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Summary

Objective The aim of this study was to describe
real world extravascular lung water index (EVLWI)
measurements obtained by pulse index continuous
cardiac output (PiCCO) on the day of admission.
These were then related to a radiologic score for lung
edema, Halperin score and both the Halperin score
and EVIWI were assessed for prediction of in-hospital
mortality in critically ill patients.

Methods and results A total of 311 patients admitted to
a tertiary medical university hospital between Febru-
ary 2004 and December 2010 were included in this
retrospective analysis and of these 177 patients were
intubated. In-hospital mortality was assessed by lo-
gistic regression. In the overall cohort, EVIWI and the
Halperin score correlated poorly (r=0.17; p=0.02). In
intubated patients, EVLIWI and Halperin score did not
correlate (r=0.09; p=0.39), whereas in patients who
were not intubated there was a moderate association
(r=0.30; p=0.007).

Availability of supporting data All data relevant for this
study will be given by the authors upon specific request
without restriction.
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In the overall cohort, (a) EVIWI (hazard ratio
[HR] 1.10, 95% confidence interval [CI] 1.02-1.19;
p=0.01; area under the curve [AUC] 0.63, 95% CI
0.54-0.71) but not (b) Halperin score (HR 1.00, 95% CI
0.996-1.004; p=0.94; AUC 0.52, 95% CI 0.45-0.58) was
associated with in-hospital mortality There was a ro-
bust association of EVIWI (HR 1.12, 95% CI 1.01-1.25;
p=0.03) but not Halperin score (HR 1.003, 95% CI
0.997-1.009; p=0.30) with mortality in non-intu-
bated patients. In intubated patients, neither EVLWI
(HR 0.997 95% CI 0.990-1.003; p=0.33) nor Halperin
score (HR 1.08; 95% CI 0.88-1.32; p=0.47) was asso-
ciated with mortality.

Conclusion The EVIWI correlated moderately with
a radiologic score for lung edema, the Halperin score,
in non-intubated but not in intubated patients. The
EVIWI at admission was associated with in-hospital
mortality in our patient collective of critically ill pa-
tients and might constitute not only a tool for risk
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stratification but most importantly a valuable treat-
ment goal.

Keywords Intensive care unit - Critical care - Pulse
contour cardiac output - Invasive hemodynamic mea-
surement - Critically ill

Abbreviations

CO Cardiac output

Cvp Central venous pressure

EVIWI Extravascular lung water index

GEDVI Global end-diastolic volume index
ICU Intensive care unit

ITBVI Intrathoracic blood volume index

PAC Pulmonary artery catheter

PICCO Pulse index continuous cardiac output
SVRI  Systemic vascular resistance index

Introduction

Although pulmonary arterial catheter (PAC) has been
considered the gold standard for cardiac output mea-
surement for the last 40 years, pulse index continuous
cardiac output (PiCCO) has been used recently to de-
termine hemodynamic key parameters in critically ill
patients [1-4]. The PiCCO is based on transpulmonary
thermodilution and pulse contour analysis [5, 6]. Via
a central venous catheter, a cold liquid bolus, which
passes through various thoracic compartments is ap-
plied in transpulmonary thermodilution. Using a pe-
ripheral arterial thermodilution catheter, cardiac out-
put is calculated using the modified Steward-Hamil-
ton equation based on a temperature curve. Informa-
tion on cardiac index (CI), cardiac output (CO) and
stroke volume variation (SVV) is thereby obtained by
arterial pulse contour analysis [7].

The extravascular lung water index (EVLWI), thought
to reflect pulmonary edema, was described to be pre-
dictive for mortality and in critically ill patients suf-
fering from acute lung injury or septic shock [8-11].
Although PiCCO is certainly less invasive compared
to methods like PAC, a procedural risk still remains
[12]. Therefore, other measurements of pulmonary
edema are of utmost interest. Chest roentgenograms
are routinely done in critically ill patients but inter-
pretation is usually not standardized and therefore
difficult to compare and to evaluate against objective
measurements such as EVIWI. Halperin et al. pro-
posed a score (ranging from 0-390) to objectify lung
edema seen on a chest roentgenogram in critically ill
patients, which was shown to be correlated to mea-
surements of extravascular lung water by a thermal
dye indicator technique [13]. In the original study,
only intubated critically ill patients were investigated
and an evaluation of the Halperin score in non-intu-
bated patients is lacking.

In our study, we aimed (i) to describe and relate
real world EVIWI measurements and Halperin scores

and (ii) evaluate both for association with in-hospital
mortality.

Material and methods

Study subjects

A total of 311 patients admitted to the tertiary medi-
cal University Hospital in Jena between February 2004
and December 2010 were included in this retrospec-
tive analysis. Halperin scores were available for all
patients and 177 patients were intubated. Data on in-
hospital mortality, which was the primary endpoint,
was assessed by the y2-test and logistic regression and
was available in 242 patients. Out of 311 patients, 174
were monitored by PiCCO in the ICU. Decisions con-
cerning which patients were monitored by PiCCO de-
pended on the clinical state and available laboratory
values in relation to individual clinical experience of
the treating physician. There was no predefined treat-
ment algorithm.

Approval for the study was given by the local ethics
committee of the Medical Faculty of the Friedrich
Schiller University of Jena.

Laboratory analyses

Blood samples were obtained using standard clinical
procedures. Laboratory parameters were tested at the
Department of Clinical Chemistry at the University
Hospital Jena. We report the maximum value of lab-
oratory values that were measured repeatedly on the
day of admission depending on the clinical relevance.

Calculation of the Halperin score

For the radiologic calculation of the score proposed
by Halperin et al., both lungs were divided on the
chest radiographs into a total of six regions, consist-
ing of two upper, two perihilar, and two lower regions.
Each of the six regions was scored by using the fol-
lowing scoring system ranging from 0 to 65 points: 0,
normal; 10, mild pulmonary vascular congestion; 20,
moderate pulmonary vascular congestion; 30, severe
pulmonary vascular congestion; 40, interstitial edema
without septal lines; 45, interstitial edema with septal
lines; 50, mixed interstitial and alveolar edema, with
some sparing of pulmonary regions; 55, mixed inter-
stitial and alveolar edema, involving entire regions;
60, alveolar edema, with sparing; 65, alveolar edema
involving the entire pulmonary region. Thus, the fi-
nal radiographic score with a summation of the six
regions ranges from 0 to 390 points [13].

Calculation of SAPS2 and APACHE score

Calculations of admission acute physiology and
chronic health evaluation (APACHE) scores and sim-
plified acute physiology score II (SAPS2) were per-
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Table 1 Baseline characteristics

Non-intubated Intubated
Parameter Mean SD (+) Mean
SAPS2 40 17 44
APACHE2 21 9 23
Age (years) 63 15 63
BMI 27 5 27

Overall cohort

SD (z) Mean SD (+) p-value
20 42 19 0.24
9 22 9 0.24
13 63 14 0.98
4 27 5 0.43

SAPS2 Simplified Acute Physiology Score 2, APACHEZ2 Acute Physiology And Chronic Health Evaluation Il, BM/ body mass index

Table 2 Admission diagnosis

Admission diagnosis n=
Sepsis 28
AMI 84
Pulmonary embolism 5
CPR 15
AHF 31
Unstable AP 10
Upper Gl bleeding 6
Respiratory insufficiency 26
Renal failure 9
Asphyxia 3
Pneumonia 31

AMI acute myocardial infarction, CPR cardiopulmonary resuscitation,
AHF acute heart failure, AP angina pectoris

formed within 24h after admission by the treating
physician as previously reported [14, 15].

Statistical analysis

Statistical analysis was conducted using SPSS (IBM
SPSS Statistics for Mac, Version 24.0. Armonk, NY,
USA) and MedCalc (Version 17.4.4 MedCalc, Ostend,
Belgium). Normally distributed data are given as
mean+ standard error of the mean and compared by
Student’s t-test. Non-normally distributed data are
given as median * interquartile range and compared
by the Mann-Whitney U-test. The %2-test was applied
to calculate differences between groups. Univariate
and multivariate logistic regression analyses were
used to compare survival data. For the multivariate
regression model, cofounders with a p-value<0.10 in
the univariate analysis were included, then a back-
ward variable elimination was performed. Elimi-
nation criterion was a p-value of more than 0.10.
Receiver operating curve (ROC) analysis was done
and area under the curve (AUC) was calculated. Cor-
relation between continuous parameters was assessed
by Pearson’s correlation coefficient. An optimal sta-
tistical cut-off was assessed by means of the Youden
Index.

Results
Baseline characteristics

Baseline characteristics of patients are shown in
Table 1 and admission diagnosis in Table 2. The
median Halperin score was 120. Median ELVWI was
8.9ml/kg body weight (BW). Patients (age 63 +1 year)
included in this analysis were severely ill as repre-
sented by both high SAPS2 (42+2) and APACHE2
scores (23+1). Patients were split into above and
below median Halperin scores: patients showing
Halperin score above 120 were older (65+1 years
vs. 61+1 years) but neither SAPS2 (42+2 vs. 43+3;
p=0.65) nor APACHE2 (22+1 vs. 23+1; p=0.89) dif-
fered. Patients were split in above and below median
EVIWI: patients evidencing EVIWI above 8.9 were of
similar age (66+ 1 years vs. 63+ 2 years; p=0.15) and
similarly ill as expressed by equal APACHE2 (23+ 2 vs.
21+2; p=0.30) and SAPS2 (44+3 vs. 41+3; p=0.62)
scores.

Correlation of EVLWI and Halperin score

In the overall cohort, EVIWI and Halperin score cor-
related poorly (r=0.17; p=0.02; Fig. 1). Halperin score
was moderately predictive for EVIWI>8.9 (AUC 0.55,
95% CI 0.47-0.64). Similarly, EVIWI was a poor pre-
dictor for Halperin score>120 (AUC 0.57, 95% CI
0.49-0.66). In intubated patients, EVIWI and Halperin
score did not correlate (r=0.09; p=0.39), whereas in
patients not intubated there was some association
(r=0.30; p=0.007). Still, in non-intubated patients
EVIWI was moderately discriminative for a Halperin
score> 120 (AUC 0.60; 95%CI 0.48-0.73) and likewise
Halperin score moderately predictive for EVIWI>8.9
(AUC 0.63, 95% CI 0.50-0.75). This weak correlation
between EVIWI and Halperin score could be verified
in both patients with Halperin score<120 (r=0.09;
p=0.04), and patients with Halperin score>120
(r=-0.11; p=0.003).

Survival analysis

In the overall cohort EVIWI (HR 1.10, 95% CI 1.02-1.19;
p=0.01; AUC 0.63, 95% CI 0.54-0.71, Fig. 2a) but not
Halperin score (HR 1.00, 95% CI 0.996-1.004; p=0.94;
AUC 0.52, 95% CI 0.45-0.58; Fig. 2b) was associ-
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Correlation between EVLWI and Halperin score in the overall cohort (r=0.17; p=0.02)

Fig. 1 Correlation between extravascular lung water index
(EVLWI) and Halperin score in the overall cohort

ated with in-hospital mortality. This remained true
after correction for both SAPS2 or APACHE?2 in mul-
tivariate analysis (Table 3). A statistically optimal
cut-off was calculated with EVIWI 8.6 ml/kg BW. Pa-
tients with ELIVWI> 8.6 suffered from increased in-
hospital mortality (24% vs. 6%; p=0.04). To ex-
clude concomitant pneumonia as confounder, we
assessed the association of both EVIWI (1.11, 95% CI
1.01-1.23; p=0.03) and Halperin score (0.998, 95% CI
0.993-1.003; p=0.47) in those patients not suffering
from pneumonia, showing similar results.

Again, there was a robust association of EVIWI
(HR 1.12, 95% CI 1.01-1.25; p=0.03) but not Halperin
score (1.003, 95% CI 0.997-1.009; p=0.30) with mor-
tality in non-intubated patients. In intubated patients,
neither EVIWI (HR 0.997, 95% CI 0.990-1.003; p=0.33)
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nor Halperin score (HR 1.08, 95% CI 0.88-1.32;
p=0.47) was associated with mortality. Due to low
patient numbers and missing values, multivariate
analysis was not possible in the subgroup of non-
intubated patients.

Discussion

In our study the Halperin score correlated with EVIWI
in non-intubated but not intubated patients. Further-
more, Halperin score was not associated with mortal-
ity and was not useful for prediction of mortality in
any subgroup of our study cohort. The EVLWI was as-
sociated with in-hospital mortality and might there-
fore be useful for risk stratification. Certainly, our
study is underpowered for definite mortality analysis
and our results are at this point descriptive, but gen-
erate an important thesis: As the EVIWI might also
be influenced by physicians using diuretics, vasopres-
sors or vasodilators, it might also constitute a poten-
tial treatment goal. In our study there was no prede-
fined treatment algorithm taking either the Halperin
score or EVLWI measurements into account in a stan-
dardized way, treatment decisions were done solely on
the on-call physician’s discretion. Therefore, in a next
step studies evaluating treatment, especially concern-
ing fluid management, based on predefined treatment
algorithms are necessary to assess the value of EVLWI
as treatment goal in the critically ill as already pro-
posed in sepsis, subarachnoid hemorrhage and acute
respiratory distress syndrome [16].

Of note, there were differences between intubated
and non-intubated patients concerning the correla-
tion between EVIWI and Halperin score. Contrary to
our anticipation, Halperin score and EVIWI showed
no correlation at all in intubated patients in whom
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Fig. 2 Association of a EVLWI (AUC 0.63, 95% CI 0.54-0.71) and b Halperin score (AUC 0.52, 95%Cl 0.45-0.58) with in-hospital

mortality
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Table 3 Survival analysis

Parameter Univariate HR (95% Cl) p-value AUC (95% ClI) Optimal cut-off
Halperin 1.00 (0.996-1.004) 0.94 0.52 (0.45-0.58) 160
EVLWI 1.10 (1.02-1.19) 0.01 0.63 (0.54-0.71) 8.6
APACHE2 1.07 (1.01-1.14) 0.03 0.68 (0.58-0.76) 18
SAPS2 1.03 (1.00-1.06) 0.04 0.68 (0.58-0.76) 36
EVLWI> 8.6 4.84 (1.55-15.11) 0.01 - -
Multivariate HR (95% Cl)
EVLWI 1.21 (1.05-1.40) 0.01 - -
APACHE2 1.13 (1.02-1.26) 0.02 - -
EVLWI 1.17 (1.04-1.32) 0.01 - -
SAPS2 1.03 (0.99-1.08) 0.15 - -

EVLWI extravascular lung water index, APACHEZ2 Acute Physiology And Chronic Health Evaluation Il, SAPS2 Simplified

Acute Physiology Score 2

the score was originally evaluated by Halperin et al.
in 1985 [13]. In non-intubated patients there was
a moderate association of EVIWI and Halperin score.
Due to the retrospective design of the study we do not
have information on the respiratory parameters, but
we speculate that Halperin score might have been in-
fluenced by mechanical respiration, in particular by
(high) positive end-expiratory pressures, which might
be necessary in critically ill patients at admission. Fur-
ther, lung edema might be influenced by other pul-
monary radiographic pathologies, e.g., pneumonic in-
filtrates, atelectasis, from which the lung edema is dif-
ficult to distinguish in patients both critically ill and
intubated.

Our findings that a hemodynamic measurement
but not a radiologic score was useful for prediction of
in-hospital mortality warrant further studies compar-
ing chest roentgenograms with PiCCO measurements.
Scorings tools like the Halperin score might help ob-
jectify radiologic findings in future studies.

Conclusion

The EVIWI correlated moderately well with a radio-
logic score for lung edema, the Halperin score in non-
intubated patients but not in intubated patients. The
EVIWI at admission was associated with in-hospital
mortality in our patient collective of critically ill pa-
tients and might constitute not only a tool for risk
stratification but most importantly a valuable treat-
ment goal. Targeting EVIWI might help further im-
prove patient outcomes.
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