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The EIT-based global inhomogeneity index is
highly correlated with regional lung opening in
patients with acute respiratory distress syndrome
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Abstract
Background: The electrical impedance tomography (EIT)-based global inhomogeneity (GI) index was introduced to
quantify tidal volume distribution within the lung. Up to now, the GI index was evaluated for plausibility but the
analysis of how it is influenced by various physiological factors is still missing. The aim of our study was to evaluate
the influence of proportion of open lung regions measured by EIT on the GI index.
Methods: A constant low-flow inflation maneuver was performed in 18 acute respiratory distress syndrome (ARDS)
patients (58 ± 14 years, mean age ± SD) and 8 lung-healthy patients (41 ± 12 years) under controlled mechanical
ventilation. EIT raw data were acquired at 25 scans/s and reconstructed offline. Recruited lung regions were identified
as those image pixels of the lung regions within the EIT scans where local impedance amplitudes exceeded 10% of the
maximum amplitude during the maneuver. A series of GI indices was calculated during mechanical lung inflation,
based on the differential images obtained between different time points. Respiratory system elastance (Ers) values were
calculated at 10 lung volume levels during low-flow maneuver.
Results: The GI index decreased during low-flow inflation, while the percentage of open lung regions increased. The
values correlated highly in both ARDS (r2 = 0.88 ± 0.08, p < 0.01) and lung-healthy patients (r2 = 0.92 ± 0.05, p < 0.01).
Ers and GI index were also significantly correlated in 16 out of 18 ARDS (r2 = 0.84 ± 0.13, p < 0.01) and in 6 out of 8
lung-healthy patients (r2 = 0.84 ± 0.07, p < 0.01). Significant differences were found in GI values between two groups
(0.52 ± 0.21 for ARDS and 0.41 ± 0.04 for lung-healthy patients, p < 0.05) as well in Ers values (0.017 ± 0.008 cmH2O/ml
for ARDS and 0.009 ± 0.001 cmH2O/ml for lung-healthy patients, p < 0.01).
Conclusions: We conclude that the GI index is a reliable measure of ventilation heterogeneity highly correlated with
lung recruitability measured with EIT. The GI index may prove to be a useful EIT-based index to guide ventilation therapy.
Keywords: Electrical impedance tomography, Acute lung injury, Global inhomogeneity index, Regional lung opening,
Lung mechanics

Background
Ventilation distribution in patients under mechanical
ventilation is often inhomogeneous [1]. Cyclic opening
and closing of alveoli in patients with acute respiratory
distress syndrome (ARDS) increases ventilation heterogeneity and the risk for ventilator-induced lung injury
(VILI) [2]. Regional inhomogeneities of the damaged lung
should be taken into consideration to develop improved
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ventilation strategies [3]. Unfortunately, hardly any established clinical tools possess the ability to assess regional
ventilation in patients with ARDS except computed tomography (CT). However, CT is not suitable for bedside
monitoring of patients with ARDS due to the radiation exposure and hazardous patient transport to the radiological
examination site.
Electrical impedance tomography (EIT) is a non-invasive,
radiation-free imaging technique. It measures regional lung
ventilation and aeration distribution by means of changes
in electrical potentials at the skin surface of the chest wall
during breathing cycles [4]. The physical principle is that
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changes in lung ventilation and blood content in the thorax
modify the electrical impedance of lung tissue [5,6]. Although EIT has a relatively low spatial resolution (typically
an image with 32 × 32 pixels for EIT vs. 512 × 512 pixels for
CT), it achieves a much higher temporal resolution than
CT (typically 20–50 Hz for EIT vs. 0.3-1 Hz for CT) which
is an important prerequisite for bedside monitoring. The
reliability of EIT has already been confirmed by comparison
with different established methods [7-9]. Applications of
EIT have been reported in subjects with [10-13] and without [14-16] lung disease. However, EIT is still not widely
accepted in the clinical environment due to the difficult
interpretation of the results [17-20]. Understandable and
clinically relevant analysis methods and EIT parameters
are still warrant to improve the acceptance of EIT. There
exist multiple approaches for defining such parameters:
Wrigge et al., Hinz et al. and Frerichs et al. considered the
delay and the curvature of regional impedance-time curve
as representing local lung mechanics [15,21,22]; Lowhagen
et al. and Dargaville et al. analyzed regional pressurevolume curves to assess potentially recruitable lung volume
and regional lung compliance [23,24]. Grant et al. used the
regional filling characteristics to indicate tidal hyperinflation or recruitment [25]. However, these parameters summarizing the dynamic information obtained by EIT restrict
to the time changes of regions of interest (ROIs), i.e. impedance pattern associated with different ROIs will not be
described by these parameters.
Recently, the so-called global inhomogeneity (GI) index
has been proposed and used to quantify tidal volume distribution within the lung [26]. The GI index represents an
uncomplicated and efficient approach to summarize the
complex pulmonary impedance distribution pattern by one
number [16,27-29]. Up to now, the GI index has been evaluated for plausibility but an analysis of how it is affected by
physiological factors is still missing. Since opening and
closing of alveoli strongly influence ventilation distribution,
we evaluated the influence of proportion of open lung regions measured by EIT on the GI index.

Methods
Patients and protocol

A total of 18 ARDS patients (12 male, 6 female; age
58 ± 14 years; height 177 ± 9 cm; weight 80 ± 11 kg
(mean ± SD)) and 8 lung-healthy patients (5 male, 3 female;
age 41 ± 12 years; height 177 ± 8 cm; weight 76 ± 8 kg)
were analyzed retrospectively. Exclusion criteria were:
age <18 years, pregnancy and lactation period, and any
contraindication to the use of EIT (pacemaker, automatic implantable cardioverter defibrillator, and implantable
pumps). The study was approved by the Ethics Committee
of the Medical Faculty of the Christian Albrechts University
in Kiel, Germany. Written informed consent was obtained
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from all patients or their legal representatives prior to
the study.
The characteristics of the patients and the study protocol
applied in the patients were previously described in detail
[30]. The patients were sedated, paralyzed, and mechanically ventilated under pressure-controlled mode in supine
position. Low-flow inflation was performed (Evita XL;
Dräger, Lübeck, Germany) with a constant gas flow of 4
L/min starting at a zero end-expiratory pressure up to a
tidal volume of 2 L or until a maximum airway pressure
of 35 cmH2O was reached. Airway flow, pressure and
volume were measured by the ventilator with a sampling rate of 126 Hz. EIT examinations were performed
with the Goe-MF II EIT device (CareFusion, Höchberg,
Germany). Sixteen ECG electrodes were attached on the
chest circumference at the level of the fifth intercostal
space. Alternating electrical currents (50 kHz, 5 mA
peak-to-peak) were applied through adjacent pairs of
electrodes in a sequential rotating process. The resulting
potential differences were measured by the remaining
electrode pairs. EIT raw data were acquired at 25 Hz and
reconstructed offline with the Graz Consensus Reconstruction Algorithm for EIT, GREIT [31]. The reconstructed
data were smoothed by a low-pass filter with 1 Hz cut-off
frequency to suppress the influence of cardiac activity.
Data analysis - recruitable lung regions

The lung regions in EIT images were defined during
low-flow maneuver based on functional EIT scans (fEIT),
which show the spatial distribution of the pixel linear regression coefficients [32]. Large positive values of linear
regression coefficients indicate that the trends of the local
(pixel) and total relative impedance curves are highly correlated. Regions with regression coefficients (Rpixel) higher
than 20% of the maximum value of all pixels (0.2 × max
(Rimage)) in the corresponding fEIT images were considered to be lung regions. Thereafter, the maximum impedance amplitude during the low-flow inflation maneuver
was determined in every pixel of the lung regions (max
(Zpixel, t1:tn), where t1:tn was the time period of low-flow
inflation). Lung region was defined as open (recruited)
when, in the corresponding time course, the pixel amplitude exceeded 10% of the maximum amplitude, i.e.
Zpixel, tk > 0.1 × max(Zpixel, t1:tn) [30]. The remaining lung
regions at that time point were recruitable. The percentage of recruitable lung regions was defined as 100% minus
the number of recruited pixels divided by the total number of pixels in the lung regions.
Data analysis - the GI index

The calculation of GI index has been described in previous studies [16,26]. In the present study, we modified
the original GI index to adapt to the low-flow inflation.
In brief, a differential image is first generated using EIT
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scans at two selected time points (not necessary to be end
points of inspiration and expiration as defined in previous
studies). Then the median impedance value within the predefined lung regions is calculated. The sum of the absolute
difference between median value and every pixel value is
considered to indicate the variation of ventilation distribution. Subsequently, it is normalized to the sum of the impedance values within the lung regions, in order to make
the GI index universal and inter-patient comparable (Eq. 1).

DI xy −Median DI lung
GI ¼

∑

x;y∈lung

∑ DI xy
x;y∈lung

ð1Þ

where DI is the value of the differential impedance in
differential images; DIxy denotes the DI of pixel xy in the
identified lung regions; DIlung are DI of all pixels in the
lung regions under observation. In the present study, we
modified the GI index slightly. Since the sampling rate
of EIT scans was 25 Hz, the calculation of the GI index
began one second after the onset of inflation. A series of
GI indices was calculated during the inflation based on
the differential images between time points t26 to t1, t27
to t1, t28 to t1, …, tn to t1 (t1, the first EIT scan during inflation; tn, the nth EIT scan, n = 26, 27, …, until the end
of inflation). The percentages of recruitable lung regions
at corresponding time points were calculated and compared
with GI index values using linear regression. To check for
the effect of cardiac related changes in electrical impedance,
the GI indices were calculated using both the low-pass filtered and unfiltered EIT data.
Data analysis - respiratory system elastance

During low flow inflation, inspiratory volume was equally
divided into 10 slices. Since the airway flow rate was constant during the maneuver, the respiratory system elastance
(Ers) was calculated within each slice with the modified first
order equation of motion:
Paw;i ¼ E rs;i  V i þ k i

ð2Þ

where Paw,i and Vi represent the airway pressure and
volume within slice i (i = 1, 2, … 10). k is a constant,
containing the resistive part of pressure drop. The volume level at the middle of each slice was identified and
matched with the time point in the EIT measurements.
Ten GI index values were determined at the corresponding time points.
Statistical analysis

Data analysis was performed using MATLAB 7.2 (The
MathWorks Inc., Natick, MA, USA). The Lilliefors test
was used for normality testing. For normally distributed
data, results were expressed as mean values ± standard

deviations. Otherwise, data were presented as median and
quartiles. The correlations between GI index and the percentages of recruitable lung regions, between GI index
and Ers, between GI index and airway pressure, between
GI index and lung volume were examined. Mediation analysis was performed to confirm that percentage of recruitable lung regions was a mediator variable for the observed
relationship between GI index and airway pressure, between GI index and lung volume. Median GI values and
median Ers values of patients in ARDS group were compared to that in lung-healthy group with Mann–Whitney
U test. A P value < 0.05 was considered to be significant.

Results
Figure 1 shows differential images and regional lung opening maps during low-flow inflation in one ARDS patient.
The calculation of the GI index was based on these differential images. At low level of inflation, only a small proportion of all lung regions was recruited and, thus, ventilation
distribution was inhomogeneous. While the number of
open lung regions increased (percentages of recruitable
lung regions decreased), ventilation distribution became
more homogeneous, as indicated by the decrease of the GI
index. Although the individual regression coefficients varied among different patients (the lower, median and upper
quartile were 0.65, 0.74 and 1.04 respectively; Figure 2), the
GI index and percentages of recruitable lung regions were
highly correlated (r2 = 0.88 ± 0.08, p < 0.01). Similar results
were obtained for lung-healthy patients (r2 = 0.92 ± 0.05,
p < 0.01).
Figure 3 presents a comparison of the GI index values
with and without low-pass filtering of cardiac related
signals. The period of cardiac activity in this ARDS patient could be identified in the curve as 0.6 second. Ers
of the same patient at different ventilation levels were
also shown in Figure 3. Ers and sampled GI index values
were highly correlated in 16 out of 18 ARDS patients
(r2 = 0.84 ± 0.13, p < 0.01). Comparable results were
found in 6 out of 8 lung-healthy patients (r2 = 0.84 ± 0.07,
p < 0.01).
The GI index values were also significantly correlated
with other parameters such as airway pressure and lung
volume (p < 0.01). It was confirmed with mediation analysis that percentages of recruitable lung regions mediated the relation between airway pressure and GI index,
between lung volume and GI index (regression coefficient
decreased significantly, p < 0.01).
Median GI values and median Ers values were calculated
for every patient in both ARDS and lung-healthy groups
during low-flow maneuver (Figure 4). Significant differences
were found in GI (0.41 ± 0.04 for lung-healthy and 0.52 ±
0.21 for ARDS, p < 0.05) and Ers values (0.009 ± 0.001
cmH2O/ml for lung-healthy and 0.017 ± 0.008 cmH2O/ml
for ARDS, p < 0.01) between the two study groups.
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Figure 1 Differential images (D) and the regional lung opening maps (O) during low-flow inflation. Differential images show the
impedance differences of lung region pixels between the EIT scans acquired at time points highlighted on the total relative impedance curve
(left top) with red open circles and the EIT scan at the beginning of the inflation maneuver highlighted by a red asterisk. At the corresponding
time points, open lung regions are shown in white in the regional lung opening maps. The highlighted time points from left to right are: the
beginning of the low-flow inflation, 85%, 50%, 0% of the recruitable lung regions, and the end of inflation. Color bars indicate the magnitude of
relative impedance values in each pixel.
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Figure 2 Correlation of the GI indices and percentages of recruitable lung regions. The aggregate trend of the GI indices and percentages
of recruitable lung regions are summarized from all 18 ARDS patients during low-flow inflation. The line in the middle and the dashed lines above
and below represent the median, upper and lower quartile respectively.
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Figure 3 Comparison of GI index values and respiratory system elastance. The values of respiratory system elastance (Ers) are indicated with
red circles. The GI index values with (blue solid line) and without (blue dashed line) low-pass filtering of cardiac related signals are plotted. Periodic
cardiac activities can be recognized. The same patient as in Figure 1 is shown.

Discussion
In the present study, we examined the effect of heartbeat, lung inflation and the degree of lung opening on
GI index during a low-flow inflation maneuver and confirmed that the GI index was strongly influenced by the
fraction of open lung areas in mechanically ventilated
patients. We also confirmed that GI index values in lunghealthy and ARDS patients were significantly different.

The GI index has been proposed to monitor ventilation
distribution [27,28], progression of obstructive lung disease
[29], and to guide ventilator therapy [16]. Previously observed differences in the GI index between healthy volunteers and patients with various lung diseases [16,26,29]
may be partly explained by the findings of the present
study. In particular, lung regions of healthy volunteers open
at low airway pressures (or even do not collapse at all) so
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Figure 4 Comparison of GI index values and respiratory system elastance in lung-healthy and ARDS groups. H_G, A_G: median of GI
index values in both lung-healthy (H) and ARDS (A) groups; H_E, A_E: median of respiratory system elastance (Ers) in both lung-healthy (H) and
ARDS (A) groups. The boxes mark the quartiles while the whiskers extend from the box out to the most extreme data value within 1.5*the
interquartile range of the sample. *, p < 0.05; **, p < 0.01.
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that the GI index reaches a lower value during tidal ventilation. In patients, atelectatic lung regions may not be
completely recruited during tidal ventilation so that the patients exhibit higher GI index values.
The GI index was originally calculated for tidal ventilation using differential EIT images between end-inspiration
and end-expiration [26]. In a previous [29] and the present
study, we found that a modified GI index can be used to assess the inhomogeneity at different lung volume levels. In
the present study, the GI index was further modified to a
quasi-continuous calculation. This enables us to closely
monitor ventilation during prolonged inspiration and expiration. The same lung regions were used for GI calculation
during whole low-flow inflation so that the values were
intra-patient comparable. A limitation of the presented calculation compared to the original one is that regional overdistension cannot be captured in the serial differential
images. Referencing to the baseline image, overdistended
regions are considered to be “ventilated”. In the experimental setup, the low-flow inflation was terminated when a
maximum airway pressure of 35 cm H2O was reached, to
minimize the risk of VILI. Ers values didn’t increase during
low-flow maneuver (Figure 3), which indicated that the
used threshold pressure was not sufficient to induce significant overdistension that was not identified by the lung mechanics measurement. Therefore, the influence of regional
overdistension on the presenting calculation was minimum.
Although a previous study [16] indicated that the GI index
may be influenced by regional overdistension, their correlation should be systematically investigated with recruitment
maneuvers and titration of positive end-expiratory pressure
in further studies.
We selected ARDS patients since their lungs are heterogeneously affected and their alveoli tend to collapse
at low end-expiratory airway pressures [33]. With a lowflow inflation maneuver, the relation between the GI index
and the fraction of open lung regions (Figure 2), and between the GI index and Ers (Figure 3) can be easily observed. The originate of GI index and open lung regions
are different, although they are both derived from EIT images: the GI index depicts the relationship among pixels at
certain time point; for open lung region calculation, impedance change of every single pixel in the lung region
against time is traced.
We included also lung-healthy patients as control group.
We found a similar trend to ARDS group that GI index
decreased as ventilated regions increased. However, since
recruitable lung regions occurred to a lesser degree in
lung-healthy than in ARDS patients, both GI index and Ers
values were significantly lower in lung-healthy than in
ARDS patients (Figure 4).
Continuous calculation of ventilation inhomogeneity
is contaminated by cardiac-related signals in EIT data
(Figure 3). This problem is solved by applying an adequate
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low-pass filter to the data to eliminate the signal component related to the heart beat, so that the resulting GI
index is more plausible and comparable to Ers.
The correlations of the GI index and Ers were not significant in two ARDS and two lung-healthy patients.
The reason may be the limited number of Ers estimates
during the low-flow inflation in each patient, and sensitivity of the correlation to noise. However, because of
the respiratory signal quality delivered by the ventilator,
it was not possible to calculate more Ers estimates.
One limitation of the study is that the gold-standard of
identifying collapsed lung regions, namely CT scans, was
missing. Due to radiation, CT is not a suitable bedside tool
and indeed, there is no well established tool available for
measuring recruitment/derecruitment dynamically. Besides
CT scanning for study purposes would not be ethically justifiable. We used lung mechanics and the area of open lung
measured in EIT to estimate the degree of recruitment. We
confirmed that airway pressure increased the area of open
lung, which influenced the GI index value. Further, we were
not certain if all collapsed lung regions were recruited at a
pressure level of 35 cm H2O [34]. These non-aerated regions would not be recognized as lung regions in fEIT and
not be included into analysis. Identification of non-aerated
lung regions in EIT measurements remains an important
research topic and deserves further investigation. Nevertheless, patients with higher percentage of potential recruitable
lung have higher mortality [34]. Thus, we focused on recruitable lung regions in the present study.
As discussed in our previous study [30], the identification of open lung regions with a threshold of 10% of the
maximum local pixel amplitude of relative impedance
change may slightly underestimate the true percentage
of regional lung opening. This may influence the values
of regression coefficients but not the conclusion that the
GI index highly correlates with regional lung recruitment. Since it is not a well accepted method to estimate
the recruitable regions, we also compared the GI index
with respiratory system elastance and obtained a similar
conclusion. The values of regression coefficients varied
in different patients (Figure 2) indicating that individual
therapeutic strategies should be developed to optimize
the mechanical ventilation treatment. In practice, given
the character of the GI curves presented in Figure 2, a simplified low-flow maneuver with half of duration or scanning at 3–4 different PEEP levels is sufficient to depict the
GI index-recruitable regions curves, which may be helpful
for development of individual therapeutic strategies.

Conclusions
We conclude that the GI index is a reliable measure of ventilation heterogeneity highly correlated with lung recruitability measured with EIT. The GI index may prove to be a
useful EIT-based index to guide ventilation therapy.

Zhao et al. BMC Research Notes 2014, 7:82
http://www.biomedcentral.com/1756-0500/7/82

Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
ZZ designed the study, analyzed the data and drafted the manuscript.
SP carried out the data measurement. IF contributed to study design and
revised the manuscript critically. UML gave valuable advices and contributed
to writing. KM contributed to study design, data analysis and writing.
All authors read and approved the final manuscript.
Acknowledgements
This work was partially supported by the FP7-PIRSES 318943 (eTime),
PulMoDS (BMBF FKZ 01DR12095) and BMBF 03FH038I3 (MOSES).
The results of this study have been presented in part at the 13th
International Conference on Electrical Impedance Tomography (EIT 2012) in
Tianjin, China (23–25, May).
Author details
1
Institute of Technical Medicine, Furtwangen University, Jakob-Kienzle Straße
17, D-78054 VS-Schwenningen, Germany. 2Department of Anaesthesiology
and Intensive Care Medicine, Medical Center Osnabrück, Osnabrück,
Germany. 3Department of Anaesthesiology and Intensive Care Medicine,
University Medical Center Schleswig-Holstein, Kiel, Germany. 4Department of
Radiology, University of Munich, Munich, Germany.
Received: 28 July 2013 Accepted: 4 February 2014
Published: 6 February 2014
References
1. Gattinoni L, D’Andrea L, Pelosi P, Vitale G, Pesenti A, Fumagalli R: Regional
effects and mechanism of positive end-expiratory pressure in early adult
respiratory distress syndrome. JAMA 1993, 269(16):2122–2127.
2. The Acute Respiratory Distress Syndrome Network: Ventilation with lower
tidal volumes as compared with traditional tidal volumes for acute lung
injury and the acute respiratory distress syndrome. N Engl J Med 2000,
342(18):1301–1308.
3. Rouby JJ, Lu Q, Goldstein I: Selecting the right level of positive endexpiratory pressure in patients with acute respiratory distress syndrome.
Am J Respir Crit Care Med 2002, 165(8):1182–1186.
4. Frerichs I, Dargaville PA, Dudykevych T, Rimensberger PC: Electrical impedance
tomography: a method for monitoring regional lung aeration and tidal
volume distribution? Intensive Care Med 2003, 29(12):2312–2316.
5. Brown BH, Barber DC, Morice AH, Leathard AD: Cardiac and respiratory
related electrical impedance changes in the human thorax. IEEE Trans
Biomed Eng 1994, 41(8):729–734.
6. Nopp P, Rapp E, Pfutzner H, Nakesch H, Ruhsam C: Dielectric properties of
lung tissue as a function of air content. Phys Med Biol 1993, 38(6):699–716.
7. Frerichs I, Hinz J, Herrmann P, Weisser G, Hahn G, Quintel M, Hellige G:
Regional lung perfusion as determined by electrical impedance
tomography in comparison with electron beam CT imaging. IEEE Trans
Med Imaging 2002, 21(6):646–652.
8. Hinz J, Neumann P, Dudykevych T, Andersson LG, Wrigge H, Burchardi H,
Hedenstierna G: Regional ventilation by electrical impedance
tomography: a comparison with ventilation scintigraphy in pigs. Chest
2003, 124(1):314–322.
9. Marquis F, Coulombe N, Costa R, Gagnon H, Guardo R, Skrobik Y: Electrical
impedance tomography’s correlation to lung volume is not influenced by
anthropometric parameters. J Clin Monit Comput 2006, 20(3):201–207.
10. Eyuboglu BM, Oner AF, Baysal U, Biber C, Keyf AI, Yilmaz U, Erdogan Y:
Application of electrical impedance tomography in diagnosis of
emphysema–a clinical study. Physiol Meas 1995, 16(3 Suppl A):A191–A211.
11. Lowhagen K, Lundin S, Stenqvist O: Regional intratidal gas distribution in
acute lung injury and acute respiratory distress syndrome–assessed by
electric impedance tomography. Minerva Anestesiol 2010, 76(12):1024–1035.
12. Miedema M, Frerichs I, de Jongh FH, van Veenendaal MB, van Kaam AH:
Pneumothorax in a preterm infant monitored by electrical impedance
tomography: a case report. Neonatology 2011, 99(1):10–13.
13. Victorino JA, Borges JB, Okamoto VN, Matos GF, Tucci MR, Caramez MP, Tanaka
H, Sipmann FS, Santos DC, Barbas CS, Carvalho CR, Amato MB: Imbalances in
regional lung ventilation: a validation study on electrical impedance
tomography. Am J Respir Crit Care Med 2004, 169(7):791–800.

Page 7 of 7

14. Frerichs I, Braun P, Dudykevych T, Hahn G, Genee D, Hellige G: Distribution
of ventilation in young and elderly adults determined by electrical
impedance tomography. Respir Physiol Neurobiol 2004, 143(1):63–75.
15. Frerichs I, Dudykevych T, Hinz J, Bodenstein M, Hahn G, Hellige G: Gravity
effects on regional lung ventilation determined by functional EIT during
parabolic flights. J Appl Physiol 2001, 91(1):39–50.
16. Zhao Z, Steinmann D, Frerichs I, Guttmann J, Möller K: PEEP titration
guided by ventilation homogeneity: a feasibility study using electrical
impedance tomography. Crit Care 2010, 14(1):R8.
17. Adler A, Amato MB, Arnold JH, Bayford R, Bodenstein M, Bohm SH, Brown BH,
Frerichs I, Stenqvist O, Weiler N, et al: Whither lung EIT: Where are we, where
do we want to go and what do we need to get there? Physiol Meas 2012,
33(5):679–694.
18. Frerichs I, Pulletz S, Elke G, Gawelczyk B, Frerichs A, Weiler N: Patient
examinations using electrical impedance tomography–sources of
interference in the intensive care unit. Physiol Meas 2011, 32(12):L1–L10.
19. Lundin S, Stenqvist O: Electrical impedance tomography: potentials and
pitfalls. Curr Opin Crit Care 2012, 18(1):35–41.
20. Moerer O, Hahn G, Quintel M: Lung impedance measurements to monitor
alveolar ventilation. Curr Opin Crit Care 2011, 17(3):260–267.
21. Hinz J, Gehoff A, Moerer O, Frerichs I, Hahn G, Hellige G, Quintel M:
Regional filling characteristics of the lungs in mechanically ventilated
patients with acute lung injury. Eur J Anaesthesiol 2007, 24(5):414–424.
22. Wrigge H, Zinserling J, Muders T, Varelmann D, Gunther U, von der Groeben C,
Magnusson A, Hedenstierna G, Putensen C: Electrical impedance tomography
compared with thoracic computed tomography during a slow inflation
maneuver in experimental models of lung injury. Crit Care Med 2008,
36(3):903–909.
23. Dargaville PA, Rimensberger PC, Frerichs I: Regional tidal ventilation and
compliance during a stepwise vital capacity manoeuvre. Intensive Care
Med 2010, 36(11):1953–1961.
24. Lowhagen K, Lindgren S, Odenstedt H, Stenqvist O, Lundin S: A new
non-radiological method to assess potential lung recruitability: a pilot
study in ALI patients. Acta Anaesthesiol Scand 2011, 55(2):165–174.
25. Grant CA, Fraser JF, Dunster KR, Schibler A: The assessment of regional
lung mechanics with electrical impedance tomography: a pilot study
during recruitment manoeuvres. Intensive Care Med 2009, 35(1):166–170.
26. Zhao Z, Möller K, Steinmann D, Frerichs I, Guttmann J: Evaluation of an
electrical impedance tomography-based global inhomogeneity index for
pulmonary ventilation distribution. Intensive Care Med 2009, 35(11):1900–1906.
27. Hough JL, Johnston L, Brauer SG, Woodgate PG, Pham TM, Schibler A: Effect of
body position on ventilation distribution in preterm infants on continuous
positive airway pressure. Pediatr Crit Care Med 2012, 13(4):446–451.
28. Humphreys S, Pham TM, Stocker C, Schibler A: The effect of induction of
anesthesia and intubation on end-expiratory lung level and regional ventilation distribution in cardiac children. Paediatr Anaesth 2011, 21(8):887–893.
29. Zhao Z, Fischer R, Frerichs I, Müller-Lisse U, Möller K: Regional ventilation in
cystic fibrosis measured by electrical impedance tomography.
J Cyst Fibros 2012, 11(5):412–418.
30. Pulletz S, Adler A, Kott M, Elke G, Gawelczyk B, Schadler D, Zick G, Weiler N,
Frerichs I: Regional lung opening and closing pressures in patients with
acute lung injury. J Crit Care 2012, 27(3):323. e311-328.
31. Adler A, Arnold JH, Bayford R, Borsic A, Brown B, Dixon P, Faes TJ, Frerichs I,
Gagnon H, Garber Y, et al: GREIT: a unified approach to 2D linear EIT
reconstruction of lung images. Physiol Meas 2009, 30(6):S35–S55.
32. Pulletz S, van Genderingen HR, Schmitz G, Zick G, Schadler D, Scholz J, Weiler
N, Frerichs I: Comparison of different methods to define regions of interest
for evaluation of regional lung ventilation by EIT. Physiol Meas 2006,
27(5):S115–S127.
33. Barbas CS, de Matos GF, Pincelli MP, da Rosa Borges E, Antunes T,
de Barros JM, Okamoto V, Borges JB, Amato MB, de Carvalho CR: Mechanical
ventilation in acute respiratory failure: recruitment and high positive endexpiratory pressure are necessary. Curr Opin Crit Care 2005, 11(1):18–28.
34. Gattinoni L, Caironi P, Cressoni M, Chiumello D, Ranieri VM, Quintel M, Russo S,
Patroniti N, Cornejo R, Bugedo G: Lung recruitment in patients with the
acute respiratory distress syndrome. N Engl J Med 2006, 354(17):1775–1786.
doi:10.1186/1756-0500-7-82
Cite this article as: Zhao et al.: The EIT-based global inhomogeneity
index is highly correlated with regional lung opening in patients with
acute respiratory distress syndrome. BMC Research Notes 2014 7:82.

