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Predictive and prognostic roles of 
electrical cardiometry in noninvasive 
assessments of community-acquired 
pneumonia patients with dyspnoea

Kyungil Gho1, Seon Hee Woo1, Sang Moog Lee2, Ki Cheol Park3, 
Gyeong Nam Park1, Jinwoo Kim4 and Sungyoup Hong1

Abstract
Background: Thoracic impedance monitoring able to detect pneumonia in the very early phase of emerging infiltration 
prior the patient developed remarkable clinical symptoms. However, no studies have yet been conducted on the 
usefulness of predicting pneumonia patient outcomes with parameters from electrical cardiometry.
Objective: In the present study, we evaluated whether parameters measured by electrical cardiometry can predict 
clinical outcomes including mortality and length of hospital stay in patients with community-acquired pneumonia in the 
emergency department.
Methods: Demographic, clinical and laboratory data were collected from enrolled patient. Electrical cardiometry 
monitoring was done with a portable electrical cardiometry device connected to the body surface sensor. The continuous 
data from electrical cardiometry were recorded, and parameters were stored on the electrical cardiometry device 
automatically and then the data were downloaded for further analysis.
Results: Thoracic fluid content has shown to be significantly higher in the intensive care unit admission group and in 
the death group. Expired patients had higher value of thoracic fluid content at emergency department admission. From a 
receiver operating characteristics curve analysis, thoracic fluid content presented fair AUC values of 0.72 (95% confidence 
interval, 0.71–0.74) and 0.73 (0.62–0.82) for prediction of 28-day mortality and intensive care unit admission. Arterial 
partial pressure of oxygen (PaO2), the ratio of arterial partial pressure of oxygen to inspired oxygen fraction (PaO2/FiO2 
ratio) also showed excellent AUC value for prediction of mortality and intensive care unit admission.
Conclusion: Electrical cardiometry monitoring indicated new possibility to anticipate prognosis of community-acquired 
pneumonia patient. Increased thoracic fluid content value would relate worse outcome of the patient like mortality and 
intensive care unit admission. Electrical cardiometry monitoring allows real-time measurements of thoracic fluid content 
without restraining the patient or invasive catheters.
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Introduction

Community-acquired pneumonia (CAP) is a major infec-
tion-related cause of hospital admission and mortality in 
elderly patients that often leads to intensive care unit (ICU) 
admission and subsequent mechanical ventilation.1 Initial 
treatment of CAP includes administration of sensitive anti-
biotics and supportive measures. Emergency department 
(ED) physicians should understand a patient’s prognosis for 
rapid and proper management of CAP.

Several scoring systems are available to predict the out-
comes of CAP patients and to help clinicians assess the 
severity of the illness. The CURB-65 is the most popular 
simple severity scoring system that uses five variables that 
include age over 65, new onset confusion, elevated respira-
tory rate (RR), low blood pressure (diastolic ⩽ 60 mmHg or 
systolic ⩽ 90 mmHg) and elevated blood urea nitrogen 
(BUN) to assign a 6-point score (0–5). Scores correlate 
with low (0–1), intermediate (2) and high risk (>3) for 
short-term mortality.2 Pneumonia severity index (PSI) 
scores help to delineate the severity of CAP patients who 
are at low risk for short-term mortality and eligibility for 
outpatient care.3 PSI categorizes patients into four risk 
classes based on 30-day mortality rates. Patients with a 
score of 70 or less are classified into class II, 71–90 into 
class III, 91–130 into class IV and more than 130 into class 
V. From a study comparing aged-matched control subjects, 
PSI was reported to reflect patient short-term and long-term 
mortality.4 Shock index and hypoxemia (SIPF) score is a 
combined scoring system that combines the shock index 
(heart rate (HR)/systolic blood pressure) >0.7 (1 point) and 
the ratio of arterial partial pressure of oxygen to inspired 
oxygen fraction (PaO2/FiO2; P/F ratio) <250 (1 point). 
Eldaboosy et al.5 discovered that SIPF is an accurate pre-
dictor with higher predictive power than PSI and CURB-65 
for intensive care admission due to CAP. Although these 
scoring systems have been proven useful, they usually 
comprise multiple parameters from demographic data or 
laboratory data, which are collected separately throughout 
clinical practice. However, a method is needed to continu-
ously assess outcomes based on how the patient’s condition 
changes at the bedside.

Acute pulmonary infection is characterized by alveolar 
epithelial and vascular endothelial damage leading to 
increased permeability pulmonary oedema and alveolar 
fluid collection.6 Alveolar fluid clearance is associated with 
clinical outcomes of pneumonia patients including mortal-
ity, duration of mechanical ventilation and degree of 
oxygenation.7

Electrical cardiometry (EC) is a noninvasive method 
that measures stroke volume (SV) determined by calculat-
ing beat-to-beat changes in the electrical impedance of the 
chest and neck. This method can measure cardiac output 
(CO) noninvasively and continuously at the bedside.8 
Previous studies have highlighted the benefits of using EC 
for checking hemodynamic parameters such as CO and SV. 

It has been increasingly utilized in the analysis and treat-
ment of dyspnoeic patients.9,10 The thoracic fluid content 
(TFC) is a measure of water contained in the lungs and pul-
monary vasculature that is obtained from EC. Increased 
TFC is associated with higher alveolar permeability which 
is the sum of interstitial, alveolar, intracellular and lym-
phatic fluids, but not pleural effusion.11 Intra-alveolar fluid 
is generally elevated in pneumonia with airspace consolida-
tion, and it can be hypothesized that TFC and decreased 
impedance are markers of pneumonia severity; however, no 
study has been conducted on predicting clinical outcomes 
of patients with pneumonia using EC parameters.

Therefore, we proposed that EC measurements could be 
used to predict dyspnoeic CAP patient outcomes and help 
determine if intensive care is needed. In the present study, 
we evaluated whether parameters measured by EC can pre-
dict clinical outcomes including mortality, length of hospi-
tal and ICU stay in patients with CAP.

Method

Design, patients and emergency treatments

A retrospective chart review was undertaken at a 24-bed  
ED of The Catholic University of Korea, Daejeon St Mary’s 
Hospital, a 600-bed secondary medical centre. The study 
protocol was reviewed and approved by the institutional 
review board of Daejeon St Mary’s Hospital, 
(DC18RESI0109). We used data from medical records of 
patients who complained of dyspnoea (UMLS (unified med-
ical language system) code: 207059009) on ED arrival 
between April 2017 and March 2018 and who were diag-
nosed with pneumonia (ICD-10; J10.0, J10.1, J10.8, J11.0, 
J11.1, J11.8) at hospital discharge. Patients with a history of 
pulmonary lobectomy or lung trauma were excluded. Patients 
finally diagnosed with other diseases such as pulmonary 
embolism, congestive heart failure, renal disease and hema-
tologic disorders including anaemia were also excluded from 
this study. Patients with dyspnoea in this study were treated 
with oxygen therapy via a nasal prong or facial mask, and 
routine antibiotics were administered after blood culture in 
the ED in accordance with CAP guidelines.12

Data collection

Demographic, clinical and laboratory data of enrolled 
patients were collected from the medical records. 
Information on medical treatment including oxygen sup-
plementation and ventilator support were also documented 
from the medical records.

EC monitoring

Four surface electrodes were placed on the patient’s skin: 
first on the left neck below the ear, second on the left mid-
line at the base of the neck, third on the midaxillary line at 
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the level of the xiphoid and the fourth one was placed on the 
lower left thorax approximately 5 cm below the third elec-
trode (Figure 1). A portable EC (ICON, Osypka Medical 
GmbH, Berlin, Germany) was connected to the sensor cable. 
The information from electrical impedance was recorded 
and parameters such as CO, TFC, SV variation (SVV) and 
flow time corrected (FTC) were calculated 3 times with 
5-min intervals and stored on the device automatically. The 
data were then downloaded into a spreadsheet as continuous 
data for further analysis.

Clinical outcome measurement

The primary outcome was mortality of pneumonia patients 
within 28 days of the ED visit. Secondary outcomes were 
length of hospital stay, measured in days, as the difference 
between the date of the ED visit and the date of discharge. 
Length of ICU stay was measured in days as the difference 
between the date of admission to the ICU and date of trans-
fer to the general ward, including same-day transfers in the 
hospital.

Statistical analysis

Data were summarized as means and standard deviations for 
continuous normally distributed variables, frequencies and 
percentages for categorical variables. A chi-square test was 
used to compare discrete variables between the two groups. 
Fisher’s exact test or two-tailed Student’s t-test was used for 
comparison of continuous variables, as appropriate. Pearson’s 
correlation test was used to determine the strength of the 

relationship between two continuous variables. Logistic 
stepwise regression was performed with factors observed to 
be associated with mortality and ICU admission with a p 
value <0.20 when groups were compared. The adjusted odds 
ratios of mortality and ICU admission (95% confidence 
interval (CI)) were calculated for all independent factors. We 
generated receiver operating characteristic (ROC) curves for 
mortality at 28 days and ICU admission. The area under the 
ROC curve (AUC) and cut-off values were calculated using 
the Hanley–McNeil test. DeLong’s test was used to compare 
the ROC curves. All statistical procedures were performed 
using RStudio Version 0.98.932 (Boston, MA). Statistical 
significance was defined by p-values less than 0.05.

Results

During the study period, 2,135 patients had ICD-10 codes 
corresponding to pneumonia, among the total of 22,752 
patients aged 18 years or older who visited the ED. 
Overall, 368 patients were selected excluding those who 
had been transferred from other hospitals, who were dis-
charged from ED and those without dyspnoea (Figure 2). 
Among them, EC monitoring was completed for 56 
patients at the ED and fulfilled the clinical data collection 
criteria for analysis. There were 24 (42.9%) male patients 
and 32 (57.1%) female patients with age ranges of 30–
106 years (72.08 ± 12.45). The mortality rate within 
28 days was 14.28%, and the age within this group was 
higher than the survivors (p < 0.001); however, gender 
distribution was not associated with mortality. The PSI 
and SIPF scores were higher for expired patients than for 
those who survived (p < 0.001). White blood cell (WBC) 
count was significantly lower but the PaO2 and P/F ratio 
were significantly higher in those who survived. The 
CURB-65 score did not appear to be different between the 
two groups (Table 1).

Figure 1. The electrical cardiometry sensors are located on 
the body surface.

Figure 2. Stepwise selection of patients.
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A higher number of male patients were admitted to the 
ICU than female patients (Table 1). PSI and SIPF were 
higher in patients admitted to ICU but the CURB-65 scores 
were not. Patients admitted to the ICU had lower PO2; P/F 
ratio was related to ICU admission. The P/F ratio was most 
closely related to mortality and ICU admission (p < 0.01). 
Among the parameters obtained from EC, TFC was shown 
to be significantly higher in expired patients than those who 
survived (p = 0.03) and higher in those admitted to the ICU 
compared to those admitted to general wards (p = 0.05). The 
correlation coefficient between the TFC and P/F ratio was 
0.37 with good correlation (p = 0.01).

Factors including patient age, PSI, CURB-65, SIPF 
scores, WBC count, PaO2, and P/F ratio were significantly 
related to 28-day mortality based on the multivariate logis-
tic regression (p < 0.05, Table 2). Of the parameters 
extracted from the EC, TFC was the most important param-
eter with a strong association to 28-day mortality (p = 0.03). 
Expired patients had a higher TFC value compared to sur-
vivors (43.07 ± 11.81 vs 32.01 ± 6.54) at ED (Table 2). The 
right half of Table 2 summarizes results from multivariate 
logistic regression for ICU admission. Male patients were 

prone to ICU admission compared to females (p = 0.02). 
The PSI, CURB-65 and SIPF scores were higher in those 
admitted to the ICU. The BNP (brain natriuretic peptide) 
level, PaO2 and P/F ratio were significant predictors for the 
ICU admission. TFC was also a factor associated with ICU 
admission (p = 0.01).

We tried to identify the clinical and laboratory data from 
EC related to the length of ICU and hospital stay using the 
multivariate regression test. Average length of ICU stay 
was 10.7 ± 6.2 days for patients admitted to ICU. Factors 
associated with length of ICU stay were PSI, CURB-65, 
SIPF, procalcitonin, PaO2, the P/F ratio and TFC (Table 4). 
Of these factors, CURB-65 was only related to length of 
hospital stay. In addition, HR among the EC parameters 
was also related to the length of hospital stay (Table 3).

The ROC curves plotted from the data are represented in 
Figure 3. The PSI and P/F ratio showed highest AUC values 
of 0.93 (95% CI, 0.75–1.00) and 0.93 (0.69–1.00), respec-
tively, for prediction of 28-day mortality (Figure 3(a)). The 
AUC of TFC for 28-day mortality prediction was 0.72 
(0.71–0.74) which was similar with the AUC of CURB-65. 
Only CURB-65 has a significantly lower AUC value than 

Table 1. Descriptive characteristics for variables according to ICU admission and 28-day mortality after ED visit.

Variable Mortality at 28 days p-value ICU admission p-value

Expire Alive Yes No

(n = 8) (n = 48) (n = 18) (n = 38)

Sex
 Male 5 (20.83%) 19 (79.17%) 0.41 12 (50.00%) 12 (50.00%) 0.03
 Female 3 (9.38%) 29 (90.63%) 6 (18.75%) 26 (81.25%)
Age 84.38 ± 4.21 70.44 ± 16.10 0.00 76.4 ± 10.4 70.5 ± 17.5 0.12
PSI* 153.12 ± 23.30 89.44 ± 46.10 0.00 131.72 ± 36.30 82.82 ± 46.46 0.00
CURB-65* 2.25 ± 1.16 1.29 ± 0.94 0.12 1.89 ± 1.23 1.21 ± 0.84 0.12
SIPF* 1.63 ± 0.74 0.74 ± 0.61 0.00 1.44 ± 0.70 0.63 ± 0.53 0.00
WBC 23,112.50 ± 9039.03 13,806.25 ± 5998.74 0.00 17,761.11 ± 9575.65 13,892.11 ± 5490.70 0.13
Haemoglobin 10.39 ± 3.02 11.90 ± 1.71 0.21 11.62 ± 2.57 11.71 ± 1.64 0.82
Hematocrit 31.94 ± 7.92 35.61 ± 4.81 0.24 34.55 ± 7.08 35.33 ± 4.54 0.89
CRP 20.54 ± 8.49 20.00 ± 50.79 0.95 30.53 ± 57.49 15.13 ± 41.15 0.26
Procalcitonin 5.36 ± 8.46 2.41 ± 5.49 0.31 6.19 ± 9.17 1.13 ± 2.06 0.08
BUN 25.73 ± 16.72 18.85 ± 12.50 0.18 24.76 ± 17.70 17.50 ± 9.94 0.12
Cr 0.94 ± 0.78 1.16 ± 1.58 0.69 1.61 ± 2.32 0.90 ± 0.81 0.22
BNP 1343.82 ± 938.35 1179.80 ± 2755.45 0.54 1498.27 ± 2857.05 1060.68 ± 1442.28 0.40
SBP 110.6 ± 28.1 128.1 ± 31.1 0.14 116.5 ± 40.3 130.9 ± 21.8 0.19
PO2 37.50 ± 14.89 73.47 ± 23.76 0.00 52.14 ± 20.37 76.00 ± 24.90 0.00
P/F ratio 142.62 ± 96.00 334.45 ± 97.62 0.00 219.2 ± 107.4 349.1 ± 99.2 0.00
HR 102.57 ± 13.48 95.36 ± 17.55 0.30 102.26 ± 14.15 93.60 ± 17.86 0.08
SV 51.64 ± 8.93 60.23 ± 19.17 0.25 55.67 ± 11.22 60.69 ± 20.73 0.25
CO 5.28 ± 0.92 5.74 ± 2.23 0.35 5.78 ± 1.53 5.64 ± 2.33 0.82
TFC* 43.07 ± 11.81 32.01 ± 6.54 0.00 37.57 ± 8.23 31.13 ± 7.09 0.04
FTC* 306.29 ± 29.96 316.33 ± 19.23 0.23 317.24 ± 26.39 314.08 ± 18.11 0.60

ICU: intensive care unit; ED: emergency department; PSI: pneumonia severity index; CURB-65: CURB-65 pneumonia severity score; SIPF: shock 
index and hypoxemia score; WBC: white blood cell count; CRP: C-reactive protein: BUN: blood urea nitrogen; BNP: brain natriuretic peptide; 
SBP: systolic blood pressure; PO2: arterial partial pressure of oxygen; P/F ratio: PaO2/FiO2 (partial pressure of arterial oxygen/percent of inspired 
oxygen); SV: stroke volume; HR: heart rate; CO: cardiac output; TFC: thoracic fluid content; FTC: flow time corrected.
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Table 2. Multivariate logistic regression results for the 28-day mortality and ICU admission after ED visit with the clinical and 
laboratory data.

Variable 28-day mortality ICU admission

Estimate SE p-value OR 95% CI Estimate SE p-value OR 95% CI

Sex (male) 0.93 0.79 0.24 2.54 0.54–11.91 1.47 0.61 0.02 4.33 1.31–14.32
Age 0.10 0.04 0.03 1.10 1.01–1.20 0.03 0.02 0.19 1.03 0.99–1.07
PSI 0.05 0.02 0.00 1.05 1.02–1.09 0.03 0.01 0.00 1.03 1.01–1.05
CURB-65 0.87 0.38 0.02 2.38 1.13–5.02 0.67 0.30 0.06 1.95 1.08–3.52
SIPF 2.30 0.79 0.00 9.95 2.13–46.49 2.17 0.66 0.00 8.74 2.40–31.75
WBC 0.00 0.00 0.00 1.00 1.00–1.00 0.00 0.00 0.07 1.00 1.00–1.00
Haemoglobin 0.14 0.06 0.92 1.23 0.99–1.52 0.04 0.04 0.71 1.02 0.95–1.05
Hematocrit –0.12 0.07 0.09 0.89 0.78–1.02 –0.03 0.05 0.61 0.97 0.88–1.08
CRP 0.00 0.01 0.98 1.00 0.98–1.02 0.01 0.01 0.29 1.01 0.99–1.02
Procalcitonin 0.06 0.06 0.32 1.07 0.94–1.21 0.18 0.10 0.08 1.19 0.98–1.45
BUN 0.03 0.03 0.18 1.03 0.98–1.09 0.04 0.02 0.07 1.04 1.00–1.09
Cr –0.15 0.39 0.70 0.86 0.40–1.85 0.37 0.28 0.19 1.45 0.84–2.50
SBP –0.02 0.01 0.14 0.98 0.95–1.01 –0.03 0.01 0.02 0.97 0.95–1.00
BNP 0.00 0.00 0.75 1.00 1.00–1.00 0.00 0.00 0.02 1.00 1.00–1.00
PO2 –0.14 0.05 0.00 0.87 0.79–0.95 –0.06 0.02 0.00 0.94 0.90–0.98
P/F ratio –0.02 0.01 0.00 0.98 0.97–0.99 –0.01 0.00 0.00 0.99 0.98–0.99
HR 0.03 0.03 0.30 1.03 0.98–1.08 0.03 0.02 0.09 1.03 0.99–1.07
CO –0.12 0.22 0.59 0.89 0.57–1.37 0.03 0.14 0.81 1.03 0.791.35
TFC 0.13 0.05 0.02 1.14 1.02–1.27 0.11 0.04 0.01 1.12 1.03–1.22
FTC 0.04 0.04 0.33 1.04 0.96–1.12 0.01 0.03 0.71 1.01 0.95–1.08

ICU: intensive care unit; ED: emergency department; SE: standard error; OR: odds ratio; CI: confidence interval; PSI: pneumonia severity index; 
CURB-65: CURB-65 pneumonia severity score; SIPF: shock index and hypoxemia score; WBC: white blood cell count; CRP: C-reactive protein: BUN: 
blood urea nitrogen; SBP: systolic blood pressure; BNP: brain natriuretic peptide; PO2: arterial partial pressure of oxygen; P/F ratio: PaO2/FiO2 (partial 
pressure of arterial oxygen/percent of inspired oxygen); HR: heart rate; CO: cardiac output; TFC: thoracic fluid content; FTC: flow time corrected.

Table 3. Multivariate logistic regression results for the 28-day mortality and ICU admission after ED visit with the clinical and 
laboratory data.

Variable 28-day mortality ICU admission

Estimate SE p-value OR 95% CI Estimate SE p-value OR 95% CI

Sex (male) 0.93 0.79 0.24 2.54 0.54–11.91 1.47 0.61 0.02 4.33 1.31–14.32
Age 0.10 0.04 0.03 1.10 1.01–1.20 0.03 0.02 0.19 1.03 0.99–1.07
PSI 0.05 0.02 0.00 1.05 1.02–1.09 0.03 0.01 0.00 1.03 1.01–1.05
CURB-65 0.87 0.38 0.02 2.38 1.13–5.02 0.67 0.30 0.06 1.95 1.08–3.52
SIPF 2.30 0.79 0.00 9.95 2.13–46.49 2.17 0.66 0.00 8.74 2.40–31.75
WBC 0.00 0.00 0.00 1.00 1.00–1.00 0.00 0.00 0.07 1.00 1.00–1.00
Haemoglobin 0.14 0.06 0.92 1.23 0.99–1.52 0.04 0.04 0.71 1.02 0.95–1.05
Hematocrit –0.12 0.07 0.09 0.89 0.78–1.02 –0.03 0.05 0.61 0.97 0.88–1.08
CRP 0.00 0.01 0.98 1.00 0.98–1.02 0.01 0.01 0.29 1.01 0.99–1.02
Procalcitonin 0.06 0.06 0.32 1.07 0.94–1.21 0.18 0.10 0.08 1.19 0.98–1.45
BUN 0.03 0.03 0.18 1.03 0.98–1.09 0.04 0.02 0.07 1.04 1.00–1.09
Cr –0.15 0.39 0.70 0.86 0.40–1.85 0.37 0.28 0.19 1.45 0.84–2.50
SBP –0.02 0.01 0.14 0.98 0.95–1.01 –0.03 0.01 0.02 0.97 0.95–1.00
BNP 0.00 0.00 0.75 1.00 1.00–1.00 0.00 0.00 0.02 1.00 1.00–1.00
PO2 –0.14 0.05 0.00 0.87 0.79–0.95 –0.06 0.02 0.00 0.94 0.90–0.98
P/F ratio –0.02 0.01 0.00 0.98 0.97–0.99 –0.01 0.00 0.00 0.99 0.98–0.99
HR 0.03 0.03 0.30 1.03 0.98–1.08 0.03 0.02 0.09 1.03 0.99–1.07
CO –0.12 0.22 0.59 0.89 0.57–1.37 0.03 0.14 0.81 1.03 0.79–1.35
TFC 0.13 0.05 0.02 1.14 1.02–1.27 0.11 0.04 0.01 1.12 1.03–1.22
FTC 0.04 0.04 0.33 1.04 0.96–1.12 0.01 0.03 0.71 1.01 0.95–1.08

ICU: intensive care unit; ED: emergency department; SE: standard error; OR: odds ratio; CI: confidence interval; PSI: Pneumonia severity index; 
CURB-65: CURB-65 Pneumonia severity score; SIPF: shock index and hypoxemia score; WBC: white blood cell count; CRP: c-reactive protein: BUN: 
blood urea nitrogen; SBP: systolic blood pressure; BNP: brain natriuretic peptide; PO2: arterial partial pressure of oxygen; P/F ratio: PaO2/FiO2 (partial 
pressure of arterial oxygen/percent of inspired oxygen); HR: heart rate; CO: cardiac output; TFC: thoracic fluid content; FTC: flow time corrected.
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PSI from the DeLong’s comparison for ROC curves to com-
pare the ability to predict 28-day mortality (Table 4). The 
prediction for ICU admission using all variables was associ-
ated with lower AUC values than the mortality prediction 
(Figure 3(b)). The PSI and P/F ratio was associated with the 
highest AUC value of 0.82 (0.69–0.91) and 0.82 (0.69–
0.91), respectively, for ICU admission. And the PaO2 and 
PSI showed high AUC values for predicting ICU admission. 
TFC was associated ICU admission with an AUC value of 
0.73 (0.62–0.82) which was comparable to the AUC of SIPF 
and PaO2. Based on DeLong’s comparison, there was no 
significant difference TFC’s predictability and that of other 
scores in predicting ICU admission (Table 4). CURB-65 
showed the lowest predictability which was significantly 
lower than that of PSI for ICU admission. The cut-off value 
of TFC was found to be 36.0 (sensitivity = 71.4; specific-
ity = 75.0) for 28-day mortality and 32.5 (sensitivity = 70.6; 
specificity = 68.4) for ICU admission (Table 5).

Discussion

There is still no outstanding tool to predict the prognosis of 
pneumonia continuously at the bedside. Results from this 

study suggest that the EC monitoring may help in assessing 
prognosis of CAP patients in terms of length of hospital and 
ICU stay and 28-day mortality. Increased TFC is the single 
most useful parameter related to worse outcomes of CAP 
patients. EC monitoring allows additional benefits such as 
real-time measurements without inconveniencing the 
patient with invasive catheters.

Age is an important risk factor of CAP and plays an 
important role in the prognosis and disease severity of 
CAP.13 Male sex is also associated with increased mortality 
and development of acute respiratory failure and sepsis/
septic shock in CAP patients.2 These reports are in accord-
ance with this study, which showed significantly higher 
mortality rates in older patients and more number of ICU 
admissions in men.

A previous paper reported that procalcitonin level pro-
vides prognostic information regarding the severity of CAP, 
but measured CRP (c-reactive protein) level was not associ-
ated with the severity in accordance with this study.14 Ito 
et al.15 conducted a multivariate logistic regression analysis 
for prognostic factors in hospitalized CAP patients and 
reported that body P/F ratio, albumin level and BUN level 
were significantly associated with in-patient death. Ioanas 

Table 4. DeLong’s paired comparison of the area under receiver operating characteristics curves for predicting 28-day mortality 
and ICU admission.

28-day mortality

Variable PSI CURB-65 SIPF PaO2 P/F ratio

CURB-65 Z = 2.00
P = 0.03

 

SIPF Z = 0.57
P = 0.58

Z = 0.46
P = 0.64

 

PaO2 Z = –1.56
P = 0.12

Z = –2.92
P = 0.06

Z = 1.68
P = 0.09

 

P/F ratio Z = 0.38
P = 0.70

Z = 1.73
P = 0.08

Z = 1.58
P = 0.11

Z = 1.05
P = 0.29

 

TFC Z = 1.54
P = 0.13

Z = 0.14
P = 0.89

Z = 1.58
P = 0.11

Z = 1.84
P = 0.07

Z = 1.71
P = 0.09

ICU admission

Variable PSI CURB-65 SIPF PaO2 P/F ratio

CURB-65 Z = 2.00
P = 0.04

 

SIPF Z = –0.14
P = 0.89

Z = –1.01
P = 0.31

 

PaO2 Z = 0.19
P = 0.85

Z = –0.61
P = 0.54

Z = 0.23
P = 0.82

 

P/F ratio Z = 0.38
P = 0.98

Z = 1.47
P = 0.14

Z = 0.59
P = 0.55

Z = 1.05
P = 0.44

 

TFC Z = 0.83
P = 0.41

Z = 0.03
P = 0.97

Z = 0.77
P = 0.49

Z = 0.69
P = 0.48

Z = 1.33
P = 0.18

ICU: intensive care unit; PSI: pneumonia severity index; CURB-65: CURB-65 pneumonia severity score; SIPF: shock index and hypoxemia score; 
PaO2: arterial partial pressure of oxygen; P/F ratio: PaO2/FiO2 (partial pressure of arterial oxygen/percent of inspired oxygen); TFC: thoracic fluid 
content.
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et al.16 also reported that no improvement in the P/F ratio 
after treatment in patients with severe pneumonia was an 
independent predictor of mortality. Both PaO2 and P/F ratio 
were significant predictive factors for 28-day mortality and 
ICU admission in this study. However, in contrast to past 
studies, this study found that BUN is not related to the 
prognosis of CAP patients.

Several severity scores have been proposed to predict 
outcomes of CAP patients and to support clinical decisions. 
First, the PSI was originally developed as part of the 
Pneumonia Patient Outcomes Research Team (PORT) pro-
ject to come up with a clinically applicable prediction rule 
for evaluating short-term mortality among adult CAP 
patients.4 The PSI score is frequently used to predict the 
need for hospitalization in patients with CAP. Patients in 
class I to III with a very low cumulative mortality rate of 
0.1%, 0.6% and 0.9%, respectively, could be discharged 
with oral antibiotics; however, the patients with scores of 4 
and 5 showed mortality rates of 9.3% and 27%, respec-
tively.17 The PSI score was also a good predictor for 28-day 
mortality in this study (class IV patients, 5.3%, and class V, 
100%). The overall mortality rate for patients in this study 

was 14.2%, which is relatively higher than that usually 
reported for CAP patients.4 This may be because the 
patients included were older than previous studies, and we 
only included patients who complained of dyspnoea on ED 
arrival.

It is difficult to identify 19 variables to calculate PSI in 
a busy ED where there are many patients. The SIPF score is 
the combination of shock index (HR/systolic blood pres-
sure) >0.7 (=1 point) and P/F ratio <250 (=1 point). SIPF 
was reported as a good predictor of ICU admission than 
CURB-65 and PSI.5 Results from this study also confirmed 
SIPF is a good predictor for ICU admission and mortality 
but discrimination ability of SIPF was not significantly 
excellent over PSI or CURB-65. CURB-65 is a simple 
pneumonia severity score that uses the five criteria which 
were mentioned at the ‘Introduction’ section, proposed by 
the British Thoracic Society.2 Previous studies reported a 
high CURB-65 score was significantly associated with 
mortality, the need for mechanical ventilation and hospital 
admission in CAP patients.18 The results from this study 
showed interim finding that CURB-65 has low power of 
mortality prediction and length of ICU stay but it has rea-
sonable power of prediction for the length of hospital stay. 
Basically, CURB-65 was developed for adults under the 
age of 65 with less severe symptoms.19 Low power of pre-
diction of CURB-65 in this study might be associated with 
the high proportion of elderly patients. Findings from this 
study also confirmed that CURB-65 was only associated 
with length of hospital stay than mortality and ICU stay 
suggesting that CURB-65 may be more suitable for patients 
with less severity.20

Figure 3. (a) Receiver operating characteristic (ROC) curve for the 28-day mortality is presented on left panel. (b) Right panel 
disclosed ROC curve for intensive care unit (ICU) admission. The values correspond to the area under the ROC curve (95% 
confidence interval).

Table 5. The values of the cut-off levels, the confidence interval, 
the sensitivity and the specificity of thoracic fluid content for 
prediction of 28-day mortality and ICU admission.

Cut-off 95% CI Sensitivity Specificity

28-day mortality 36.0 29.0–96.3 71.4 75.0
ICU admission 32.5 44.0–89.7 70.6 68.4

ICU: intensive care unit; CI: confidence interval.
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Despite the scoring system’s prognosis predicting 
power, it can be difficult to calculate using multiple 
parameters from clinical and laboratory results. In addi-
tion, it takes more than an hour to get laboratory results 
that are needed to obtain the PSI and SIPF, and we need an 
invasive procedure like arterial blood gas analysis. Pulse 
oximetry may be very helpful in evaluating pneumonia 
patients; a decrease in oxygen saturation of >3% from 
baseline or with random oxygen saturation of <94% was 
suggestive of pneumonia;21 however, pulse oximetry only 
shows only oxygen bound to haemoglobin, not hemody-
namic changes. 

An EC is an advanced form of noninvasive thoracic 
impedance for hemodynamic monitoring. The electric cur-
rent from the chest wall was able to easily run through the 
blood in the aorta. Dynamic blood flow aligns the red blood 
cells in the aorta during systole parallel to the blood stream 
from random orientation during diastole. The change from 
random orientation to uniform alignment of red blood cells 
generates a characteristic steep increase in conductivity or 
dZ(t). EC is likely to provide more accurate information on 
CO with only four electrodes on the body surface and is 
independent of the volume of the surrounding tissue than 
thoracic electrical bioimpedance.22 In a previous meta-
analysis, EC monitoring demonstrated acceptable reliabil-
ity for measurement of CO in critically ill patients.23 
Another study showed EC provides accurate CO compara-
ble to invasive methods using pulmonary artery catheters.22 
In addition to accuracy, these authors suggested that TFC 
from EC can be an indicator of CAP prognosis. This can be 
a noninvasive real-time bedside approach to assessing 
pneumonia patients and for making informed decisions.

Baseline thoracic electrical bioimpedance is inversely 
proportional to the baseline thoracic fluid level. When the 
fluid in the chest is increased, the bioimpedance is expected 
to decrease; on the contrary, bioimpedance is respectively 
expected to increase when the chest fluid volume is reduced. 
We can hypothesize that the reduction of thoracic imped-
ance that resulted from the fluid filling in the airway could 
be associated with the outcome of acute CAP patients. 
Recently, a study reported that a separate peak of thoracic 
impedance during continuous measurement with implanta-
ble devices can detect evolving pneumonic infiltration very 
early prior to distinct clinical symptom development.24 In 
this study, we reported decreased thoracic impedance, and 
therefore increased TFC could be explained by pneumonia 
with air space infiltration. The increased TFC could be 
indicative of outcomes of pneumonia even though patho-
gens were not identified.

TFC measured by noninvasive EC represents the amount 
of water in the interstitial and alveolar spaces of lungs 
including the pulmonary vasculature. EC measures full tho-
racic impedance and lung impedance is a small component 
of thoracic impedance and skin-to-electrode contact resist-
ance is high. Therefore, the TFC from EC is considered to 

have low sensitivity for small changes in alveolar fluid at 
the area of pneumonic infiltration and congestion; however, 
a study by Hammad et al.25 indicated that TFC from EC 
was excellent for detecting pulmonary oedema in eclamp-
sia patients (AUC = 0.94) with good agreement with the 
EVLW (extra vascular lung water) measured by lung ultra-
sound (AUC = 0.96). From this study, AUC values were 
0.71 for mortality prediction and 0.72 for prediction of ICU 
admission, which were lower than AUC values in the study 
of Hammad et al.25 for eclampsia patients. This may be 
because pneumonic infiltration usually involves a focal 
area of lung while pulmonary oedema in eclampsia patients 
usually involves both lungs. Lower sensitivity and specific-
ity for pneumonia may due to focal involvement of pneu-
monia and collection of exudative fluid.

On the other hand, we should consider the effects of 
pleural effusion, which is frequently observed in cases of 
severe pneumonia. Pleural effusion is a predictor of severe 
pneumonia and prognostic implications on mortality.26 
Zink et al.27 demonstrate that changes in TFC due to thora-
centesis in pleural effusion resulted in an increase in bioel-
ectrical impedance. Thoracic bioelectrical impedance 
values before and after thoracentesis correlated with the 
volume of pleural effusion. These findings suggest that as 
the pleural effusion increases in severe CAP, the TFC also 
increases to reflect the outcomes.

We observed that the P/F ratio was an independent prog-
nostic factor with the highest AUC value for 28-day mortal-
ity and ICU admission which is in accordance with some 
studies.28,29 TFC and P/F ratio disclosed good correlation 
and found to be associated with 28-day mortality in an 
independent manner. This finding suggests that the impair-
ment in oxygenation during CAP is mainly contributed by 
the accumulation of lung water, as measured by TFC.

Limitations

There were several limitations to this research; it was a 
single-centre study with a small sample size and retrospec-
tive in nature. The EC measures resistance across the tho-
rax, and resistance of pneumonic infiltration is a very small 
part of the total resistance. Thoracic impedance is more 
likely to be affected by other factors than pneumonic infil-
tration; however, we targeted more severe CAP patients 
with dyspnoea to reduce bias. There is a possibility of 
increasing the TFC due to the accumulation of blood vol-
ume in heart and major vessels in chest by sepsis and circu-
latory failure accompanying with dyspnoeic pneumonia 
patients. However, the possibility was very low because we 
excluded patients with underlying congestive heart failure 
(CHF) and heart disease, and there was no difference in 
comparison of CO, SV and FTC as an useful measure of 
preload (Table 1). EC monitoring was done only once at 
admission; however, EC variables may continue to change 
as patient conditions change.
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Conclusion

EC monitoring demonstrated a new approach for assessing 
the prognosis of CAP patients. Increased TFC values may 
be related to worse patient outcomes including mortality 
and ICU admission. EC monitoring allows for real-time 
measurements of TFC without inconveniencing the patient 
with invasive catheters.

Acknowledgements

The authors confirm that the paper is original, is not under consid-
eration by another journal, has not been previously published and 
has been prepared.

Author Contributions

The authors of this article contributed as follows: K.G., S.H.W. 
and S.H. designed the study. K.G., S.H.W., S.M.L., K.C.P., G.N.P., 
J.K. and S.H. collected data. S.H.W., G.N.P., J.K. and S.H. ana-
lysed data. K.G., K.C.P., G.N.P., J.K. and S.H. wrote paper.

Declaration of conflicting interests 

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Availability of data and materials

The data supporting the conclusions of this article are included 
within the article.

Informed consent

Written informed consent was waived by the Institutional Review 
Board.

Ethical approval

This study was approved by the Institutional Review Board of 
Daejeon St. Mary’s Hospital (DC18RESI0109).

Human rights

The authors state that the study protocol conforms to the ethical 
guidelines of the 1975 Declaration of Helsinki.

ORCID iD

Sungyoup Hong  https://orcid.org/0000-0002-3387-6194

References

 1. Kaplan V, Angus DC, Griffin MF, et al. Hospitalized com-
munity-acquired pneumonia in the elderly: age- and sex-
related patterns of care and outcome in the United States. Am 
J Respir Crit Care Med 2002; 165(6): 766–772.

 2. Lim WS, van der Eerden MM, Laing R, et al. Defining 
community acquired pneumonia severity on presentation 

to hospital: an international derivation and validation study. 
Thorax 2003; 58(5): 377–382.

 3. Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to 
identify low-risk patients with community-acquired pneu-
monia. N Engl J Med 1997; 336: 243–250.

 4. Mortensen EM, Kapoor WN, Chang CC, et al. Assessment 
of mortality after long-term follow-up of patients with com-
munity-acquired pneumonia. Clin Infect Dis 2003; 37(12): 
1617–1624.

 5. Eldaboosy SAM, Halima KM, Shaarawy AT, et al. 
Comparison between CURB-65, PSI, and SIPF scores as 
predictors of ICU admission and mortality in community-
acquired pneumonia. Egypt J Crit Care Med 2015; 3: 37–44.

 6. Bartoszewski R, Matalon S and Collawn JF. Ion channels of 
the lung and their role in disease pathogenesis. Am J Physiol 
Lung Cell Mol Physiol 2017; 313(5): L859–L872.

 7. Ware LB and Matthay MA. Alveolar fluid clearance is 
impaired in the majority of patients with acute lung injury 
and the acute respiratory distress syndrome. Am J Respir Crit 
Care Med 2001; 163(6): 1376–1383.

 8. Bera TK. Bioelectrical impedance methods for noninvasive 
health monitoring: a review. J Med Eng 2014; 2014: 381251.

 9. Peacock WF, Summers RL, Vogel J, et al. Impact of imped-
ance cardiography on diagnosis and therapy of emergent 
dyspnea: the ED-IMPACT trial. Acad Emerg Med 2006; 
13(4): 365–371.

 10. Packer M, Abraham WT, Mehra MR, et al. Utility of imped-
ance cardiography for the identification of short-term risk of 
clinical decompensation in stable patients with chronic heart 
failure. J Am Coll Cardiol 2006; 47(11): 2245–2252.

 11. Dovancescu S, Saporito S, Herold IH, et al. Monitoring tho-
racic fluid content using bioelectrical impedance spectros-
copy and Cole modeling. J Electr Bioimpedance 2017; 8: 
107–115.

 12. Lim WS, Baudouin SV, George RC, et al. BTS guidelines 
for the management of community acquired pneumonia 
in adults: update 2009. Thorax 2009; 64(Suppl. 3): iii1–
iii55.

 13. Mandell LA. Epidemiology and etiology of community-
acquired pneumonia. Infect Dis Clin North Am 2004; 18: 
761vii–776vii.

 14. Hedlund J and Hansson LO. Procalcitonin and C-reactive 
protein levels in community-acquired pneumonia: corre-
lation with etiology and prognosis. Infection 2000; 28(2):  
68–73.

 15. Ito A, Ishida T, Tokumasu H, et al. Prognostic factors in hos-
pitalized community-acquired pneumonia: a retrospective 
study of a prospective observational cohort. BMC Pulm Med 
2017; 17(1): 78.

 16. Ioanas M, Ferrer M, Cavalcanti M, et al. Causes and 
predictors of nonresponse to treatment of intensive care 
unit-acquired pneumonia. Crit Care Med 2004; 32(4): 
938–945.

 17. Chalmers JD, Singanayagam A, Akram AR, et al. Severity 
assessment tools for predicting mortality in hospitalised 
patients with community-acquired pneumonia. Thorax 2010; 
65(10): 878–883.

 18. Barlow G, Nathwani D and Davey P. The CURB65 pneumo-
nia severity score outperforms generic sepsis and early warn-
ing scores in predicting mortality in community-acquired 
pneumonia. Thorax 2007; 62(3): 253–259.



10 Hong Kong Journal of Emergency Medicine  

 19. Chen JH, Chang SS, Liu JJ, et al. Comparison of clinical 
characteristics and performance of pneumonia severity score 
and CURB-65 among younger adults, elderly and very old 
subjects. Thorax 2010; 65(11): 971–977.

 20. Man SY, Graham CA, Chan SS, et al. Disease severity pre-
diction for nursing home-acquired pneumonia in the emer-
gency department. Emerg Med J 2011; 28(12): 1046–1050.

 21. Kaye KS, Stalam M, Shershen WE, et al. Utility of pulse oxi-
metry in diagnosing pneumonia in nursing home residents. 
Am J Med Sci 2002; 324(5): 237–242.

 22. Malik V, Subramanian A, Chauhan S, et al. Correlation of 
electric cardiometry and continuous thermodilution cardiac 
output monitoring systems. World J Cardiovasc Surg 2014; 
4: 101–108.

 23. Suehiro K, Joosten A, Murphy LS, et al. Accuracy and preci-
sion of minimally-invasive cardiac output monitoring in chil-
dren: a systematic review and meta-analysis. J Clin Monit 
Comput 2016; 30(5): 603–620.

 24. Barth C, Kindermann I, Mahfoud F, et al. Intrathoracic 
impedance monitoring detecting pneumonia. Clin Res 
Cardiol 2010; 99(5): 333–335.

 25. Hammad Y, Hasanin A, Elsakka A, et al. Thoracic fluid content: a 
novel parameter for detection of pulmonary edema in parturients 
with preeclampsia. J Clin Monit Comput 2019; 33: 413–418.

 26. Ewig S, Ruiz M, Mensa J, et al. Severe community-acquired 
pneumonia. Assessment of severity criteria. Am J Respir Crit 
Care Med 1998; 158(4): 1102–1108.

 27. Zink MD, Weyer S, Pauly K, et al. Feasibility of bioelectri-
cal impedance spectroscopy measurement before and after 
thoracentesis. Biomed Res Int 2015; 2015: 810797.

 28. Carron M, Freo U, Zorzi M, et al. Predictors of failure of nonin-
vasive ventilation in patients with severe community-acquired 
pneumonia. J Crit Care 2010; 25(3): 540.e9–540.e14.

 29. Kolditz M, Ewig S, Klapdor B, et al. Community-acquired 
pneumonia as medical emergency: predictors of early dete-
rioration. Thorax 2015; 70(6): 551–558.




