube cuff

M Cressonil, A Zanella2, M Epp3, | Corti3, V Hoffmann?,

P Cadringher!, T Kolobow3

"Policlinico IRCCS, Milano, ltaly; 2Universita’ Milano-Bicocca,
Monza, Italy; 3National Institutes of Health, Bethesda, MD, USA
Critical Care 2009, 13(Suppl 1):P15 (doi: 10.1186/cc7179)

Introduction Commercially available endotracheal tube (ETT) cuffs
are made of PVC polymer that shows little stretch upon inflation,
resulting in a need for a cuff diameter larger than the trachea. Such
cuffs form folds, which became a ready passageway for bacteria-
colonized subglottic secretions. We developed an elastic and
smooth balloon with no folds upon inflation.

Methods In vitro study. Six different ETTs with the newly designed
cuff were tested for leakage in a 20 mm internal diameter acrylic
tube at 20 cmH,O (1.96 kPa) inflation pressure, pouring 20 ml
methylene-blue colored water into the acrylic tracheal tube above
the cuff to visualize any leak. We observed the ETT cuff for
24 hours for possible leakage.

In vivo study. Four Yukatan minipigs were intubated with the new
ETT cuff and mechanically ventilated for ~40 hours. Methylene-
blue colored water was poured into the subglottic space through a
line attached to the ETT. We looked for blue discoloration of
mucus retrieved during the tracheal suction at 5, 10 and
30 minutes following instillation. At autopsy, tracheal mucosa was
examined for possible cuff-related damage.

Results The Lycra cuff was devoid of folds upon inflation, and
touched the wall of the mock trachea. There was no leakage of



methylene-blue colored water. Instead, the average leakage across
the Mallinkrodt Hi-Lo cuff was 1,182.2 + 1,321.0 ml/hour (P<0.0001
vs. the Lycra prototype); the average leakage across the Microcuff
was 12.2 £ 3.6 ml/hour (P<0.0001 vs. the Lycra prototype, and
P<0.01 vs. the Microcuff).

We observed no methylene-blue in tracheal secretions. The pig
trachea appeared normal at autopsy, with no signs of erosion.
Conclusions We showed that a new concept, a smooth ultrathin
elastic tracheal tube cuff, can perform better than present
commercially available tracheal tubes.
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Influence of tracheostomy on duration of weaning from
mechanical ventilation

S Dubrov, F Glumcher
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Critical Care 2009, 13(Suppl 1):P17 (doi: 10.1186/cc7181)

Introduction There are several advantages of tracheostomy if
compared with orotracheal intubation, such as a more comfortable
state for the patient, more effective aspiration of the sputum of
respiratory ways, reduction of respiratory way resistance and
availability of peroral nutrition. These advantages also include more
safe maintenance of the passableness of respiratory ways,
reducing the terms of carrying out respiratory support and the
patient staying in the ICU, decreasing the pneumonia development
risk. This study is designed to compare the duration of weaning in
patients with tracheostomy versus patients suffering orotracheal
intubation.

Methods For this observational prospective cohort study, multiple
trauma patients requiring more than 72 hours of mechanical
ventilation were prospectively selected. A group of patients that
underwent early tracheostomy before weaning attempts (ET) were
compared with a group of patients that underwent weaning
attempts while being orotracheally intubated. Tracheostomy was
performed for these patients only in case there were several
unsuccessful attempts of weaning (forced tracheostomy) lasting
more than 7 days (FT). The general patient state was estimated by
the APACHE |l score, traumatic damages have been estimated by
the injury severity score, and the degree of infringement of
consciousness has been estimated by the GCS.

Results Seventy-one patients meeting the inclusion criteria were
subject to our trial. The ET group included 41 patients that
underwent tracheostomy lasting 2 to 5 days from the moment of
mechanical ventilation being started. The FT group consisted of 30
patients and tracheostomy was performed for 60% of them. Both
groups of patients were statistically comparable. The median
duration of mechanical ventilation was shorter in the ET group of
patients (256 vs. 314 hours, P = 0.047). The median duration of
weaning was also shorter in the ET group of patients (61 vs.
108 hours, P=0.008) if compared with the FT group. In total,
34.1% of patients of the ET group suffered pneumonia, while in the
FT group the percentage was 50% (P = 0.032). The mortality rate
was almost the same in both groups (P = 0.944).

Conclusions Results of this study show that early tracheostomy, if
performed for patient’s suffering severe combined trauma, reduces
the duration of weaning. Early tracheostomy results in a decrease
of the frequency of complications such as ventilator-associated
pneumonia. The duration of tracheostomy did not affect the
mortality rate of the investigated groups of patients.
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Introduction Percutaneous tracheotomy (PT) is one of the most
frequent procedures carried out in critically ill patients. However, it
carries contraindications in the patient group younger than
16 years of age, in cases with known or anticipated difficult
endotracheal intubations, in infection of surgical areas and in cases
with cricoid cartilage not identified. In this retrospective study, we
evaluated the safety of performing the PT-associated blunt
dilatational exploration with a right-angle clamp in patients having
cricoid cartilage not identified.

Methods We reviewed retrospectively the data of 122 PTs in
patients having cricoid cartilage not identified due to obesity or
postural deformity, between January 2006 and October 2008. The
data obtained from charts included age, sex, timing of PT, duration
of the procedure, minor or major complications and mortality. All of
the procedures were performed at the bedside in the ICU. After as
maximal a positioning of the patient as could be performed, local
anesthetic infiltration was applied to 1 to 2 cm superior of the
jugular notch of manibrium sterni (according to the structure of
patient's neck). After incision (~2 cm) of skin and subcutaneous
tissue, all layers of subcutaneous tissue were passed through until
feeling the trachea by finger using a right-angle clamp (blunt
dilatational exploration). So, cricoid cartilage was directly palpated
by the tip of the finger, and the attempt (Griggs technique) was
performed between the first and second tracheal cartilages below
the cricoid cartilage.

Results The patients were mechanically ventilated for an average
of 12.9 + 2.6 days. They were 57 £ 14 (26 to 86) years old, and
64 of them were female, 58 of them were male. The duration of the
technique was 2.5 to 5 minutes. There was no death or cardiac
arrest related to tracheotomy. There were 113 PTs (92.6%)
documented as uncomplicated. There was no technically difficult
procedure, and none of the patients changed into a surgical
approach during the procedure. However, major hemorrhage
developed during first 24 hours in eight patients. In one patient,
pneumomediastinum was determined in the 48th hour after the
procedure. The overall complication ratio was established as 7.4%.
Conclusions PT associated with using a right-angle clamp seems
to be safe; it could be performed in the patients having cricoid
cartilage not identified.
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Percutaneous dilational tracheostomy: early and late
complications

RM Corso, E Fabbri, M Terzitta, P Gudenzi, J Chanis,
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Critical Care 2009, 13(Suppl 1):P19 (doi: 10.1186/cc7183)

Introduction Percutaneous dilational tracheostomy (PDT) is a
common procedure in ICU patients. In this study we evaluated
perioperative complications. Moreover we looked for late compli-
cations by telephone interview together with a clinical evaluation in
the suspected cases.

Methods We included 170 consecutive patients admitted to GB
Morgagni Hospital ICU, between June 2005 and June 2007 who
underwent PDT. Demographic data, clinical data and severity
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scores (SAPS IlI), data about the tracheostomy technique and
tracheostomy major complications were collected. We used the
Ciaglia technique with endoscopic guidance throughout the
procedure. Twelve months after discharge, we traced and
interviewed our patients about possible late complications
connected with the tracheostomy. Symptomatic patients were
referred to the ENT specialist for fiberoptic laryngoscopy control.
Results PDT was performed in 170 patients as a routine
procedure by intensivists. The main primary indications for PDT
were weaning failure (29%) and neurological dysfunction (71%).
One hundred and five patients were male and 65 female, with an
age average of 68 + 15 years. The mean SAPS Il was 53 = 10
points. The intubated time before PDT was 5 £ 2 days and the
time in the ICU after PDT was 14 £ 8 days. The ICU mortality was
169%. Placement was successful in all cases. The total incidence of
major complications was 1.18%: a simple pneumothorax success-
fully treated with chest tube insertion and one early (after 72 hours)
cannula displacement evolved to cardiorespiratory arrest and
death. We traced 38 patients alive 12 months after discharge; 22
patients answered the telephone interview. None complained of
respiratory symptoms, Four patients described symptoms that
were considered worth further examination and were invited to an
ENT control. In two patients, swallowing uncoordination was
found. In another two patients, a 20% tracheal stenosis was found.
The stenosis was, however, asymptomatic.
Conclusions In our experience PDT had an overall low rate of
major complications (1.8%). Only one patient had severe early
complication. We did not find severe late complication. In selected
patients, PDT with endoscopic guidance guarantees a high safety
standard [1,2].
References
1. Gambale G, Cancellieri F, Baldini U, Vacchi Suzzi M,
Baroncini S, Ferrari F, Petrini F: Ciaglia percutaneous dila-
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Introduction The aim of this study is to analyse our experience
with tracheostomies performed in the critical care unit of a tertiary
university hospital.

Methods A retrospective clinical records review of patients who
underwent this procedure in a 7-year period.

Results From January 2001 to December 2007, 6,333 patients
were admitted to our unit; 1,528 needed mechanical ventilation
(MV) for more than 48 hours and 443 underwent tracheostomy.
The median age was 56 years (14 to 88 years); 66% were male.
The median APACHE |l score was 20 (4 to 44). The main
diagnoses were polytrauma including head injury in 24.2%, other
structural neurological diseases in 21%, and prolonged weaning of
various aetiologies in 35%. The percutaneous dilational technique
was used in the majority of cases (90%). The mean duration of MV
prior to tracheostomy was 13.8 days (SD=6.4). The overall
complication rate was 6%. Intraprocedural complications were
atelectasis (0.4%) and bleeding (2%). Two of the patients needed
surgical control or transfusion (0.4%). Two stoma infections
developed in the open tracheostomy group. The most frequent
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complication was tracheal stenosis, encountered in 15 patients
(3%). The ICU mortality was 20.7%. Of the 351 patients
discharged from the ICU, 45.8% were decannulated prior to
discharge from the ICU and 31% in the ward; 23% of them could
not be decannulated at any moment. Ward mortality in the group of
patients decannulated in the ICU was 5%, 10% in the patients
decannulated in the ward and 37% in those who failed
decannulation, for a total of 50 deaths before hospital discharge
(119%). The main diagnoses of the patients who died on the ward
were: residual encephalopathy in 62% (postanoxic, posttraumatic
or other causes), severe chronic respiratory failure in 10%, spinal
cord injury in 6%, and neuromuscular disease in 4%.
Conclusions We had a low rate of early complications, similar to
other series, with no procedure-related deaths [1]. Our main
complication was airway stenosis. As in other studies, patients
who needed a tracheostomy belonged to a group of patients with a
high severity and mortality. Some of them do not recover a
satisfactory neurological and functional status to be decannulated
and present a high ward mortality.
Reference
1. Diaz-Regafion G, Mifiambres E, Ruiz A, Gonzalez-Herrera S,
Holanda-Pefia M, Lépez-Espadas F: Safety and complica-
tions of percutaneous tracheostomy in a cohort of 800
mixed ICU patients. Anaesthesia 2008, 63:1198-1203.
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Introduction Neurointensive care patients often require elective
tracheostomy for prolonged ventilatory support, control of intra-
cranial pressure as sedation is weaned and for impaired pharyn-
geal and laryngeal reflexes. The possibility of raised intracranial
pressure, worsened by patient positioning and intraprocedural
occult hypercarbia, makes it a higher risk procedure [1]. There is
little information on the timing of percutaneous dilational tracheo-
stomy (PDT) or periprocedural complications in neurointensive
care patients.

Methods Out of 80 patients who underwent PDT over a period of
1 year, information was obtained and analysed on 52 patients.
Baseline demographical information collected included the date of
admission, date of PDT, level of the operator, supervision, and
periprocedural complications. We also looked at the use of post-
procedure chest radiography (CXR). Analysis was then carried out
to determine the timing of PDT, the incidence of complications and
the use of CXR.

Results Fifty-two patients were included, median age 56 years
(range 20 to 79 years). The procedure was carried out either by
two trainees with a consultant supervising (40%) or by a consul-
tant and a trainee (57%). Two patients who had a difficult
anatomical approach had the procedure done by two consultants.
The timing of PDT ranged from 1 day to 22 days with a mean of
7.69 days and SD of 4.29 days. There were only three reported
complications (5%), none of them major or involving raised
intracranial pressure. CXR was requested in 68% of cases; of the
35 patients who did have CXR, only 51% had recorded reports in
the notes.

Conclusions In spite of recommendations that CXR is not required
following uncomplicated PDT, most operators still request one, a
habit that leads to unnecessary patient and staff exposure to
radiation. The majority of the PDTs was performed by trainees in



our unit, and the low complication rate proves that the technique is

safe and easy. PDT in neurointensive care patients carries a higher

risk, but with proper patient selection and senior input the

procedure is as safe as in general intensive care patients.

References

1. Reilly PM, Anderson HL 3rd, Sing RF, Schwab CW, Bartlett
RH: Occult hypercarbia. An unrecognized phenomenon
during percutaneous endoscopic tracheostomy. Chest
1995, 107:1760-1763.

P22

Service evaluation of complications following
tracheostomy insertion in ICU patients

AJ Glossop, TC Meekings, SJ Webber
Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, UK
Critical Care 2009, 13(Suppl 1):P22 (doi: 10.1186/cc7186)

Introduction We prospectively studied the tracheostomy compli-
cation rate in ICU patients (four ICUs, 36 beds) over a 6-month
period. Quoted complication rates following tracheostomy vary
widely [1,2].
Methods We evaluated all tracheostomies sited in ICU patients in
our trust between June and November 2008. Complications on
insertion, whilst cannulated and post (tracheal) decannulation were
recorded. Patients were followed up until 4 weeks post de-
cannulation, hospital discharge or death.
Results Sixty-four patients underwent tracheostomy (68 per-
cutaneous, six surgical). The mean time with tracheostomy was
24.8 days. Twenty-six insertion complications occurred in 20
(31%) of 64 patients. Fifty-five patients received follow-up (four
transferred to another hospital, one died, four lost to follow up
before first visit). Eighteen complications occurred whilst
cannulated in 12 (22%) of 55 patients. The number (%) of
insertion complications were: all, 26 (41%); major, five (8%) —
major bleed, four (6%); posterior tracheal wall injury, one (2%);
minor — minor bleed, 12 (19%); abandonment/conversion to
surgical procedure, four (6%); tracheal cartilage fracture, three
(5%); other, two (3%). The numbers (%) of complications whilst
cannulated were: all, 18 (33%); major, seven (13%) — tracheo-
stomy tube blockage/displacement, four (7%); loss of airway with
severe hypoxia, three (5%); minor — prolonged bleeding, two (4%);
local infection, one (2%); surgical revision, two (4%); other, six
(11%). Post decannulation, 38 patients were followed up. There
were no major complications. The number (%) of post-decannu-
lation complications were: all, 28 (749%); difficulty swallowing, eight
(219%); regurgitation of liquid, eight (21%); voice change, six
(169%); hoarseness, two (5%); regurgitation of solids, two (5%);
altered cough, one (3%); abnormal breathing, one (3%). One
patient had complications lasting >30 days post decannulation.
Overall patient outcomes 30 days post decannulation (excluding
15 patients transferred to other hospitals) were: 59% discharged
from hospital, 29% dead, 12% inpatient decannulated.
Conclusions Although the tracheostomy complication rate in our
trust was 41% at insertion (8% major), 33% whilst cannulated
(13% major) and 74% post decannulation, only one post-decan-
nulation complication persisted beyond 30 days and none was
major. Seventy-one per cent of patients undergoing tracheostomy
survived to 30 days post decannulation.
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Introduction Unplanned extubation (UE) is a frequent complication
in ICU patients associated with increased morbidity, mortality,
duration of mechanical ventilation, ICU stay and hospital stay.
Although UE has been studied, still not much is known on the
incidence, determinants and outcome. The aim of the study was to
assess the incidence and determinants of UE in a tertiary-care ICU.
Methods From 1 December 2005 to 1 June 2008 a prospective
case—control study was undertaken. Cases were consecutive adult
patients in a 29-bed medical, surgical, neurosurgical, and thoracic-
surgical ICU who experienced an UE. The UE was defined as
premature removal of the tube by the patient. For each case, four
controls were randomly selected. Controls were mechanical
ventilated patients who did not experience an UE at the time a
case occurred. Demographics and clinical characteristics were
obtained from the electronic medical records. Wilcoxon rank-sum
and chi-squared tests were used as appropriate. To determine
independent risk factors for UE, univariate logistic regression was
used. Determinants significant in the univariate analysis were
included in the multivariate logistic regression. This model was
tested for the clinically relevant interaction between determinants.
Results In the study period, 74 UEs occurred and 296 controls
were collected. The incidence of UE is 2.1% for mechanically
ventilated patients and 0.4% per ventilation day. Cases and
controls did not differ significantly with respect to age, type of
admittance or diagnosis category. Forty-seven percent of the
cases had to be reintubated, 77% did not experience another
complication. Cases had significantly lower median length of
intubation (5 vs. 7 days, P = 0.069), ICU mortality (18 vs. 27%,
P=0.096) and hospital mortality (19 vs. 34%, P=0.028).
Significant predictors of UE in the multivariate analysis were
admittance to the thoracic surgery unit (OR = 2.63, 95% CI =
1.06 to 6.53, P=0.037) and a Ramsay sedation score of 1 (OR =
30.57, 95% Cl = 3.18 to 294.2, P=0.003), 2 (OR = 25.47, 95%
Cl=3.00t0217.0, P=0.003), and 3 (OR = 7.02, 95% Cl =0.78
to 63.01, P = 0.082) compared with the most sedated score.
Protective factors are female gender (OR = 0.55, 95% Cl = 0.26
to 1.19, P=0.131), and use of midazolam at the time of UE (OR =
0.44, 95% Cl =0.19 to 0.99, P=0.048).

Conclusions Although UE can be defined as a complication we
could not find a correlation with morbidity and mortality.

P24

Protocol-driven weaning from mechanical ventilation: a
study into adherence and outcomes

R Rahman West, M Saidi, D Dawson
St Georges Hospital, London, UK
Critical Care 2009, 13(Suppl 1):P24 (doi: 10.1186/cc7188)

Introduction Numerous studies have shown that ventilator
weaning protocols are likely to reduce the duration of mechanical
ventilation and ICU stay. In 2001 a taskforce of pulmonary and
critical care experts developed guidelines for weaning and
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discontinuation of mechanical ventilation that recommended the
development and implementation of respiratory weaning protocols
for nonphysician healthcare professionals in the ICU [1]. Our
weaning protocol was established in 2005 based on clinical
evidence and best-practice recommendation at the time. The
primary aim of this audit is to ascertain the extent of protocol
adherence in our unit. The secondary aims include correlation of
protocol-driven weaning to outcome as defined by successful
extubation and reduction in the length of mechanical ventilation.
Methods A prospective study of all patients who received
mechanical ventilation over a 1-month period, excluding patients
who had tracheostomy insertion and patients who had their
treatment withdrawn. We looked at the rate of compliance with our
weaning protocol, the reason for noncompliance and outcome.
Results Fifty-two patients were included, 18 protocol-driven and
34 nonprotocol-driven weaning. The most common reason for
nonprotocol weaning was clinical decision (40.4%). In total, 19.2%
of patients had an alternative spontaneous breathing trial from the
protocol and were counted as nonprotocol. There were no
differences in the rate of successful extubation between patients
who were weaned from protocol versus nonprotocol, 94.4% vs.
79.4% respectively (Fisher's exact test P = 0.236). Duration of
ventilation was also similar in the protocol and nonprotocol groups,
mean = SEM =84.7 £ 16.6 vs. 76.4 £ 12.8 hours (unpaired t test
P =0.699). The overall success rate of extubation was 86.5%.
Conclusions Our compliance rate is 34.6%, and the protocol-
driven weaning trial does not improve outcome in our unit.
However this could be due to the small sample size, the timing of
the study and a nondiscriminatory protocol.
Reference
1. Maclintyre NR, et al: Evidence-based guidelines for
weaning and discontinuing ventilatory support: a collec-
tive task force facilitated by the American College of
Chest Physicians; the American Association for Respira-
tory Care; and the American College of Critical Care Medi-
cine. Chest 2001, 120(6 Suppl):375S-395S.
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L Dawson, S Sleeswijk Visser, | Meynaar
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Introduction We compared a computer-driven weaning protocol
(SmartCare on Evita XL; Dréger, Liibeck, Germany) with our paper-
based nurse-driven weaning protocol.

Methods The ICU is a 10-bed intensivist-led unit in a 500-bed
teaching hospital. We compared our paper-based nurse-driven
weaning protocol [1] with SmartCare in a prospective cohort
study. All consecutive patients receiving mechanical ventilation
between May and October 2008 and fulfilling the inclusion criteria
were included. Patients were included if the intensivist on his twice
daily rounds considered the patient ready for withdrawal of the
ventilator and if patients were on pressure support with no more
than 50% oxygen and no more than 8 mbar positive end-expiratory
pressure, had no fever, had a normal pH, were arousable and had
no more than 5 pg/kg/min dopamine. Patients were excluded if
they were ready for immediate extubation or if they had a
tracheostomy. For the first 3 months of the study, patients were
allocated to the paper-based nurse-driven weaning protocol, and
for the last 3 months to SmartCare.

Results The results are presented in Tables 1 and 2. Normally
distributed data are presented as the mean and SD, nonparametric

29th International Symposium on Intensive Care and Emergency Medicine

Table 1 (abstract P25)

Baseline characteristics

Paper SmartCare
(n=17) (n=17) P value
Age 70.5 (9.4) 62.4 (13.8) 0.07
t test
APACHE Il score 13.7 (5.2) 13.5 (4.4) 0.90
t test
Days ventilated 3(2to 4) 3(21to 4) 0.97
Mann-Whitney
U test
Table 2 (abstract P25)
Results
Paper SmartCare
(n=15) (n=17) P value
Wean time (hours) 4.5 2.6 0.007
(2.8 t0 21.3) (1.8 to 3.6) Mann—-Whitney
U test
Reintubation 0/15 (0%) 2/17 (12%) 0.49
Fisher exact test
28-day mortality 1/15 (7%) 0/17 (0%) 0.47

Fisher exact test

data as the median and interquartile range. Thirty-two patients

were enrolled in the study. Baseline characteristics were similar in

the two groups. The main result was that the median weaning time

was significantly shorter in the SmartCare group: 4.5 hours vs.

2.6 hours.

Conclusions SmartCare reduces the weaning duration when

compared with a paper-based nurse-driven weaning protocol.

Reference

1. Wulff A, Kalkman B, Orsini M, Van der Hoeven M, Van der
Velden J, Tangkau P, et al.: The effect of a protocol on the
duration of weaning. /Intensive Care Med 2004, 30(Suppl
1):S21.
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Critical Care 2009, 13(Suppl 1):P26 (doi: 10.1186/cc7190)

Introduction Unnecessary prolongation of mechanical ventilation
is related to increased morbidity. On the contrary, early discon-
tinuation of mechanical ventilation with reintubation is also related
to bad prognosis. High respiratory rate, cardiac load and neuro-
muscular dysfunction are known factors related to weaning failure.
Oxygen tissue saturation (StO,) obtained by near-infrared spectro-
scopy (NIRS) reflects the balance between oxygen delivery and
consumption at the muscle level. StO, evolution during weaning
may have a role in assessing respiratory muscle performance and
help us to predict patient readiness to be weaned. The study
objective is to describe respiratory muscle StO, during a T-tube
test.

Methods A patient with mild head injury and pulmonary contusion
was submitted to a T-tube trial after obtaining stability on day 5.
The NIRS signal from serratus anterior muscle was acquired by
placing an Inspectra device probe on the skin surface of the
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StO, evolution during the T-tube trial. HR, heart rate; RR, respiratory
rate; MAP, mean arterial pressure.

muscle [1]. Simultaneously, the respiratory rate, heart rate, mean
arterial pressure and arterial oxygen saturation were recorded.
Results After 5 minutes the patient failed on his first T-tube trial,
showing profuse sweating, accessory muscle recruitment and
increasing respiratory rate and mean arterial pressure (Figure 1).
The StO, signal decreased during ventilatory failure until the
patient was on assistance again.
Conclusions NIRS was sensitive to respiratory muscle fatigue but
further research is in process to assess its predictive capability.
Reference
1. Moalla W, et al.: Respiratory muscle deoxygenation and
ventilatory threshold assessments using near infrared
spectroscopy in children. Int J Sports Med 2005, 26:576-
582.
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Early and continuous weaning from mechanical ventilation
without formal protocols in a university hospital
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Critical Care 2009, 13(Suppl 1):P27 (doi: 10.1186/cc7191)

Introduction There is evidence that formal weaning protocols can
reduce the duration of mechanical ventilation (MV) and compli-
cations of prolonged unnecessary ventilation [1]. In our ICU we do
not employ a formal protocol, but have a standard practice where
patients with spontaneous respiratory efforts on pressure-
controlled ventilation (PCV) have a trial of assisted spontaneous
breathing (ASB). Patients on ASB with pressure support
<10 cmH,O will then have a trial of unassisted continuous positive
airway pressure (CPAP) with high-flow oxygen.

Methods A retrospective audit was conducted on 47 patients in a
13-bed general medical and surgical ICU of a university hospital.
The length of time between first spontaneous breaths while on
PCV and a trial of ASB was recorded. The length of time from
achieving pressure support <10 cmH,O on ASB to a trial of
unassisted CPAP was recorded. A retrograde step was defined as
going back on to PCV from ASB, or to ASB from unassisted
CPAP. If the trial of weaning was repeated within 12 hours of a

Available online http://ccforum.com/supplements/13/S1

retrograde step, this was noted as a continuous attempt at
weaning. Similar data were collected for subsequent retrograde
steps.
Results The median duration of MV from initiation to
discontinuation was 85 hours (range 1 to 345 hours), with a
median time of 37 hours (range 1 to 245 hours) on PCV and
32 hours (range 0 to 264 hours) on ASB. The median time from
recorded spontaneous breaths on PCV to ASB was 1 hour (range
0 to 34 hours). Twenty-nine (62%) patients on PCV progressed on
ASB without any retrograde steps. The median time from having
pressure support <10 cmH,0O on ASB to unassisted CPAP was
2 hours (range O to 41 hours). Thirty-one (66%) patients on ASB
progressed on CPAP without any retrograde steps. Forty-one
patients (87.2%) had a first attempt to wean from PCV to ASB and
40 patients (85%) from ASB to CPAP within 10 hours of eligibility.
Maximum delay in initiating first attempts to ASB was 34 hours,
and 41 hours to CPAP. Reasons for retrograde steps included
respiratory instability (n=19), signs of poor tolerance or haemo-
dynamic instability on ASB/unassisted CPAP (n=18) and inter-
ventions, for example bronchoscopy, imaging, theatre, and so forth
(n=13).
Conclusions The median duration on MV in our unit compares
favourably with a large randomised controlled trial with a similar
patient population [1]. Most patients had their first attempt to wean
within 10 hours from eligibility. A significant number of patients
may have weaned more quickly if a formal protocol was in place.
Reference
1. Marelich GP, Murin S, Battistella F, Inciardi J, Vierra T, Roby
M: Protocol weaning of mechanical ventilation in medical
and surgical patients by respiratory care practitioners and
nurses: effect on weaning time and incidence of ventila-
tor-associated pneumonia. Chest 2000, 118:459-467.
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Introduction The purpose of this study was to evaluate the
dependency for mechanical ventilation among morbidly obese
patients (MOP) defined by BMI >40 kg/m?2, admitted to our ICU.
Because of reduced functional residual capacity, increased risk of
atelectasis, increased work of breathing and decreased
compliance of the lungs and chest wall [1], MOP are expected to
have a high dependency of mechanical ventilation. Early tracheo-
tomy has a beneficial outcome in a medical population of patients
admitted to the ICU [2], and one should assume benefits of early
tracheotomy in MOP because they are at high risk of pulmonary
complication. A subject of debate as a study has shown morbid
obesity associated with increased risk of complications [3].
Methods All MOP admitted for more than 24 hours in a 12-bed
mixed ICU at a Danish university hospital in the period of 2007 and
2008 were retrospectively included. The ICU stay was registered
as well as airway management, length of mechanical ventilation
and time for tracheotomy after intubation.

Results Twenty-one morbidly obese patients were admitted.
Fifteen patients (71.4%) needed mechanical ventilation. Three of
these patients had a period of noninvasive ventilation. The median
duration of ventilation was 13 days (range 4 to 71 days) and
median length of stay was 16 days (range 4 to 71 days). Eleven
patients were tracheotomised after a median 7 days (range 1 to
11 days). Six patients had no need for mechanical ventilation. Their
median length of stay was 3 days (range 1 to 12 days). There was
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no difference in age and BMI between the two groups.

Female/male ratio was 8/7 in the ventilated group versus 5/1 in the

nonventilated group. Surgical/medical ratio was 11/4 in the

ventilated group versus 6/0 in the nonventilated group. Only one
patient died in the ICU.

Conclusions A high proportion of MOP admitted to our ICU

needed mechanical ventilation (71.4%) and a very high proportion

was tracheotomised. Further studies are needed to evaluate the
beneficial effects of early tracheotomy in this patient group.

References

1. Marik P, et al.: The obese patient in the ICU. Chest 1998,
113:492-498.

2. Rumbak MJ, et al.: A prospective, randomised, study com-
paring early percutaneous dilational trachetomy to pro-
longed translaryngeal intubation (delayed tracheotomy) in
critically ill medical patients. Crit Care Med 2004, 32:1689-
1694,

3 Solh A, Jaafar W: A comparative study of the complications
of surgical tracheostomy in morbidly obese critically ill
patients. Crit Care 2007, 11:R3.
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Critical Care 2009, 13(Suppl 1):P29 (doi: 10.1186/cc7193)

Introduction During high-frequency oscillatory ventilation (HFOV),
drying of the airways and mucous plug formation can be compli-
cations associated with inadequate humidification. This study
compares water vapor delivery of a standard passover humidifier
and a conchatherm humidifier typically used during HFOV with a
novel humidifier that employs the principle of capillary force
vaporization.

Methods The Sensormedics 3100B oscillatory ventilator (Cardinal
Health, Yorba Linda, CA, USA) was connected to a test lung at the
following settings: mean airway pressure, 30 cmH,O; power, 6.0;
inspiratory time percentage, 33%; frequency of 6 Hz and bias flow
30 I/min on room air. The 3100B was run at the above settings first
using five different MR850 passover humidifiers (Fisher & Paykel,
Auckland, New Zealand), followed by five different Hydrate OMNIs
(Hydrate Inc., Midlothian, VA, USA) and then five different
ConchaTherm Neptunes (Teleflex Medical, Research Triangle Park,
NC, USA). The gas temperature and relative humidity were
recorded continuously using an electronic hygrometer/thermo-
meter (SHT75; Sensirion, Staefa, Switzerland) in two circuit
configurations: (1) between the test lung/patient wye (triangular
plastic connector that connects the inspiratory and expiratory limbs
of the circuit with the patient endotracheal tube) and (2) distal to a
condensation tube placed between the test lung/patient wye. The
condensation tube served to approximate the upper airways in our

Table 1 (abstract P29)

Wye Wye absolute Distal absolute

temperature humidity (mg/l) humidity (mg/l)
MR850 34.4+0.9 33.7+1.3 17.2+£6.1
OMNI 34.4+13 37.2+26 26.8+5.0
Neptune 32.0%+0.9 30.8*1.7 17.7+£1.0

Data presented as mean *+ SD.
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lung model and collect the condensate. Water condensate was
collected over a 30-minute test period for each run. All humidifiers
were set to 37°C.

Results See Table 1.

Conclusions In this model, the Hydrate OMNI provided the
highest absolute humidity during HFOV. The difference was
amplified at the end of the condensation tube. Further study on
humidification during HFOV is warranted.

P30

A new in vitro model for force measurements at the
isolated entire rat diaphragm

C Armbruster, K Gamerdinger, M Schneider, S Schumann,
H Priebe, J Guttmann

University Medical Center, Freiburg, Germany

Critical Care 2009, 13(Suppl 1):P30 (doi: 10.1186/cc7194)

Introduction Several diseases of different origin as well as pro-
longed mechanical ventilation result in diaphragmatic dysfunction
and atrophy. To date most in vitro experiments on the mechanics of
diaphragm muscles are performed at isolated muscle strips. Since
the improvement of the knowledge about the diaphragm
functionality is lacking in view of the position and curvature, a
model of the whole diaphragm appears necessary. Here we
present a new in vitro model of an isolated whole rat diaphragm
inside a bioreactor [1].
Methods The bioreactor consists of a pressure chamber on which
a highly flexible membrane is attached. A rat diaphragm is fixed on
this membrane. By application of a gas volume into the pressure
chamber, a defined deflection of the diaphragm is achieved. The
highly flexible membrane adapts a given shape thus allowing the
diaphragm to take up its in vivo profile. Electrical stimulation results
in a contraction of the diaphragm. These diaphragm-twitches
generate pressure pulses inside the pressure chamber. Rat
diaphragms were excised rapidly and kept at room temperature in
Krebs—Henseleit solution bubbled with oxygen. By application of
one of two different initial pressures (P1: 7 mbar; P2: 12 mbar) the
diaphragms were set to a defined degree of deflection. Using a
platinum wire electrode, the diaphragms were electrically
stimulated at impulses of 6V. The stimulation train duration was set
to 500 ms or 1 second. The pulse duration was set to 50 ms at a
frequency of 50 Hz. The pressure pulses resulting as the response
on muscle contraction were measured inside the pressure
chamber.
Results An increase of the initial pressure led to an increased
pressure caused by the muscle contraction. An enlarged muscle
regeneration time led to an increase of the diaphragmatic twitch-
induced pressure.
Conclusions Our new in vitro model of an isolated whole rat
diaphragm allows the performance of mechanical and physiological
investigations on the entire diaphragm. A dependency of pressure
development of the diaphragm on its deflection state could be
demonstrated. Furthermore, we found effects of diaphragm muscle
fatigue. Our new model could be used in numerous types of
investigations, such as releasing factors of diaphragmatic dysfunc-
tion or respiratory muscle fatigue.
Reference
1. Schumann S, Stahl CA, Mdller K, Schneider M, Metzke R,
Wall WA, Priebe HJ, Guttmann J: Contact-free determina-
tion of material characteristics using a newly developed
pressure-operated strain-applying bioreactor. J Biomed
Mater Res B Appl Biomater 2008, 86B:483-492.
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Introduction Mechanical ventilation is a lifesaving supportive
therapy for patients with acute respiratory failure. However,
prolonged mechanical ventilation results in the complete absence
of neural activation and mechanical activity of the diaphragm and
has been shown to induce ventilator-induced diaphragmatic
dysfunction (VIDD) [1]. Few studies have shown that maintaining
spontaneous ventilation could prevent VIDD in in vitro animal
studies [2]. Adaptive support ventilation (ASV) is an automatic
ventilation mode that allowed pressure-controlled breaths in active
patients able to trigger. The aim of our study was to compare ASV
with controlled ventilation (CV) without paralysing agents on
diaphragmatic contractile properties in an in vivo piglet study.
Methods Two groups of six anesthetized piglets were ventilated
during a 72-hour period. Piglets in the CV group (n = 6) were
ventilated without any spontaneous ventilation and piglets in the
ASV group (n = 6) were ventilated with the possibility of triggering
spontaneous ventilation. The main endpoint was the transdiaphrag-
matic pressure (Pdi) (after bilateral, supramaximal, transjugular
stimulation of the two phrenic nerves), which represents the in vivo
contractile function of the diaphragm. A force—frequency curve
was drawn after stimulation from 20 to 120 Hz of the phrenic
nerves.

Results The piglets in the ASV group were maintained with
spontaneous ventilation during 80% of the study period instead of
less than 1% in the CV group. At 72 hours, Pdi was decreased by
35% in the CV group although it was not modified in the ASV
group (Figure 1).

Conclusions Spontaneous breathing with ASV prevents VIDD in
comparison with totally CV in an in vivo healthy piglet model.

Figure 1 (abstract P31)
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Introduction The aim of the present study was to gain insight into
the mechanical ventilator adjustment process, particularly events
that prompt clinicians to adjust the ventilator, the indications,
considerations, and methods used to assess the successfulness of
the adjustment episode.

Methods A prospective, observational, noninterventional study
was conducted in a 24-bed adult, medical and surgical intensive
care unit at a regional hospital. Patient demographics, ventilator
adjustment episodes, and clinical decisions related to these adjust-
ments were collected. Clinicians were asked to complete a
ventilator flowsheet before and after any ventilator adjustment
episode. Simultaneously, they were asked to complete an open-
ended questionnaire related to the process of ventilator adjustment
episode.

Results A total of 168 ventilator adjustment episodes derived from
26 mechanically ventilated patients were evaluated. Among these
episodes, the ventilator mode was adjusted 33 times (20%), the
minute volume 37 times (22%), the positive end-expiratory
pressure 19 times (11%), the pressure support 21 times (12%),
and the fraction of inspired oxygen 61 times (36%). Triggers which
stimulate the process of mechanical ventilator adjustment were
categorized into: routine ventilator checks (35%), routine arterial
blood gases (ABG) (20%), weaning trials (13%), and calls from
nurses (9%). The most common indications to adjust the ventilator
were hyperoxygenation (28%) and weaning trials (26%). Peripheral
oxygen saturation, ABG, and level of consciousness were the most
common considered variables during the process of ventilator
adjustment. In 42% of the total adjustment episodes, clinicians did
not consider any technical, physiological or psychological variable
while they adjusted ventilator parameters. Clinicians based their
decisions to adjust ventilator settings on clinical experience (72%),
trial and error (15%), protocols (11%), and scientific equations
(2%). Clinicians assessed their decisions via ABG results (47%),
peripheral oxygen saturation (23%), and general patient
assessment (9%).

Conclusions The process of ventilator adjustment is mainly
stimulated by routine ventilator checks and ABG. ABG and
weaning trials are the most common indications. Most ventilator
adjustment decisions are based on clinical experience, evaluated
via ABG and peripheral oxygen saturation.
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Impact of a dedicated ventilatory support team on how
mechanical ventilation is employed in a tertiary-care
hospital

F Saddy, A Thompson, R Serafim, F Gago, N Charris, J Pantoja
Copa D'Or, Rio de Janeiro, Brazil
Critical Care 2009, 13(Suppl 1):P33 (doi: 10.1186/cc7197)

Introduction Advances in our knowledge of the pathophysiology of
respiratory failure have forced major revisions of our approach to
ventilatory support. We describe how mechanical ventilation is
employed in four different ICUs (surgical, clinical, cardiac and
neurological) of a tertiary-care Brazilian hospital where a ventilatory
support team composed of intensivists is responsible for a daily-
basis follow up.

Methods A prospective observational study enrolled all invasive
mechanically ventilated patients admitted to four ICUs from May
2004 through June 2008. Daily recorded data included:
demographics, diagnosis, modes of ventilation, tidal volume/kg
(V1t), positive end-expiratory pressure (PEEP) level, peak inspiratory
pressure, plateau pressure (Pplat), recruitment maneuvers, use of
sedation and neuromuscular blocking agents (NBA), tracheotomy,
barotrauma, ventilation days, and length of stay (LOS) in the ICU.
Results are expressed as the mean = SD and percentage.
Differences were assessed by one-way ANOVA followed by the
Tukey test. P <0.05 was considered significant.

Results A total of 1,715 patients was studied. Diagnosis prevailed
depending on the ICU’'s characteristics. Ventilatory data are
depicted in Table 1. Recruitment maneuvers were used in less than
2% of patients. The most frequent type of ventilatory mode was
spontaneous (P <0.05). Barotrauma was similar and occurred in
less than 0.63% (P >0.05). Intravenous sedation was administered
for no more than 40% of the time on mechanical ventilation. NBA
was used for no more than 0.25% of patients. LOS and ventilation
days were different among ICUs (P <0.05).

Table 1 (abstract P33)

Ventilatory data

Vit (ml/kg) PEEP (cmH,0O) Pplal (cmH,0)
Surgical 6.6+ 2 8.9+3.2 22 +6.3
Clinical 6.6 1.7 8.6 +2.7 22+59
Neuro 6.7 2.1 83+23 227+44
Cardiac 6.8*+1.5 8.7+ 2.1 21314

Conclusions Daily interaction of the ventilatory support team and
the ICU practitioners guaranteed a homogeneous and up-to-date
form of ventilatory support care to the patients in the different
ICUs.

P34
Hyperoxia in mechanically ventilated patients

S Bolton, E Pugh, A Hay, S McKechnie
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Critical Care 2009, 13(Suppl 1):P34 (doi: 10.1186/cc7198)

Introduction Supplemental oxygen is part of the supportive
treatment of hypoxaemic respiratory failure. Prolonged exposure to
high fractions of inspired oxygen (FiO,) has been shown to be
injurious to the lung in vitro [1]. The optimal paO, in critical illness
has not been established but the clinical impression is that patients
are frequently exposed to a higher FiO, than is necessary. The aim
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of this study was to investigate current oxygen treatment in
patients undergoing prolonged mechanical ventilation and
determine whether this resulted in exposure to a higher FiO, than
that required to adequately oxygenate haemoglobin (SaO, >95%).
Methods Indices of oxygenation were collected for 30 patients
requiring mechanical ventilation >2 days. Data were collected
4-hourly for 48 hours. The PaO,:FiO, ratio was determined for
each data point and used to model the theoretical FiO, required to
maintain an Sa0, of 95% (paO, = 10.7 kPa).
Results The results are shown in Figure 1. Data are expressed as
medians (IQR). The median observed FiO, was 0.4 throughout the
study whereas the median FiO,, calculated to maintain an SaO,, of
95%, was 0.3.
Conclusions Our data demonstrate that critically ill patients may
be exposed to a higher FiO, than that required to maintain
adequate oxygenation. Further, these results highlight an area of
ICU care that has received little study, with no published clinical
trials examining the effect of FiO, on outcome.
Reference
1. McKechnie S: The effect of hyperoxia on alveolar epithelial
injury and repair. J Intensive Care Soc 2008, 9:94.
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trauma emergencies?
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Introduction Johannesburg Hospital is a level | trauma center in
Gauteng. We routinely do chest X-rays (CXRs) in indicated cases,
if feasible, and prefer to perform a CXR after intercostal drain (ICD)
insertion to maintain quality and direct further care [1].

Methods A prospective data collection of patients who had
injuries that required the insertion of an ICD over a period of
8 months from 1 August 2006 to 30 March 2007. A questionnaire
was developed and it included the patients’ demographics, mecha-
nism of injury, reason for ICD insertion, findings of both the initial
and post-ICD insertion CXR, change in management and any
acute complications noted.

Results One hundred and forty patients were identified for the
study, 129 (92.1%) were males and 11 (7.9%) were females. The
average age was 32 (range 11 to 64) years. Eighty-four (60%)



patients sustained stab wounds and 20 (14.3%) had gunshot
wounds. The remaining 36 (25.7%) sustained blunt injury. One
hundred and four (74.3%) patients had an ICD inserted for both
radiological and clinical findings, while 19 (13.6%) patients had
drains inserted due to radiological findings and 14 (10%) patients
on clinical grounds only. Three (2.1%) patients had drain insertion
after CT scan findings.
In patients who had an initial CXR, clinical and/or radiological find-
ings confirmed 47 (36.7%) patients with haemopneumothoraces,
49 (38.3%) patients with pneumothoraces, 26 patients (20.3%)
with haemothoraces and four (3.1%) patients had significant
surgical emphysema with fractures and two (1.6%) patients had no
abnormalities on CXR. No acute complications to chest tube
insertion were noted.
In 89 (63.6%) patients, the post-ICD CXR showed good position
of the drain with improvement in pathology, in 31 (22.1%) patients
an inadequate ICD position was noted, in 17 (12.1%) patients
significant retained haemothoraces were shown and in three
(2.1%) patients poor lung expansion was detected. The post-ICD
CXR contributed to change in management in 29 (20.7%) of the
cases. Twenty-two (15.7%) patients required a change in position
of the tube, six (4.3%) had surgery performed, and one (0.7%)
patient had their conservative treatment escalated. Four (2.9%)
patients should have had their tubes adjusted.
Conclusions Routine usage of post-ICD CXR contributes to a
change in management in one out of five trauma patients.
Reference
1. Huber-Wagner S, Kérner M, Ehrt A, Kay MV, Pfeifer KIJ,
Mutschler W, Kanz KG: Emergency chest tube placement
in trauma care — which approach is preferable? Resuscita-
tion 2007, 72:226-233.
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and CT examinations
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Introduction A bedside chest ultrasound (bCUS) programme
performed by intensivists after 18 months of ultrasound training
was introduced in the ICU routine between April and November
2008 in order to evaluate its effects on the number of chest X-ray
(CXR) and CT scans. The setting was a 10-bed emergency ICU.
Methods From April to November 2008 every patient has
undergone a bCUS within the first 48 hours since admittance, then
between the fourth and the sixth days of their stay. All of the 92
patients were examined supine, with a convex probe perpendicular
to the chest wall, using all the intercostal spaces as the acoustic
window. From the lung base, every intercostal space has been
examined, looking for a pleural effusion, attaining to the following
criteria: a space between the visceral and parietal pleura,
movement of that space in agreement with the respiratory pattern.
As for the volume esteem of the effusion, the distance (mm)
between the posterior part of the lung and the posterior chest wall
was measured. For each patient the following data were collected:
age, sex, weight, height, SAPS Il, number of CXR and CT scans
done. Data were compared with those of a group of patients
admitted to the ICU from January to March 2008, when bCUS was
not part of the daily procedures. P£<0.05 was considered
statistically significant.
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Results The two groups of patients were statistically
homogeneous. Comparing the control group with the study group,
CXRs were reduced by 22.63% (from 433 to 335; P=not signi-
ficant) and CT scans were reduced by 42.36% (from 144 to 83; P
<0.05).

Conclusions The use of daily routine bCUS is useful to reduce the
traditional radiology requests. The decrease of CT scans is
statistically relevant. As far as CXR requests are concerned, the
decrease does not appear significant since the CXR is relatively
easy to perform and it is mandatory after radiopaque device
positioning. These amount to 34% of the total CXRs performed.
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Combination of variability with pressure support ventilation
enhances lung protection and function in experimental
acute lung injury
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"University Clinic Carl Gustav Carus, Dresden, Germany;
2University of Insubria, Varese, Italy

Critical Care 2009, 13(Suppl 1):P37 (doi: 10.1186/cc7201)

Introduction Protective ventilation with low tidal volumes became
the standard of care in acute lung injury (ALI). Although spon-
taneous breathing activity may be beneficial even in early ALI,
protective ventilation is usually performed as controlled ventilation.
Theoretically, pressure support ventilation (PSV) may be advan-
tageous over pressure-controlled ventilation (PCV), particularly if
combined with variability in the form of noisy PSV [1,2].
Methods Two protocols (A and B) were performed in pigs (20 to
30 kg). Animals were anesthetized, intubated, mechanically venti-
lated and ALl was induced by surfactant depletion. In protocol A,
animals (n = 12) were randomly assigned to a sequence of PCV,
PSV and noisy PSV, being ventilated for 1 hour in each mode
(crossover design). The distribution of lung aeration and perfusion
were determined. In protocol B, animals (n = 24) were randomly
assigned to 6 hours of mechanical ventilation with PCV or PSV or
noisy PSV, and lungs were extracted for quantification of
inflammation and lung damage. In both protocols, gas exchange
and respiratory parameters were determined. Statistical analysis
was performed with univariate and multivariate tests, as appro-
priate. Significance was accepted at P <0.05.
Results Compared with PCV, arterial oxygenation, intrapulmonary
shunt, mean airway pressure and elastance of the respiratory
system were improved by PSV and further improved by noisy PSV.
Also, noisy PSV reduced the work of breathing and respiratory
drive compared with PSV. Lung damage and inflammation were
reduced by assisted mechanical ventilation, but comparable
between noisy PSV and PSV. The distribution of lung aeration did
not differ among the three modes, but PSV and noisy PSV were
associated with more redistribution of pulmonary blood flow
towards better aerated ventral areas compared with PCV.
Conclusions The combination of variability with PSV enhances
lung protection and function in experimental ALl The main
mechanism of improvement of lung function by assisted
mechanical ventilation using pressure support is not recruitment of
dorsal areas, but rather redistribution of pulmonary blood flow to
ventral zones.
References
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Measurement of the forearm to warrant low-tidal-volume
ventilation in the acute respiratory distress syndrome

M Moller, J Volz, J Neuzner
Klinikum Kassel, Germany
Critical Care 2009, 13(Suppl 1):P38 (doi: 10.1186/cc7202)

Introduction Acute respiratory distress syndrome (ARDS) is a life-
threatening situation in patients on the ICU. Most patients have to be
ventilated mechanically to provide adequate oxygenation. Reduction
of tidal volumes as low as 6 ml/kg adjusted bodyweight has been
convincingly shown to reduce ARDS and mortality in the ARDSnet
trial [1] and is now recommended in treating such patients. In the
ARDSnet ftrial, body weight has been calculated by a formula
implementing the body height [1]. We suggest that in most patients
on ICUs the correct height is not known or is at best estimated, but
very seldom correctly measured. We searched for both an easily ob-
tainable and reproducible body mark to correctly predict body height.
Anthropological and forensic data have shown a close correlation
between the ulna length and body size. We prospectively measured
body height and right and left ulna length in ventilated ICU patients.
Methods In a 2-month period, 39 men and 42 women from four
ICUs in a teaching hospital were included consecutively (mean age
62 years, range 23 to 87 years). Body height was measured
following a standardized protocol, ulna length was measured from
the edge of the olecranon to the caput ulnae.
Results Eighty-one patients were included. Thirty-nine men: height
145 to 199 cm (mean 178.5 cm), right ulna 25 to 32 cm (mean
28.3 cm), left ulna 24.5 to 32 cm (mean 28.3 cm). Forty-two
women: height 142 to 185 cm (mean 165.7 cm), right ulna 21 to
29 cm (mean 25.0 cm), left ulna 21 to 28 cm (mean 24.9 cm).
Regression analyses were made in SAS 9.1 and showed a
significant correlation between the body height (men and women)
and the length of the ulna. Regression analyses for men: body
height in cm = 3.9314 x (right ulna; in cm) + 67.059 cm
(r2=53.25%; SD = 6.79) and body height in cm = 3.9786 x (left
ulna; in cm) + 65.824 cm (2 = 52.50%; SD = 6.84). Regression
analyses for women: body height in cm = 4.88 x (right ulna; in cm)
+ 43.76 cm (2 = 55.53%; SD = 6.61) and body height in cm =
5.41 x (left ulna; in cm) + 30.95 cm (r2 = 60.67%; SD = 6.21).
Conclusions Ulna length is an easily obtainable estimate of total
body height. It may aid in implementing low-tidal-volume ventilation.
Anthropological data correlate reasonably with a contemporary
ventilated ICU population. Whether ulna-derived estimates of body
height may improve adherence to established guidelines has to be
studied.
Reference
1. Acute Respiratory Distress Syndrome Network: Ventilation
with lower tidal volumes as compared with traditional tidal
volumes for acute lung injury and the acute respiratory
distress syndrome. N Eng/ J Med 2000, 342:1301-1308.
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injury/acute respiratory distress syndrome patients
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Introduction Pleural effusion is a common finding in acute lung
injury/acute respiratory distress syndrome (ALI/ARDS) patients.

29th International Symposium on Intensive Care and Emergency Medicine

However, the effect of pleural effusion on gas exchange, respira-
tory mechanics and response to positive end-expiratory pressure
(PEEP) in ALI/ARDS patients, during mechanical ventilation, has
never been prospectively studied.

Methods Patients with a diagnosis of ALI/ARDS, who underwent a
CT scan at 5 cmH,O PEEP for clinical reasons, were included in
the study. Lung and pleural effusion were outlined separately; lung
total weight and pleural effusion volume were computed with
dedicated software. A PEEP test at 5 and 15cmH,O with
constant minute ventilation was performed. Exclusion criteria were:
age <18 years, hemodynamic instability, chronic obstructive pul-
monary disease and evidence of barotrauma.

Results We enrolled 11 ALI/ARDS patients (10 male). The mean
clinical characteristics on admission to the ICU were: age 67.5 £ 9.9
years, BMI 24.4 +2.1 kg/m?, PaO,/FiO, 203.1+56.1 mmHg,
PEEP 9.1 + 2.8 cmH,O and pH 7.394 + 0.048. The volume of
pleural effusion was not significantly related with the change in
PaCO, (2 =0.068; P=0.437), PaO, (2= 0.015; P=0.722) and
dead space (VD/VT) (2= 0.019; P = 0.682) going from PEEP 15
to PEEP 5 cmH,0.

Conclusions Pleural effusion does not seem to influence the gas-
exchange response to PEEP.
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Introduction CT-scan lung morphology (lobar or nonlobar) is the
main determinant of positive end-expiratory pressure (PEEP)
response. Repartition of gas and tissue probably influences the
response to a recruitment maneuver (RM), but to date there is no
proof. The aim of this study was to assess RM-induced changes in
lung morphology and gas exchange during and after RM in acute
respiratory distress syndrome (ARDS) patients.

Methods Nineteen patients with ARDS were included in the study.
Patients were ventilated with volume control ventilation (Gallileo;
Hamilton Medical, Bonaduz, Switzerland) with Vt = 6 ml/kg (ideal
body weight) and respiratory rate to keep PaCO, >55 mmHg
without intrinsic PEEP. After a first CT scan in zero end-expiratory
pressure conditions, a pressure—volume curve was performed and
the PEEP was set above the lower inflection point. After a
stabilisation period, a second CT scan (in PEEP) was performed.
Then a RM was performed, using continuous positive airway
pressure 40 cmH,O for 40 seconds. At the end of the RM
(between 35 and 39 s) a third CT scan was performed. Five
minutes after the RM, a fourth CT scan was performed in PEEP
conditions (same level of PEEP). Blood gas analysis was sampled
at each step of the study. CT-scan analysis was performed using
specific volumetric software (IRMA).

Results Ten men and nine women, 63 * 11 years old, were
included in the study. SAPS Il was 44 + 8. Nine presented a
nonlobar CT-scan attenuation and eight a focal loss of aeration. All
patients presented early ARDS (onset between ARDS diagnostic
and study inclusion was 18 + 11 hours). Setting PEEP 2 cmH,O
above the lower inflection point increased PaO,/FiO, from
167 £110 to 205 + 72 mmHg (P <0.001), and 265 + 80 mmHg
after the RM (P <0.005 vs. PEEP) and 273 + 96, 5 minutes after



the RM. The RM-induced recruited volume at the same level of
PEEP was 8 = 45 ml in the case of lobar CT-scan attenuation
versus 96 = 63 ml in nonlobar CT-scan attenuation (P<0.005).
The overinflated lung volume after RM was 121 £ 170 ml in the
case of lobar attenuation versus 18 * 22 ml in diffuse (P<0.005).
During the RM, the overinflated lung volume was over 50% in the
case of lobar CT-scan attenuation.

Conclusions As for PEEP, lung morphology predicts the response
to a RM. In the case of lobar loss of aeration, RM induced
overinflation more than the recruited volume and should be
avoided.
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Introduction Different levels of positive end-expiratory pressure
(PEEP) associated or not with alveolar recruitment maneuver
(ARM) may have a significant impact on ventilator-induced lung
injury [1], but this issue has not been well addressed in a model of
lung injury using inhaled hydrochloric acid. We aimed to evaluate
the effects of PEEP and ARM on respiratory mechanics and lung
tissue in an inhaled hydrochloric acid acute lung injury (ALI) model.
Methods Thirty-two pigs (22.9 + 2.8 kg), were randomly allocated
into one of four groups (I — Control-PEEP, Il — Control-ARM, Ill -
ALI-PEEP, IV - ALI-ARM). ALl was induced by intratracheal
instillation of hydrochloric acid. PEEP values were progressively
increased and decreased from 5, 10, 15 and 20 cmH,O in all
groups. Three alveolar recruitment maneuvers of 40 cmH,O for
20 seconds were applied to the assigned groups at each interval
of PEEP level increase or decrease. Histological analysis was
made to evaluate the presence of inflammatory infiltrates, alveolar
wall thickening, atelectasis, hemorrhage, alveolar edema and
alveolar disruption. Histomorphometrical analyses of the lungs
were also performed to determine alveolar dimensions.
Results Inflammation and alveolar disruption were statistically
greater in group Il when compared with group |. There were no
statistical differences between groups Il and IV with respect to
hemorrhage, alveolar edema, inflammation and alveolar disruption.
Mean alveolar area and mean alveolar intercept were higher in
group IV when compared with groups | and Il (P <0.05). The mean
alveolar area was significantly smaller in the diaphragmatic lobes
when compared with other middle and upper pulmonary lobes, but
no statistical difference was found among groups.
Conclusions The association of PEEP with ARM promoted a
greater degree of alveolar disruption.
Acknowledgement Grants from LIMO8-Anesthesia;
02/08621-1.
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Care Med 2003, 167:1620-1626.
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Ventilation with high positive end-expiratory pressure
improves oxygenation after cardiac surgery independently
of the mode of ventilation and of the use of nitric oxide
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Introduction Postoperative pulmonary dysfunction in patients under-
going cardiac surgery with cardiopulmonary bypass is a significant
clinical problem and has long been recognized. Postoperative hypox-
emia carries high morbidity leading to prolonged postoperative
recovery and hospital stays. We hypothesized that adding high posi-
tive end-expiratory pressure (PEEP) would be effective for treatment
of postoperative hypoxemia after cardiac surgery with cardiopul-
monary bypass, independently of the mode of ventilation or the use
of nitric oxide.
Methods During 2 years, 210 patients undergoing coronary artery
bypass with pump surgery after diagnosis of hypoxemia (PO,/FiO,
<200) were randomized into six groups after operation (35 in each
group): pressure-controlled ventilation (PCV) with inhaled nitric
oxide and ideal PEEP (group 1), PCV without inhaled nitric oxide
and ideal PEEP (group 2), PCV without inhaled nitric oxide and
PEEP 5 cmH,O (group 3), volume-controlled ventilation (VCV)
with inhaled nitric oxide and ideal PEEP (group 4), VCV without
inhaled nitric oxide and ideal PEEP (group 5) and VCV without
inhaled nitric oxide and PEEP 5 c¢cmH,O (group 6). Arterial and
mixed venous blood were drawn and analyzed before the interven-
tions, 1, 2, 4 and 6 hours after the interventions in the ICU to deter-
mine the PaO,/FiO, ratio. Hemodynamic measurements were
analyzed. The time to extubation was compared among groups,
accordingly to the ICU weaning protocol.

Results There was no significant difference among the groups

regarding hemodynamic measurements (mean arterial blood pres-

sure, heart rate, central venous pressure and SVO,). Oxygenation
was higher in both high-PEEP groups (groups 1, 2, 4 and 5) than
in the PEEP 5 groups (groups 3 and 6) during the mechanical ven-
tilation period (P <0.01). Also, the time to extubation was signifi-

cantly lower in high PEEP groups than in the PEEP 5 groups (220

min vs. 428 min, P<0.03).

Conclusions Ventilation with high PEEP after cardiac surgery is

associated with improvement of oxygenation and less time of

mechanical ventilation independently of the mode of ventilation and
of the use of nitric oxide.
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Introduction An automated respiratory mechanics control was
developed to individually adapt the energy transfer from the
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ventilator to the respiratory system. The controller titrates the

positive end-expiratory pressure (PEEP) and tidal volume (VT) to

ventilate the lung at its maximal compliance in order to avoid
excessive lung overinflation as well as underinflation.

Methods The mechanics controller consists of a software program

to set PEEP and VT and a user interface to observe the compli-

ance and the controller state. The program has following structure:

(1) Dynamic compliance is calculated breath by breath using the

implemented slice function [1]. This function divides VT into six

consecutive volume slices of equal size. (2) For each volume slice,
one value of dynamic compliance (CSLICE) is determined by least-
squares fit using the linear resistance and compliance model within
each slice [2]. The six CSLICE values are plotted over the

corresponding volume, giving the compliance-volume curve. (3)

The shape-compliance function of the controller identifies one out

of six shape categories [3]. (4) The PEEP and VT-change function

calculates the PEEP and VT titration depending on the shape
category and sends a command to the ventilator for setting the
new PEEP and VT automatically.

Results The system was tested with previously recorded patient

data (McRem) [4]. The compliance controller retrospectively

analysed the respiratory data and determined the shape category
depending on the course of CSLICE. For shapes representing an

intratidal increase of CSLICE, the controller increased the PEEP. A

reduction of PEEP occurred when CSLICE decreased intratidally.

PEEP was maintained when CSLICE was maximal and constant.

Furthermore, for hybrid shape categories (one part in the linear

region and one part in the increasing and/or decreasing region) the

VT was reduced.

Conclusions The automated respiratory mechanics control system

titrates PEEP and VT automatically until intratidal compliance

reaches its maximal value within an appropriate VT.
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Introduction The optimal positive end-expiratory pressure (PEEP)
is a balance between the prevention of overdistention in the
nondependent part and alveolar collapse in the dependent part.
Electrical impedance tomography (EIT) has been introduced to
monitor regional change of ventilation at the bedside. We
evaluated the effect of changes in PEEP on regional ventilation in
mechanically ventilated patients with or without lung disorders.
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Methods Functional EIT (fEIT) images were obtained in 14
patients on pressure-controlled ventilation with constant driving
pressure at four PEEP levels (15, 10, 5 and 0 cmH,0). fEIT
images made before each reduction in PEEP were subtracted from
those recorded after each PEEP step to evaluate the regional
increase/decrease in tidal impedance in each EIT pixel.

Results The response of regional tidal impedance to PEEP
showed a significant difference from 15 to 10 cmH,O (P = 0.002)
and from 10 to 5 cmH,O (P = 0.001) between patients with and
without lung disorders (Figure 1). During the decrease in PEEP
from 15 to 10 cmH,O, tidal impedance increased in the ventral
parts in both groups, but decreased markedly in the dorsal parts in
the patients with lung disorders. From PEEP 10 to 5 cmH,0O, tidal
impedance increased in the ventral parts and decreased in the
dorsal parts in patients without lung disorders, whereas in patients
with lung disorders tidal impedance decreased in both regions.
Lowering the PEEP from 5 to 0 cmH,O decreased tidal
impedance in both regions in both groups.

Conclusions During a decremental PEEP trial, EIT can visualize
improvement or loss of ventilation in dependent and nondependent
parts, indicating lung collapse or decreased overdistention.
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Introduction Monitoring the end-expiratory lung volume (EELV) is a
valuable tool to optimize respiratory settings that could be of
particular importance in mechanically ventilated pediatric patients.
We evaluated the feasibility and precision of an ICU ventilator with
an inbuilt nitrogen washout/washin technique in mechanically
ventilated pediatric patients.

Methods Duplicate EELV measurements were performed in 26
patients between 5 and 30 kg after cardiac surgery. All
measurements were taken during pressure-controlled ventilation at
0 cmH,0 positive end-expiratory pressure (PEEP).

Results Linear regression between duplicate measurements was
excellent (R2 = 0.99). Also, there was good agreement between
duplicate measurements, bias —1.0% (-1.7 ml) £ 5.7% (15.5 ml)
(Figure 1). The mean EELV was 18.9 £ 4.4 ml/kg at 0 cmH,O
PEEP. The EELV correlated significantly with age (P<0.001,
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r=0.92, R2=0.79), body weight (P <0.001, r=0.90, R2=0.77)
and height (P <0.001, r=0.90, R2 =0.79).

Conclusions This ICU ventilator with an inbuilt nitrogen washout/
washin EELV technique can measure EELV with precision, and can
easily be used for mechanically ventilated pediatric patients.
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Introduction Intraabdominal hypertension is a condition affecting
respiratory mechanics in many situations such as laparoscopy or
morbid obesity. We investigated the effects of different intra-
abdominal pressures (IAP) at different positive end-expiratory pressure
(PEEP) levels on nonlinear respiratory mechanics and the effects on
hemodynamics and oxygenation in a rat model. The application of a
pneumoperitoneum served as a model for elevated IAP.

Methods A helium pneumoperitoneum was established in 20
anesthetized female Wistar rats that were randomly allocated to
one of four PEEP levels (0, 3, 6 and 9 mbar). IAP of 9, 12, 15 and
18 mbar was instilled in a random sequence in each rat, followed
by respiratory mechanics measurement and blood gas analysis.
From the low flow maneuvers’ pressure—volume loops, the lower
inflection point and the mathematical turning point within the
expiratory limb were detected and compared with the IAP applied
during the measurement. For investigation of the lung’s intratidal
compliance, 10 consecutive breaths before and after low flow
maneuvers were analyzed. Intratidal nonlinear compliance was
calculated using a modified SLICE method [1].

Results A higher IAP led to a decreased steepness of quasi-static
pressure—volume loops resulting in a right shift of the expiratory
lower inflection point. The pressure at the mathematical turning
point of the expiratory limb correlated well with the IAP (r = 0.97,
P<0.001). Intratidal compliance decreased with increasing IAP
before and after the low flow maneuvers. After execution of the low
flow maneuvers the compliance increased. Relative compliance
gain caused by the low flow maneuvers was dependent on PEEP,
IAP and slice (all P<0.001). The peak inspiratory pressure
increased with increasing IAP and was significantly smaller after
recruitment maneuvers (P <0.001). The peak inspiratory pressure
was dependent on PEEP and IAP (P<0.001). PaO, was dependent

Available online http://ccforum.com/supplements/13/S1

on PEEP (P=0.008) but not on IAP (P=0.153). Arterial pressure
was not dependent on PEEP (P=0.068) or IAP (P=0.292).
Conclusions Intraabdominal hypertension alters respiratory
mechanics. IAP has no effect on oxygenation as long as PEEP is
applied. The examination of nonlinearity holds important information
for the evaluation of respiratory mechanics. The success of recruit-
ment maneuvers on healthy lungs depends strongly on the IAP.
Reference
1. Guttmann J, et al.. Determination of volume-dependent
respiratory system mechanics in mechanically ventilated
patients using the new SLICE method. Technol Health
Care 1994, 2:175-191.
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Introduction Vibration response imaging (VRI) is a bedside lung
sound monitoring system. The VRI measurement has been proven
sensitive to changes in ventilator settings, including changes in the
mode of mechanical ventilation or in positive end-expiratory
pressure (PEEP). In the present study, we correlate lung sound
distribution with functional residual capacity (FRC).

Methods Thirty-nine lung sound measurements were performed on
seven mechanically ventilated critically ill patients at different levels
of PEEP before and after recruitment maneuver. The FRC was
obtained for each measurement. Lung sound distribution was
monitored using the sound distribution index (SDI), an index
revealing the lung sound distribution at peak inspiration and
computed from the percentages of lung sound distribution in four
lung segments (right lower (RL), left lower (LL), right upper (RU),
left upper (LU)) as SDI = 100 — abs(RL + LL - RU - LU) / 2 -
abs(RU + LU — RL — LL) / 2 (range 0% to 100%). P values were
obtained using the Wilcoxon two-sample test.

Results Significantly increased mean (£ SD) SDI was registered in
cases with higher FRC. In two out of five measurements with FRC
above 2.9 |, a low SDI was obtained (~70%).

Conclusions Lung SDI significantly increased with FRC. At very
high volumes, a decreased SDI may indicate possible hyperinflation.
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Introduction Improvement of oxygenation during acute lung injury
(ALl) and acute respiratory distress syndrome (ARDS) requires a
high level of positive end-expiratory pressure (PEEP) to recruit
nonaerated lung zones and decrease pulmonary shunt. However,
monitoring of alveolar recruitment at the bedside is difficult, as
neither the PaO,/FiO, ratio, thoracopulmonary compliance or
generation of pressure curve are indices of alveolar recruitment
and avoidance of lung hyperinflation. Monitoring of the functional
residual capacity (FRC) at the bedside may be useful to monitor
directly lung recruitment and to optimize the PEEP level [1]. The
aims of this study are to evaluate the FRC by a modified nitrogen
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multiple washout technique (NMBW) in ALI/ARDS patients, and to
set PEEP levels on data of FRC values.

Methods Twenty patients with ALI/ARDS were enrolled in the study.
All patients were ventilated in pressure-controlled ventilation with an
Engstrom carestation ventilator (GE Healthcare, Helsinki, Finland) in
accordance with the ARDSnet guidelines. FRC measurement was
carried out with the COVX module integrated within the ventilator (GE
Healthcare) by a NMBW technique. Every patient had a basal FRC
measurement and then three measurements at PEEP 15/10/5
cmH,O during a derecruiting maneuver. After all measurements, PEEP
was set as the PEEP at which value FRC started to decrease. At
basal time (TO) and after setting the best PEEP (T1) the PaO,/FIO,
ratio and static compliance were measured too. All data are reported
as the mean £ SD. A t test was used to compare changes during time.
Results Table 1 presents the main results of the study.

Table 1 (abstract P48)

Parameter TO T1
FRC (ml) 2,330 + 400 2,933 + 300*
PaO,/FiO, 164 + 74 251 £ 107*

Compliance (ml/cmH,0) 38+ 12 49 + 15*

*P <0.05 T1 vs. TO.

Conclusions FRC measurement by the NMBW technique

integrated in the ventilator is useful to assess functional lung

impairment at the bedside. Setting PEEP on FRC measurements

may improve lung recruitment and oxygenation, but anatomical

studies (CT scan) are also warranted.
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Introduction Early identification of progression to acute lung injury
(ALI) in patients at risk may change therapy and potentially improve
outcome. Central to the pathogenesis of ALl is pulmonary micro-
vascular injury and increased permeability resulting in pulmonary
edema. We proposed that the pulmonary vascular permeability
index (PVPI) (extravascular lung water (EVLW) (ml) / pulmonary
blood volume (PBV) (ml)) reflects the severity of this injury and
predicts progression to ALl in patients at risk.

Methods The PVPI was measured prospectively in 27 patients
who either were at increased risk to develop ALl (n = 17) or who
had ALl on presentation (n = 10) for the first 5 days after
admission to the ICU.

Results Ten out of 17 patients at risk for ALI progressed to it. The
mean (+ SEM) PVPI on day 1 was lower in patients who did not
develop ALl vs. those that did (1.4 £ 0.1 vs. 2.6 £ 0.4, P=0.01) in
the 17 patients who did not have ALl on presentation (Figure 1).
There was no difference in PVPI for those that developed ALI vs.
those that had it on presentation (2.6 £ 0.4 vs. 2.7 £ 0.3, P=0.5).
A cutoff PVPI value of 1.9 or less discriminated those that would
not develop ALI from those who did or who had it on presentation
with a sensitivity and specificity of 100% and 85%, respectively
(Figure 2).
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Conclusions Increased PVPI is a feature of early ALl and predicts
progression to ALl in patients at increased risk. Early identification
of patients with elevated PVPI and who are at risk to develop ALI
may lead to consideration of early initiation of lung protective
ventilator strategies.
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Introduction Electrical impedance tomography (EIT) is a promising
bedside device with the potential to assess changes in regional
ventilation and lung blood flow [1]. The purpose of our study was
to monitor lung images and changes in impedance by EIT in a
model of hemorrhagic shock with endotoxemia followed by fluid
resuscitation.

Methods Twelve anesthetized, mechanically ventilated, supine
pigs were submitted to hemorrhagic shock (50% blood volume)
and endotoxin infusion. Animals were randomly allocated to control



Figure 1 (abstract P50)

Functional EIT images along timepoints.

(n = 6) or a treatment group with lactated Ringer's (n = 6). The
mean arterial pressure (MAP), central venous pressure (CVP),
blood gas, extravascular lung water index (EVLWI), intrathoracic
blood volume index (ITBVI), lung compliance and pulmonary EIT
(Drager, Germany) were measured before shock (T, ,,), 60 minutes
after hemorrhagic shock (T.,) and hourly in the treatment period
(T,, T, and T,). Statistical analysis was based on one-way ANOVA
(P <0.05).

Results In T, there was a significant decrease in MAP, CVP,
SvO,, lung compliance, cardiac index, EVLWI and ITBVI and an
increase in lactate (P <0.05). Fifty percent of control animals died
between T, and Tj. In treated animals, at T; the EVLWI reached
values near those of T, ., whereas ITBVI remained below baseline
(P <0.05) and above T, (P <0.05). There was sensible change
in functional EIT images (Figure 1) and significant differences in
impedance along time. Significant global impedance change
occurred in T, relative to T, (P <0.05). Most of the EIT changes
were attributable to the ventral lobes (Iocal1), which showed
significant differences in T, and Tj relative to T,,, (P <0.05) and
of Ty, T, and T, relative to T, ., (P <0.05).

Conclusions Pulmonary impedance changes induced by the
proposed model of shock and resuscitation were monitored
successfully with the EIT device. Changes were suggestive of
alterations in regional ventilation and ventilation—perfusion
mismatch.
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Introduction Electrical impedance tomography (EIT) has the
potential for bedside monitoring of regional lung function.
Evaluation of EIT imaging requires the identification of the lung
area in the images. A functional EIT-based method (fEIT) has been
proposed to identify the lung area in EIT images for patients with
healthy lungs [1,2]. However, in patients with certain lung
diseases, the fEIT method will fail to include those lung regions
where a low ventilation change is present. Besides, identified lung
regions may include the cardiac-related area. A method to estimate
the lung area accurately is missing. The aim of this study was to
develop an improved method for lung area estimation in EIT images
(LAE), which is suitable for both healthy subjects and patients with
serious pulmonary diseases.

Methods In our LAE method, the lung area as determined by fEIT
is mirrored and the cardiac-related area, which is distinguished in

Available online http://ccforum.com/supplements/13/S1

the frequency domain, is subtracted. Forty-nine mechanically
ventilated patients were investigated (test group: 39 patients,
thoracic surgery; control group: 10 patients, orthopedic surgery
without pulmonary disease). An EIT video sequence of 5 minutes
duration comprising about 60 breathing cycles from every
participant was recorded and subsequently analyzed. Statistical
analysis was performed by one-way ANOVA. P<0.01 was
considered statistically significant. Data are presented as means
and standard deviations.
Results It is assumed that the fraction of the lung in the thorax for
different people should be more or less in the same range, in spite
of the state of the lung. The sizes of the lung area determined with
fEIT are in control group S_C, fEIT = 361 + 35.1 and in test group
S_T, fEIT = 299 + 60.8 (P <0.01). On the contrary, the sizes
estimated with the LAE method are in control group S_C, LAE =
353 + 27.2 and in test group S_T, LAE=353 £ 61.1 (P=0.41).
Conclusions The result demonstrates that the novel LAE method
can better access the lung region in EIT images, from which the
analysis of regional lung ventilation will benefit. Further validation
will be pursued by comparing the results with anatomic computed
tomography image of the chest morphology.
References
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Introduction Micromechanical properties of alveolar walls are
needed for finite element modeling of the lung that in turn may be
used to guide mechanical ventilation therapy. The aim of this
project is to develop an endomicroscopic device [1] to measure
the local mechanics of alveolar walls in vitro and in vivo under
varying conditions. Here we report on the development and the
evaluation of the endoscopic system, which is — on the first run —
performed in an artificial environment (bioreactor) with known
mechanical properties.

Methods A system of two concentric trocars was built to adjust
and monitor the local pressure by means of a flushing fluid in the
endoscopic field of view. The fluid is pumped through the double
trocar system that is surrounding the endoscope. By adjusting the
flow rate of the fluid, the mean pressure P2 in the endoscopic field
of view, can be kept constant. The alveolar pressure is changed by
adjusting the airway pressure P1. The transpulmonary pressure
(Pt) for the observed subpleural alveoli is thus Pt = P1 - P2
(Figure 1b). Pt is varied by applying different continuous positive
airway pressure values to animal-model airways. The mechanical
reaction of the observed alveoli is, thereby, recorded by video
endoscopy. Assuming that the recorded outlines reflect changes in
the diameter of an observed alveolus allows calculation of
mechanical properties such as the stress—strain relationship of the
alveolar wall. For evaluation, the endoscopic system is applied to
an artificial membrane with known mechanical properties in a
bioreactor. A pattern of particles on the membrane allows
quantifying the three-dimensional deformation under pressure
changes. Mechanical membrane properties can be determined by
the relation between membrane-deformation and transmembrane
pressure Pm = Pa — Pb (Figure 1