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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

S7



S8

Critical Care  March 2006 Vol 10 Suppl 1

Figure 1 (abstract P15)

20.00 sec

Figure 2 (abstract P15)

2000 sec

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.

Available online http://ccforum.com/supplements/10/S1

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.
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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 muscle strength (Pmus) and on the
ventilatory demand, the use of CT+S reduced minute ventilation by
up to 13% (Fig. 1). If the additional WOB is accomplished by the
patient, he/she has to increase the Pmus by up to 45% (Fig. 2). If
the pressure support is increased instead, an additional pressure
of up to 37% has to be applied (Fig. 3). In some simulated patients
with pulmonary obstructive disease, this additional pressure
support caused missed efforts and additional dynamic
hyperinflation. Interestingly, in simulated pulmonary restriction, a
paradox effect of the additional resistance on tidal volume during
PSV was observed: the reduction of peak inspiratory flow led to a
delayed cycling of inspiration. As the cycling criterion during PSV
(flow drop to 25% of peak inspiratory flow) results in a very short
inspiratory time in these patients, a delayed cycling led to an
increased inspiratory time and hence to an increased tidal volume.
Conclusions The resistance of CT+S adds significant load to the
respiratory system. CT+S consisting of low resistive parts should
therefore be preferred. In restrictive patients, PSV without variable
cycling may be an inappropriate mode.
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Background Patients undergoing emergency or elective spinal
surgery often require mechanical ventilation for prolonged periods
because of their inability to protect their airways, persistence of
excessive secretions, and inadequacy of spontaneous ventilation.
Tracheostomy plays an integral role in the airway management of
such patients; however, its timing still remains subject to
considerable practice variation

Study design A retrospective review of all spinal surgery
admissions to the ICU and high dependency unit (HDU) from the
National Spinal Injuries Unit (NSIU) at the Mater Misericordiae
University Hospital over a 4-year period (n = 152).

Objective To assess the intensive care requirements of a tertiary
referral centre specializing in acute spinal cord injury and diseases
of the spine, and to identify risk factors associated with respiratory
compromise in the spinal surgery patient.

Methods A retrospective review of all spinal surgery admissions
from the NSIU to the ICU and HDU at the Mater Misericordiae
University Hospital between 1 January 2002 and 30 September

Figure 3 (abstract P36)
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2005 (n = 152). The Hospital Inpatient Enquiry System, NSIU and
ICU databases were used to identify our study cohort. The medical
records, ICU records and the computerized hospital inpatient
system were utilized to gather all relevant data. Parameters
evaluated included demographics, vertebral level, APACHE Il
score, forced vital capacity, tracheostomy placement, pneumonia,
premorbid pulmonary disease, smoking history, evidence of direct
thoracic/lung trauma, operative intervention, associated appendicular
trauma, and pre-existing medical comorbidities.

Results There were 152 spinal admissions to the ICU between
1 January 2002 and 30 September 2005. The average length of
stay was 6.6 days (range 1-35 days). Ninety-eight patients were
subsequently admitted to the HDU for further intensive
management. The average stay for the HDU admissions was 6.5
days (range 1-58 days). Tracheostomies were performed in 36 of
these 152 patients (24%). The percentage of high cervical spinal
cord injuries was 35% (54/153). We found a significant correlation
between high cervical spinal cord injury and respiratory
compromise warranting tracheostomy placement, with a relative
risk ratio of >1.0.

Conclusion Several risk factors were identified corresponding to
frequent tracheostomy placement in patients undergoing major
spinal surgery. Early tracheostomy may be considered in patients
with multiple risk factors to reduce the duration of stay in the ICU
and facilitate the weaning of ventilatory support.
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Effect of inspiration rise time on work of breathing and
patient comfort during pressure support ventilation

L Brouwer, A Hoedemaekers, J van der Hoeven
Radboud University Nijmegen Medical Centre, Nijmegen,
The Netherlands

Critical Care 2006, 10(Suppl 1):P38 (doi:10.1186/cc4385)

Introduction Pressure support ventilation is widely used in patients
in the ICU. Matching the patient’s respiratory needs with adequate
ventilator settings is necessary to ensure a low work of breathing
(WOB) and maximal patient comfort. The inspiratory rise time (IRT)
determines the time to reach the selected airway pressure. A short
IRT results in a high peak inspiratory flow and a short time to reach
that peak, but is also associated with the development of turbulent
flow, resulting in increased WOB. The aim of this study was to
investigate the effects of different IRT settings on WOB and patient
comfort during pressure support ventilation.

Methods We performed a prospective, single-blind cohort study in
patients on pressure support ventilation. Ten healthy adult patients
admitted to the ICU after elective facial or neck surgery were
included. All patients were ventilated in the pressure support mode
using a Servo 300 ventilator (Siemens, Elema, Solna, Sweden),
with a positive end expiratory pressure (PEEP) of 5 c¢cmH,0, a
pressure support level of 12 cmH,O above PEEP and an
inspiratory oxygen fraction of 0.40. Patients were awake and
cooperative (Ramsay 2). WOB was measured with an esophageal
balloon and a miniature flowmeter (Bicore system). Breathing
comfort was evaluated using a visual analogue scale (VAS) ranging
from 1 to 10. WOB and patient comfort was measured (in random
order) at 0, 5, and 10% IRT. For statistical analysis, two-way
analysis of variance was used. P<0.05 was considered
statistically significant.

Results An interim analysis was performed after four of a total of
10 patients. The WOB increased from 0.25 + 0.11 J/l at 0% IRT to
0.48 + 0.01 J/l at 5% IRT and 0.59 * 0.21 J/l at 10% IRT (values
expressed as mean + SD). At the same time the patients comfort
as analysed by the VAS decreased from 5.5 (4.0-7.75) at 0% IRT

Available online http://ccforum.com/supplements/10/S1

to 4.5 (3.0-6.5) at 5% IRT and 2.0 (1.0-3.75) at 10% IRT (values
expressed as median [IQR]). Analysis of all patient data with a
complete statistical analysis will be available soon.

Conclusions With increasing IRT the WOB increases and patient
comfort decreases. In this category of patients we therefore
suggest using the shortest IRT (0%).
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Effects of change in the expiratory trigger during pressure
support ventilation in COPD

D Chiumello', N Raimondi2, M Cressoni?, F Polli', S Terragni?,
R Colombo?, E Ballone?, F Tallarinil

"Policlinico IRCCS, Milano, Italy; 2Sacco Hospital, Milano, Italy
Critical Care 2006, 10(Suppl 1):P39 (doi:10.1186/cc4386)

Introduction During pressure support ventilation (PSV) the
ventilator cycles from inspiration to expiration when the inspiratory
flow reaches a given percentage of the peak inspiratory flow
‘expiratory trigger’ (ET). On the most recent available ventilators it
is possible to modify the percentage of the ET.

Objective We evaluated in a group of COPD patients during PSV
the change of ET (high 40% and low 5% of the peak inspiratory
flow, respectively) in terms of the pattern of breathing and
inspiratory effort (pressure time product [PTP]).

Materials and methods Nine COPD patients were studied during
respiratory failure (PaO,/FiO, 295 + 108, PEEP 6.2 £ 1.7 cmH,0,
mean age 70 + 2 years, and BMI 25.4 + 4.3). PSV was set at
5cmH,O without PEEP while the oxygen fraction remained
constant during the study. Airway, esophageal, gastric pressures
and airflow were measured.

Results See Table 1.

Table 1 (abstract P39)

Respiratory Tidal Cycling PTP

rate (bpm) volume (ml) flow (I/s) (cmH,O*s*min)
Low ET 266+ 7.5 361+118  0.04 = 0.01 313 + 81
High ET 26.4 + 8.1 352 £ 93 0.17 £ 0.04* 284 + 85

*Statistically significant.

Conclusions The change of percentage of ET at a low level of
PSV did not modify the inspiratory effort and pattern of breathing.

P40

Effects of different spontaneous breathing modes on
hemodynamics in patients after coronary artery bypass
graft surgery

C Georgi', M ReindI?, S Tugtekin', U Kappert!, K Matschke'
"University Hospital Dresden, Germany; 2University Hospital Essen,
Germany

Critical Care 2006, 10(Suppl 1):P40 (doi:10.1186/cc4387)

Objective During mechanical ventilatory support the use of
spontaneous breathing modes 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
global end-diastolic volume and cardiac output in patients after
elective coronary artery bypass graft surgery.

Design A prospective, interventional study.

Setting ICU of a university hospital.

Patients Eight postoperative patients who underwent elective
coronary artery bypass graft surgery.
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Methods After admission to the ICU each patient was ventilated
using one of three ventilation modes for a time period of 30 min,
followed by a 15-min equilibration period. All three respiratory
settings were applied in randomly assigned order in every patient.
A: biphasic positive airway pressure (BIPAP); B: BIPAP in
combination with pressure support ventilation (BIPAP + PSV);
C: pressure support ventilation (PSV). In every ventilator setting, all
patients had spontaneous breathing efforts in 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. At the end of each
30-min period bolus thermodilution-derived cardiac output was
obtained from thermodilution curves detected in the femoral artery.
Three intermittent consecutive boli consisting of 10 ml ice-cold
saline were randomly injected over the ventilatory cycle. The
primary endpoints were the global end-diastolic volume and the
cardiac output obtained by the PICCO monitor (Pulsion Medical
AG, Munich, Germany).

Results The mean tidal volume (VT) was 7.81 £ 0.31 ml/kg body
weight. The mean airway pressure was A: 8.80 * 1.36 mbar vs
B:8.72 + 0.90 mbar vs C: 8.33 £ 1.73 mbar (P = not significant).
No differences were found for GEDV (P = 0.99), stroke volume
(P=0.23) and cardiac output (P = 0.35). Respiratory parameters
and indices of pulmonary gas exchange did not differ between the
tested modes.

Conclusions The combination of different modes of spontaneous
breathing has no different effects on hemodynamic parameters of
patients after elective coronary artery bypass graft surgery when
the mean airway pressure did not change.

P41

Streamlining the weaning process within a UK critical care
network

D Field
NHS, Surrey, UK
Critical Care 2006, 10(Suppl 1):P41 (doi:10.1186/cc4388)

Current UK practice demonstrates that weaning from mechanical
ventilation (MV) is an ad-hoc process, where weaning is not valued
and there is a paucity of research related to weaning compared
with North America and other European countries. Evidence exists
outside the United Kingdom that proactive approaches to weaning
yield benefits to service and coordination form a dedicated,
experienced practitioner within a systematic framework generates
positive outcomes.

The Surrey Wide Critical Care Network (SWCCN) comprises four
district general hospitals with a total of 30 level-3 critical care beds.
A weaning audit was undertaken by the SWCCN Nurse
Consultant across all four ICUs over a 3-month period in 2003.
The audit demonstrated that the process of weaning was often
inconsistent and at times haphazard, especially in relation to those
patients who have difficulty in weaning from MV. This often led to
an unnecessary increase in ICU length of stay (LOS). The audit
also established that patients weaning from MV can be identified
into three groups: (1) those patients who will wean from MV within
24-72 hours; (2) those patients who will wean from MV within
3-21 days; and (3) those patients who will have a prolonged stay
in ICU and a complex weaning process greater than 21 days.

In order to streamline and coordinate the whole weaning process
and effectively manage the three groups of weaning patients
across the SWCCN, a systematic evidence-based framework with
three distinct pathways was developed and implemented within in
all four ICUs by the Network Nurse Consultant (Fig. 1).

Following 1 year of implementation the framework was audited and
demonstrated the following:
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Figure 1 (abstract P41)

Initial Weaning Pathway
(Patient group 1)

h 4

Intermediate Weaning Pathway
(Patient group 2)

h 4

Long Term Rehabilitation Pathway
(Patient group 3)

Weaning pathway.

e  The process of weaning all three patient groups within all four
ICUs was much more systematic and consistent.
A reduction in ITU LOS in patient groups 1 and 2.
Quicker identification and placement onto the rehabilitation
pathway of those patients who would require a prolonged ITU
stay and have complex weaning problems. Their management
and care was much more coordinated.
Symbiosis of ventilation care bundle and weaning framework.
Identification for the need of a specialist regional weaning
unit.
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Weaning from mechanical ventilation using pressure
support and T-tube induces ventricular arrhythmia in
cardiac patients

S Vieira, A Guntzel, E Ferlin, R Moraes
Hospital de Clinicas de Porto Alegre-UFRGS, Porto Alegre, Brazil
Critical Care 2006, 10(Suppl 1):P42 (doi:10.1186/cc4389)

Introduction Weaning from mechanical ventilation (MV) can be
associated with cardiac arrhythmias. Few studies are found
comparing their occurrence during weaning with pressure support
ventilation (PSV) and T-tube (TT) in patients with and without heart
disease.

Objective To evaluate the occurrence of arrhythmias in these
groups of patients during PSV and TT.

Methods Patients without (group 1) and with (group 2) heart
disease, under mechanical ventilation for at least 48 hours, were
observed during 30 min of PSV or TT, in a random order. Variables
analyzed were: age, APACHE score, length of stay in the ICU
(LOS), and cardiorespiratory variables including respiratory rate,
rapid shallow breathing index (f/VT), maximum inspiratory (Plmax)
and expiratory (PEmax) pressure. A continuous ECG was recorded
by the Holter method. For statistical analyses, repeated-measures
ANOVA or ANOVA on ranks was used.

Results Twenty-two patients were studied, 13 in group 1 and nine
in group 2. Comparisons between groups 1 and 2 showed: no
differences in APACHE score (23 * 4; 23 % 8, not significant),
Plmax (32 £ 19; 28 +* 12 cmH,O, not significant) and PEmax
(24 £10; 20+ 7 cmH,0O, not significant); f/VT was greater in
cardiac patients during TT (PSV: 48 + 25 versus 41 * 18;
TT:42 £18 versus 57 = 20, ANOVA, P < 0.05), as well as the



respiratory rate (PSV: 21 % 6 versus 20 * 5; TT: 22 * 6 versus
25+6, ANOVA, P < 0.05). The occurrence of ventricular
arrhythmias (median and interquartile ranges), respectively, in PSV
and TT in group 1 were 1 (0-13) vs 1 (0-5.5) and in group 2 were
3 (0.5-87) vs 21 (4-61) (ANOVA, P<0.05).

Conclusions During weaning from MV, cardiac patients showed a
higher respiratory rate and higher f/VT during TT when compared
with PSV, as well as a greater occurrence of ventricular
arrhythmias in both methods when compared with noncardiac
patients.

P43

Non-invasive mechanical ventilation can be useful during
difficult weaning from invasive ventilation

S Vieira', C Trevisan2, C Hahn?, L Cassel?, M Blom2, R Zancanaro?
"Hospital de Clinicas de Porto Alegre-UFRGS, Porto Alegre, Brazil;
2Faculdade de Fisioterapia-ULBRA, Canoas, Brazil

Critical Care 2006, 10(Suppl 1):P43 (doi:10.1186/cc4390)

Introduction Non-invasive mechanical ventilation with positive
pressure (NPPV) has been investigated in several acute respiratory
failure situations. There are some doubts considering its benefits
during weaning from invasive mechanical ventilation (IMV).
Objective To evaluate the use of NPPV in patients with difficult wean-
ing characterized by failure in a spontaneous breathing trial (SBT).
Methods All patients under IMV for more than 48 hours from June
2003 to February 2005 were submitted to a SBT. Those that failed
during the first 30 min of a T-piece trial, and without contra-
indications to NPPV, were randomized back to IMV (conventional
treatment) or changed to NPPV. Contraindications to NPPV
included patients with facial trauma or cranial surgery, recent
gastric or esophagic surgery, tracheostomy, respiratory secretion
excess, agitation and noncooperative behaviour that were excluded
from the experiment. Inclusion in the experiment was authorized by
signed informed consent. Previous to subjecting the patient to SBT
we collected a sample of arterial blood gases and we measured
the maximal inspiratory pressure (Plmax). During spontaneous
ventilation in the T piece, in the 1st and 30th min measurements of
tidal volume (VT), minute ventilation (Ve), respiratory rate (f), rapid
shallow breathing index (f/VT), heart rate and peripheral oxygen
saturation were taken. After randomization to IMV or NPPV,
patients were followed clinically and evaluated concerning the time
of ventilation, length of stay (LOS) in the ICU and in the ward,
complications and the mortality rate.

Results Out of 156 patients, 65 (42%) failed in the T-piece trial, of
which 28 were submitted to NPPV and 37 were maintained under
IMV. The average ages of the NPPV and IMV groups were
67.6 = 15.5 and 59.7 = 17.6 years, respectively. Chronic pulmonary
disease aggravation, heart diseases and postoperative respiratory
failure were the most frequent causes of IMV use. Ventilation time
previous to SBT was 7.3 & 4.1 days for both groups. Cardiac and
respiratory parameters were similar for both groups, either at 1 or
30 min of SBT as well as during their follow-up. The percentage of
complications in the NPPV group was lower than in IMV (28.6% vs
75.7%), with lower incidence of pneumonia and tracheostomy.
Death occurred in 29% in the NPPV and 22% in the IMV group
(not significant). LOS in the ICU was similar for both groups
(10.3 £ 9.4 for NPPV vs 11.8 £ 9.1 days for IMV) and LOS in the
ward was lower for the NPPV group (9.6 £ 12.7 vs 15.0 + 18.6
days, not significant).

Conclusions NPPV can be used as a good ventilation procedure
for patients with difficulties during weaning from mechanical
ventilation. It is related to a lower incidence of ventilation-
associated pneumonia and a lower need for tracheostomy.
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Echocardiographic assessment during weaning from
mechanical ventilation: pressure support ventilation versus
T-tube

L Schifelbain', D Pacheco’, A Naujors', S Vieira?

"Hospital de Caridade astrogildo Azevedo, Santa Maria — RS,
Brazil; 2Hospital de Clinicas de Porto Alegre-UFRGS, Porto Alegre,
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Introduction Physiologic changes occurring during transition from
mechanical ventilation (MV) to spontaneous ventilation can
overload the cardiorespiratory system and cause difficulties in the
weaning process. There are few reports studying myocardial
function during weaning from MV.

Objective To evaluate cardiorespiratory parameters and cardiac
function during weaning from MV.

Methods Patients under MV for more than 48 hours and prone to
weaning were observed during 30 min of pressure support ventilation
(PSV) and T-tube, in a random order, and with a rest period of at least
30 min between methods. Variables analyzed were: age, APACHE
score, underlying disease, period of MV, length of stay (LOS) in ICU
and hospital, basal ventilatory parameters, cardiorespiratory
parameters in the first and 30th min, ECG, echocardiogram and
blood gas analysis in the 30th minute in both methods.
Echocardiographic parameters, obtained at the end of expiration with
the patient in a position offering the best window, included:
measurements of heart cavities; ejection fraction; acceleration of the
E wave of mitral inflow (MI); deceleration of the E wave of MI; duration
of the A wave of MI; isovolumetric relaxation time (IRT); mitral E/A ratio
and myocardial performance index (MPI). Values obtained during PSV
and T-tube were compared using a t test.

Results Sixteen patients (mean age 53 + 20 years and APACHE
score 17 * 6) have been analyzed up to now. The majority of
patients had neurologic diseases. The period of MV was 25 *+ 25
days and the LOS in the ICU was 35 *+ 35 days. Twelve patients
were extubated and four failed during the T-tube trial. Comparisons
between PSV and T-tube showed similar results concerning
cardiorespiratory parameters as well as echocardiographic
measurements. The difference between patients that failed and
those successfully extubated was a lower level of PaO, as well as
a higher value of rapid shallow ventilation index during T-tube.
Conclusions In our preliminary results in this group of patients
under weaning from mechanical ventilation, echocardiographic
assessment of cardiac function showed no differences when
comparing PSV with T-tube.

P45

Predictors of early extubation (within 4 hours) in adult
cardiac surgical patients

R Vegni, R Hugo Lins, F Braga, G Almeida, L Drumond,

M Kalichsztein, G Nobre, M Freitas, C Valdez, P Araujo, P Kurtz,
J Kezen

Casa de Satde Sao José, Rio de Janeiro, RJ, Brazil

Critical Care 2006, 10(Suppl 1):P45 (doi:10.1186/cc4392)

Background The extubation time after cardiac surgery and its
impact on outcome have been extensively studied recently. Many
studies reported that early extubation (within 8 hours) appears to
be safe without an increased incidence of morbidity. Some
intraoperative and preoperative factors may have an important
influence in predicting early extubation and determining strategies
to optimize postoperative therapy.
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Objective To investigate predictors of early extubation.

Design A prospective cohort study.

Setting A 19-bed medico-surgical ICU in a private hospital.
Patients All 104 patients admitted after cardiac surgery.
Measurements and results One hundred and four cardiac
surgical patients were admitted to our ICU from March to
November 2005; 63 (60.6%) were male; 85 (81.7%) were
submitted to coronary artery bypass grafts, 17 (16.3%) to valvular
replacement and 23 (2%) to combined surgery. The mean
extubation time was 8.9 + 21.96 hours. Patients were divided into
two groups: early extubation (EE — within 4 hours) (n = 56
[563.8%)]) and late extubation (LE — after 4 hours) (n = 48 [46.2%)]).
Mean extubation times for EE and LE were 2.52 *+ 1.49 hours and
16.562 + 30.7 hours (P < 0.001), respectively. Multivariate logistic
regression analysis showed that the use of peridural anesthesia
was the best independent predictor of early extubation (OR =
9.37, 95% CI 2.19-40.17). The presence of acute coronary
syndrome and the Ontario score were also independent predictors
of early extubation (OR 7.17 with 95% CI 1.99-25.77 and OR
0.648 with 95% CI 0.5—-0.84, respectively). The Ontario score had
an area under the receiver operating curve of 0.731 (95% CI
0.635-0.826), with the best cutoff value of <5 points.

Conclusions In this cohort, use of peridural anesthesia was the best
predictor of early extubation after cardiac surgery. The presence of
acute coronary syndrome and a low Ontario score also were
independent predictors of successful early extubation. This conclusion
raises the hypothesis that patients with an elevated Ontario score
could benefit from peridural anesthesia to be extubated earlier.

P46

Norepinephrine use at the time of extubation was not
associated with weaning failure from mechanical
ventilation in septic patients

N Brandao da Silva, C Teixeira, T Frederico Tonietto, R Pinheiro
de Oliveira, R Viégas Cremonese, A Sant’Ana Machado,

E Silvestre de Oliveira, S Fernando Monteiro Brodt,

J Hervé Barth, F André Cardona Alves

Hospital Moinhos de Vento, Porto Alegre, Brazil

Critical Care 2006, 10(Suppl 1):P46 (doi:10.1186/cc4393)

Background Weaning may represent 40% of the time spent by
patients on mechanical ventilation (MV). A stable cardiovascular
system and minimum dose of vasopressor medication is required
to withdraw from MV in current guidelines. We found no evidence
to support this practice, and this can lead to an unnecessary
prolonged time of MV.

Objective To evaluate whether the use of norepinephrine (NE)
interferes with weaning success (WS) in septic patients.

Design A prospective observational clinical study.

Methods All patients were on MV for more then 48 hours. Patients
able to be weaned according to the institutional protocol were
submitted to a spontaneous breathing trial (SBT) during 30 min
and followed for 48 hours after extubation. All patients had blood
gas analyses, hemodynamic (heart rate [HR], mean arterial
pressure [MAP]) and ventilatory parameters (respiratory rate, tidal
volume, f/Vt, maximal inspiratory pressure [MIP]) recorded. The
outcome was a return to MV within 48 hours after extubation. Data
are expressed as mean * SD and were compared by two-way
ttest and chi-squared; P < 0.05 was considered significant.
Results Sixty-three septic shock patients were included from
January to September 2004. Mean age was 59.6 = 17.6 years and
APACHE Il score was 20.3 £ 6.5. The reintubation rate was 19%
and mortality was 15.9% overall. Clinical, hemodynamic and
ventilatory variables were not related to weaning outcome.
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During acute illness, the maximal NE dose was 0.52 * 0.29 and
0.12 = 0.10 pg/kg/min at SBT. Neither the maximal NE dose
during septic shock nor the NE dose during SBT were different
between weaning failure (WF) and weaning success (WS)
patients (Table 1).

Conclusion NE use was not a contraindication to weaning and
extubation from MV in patients recovering from septic shock.

Table 1 (abstract P46)

Parameters WS (n=51) WF (n=12) P
Age (years) 58.7+18.4 63.1 £ 13.6 ns
Gender (male/female) 31/21 9/3 ns
MV (days) 9.8%6.2 8.0+ 3.9 ns
Glasgow score 14+1.7 149+0.3 ns
APACHE Il score 19.8+£6.5 22.3+5.9 ns
Pa0,/FiO, 285 + 178 296 + 131 ns
RR (rpm) 245+6.9 294t6.4 0.03
MIP (cmH,0) 40.6 £13.7 44.2+16.8 ns
CROP index 40.1 £ 25.1 33.2+22.6 ns
fIVt 62.1 + 38 79 £ 45 ns
MAP (mmHg) 90+ 13 93+13 ns
HR (bpm) 96+ 18 93 + 22 ns
Maximal NE 0.51 £ 0.27 0.59 + 0.39 ns
SBT NE 0.14 £ 0.11 0.11 £0.10 ns

ns, not significant.
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Outcome predictors of non-invasive positive pressure
ventilation in hypoxaemic acute respiratory failure

S Jog, N Bhadange, D Saxena, R Mulla
Deenanath Mangeshkar Hospital and Research Centre, Pune, India
Critical Care 2006, 10(Suppl 1):P47 (doi:10.1186/cc4394)

Objective To determine outcome predictors of non-invasive positive
pressure ventilation (NIPPV) in patients with hypoxaemic acute
respiratory failure (HARF).

Design Retrospective analysis.

Method One hundred patients with HARF treated with NIPPV in a
30-bed tertiary care hospital were analysed. A successful outcome
of NIPPV was avoiding endotracheal intubation, and failure was
considered if intubation was needed. We classified the patients into
three etiological subgroups: (1) acute cardiogenic pulmonary edema
(ACPE), (2) acute respiratory distress syndrome (ARDS) secondary
to sepsis, and (3) miscellaneous group including pulmonary
embolism, bronchial asthma exacerbation, postoperative respiratory
failure, status post-extubation, etc. We compared various patient
variables and parameters among successful and failure groups.
Results The overall success rate of NIPPV was 56% in avoiding
intubation. The success rate in the ACPE, sepsis-related ARDS
and miscellaneous subgroups were 71.79%, 29.26% and 80%,
respectively. Logistic regression analysis exhibited duration of
NIPPV (OR 4.137, P = 0.02), number of organ failures besides the
respiratory system (negative coefficient —1.4193) and post-NIPPV
PO,/FiO, ratio (P = 0.0342) as significant predictors of outcome
of NIPPV. In subgroup analysis of ACPE, left ventricular ejection
fraction >30% was a predictor of successful outcome. In subgroup
analysis of sepsis-related ARDS, a lower PO,/FiO, ratio and a
higher number of organ failures were associated with unfavourable
outcome (P =0.02 and P=0.0184).

Conclusion In HARF, ACPE as a cause of ARF, shorter duration of
NIPPV, higher post-NIPPV PO,/FiO, ratio and fewer organ failures



were associated with a favourable outcome of NIPPV. In subgroup
analysis of ACPE, left ventricular ejection fraction >30% was a
predictor of successful outcome of NIPPV. In subgroup analysis of
sepsis-related ARDS, a lower PO,/FiO, ratio and higher number of
organ failures were associated with poorer outcome.
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The learning, introducing and effects of a non-invasive
respiratory support programme with the infant-flow
method in newborns: Polish 2-year experience
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Introduction Mechanical ventilation results in an increased risk of
pulmonary complications in the newborns treated for respiratory
failure in NICUs.

Aim This abstract reports on our 2-year experience with the
application programme of the infant flow (IF) method in infants (in
67 neonatal centres in Poland between 1 August 2003 and
30 April 2005).

Methods We reviewed collected data of 1321 newborns
(male/female 799/522; range of gestational age 22-45 weeks;
birth weight 480-4950 g).The indications for treatment were
categorized into three classes: RDS, weaning and other.

Results The IF method enabled us to avoid intubation in these
groups in 77.8%, 61.2% and 77.9%, respectively. The lowest rate
of complications compared with the two other groups was in the
RDS group (Table 1). Low gestational age was associated with a
statistically significantly lower rate of successes than higher
gestational age: 62.7 and 83%. A similar effect was seen while
comparing success rates of newborns by weight: 60.7 and 82.4%.
The incidence of pneumothorax was 1.1%. Among extrapulmonary
complications PDA occurred in 12.8%; ROP 11.9%; IVH 7.4%;
PVL 3.6% of infants. Occurrence of local complications was
infrequent, as shown in Table 2.

Table 1 (abstract P48)

Indication ~ BPD CLD ROP IVH PVL PDA
RDS 7.6% 3.5% 4.4% 3.7% 1.8% 4.0%
Weaning  42.2%  26.9%  25.6% 15.3% 7.6% 29.1%
Other 35.1%  16.5%  19.7% 9.2% 4.6% 21.1%
Table 2 (abstract P48)

Year RDS Weaning Other
2003 4/64 (6.2%) 8/97 (8.2%) 3/23 (13.0%)

2004 43/386 (11.1%)
2005 47/318 (14.8%)

18/129 (14.0%)
18/81 (22.2%)

5/69 (7.2%)
2/62 (3.2%)

Conclusions The results strongly suggest that the IF method is
effective and clinically valuable. Some typical problems consistent
with the ‘learning curve’ phenomenon were observed during the
study.
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Background In the ICU non-invasive ventilation (NIV) allows one to
reduce the complications related to endotracheal intubation and
mechanical ventilation (e.g. increased infections), and it could
improve the outcome of patients in certain clinical conditions.
Actually only few trials support the use of NIV in trauma patients
and its use is limited in this clinical setting.

Methods We performed a retrospective evaluation of 29 patients
with major trauma admitted to our ICU over a 2-year period from
January 2004 to December 2005 (ISS 25.97 + 10.29, SAPS I
25.31 £ 9.38). All patients had thoracic trauma, and four patients
had associated head trauma. Twenty-four patients have been
treated with CPAP delivered by helmet, two patients were
ventilated with PSV by face mask, two with PSV by TotalFace
Mask®, and one with both PSV by TotalFace Mask® and CPAP by
helmet. The indications for NIV have been: in 21 cases traumatic
pulmonary contusion, in four cases atelectasis, in three cases
pneumonia and in one case reduction in chest wall compliance. In
18 patients NIV has been employed for weaning from invasive
mechanical ventilation, and in the other 11 patients NIV was the
first mode of ventilatory assistance. We evaluated the ability of NIV
to improve oxygenation (P/F ratio).

Results Patients have been treated with NIV for 4.41 * 2.33 days.
Twenty-five patients (86.29%) significantly improved oxygenation
after NIV (Table 1) (¢ test; P < 0.001) and were discharged from
the ICU. Four patients failed the NIV and were intubated (in two
patients NIV had been used for weaning): in this subgroup of
patients two died of septic shock from pneumonia. In the subgroup
of intubated patients the duration of mechanical ventilation was
7.17 + 5.02 days and the length of stay in the ICU was 14 £ 5
days. Mortality in the NIV group was 13.8%.

Table 1 (abstract P49)

ISS 25.97 £10.29
SAPS I 25.31 +9.38
P/F before NIV 200.6 +50.9
P/F after NIV 284.4 +88.5

Conclusions NIV has proved to ensure adequate oxygenation and

to be successful in respiratory assistance of patients with thoracic

trauma. It could be considered a valid alternative to endotracheal

intubation in trauma patients requiring ventilatory support. Further

investigations are needed to evaluate the incidence on outcome

and to define indications.
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Aim To assess in vitro the usefulness of three paediatric uncuffed
endotracheal tubes of various shapes: a standard (one-diameter)
tube, a Cole tube and the newly designed cone tube, use of which
is not associated with an increased risk of periglottic trauma.
Methods The flow (0-30 Ipm) resistance (RETT) was measured
across the length of each tube and repeated for similar tubes of
internal diameters 3, 3.5 and 4 mm. The imposed work of breathing
(WOBI), necessary to overcome the tube resistance, the patient's
resistive work of breathing (RWOB) and the pressure—time
product (PTP) were determined from the computer simulation of a
spontaneous breathing, intubated infant.

Results The resistance of the 3.5 mm ID cone tube to 10 lpm air
flow was 44% and 6% lower when compared with the resistance
offered by the standard and the Cole tubes, respectively. The
WOBI necessary to overcome the cone tube resistance was
approximately 44% and 6% lower than with using the standard and
the Cole tubes, respectively. The RWOB and PTP of the virtual
infant intubated with the cone and with the Cole tubes were
similar; however, the values of both parameters decreased by 18%
and 8%, respectively, in comparison with the situation when a
standard tube was used.

Conclusion Replacement of a standard endotracheal tube with the
cone or Cole tubes resulted in a significant decrease of RETT,
WOBI, RWOB and PTP.

Acknowledgement The study has been supported by the
Foundation for Polish Science.
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Background rhDNAse is effective in the treatment of children with
cystic fibrosis [1]. A significant reduction of the duration of
ventilation by rhDNAse has been reported in children following
cardiac surgery [2].

Objective To investigate whether rhDNAse is able to reduce the
duration of ventilation in adult mechanically ventilated intensive
care patients.

Methods After approval of the local ethics committees we
conducted a double-blind, placebo-controlled, randomised,
multicentre national trial. Patients were stratified into two subgroups
depending on their status as surgical or nonsurgical. The trial was
started within 48 hours after the start of mechanical ventilation and
lasted until weaning was successful. Patients in the active treatment
group received 2.5 ml rhDNAse endotracheally twice a day.
Patients in the placebo group received the same amount of normal
saline. This interim analysis reviewed 98 nonsurgical patients. Data
from 85 patients were included in the analysis.

26th International Symposium on Intensive Care and Emergency Medicine

Results Forty-four patients in the study group and 41 patients in the
placebo group were analysed. Factors such as gender, weight,
smoking habit, chronic pre-existing diseases and prevalence of
COPD were distributed equally in both groups. Three patients died
in the rhDNAse group versus eight in the placebo group. The median
duration of ventilation was 140 hours (Cl 120-200 hours) in the
rhDNAse and 324 hours (Cl 178-442 hours) in the placebo group.
Discussion This interim analysis suggests that rhDNAse may have
the potential to reduce the duration of ventilation in adult
nonsurgical intensive care patients. This confirms results obtained
in paediatric patients [2]. Data from surgical patients will be
presented as soon as the interim analysis in that group is
completed.
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The efficacy of intratracheal rhrDNase therapy in the
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Objective Successful rescue therapy with intratracheal recombinant
(rh) DNAse has been documented in case reports of severe status
asthmaticus with life-threatening mucus plugging [1]. Benefit may
occur via its mucolytic properties or enhancement of mucociliary
transport. The aim of this study was to report the efficacy of rhDNAse
in terms of CO, clearance in a cohort of ventilated children with
severe airflow obstruction secondary to either status asthmaticus or
viral bronchiolitis unresponsive to conventional therapy.

Method We reviewed retrospectively the case notes of 19
ventilated patients admitted to a tertiary paediatric ICU with a
clinical diagnosis of asthma or bronchiolitis who received
rhDNAse therapy for severe persisting hypercarbic acidosis
(pCO,>10kPa, pH < 7.2) despite optimising conventional
ventilation (peak inspiratory pressure > 28 cmH,O, pressure
control mode). One millilitre per kilogram of rhDNAse (0.25 mg/ml
concentration in 0.9% saline) was instilled bronchoscopically
(n=4) or blindly (n=15) into the trachea followed by percussive
physiotherapy with adequate patient sedation and muscle
relaxation. Ventilator settings (Servo 300) and arterial blood gases
were recorded pre-DNAse and at 4 and 8 hours after therapy
according to our standard DNAse protocol. Tidal volumes were not
measured due to known inaccuracy of the Servo 300 ventilators.
Data were analyzed using two-way, repeated-measures ANOVA.
Significance levels for group (asthma vs bronchiolitis), time (0, 4
and 8 hours) and interaction effects are reported.

Results Patient demographics are presented in Table 1. There was
a significant fall in arterial pCO, in both groups over the 8 hours after
DNAse therapy (time effect P = 0.01, group effect P=0.03; Fig. 1),
which was mirrored by a rise in pH (time effect P=0.002). This was
associated with a reduction in peak inspiratory pressure (time effect
P=0.03; Fig. 2) which was more pronounced in asthma (interaction
effect P=0.004; Fig. 2). Patients with bronchiolitis were ventilated
at a higher rate than asthma (group effect P=0.001), which did not
change with time (time effect P = 0.4), suggesting the reduced
pCO, was a function of improved tidal volumes.

Conclusion Intratracheal DNAse with percussive physiotherapy
may offer an effective method to improve ventilation in status
asthmaticus and bronchiolitis patients with severe hypercarbic
acidosis. Further studies are warranted.



Table 1 (abstract P52)

Asthma (n = 8) Bronchiolitis (n=11)
Age (months) 72.6 (48-104) 4.2(2.5-7)
Days of ventilation 3.4(2.6-5.5) 5.55(3.8-9.9)
Hours pre-DNAse 2.28(1.0-2.9) 4.67(3.1-5.9)
Figure 1 (abstract P52)
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Introduction Percutaneous dilatational tracheostomy (PDT) is a
widely used and accepted method of long-term ventilation of
critically ill patients in many ICUs.

Available online http://ccforum.com/supplements/10/S1

Aim To study the use of the laryngeal mask airway (LMA) during
PDT for controlled ventilation in critically sick patients and compare
its complications and duration procedure in relation to the ETT.
Methods and materials A prospective, randomized clinical trial
performed in the seven-bed general ICU of a training and research
hospital of the Ministry of Health. The bedside PDT was performed
in 73 critically ill patients in a period of 3 years. Patients were
randomly assigned to ventilation via LMA (n = 31 patients) and to
ventilation via ETT (n = 42). The duration of the procedure and
complications were compared in the two groups.

Results The ETT group and the LMA group did not differ regarding
age. There was no significant difference in the operating time
between the two groups. We found that the incidence of
complication was 26.2% in the ETT group and 25.8% in the LMA
group (Table 1).

Table 1 (abstract P53)

Complication ETT (n [%]) LMA (n [9%]) P=0.971
(+) 11 (26.2) 8 (25.8)
) 31 (73.8) 23 (74.2)

Conclusion The LMA is an effective and successful ventilatory
device during percutaneous dilatational tracheostomy. For PDT,
the LMA has an advantage over the ETT of lying remote from the
operating field. The LMA does not cause the difficulties associated
with the use of an ET such as cuff puncture, tube transection by
the needle, and accidental extubation.
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Background In ARF patients treated with non-invasive ventilation
(NIV) a low pH value not improving within 2 hours greatly increases
the risk of NIV failure. In relation to the high diaphragm lactate
production, we tested the hypothesis that the lactate clearance
(LC) was more predictive of the risk of NIV failure in comparison
with the difference in pH (DpH) in patients with cardiac pulmonary
edema (PE) and metabolic or mixed acidosis.

Methods Forty-seven consecutive patients observed in the
Emergency Room with PE were treated with pharmacological
therapy (FiO, 0.5, morphine, inotropes, diuretics, vasodilators if
hypertensive) and CPAP (10 cmH,0) by helmet if they had
metabolic acidosis, or BIPAP (IPAP 14 cmH,O - EPAP 6 cmH,0)
by face mask if they had mixed acidosis. The mean inspiratory
airway pressure was the same in the two ventilatory treatments.
Blood gas analysis were performed at admission and every 30 min
for 2 hours. Clearance of lactate was calculated as: lactate start —
lactate (30 min, 1 hour, 1.5 hour, 2 hour) / lactate start x 100 (%).
Results Significant results were obtained after 2 hours of NIV. In
Table 1 the pH value at admission and after 2 hours of NIV and
lactate clearance at 2 hours are reported in 35 patients responding
to NIV and 12 patients who failed NIV. The higher proportions
predicted to fail were with DpH < 0.01 and LC < 25% at 2 hours
(OR 3.4 and 5.1, respectively). In another 15 similar patients we
compared the predicted risk of failure of NIV related to DpH < 0.01
and LC < 25%, selecting an arbitrary probability of failure equal to
50% between expected and observed failures: the C statistics
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Table 1 (abstract P54)

NIV responders NIV nonresponders

pH at start 7.25 £ 0.09 7.24 £0.07
pH at 2 hours 7.34 £ 0.07* 7.24.£ 0.06
Lactate clearance at 2 hours (%) 51 (41, 57)" 13 (12, 22)

*t P <0.0001 between admission and 2 hours of NIV, and responders vs
nonresponders.

(area under the ROC curve) of LC < 25 and DpH < 0.01 were
0.85 and 0.73, respectively (P < 0.001).

Conclusions Lactate clearance is a reliable indicator of the
response of patients with PE to NIV. LC < 25% is more sensible
than DpH < 0.01, perhaps because it does not take into account
confounder factors related to previous metabolic acidosis. It could
be considered a cost-effective method for early triaging of patients
to be admitted to the ICU for invasive ventilation.
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Introduction Early tracheostomy has been associated with
improved outcome in patients with high likelihood of death or
ventilator dependency. While a significant number of patients with
acute lung injury (ALI) require prolonged mechanical ventilation
and could potentially benefit from early tracheostomy, lack of an
accurate prediction limits its utilization in this group of patients.
Methods From the database of the second international study of
mechanical ventilation we selected patients with ALl who were
alive and invasively ventilated on the third day post intubation. From
a broad range of risk factors prospectively collected during the first
3 days of mechanical ventilation, univariate and multivariate logistic
regression identified variables associated with increased risk of
death or ventilator dependency.

Results From 372 patients meeting inclusion criteria, 281 reached
a composite outcome of either death or ventilator dependency of
more than 2 weeks. One hundred and ninety-nine (53%) died in
the ICU, 104 (28%) were ventilated >14 days and 76 (20%)
underwent tracheostomy, median 12 (IQR 8-18) days after the
intubation. A score based on age and day 3 values of oxygenation
index, VE 40 (minute ventilation needed to bring PaCO, to
40 mmHg) and shock predicted death or ventilator dependency
better (area under receiver operating characteristic curve [AUC]
0.71) than SAPS Il (AUC 0.51) or day 3 SOFA (AUC 0.54) scores.
Conclusion If confirmed in an independent sample, this score may
be a useful tool to identify patients with ALI who might benefit from
early tracheostomy

26th International Symposium on Intensive Care and Emergency Medicine
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Introduction Respiratory inductive plethysmography (RIP) is a
widely used method providing important information on the
breathing pattern. This non-invasive technique is particularly
interesting in infants and newborns. However, the different
calibration methods developed in adults to allow the measurement
of volume have not been validated in premature infants, even if they
are frequently used. We developed a calibration method using the
least square method to identify the coefficients (o; B) to calculate
the reconstructed volume from the RIP signals (V = o ribcage + B
abdomen) with a pneumotachograph (PNT) signal as reference,
and using an individually adapted filter to suppress heart artefacts.
Objectives To compare the accuracy of this calibration method
with three frequently used calibration methods: a simple fixed-
coefficients method with either equal weight attributed to the
abdomen and rib cage (method 1:1) or with a higher weight
attributed to the abdomen (i.e. B = 20; method 1:2); and an
equivalent of the qualitative diagnostic calibration method, using
coefficients proportional to the standard deviation of abdomen and
ribcage signals (B / oo = SD(abdomen) / SD(ribcage)) (method SD).
Methods Twelve premature infants breathing spontaneously were
studied. Birth weight was (mean £ SD) 1528 * 340 g; gestational
age 31.2 + 0.6 weeks; age 6 £ 2 days. A specially adapted RIP
jacket was installed 15 min before the study. RIP signals were
recorded continuously. A face mask connected to a PNT was
applied during two 30-s periods. The most regular 15 PNT cycles
were identified and served as reference period, during which the
coefficients (o;; B) were calculated with each method. The four
reconstructed flows were then recalculated, and we estimated the
distance R2 between reconstructed flows and the PNT reference
signal for the entire period of PNT; with R2 = 1 — (mean square
difference between the normalized flows / variance of PNT); that is, a
R2 value closer to 1 represents a better reconstruction of the signal.
Results The mean distance R2 was 0.62 + 0.22 with method 1:1,
0.63 = 0.22 with method 1:2, 0.62 £ 0.23 with method SD, and
0.70 + 0.17 with the least square method (P = 0.02; repeated-
measure ANOVA with a significant difference between the last
method and the three others). The ratios /o were 2.1 £ 1.5 and
2.9 * 4.3 with the two last methods, respectively.

Conclusions This new RIP calibration method using the least
square method with a short period of PNT as reference and an
individually calculated filter gives a better reconstructed flow as
compared with three other calibration methods. This method
attributes a higher weight to the abdominal signal.
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Safety of percutaneous tracheostomy in coagulopathic
patients
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Critical Care 2006, 10(Suppl 1):P57 (doi:10.1186/cc4404)

Aim To determine whether percutaneous tracheostomy is safe in
coagulopathic patients.
Study design A prospective, observational study.



Setting A 450-bed tertiary cancer referral center with a nine-bed
ICU and 10 HDU beds.

Patients and methods One hundred and ninety patients
underwent percutaneous tracheostomy between November 1996
and September 2001, using the Griggs technique. Of these, 23
patients were deemed to be coagulopathic (platelet count
< 70,000 or PT > 18, PTT > 60). We determined the incidence of
bleeding and other complications in these patients.

Results Only one patient had major bleeding, requiring surgical
intervention and conversion to surgical tracheostomy. This patient
also had a difficult tracheostomy complicated by pneumothrorax.
Twenty patients required perioperative transfusion of platelet
concentrates or fresh frozen plasma. Five patients received single
donor platelets (average 1 £ 0), eight patients received random
donor platelets (average 3.6 + 1.30), and 15 patients received
fresh frozen plasma (average 3.8 £ 2.7). Minimal blood loss was
observed in the 22 other patients. Of the 167 patients without
coagulopathy, four patients had significant bleeding. There was no
difference in the incidence of hemorrhagic complications between
coagulopathic and noncoagulopathic patients (P > 0.05, chi-
square test).

Conclusion Percutaneous tracheostomy is a safe procedure in
coagulopathic patients with adequate coagulation factor
replacement.
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Do sleep studies effectively predict postoperative
ventilatory requirements in patients undergoing bariatric
surgery?
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Critical Care 2006, 10(Suppl 1):P58 (doi:10.1186/cc4405)

Introduction Preoperative identification of obstructive sleep apnea
(OSA) may help in the selection of patients who require ventilatory
support. This study investigates the value of sleep studies in
predicting the requirement for postoperative continuous positive
airway pressure ventilation (CPAP) and high-dependency unit
(HDU) admission.

Methods During the development of our service since 2001, 34
consecutive patients, mean age 42 years (29-61), mean weight
146 kg (100-210), mean BMI 54 (39-75), all underwent
preoperative assessment by a respiratory physician before
laparoscopic adjustable gastric banding, based on which 28 had
sleep studies while six did not. The decision to provide CPAP was
determined by sleep study results: patients with moderate or
severe OSA were electively prescribed CPAP preoperatively and
postoperatively.

Results Sleep studies were normal in 19 patients (NSS) and
abnormal in nine patients (ABSS). In ABSS, OSA was severe in
four patients, moderate in one patient, and mild in four patients.
Preoperative and postoperative CPAP was prescribed electively
for the five patients with moderate and severe OSA.
Postoperatively, 3/19 of the NSS patients required CPAP and
were admitted to the HDU. Another NSS patient was admitted to
the HDU because of her age (61 years). The duration of operation,
stay in recovery, and timing of extubation were comparable for
NSS and ASS. The mean BMI was 63 and 53 in ASS and NSS
patients, respectively (P = 0.05).

Conclusion Postoperative CPAP and HDU admission was
required in 21% of NSS patients. Although ABSS was associated
with higher BMI, sleep studies do not reliably predict postoperative
CPAP or HDU requirements.

Available online http://ccforum.com/supplements/10/S1
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Objectives Acute pulmonary embolism increases pulmonary
resistance and may lead to acute right ventricular failure and cardio
circulatory collapse, possibly resulting in substantial morbidity and
mortality. Inhaled nitric oxide (NO) dilates pulmonary blood vessels
and has been used to reduce pulmonary vascular resistance in
patients with chronic thromboembolic pulmonary hypertension and
acute respiratory distress syndrome. This case series describes
our experience with inhaled NO administered to four patients
suffering from acute massive pulmonary embolism following
abdominal surgery.

Results The four described patients were recovering from small
bowel resection, pancreatoduodenectomy, hemipelvectomy or recent
gastrointestinal bleeding and presented with severe respiratory and
hemodynamic deterioration due to pulmonary embolism. Each
received inhaled NO (20-25 ppm) via the inspiratory side of the
breathing circuit of the ventilator. Pulmonary and systemic blood
pressures, heart rate and gas exchange levels improved in all the
patients within minutes after the initiation of NO administration.
Conclusions Inhaled NO may be useful in treating acute massive
pulmonary embolism. This potential application warrants further
investigation.
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Management of severe adult respiratory failure:
evidence-based?
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Introduction The management of severe respiratory failure (SRF)
remains a challenging problem. With the availability of many
options with variable results, the management of patients with SRF
is likely to vary between different ICUs and these practices may not
necessarily be evidence-based. In this study we aimed to define
the respiratory and the general management of the patients with
SRF, and to identify the treatment practices that are evidence-
based in the surveyed ICUs in the UK.

Methods This study is a questionnaire survey of the ICUs that were
participating or were willing to participate in CESAR (www.cesar-
trial.org), an ongoing randomised controlled trial (RCT) comparing
ECMO with conventional intensive care for SRF. Although
participating ICUs are free to use any modality of treatment at their
discretion, the CESAR trial recommends a low tidal volume
ventilation strategy according to the ARDS Network group. The
collaborators of all 87 participating ICUs (out of a total of 262 ICUs
in the United Kingdom) were requested to complete a postal
questionnaire between February 2002 and May 2004. The
response rate was 100%. A literature search for RCTs and meta-
analyses of RCTs was performed to identify practices studied in this
survey that were proved to improve survival in patients with SRF.
Results The practices in the surveyed ICUs are shown below, with
the percentages of the ICUs in parentheses. Practices that were
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Figure 1 (abstract P61)
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Oxygen indexes and values before and after lung injury with oleic acid.

proven to improve survival by at least one RCT are highlighted with

an asterisk.

e Preferred mode of ventilation: pressure controlled (82%),
PRVC (6%), volume controlled (7%), HFOV (5%).

e  PEEP strategy: above lower inflection point (28%), best PEEP
against SPO,, (61%), other (e.g. empirical high PEEP 10-15,
Best PEEP against SPO, and tidal volumes) (11%).

. Peak plateau pressure limitation: <30* (48%), >30 (37%).

e  Practice of ARDS network group approach* (ventilation with
low tidal volumes) (69%).

. Use of nitric oxide (10%); prone ventilation (919%).

e  Timing of tracheotomy: within 48 hours (16)*, within 7 days
(51%); percutaneous* (95%), surgical (3%).

. Routine cardiac output monitoring (63%): PA catheter (38%),
oesophageal monitor (44%), other (18%); resuscitation fluid:
colloids (82%).

e  Target Hb: 7-9 gm*% (69%), 9-10 (14%) >10 gm% (17%).

Conclusion Although there are variations of practices in the

management of adult patients with SRF, most of the ICUs

evaluated in this survey are following evidence-based practices.

This should improve the survival of patients managed

conventionally in the CESAR trial compared with historical results.
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Background In a continuous peritoneal oxygen flow model, we
studied its influence on hemodynamic stability, arterial and mixed
venous gases, comparing its effects in normal and in oleic-acid-
induced ARDS lungs.

Methods Four pigs were anesthetized, mechanically ventilated and
invasively monitored with a Swan—-Ganz and femoral catheter. A
continuous infusion of dobutamine (2 ug/kg/hour) was maintained.
Arterial pressure, cardiac output, pulmonary compliance, PCWP, and
arterial and mixed venous gases were measured every hour. Baseline
measures were taken and three laparoscopic trochars were introduced
in the abdomen. A continuous oxygen flow of 5-6 I/min was
maintained for 8 hours with a sustained intra-abdominal pressure of
5-6 mmHg using a continuous low-pressure flow system (PEROX). At
the fifth hour an oleic acid (OA) dose (0.2 mg/kg) was injected into the
pulmonary circulation. Afterwards, lungs were histopathologically
studied to evaluate the presence of ARDS. A two-way ANOVA with
replication was used for the sequential analysis of data.

Results PEROX demonstrated efficiency to maintain normal
oxygenation indexes even though the presence of ARDS after the
injection of OA was confirmed with a histopathological study and a
significant difference in the pulmonary compliance (P = 0.032).



This is evident because no statistical difference was observed in
oxygen indexes and variables during the 4 hours posterior to the
injection of OA (Fig. 1).

Conclusions This experimental model demonstrated that
peritoneal oxygenation could be an effective gas interchange-
supporting alternative in ARDS. The mechanism of action could be
an increase of the mixed venous oxygenation.
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Introduction Ciritically ill asthmatics that require mechanical
ventilation may benefit from halothane and other inhalational
agents. Various methods of administration of halothane have been
tried. Anaesthetic machines are commonly used but are resource-
expensive.

Methods We used a simple in-line Oxford Miniature Vaporiser
(OMV), as part of the inspiratory limb of a Servo 300 (Siemens)
mechanical ventilator. We employed this device in three patients
for a total duration of 120 hours without adverse effects.

Results The OMV is a small and portable thermally buffered
vaporiser used to speed the induction of anaesthesia (Fig. 1).
‘Draw over anaesthesia’ is simple in concept and entails drawing a
carrier gas over a volatile liquid, thus entraining its vapour to the
gaseous carrier. ‘Draw over’ systems operate at less than, or at,
ambient pressure, and flow through the system is intermittent,
varying with different phases of inspiration, and ceasing in
expiration. A one-way valve prevents reverse flow in the circuit. This
is different to ‘plenum anaesthesia’ in which a carrier gas is pushed
through the vaporiser at a constant rate. In ‘draw over’ systems the
carrier gas is drawn through the vaporiser either by the patient’s
own respiratory efforts or by a self-inflating bag or manual bellows
with a one-way valve placed downstream from the vaporiser.
Conclusion We used the OMV as part of a regular positive
pressure ventilatory circuit. The OMV was specially calibrated for
halothane and was robust and reliable. Halothane delivery was

Figure 1 (abstract P62)
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controlled and in steady fashion; a simple wall-suction unit
scavenged the exhaled halothane. Staff acceptance and user-
friendliness were high. We recommend the OMV for regular ICU
use for halothane in asthma.
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Background Gas consumption of portable ventilators is an
important variable when considering ventilation in mass casualty
events. We evaluated the oxygen consumption from standard E
cylinders of fluidic (IC-2A; BioMed Devices, CT, USA), turbine (LTV-
1000; Pulmonetic Systems, MN, USA), and compressor (Impact
754; Impact Instrumentation, NJ, USA) style transport ventilators.
Methods Each ventilator was connected to a Training Test Lung
(TTL) (Michigan Instruments, MI, USA) in Assist Control (A/C) with
tidal volume (VT) 750 ml at a rate of 12 breaths per minute (bpm),
providing a minute ventilation (VE) of 9.0 I/min. The positive end
expiratory pressure (PEEP) was set at 0 and 10 cmH,O, and the
fraction of inspired oxygen (FiO,) at 1.0 and 0.5. Ventilators used
either compressed gas (IC-2A) or electricity (LTV-1000 and Impact
754) as power sources. All oxygen sources were standard E
cylinders beginning with 2200 psi (680 I) connected to ventilators
with standard regulators. Ventilators were connected to TTL by
manufacturer-provided corrugated tubing. FiO, and VE were
continuously monitored during each run and the time of operation
was recorded. Three runs were conducted at each ventilator
setting. The time of operation was recorded and the ventilator
oxygen consumption was calculated.

Results Each run delivered 9 | VE on A/C ventilation to the TTL.
With FiO, 1.0 and PEEP 0 cmH,0O, times to complete E cylinder
gas consumption for the IC-2A, LTV-1000, and Impact 754
ventilators, respectively, were 34.3 (+1.2), 43.3 (£0.6), and 69.0
(£1.7) min. With FiO, 1.0 and PEEP 10 ¢cmH,O, run times were
34.0 (£1.0), 41.8 (£1.6), and 69.3 (£1.2) min. For the LTV-1000
and the Impact 754 with FiO, 0.5 and PEEP 0 cmH,0, respective
run times were 105.8 (+13.0), and 144 (+11.6) min. For each run
the oxygen consumption in addition to the delivered VE for the
IC-2A, LTV-1000, and Impact 754 was 10.8 (£0.7), 6.7 (£0.2),
and 0.9 (£0.2) I/min with FiO, 1.0 and PEEP 0 cmH,O, and was
11.0 (+0.6), 7.3 (+0.6), and 0.8 (+0.2) I/min with FiO, 1.0 and
PEEP 10 cmH,O. For the LTV-1000 and Impact 754, oxygen
consumption was 3.2 (+0.8) and 1.4 (£0.4) I/min on settings of
FiO, 0.5 and PEEP 0 cmH,0.

Conclusions Our initial runs to assess E cylinder oxygen
consumption of various types of ventilators demonstrate that fluidic
and turbine style ventilators consume more oxygen than
compressor style ventilators. The turbine ventilator tested uses a
continuous flow of 10 I/min, which is gas inefficient. PEEP has little
effect on oxygen consumption. Use of the internal air source and
lower FiO, significantly increased the length of operation from an E
cylinder. If oxygen E cylinders are a scarce resource, our data
suggest that compressor style transport ventilators may currently
be the transport ventilators of choice.
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Introduction The reason for the study was to evaluate prehospital
endotracheal intubations of vitally compromised children. The data
studied were collected by a Dutch Helicopter-transported Medical
Team (HMT) that provides advanced medical care in the eastern
part of The Netherlands. The HMT consists of a specially trained
physician and paramedic transported to the incident location by
helicopter in day-time. The Dutch HMT is activated together with
the emergency medical service (EMS) by the dispatch centre, or by
the EMS paramedics from the incident location. Activation of the
HMT is according to a structured list of incident situations and/or
the medical condition of the patient.

Design Retrospective analysis of 297 HMT calls for prehospital
vitally comprised children (<16 years) from 2001 to 2005 by the
HMT-Netherlands-East. Registered data included age, sex,
physiological parameters, prehospital treatment given, and survival
until hospital discharge.

Endotracheal intubation was performed by either the EMS
paramedic or the HMT physician. Intubation was confirmed by the
HMT physician with auscultation and capnography. For descriptive
analysis, the Fischer exact test and relative risk were used on
SPSS. P < 0.05 was considered significant.

Results The EMS on scene cancelled the paediatric HMT calls
before the landing of the helicopter in 36% (n = 107) — reasons:
no serious injury 82% (n = 88), deceased 10% (n = 11), other 8%
(n=8). The HMT examined and treated 190 children on scene.
The EMS paramedic attempted an endotracheal intubation in 33
patients before the arrival of the HMT, and the HMT physician
performed 89 endotracheal intubations. The success rate of
endotracheal intubation for EMS paramedics was 70% (n = 23)
and for the HMT physician 100% (n = 89) (P < 0.001).

The HMT physician checked the endotracheal intubation and
ventilation on arrival by auscultation and capnography; an
emergency correction had to be performed by the HMT physician
in 10 out of 33 patients. Four patients had an oesophageal
intubation, four patients had an inappropriate sized endotracheal
tube making ventilation impossible, and two patients had lethal
ventilator settings. Two of these 10 patients were discharged from
the hospital in good condition, the others died at the incident
scene or in the hospital.

Thirty-three per cent (n = 65) of all patients had an initial
prehospital Glasgow Coma Scale (GCS) of 3 or 4. The overall
survival rate until hospital discharge with an initial GCS of 3 or 4
was 23% (n = 14). The survival rate until hospital discharge with a
GCS of 3 or 4 was 6.5% (n=2) for the EMS-intubated group, and
40% (n = 12) for the HMT-intubated group (Fischer exact P =
0.007).

Conclusion Successful endotracheal intubation is a difficult task
for EMS paramedics; 30% of all recorded endotracheal intubations
resulted in potentially lethal complications. Mask-balloon ventilation
is to be preferred to a failed intubation effort; prehospital
endotracheal intubation of children calls for an experienced
physician.

R Nagappan', C Corke2, C Dowey?3, K Hunt3

"Box Hill Hospital, Melbourne, Australia; 2Geelong Hospital,
Geelong Victoria, Australia; SOMEGA, Melbourne, Australia
Critical Care 2006, 10(Suppl 1):P65 (doi:10.1186/cc4412)

Air ambulances and customized military aircraft are established
modes of transporting critically ill patients. Defence services and
aid agencies even have flying hospitals, replete with operating
theatres and ICUs. With burgeoning travel by an increasingly
elderly population, a growing number of travelling Australians suffer
critical illnesses overseas. Transcontinental air ambulances are
prohibitively expensive and many American and European
commercial airlines ban travel by seriously ill patients.

Transit intensive care on board commercial airline flights poses
complex physiological and logistic challenges. We have
transported hundreds of critically ill patients and report on 10
episodes of aero-intensive care with IPPV on board scheduled
passenger services. These were from the Philippines, the USA, the
United Kingdom, Thailand, France, Norway and Austria on Qantas,
Singapore Airlines, Thai Airways and Malaysia Airlines.

The aviation environment imposes a bewildering array of electronic,
safety and security related issues to be overcome. The entire
mobile ICU weighs 100 kg. A vacuum-mattress on a stretcher
fitted to the cabin floor at the rear of the economy-class cabin and
screened off from the other passengers ensures patient privacy
(Fig. 1). Oxygen is scarce and extremely expensive during flight.
We employed the ‘circle system’ with a CO, absorber and in-line
oxygen analyser. Mobile suction, infusion pumps, transit-care
monitors and portable blood gas analysers were all adapted for
use in commercial aircraft.

Australia and New Zealand lead the world in transit care of the
critically ill in commercial airliners.

Figure 1 (abstract P65)
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Introduction The aim of this clinical trial was to study the
incidence of nosocomial pneumonia (NP) in ICU patients after
surgical (SGT) and percutaneous (PCT) tracheostomy.

Methods We studied retrospectively 108 patients, 79 men and 29
women, who underwent tracheostomy. Mean age: 52.4 *+ 21.4
years, mean stay in ICU: 27.9 = 11.6 days. All patients were
mechanically ventilated. Underlying diseases: multiple trauma 69
patients, complicated surgery 23 patients, other 16 patients.
Timing of procedure was determined by the ICU doctors, while the
method of tracheostomy was determined by both the ICU and the
Ear Nose and Throat (ENT) doctors. The patients were divided into
two groups: group A (60 patients) who had a PCT and group B
(48 patients) who had a SGT. The mean time of hospitalisation
from admission to tracheostomy was 10.2 + 3.1 days. PCT were
performed by ICU doctors at the bedside, while SGT were
performed by ENT doctors (32 at bedside and 16 in the surgery
room-theater).

Results In group A NP was diagnosed in 23 patients (38.3%),
mean time to tracheostomy from infection: 4.1 £ 2.1 days. In group
B NP was diagnosed in 18 patients (37.5%), 3.5 + 2.4 days after
tracheostomy. The types of invading microorganisms were similar
in both groups. The mortality rate in group A was 20/60 = 33.3%
and in group B was 18/48 = 37.5%. We noticed one tracheal
infection in group A (1.7%) and three in group B (6.2%); this
difference was not statistically significant.

Conclusion There is no significant difference in incidence of NP
between patients receiving PCT and SGT. The type of infection
and pathogens are similar. Tracheal infections are very rare in both
groups.
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Introduction At our hospital, ventilator-associated pneumonia
(VAP) is diagnosed by microbiological and cytological analysis of
bronchoalveolar lavage (BAL) fluid. Opening hours of the inhouse
microbiological laboratory are between 8.00 a.m. and 5.00 p.m.
During off-hours a laboratory technician is on call for urgent
samples including BAL fluid. The total laboratory workup of the
BAL fluid including the differential cell count takes 2 hours. The
present study aimed to analyse the day and hour submission
patterns of BAL fluid samples.

Materials and methods During a 58-month period (January
2000-October 2005), the day and hour of submission of all
consecutive BAL fluid samples obtained from patients suspected
of VAP were recorded. The diagnosis of VAP was made if
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quantitative cultures reached >10* colony forming units/ml and/or
if 22% infected cells were enumerated on May—Grunwald Giemsa
stained cytocentifuged preparations.

Results A total of 433 BAL fluid samples was included. On week
days, a total of 69.8 £ 5.8 samples for each day were submitted,
compared with 38 and 46 samples on Saturday and Sunday. For
nearly one-half (199, 46.0%) of the samples, the onduty laboratory
technician was required: 99 (23.0%) samples arrived within 1 hour
before closing, and an additional 100 (23.0%) were submitted
after closing. VAP was diagnosed in 168 (38.8%) samples, 92
(54.8%) of these diagnoses were made after closing hours. VAP
was diagnosed in 76/220 (34.5%) of samples submitted during
opening hours, and tended to be diagnosed proportionally more
after closing hours during weekdays (54/129 41.8%) and during
weekends (38/84 samples, 45.2%; P = 0.09).

Discussion and conclusions The high number of BAL fluids
processed after laboratory opening hours is of concern because of
the suboptimal working conditions (fatigue, lack of supervision).
Technician time spent on these samples puts a strain on the
laboratory in terms of costs and absence of the technicians
because of legal recuperation. The low number of BAL fluids
submitted during the weekends combined with the higher
proportion of VAP in these samples points to poor compliance with
inhospital guidelines for the diagnosis of VAP and could suggest
that we missed a number of (unconfirmed) episodes of VAP.
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The absence of a single approach to the determination of severe
pneumonia troubles the objective evaluation of the patients’ state.
It is proposed that the disease’s severity reflects the apportionment
of patients with pneumonia with systemic inflammatory response
syndrome (SIRS). This study was planned to demonstrate how the
clinical laboratory criteria of SIRS in pneumonia reflect the systemic
inflammatory response of the organism.

We examined 46 patients aged 36-58 years. Twenty-two patients
had the middle—severe type (first group) and 24 patients (second
group) had the severe type of pneumonia. We determined the
cytokine concentrations (IL-6, IL-8, TNF-o) and LPS-binding
protein (LPS-SP) in the blood serum using the immunochemo-
luminescent method on the immunochemoluminescent analyzer
‘IMMULITE One’ (USA) 1, 3, 10 and 17 days after the treatment’s
onset. The C-reactive protein concentration was appreciated by
the latex-agglutination method.

Digital material was treated using the Student t criterion.

Analysis of the clinical signs in patients with community-acquired
pneumonia demonstrated the expressed changes in patients with
severe pneumonia, which manifested in increased tachycardia,
respiratory failure, and decreased values of the systolic and
diastolic arterial pressures. The temperature reaction in the second
group remained during all the observation period.

The patients of the first group revealed segmentary infiltration,
whereas the patients of the second group had changes of the
pulmonary lobar lesion and polysegmentary changes.

The LPS-SP level in the severe type of pneumonia group exceeded
2.4 times as large as (P < 0.01) the one in the middle—severe type
of pneumonia group at admission to the hospital. By the 10th day
of observation the LPS-SP concentration in the blood decreased in
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both groups, remaining significantly high in the second group as
compared with the first group (five times as large, P < 0.01), which
suggests the continuing stimulation of the LPS bacteria of the
monocytic macrophagal link cells and cytokine synthesis induction.
Patients of the second group demonstrated hypercytokinemia the
most expressed from the first to 10th observation day. At
admission the IL-6 and IL-8 concentrations exceeded 13 and 18.4
times as large as (P < 0.05) the values of the first group. The
maximal differences in the TNF-a. levels between the groups were
observed on the third day.

An elevated level of C-reactive protein was registered in patients of
both groups. At the same time the C-reactive protein concentration
in the patients with severe type pneumonia exceeded four times as
large as (P < 0.05) the values of the compared group, which
suggested continuous induction of the protein synthesis by cytokines.
The LPS-SP, IL-6, IL-8, and TNF-o. concentrations in the blood of
patients with pneumonia therefore reflect the activity of the
systemic inflammatory process and make an important contribution
to the development of the whole complex of clinical symptoms
causing the state’s severity. The analysis of these values’ levels will
allow one to use them as the laboratory criteria of SIRS
appreciation in further studies.
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Introduction Self-poisoning is a common cause of nontraumatic
coma, especially in young people. The management of these
patients aims to protect the airway in order to prevent aspiration
pneumonia (AP). Some author recommend to intubate when GCS
<8. However, only few studies have examined the relation
between GCS, the caught reflex and the frequency of AP in self-
poisoning patients (SPP). The aim of our study is to evaluate the
relation between GCS and the risk of developing this complication.
Materials and methods We conducted a retrospective study
during 2004 including all admitted SPP in our ICU. GCS was
noted on admission or immediately before intubation. The diagnosis
of AP was performed according to the usual criteria. Two groups
were compared: G1 (without AP) and G2 (with AP). Data were
expressed as a mean * SD and percentage. Tests used for
comparisons were the Q square and Student ¢ tests. The ROC
curve was used to determinate the cutoff value of GCS associated
to high risk of AP.

Table 1 (abstract P69)

G1 (n=446) G2 (hn=178) P
Age 27.8+129 31.1+128 0.036
Gender, female (%) 67.2 55.1 0.04
IGS I 18+ 11 33+ 11 <0.001
APACHE Il score 6.8 +5.1 1431438 <0.001
SBP 112+19 105 + 22 0.05
GCS 12.7+ 3.2 8.1+3.2 <0.001
MV (%) 22 87 <0.001
LOS (hours) 44 + 69 67 £ 71 0.006
Mortality (%) 1.6 2.6 0.8

26th International Symposium on Intensive Care and Emergency Medicine

Results Five hundred and twenty-four SPP were included.
Seventy-eight (14.9%) had developed AP. The characteristic of the
two groups are presented in Table 1. GCS was significantly lower
in G2. The cutoff value on the ROC curve was 12 with a sensitivity
of 86%, a specificity of 70% and an area under the curve of 0.816.
Conclusion Criteria used for intubation in SPP must be more
rigorous. According to our study, patients with GCS < 12 should
be considered for intubation.
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Objective To describe etiologic agents, the antibiotic use and the
clinical outcome of pneumonia patients who require mechanical
ventilation

Methods Seventy-three consecutive mechanically ventilated
patients with suspected pneumonia and BAL recruited between
November 2003 and December 2005 were registered. The ICU
length of stay, time on mechanical ventilation (MV), mortality,
isolated bacteria, and antimicrobial susceptibility were collected.
Results Twelve inmunocompromised patients were excluded. A
total of 61 cases of suspected pneumonia were recruited
(Table 1), including eight (13.1%) cases of community-associated
pneumonia (CAP), 20 (32.7%) cases of early-onset ventilator-
associated pneumonia (VAP < 5 days), and 33 (54.09%) cases of
late-onset ventilator-associated pneumonia (VAP > 5 days).
Twenty-eight patients (84.8%) with late-onset VAP received
antibiotics before performing BAL, as compared with 12 (60%)
with early-onset VAP and five patients (71.4%) with CAP.

BAL was positive (>10,000 ufc/ml) in 36.4%, 60% and 14.3% of
late-onset VAP, early-onset VAP and CAP, respectively. The ICU
length of stay was significantly longer for patients with CAP and
late-onset VAP than for early-onset VAP patients. Mortality was
24.2%, 35% and 28.6% due to late-onset VAP, early-onset VAP
and CAP, respectively. CAP and early onset VAP were mostly
caused by antibiotic sensitive bacteria, while late-onset VAP were
caused more frequently by multiple pathogens with an inadequate
prior antibiotic treatment.

Conclusions The low incidence of positive BAL in the CAP group
underwrites the use of BAL only for particularly severe, selected
cases. Although there was a difference in the isolated bacteria and
antibiotic susceptibility among different kinds of pneumonia, the
mortality was the same. Inadequate prior antibiotic therapy was
more frequent in the late-onset VAP group.

Table 1 (abstract P70)

CAP Early-onset VAP  Late-onset VAP
Cases (n) 8 20 33
APACHE Il score 21.8+5.7 186+ 7 21 +83
Days of MV 145+ 9.2* 6.7 £ 5.4* 16.6 £ 10.8*
Length of stay 16.8 £ 9.4* 9.6 £6.9* 23.2 + 13.4*
Mortality (%) 28.6 35 24.2
Inadequate AB (%) 0 16.7 50
*P<0.001.
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Introduction Ventilator-associated pneumonia (VAP) is a common
nosocomial infection in intensive care patients. The most accurate
diagnosis relies on the quantitative culture results of broncho-
alveolar lavage (BAL) fluid. In our hospital, BAL fluid quantitative
culture and cytology analysis are performed routinely in patients
suspected of VAP. In this study, we assessed the value of the
combination of various BAL fluid cytology findings for the diagnosis
of VAP.

Study design All BAL fluid samples obtained from patients
suspected of VAP were collected. VAP was defined as BAL fluid
cultures with >10% colony forming units/ml BAL fluid. BAL fluid
cytology included the total cell count/ml, the differential cell count
on 500 nucleated cells including the percentage of polymorpho-
nuclear neutrophils and the percentage of infected cells containing
phagocytised organisms (intracellular organisms [ICOs]). Areas
under the curve (AUCs) of receiver operating characteristic curves
were calculated and plotted for various cytologic parameters and
their combinations.

Results Over a 61-month period (January 1999—-February 2004), a
total of 335 BAL fluid samples were included from 287 patients. In
126 (37.6%) patients VAP was confirmed by positive culture.
Highest AUCs were as follows: total cell count: 0.65, percentage
polymorphonuclear neutrophils: 0.71 and percentage ICO: 0.90.
The combination of percentage ICO with any other cytological
parameter did not increase the AUC. At a threshold of 2%, the
percentage ICO had an 86.2% positive predictive value and a
88.1% negative predictive value for VAP.

Conclusion Among all cytologic parameters analysed in BAL fluid
obtained under the suspicion of VAP, the percentage of ICOs was
the parameter most predictive of VAP. Combination with other
cytological parameters did not improve its predictive value.
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Introduction Little is known about ICU use in severe community-
acquired pneumonia (SCAP). The aim of our study was to examine
epidemiological data, prognostic factors and treatment of adult
patients admitted to the ICU for SCAP in the industrial region of
Western Macedonia.

Methods Cases of SCAP admitted to the five general hospitals
covering the health services needs in the region were identified
retrospectively for the period April 2002—February 2005 using the
hospital admission forms. Data concerning SCAP treated on the
ICU were extracted by ICU records review over the same period.
Variables assessed included characteristics at presentation,
underlying risk factors, microbiological diagnosis, main therapies
and evolution during the ICU stay. Prognostic factors were
determined by comparison of the above variables between ICU
survivors and nonsurvivors.
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Results Over this 3-year period 839 patients with SCAP were
admitted to the hospital, and the mean incidence of SCAP in
Western Macedonia was found to be 93 cases per 100,000
population. Of all patients admitted 45 (5.36%) needed intensive
care. Thirty-seven (84%) of those patients had comorbidity and 38
(84.9%) received early (<12 hour) intubation. The average age
was 60.48 (SD 16.46) years and the average APACHE Il score,
PSI points and CURB-65 score were 23.1 (SD 8.9), 161.24
(SD 1.1) and 3.75 (SD 41.28), respectively. A microbiological
diagnosis was made in 11 patients (24,4%). Mortality was not
increased in those in whom a bacterial diagnosis was not made. A
total 4.4% of the strains were drug-resistant and the pathogens
most frequently identified were Acinetobacter baumanii,
Pseudomonas aeruginosa and Klembsiella. ICU mortality was
33.3%. Prognostic factors on and during ICU admission were
confusion (P = 0.004), bilateral chest X-ray involvement (P= 0.001),
admission through the Emergency Department (P = 0.023), active
oral steroid treatment (P = 0.026), ineffective initial antimicrobial
therapy (P = 0.01), a longer median mechanical ventilation period
(13.66 days vs 6.26, P = 0.01), sepsis-related complications
(P=0.001), ICU-related complications (P = 0.005) and acute
renal failure (P=0.01).

Conclusion SCAP treated on the ICU carries a high mortality,
which is related to underlying diseases, ineffective initial anti-
microbial therapy, requirements for mechanical ventilation, bilateral
disease and complications during ICU stay. The importance of the
admission to ICU at an early time point is underlined. The approach
to empirical therapy must take into account local infecting
organisms and susceptibility.
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Objectives Respiratory tract infections requiring mechanical
ventilation account for more than 50% of all infections treated in
the ICU and prolonged hospital stay and high ICU mortality [1-3].
Procalcitonin (PCT) may help to identify patients at increased risk
of worsening organ dysfunction associated with severe sepsis. The
goal of this study was to assess whether maximum PCT
concentrations are associated with deterioration of organ function.
Method PCT-7 is a multicenter, multinational, observational study
of the association of PCT levels with acute organ dysfunction and
28-day outcome in ICU patients with presumed or confirmed
pneumonia and requiring mechanical ventilation. Procalcitonin was
determined daily by LUMIltest® (BRAHMS AG, Germany).

Results One hundred and ninety-seven patients (62.4% males)
were enrolled from January 2003 to November 2004 in eight
centers in Europe, the USA, and Canada. The mean age was 61.4
years (range 19-99); the mean APACHE Il score was 23.7.
Patients with high PCT levels had higher mortality rates (PCT
cutoff: 2 ng/ml: odds ratio: 3.0 [95% CI: 1.4-6.4], P =0.006; PCT
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cutoff: 4 ng/ml: odds ratio: 3.7 [95% CI: 1.8-7.8], P < 0.001).
There was a significant correlation between the maximum SOFA
score and the maximum PCT during the ICU stay (r = 0.57; 95%

Cl: [0.45-0.66]; P< 0.001; n=175). Both SOFA score and PCT

elevations at any day had an area under the curve >0.7 in the

receiver operator characteristic curve.

Conclusions In this first multicenter study on patients with

pneumonia, high levels of PCT identify patients with organ

dysfunction and a high risk of death.
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Aim To evaluate diagnostic specificity and sensitivity of
procalcitonin (PCT) in comparison with C-reactive protein (CRP)
and other markers of inflammation phase reactants in relation to
clinical status and microbiology examinations.

Materials and methods A prospective study in ICU patients. One
hundred and sixty-four examinations of PCT, CRP, orosomucoid,
prealbumin, fibrinogen, INR, leukocyte and platelet count were
evaluated in 43 patients. The APACHE Il score was calculated on
admission, the SOFA daily. SIRS, MODS, positivity of bacteriology,
hemoculture and apparent infection were also assessed. Statistical
methods comprised the chi-square test, Wilcoxon unpaired test,
nonparametric Kruskal-Wallis test, ROC analysis and comparison
of area under the curve (AUC).

Results AUC is given for the following variables (only AUC > 0.6 is
mentioned). MODS: temperature 0.700, PCT 0.683, platelets
0.657. SIRS: temperature 0.852, leukocytes 0.761, PCT 0.694,
fibrinogen 0.612. SOFA: PCT 0.7586, platelets 0.711, temperature
0.654, leukocytes 0.646. Hemoculture: albumin 0.703, fibrinogen
0.686, orosomucoid 0.666, temperature 0.649. APACHE |l score:
platelets 0.685, PCT 0.605, leukocytes 0.602. Bacteriology:
temperature 0.653, PCT 0.627. Apparent infection: temperature
0.694, fibrinogen 0.680. There was a significant difference
between survivors and nonsurvivors with respect to ICU stay for
PCT (P = 0.00), platelets (P = 0.00), leukocytes (P < 0.03) and
temperature (P < 0.05).

Conclusions PCT was a more effective marker of sepsis-related
complications in ICU patients than CRP or other acute phase
reactants. ROC analysis was a suitable tool for confirmation of
these relations.
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Introduction Procalcitonin (PCT) is a reliable measurable marker
of the clinical course in patients with infectious complications.
Nonspecific elevation of PCT concentrations may occur after major
surgeries or multiple trauma. Elevated concentrations of PCT were
detected after administration of some immunosuppressive drugs.
The aim of our study was compare PCT serum levels in patients
after liver, pancreas or simultaneous kidney—pancreas transplanta-
tions without any complications.

Patients and methods PCT serum levels were examined still
before induction of anesthesia, at 4 and 8 hours following graft
reperfusion, and daily until postoperative day 4. The patients were
divided into a group receiving polyclonal antibody ATG Fresnius
(21 patients with liver and 10 patients with simultaneous kidney—
pancreas transplantation) and one without it (seven patients with
liver and three patients with pancreas transplantation). PCT was
also determined in 12 patients undergoing liver resection. PCT
levels were evaluated using an imunoluminometric assay (ILMA)
with a LUMItest PCT kit (Brahms Diagnostics, Berlin, Germany)
with  monoclonal antibodies against calcitonin and katacalcin
sequences, part of the PCT molecule.

Results PCT serum levels were slightly elevated (up to 13.90 ng/ml)
in several patients after liver transplantation without ATG therapy.
PCT was strongly induced in most cases in patients after liver
transplantation with ATG administration (up to 249.10 ng/ml). The
mean value of the maximum PCT concentration on the first
postoperative day was 4.49 + 1.63 ng/ml in patients after liver
transplantation without ATG therapy and 59.08 £ 12.60 ng/ml in
patients with ATG therapy (P < 0.001). In addition, both groups
are compared with 12 patients undergoing liver resection, whose
mean serum PCT levels did not exceed 1.41 * 0.29 ng/ml. Low
PCT serum concentrations (0.46 + 0.10 ng/ml) occurred in
patients after pancreas transplantation without ATG treatment. A
very marked increase (139 * 49.08) in serum PCT levels was
recorded in patients with simultaneous kidney—pancreas trans-
plantation with ATG administration.

Conclusion Polyclonal antibody administration to patients with liver
and simultaneous kidney—pancreas transplantation is associated
with a very marked increase in serum PCT levels, with peak values
on postoperative day 1. However, this is without a clinical correlate
in the form of a severe inflammatory response. The possible PCT
release following ATG therapy should be taken into account when
using this inflammatory parameter in transplant patients.
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Introduction Procalcitonin (PCT) levels have been proved to be a
very useful marker not only in severe microbial sepsis but also in



SIRS and MOFS. Severe polytrauma is one typical example of
SIRS without microbial infection, at least during the first days. High
PCT levels are often seen in multiple trauma, sometimes higher
than that seen in septic shock. The prognostic meaning of these
high PCT levels is practically unknown and has to be further
investigated.

Objective To assess the PCT levels during the first post-traumatic
days and correlate them with: the final outcome of the patient, the
injury severity score (ISS) and the expected mortality, and lactic
acid as a marker of tissue perfusion.

Materials and methods Over a period of 12 months (2003-
2004) 42 consecutive patients older than 18 years who were
admitted to the ICU of the KAT General Hospital for an expected
stay > 24 hours were prospectively included in the study. The
study protocol was approved by the local ethics committee.
Informed consent was obtained from the next of kin of unconscious
patients. All patients (mean age 27 years old) were intubated and
mechanically ventilated. From each enrolled patient blood was
withdrawn at the end of the first, second and third day to assess
the PCT and lactic acid levels. The modified ISS to predict
mortality, the kind and the severity of the injuries, and their final
outcome were also registered. The patients were divided into
group A, 23 patients who survived, and group B, 19 patients who
finally died.

Results The patients of group A had a mean ISS of 32.87 with
expected mortality 30.77%, and group B had ISS 35.45 with
expected mortality 34.57%. In group A the mean PCT levels of the
first day were 5.62 ng/dl, the second day 3.69 ng/dl and the third
day 2.13 ng/dl. There was a smooth decrease of the PCT over the
days and the difference was statistically significant (P = 0.05). In
group B the first day mean values were 3.03 ng/dl, the second day
3.65 ng/dl and the third day 1.12 ng/dl. There was a sudden
increase over the second day and a statistically significant
decreased over the third day (P=0.01). There were no
correlations between the PCT levels, the lactic acid levels, the ISS
and the expected mortality.

Discussion As seen in the literature, the patients who die from
trauma have higher PCT levels. But there are no comments on the
possible meaning of the value fluctuation during the first post-
traumatic days. In our study it seems that the initial PCT levels
were lower in the patients who died than in the patients who
survived. In group A the decrease of the PCT was linear over all
three days. But in the patients who died the PCT increased
suddenly the second day followed by a steep decrease on the third
day much lower than that seen in group A.

There is no known explanation of this phenomenon. One could
suggest that this is due to an immunity system malfunction that
allows patients to die late after a severe trauma. That has to be
proved.

Conclusion It seems that the high initial levels of PCT do not have
such a great prognostic value as has the alteration of the PCT
levels seen later during the next days.
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Aim To compare the diagnostic accuracy of procalcitonin (PCT)
for early diagnosis and the discrimination of bacterial and viral
meningitis.

Available online http://ccforum.com/supplements/10/S1

Methods A prospective, observational study involving 59 adults
(25 women, 34 men) who were hospitalized for acute meningitis.
The diagnosis of meningitis was based on compatible clinical
features and cerebrospinal fluid analysis. At admission the serum
and cerebrospinal fluid PCT levels were measured simultaneously
with a specific immunoluminometric assay (LUMltest Procalcitonin;
BRAHMS Diagnostica, Berlin, Germany). Fifteen patients had
bacterial meningitis, 44 viral meningitis, based on the detection of
pathogenic bacteria and the analysis of cerebrospinal fluid.
Results PCT levels in patients with viral meningitis were not
significantly ~ different in serum and cerebrospinal fluid
(0.20 £ 0.22 ng/ml, resp. 0.22+0.25ng/ml). PCT levels in
patients with bacterial meningitis were higher in serum and
cerebrospinal fluid compared with patients with viral meningitis
(1.04 £ 1.41 ng/ml, resp. 0.75+ 0.46 ng/ml, P<0.0001; resp.
P<0.0005). PCT levels were not statistically different in serum
and cerebrospinal fluid in patients with bacterial meningitis. We did
not find a correlation between PCT levels and an impaired
cerebrospinal fluid—blood barrier. PCT levels were false negative in
five patients with bacterial meningitis (sensitivity of 66%). PCT
levels were correlated with the number of activating monocytes in
cerebrospinal fluid.

Conclusion PCT is of limited diagnostic value in patients suffering
from bacterial meningitis.
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Background Plasma C-reactive protein (CRP) levels increase
rapidly after various inflammatory conditions, including surgery.
Although CRP measurements are used frequently in the ICU
setting, their relation to the development of sepsis, organ failure
and mortality is not well known.

Objective To correlate plasma CRP levels with prognosis and
hospital mortality in the postoperative period.

Design A prospective cohort study.

Setting A 19-bed medico-surgical ICU in a private hospital.
Patients All surgical patients admitted to the ICU over a period of
4 months.

Measurements and results In 2005, from September to
November, 527 patients were admitted to the ICU. Of them, 435
(82.5%) patients were admitted for postoperative care, and 219
(50.3%) were male. The mean age of the whole group was
62.02 + 16 years. Nine (2.06%) patients died during the post-
operative period. Among the patients who died, the mean APACHE
and SAPS 2 scores were 17.67 * 9.40 and 52.4 + 18.31,
respectively. Among those who survived, the mean APACHE and
SAPS 2 scores were 12.11+6.35 and 24.66% 13.03,
respectively. Plasma CRP levels during the first 3 days of the ICU
stay were not statistically different between patients who survived
and those who died. On the fourth day, the plasma CPR level was
significantly higher in the group who died, compared with those
who survived (28.133 + 4.77 vs 13.849 + 10.4; P = 0.037). Of
interest is the fact that, on admission, the APACHE and SAPS 2
scores were higher in the group who survived. The area under the
ROC curve for the analysis of plasma CRP levels on the fourth day
of the ICU stay was 0.86 (95% Cl 0.76-0.96) with 100%
sensitivity and 75% specificity to predict death in surgical patients.
The best cutoff point was 22.7 mg%. The mortality in the groups
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with fourth-day PCR <22.7 mg% and >22.7 mg% was 0 and 25%,
respectively (P=0.011).

Conclusion In this cohort, a plasma CPR level higher than
22.7 mg% on the fourth day of ICU admission was a good tool to
discriminate between patients who died and those who survived.
Plasma CRP levels appear to be better at predicting mortality than
the APACHE Il and SAPS 2 scores at the time of ICU admission.
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Introduction Additional biomarkers in severe sepsis are needed to
tackle the challenges of determining prognosis and optimizing
selection of high-risk patients for application of therapy. The use of
serum cholesterol as a prognostic indicator of infection and
multiple organ dysfunction syndrome, and as a biologic marker for
resolution of systemic inflammation is less well defined. Proposed
explanations for the development of hypocholesterolemia include
downregulation of hepatic synthesis, dilutional effects with
resuscitation, loss of apoproteins in burns after blister formation,
and metabolic utilization. A number of inflammatory cells and
mediators involved in the inflammatory response have been
assessed for their role as potential markers of the presence and
severity of the inflammatory response and organ failure. Serum
levels of C-reactive protein (CRP), an acute-phase protein
synthesized by the liver following stimulus by various cytokines
including tumor necrosis factor and IL-6, markedly increase within
hours after infection or inflammation.

Objective To evaluate serum CRP and cholesterol as a prognostic
factor for survival in patients with severe sepsis.

Methods Ninety-six patients meeting the criteria for severe sepsis.
A prospective study of mortality in patients with severe sepsis
whose serum levels of CRP and cholesterol were measured on
admission to an ICU, 2 days later and on the day of discharge from
the ICU or on the day of death.

Results The median cholesterol levels were significantly lower in
the nonsurvivor patients (first day 92.2 mg/dl [25.1], second day
92.1 mg/dl [21.7], died/discharge day 92.2 mg/dl [21.7]) than the
survivor patients (first day 175.1 mg/dl [38.6], second day
173.0 mg/dl [39.3], died/discharge day 171.8mg/dl [39.6];
P<0.001). The median CRP levels were significantly higher in the
nonsurvivor patients (first day 32 mg/dl [20.56-64.5], second day
33 mg/dl [22-74.5], died/discharge day 30 mg/dl [22-57]) than
the survivor patients (first day 10 mg/dl [6-14], second day
9 mg/dl [5-10], died/discharge day 6 mg/dl [3-9]; P < 0.001).
Conclusion Serum CRP and cholesterol are a predictor of survival
in patients with severe sepsis. Low cholesterol and high CRP
levels appear to be a valuable tool for individual risk assessment in
severe sepsis patients and for stratification of high-risk patients in
future intervention trials.
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Introduction We have previously demonstrated changes in
circulating cytokines during the evolution of severe illness in ICU
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patients. This pilot study aimed to measure changes in circulating
and urinary cytokines in critically ill patients receiving normal and
high-nitrogen enteral feeds.

Methods Patients (n=40) were recruited from an adult, medical/
surgical ICU; urine and blood samples were obtained over three
consecutive days. TNF-o, IL-6, IL-8, MCP-1 and leptin were
measured by monoclonal antibody sandwich kit (ELISA). SIRS
criteria were applied using the white blood cell count, heart rate,
temperature and respiratory rate.

Results Urinary cytokine concentrations (ul...]) were significantly
raised in ICU patients relative to controls (at least P < 0.005). In
addition, higher u[TNF-a] (74%, P < 0.048) and ulIL-8] were
observed in the highest SIRS index group (n = 8). There was a
significantly higher u[IL-6] in the surgical group (n = 24) compared
with sepsis and trauma patients (P < 0.0005). Plasma leptin levels
(plLep]) increased with the duration of ICU stay. Urinary leptin was
readily detectable in ICU patients: this has not been reported
before. There was a marked elevation of u[Lep] (3.5-fold) in SIRS
relative to non-SIRS patients (P < 0.001). The mean u[lL-6] was
significantly decreased (45%, P < 0.01) in patients given a high
protein diet. There was a strong inverse correlation between
u[MCP-1] and dietary intake.

Conclusions Urinary measures have potential in monitoring the
ICU patient immune status noninvasively; urinary IL-8 and leptin
may be markers of SIRS; a high-protein diet appears to reduce
u[IL-6]; u[MCP-1] may be a marker of dietary delivery.
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Purpose Blood cytokine and chemokine values have been
examined in pathological analyses of surgical invasion, but making
multiple simultaneous measurements has been difficult from the
standpoint of cost, measurement time, specimen size, etc.
Microbead suspension arrays have been developed in recent
years, and they have made quantitative determination of multiple
substances possible.

Subjects and methods The subjects were 16 surgical patients with
severe septicemia secondary to peritonitis. The patients were divided
into groups according to whether their preoperative leukocyte count
was below 4000/ul (LW group) or 4000/ul or greater (HW group)
and changes between before and after surgery, and the changes
between before and after performance of postoperative endotoxin
adsorption therapy (PMX) were investigated.

The specimens consisted of frozen plasma, and the measurements
were made in 25 pl samples by Bio-Plex assays (Bio-Rad
Laboratories). The Wilcoxon test was used to perform the
statistical analysis.

Results There were five cases in the LW group, and 11 in the HW
group. There were no significant differences in age, interval
between onset of symptoms and arrival at the hospital, or APACHE
Il scores, and the differences between groups in the operation time
and blood loss were not significant either. The difference between
groups in TNF-o. was not significant, but the IL-1B, IL-4, IL-5, IL-6,
IL-8, IL-10, and IL-13, G-CSF, GM-CSF, INF, MCP-1, and MIP-1f3
values were significantly higher in the LW group both
preoperatively and postoperatively (P<0.05). In the HW group
IL-12 and IL-17 tended to be higher before surgery. Before surgery
the Th1/Th2 ratio (INF/IL-4) was higher in the LW group, but after



surgery it was higher in the HW group. Comparisons between
before and after PMX therapy showed a significant decrease in
endotoxin values (P = 0.083), but there were no significant changes
in cytokine or chemokine values.

Conclusion A decreased leukocyte count in peritonitis appeared
to reflect a state of increased cytokine response, especially an
increased response of the Th1 system. Postoperatively, however,
Th2 tended to predominate. PMX therapy had no effect on
cytokines. It appeared that this type of analysis will elucidate the
indications and optimal timing for PMX therapy and G-CSF and
INF administration in severe pathological states.
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Objective To define a panel of biomarkers to aid in the assessment
and diagnosis of patients presenting to the Emergency Department
(ED) with suspected sepsis.

Population Patients presenting to the ED of 10 tertiary hospitals.
The inclusion criteria were: 18 years or older, and two or more
SIRS criteria with confirmed or suspected infection and/or lactate
> 2.5 mmol/l. The exclusion criteria were: cardiac arrest; Do Not
Resuscitate order; pregnancy.

Methods Blood samples were collected upon enroliment and the
plasma was frozen at —70°C within 1 hour. Measurement of
biomarkers was performed in a blinded fashion by immunoassay
(Biosite). The final diagnosis was determined based on standard
definitions. A search engine based on the optimization of the area
under the receiver—operator curve (ROC AUC) for diagnosis of
sepsis was used to select a panel of six biomarkers and to optimize
a Multimarker Index (MMX). The MMX combines the individual
marker values into a single index value for the sample, which is
reported as the test result.

Results The ROC AUC (95% CI) for the sepsis panel MMX for
differentiating patients with SIRS (n = 73) from those with various
sepsis conditions (n = 224), SIRS from all sepsis with positive
blood culture (n = 41), SIRS from severe sepsis (n = 43) and SIRS
from septic shock (n = 14) are, respectively, 0.76 (0.70-0.82),
0.85 (0.79-0.92), 0.89 (0.83-0.95) and 0.95 (0.91-0.99). For
comparison, the ROC AUCs obtained with CRP are 0.62
(0.54-0.70), 0.69 (0.59-0.79), 0.63 (0.53-0.74) and 0.71 (0.57—
0.85); for IL-6 the values are 0.64 (0.57-0.71), 0.69 (0.59-0.80),
0.66 (0.55-0.77) and 0.63 (0.45-0.82).

Conclusion The biomarker panel MMX shows clinical utility in
identifying sepsis as an underlying cause in patients presenting
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with SIRS. Because this level of accuracy is attained based on the
first blood draw, these results suggest that it may be useful in the
rapid assessment and diagnosis of patients presenting to the ED.
These results need to be confirmed in additional populations.
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Introduction Patients presenting to the hospital with sepsis with
evidence of hypoperfusion have a greater risk of developing organ
dysfunction and higher mortality [1]. Early recognition of
hypoperfused states and implementation of strategies to resolve
global tissue hypoxia as reflected by early lactate clearance

correlate with improved outcome and mortality [2]. This study is a

secondary analysis comparing early lactate clearance with serum

biomarkers among a cohort of patients collected during the Early

Goal Directed Therapy Trial (EGDT).

Methods Lactate levels were drawn on patients presenting with

severe sepsis and septic shock upon hospital presentation and at

6 hours after resuscitation. Lactate clearance was defined as the

decrease in blood lactate concentration from the baseline to the

6-hour value, expressed as a percentage of the baseline value [2].

Biomarkers were examined at baseline, 6, 12, 24, 36, 48, 60 and

72 hours after hospital presentation. Biomarkers were determined

by immunoassay independently performed by Biosite®, Inc. (San

Diego, CA, USA). The Kruskal-Wallis statistic was used to detect

differences in mean (0—72 hours) biomarker levels among patients

stratified by lactate clearance quartiles. Chi-square analysis and

Kaplan—Meier mortality estimation were used to compare outcome

among the lactate clearance quartiles. The Student two-sample t

test, Wilcoxon rank sum test, chi-square and Kruskal-Wallis

statistics were employed to compare hospital survivors versus
nonsurvivors. A two-tailed probability level < 0.05 was accepted as
statistically significant.

Results Two hundred and forty-three patients were stratified into

quartiles by their level of lactate clearance after 6 hours. There was

a statistically significant inverse relationship between patients’

lactate clearance and the mean levels of each biomarker (TNF-q,

IL-1 receptor antagonist and caspase-3) over the first 72 hours of

hospitalization (P<0.035). There was also a statistically

significantly higher hospital 28-day and 60-day mortality for each

quartile of decreasing lactate clearance (P < 0.010).

Conclusions Early resolution of global tissue hypoxia or greater

lactate clearance is associated with a corresponding decrease in

inflammatory mediators and mortality. The exact mechanism by
which early hemodynamic optimization modulates inflammation
requires further study.
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Background Plasma levels of soluble E-selectin (sES) have been
shown to reflect the production of TNF, a proinflammatory cytokine
critically involved in the pathogenesis of various types of organ
failure in sepsis. We examined whether a newly developed rapid
immunoassay method for plasma sES is able to predict the
prevalence of organ failure including acute respiratory distress
syndrome (ARDS) in critically ill patients.

Methods Plasma samples were obtained from 50 critically il
patients showing systemic inflammatory response syndrome
(SIRS) on admission to the emergency unit. Plasma levels of sES
were determined using a latex agglutination method.

Results The normal range of the plasma sES level was
4.8-29.7 ng/ml with this method. Among the patients examined,
22 patients showed elevated sES levels (D,E group) and 28
patients normal sES levels (D,N group). The prevalence of ARDS
was significantly higher in the D,E group (15/22, 68.2%) than in
the D,N group (4/28, 14.3%) (P<0.001) and that of cardio-
vascular system failure, renal failure, and coagulation system failure
was also significantly higher in the D,E group than in the D,N
group in the first 5 days after admission. The mortality rate at
28 days after admission was significantly higher in the D,E group
(27.3%) than in the D,N group (0%) (P < 0.05).

Conclusion Determination of sES levels by this new rapid assay
method might be useful for prediction of the prevalence of organ
failure including ARDS and the outcome in critically ill patients
showing SIRS, a pathologic condition that has the potential risk for
development of multiple organ failure.
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Bacterial recognition and induced cellular activation is fundamental
for the host control of infection, yet the limit between protective
and harmful response is still inexact. Forty-one patients were
enrolled in this study: 14 with sepsis, 12 with severe sepsis, and
15 with septic shock. Seventeen healthy volunteers (HV) were
included as controls. The expression of TLR2, TLR4, CD14,
CD11b and CD11c was analyzed on monocyte surfaces in whole
blood. sCD14 was measured in serum and TNF-o, IL-6 and IL-10
cytokine levels were measured in PBMC supernatants following
LPS, IL-1B and TNF-o stimuli by ELISA. An increase in sCD14 and
a decreased mCD14 were found in patients as compared with HV
(P < 0.001). However, no differences in the expression of TLR2,
TLR4 and CD11c were found among the groups. A trend towards
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differential expression of CD11b was observed, with higher values
found in patients with sepsis as compared with HV. A negative
regulation of the inflammatory cytokine production was observed in
severe sepsis and shock septic patients in relation to the sepsis
and HV, regardless of the stimulus. No significant difference in
IL-10 production was found among the groups. In this study we
show that the inflammatory response is associated with the
continuum of clinical manifestations of sepsis, with a strong
inflammatory response in the early phase (sepsis) and a refractory
picture in the late phases (severe sepsis and septic shock).
Correlation between cell surface receptors and cytokine
production after IL-1f and TNF-o. stimuli and the observation of a
single and same standard response with the different stimulus
suggest a pattern of immunology response that is not dependent
only on the expression of the evaluated receptors and that is likely
to have a regulation in the intracellular signaling pathways.
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Introduction Sepsis is the leading cause of mortality in the ICU.
Sepsis morbidity and mortality are increasing through the years.
Infection control depends on adequate microbe recognition and
satisfactory cell activation. Paradoxically it has been seen that in
sepsis cell activation can be both good and harmful to the host.
Objectives To evaluate neutrophil activation in the continuum of
sepsis measuring cell surface receptors and oxidative metabolism;
to evaluate monocyte activation measuring oxidative metabolism;
and to evaluate the correlation between cell activation and organ
dysfunction.

Methods Regarding the 1992 ACCP/SCCM consensus, 41
patients were included: 14 with sepsis, 12 with severe sepsis and
15 with septic shock. Seventeen healthy volunteers were included
as the control group. TLR2, TLR4, CD11b, CD11c and CD66b
expression on the neutrophil surface using whole blood were
measured using flow cytometry. Reactive oxygen species formation
due to DCFH oxidation was also measured by flow cytometry.
Organ dysfunction was characterized and measured using the
SOFA score.

Results Diminished TLR2 and TLR4 expression was observed in
septic shock compared with healthy volunteers (P=0.05 and
P=0.06, respectively). There were no differences found in CD11b
and CD11c expression. CD66b expression was increased when
comparing the whole group of patients and the control group
(P=0.01). The neutrophil oxidative burst was increased in the
whole group of patients compared with the control group at
baseline and under PMA, fMLP, LPS and S. aureus stimulation
(P<0.001 for all conditions tested). The monocyte oxidative
metabolism was also significantly increased in the whole patient
group compared with the control group in all conditions tested
(P<0.01). Neutrophil and monocyte oxidative metabolism due to
PMA, LPS and S. aureus stimulation in severe sepsis were
diminished compared with sepsis and septic shock. A strong
correlation was observed between neutrophil and monocyte
oxidative metabolism. The SOFA score discriminated patients
between survivors and nonsurvivors (ROC curve was 0.78;
P=0.02). A positive correlation was observed between organ



dysfunction and oxidative metabolism in neutrophils and
monocytes considering severe sepsis and septic shock. However,
despite an oxidative burst in sepsis as high as in septic shock, no
organ dysfunction was found in sepsis.

Conclusions Neutrophils and monocytes are activated in the
continuum of sepsis considering reactive oxygen species
formation. Nonetheless, in the onset of sepsis increased oxidative
metabolism was probably involved in resolution of the infectious
course, but in the late stages of sepsis it was associated with
tissue damage and, consequently, organ dysfunction and death.
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Introduction The response to an inflammatory stimulus is highly
variable in critically ill patients and may differ from that of healthy
volunteers. One of several distinguishing characteristics between
the two groups is an elevated plasma level of cytokines in patients.
We hypothesized that an acute elevation in TNF-0,, as evoked by a
priming dose of purified Escherichia coli endotoxin (LPS), would
enhance the inflammatory response to LPS, and we investigated
this hypothesis in healthy volunteers in a randomized, double-blind,
crossover design.

Methods Following approval by the local Human Ethics Committee,
13 volunteers underwent three interventions each, receiving two
bolus injections, spaced 90 min apart and consisting of either
saline + LPS (0.2 ng/kg) (LPS-0.2), saline + LPS (0.4 ng/kg)
(LPS-0.4), or LPS (0.2 ng/kg) + LPS (0.2 ng/kg) (LPS-0.2+0.2).
Physiological variables were monitored throughout until 8 hours
after the last dose; blood samples were drawn for measurement of
plasma TNF-¢, IL-6, C-reactive protein (CRP), white blood cell
(WBC) and differential counts. Interventions were spaced at least
1 month apart. A repeated-measures multivariate ANOVA (inter-
vention-by-time) with Bonferroni corrections was performed.
P<0.05 was considered significant.

Figure 1 (abstact P88)
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Results Flu-like symptoms occurred during all three interventions;
the frequency was increased in groups LPS-0.4 and LPS-0.2+0.2
as compared with LPS-0.2. The heart rate, body temperature,
CRP, WBC, and the neutrophil count increased more, and the
lymphocyte count was more reduced, during LPS-0.2+0.2
compared with both LPS-0.2 and LPS-0.4. Levels of TNF-o. and
IL-6 were higher during LPS-0.24+0.2 (mean peak TNF-o %, 44.6
[95% CI, 25.8-63.3] mg/l) compared with LPS-0.4 (28.0
[16.8-39.3] mg/l) and LPS-0.2 (12.7 [6.1-19.3] mg/l)
(P<0.001), as well as during LPS-0.4 compared with LPS-0.2.
Conclusion In healthy humans, induction of a low-grade
inflammatory response by a priming bolus injection of LPS
amplifies the clinical and paraclinical inflammatory response to a
subsequent LPS injection. This may explain the potent
proinflammatory response seen in some critically ill patients.
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Introduction The phenomenon of repeated exposure to endotoxin
resulting in diminished release of proinflammatory cytokines is
called endotoxin tolerance. After receiving a low-dose pretreatment
with endotoxin, tolerant animals survive a challenge with a ‘lethal
dose’ of endotoxin. Recent studies suggests a pivotal role for NO
arising from iNOS in the development of tolerance. Toll-like
receptors (TLRs) are receptors that recognize specific pathogen-
associated molecular patterns. Ten members of the so-called TLR
family have been identified in humans, and several of them appear
to recognize specific microbial products, including LPS (TLR-4),
peptidoglycan (TLR-2) and flagelline (TLR-5). Recognition leads to
activation of intracellular signaling pathways, which upregulate a
wide array of inflammatory modulators that contribute to the early
host cell response. The aim of this study was to test whether
administration of the selective INOS inhibitor aminoguanidine during
human experimental endotoxemia influences the development of
tolerance to several TLR-agonists in vitro.

Methods Seventeen healthy volunteers (age 22.2 + 1.8 years)
were treated with an i.v. bolus injection of 2 ng/kg Escherichia coli
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LPS in the absence (n = 10) or presence (n = 7) of the selective
iNOS inhibitor aminoguanidine (bolus of 370 mg and continuous
infusion 1 mg/min 1 hour after administration of LPS). Whole blood
was stimulated in vitro with different TLR agonists before, and 2
and 4 hours after LPS treatment. The TLR agonists used were Pam
3 Cys, 1 ug/ml (TLR-2); Poly I:C, 50 ug/ml (TLR-3); E. coli LPS,
1 ng/ml (TLR-4); Flagelline, 10 ng/ml (TLR-5); and Loxoribine,
50 ug/ml (TLR-7). The samples were incubated at 37°C for
24 hours, after which cell-free supernatant was obtained (centrifu-
gation at 2000 x g at 4°C for 15 min) and stored at —80°C until
ELISAs were performed.

Results /n-vitro incubation with the different TLR-agonists resulted
in release of cytokines in blood samples taken prior to the LPS
administration /in vivo. The cytokine release was attenuated 2 and
4 hours after LPS administration in vivo (see Fig. 1a). This develop-
ment of tolerance occurred in TLR-3, TLR-4, TLR-5 stimulated
whole blood. /n-vivo administration of the iINOS inhibitor amino-
guanidine had no significant effect on the development of
tolerance in TLR-3 and TLR-4 stimulated whole blood, but TLR-5
agonist stimulated whole blood showed that tolerance was
inhibited (P < 0.05; see Fig. 1b).

Conclusions LPS administration in vivo attenuates the in-vitro
cytokine response on various TLR-agonists. Inhibition of INOS in
vivo had no effect on the development of tolerance in TLR-3 and
TLR-4 stimulated whole blood, but tolerance diminished in TLR-5
agonist stimulated whole blood. This suggests that NO is involved
in the development of tolerance to flagelline.
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Background Granulocyte-colony stimulating factor (G-CSF) may
induce stem cell mobilization and stimulates myelopoiesis.
Functionally, G-CSF upregulates myeloid cell survival and effector
function (e.g. phagocytosis, Fc-mediated killing, etc.). G-CSF has
been discussed to play a role in the protection of endothelial cells
and anti-apoptosis via bcl-2 family protein, caspase 9 and clAPs.
We were therefore interested to test the effect of G-CSF on
endothelial cell viability in the presence and absence of
granulocytes (PMN) with and without activation by bacterial
endotoxin (LPS).

Methods Endothelial monolayers were established from bone
marrow and layers were preincubated with rhG-CSF (filgrastim,
3000 U/ml) for 24 hours. PMN isolated from patients with septic

Table 1 (abstract P90)
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shock or healthy donors were incubated with or without LPS
(E. coli 0111:B4, 100 ng/ml); or were preactivated with LPS, then
washed before being cocultured with the endothelial layer for
another 24 hours. As a measure for cell viability, we quantified ATP
contents by luciferin-based chemiluminescence. The inflammatory
response by endothelial cells and/or PMN was studied by
measuring IL-8, IL-6, IL-1B and TNF-o released into the culture
supernatant.

Results In G-CSF treated endothelial/PMN co-cultures as well as
in G-CSF substituted cultures of PMN alone, the ATP content in
cell lysates was upregulated. This G-CSF effect was independent
from the addition of exogenous LPS. PMN as well as LPS
stimulated the cytokine release by endothelial cells. We found IL-6
levels ranging between 1 and 1054 pg/ml being exclusively
secreted by endothelial cells, and IL-8 levels originating from PMN
and endothelial cells between 55 and 3278 pg/ml, respectively.
G-CSF had no effect on IL-6 levels but downmodulated IL-8 in all
endothelial/PMN co-cultures as well as PMN cultures alone. All
IL-1B levels were close to detection levels and TNF-B levels were in
the range of 5-20 pg/ml. This indicates that PMN preparations
were not significantly contaminated by monocytes or
macrophages. This was confirmed by morphological examination.
Conclusion G-CSF increases the ATP content in both
endothelial/PMN co-cultures and PMN cultures alone even if LPS
or LPS-treated PMN are added, to mirror an inflammatory
response. Moreover, G-CSF attenuates levels of the inflammatory
cytokine IL-8, but does not modulate IL-6.
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Introduction Naloxone has been proposed to treat septic shock.
We assessed by flow cytometry its effect in vitro on phagocytose
(PH) and burst oxidation (BO) of neutrophils and monocytes after
various stimuli in 10 healthy volunteers.

Methods Whole blood was incubated with or without naloxone at
a range of concentrations used in septic shock (2 x 1074, 2 x 1075,
2 x 1076, 2 x 10-7 M). We added dihydrorhodamine 123 to mark
H,0, production. We stimulated the cells by either propidium
iodide stained S. aureus, E. coli or C. albicans, or by phorbol-
myristate-acetate (PMA). We used an index of PH and an index of
BO. As H,0, production depends on PH and on BO, we defined a
global index (Gl) of its final production taking those two parameters
into account.

Naloxone

2x10™4M

2x10°°M

2x10°%M 2x107M

Neutrophils:S. aureus: GI(BO/PH)
Neutrophils:E. coli: GI(BO/PH)
Neutrophils:C. albic: GI(BO/PH)
Monocytes:S. aureus: GI(BO/PH)
Monocytes:E. coli: GI(BO/PH)
Monocytes:C. albic: GI(BO/PH)
Neutrophils/monocytes: PMA: BO

~72**(~9°/-69**)
—90**(-80°/-90°)
—51**(—46**/-10%)
—58**(~75**/+55%)
—22°(-73**/+158**)
-58**(—-63**/+1300°)
-70%/-83*

—51**(+31°/-56**)
—72**(+11°/-80**)
—35**(=31**/-7°)
—51**(=57**/27°)
—45**(~65**/+43**)
—34**(-37**/+833°)
-61*/-61*

—24**(+20*/-39%)
—25**(+5°/-43%)
-23°(-10%/-2°)
-32**(-24*/-10°)
-35*(-31*/-4°)
-3°(-10*/+21°)
—44*/-43*

—14(4+29*/-37**)
—18**(+109°/-40**)
—8°(+2°/-12°)
-35*(-13°/-18%)
—25°(-19°/-22°)
+8°(+5°/+14°)
—-49%/-44*

*P < 0.05; *P<0.01; ° not significant.



Results See Table 1: percentage of change in Gl, BO and PH
with naloxone compared with no naloxone after stimulation
(Wilcoxon signed rank test).

Conclusion Naloxone inhibits significantly in a dose-dependant
manner the production of H,O, in both neutrophils and monocytes
at concentrations used in septic shock, but its influence on PH and
BO is different according to the applied stimulus.

P91

A lack of Toll-like receptor 4 expression variability in the
immediate preoperative period: a pilot study of elective
surgical patients

T Papadimos, L Smith, S Mukherjee, D Popovic, L Chen, Z Pan
Medlical University of Ohio, Toledo, OH, USA
Critical Care 2006, 10(Suppl 1):P91 (doi:10.1186/cc4438)

Toll-like receptor 4 (TLR-4), a receptor of innate immunity, provides
the site for the lipopolysaccharide shell of Gram-negative organisms
to bind and initiate the inflammatory cascade in sepsis. lts
expression has been studied in various disease states (sepsis,
asthma, atherosclerosis, immunodeficiencies), ethnic groups
(Chinese, Irish, Scottish, Gambian), ages, level of physical training,
gestational status, and trauma. The expanding body of evidence in
regard to TLR signaling is demonstrating the importance between
such signaling and human disease. A translational research project
between the Departments of Anesthesiology and Medical
Microbiology and Immunology was initiated to determine any
difference in the amount of TLR-4 expression in elective
preoperative patients in regard to height, weight, age, sex, and body
surface area (BSA), body mass index (BMI), hypertension, and
diabetes. Race was not analyzed. After institutional research board
approval, a prospective study of the blood specimens of 52
consecutive, elective, preoperative patients was performed. The
blood was directly decanted into a PAXgene Blood RNA tube
(Qiagen) designed for the stabilization of RNA from whole blood.
Whole blood RNA was extracted using the PAXgeneTM Blood
RNA System (PreAnalytiX, Hombrechitikon, Switzerland), including
treatment with DNase | to prevent genomic DNA contamination.
Quantification of TLR-4 expression levels in human lymphocytes
was by RT-PCR and results compared with standard curves.
Pearsons’s correlation coefficient was use for statistical analysis of
the continuous variables and t-testing was used in the analysis of
the categorical variables. The TLR-4 concentration varied from
0.211 to 2.490 fmol/ul per cDNA; however, there was no statistical
significance between the concentration of TLR-4/cDNA expressed
by RT-PCR and the continuous variables (height, weight, BMI, BSA,
and age) nor the categorical variables (hypertension, diabetes, and
sex) (Table 1). None of the patients had postoperative infections.
This was an initial attempt to quantify the TLR-4 receptor expression
by elective patient variable preoperatively. It provided an opportunity
for anesthesiologists to take their practice to the laboratory to
explore the immunologic basis of their actions.

Table 1 (abstract P91)

Var Mean SD P value

HTN 0 0.55 0.35 0.48
1 0.49 0.32

DM 0 0.51 0.34 0.48
1 0.59 0.31

Sex 0 0.48 0.32 0.63
1 0.55 0.34
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Background Sepsis remains the leading cause of death in
noncardiologic ICUs. Genetic predispositions of patients play an
important role in the control of inflammatory response. We have
recently reported that cDNA microarrays can be used to identify
typical gene expression profiles in patients with severe sepsis
despite strong interindividual differences. The aim of the present
study was therefore to evaluate whether center-dependent effects
on the gene expression pattern exist, whether diagnostically
relevant gene expression profile can be identified, and which genes
are important during the systemic inflammatory response.
Materials and methods Twenty-nine patients were enrolled from
one German and three Czech hospitals. The ACCP/SCCM
consensus conference definition was applied to predict the severity
of sepsis in ICU patients. As controls we used 18 post spinal or
bypass surgery patients, respectively, without signs of inflammation.
Gene expression was measured using the inhouse research
microarray of SIRS-Lab GmbH Jena (Germany), which comprised
probes for 5226 human genes relevant to inflammation, immune
response and related processes. The experiments were performed
according to MIAME guidelines.

In order to reveal genes differentially expressed during sepsis and
to assess the effects sample collection from different centres have
on the data, we applied, gene by gene, the two-way analysis of
variance to the normalised expression data. Furthermore, the
g-value was estimated, thus controlling the false discovery rate
(FDR) occurring in multiple comparisons.

Results A set of 213 genes was obtained, for which the gene
expression significantly varied between sepsis and control patients,
similarly in both centers (FDR < 0.1). In this set, 88 genes were
upregulated and 125 genes were downregulated in sepsis patients
compared with the controls.

Conclusions The present data indicate that microarray technology
is suitable for systematically identifying those genes that underlie
the attenuated inflammatory response in sepsis. Gene expression
profiles were able to distinguish between infect