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Cyclic stretch induces apoptosis in alveolar type Il cells
A549

X Wang
Renji Hospital, Shanghai Jiaotong University, Shanghai, China
Critical Care 2006, 10(Suppl 1):P1 (doi:10.1186/cc4348)

Objective To examine the effects of short-term cyclic stretch on
apoptosis in alveolar type Il cells (A549). To study in vitro the
direct influence of alveolar type Il cells on mechanical stretch.
Methods A549 were treated with different doses of
lipopolysaccharide (LPS), O ng/ml, 1 ng/ml, 10 ng/ml, 100 ng/ml,
1000 ng/ml, and then A549 were lengthened 5%, 15%, 30% using
a FLEXCELL tension unit 4000, a vacuum-driven device that applies
strain to cells, which were cultured in six-well plates coated with
collagen-l, and 12 cycles/min for 4 hours. Apoptosis was measured
using the flow cytometry method that measures annexin V and
propidium iodide (Pl) staining. The morphological changes of
apoptotic cells were observed by transmission electron microscope.
Results Apoptosis could be induced in alveolar type Il cells (A549)
by mechanical stretch. The percentage of annexin V + Pl cells
increased after being treated with cyclic stretch for 4 hours by 5%,
15%, 30% in all groups. The morphological features of apoptotic
cells demonstrated by transmission electron microscope were as
follows: shrinkage of the cell, chromatin condensation and
aggregation under the nuclear membrane as a crescent or lump,
membrane-encapsulated nuclear fragment or cell organ formed by
invagination of the cell membrane, and apoptotic body formation
followed by vacuolization.

Conclusion Apoptosis induced by mechanical stretch and LPS is
dose dependent. Mechanical stretch aggravates apoptosis
especially in cells treated with LPS. Annexin V and Pl double
staining is a specific, sensitive, and quantitative method for
analyzing apoptotic cells. It is also helpful to clarify the protective
mechanism of low-volume ventilation in ARDS.
Acknowledgement The study was funded by the ‘One Hundred
People’ project of Shanghai Sanitary Bureau (03-77-20).
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Introduction Although extrapulmonary ALI/ARDS is a common
clinical entity, most animal models used to study this disease are

induced by direct lung injuries. Our intention was therefore to
investigate whether a condition resembling ALI/ARDS develops
during the course of a fecal peritonitis in pigs; in that case
experimental peritonitis would also prove as a clinically relevant
ARDS model.

Methods In 10 anesthetized, mechanically ventilated, and
instrumented pigs fecal peritonitis was induced by inoculating
autologue feces pellets suspended in saline. Mechanical ventilation
was set with VT = 8 ml/kg, FiO, to reach a SaO, target of >90%,
PEEP = 10 cmH,O if PaO,/FiO, > 300 and 12 cmH,O if
PaO,/FiO, < 300, and respiratory rate to obtain a PaCO, of
35-45 mmHg. Before as well as 12 and 24 hours after peritonitis
induction we measured the PaO,/FiO, ratio, the total compliance
of the respiratory system (C), calculated as VT/(P ., — PEEP)
and inspiratory airway resistance (R)) calculated as (P, ,, — P )/
mean inspiratory flow. Data are mean [range].

Results For data see Table 1. During the course of the 24-hour
study period, six of 10 animals developed gas exchange
deteriorations consistent with the ARDS definition; two further
animals fulfilled the gas exchange referred to as ALI. Impairment in
lung mechanics over time is reflected by the decreasing C values.

plateau

Table 1 (abstract P2)

12-hour 24-hour
Control peritonitis peritonitis
PaO,/FiO, 430 [421; 440]* 380 [349;397] 165 [68; 289]*
C (ml/cmH,0) 28 [24; 32]* 18 [16; 21]* 12 [8; 17]*
R (cmHQO/I/s) 4.1 [3.9; 4.5] 4.5 [4.3;5.1] 5.1 [3.7; 7.9]

#P < 0.05 control vs 24-hour peritonitis, *P < 0.05 control vs 12-hour and
24-hour peritonitis.

Conclusions We conclude that an ALI/ARDS-like state is
developed by most pigs during fecal peritonitis and that this
peritonitis model may therefore serve as an extrapulmonary ARDS
model. However, this condition develops after a prolonged period
of approximately 12—18 hours, and the severity of the condition in
single animals may be less predictable when compared with ARDS
models induced by direct lung injury. Furthermore, it should be
emphasized that pulmonary function in pigs is markedly different
from humans in as much as no collateral ventilation exists in this
species [1], and that pulmonary blood flow regulation is far more
susceptible to hypoxia in pigs when compared with other species
including humans [2]. Lung function data derived from pig models
should therefore always be interpreted cautiously if clinically
relevant conclusions have to be drawn.

Acknowledgement M Matejovic was supported by a grant from
the Alexander von Humboldt Stiftung.
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Introduction Tight blood glucose (BG) control has been shown to
decrease morbidity and mortality in critically ill patients [1] but is
difficult to achieve using standard insulin infusion protocols. We
evaluated glucose control, using a software model predictive
control (MPC) insulin administration algorithm, in a prospective
randomized controlled multicenter comparison with standard care in
three European hospitals (Royal Brompton Hospital [RBH], Medical
University Graz [MUG], Charles University Hospital [CUP]).
Methods Sixty ventilated patients (20 in each center) admitted to
intensive care following elective cardiac surgery, with an arterial BG
> 6.7 mmol/l within 4 hours of admission, were randomized to BG
control by the standard insulin protocol of the participating ICU or
MPC advised insulin infusion. All patients had BG measured hourly.
Standard care (n = 30) involved insulin infusion in two centers
(RBH, CUP) and insulin boluses in the third (MUG). The MPC
algorithm was derived from software developed for closed loop
glucose control in ambulatory diabetic patients [2]. MPC, installed
on a bedside computer, requires input of patient chronic insulin
requirements, weight, carbohydrate intake and BG concentration.
Insulin infusion rate advice for the next hour is displayed, targeted to
maintain BG at 4.4-6.1 mmol/l. The study was continued for at
least 24 hours with a maximum duration of 48 hours.
Results The percentage of glucose measurements in the target
range were significantly greater in the MPC group over the first
24 hours compared with standard care: 52% (17-92) vs 19%
(0-71), (median [min—max]), P < 0.01. Two hypoglycemic events
(BG < 3 mmol/l) occurred in patients receiving standard care.
Conclusion The MPC algorithm was safe and effective in
controlling postoperative hyperglycaemia in this patient group.
Acknowledgements This study is part of CLINICIP project funded
by the EC (6th Framework). Addenbrooke's Hospital also received
support from EPSRC (GR/S14344/01).
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Introduction In the frame of protective lung ventilation, alveolar
biomechanics become more and more the focus of scientific
interest. New microscopic techniques and experimental setups
enabled a view of the alveoli dynamically changing their geometry
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under mechanical ventilation [1]. Although of fascinating image
quality the alveoli are observed at an open chest wall under a glass
plate representing an artificial situation. To circumvent this
restriction we developed a method of intravital endoscopy and
tested it on an animal rat model.

Methods In cooperation with Schoely GmbH (Denzlingen,
Germany) we developed an endoscope with an outer tube diameter
of 2.7 mm (including the optical fiber). To prevent the alveoli under
observation from mechanical deformation due to the tip of the
endoscope we developed a flushing catheter that continuously
produces a thin fluid film between the endoscope tip and the alveoli
being in the optical focus. The endoscope tube can be introduced
by minimally invasive thoracotomy, thus enabling microscopic
videos of the alveolar dynamics. The thorax remains intact.

Results Figure 1 shows a tissue area after lavage of 0.8 mm
diameter. This region is displayed at different time points during a
breath. Four snapshots were taken in inspiration (upper row) and
four in expiration (lower row). In the middle of the figure the
corresponding P-V loop (left) and the intratidal dynamic
compliance (right) are shown.

Conclusion This new minimal invasive method of intravital
endoscopy enables microscopic observations of the mechanical
alveolar dynamics in situ. The concurrent observation of respiratory
mechanics and alveolar dynamics provides a promising tool to
correlate global measurements with local alveolar properties.
Reference
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Influence of the blood on the time course of pancreatitis-
induced lung injury evaluated in isolated blood-perfused
rat lungs
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Critical Care 2006, 10(Suppl 1):P5 (doi:10.1186/cc4352)

We evaluated the time course of pancreatitis-induced lung injury
using an isolated blood-perfused rat lung preparation with lungs
harvested 2, 6 or 18 hours after pancreatitis induced by injecting
taurocholic acid into the pancreatic duct. This allowed us to
separate and to determine the specific role of pancreatic blood vs
normal blood on the expression of injury evidenced during isolated
lung reperfusion. After 6 hours of pancreatitis (but not after 2 or
18 hours despite similar elevated serum amylase concentrations
and persisting evidence of systemic inflammation) lung reperfusion



with autologous blood or with homologous blood collected from
normal rats revealed lung endothelial cell injury manifested by the
formation of progressive lung oedema (~1 g/hour) accompanied
by alterations in dynamic and static lung mechanics resulting in a
final increased wet-to-dry lung weight ratio (7.5 £ 0.6; P < 0.01 vs
control or time-matched sham-operated animals). In contrast,
reperfusing normal lungs with pancreatic blood collected from rats
6 hours after taurocholate injection did not produce any alterations
in lung weight and dynamic or static lung mechanics compared
with normal control lungs. However, pancreatic blood collected
2 hours after taurocholate injection produced a moderate alteration
in lung function but without significant increase in the wet-to-dry
lung weight ratio (5.4 £ 0.5). Our results indicate that in this acute
rat pancreatitis model lung injury occurred early, between 2 and
6 hours, and was completely reversible despite persistent elevated
amylase concentration and systemic inflammation. Isolated lung
reperfusion with normal homologous blood did not modify the
expression of the pancreatic in-vivo-induced lung injury. Further-
more, pancreatic blood collected early (after 2 hours, but not after
6 hours) and used as perfusate for normal isolated lungs produced
mild lung oedema and a moderate increase in dynamic lung
compliance, suggesting that its potential toxic effects on the lungs
were completely neutralized after 6 hours of pancreatitis.
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Rats surviving after high tidal volume ventilation show
marked and reversible pulmonary and systemic changes

O Penuelas, N Nin, M De Paula, P Fernandez-Segoviano,
J Lorente, A Esteban
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Critical Care 2006, 10(Suppl 1):P6 (doi:10.1186/cc4353)

Rationale High tidal volume (VT) ventilation (HTVV) induces
pulmonary inflammation. The time course of pulmonary and
systemic HTVV-induced vascular dysfunction is unknown. We
tested whether rats receiving HTVV survive the insult, and we
describe the time-course of the HTVV-induced vascular changes.

Methods Normal anesthetized Sprague-Dawley rats were
tracheostomized and ventilated for 1 hour with either VT = 9 ml/kg +
PEEP 5 cmH,O, or VT = 35 ml/kg + ZEEP. After the HTVV period, the

Figure 1 (abstract P7)
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tracheostomy was closed, and rats were sent back to their cages
breathing room air. Other rats were sacrificed at this point in time (t =
1 hour). Rats surviving the acute period of HTVV were again intubated,
monitored and then sacrificed at different points in time (24 hours,
72 hours, 168 hours). We measured the mean arterial pressure, aortic
blood flow (QAo), arterial blood gases, and total protein, AST, ALT,
IL-6, and VEGF serum and BAL fluid concentrations. Aortic segments
and pulmonary micro vessels were mounted in myographs, and
responses to acetylcholine in norepinehrine-precontracted rings were
tested. Histological lung changes were studied.

Results All lungs showed diffuse alveolar damage after HTVV at 1
and 24 hours, but histology was completely normal at t = 72 hours.
HTVV induced hypotension, decreased QAo, hypoxemia,
increased protein, AST, ALT, IL-6, and VEGF BAL fluid/serum
concentration ratio. Acetylcholine and norephineprine-induced
responses were impaired after HTVV in aortic rings. Moreover
acetylcholine-induced responses in pulmonary microvessels were
impaired. All these biochemical and vascular function changes
normalized at t = 168 hours.

Conclusions About half the rats receiving for a short period of time
ventilation using very high VT survive. HTVV induces in a reversible
fashion pulmonary and systemic inflammation and vascular
dysfunction.

Acknowledgement Funded by FIS CO3/11, GO3/063.
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Introduction The individualization of lung protective ventilation
strategies (e.g. recruitment maneuvers [RM] and PEEP titration to
keep the lungs open) requires careful bedside observations. Many
parameters must be monitored, which calls for computer aid. A
fuzzy-logic ventilation expert system has been tested regarding its
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ability to automatically conduct RMs based on the open lung
concept (OLC).

Methods Three pigs received lavages to induce ARDS and
baseline ventilation of 8 ml/kg Vt, RR= 25, I:E = 1:1 and FiO, = 1.0.
The block diagram of the ventilation setup is depicted in Fig. 1a. It
is capable of conducting automatic RMs while continuously
recording pulmonary parameters. Fuzzy controllers handle the four
phases of OLC-RM. They were fed with medical knowledge from
experienced physicians. An electrical impedance tomograph (EIT)
provided images of the ventilation distribution and CT scans were
made. During phase 1 of RM, the controller increased the PEEP
level (PCV, Pdelta = 8 cmH,0) until the lung was supposed to be
open according to online PaO, measurements (Paratrend 7). In the
closing phase 2, PEEP was automatically titrated until PaO,
started to decrease. After re-opening, steady-state ventilation
(phase 4) was established at a PEEP = 2 c¢cmH,O above the
closing pressure.

Results The pulmonary parameters of one pig during an RM cycle
can be seen in Fig. 1b. After 20 min, PaO,, Vt and compliance Crs
(= Pdelta/Vt) were significantly increased in all animals and PaCO,
reduced to normal values. Phases 1-3 of the RM process lasted
approximately 5 min, partially due to the dynamic latency (15 s) of
the PaO, measurement system. An optimization of the fuzzy
controller and additional sensors will shorten the execution time
and reduce the heart’s pressure load. Figure 1¢ shows the CT and
EIT images before and after RM. Atelectases are removed and
ventilation is increased, more evenly distributed and shifted from
ventral to dorsal regions.

Conclusion Automatic RM with a sustained improvement of PaO,
and Crs could be achieved. The EIT showed a high potential to
visualize and assess RM with a high temporal resolution.
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Introduction Assessment of regional alveolar recruitment and
derecruitment during protective respiratory therapy in lung failure is
necessary to predict the process of ventilatory therapy and to avoid
pulmonary complications. Different studies showed that clinical
management of ARDS can successfully be controlled by CT scan
analysis [1]. Information about regional distribution of ventilation
can also be assessed by the bedside method of electrical
impedance tomography (EIT) [2]. To correlate the assessment of
pulmonary recruitment with EIT and CT scans as a reference
technique during a PEEP trial, we designed an experimental study
with porcine saline-lavage-induced lung injury.

Methods In six pigs (256—-34 kg), acute lung injury was induced by
repetitive lung-lavage. After stabilisation of the lung injury model

Table 1 (abstract P8)
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(>1 hour) a stepwise PEEP trial with 2 min at each pressure ramp
was performed (10 up to 30 mbar and 30 down to 5 mbar) with an
electrically controllable ventilator (Servo 300; Siemens-Elema).
During the PEEP trial, the animals were ventilated with pressure-
controlled ventilation (delta 8 mbar), respiratory rate (RR) 25,
I:E 1:1 and FiO, 1.0. Ventilatory, hemodynamic and gas exchange
parameters were continuously recorded during the stepwise PEEP
trial. EIT measurements were realized at a juxtadiaphragmatic
thoracic level. Simultaneously, a CT scanner was triggered to
obtain reference images of the same slice for each PEEP level at
the end of each pressure ramp. Three ROI in nondependent,
middle and dependent lung areas were defined to compare the EIT
data with the reference data of the CT slices. The correlation
between the changes in air content between both methods was
determined. To compare the amount of pulmonary recruitment/
derecruitment at each PEEP level expressed by CT (Hounsfield
units) measurement and relative impedance changes, the effect
size (ES) [3] was calculated. ES levels were defined: small: <0.2,
medium: 0.2-0.5, high: >0.8.

Results The measured tidal volumes and PaO, clearly showed a
nonlinear lung hysteresis and recruitment of nonaerated lung areas
at the descending part of the pressure ramp (Fig. 1). The highest
but not significant correlation between EIT measurements and
X-ray attenuation (HU) was found in the dependent lung areas. The
effect of PEEP on pulmonary recruitment/derecruitment was very
high at lower pressure levels. The display of pulmonary recruitment
in the EIT in comparison with CT scans at the ascending part of the
pressure ramp showed a higher ES. ES values were reduced in
EIT, if the tidal volume was reduced (Table 1).

Figure 1 (abstract P8)
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Conclusion The effect of a stepwise ascending and descending

PEEP trial on alveolar recruitment/derecruitment in porcine saline-

lavage-induced lung injury could be displayed in EIT analysis and

may directly be helpful in titration of PEEP.
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Introduction The computed tomography (CT) scan can be used to
measure the lung weight-volume and to determine the degree of
inflation (not aerated, poorly aerated, well aerated, over aerated
tissue). Nowadays to accurately study the lung, a whole thoracic CT
scan must be performed, thus exposing the patient to a large dose of
ionizing radiation. A possible solution could be to acquire only three
CT lung sections instead of scanning the whole lung. We previously
showed that in ALI/ARDS patients three lung sections are able to
accurately estimate the lung inflation similar to the whole CT scan.
Objective To evaluate whether three lung sections gives
comparable data to the whole lung CT analysis in patients with
unilateral pneumonia.

Materials and methods Thirty-two patients with unilateral
pneumonia were studied (mean age 64.2 + 20.4 years, 18 males,
BMI 254 +2.8kg/m?, PaO,/FiO, 261.1+102.8, SAPS-I
35.3 £ 16.8, 14 mechanically ventilated). Each patient underwent
a whole lung spiral CT scan. The lung regions of interest were
manually delineated on each CT slice, using dedicated software
(MALUNA; University of Mannheim, Germany). The three CT lung
sections were selected at the level of the aortic arch, carina and at
the mid right atrium (representing the lung apex, hilum and base).
Lung quantitative analysis was performed with specific software
(SOFT-E-FILM; University of Milan). The agreement between the
two methods was evaluated using Bland—Altman analysis
considering each compartment of lung inflation (expressed as the
percentage of the total weight).

Results For the nonaerated tissue the mean of the difference = 2SD
was 0.015+0.096, poorly aerated was 0.011*0.056, well
aerated — 0.025 + 0.084 and over aerated — 0.001 £ 0.014.
Conclusions Our data show that a lung CT scan of only three
sections can provide comparable information on the distribution of
lung inflation as a whole lung CT scan.
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thoracic trauma
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Objective Computed tomography (CT) is used in the diagnostic
management of polytraumatized patients. Multiple trauma and
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pulmonary contusion are typical triggers of post-traumatic acute
lung injury (ALI) and acute respiratory distress syndrome (ARDS)
[1]. Therefore, an early predictor of post-traumatic ALI/ARDS
would be valuable. In this study we tested whether the mass of
nonaerated lung tissue (Mnon) in admission CT could predict post-
traumatic ALI/ARDS.

Methods The Mnon of 54 polytraumatized patients with pulmonary
contusion was analyzed as previously described [2]. We studied
the association of Mnon with physiologic variables and injury
descriptors such as PaO,/FiO, ratio, injury severity score (ISS)
and thoracic trauma severity score (TTSS) [3] recorded on
admission. To evaluate Mnon as a predictor of ALI/ARDS we used
a receiver operator characteristic (ROC) curve.

Results Patients developing post-traumatic ALI/ARDS had
significantly larger Mnon and significantly higher ISS and TTSS
values. Literature data suggest a higher incidence of ALI/ARDS
with a contusioned lung volume >20% [4]. Our results, however,
indicate a higher risk of ALI/ARDS already with a Mnon of around
10%. The Mnon predicting ALI/ARDS with the highest sensitivity
(81%) and specificity (87%) was 9.8%. The area under the ROC
curve was 0.89 (confidence interval 0.79-0.99).

Conclusion The mass of nonaerated lung tissue on admission CT
can help to predict the development of ALI/ARDS. It may thereby
help to implement appropriate therapeutic options such as lung
protective ventilation. The clinical use of our technique, however, is
limited by the time-consuming CT analysis.
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Introduction Recruitment plays a major role in defining the sigmoid
shape of the static pressure—volume (PV) curve in ARDS. The
injured lung is at risk of atelectasis due to surfactant dysfunction
and due to increased superimposed pressure caused by increased
lung weight. In normal lungs, however, alveoli are much more stable
than in the injured lung. Therefore, it is not clear to what extent
recruitment defines the shape of the PV curve in normal lungs. We
hypothesized that resolving atelectasis using a recruitment
maneuver leads to typical changes in the shape of the PV curve.
Methods After induction of anesthesia and oral intubation, six
sheep were mechanically ventilated in a prone position. Data
acquisition was performed using an Evita4Lab measurement
system (Draeger Medical, Liibeck, Germany). The protocol
consisted of a low flow inflation maneuver (LF1), followed by a
recruitment maneuver (RM) and a second low flow inflation (LF2).
Before LF1 and between interventions, animals were ventilated at
ZEEP for 5 min. The shape of the static PV curves during LF1 and
LF2 and the shape of the dynamic PV curves during ventilation at
ZEEP were analyzed.

Results During LF1 a sudden incline (INC) in the static PV curve
was observed in all animals. Due to the incline, the curves were not
compatible with the sigmoid approximation according to Venegas
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Figure 1 (abstract P11)
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and colleagues. The sudden incline had disappeared in LF2 (Fig. 1).
The shape of the dynamic PV curves and dynamic compliance
were changed by LF1. Afterwards dynamic compliance remained
unchanged irrespective of 5-min ZEEP and of the RM (Fig. 2).

Conclusion In normal sheep lungs, recruitment does influence the
shape of the static PV curve. Other than in ARDS, the presence of
recruitment does not generate a sigmoid PV curve. The changes in
dynamic compliance after a RM were preserved for at least 5 min,
indicating a long-lasting effect. The effects of recruitment on the
shape of the PV curve might serve as diagnostic tool to
differentiate normal patients from patients at risk of lung injury.
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Introduction The clinical use of respiratory mechanics is limited
due to complicated measurement methods and restricted bedside

Figure 1 (abstract P12)

availability of the achievable information. For observational and
interventional studies in the ICUs of the university clinics of
Freiburg we developed a laptop-based tool, which provides online
information about the mechanical state of the patient’s respiratory
system on a breath by breath basis.

Methods We developed a program in LabView (National
Instruments, Austin, TX, USA) on a laptop that is able to read the
internal data of a ventilator (Evita 4; Driager Medical, Libeck,
Germany) in real time. A serial connection is established using the
MEDIBUS protocol. Pressure, flow and volume provided by the
ventilator are read into the laptop at 125 Hz, analyzed and
visualized. The signal analysis provides dynamic compliance and
resistance in dependence of alveolar pressure [1,2]. Statistics and
trends are displayed on request of the user.

Active manipulations of the settings of the ventilator are possible
and were used for animal experiments. With appropriate
maneuvers (by controlling the volume/time or pressure/time curve)
it is possible to derive mechanical properties of the respiratory
system separated according to inspiration and expiration.

Results In an animal (n = 6) and an observational patient (n = 30)
study at University Hospital Freiburg the system was evaluated.
Figure 1 shows a screen plot of the online monitor during an
experiment performed on healthy anesthetized sheep. Trends are




visualized by overlaying older data in different colors with actual
data. The physician gets immediate feedback on whether changes
of ventilator settings show the expected effects.

Conclusion Online monitoring of respiratory mechanics provides
additional information about changes in the state of a patient’s
respiratory system. Thus the physician is enabled to evaluate the
therapeutic strategy online and to base the settings of the
ventilator on current trends observed in the data.
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Introduction ARDS s a difficult to treat disease and is associated
with a high mortality. For lung protective ventilation strategies the
interaction of ventilator settings and respiratory mechanics is
essential. In the past the static PV curve was used to determine
ventilator settings in ARDS patients. Atelectasis was assumed to
occur at pressures below the lower inflection point (LIP). This
study was performed to investigate the influence of ventilatory
patterns with different tidal volumes (Vt) on the shape of the static
PV curve.

Methods After induction of anesthesia and tracheotomy, 14
surfactant-depleted piglets were ventilated at ZEEP with three
different Vt (8, 12, 16 ml/kg) in a randomised order. For data
acquisiton a BICORE CP100 monitor (Bicore Monitoring
Systems, Irvine, CA, USA) was used. The protocol consisted of a
static maneuver at the end of each ventilator setting. In addition a
baseline measurement (12 ml/kg) was performed before saline
lavage. At the end of each setting a recruitment maneuver was
performed before Vt change. After determining the LIPs their
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corresponding pressure values were compared using ANOVA and
the Fisher PLSD post-hoc test.

Results Figure 1 shows the pressure belonging to the LIP
(mean £ SD) prelavage and postlavage with different Vt. In healthy
lungs the LIP is located at lower pressures than after surfactant
depletion. Postlavage the pressure at LIP increases significantly
with increasing Vt.

Conclusion The analysis of static respiratory mechanics shows
interdependence between the ventilator settings prior to the static
maneuver and the LIP. This could be interpreted as an effect of
volume history on the relative position of the LIP. As we observed
this effect despite standardisation of the maneuver itself the value
of the current interpretation of static measurements has to be
questioned.
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Introduction Vibration response imaging (VRI) is a novel
technology that measures vibration energy generated from airflow
to create a real-time structural and functional image of the
respiration process. Since this new imaging technique can be
performed quickly and non-invasively at the bedside, it offers
potential as a real time noninvasive method of adjusting ventilatory
therapy.

Case A 75-year-old male patient was admitted to the ICU with
acute lung injury due to acute pancreatitis and was mechanically
ventilated with a PEEP setting of 5 mmHg and FiO, 1.0. VRI
recordings were obtained before and after a recruitment maneuver
(40 cmH,O PEEP for 40 s) and increasing PEEP to 10 cmH,0.
Images were taken during 20-s periods of respiration and
respiratory cycles for analysis selected based on predefined
selection rules. Mechanical ventilator settings were the same
before and after recruitment. The total areas were measured by
using the Image-J program (Table 1). Arterial blood gases were
obtained immediately before and after recruitment and in close
proximity (within 1 min) of VRI (Table 2). Statistical analysis was
performed using a t test. Figures 1 and 2 show representative
images before and after recruitment and PEEP elevation.
Discussion This case demonstrates a significant increase in the
geographical area of vibration response images at peak inspiration
after recruitment maneuver and a PEEP increase in early ARDS.
This increase in VRI area correlates with improvement in oxygenation.
Conclusion Increased spatial distribution of ventilation following
effective recruitment has previously been demonstrated using
computerized tomography. VRI may provide a rapid bedside

Table 1 (abstract P15)

Mean area (pixels) Standard deviation

Pre-recruitment (n = 5 breaths) 47,863.8 3557.7
After-recruitment (n = 5 breaths) 60,888.2 *(<0.0025) 2735.7
Table 2 (abstract P15)

FiO, pH pO, pCO,
Pre-recruitment 1.0 7.29 76 23
After recruitment 1.0 7.22 143 25
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assessment of the effectiveness of lung recruitment and PEEP
setting as an alternative to computerized tomography
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Aim The aim of the study is to investigate the influence of
respiratory system inertance (Irs) on the linearity of respiratory
mechanics during mechanical ventilation (MV) under conventional
frequencies.

Table 1 (abstract P16)
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Methods Airway pressure (Pao), flow (V') and volume (V) were
recorded from 11 ARDS patients under MV at 10 and 20 c/min.
Data were analyzed according to: Pao = EEP + Ers.V + Rrs.V" and
Pao = EEP + Ers.V + Rrs.V’ + Irs.V”, where Ers and Rrs are the
respiratory system elastance and resistance, and EEP is the end-
expiratory pressure. The fitness of data to models was evaluated by
the standard error of the regressions (RMSD). Comparisons
between all coefficients were done at 10 and at 20 ¢/min with the
aid of the Wilcoxon rank test (P < 0.05).

Results and conclusions The mean values  SD of all coefficients
are presented in Table 1. Irs did not differ significantly between 10
and 20 c/min. The use of the inertive term results in a significantly
higher Ers, lower Rrs and lower RMSD (P < 0.001) at both
frequencies, but these differences are clinically irrelevant. We
conclude that Irs is not negligible during MV in ARDS. Respiratory
pathophysiology and the ventilator characteristics may contribute
to the important role of Irs during MV.
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Objective Disturbances in splanchnic perfusion leads to
insufficiency of the gut mucosal barrier. As a consequence it
causes bacterial translocation that might be a trigger to septic
shock and multiorgan failure. The present study was designed to
assess whether mechanical ventilation with positive end-expiratory
pressure (PEEP) is a factor disturbing cardiac output and
splanchnic perfusion. Gastric intramucosal PCO, (PiCO,) and pH
(pHi) are currently used as indices of the accuracy of splanchnic
perfusion and as end points to guide therapeutic intervention. The
definition of the ideal PEEP does not include improvement in
oxygen delivery and its accessibility in the splanchnic region.
Design A prospective study.

Setting Department of Anesthesiology and Intensive Care of
Medical Postgraduate Education Center, Warsaw, Poland.
Patients Twenty adult ICU patients after laparotomy (hemicolec-
tomy, colectomy) (group A) and five nonsurgical ICU patients
(group B). All of them did not have serious respiratory and
circulatory abnormalities, and did not need adrenergic or any
circulatory support. All were mechanically ventilated under sedation
with PEEP 0, PEEP 5, PEEP 10, PEEP 15. Each patient ventilated
with PEEP O was a control for himself/herself. Each ventilation
setting period lasted 1 hour. All the measurements were performed
twice during that time.

Measurements and results PiCO,-PaCO,, pH-pHi, CI, CVP,
ITBVI, EVLWI were measured using gastric tonometry and the
PiCCO method (pulse contour cardiac output) after each change
of PEEP value. No differences in pH-pHi and PiCO,-PaCO, were
observed between groups A and B. PEEP does not compromise
gastric mucosal perfusion, as assessed by tonometry. Even the
patient’s age was not essential. A decrease in cardiac output did
not result in necessity of adrenergic support. Only in one case

Model 1 Model 2
c/min Ers Rrs RMSD Ers Rrs Irs RMSD
10 46.9 £10.37 16.4 £ 4.48 1.95 + 0.896 47.3+10.31 16.4 +£4.48 0.16 £ 0.076 1.87 £0.925
20 50.2 £ 10.62 13.7 £ 3.21 2.00 £ 1.083 51.6 £ 10.59 13.7 £ 3.21 0.16 +£ 0.084 1.82+1.124




there was a need to use it for more than 1 hour after setting PEEP
10. Mean values of Cl were higher in group A compared with
nonoperated group B. Cl depends on the age and PEEP level.
CVP was increased by PEEP in both groups, but ITBVI was almost
untouched, the right ventricle preload did not decrease, and
EVLWI was slightly lowered under PEEP 15. IAP did not exceed
10 mmHg in any case.

Conclusions PEEP up to 15 cmH,O is well tolerated by the
majority of ICU patients. The results of the present study indicate
that incremental increases in PEEP do not impact on splanchnic
perfusion as assessed by gastric tonometry in patients with
adequate fluid loading. In some cases a necessity for adrenergic
support might appear. Facing the fact of nonaffecting splanchnic
perfusion, we cannot recommend any PEEP value as ideal for
perfusing that region. More studies are needed in this area,
particularly in patients receiving adrenergic support.
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Introduction During mechanical ventilation, the volume-dependent
mechanical behaviour of the respiratory system may differ between
inspiration and expiration due to expiratory collapse of small airways
and due to repeated intratidal recruitment. Up to now, no method is
available for separate determination of inspiratory and expiratory
resistance (R) and compliance (C) during mechanical ventilation.
We hypothesized that the control of the expiratory flow rate
(expiratory flow control [EFC]) allows a discrete analysis of R and C.
Methods Different flow profiles were applied in two mechanical
lung models. These profiles included standard ventilator and EFC
modes. The volume dependency of dynamic respiratory mechanics
was calculated using the SLICE method [1]. The algorithm was
extended for a separate analysis of the inspiration and expiration
phase. We validated the efficacy of EFC in six sheep using a
modified standard ventilator (Evita 4; Draeger Medical, Liibeck,
Germany) with EFC in the pressure-control mode.

Results It is mainly the passive expiration with the linear
dependency of flow, volume and pressure that inhibits the separate
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inspiratory and expiratory analysis of respiratory mechanics.
Figure 1 shows the effect of EFC on the breathing pattern in a
healthy animal. At early expiration with EFC, flow is drastically
reduced as compared with passive expiration (grey line). With EFC
(solid line), the change in flow is independent of the change in
volume, allowing the determination of R and C. Figure 2 displays
the analysis of compliance in a lung model (C = 24) during
constant flow ventilation without EFC. Without EFC, expiratory
compliance is indeterminable (solid line). With EFC (Fig. 3)
excellent agreement of inspiratory and expiratory compliance with
the reference compliance was found. In six healthy sheep
compliance determined during EFC was computed in inspiration
and expiration. Dependent on the extent of EFC, we found a high
agreement of inspiratory and expiratory compliances compared
with mixed (inspiratory and expiratory) data.

Conclusion The control of expiratory flow allows the application of
volume-dependent multiple linear regression analysis during
inspiration respectively expiration alone. With EFC, the separate
mechanical analysis reveals accurate results in well-controlled
mechanical lung models and in experimental animals.
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Introduction In acute respiratory failure (ARF), in particular acute
lung injury (ALI) and respiratory distress syndrome (ARDS), an
intervention in the form of rotational therapy (RT) or the prone
position (PP) may improve oxygenation by recruiting alveoli
situated in dorsal-dependent regions and by alteration of the
ventilation/perfusion ratio. The efficacy of this interventions can be
demonstrated among other parameters by the course of the
oxygenation index. The aim of our study is to analyze the
prognostic value of the course of the oxygenation index before and
after such an intervention.

Methods We studied 112 mechanically ventilated patients (mean
age 63 * 15.6 [SE] years) with an ARF (ARDS n=69; ALI n=43)

Figure 3 (abstract P18)
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at a surgical ICU in a university hospital using the American—
European consensus definition in a clinical follow-up design, who
received supportive therapy either with RT (n = 52; Rotorest®) or
using PP (n = 60; 135° left/right-side position for at least 6 hours
in each position). The physicians on duty had the freedom of
choice to use one or other method guided by their clinical
experience and judgement. Data collection included, apart from
baseline characteristics, individual PAO,/FiO, of patients in the
course 64 hours before and 120 hours after intervention. The
individual PAO,/FiO, before and after intervention was compared
with linear regression analysis for each group (linear regression
procedure and t test, SPSS®).

Results The mean PAO,/FiO, decreased within 64 hours until the
intervention from 230 £ 91 to 178 £ 59 mmHg in all patients
(mean = SE). Patients who died (n = 64) showed a more rapid
deterioration of PAO,/FiO, during conventional ventilation in the
supine position in the interval of 64 hours prior to intervention in
the form of RT or PP (slope of regression straight line: RT -5.14;
PP -7.14) in comparison with patients who survived their acute
respiratory failure (slope RT —3.43; PP —0.57) within the scope of
the critical illness (P < 0.05). Nearly all patients showed a more or
less marked improvement of PAO,/FiO, during the first 5 days
after intervention (PAO,/FiO, after 120 hours: RT group
184 +77.28; PP group 213 * 75 mmHg; y [all patients] =
3.9045*X + 234.61], but there was no significant difference in the
linear regression analysis between survivors (slope of regression
straight line: RT 0.28; PP 2.48) and nonsurvivors (RT 0.61;
PP 2.03) during 120 hours after the intervention.

Conclusion The course of PAO,/FiO, seems to be more decisive
for the prognosis of patients with an evolving ARF than the course
after supportive interventions such as RT or PP. In patients with a
rapid deterioration of PAO,/FiO, we should be aware that this may
indicate an unfavourable prognosis in the sequel. Supportive
measures such as RT or PP, which aim to treat the ventilation/
perfusion heterogenity, both seem to work, and therefore should
be used in the early phase of ARF to reduce aggravation of lung
injury and complications of mechanical ventilation.
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Background In the past few years there has been a resurgence of
interest in high-frequency oscillatory ventilation (HFOV), as part of
the search for lung-protective ventilation in acute respiratory
distress syndrome (ARDS). The prone position has been used
increasingly as a simple and safe method to improve oxygenation in
conventional mechanical ventilation (CMV), but only occasionally
as adjunctive therapy in HFOV.

Objective To evaluate safety and results when using both HFOV
and the prone position in adult patients in the early phase of severe
ARDS as integrated therapy for alternative lung-protective ventilation.
Methods Adult patients diagnosed with ARDS resulting from a
pulmonary cause (ARDSp) and from an extrapulmonary cause
(ARDSe) receiving mechanical ventilation for less than 72 hours,
when it is not possible for a conventional lung-protective strategy
of low tidal volumes (<6 ml/kg PBW) and limited inspiratory
plateau pressures (<30cmH,0), requiring FiO, 20.6 to keep
PaO, =60 mmHg or SpO, >90% with moderate-high levels of

26th International Symposium on Intensive Care and Emergency Medicine

PEEP in CMV and the prone position. Data are presented as the
mean * SD.

Results We included in the study seven consecutive critically il
patients with early ARDS, four men and three women (five
ARDSp/two ARDSe), aged 46.3 * 20 years. APACHE-Il score:
28.1 + 4.8. LIS: 8.7 £ 0.2. Ol: 35.6 £ 18.1. PaO,/FiO,: 88.6
39.2. Patients were ventilated in the prone position and CMV with
FiO,: 0.84 £ 0.2. Tidal volume: 6 * 0.3 ml/kg PBW. Plateau
pressure: 34.3 £ 2.1 cmH,O. Mean airway pressure: 25.9 + 3.8
and PEEP: 17.1 + 3.6 cmH,0.

The patients were switched to HFOV in the prone position as
alternative lung-protective ventilation. It was possible to apply
higher mean airway pressures than in CMV and the prone position,
to achieve significant and sustained improvements in gas exchange
(PaO,/FiO,) and reductions in FiO, requirements in the first 24
hours of HFOV without hemodynamic instability or barotrauma.
Patients were turned back to the supine position in HFOV (mean
time in prone position: 3.1 + 1.5 days) before transition to CMV
(mean time in HFOV: 5.6 + 3.2 days).

Two patients died in the first 2 days after being switched to HFOV,
due to fulminant sepsis in Gram-negative bacteraemia and to
massive alveolar haemorrhage in lupus, respectively. The other five
patients were discharged alive from the ICU without ventilatory
support. They are alive 3 months after diagnosis and treatment of
ARDS.

Conclusions It is possible to use lung-protective ventilation using
HFOV and the prone position as adjunctive therapy, with good
outcomes in adult patients in the early phase of severe ARDS
without significant complications. In our experience, it would be
interesting to evaluate in future studies whether HFOV and the
prone position is a better approach to lung protective ventilation
than CMV for the most severe ARDS adult patients.
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Objective To evaluate the efficacy of high-frequency oscillatory
ventilation (HFOV) in acute respiratory distress syndrome (ARDS)
in adult patients.

Setting A 30-bed medical and surgical ICU of a tertiary care
hospital.

Design A prospective clinical study over a period of 12 months.
Methods ARDS patients receiving mechanical ventilation as per
the ARDSnet protocol and requiring positive end expiratory
pressure (PEEP) > 12 cmH,O and FiO, > 0.7 to maintain oxygen
saturation 288% were considered for HFOV. Initial settings of
HFOV were selected based upon the mean airway pressure
(MAP), PO,/FiO, ratio, PCO, and oxygenation index (OI) (Ol =
MAP x FiO, x 100 / PO,). Predetermined protocols for HFOV
adjustments and weaning from HFOV were implemented.
Continuous hemodynamic, plethysmographic monitoring was
performed. Arterial blood gas parameters were documented at 1, 6
and 24 hours after initiation of HFOV.

Results A total of 18 patients were ventilated with HFOV for 80.82 +
58.70 hours. Baseline characteristics before initiation of HFOV
were: APACHE Il score 21.11 + 4.65, hours of conventional
ventilation 61.83 + 52.77, PEEP of 14.16 + 3.7 cmH,O, plateau
pressure (Pplat) of 29.44 + 4.93 cm, FiO, of 0.89 + 0.11 and
average >3 organs failure. There was an improvement in
oxygenation status at 6 and 24 hours. The PO,/FiO, ratio



increased from a baseline of 97.47 £ 27.92 to 181.26 £ 110.37
and 256.41 *+ 130.85 at 6 and 24 hours, respectively. The Ol
reduced from a baseline of 26 * 10.98 to 23.59 £ 16.98 and
15.95 + 12.38 at 6 and 24 hours, respectively. Out of 18 patients
13 were ‘Responders’ — i.e. showed progressive and sustained
improvement in oxygenation and were successfully weaned to ‘T’
piece oxygen (=12 hours without any ventilatory assistance). The
remaining five were ‘Non Responders’ and did not show sustained
improvement in oxygenation and died of resistant hypoxia.
Subgroup analysis The Responder (n = 13) and Non Responder
(n = 5) groups were similar in Pre HFOV baseline characteristics
such as age, APACHE Il score, number of organs failed, Pplat,
PO,/FiO, ratio and Ol The PO,/FiO, ratios at 6 hours were
208.81 = 110.96 vs 109.61 = 77.41 (P = 0.04) in Responders
and Non Responders, respectively. PO,/FiO, ratios at 24 hours
were 290.78 * 117.43 vs 167.05 £ 13258 (P = 0.03) in
Responders and Non Responders, respectively. The reduction in
Ol in the Responder group at 6 and 24 hours was significant as
compared with Non Responders: 17.27 £ 8.37 vs 40.01 + 23.42
at 6 hours (P=0.003) and 11.17 + 4.28 vs 28.36 +18.16 at 24
hours (P = 0.002). One patient developed pneumothorax and one
patient had endotracheal tube displacement while on HFOV.
Conclusion HFOV is effective in adult patients with severe ARDS
failing conventional ventilation. Progressive and sustained improve-
ment in the PO,/FiO, ratio and the reduction in the Ol at 6 and 24
hours are strongly associated with successful response to HFOV.
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Introduction High-frequency oscillatory ventilation (HFOV)
theoretically provides the ideal mode of ventilation for patients with
acute lung injury. By avoiding repeated recruitment and de-
recruitment of lung units it has the potential to reduce ventilator-
associated lung injury. In the vast majority of centres, however, it is
still only used as rescue therapy for patients failing conventional
ventilation (CV). In our 29-bed university hospital ITU we maintain a
registry of patients receiving HFOV, and the first 25 entries are
presented here.

Patients Patient demographics are presented in Table 1. Changes
in gas exchange are presented in Table 2. Complications
attributable to HFOV were CVS instability (4/25); pneumothorax

Table 1 (abstract P22)

Age (years) 38 (22-71)
Direct:indirect ARDS 12:13

APACHE Il score on admission 21 (10-38)
Duration of CV pre-HFOV (hours) 24 (8-360)
Duration of HFOV (hours) 80 (6-274)

Table 2 (abstract P22)
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(8/25) and ETT blockage (2/25). Two out of 25 patients died on
HFQOV; 5/25 died on CV post-HFOV and 18/25 were discharged
alive from the ICU.

Conclusion HFQOV is currently perceived as a rescue therapy in
adult patients unresponsive to CV. Our experience of using HFOV
in acute lung injury shows that it is an effective method of
ventilation in refractory respiratory failure and is also a safe and
practical alternative to CV when used early in acute lung injury.
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Superimposed high-frequency jet ventilation (SHFJV) is a special
form of combined high-frequency jet ventilation described in other
studies as an effective respiratory therapy of acute lung injury (ALI)
patients. We compared this technique with conventional
mechanical ventilation in oleic-acid-induced ALl piglets over a
study period of 5 hours. After ALI induction, 18 pigs were randomly
assigned to three groups. A SHFJV group with a high-frequency
(500 bpm) and a low-frequency (15-20 bpm) jet stream and a
PEEP of 10 cmH,O; a CPPV group (continuous positive pressure
ventilation) presenting VT = 10 ml/kg, :.E = 1:1, PEEP = 10 cmH,0;
and a IPPV group (control group; intermittent positive pressure
ventilation) VT = 10 ml/kg, :E = 1:1, zero PEEP. SHFJV animals
showed an earlier and more efficient improvement in oxygenation
compared with group B (90 vs 180 min; PaO, 70.5 + 11.3 vs
41.2 £ 7.9 kPa) despite lower mean airway pressures applied
(16%+1.4 vs 22 £ 1.8 mbar). CO, elimination was also more
effective (6.0 £ 1.4 vs 8.2 = 1.6) although peak airway pressures
were the lowest (30 + 3.8 vs 45 + 4.6 mmHg). SHFJV may
therefore be useful in ALI management.
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Introduction High-frequency ventilation (HFV) is a concept of
mechanical ventilation that is mainly used in therapy of infants. The
resistance of the small neonatal endotracheal tubes (ETT) causes a
noticeable difference between airway pressure (proximal end of the
ETT) and tracheal pressure (distal end of the ETT). The aim of this
laboratory study was to evaluate the pressure drop across the ETT

CV pre-HFOV 1 hour HFOV 6 hours HFOV 12 hours HFOV
FiO, 1.0 (0.4-1.0) 0.8 (0.4-1.0) 0.78 (0.4-1.0) 0.65 (0.4-1.0)*
PaO, (mmHg) 66 (66-104) 71 (42-122) 74 (51-107) 80 (61-137)
P:F ratio 88 (35-200) 93 (42-180) 109 (51-148) 122 (61-298)*
PaCO, (mmHg) 53 (35-86) 45 (29-67) 44 (28-65) 46 (36-60)

Values presented as median (range). *P < 0.05 compared with CV pre-HFOV.
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during HFV and to investigate whether tracheal pressure can be
calculated from airway pressure using conventional methods.
Methods A physical model of an infant's respiratory system was
connected with one of two differently sized ETTs (ID 3 mm or
4 mm; Blue Line, Portex Ltd., Hythe, Kent, UK) with the positioning
of the tip inside the trachea of the model. The ETT was bent along
a test fixture to approximate the in-situ curvature of an ETT
simulating the nasal route of intubation. An infant HF-ventilator
Sensormedics 3100A (SensorMedics Corp., Yorba Linda, CA,
USA) was used to ventilate the model with an I/E ratio of 1:2. We
varied mean airway pressure from 8 to 16 mbar (in steps of
2 mbar), the set airway pressure amplitude from 10 to 50 mbar (in
steps of 10 mbar) and the frequency to 5Hz, 10 Hz and 15 Hz,
respectively. We analyzed the pressure drop across neonatal ETTs
in a physical model setup during different conditions of HFV.
Results We found that depending on the ventilator's settings the
relative loss of mean pressure amplitude caused by the ETT
ranged from 23.8% up to 51.2% during the positive flow phase
and from 3.3% up to 24.7% during the negative flow phase.
Additional to the well-described flow dependency of ETT
resistance we found an increase of resistance caused by the HFV.
Due to this effect, calculation of the ETT's pressure drop using the
Rohrer or Blasius-ltos approach underestimated the true pressure
drop significantly.

Conclusion We conclude that an increased pressure drop during
HFV caused by the ETT must be considered to be dependent on
the size of the ETT, the ventilation frequency and the flow rate, the
latter implicating a dependency on the ventilator's performance in
flow delivery. For the patient’s respiratory system only that part of
delivered energy that is transferred to the patient's lung is of
relevance. This means that decisions for setting parameters of HFV
must be made from the view of tracheal pressure. For an adequate
noninvasive monitoring of tracheal pressure during HFV, new
methods for calculation of the pressure drop across the ETT
appear crucial.
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Introduction Acute respiratory failure and ARDS remains an
important cause of mortality and morbidity in patients admitted to
the ICU. Several trials were conducted to improve the survival in
patients with respiratory failure. The efficacy and safety of the use
of surfactant in improving the outcomes of patients with ARDS was
recently evaluated in several trials.

Objective This review is primarily aimed at assessing the efficacy
of surfactant in improving the survival of adult patients with acute
severe respiratory failure.

Search strategy The following databases were searched for
reports of trials: the Cochrane Central Register of Controlled Trials
(CENTRAL) (The Cochrane Library 2005, Issue 4), MEDLINE
(1966—November 2005), and EMBASE (1980-November 2005).
In addition, bibliographies of review articles and potentially
included studies were also searched.

Selection criteria Prospective randomized controlled trials
comparing surfactant treatment with the standard care (or placebo
and standard care) in managing adult patients with acute
respiratory failure requiring intubation and mechanical ventilation
were included.

26th International Symposium on Intensive Care and Emergency Medicine

Data collection and analysis Data regarding clinical outcomes
including the survival at 28 days, the duration of mechanical
ventilation, the duration of ICU and hospital stay, and adverse
effects. The data on the methodological quality (allocation
concealment, intention to treat analysis and Jadad score) of the
trials were collected a using a standardized data extraction form.
Wherever the data were adequate, the outcomes of interest were
quantitatively pooled using a random effects model.

Main results Out of the 16 potentially eligible studies, five trials
randomising a total of 1315 patients were included in the analysis.
Three of these trials were pilot trials conducted to assess the
safety (and efficacy) of surfactant. The other two were large trials
conducted to evaluate the efficacy of surfactant. The pooled data
on mortality suggested no significant effect of surfactant in
reducing the mortality (odds ratio = 1.01; 95% Cl = 0.81-1.26:
P=0.9). The data on other outcomes such as the duration of
ventilation, ICU and hospital stay, and adverse events were not
suitable for performing a meta analysis. The two large trials have
both shown an increased incidence of adverse effects in patients
where surfactant was used.

Conclusion The use of surfactant is not associated with an
improvement in survival in adult patients with severe respiratory failure.
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Introduction Extracorporeal membrane oxygenation (ECMO) is a
technology that provides gas exchange and supports cardiac
function in patients with ARDS or cardiac failure. We report on the
experience with ECMO in our medical ICU, a tertiary centre.
Patients ECMO was started in 20 patients (14 males/six females)
failing conservative treatment with life-threatening respiratory (13
patients), cardiac (two patients) or combined failure (five patients).
Bypass surgery was performed bedside. For respiratory failure, veno-
venous (v/v) access was used; for cardiac failure, veno-arterial (v/a)
access was preferred. The mean age was 45.3 years. Nine apparently
immunocompetent patients presented with community-acquired
pneumonia (CAP). Two of these later appeared immunocompromised
and had opportunistic infections. Eight other immunocompromised
patients received ECMO. The remaining three patients had ARDS
due to sepsis, cardiogenic shock and nosocomial pneumonia.
Results The average APACHE Il score was 24.5 and SOFA score
was 11.5. The Murray score before the start of ECMO averaged
3.2. The mean duration of ventilation was 32.5 hours and the
average PaO,/FIO, was 53.8 mmHg. In 13 patients the bypass
was initially v/v, in seven patients v/a. In one patient v/v access was
changed to v/a as cardiac failure developed. In another patient the
v/a bypass was switched to v/v for insufficient oxygenation of the
upper body. The mean duration of ECMO was 6.4 days (range
0.5-18), and mean duration of mechanical ventilation was 13.1
days (range 0.5-36). Overall survival was 50%. All patients that
survived weaning from ECMO were also discharged and are still
alive with a mean follow up of 804 days. Seven out of nine patients
with  CAP survived. Only 3/10 immunocompromised patients
survived. All three are still alive after 2, 23 and 34 months. Ten out
of 20 patients died. Twelve technical complications occurred, two
of which were fatal (massive bleeding).

Discussion and conclusion ECMO is a potentially life-saving
technology. Our overall survival was 50%. Unfavourable factors
such as low pH and low pO,/FIO, do not exclude a successful



ECMO intervention as our two patients with the lowest pH (6.89
and 6.95) survived, as did four out of seven patients with
PaO, / FIO, <40 mmHg. Predictive factors therefore cannot be
used as exclusion criteria. Patients who develop intractable acute
respiratory insufficiency due to CAP without underlying disease
seem to benefit most from ECMO. Most series of ECMO reported
in the literature exclude immunocompromised patients. We confirm
that these patients stand a poor prognosis (survival of 30%).
However, long-term and good functional survival appears to be
possible in selected patients. v/a bypass seems to carry a higher
risk for major and potentially fatal technical complications. v/a
bypass is only indicated if cardiac support is required. Increasing
experience from the ECMO team probably reduces the incidence
of technical complications.
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Introduction In spite of the advances in pre-neonatal and neonatal
intensive care including the use of antenatal steroids, foetal
surgery, nitric oxide (NO), surfactant, high-frequency oscillation
(HFQV), liquid ventilation and extracorporeal membrane oxygenation
(ECMO), the mortality of patients with congenital diagrammatic
hernia (CDH) remains high. The use of ECMO is generally
reserved for patients who cannot be managed by other treatments
such as HFOV, NO and surfactant. The aim of this study was to
identify factors that could predict the outcome in patients with
CDH requiring ECMO.

Methods This study is a retrospective review of case records,
microfims and our database between September 1991 and
December 2004. All patients with CDH managed in our unit using
ECMO were included. ‘Pre ECMOQ’ variables such as gestational age,
sex of the patient, birth weight, age at the time of ECMO cannulation,
acid-base status and blood gasses and ventilator settings before
commencing ECMO, and variables during the ECMO course such as
the mode of ECMO (VA vs VV), use of NO, surfactant, liquid
ventilation, vaso-active agents, timing of repair of CDH, use of blood
products, and complications (mechanical and patient related) on
ECMO were analysed to identify predictors of outcome.

Results A total of 52 patients were managed using ECMO in our
unit during the study period. All these patients were referred to our
unit following the failure of maximal conventional treatment. The
mean gestational age at birth was 38.9 (SD 2.74) weeks and the
birth weight was 2.92 (SD 0.44) kg. The APGARS scores were
4.35 (SD 2.9) at 1 min and 5.93 (SD 2.9) at 5 min of birth. The
mean age at the time of referral for ECMO was 2 (SD 3.1) days.
The mean PaO,/FiO, ratio was 49.7 (SD 49.8). The overall survival
to hospital discharge was 58%. The mode of ECMO was
venovenous in 27 patients and venoarterial in 25 patients. On
univariate analysis, the mean duration of ECMO (181 = 120 vs
317 £ 156 hours; P=0.001), use of NO (6 vs 10; P=0.049) and
renal complications (4 vs 14; P < 0.001) were significantly
different between the survivors and nonsurvivors. The pre ECMO
variables were comparable between the survivors and non-
survivors. Multiple logistic regression analysis of the variables
included in the analysis revealed the duration of ECMO and renal
complications developing on ECMO to be independently
associated with mortality.
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Conclusion Prolonged duration of ECMO and renal complications
on ECMO were independently associated with mortality. None of
the pre ECMO variables could be identified as predictors of
mortality in patients with CDH requiring ECMO.
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Introduction Nowadays it is not clear whether the level of
hypoxemia is related to the outcome. It has been shown that the
pulmonary dead space fraction is an independent risk factor for
death in the early phase of acute respiratory distress syndrome [1].
Objective We aimed to study possible respiratory predictors for
mortality in mechanically ventilated patients.

Materials and methods Consecutive patients invasively
mechanically ventilated for more than 48 hours were enrolled. At
ICU admission blood gas exchange and the ventilatory setting
were recorded.

Results Sixty-eight patients (45 males, mean age 59.6 + 15.5 years,
weight 71.6 = 14.1 kg) were enrolled at one ICU from October
2004 to October 2005. Thirty-seven patients presented acute lung
injury or acute respiratory distress syndrome during their intensive
care stay.

The overall intensive care mortality was 23% (16 patients). The blood
gas analysis showed a mean PaO,/FiO, ratio of 207 + 120 mmHg,
PaCO, of 37 £ 10 mmHg and pH of 7.34 £ 0.13 with the following
ventilatory setting: PEEP 81 * 4.6 cmH,O, respiratory rate
17.8£5.2 bpm, tidal volume 662 = 145 ml and minute ventilation
9.1 = 2.0 I/min. Among the respiratory variables considered only the
PaCO, was associated with an increased intensive care mortality
(OR 1.08, 95% confidence interval 1.021-1.152).

Conclusion The increase in PaCO,, reflecting a higher degree of
pulmonary impairment, was associated with intensive care
mortality.

Reference

1. Nuckton TJ, et al.: N Engl J Med 2002, 346:1281-1286.
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Introduction In clinical conditions when the mechanical properties
of each lung of a patient differ very much, it is necessary to
ventilate them separately. The connection of each lung with one
respirator, by means of a double-lumen endotracheal tube, enables
its physical separation and control of its ventilation. Generally,
therefore, two synchronized respirators are required to perform
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differential ventilation of lungs. It is also possible to use one respirator
with a feedback-controlled variable pneumatic valve to divide the total
ventilation volume from a respirator between two lungs.

Materials and methods A prototype of a flow divider based on
stabilization of tidal volume measurement, according to adjust-
ments made by an anesthesiologist, was designed. This feedback-
controlled circuit can precisely keep the tidal volume division on a
constant value, irrespective of lung mechanics (alveolar/chest
compliance, airway resistance) and ventilatory parameter (frequency,
total tidal volume and selective PEEP) changes. In order to assess
the solution that was realized, one respirator with a feedback
control of tidal volume division was tested using a physical model
of the adult respiratory system and in clinical conditions, during
thoracic surgery.

Results The physical model of respiratory system consisted of two
parallel circuits of artificial lung. The model study has proved that
maximal errors of tidal volume division are less than 10% in a wide
range of division ratio and PEEP value, which is acceptable in
clinical practice. Differential ventilation was applied to 10 patients
undergoing thoracic surgery. Measurement of each lung parameter
showed the stable tidal volume division (error < 10%) in all patients.
Conclusion Clinical data show that the proposed system fulfils the
same function as two synchronized ventilators, with independent
adjustment of volume and PEEP to each lung.
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Open lung ventilation (OLV) consists of recruitment maneuvers,
followed by low tidal volume and elevated positive end-expiratory
pressure (PEEP). Elevated PEEP is associated with an increased
right ventricular (RV) afterload. We investigated the effect of OLV
on RV afterload during inspiration and expiration in patients after
cardiac surgery using Doppler echocardiography.

In 28 patients scheduled for cardiac surgery, two ventilation
strategies were applied in a randomized cross-over design. During
OLYV, recruitment maneuvers were applied until PaO,/FiO, > 375 Torr
was achieved (reflecting an open lung) and were maintained by the
use of sufficient levels of PEEP. The tidal volume was 4-6 ml/kg.
During conventional mechanical ventilation (CMV) the ventilation
was with a low tidal volume (6-8 ml/kg) with 5 cmH,O PEEP,
without recruitment maneuvers. The acceleration time (Acmean) of
the pulmonary artery was measured with transesophageal
echocardiography in a long-axis view of the pulmonary artery
during end-inspiration and end-expiration.

The total PEEP in the OLV group was 14 + 4 compared with 5 +
1 cmH,0 in the CMV group. During expiration, the Acmean of both
ventilation strategies was comparable. Inspiration caused a
significant decrease of Acmean compared with expiration during
CMV (Table 1). Surprisingly, this did not occur during OLV.

Table 1 (abstract P31)

Expiration Inspiration
Acmean OLV 9.6 +2.2 10.0 + 2.9*
Acmean CMV 10.2+ 3.3 8.6 +2.9*

Acmean = mean acceleration (m/s2). *P < 0.05 OLC vs CV, TP < 0.05
inspiration vs expiration.

26th International Symposium on Intensive Care and Emergency Medicine

We conclude that despite the use of ‘relatively’ high PEEP, OLV
with low tidal volume does not increase RV afterload during
inspiration and expiration.
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Introduction The present study examines the possibility of non-
interventional detection of expiratory flow limitation (EFL) during
experimental mechanical ventilation (MV), with the aid of nonlinear
regression analysis.

Methods Eight New-Zealand rabbits under MV were included in
the study. EFL was induced by the application of negative
expiratory pressure (-5 to —10 hPa) and recognised by the
negative expiratory pressure technique. The airway pressure (Paw)
and flow (V') were recorded and treated offline with the aid of the
nonlinear model Pao = EEP + E1.V + E2.V2 + k1.V' + k2.V".|V’| +
k3.V.V’, which accounts for volume dependence of elastance and
flow and volume dependence of resistance. The timed signal of
resistive pressure (Pres) was reconstructed after subtraction of
elastic nonlinear pressure from the whole pressure.

Results and conclusions The Pres signal presents two different
configurations that permit one to separate between EFL and non-
EFL. More specifically, in cases without EFL Pres is similar to the
flow signal, while in cases with EFL expiratory Pres presents a
minimum, which corresponds to the point of EFL installation. We
conclude that the present technique, which combines
computational and graphical parts, offers the possibility of EFL
recognition and quantification at least during mechanical ventilation.
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Introduction Vibration response imaging (VRI) is a novel
technology that utilizes sophisticated software and surface skin
sensors placed on the back to record, analyze and display
vibrations as a non-invasive measure of lung ventilation.
Hypothesis Compared with assist volume control ventilation
(AVC), pressure support ventilation (PSV) will result in a greater
spatial distribution of lung airflow.

Methods We performed serial VRI during maintenance AVC and
immediately following initiation of a spontaneous breathing trial
using low-level PSV in 26 mechanically ventilated patients.
Recordings were performed over 12-20 s periods of respiration.
Respiratory cycles free of noise or motion artifacts were chosen for
analysis, and images at mid-inspiration were analyzed. Areas of
images were calculated digitally using the program Imagel. The
areas of right and left lung measured at mid-inspiration were



summed, and compared, AVC vs PSV. Statistical analysis was
performed using a t test and the t distribution.

Results The tidal volume (VT) was 534.8 + 69.4 ml for AVC and
decreased to 407.6 = 152.1 ml for PSV (P = 0.00015). The mean
areas of both lungs were 68.75 + 11.06 and 71.57 £ 10.50 (mean
in kilopixels £ SD) in the AVC and PSV images, respectively
(P=0.00985). There was a mean increase of 4.73 = 9.09% in the
areas of the lungs during PSV compared with AVC (P = 0.039).
Conclusions Despite a lower VT, PSV (compared with ACV)
produced a greater spatial distribution of lung airflow. Possible
mechanisms of this PSV-associated increase are the increase in
patient-generated negative intrapleural pressure during inspiration
and better synchronization of patient-negative pressure with
positive pressure from the ventilator. VRI allows a non-invasive
quantitation of airflow distribution during different modes of
mechanical ventilation.
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Objective In patients with acute lung injury (ALI) or acute
respiratory distress syndrome (ARDS) the use of spontaneous
breathing modes in mechanical ventilation can be beneficial.
Nevertheless the opportunity to combine different forms of
assisted ventilation is not sufficiently investigated. We evaluated
the effects of the combination of different modes of spontaneous
ventilation on respiratory mechanics and gas exchange in patients
with ALl or ARDS.

Design A prospective, interventional study.

Setting ICU of a university hospital.

Patients Seven patients who were ventilated mechanically for at
least 24 hours due to acute respiratory insufficiency.

Methods Each patient was ventilated using one of four ventilation
modes for a time period of 45 min, followed by a 15-min
equilibration period. All four respiratory settings were applied in
randomly assigned order in every patient. A: biphasic positive
airway pressure (BIPAP); B: BIPAP in combination with pressure
support (BIPAP + PSV); C: BIPAP in combination with automatic
tube compensation (BIPAP + ATC); D: pressure support
ventilation in combination with ATC (PSV + ATC). In every
ventilator setting all patients had spontaneous breathing efforts in

Table 1 (abstract P35)
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at least 30% based upon minute ventilation (VE). The settings
were adjusted to achieve a tidal volume (VT) of 6—8 ml/kg body
weight. Hemodynamic data were obtained every 15 min and at the
end of each period blood gas analyses were obtained. The primary
endpoints were the patient’'s work of breathing obtained by the
Bicore CP-100 pulmonary monitor (Bicore, Irvine, CA, USA).
Results The mean tidal volume was 6.51 + 0.36 ml/kg body
weight. In  combination with automatic tube compensation,
inspiratory pressure support obtained the highest work of
breathing in all tested modes (A: 0.80 = 0.15 J/l vs B: 0.86 %
0.17 J/Ivs C: 0.96 = 0.19 J/l vs D: 1.47 £ 0.22 J/I). Hemodynamic
parameters and indices of pulmonary gas exchange did not differ
between the tested modes.

Conclusions Our results show that PSV in combination with ATC
obtained the highest work of breathing. A possible reason is that
PSV assists every single breath and acts more like controlled
ventilation than an assisting mode. The combination of different
modes of spontaneous breathing has no benefit on the work of
breathing the patient had to obtain when BIPAP is used as the
primary ventilator mode.
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Introduction Vibration response imaging (VRI) measures the
vibration response energy generated from airflow to create a
radiation-free, dynamic, real-time, structural and functional image of
the respiration process. The characteristics of VRI in mechanically
ventilated patients with chronic obstructive pulmonary disease
(COPD) has not been previously studied.

Hypotheses This was an observational study to compare the VRI
of mechanically ventilated (MV) patients with no known pulmonary
disease with those with COPD.

Methods Five consecutive MV patients with COPD were
compared with five consecutive MV patients with no known
pulmonary disease. Using custom-designed software the vibration
signals were fitted to a mathematical function and a gray level
frame was constructed. At peak inspiration and expiration, spatial
areas of the images were captured and the total area of the image
calculated using Image J Software.

Distribution of image area in patients with no pulmonary disease

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Inspiration 93,735 55,618 55,573 86,432 79,791
Expiration 85,490 50,005 38,919 82,362 73,858
Table 2 (abstract P35)
Distribution of image area in patients with COPD

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Inspiration 25,831 60,0085 51,195 72,372 24,229
Expiration 64,484 63,139 71,231 73,628 57,300
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Results In patients with normal lungs, the spatial distribution of the
maximal signal expiratory vibration response image was lower than
the maximal signal during inspiration. The mean decrease in area
was 8103 pixels + 20,606 (P = 0.01) (Table 1). In patients with
COPD the spatial distribution of the maximal signal expiratory
vibration response image during expiration was higher than the
maximal signal inspiratory image. The mean increase in area was
19,214 pixels + 6552 (P = 0.03) (Table 2).

Discussion The increase in the image area during the expiratory
phase in COPD patients may reflect increased airflow resistance
causing increased vibration energy. Air trapping and auto-PEEP
are other possible mechanisms accounting for the expiratory
increase in image area.

Conclusion VRI provides real-time non-invasive lung imaging of
airfflow in the mechanically ventilated patient. Mechanically
ventilated COPD patients demonstrate a dramatically different VRI
pattern than normal MV patients. VRI may provide important
diagnostic information in COPD patients.
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Introduction The influence of the resistance of endotracheal tubes
(ETT) on the additional work of breathing (WOB) has been
extensively evaluated. However, not only the ETT resistance
causes additional WOB, but also the connecting tubes and
swivels (CT+S) that are placed between the Y-piece and ETT. This
study was performed to test the hypothesis that CT+S significantly
increase the resistance of the breathing circuit with the
consequence of increased WOB during PSV.

Methods Four different types of CT+S (Riisch, Medisil, Medisize,
Mallinckrodt) were ventilated using a sinusoidal flow pattern, and
the flow-dependent pressure drop across the CT+S was recorded.
Flow dependency of the pressure drop was determined by fitting
Rohrer's equation (AP = K1*V' + K2*V2). The resulting
coefficients K1 and K2 were used in a mathematical simulation of
PSV ventilation to calculate the influence of CT+S on breathing
pattern, minute ventilation (VE) and WOB in simulated normal,
obstructive and restrictive patients.

Results The resistance of the different models of CT+S widely
varied. The CT+S type used in our ICU had a resistance of 3.1

Figure 1 (abstract P36)

Figure 2 (abstract P36)
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mbar/l/s (at 1 I/s), comparable with a #9 ETT. Dependent on the
patient's disease and muscl