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ORIGINAL

Prediction of cardiogenic pulmonary edema
onset by monitoring right lung impedance

Abstract Objective: To evaluate the
ability of internal thoracic impedance
(ITI) monitors to predict cardiogenic
pulmonary edema in patients at risk.
Design and Setting: Prospective,
controlled multicenter study. Patients: We examined 328 consecutive
patients admitted for cardiac conditions. Of these 265 patients aged
27–83 years with no clinical signs
of pulmonary edema, extracardiac
respiratory failure or pacemakers
comprised the study cohort. Intervention: Monitoring of the lung’s
electrical impedance was used for predicting cardiogenic pulmonary edema
since accumulation of blood and fluid
decreases impedance values. Measurements and results: Impedance
of the lung is the main feature of ITI
measured by the RS-207 monitor:
decreased ITI prior to the clinical
signs of cardiogenic pulmonary
edema was used as the prediction
criterion. The clinical signs used for
confirmation of its prediction were
dyspnea, cyanosis, pulmonary rales,
crepitations, arterial hypoxemia, and

Introduction
Early recognition and treatment of cardiogenic pulmonary
edema might prevent its development. Existing clinical
methods can detect cardiogenic pulmonary edema only
when its clinical signs have already appeared. Pulmonary
capillary wedge pressure measurement could be used
for early detection of cardiogenic pulmonary edema,
but this is an invasive and expensive method marked by

radiographic evidence of pulmonary
congestion in chest radiographs.
Clinicians were blinded to the results
of ITI measurements and radiologists
were blinded to both ITI and clinical
data. Thirty-seven patients developed
cardiogenic pulmonary edema while
being monitored. ITI decreased by
more than 12% of baseline in all
of them; this occurred at 30 min or
longer (26 patients) and at 60 min
or longer (11 patients) before the
appearance of clinical signs. ITI fell
by less then 10.1% of baseline in
all 228 patients who did not develop
the edema. Conclusion: Monitoring
ITI is suitable for early prediction of
cardiogenic pulmonary edema, before
the appearance of the clinical signs.
Keywords Cardiogenic pulmonary
edema · Monitoring cardiac patients ·
Early prediction · Thoracic impedance · Noninvasive measurement

serious complications. Radiography cannot be applied
for monitoring patients at risk of cardiogenic pulmonary
edema because frequent X-rays are impractical due to
their expense, inconvenience, and repeated exposure to
radiation. This means that the available methods for detecting an existing cardiogenic pulmonary edema cannot
be used for its prediction.
The increased content of blood and extravascular fluid
in lungs can be monitored by impedance plethysmogra-

phy [1, 2, 3, 4, 5, 6]. Accumulation of the water in a lung
leads to a decrease in its impedance [7]. Existing noninvasive impedance plethysmographs are, however, unsuitable
for early diagnosis of cardiogenic pulmonary edema [8, 9],
mainly because of their low sensitivity due to high skin-toelectrode contact resistance and its drift during monitoring [10, 11, 12]. These values are much higher than those
of lung impedance, making it impossible to detect small
changes in the lung’s impedance during the initiation of the
cardiogenic pulmonary edema. Moreover, the electrodes’
placement on the neck and along the thorax in the modern
plethysmographs forces most of the electrical current to
pass through the carotid arteries and aorta because blood
is a better conductor than other tissues. A report of successful prediction of the cardiogenic pulmonary edema by
implanted impedance plethysmograph was recently published [13]. This plethysmograph is integrated into a pacemaker which has a defibrillator implanted into the right
ventricular apex and sensors that are placed in the left pectoral region. The system was shown to be sufficiently sensitive for detecting changes in contents of blood and fluid
in the lungs preceding the appearance of the cardiogenic
pulmonary edema clinical onset. This device, however, is
a part of a pacemaker and as such can be used only by
patients who need one.
The Edema Guard Monitor (EGM) model RS-207 (RS
Medical Monitoring, Jerusalem, Israel) was developed to
address the above monitoring problems [14, 15, 16, 17, 18,
19, 20]. It is designed to noninvasively monitor with better
signal-to-noise characteristics than other noninvasive
devices. Unlike the other available noninvasive plethysmographs, the EGM’s electrical field is moved away from
the large arteries to the lungs’ area (Figs. 1, 2). This model
has also solved the problems of high skin-to-electrode
impedances and their drifts during prolonged monitoring
by separating internal thoracic impedance (ITI) from
skin-to-electrode impedances (Fig. 1). The calculated ITI
values based on noninvasive measurements thereby correspond to ITI’s measurements as if they were performed
invasively via electrodes placed within the thorax.
The aim of the present study was to evaluate the ability of an ITI monitoring protocol to accurately predict im-

Fig. 2 The placement of Edema Guard Monitor electrodes

pending cardiogenic pulmonary edema in cardiac patients
at risk.

Materials and methods
The study protocol was approved by the local institutional
review board of each participating hospital and by the
Helsinki committee of the Israel Ministry of Health.
The Israel Ministry of Health, however, stipulated that
clinicians must not be informed about the results of the
ITI measurements and use them for guiding patient management. All participants had signed informed consent
forms before being enrolled. A total of 328 consecutive
patients who were admitted to the participating hospitals
for cardiac conditions that involve a risk of cardiogenic
pulmonary edema were examined for suitability to participate in the study, and 265 of them were recruited. They
all fulfilled at least one of the following criteria: acute
coronary syndrome, acute myocardial infarction (ST or
non-ST), unstable angina pectoris, valvular heart disease,
and congestive heart failure (CCS I or II; Table 1). Exclusion criteria included preexistent clinical or radiographic
signs of cardiogenic pulmonary edema, respiratory failure
due to extracardiac diseases, permanent pacemaker, coma,
uremia, and thoracic deformation. Sixty-three patients
were excluded: 39 had clinical and/or radiological signs of
the cardiogenic pulmonary edema, 21 had respiratory failure due to extracardiac diseases, and three had permanent
Table 1 Characteristics of the study groups (ACS acute coronary
syndrome, AMI acute myocardial infarction, UAP unstable angina
pectoris, CHF congestive heart failure, VHD valvular heart disease)

Fig. 1 The structure of transthoracic impedance

Sex: M/F
Age, mean ± SD (years)
Age, range (years)
Diagnoses
CHF
ACS AMI
ACS UAP
VHD
Total

Group DNDE

Group DE

Total

159/69
6411
27–73

29/8
6911
46–83

188/77
6411
27–83

12
168
44
4
228

2
27
7
1
37

260
5
265

pacemakers. The study participants’ demographic data are
listed in Table 1.
Coincidence between the decrease in the ITI value
and the consequent appearance of cardiogenic pulmonary
edema (CPE) was used as the criterion of successful early
prediction of cardiogenic pulmonary edema by EGM. The
cardiogenic pulmonary edema is usually defined by the
presence of all of the following signs: dyspnea at rest,
cyanosis, pulmonary rales, crepitation, arterial hypoxemia,
and radiographic evidence of pulmonary edema [21, 22,
23]. The presence of any one of these signs was sufficient
to identify the clinical onset of the cardiogenic pulmonary
edema. Prediction of an impending CPE was considered
successful only if a fully developed cardiogenic pulmonary
edema with the presence of all or most of all clinical signs
as well as radiographic signs subsequently developed.
ITI was estimated by EGM by measuring transthoracic
impedance (TTI) using electrodes 2 and 5 (Figs. 1, 2) and
by measuring the skin-to-electrodes and skin impedances
under each of the electrodes. The ITI value may be
presented in the following way: ITI = TTI-I2-I5, where I2
and I5 represent the values of the impedances of skin-toelectrode and skin impedances under the electrodes 2 and
5, respectively.
There is no practical way to directly measure I2 and
I5 values. This is achieved by adding the measurements
made by the reference electrodes 1, 3, 4, and 6 (Fig. 2). The
difference between the impedance measured directly between the reference electrodes 1 and 3 and the impedance
between the same electrodes when measurement was performed through electrode 2 equals twice the sum of contact
electrode-skin and skin impedances values of the electrode
I2. A similar approach will yield the value for I5. Because
all the required values are measurable, it is possible to obtain the ITI value using this algorithm [14, 15, 16, 17, 18,
19, 20]. This approach results in about a threefold increase
in the sensitivity of monitoring and eliminates the drift of
the skin-to-electrode impedances. The influence of cardiac
cycles, respiration, and other incidental factors on the ITI
data was eliminated by repeating the ITI measurement ten
times during 1 minute and calculating the average values.
Only average values of the initial and current ITI measurements were used for predicting the cardiogenic pulmonary
edema. The period of EGM’s stabilization after switching
on the device was estimated by the electronic simulator of
the patient’s chest and found to be equal to 15 min, thus
initial measurements were performed 15 min after switching on the device.
ITI measurements and clinical examinations were performed immediately upon the patient’s recruitment into the
study when there were no clinical or radiographic signs
of the cardiogenic pulmonary edema. The first ITI measurement in each patient was expressed in ohms and used
as his/her individual initial value (baseline). The individual ITI values varied widely (from 40 to 100 Ω). Because
there is no normative ITI value, it is impossible to directly

compare the results of ITI measurements among individuals, and therefore standardization of the ITI value is needed
for practical application. For this purpose the value of the
first ITI measurement of each patient is accepted as 100%,
thus eliminating individual differences at baseline. Results
of all further measurements are calculated as deviations
of ITI values from baseline and expressed in percentage.
This operation eliminates the incompatibility of individual differences in ITI values while preserving the ability
to observe the ITI changes during monitoring in each patient. All subsequent measurements that were performed at
30-min intervals and expressed as percentage of deviation
could be used for prediction of the cardiogenic pulmonary
edema onset. Respiration and pulse rate, auscultation lung
findings and blood oxygen saturation levels were recorded
every 30 min along with ITI. Thirty-minute intervals between measurements were chosen because that figure was
estimated to be the time required for slowing down or stopping the further development of the cardiogenic pulmonary
edema by medications, such as furosemide, nitrates and
oxygen [24, 25, 26, 27, 28]. The collection of ITI data was
discontinued when either a clinical onset of the cardiogenic
pulmonary edema was detected or when 24 h had elapsed
without evidence of cardiogenic pulmonary edema development. The clinical observation of the patients, however,
was not interrupted.
The first chest radiographic examination for each study
participant was used to exclude the cases in which the cardiogenic pulmonary edema was already present at the beginning of the monitoring procedure. Subsequent chest radiographs were performed in all patients with fully developed the cardiogenic pulmonary edema and the films were
interpreted retrospectively by six senior radiologists who
were blinded to the patients’ clinical condition and ITI
results. The interinvestigator coefficient of agreement for
chest radiographic examinations was high (κ = 0.95). The
clinicians were blinded to the results of the ITI measurements. All the results were expressed by their mean ± SD
and range. The normality of each ITI variable’s distribution in each array was verified by a descriptive statistics
program. Current ITI values were presented as deviation
from the initial value (baseline) expressed in percentage.
For practical purposes ranges rather than averages of
monitored values were used because the reliable prediction of the cardiogenic pulmonary edema is possible only
if there is a gap between limits of ITI ranges in the patients with and without the cardiogenic pulmonary edema.
A one-sided confidence interval approach based on the uniform distribution model [29] was used to determine the upper and lower limits of ITI results in the compared groups
of the patients. The significance of the differences between
averaged values was evaluated by the t test. The influence
of patients’ demographic data on absolute and relative ITI
values was studied by the calculation of Pearson’s correlation coefficient r [29] between age, height, weight, and ITI
values. The effect of gender on ITI was evaluated by com-

paring the values of ITI by the Mann-Whitney test [29].
The ITI cutoff point for early prediction of cardiogenic
pulmonary edema was calculated by the receiver operating characteristic (ROC) model [29] that is generated by
plotting the method’s sensitivity against its specificity.
The patients were divided into two groups: those
who did not develop the cardiogenic pulmonary edema
during monitoring (group DNDE) and those who did
(group DE). The mean age (64 ± 11 years, range 27–73)
and the male/female ratio (2.3/1) were slightly lower in
group DNDE than group DE (69 ± 11 years, range 46–83;
and 3/1; Table 1). The normality of the ITI variables’
distributions in each group was confirmed. Group DNDE
included 228 patients with heart diseases at risk of the
cardiogenic pulmonary edema: 212 were admitted for
acute coronary syndrome, 12 for chronic congestive heart
failure and 4 for valvular heart disease (Table 1). Their
mean initial ITI value was 62.5 ± 14.46 Ω. Group DE
consisted of 37 patients, 34 of whom suffered from acute
coronary syndrome, two from congestive heart failure,
and one from valvular heart disease (Table 1). No patient
in this group had any clinical or radiographic signs of
cardiogenic pulmonary edema at the time of baseline
ITI measurement. There was no statistically significant
difference between the average initial ITI values of the
two study groups: 62.5 ± 14.5 Ω in group DNDE and
60.0 ± 9.3 Ω in group DE.
The differences between these groups were considered
significant when the appropriate p value was less than 0.05.
Calculations were performed using SAS 8 software (SAS
Institute, Cary, N.C., USA).

Fig. 3 Dynamics of clinical and
internal thoracic impedance
(ITI) data for a patient who did
not develop cardiogenic
pulmonary edema: study group
DNDE

Results
During monitoring, fluctuation in ITI values in group
DNDE patients ranged from +11% to –10.1% compared
to baseline (Table 2). The maximum decrease in the
individual ITI value (–10.1%) was recorded in only
seven patients (3.3% of the group). The results can be
illustrated by the following example. A 69-year-old patient
was admitted with acute myocardial infarction. He was
monitored by EGM for 24 h during which the clinical
parameters: respiratory rate, pulse rate and oxygen saturation were simultaneously recorded. Figure 3 shows the
results of a 7.5-h fragment of this recording: the decrease
in ITI ranged from 0% to 6% compared to his baseline,
and the fluctuations of the other indexes were small as
well.
In all group DE patients the ITI value decreased by
more than 12% (p < 0.02). This was observed 30 min

Table 2 Relative changes (%) in clinical and internal thoracic
impedance (ITI) data for patients who did not develop cardiogenic
pulmonary edema (study group DNDE)
Initial values Relative change
Range
Mean SD
Respiration rate (min)
Pulse rate (min)
Oxygen saturation (%)
Crepitation, rhonchi
ITI values (Ω)

17 ± 3.3
74 ± 12.6
96.7 ± 1.73
Absent
62.5 ± 14.55

–16 to +18
–29 to +34
–3 to +3
–
–10.1 to +11.0

0 ± 9.8
0 ± 11.7
0 ± 0.8
–
2.5 ± 4.62

Table 3 Internal thoracic impedance (ITI) data for patients approaching cardiogenic pulmonary edema (CPE) onset (study group DE) (UAP
unstable angina pectoris, AMI acute myocardial infarction)
Patient no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
Mean ± SD
p (t test)c

Age (years)
80
80
62
71
57
75
75
47
79
73
80
46
60
73
59
72
70
72
82
58
83
78
76
80
48
78
66
53
78
78
51
72
78
53
83
79
59
–
–

Sex
M
M
M
F
M
F
F
F
M
M
M
M
M
M
M
M
F
M
F
M
F
M
M
M
M
F
M
M
M
M
M
M
F
M
M
M
M
–
–

Diagnosis
UAP
AMI
AMI
AMI
AMI
AMI
AMI
AMI
AMI
CHF
CHF
AMI
AMI
UAP
UAP
AMI
AMI
UAP
AMI
AMI
AMI
AMI
AMI
AMI
AMI
UAP
UAP
UAP
AMI
AMI
AMI
AMI
AMI
AMI
AMI
AMI
AMI
–
–

ITI values (Ω)
Initiala
90 minb

60 minb

30 minb

CPE onset

60
70
56
53
63
77
54
75
53
70
41
48
60
64
52
46
55
49
82
63
65
70
62
56
64
60
58
45
60
72
61
57
65
53
58
62
45
60 ± 9.3
–

56
67
53
49
60
70
48
65
46
60
39
43
54
58
47
38
48
42
76
58
56
65
58
47
58
52
50
40
54
65
53
53
58
48
53
57
42
53 ± 8.4
< 0.01

50
58
45
43
51
65
45
60
43
59
36
40
50
54
44
37
47
39
72
55
54
60
54
46
54
50
48
37
52
62
49
50
55
46
50
54
40
50 ± 8.1
< 10−4

47
55
43
42
46
60
43
55
40
57
34
37
48
49
42
36
45
37
70
54
53
59
49
45
50
47
45
34
49
61
46
48
54
44
45
53
37
47 ± 8.0
< 10−5

57
70
56
53
63
77
51
71
48
64
40
46
58
61
49
42
51
45
79
60
60
67
60
53
62
56
55
43
57
70
58
55
63
50
56
60
44
57 ± 9.4
< 0.2

a Initial ITI value: baseline measured 2–20 h before the appearance of CPE symptoms b Time
c t test: two-samples assuming equal variances showing the differences from initial ITI values

before the appearance of the first clinical signs of cardiogenic pulmonary edema in 26 patients and at 1 hour
before the appearance of the first clinical signs of cardiogenic pulmonary edema in 11 (Table 3). These ITI
values differed significantly from those recorded in group
DNDE (p < 0.001). The values of respiration and pulse
rate as well of O2 blood saturation had small symmetrical fluctuations during this period. Crepitation and
pulmonary rales were absent throughout the entire period
of monitoring until the onset of clinically detectable
cardiogenic pulmonary edema (Table 4). The results in
group DE can be illustrated by the following example.
A 75-year-old patient was admitted with acute myocardial
infarction. The decrease in ITI was 15% at 30 min before

before the appearance of CPE symptoms

the appearance of the first clinical sign (crepitation) of
the cardiogenic pulmonary edema (Fig. 4). The bold
vertical line in Fig. 4 indicates the moment crepitation
appeared in the lungs. The interval between the ITI falling
15% from initial value and the appearance of crepitation
was 30 min. The evidence of successful prediction was
confirmed only by the appearance of the typical clinical
and radiographic signs of developed the cardiogenic
pulmonary edema.
There was no correlation between the initial ITI values and patient’s age (r = +0.089) or height (r = –0.075)
in either groups. ITI was weakly correlated with patients’
weight (r = +0.26, p < 0.05, group DNDE; r = +0.22, NS
in group DE). The initial ITI values in all patients and the

Table 4 Relative changes (%) of clinical and internal thoracic impedance (ITI) data for patients approaching cardiogenic pulmonary edema
(CPE) onset (study group DE)

Respiration rate (min)
Pulse rate (min)
Oxygen saturation
96.8 ± 1.40 (%)
Crepitation, rhonchi
ITI values (Ω)
a Time

Initial values

Relative change at 90 mina
Range
Mean SD

Relative change at 60 mina
Range
Mean SD

Relative change at 30 mina
Range
Mean SD

18 ± 2.2
79 ± 10.6

–5 to +5
–9.2 to +13.9
–1 to +1

0 ± 3.9
0 ± 5.2
0 ± 0.6

–5 to +6
–11.4 to +21.6
–1 to +1

1 ± 6.7
0 ± 6.8
0 ± 0.6

–4 to +12
–18.2 to +33.1
–2 to +1

3 ± 6.1
2 ± 9.2
0 ± 0.7

Absent
60.0 ± 9.34

–
0 to –9

–
–4 ± 2.5

–
–4 to –17

–
–6 ± 2.0

–
–12 to –20

–
–16 ± 2.5

before the appearance of CPE symptoms

Fig. 4 Dynamics of clinical and
internal thoracic impedance
(ITI) data for a patient who
developed cardiogenic
pulmonary edema (CPE): study
group DE

ITI at 30 min before the clinical onset of the cardiogenic the ranges of relative changes in ITI in the patients of the
pulmonary edema was on the average 1.2 times greater in two groups did not overlap suggests that ITI may be used
as a predictive index for cardiogenic pulmonary edema.
women than in men (p < 0.01).
Using EGM for predicting impending the cardiogenic
pulmonary edema involved assigning definitions for the
ITI “baseline” and the “optimal limit of ITI predictive valDiscussion
ue” as well as deciding appropriate cutoff points. The term
This study shows that continuous ITI monitoring by EGM “baseline” indicates the first ITI value recorded for a given
RS-207 of patients at risk of the cardiogenic pulmonary patient at potential risk of developing the cardiogenic puledema can predict its impending development before the monary edema. These values were determined when there
appearance of clinical signs. All 37 patients who devel- was no difference either in clinical examination or in raoped CPE had a decrease in their ITI value of more than diographic tests between the 265 patients. Moreover, there
12% compared to their baseline values at 30–60 min before was no statistical difference between the average initial ITI
the actual onset of cardiogenic pulmonary edema. Clini- values of the two study groups: 62.5 ± 14.55 Ω in group
cal signs, such as crepitation and rales, were still absent at DNDE and 60.0 ± 9.34 Ω in group DE (p > 0.05). Given
the time when ITI reached the limit of –12% from base- these values in the absence of clinical evidence of cardioline, while respiratory rate and oxygen blood saturation genic pulmonary edema, the results of the first measureremained relative stable in these patients (group DE). In ment could be considered as being “baseline.”
contrast, no patient without clinical CPE had an ITI deAnalysis of the data of the 37 patients who develcrease in more than 10.1% (group DNDE). The fact that oped cardiogenic pulmonary edema after ITI prediction

Table 5 Determination of internal thoracic impedance (ITI) predic- that practically eliminates the chance of false-negative
tive value
predictions.
ITI predictive
value (%)

Probability of falsepositive errors (%)

Probability of falsenegative errors (%)

–10
–10.5
–11
–11.5
–12

5×10−3
2×10−4
6×10−6
2×10−7
1×10−8

6×10−6
2×10−4
5×10−3
0.1
2.0

The present results on larger numbers of patients confirm our preliminary findings that had been based on six
patients [15]. The present data may be used for the development of a practical approach for prediction of the cardiogenic pulmonary edema in the hospital setting and of
preventive treatment of the condition.
We conclude that continuous monitoring of ITI
by EGM is an accurate and reliable method for early
prediction of the cardiogenic pulmonary edema before
the appearance of clinical signs in patients at risk for
cardiogenic pulmonary edema. A decrease in ITI of more
than 12% from baseline indicates that the onset of the
cardiogenic pulmonary edema is likely to occur 30–60 min
later.

(group DE), based on the one-sided confidence interval
approach [29], showed that the probability of having
a decrease of ITI of less than 12% before the cardiogenic
pulmonary edema onset is 2%. Specificity and sensitivity
for various ITI predictive values were compared according Acknowledgements. We are grateful to Dr. Alexander M. Samarov
to the procedure described [30]. As can be seen from the for help in statistical analysis. Esther Eshkol is thanked for
results listed in Table 5, –10% is the ITI predictive value manuscript preparation.

References
1. Fein A, Grossman RF, Jones G, Goodman PC, Murray JF (1979) Evaluation
of transthoracic electrical impedance
in the diagnosis of pulmonary edema.
Circulation 60:1156–1160
2. Saunders CE (1988) The use of
transthoracic electrical bioimpedance
in assessing thoracic fluid status in
emergency department patients. Am J
Emerg Med 6:337–340
3. Spinale FG, Reines HD, Cook MC,
Crawford FA (1989) Noninvasive
estimation of extra vascular lung water.
J Surg Res 47:535–540
4. Campbell JH, Harris ND, Zhang F,
Morice AH, Brown BH (1994) Prediction of changes in intrathoracic fluid
in man using electrical impedance
tomography. Clin Sci (Lond) 87:97–101
5. Newell JC, Edis PM, Ren X, LarsonWiseman JL, Danyleiko MD (1996)
Assessment of acute pulmonary edema
in dogs by electrical impedance
imaging. IEEE Trans Biomed Eng
43:133–138
6. Nierman DM, Eisen DI, Fein ED,
Hannon E, Mechanick JI, Benjamin E
(1996) Transthoracic bioimpedance
can measure extra vascular lung water in acute lung injury. J Surg Res
65:101–108
7. Kubicek WG, Patterson RP, Witsoe DA
(1970) Impedance cardiography as
a noninvasive method of monitoring
cardiac function and other parameters
of the cardiovascular system. Ann NY
Acad Sci 170:724–731

8. Staub NC, Hogg JC (1980) Conference
report of a workshop on the measurement of lung water. Crit Care Med
8:752–759
9. Miniati M, Pistolesi M, Milne EN,
Giuntini C (1987) Detection of lung
edema. Crit Care Med 15:1146–1155
10. Yamamoto T, Yamamoto Y (1976)
Electrical properties of the epidermal stratum corneum. Med Biol Eng
14:151–158
11. Yamamoto Y, Yamamoto T (1986)
Characteristics of skin admittance for
dry electrodes and measurement of
skin moisture. Med Biol Eng Comput
24:71–77
12. Itoh M (1981) Apparatus for measuring
a pulmonary function. United States
patent no 4:269:195
13. Yu C-M, Wang L, Chau E, Hon-Wah
Chan R, Kong S-L, Tang M-O, Christensen J, Stadler R, Lau C-P (2005)
Intrathoracic impedance monitoring in
patients with heart failure. Circulation
112:841–848
14. Rabinovich P, Shochat M, Zeldin V,
Milman O (1998) Method and device
for stable impedance plethysmography.
United States patent no 5:749:369
15. Charach G, Rabinovich P, Grosskopf I,
Weintraub M (2001) Transthoracic
monitoring of the impedance of the
right lung in patients with cardiogenic
pulmonary edema. Crit Care Med
29:1137–1144

16. Shochat M, Meisel S, Rabinovich P,
Peled B (2003) Monitoring of the
internal thoracic impedance: a novel
method to detect pulmonary edema
before appearance of clinical signs. J
Am Coll Cardiol Suppl, 52nd Annual
Scientific Session, pp 1206–1273
17. Shochat M, Meisel S, Rabinovich P,
Peled B, Shotan A (2004) A new
method for detecting cardiogenic
pulmonary edema before appearance of
clinical signs and for the evaluation of
treatment efficacy. J Am Coll Cardiol
Suppl, 53nd Annual Scientific Session,
pp 1154–1196
18. Shochat M, Charach G, Frimerman A,
Rabinovich P, Shotan A, Meisel S
(2004) Internal thoracic impedance
monitoring: a new prospect in acute
heart failure. The 51th Annual Conference of the Israel Heart Society
together with the Israel Society of
Cardiothoracic Surgery, p 65
19. Shochat M, Charach G, Frimerman A,
Rabinovich P, Shotan A, Meisel S
(2004) Internal thoracic impedance
monitoring: a new prospect in acute
heart failure (abstract). Eur Heart J
25:[Suppl 72]:500
20. Shochat M, Kazatzker M, Charax G,
Frimerman A, Rabinovich P, Shotan A,
Meisel S (2005) Internal thoracic
impedance monitoring: a new tool for
the early diagnosis and treatment of
acute heart failure (abstract). Eur J
Heart Fail 4 [Suppl 1] 354:79–80

21. Braumwald E, Colcci S, Grossman W
(1997) Clinical aspects of heart failure. High output heart failure. In:
Braumwald E (ed) Heart diseases,
vol 1, 6th edn. Saunders, New York,
p 177
22. Massie BM, Amidon TM (1998)
Acute pulmonary edema: essentials of
diagnosis. In: Tierney LM, McPhee SJ,
Stephen J (eds) Current medical diagnosis and treatment, 37th edn. Lange,
London, p 412
23. Cropper MA, Wiener-Kronish JP,
Hashimoto S (1994) Acute cardiogenic
pulmonary edema. Clin Chest Med
15:501–515
24. Mantle JA, Russell RO Jr, Moraski RE,
Rackley CE (1976) Isosorbide dinitrate
for the relief of severe heart failure after
myocardial infarction. Am J Cardiol
37:263–268

25. Daskalov TR (1989) A comparison of
the haemodynamic effect of isosorbide5-mononitrate and isosorbide dinitrate
administered in intravenous injection
to patients with acute myocardial
infarction. Cor Vasa 31:376–386
26. Szwarc G, Lellouche D, Usdin JP
(1982) Use of isosorbide dinitrate
(Risordan) injection in left ventricular
failure following acute myocardial infarction. Nouv Presse Med
11:2079–2082
27. Verma SP, Silke B, Hussain MG,
Reynolds GW, Richmond A, Taylor SH
(1987) First-line treatment of left
ventricular failure complicating acute
myocardial infarction: a randomized
evaluation of immediate effects of
diuretic, venodilator, arteriodilator, and
positive inotropic drugs on left ventricular function. J Cardiovasc Pharmacol
1:38–46

28. Kuboki K, Sakai M, Kuwajiama I,
Maeda S, Ohkawa S, Ueda K, Kuramoto K (1992) Acute hemodynamic
effects of intravenous bolus injection
of isosorbide dinitrate in aged patients
with congestive heart failure. Nippon
Ronen Igakkai Zasshi 29:390–395
29. Larsen RJ, Marx ML (2001) An introduction to mathematical statistics and
its applications, 3rd edn. Prentice Hall
30. Itoh M, Takahashi K, Nishida H, Sakagami K, Okubo T (1996) Estimation
of the optimal cut off point in a new
immunological faecal occult blood
test in a corporate colorectal screening
programmer. J Med Screen 3:66–71

