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Background: The optimal treatment for elderly patients with severe heart

failure depends on the accurate assessment of their hemodynamic status. Due

to its less invasive nature, the safety and efficacy of invasive pulse-induced

contour cardiac output (PiCCO)-based hemodynamic monitoring remains

uncertain.

Methods: This was a prospective observational study. Between January

2016 and July 2020, 190 elderly patients with severe heart failure were

consecutively enrolled. The PiCCO group (89 patients) and non-invasive

hemodynamic monitoring group (101 patients) were observed. Hospital stays

results were evaluated.

Results: No significant difference in clinical data (P > 0.05) or the incidence

of 1-month mortality (16.0 vs. 35.0%, P = 0.141) were observed between

groups. The coronary care unit (CCU) stay was shorter in the PiCCO group

than in the non-invasive group (40.0 vs. 43.0%, P = 0.049). Indicators such

as low Extravascular Lung Water Index (EVLWI), high Body Mass Index (BMI),

low Pulmonary Artery Pressure (PAP), and high Left Ventricular Ejection Time

(LVET), were associated with favorable clinical results.

Conclusion: Early invasive PiCCO monitoring is safe in critically ill elderly

patients with severe heart failure. The hospital stay was reduced using PiCCO

monitoring. These encouraging PiCCO results favor its use in elderly patients

with severe heart failure at CCUs.
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Introduction

Water-sodium retention is the main cause of hospital
admission for patients with heart failure, and volume
management is the standard of care for heart failure (1–
3). Hemodynamic monitoring is of great significance for
patients with severe heart failure in order to provide volume
management and organ perfusion therapy. It also plays a key
role in individualized treatment.

However, common indicators, such as central venous
pressure (CVP) and pulmonary capillary wedge pressure
(PCWP), cannot accurately reflect volume status because they
are affected by myocardial compliance, ventilator, respiratory
movement, and thoracic and abdominal pressure (4, 5). While
indicators measured using a pulmonary artery catheter are the
gold standard, this method’s application is limited due to safety
concerns and cost considerations.

Advances in technology have resulted in new procedures,
such as pulse-induced contour cardiac output (PiCCO), which
can offer precise monitoring of cardiovascular functions and
hemodynamic parameters (6–8). Compared to the traditional
invasive right heart catheterization, PiCCO has the advantages
of simple operation, safety, and long indwelling time (4,
5). In addition, thoracic electrical bioimpedance (TEB) and
transthoracic echocardiography are two commonly used
methods for non-invasive hemodynamic monitoring (9, 10).

At present, PiCCO and non-invasive TEB-based
hemodynamic monitoring are used to monitor and guide
the treatment of patients with severe heart failure and shock.
Which of the two methods is better has not been studied
in elderly patients with severe heart failure. Data on elderly
patients with heart failure is lacking, so the effect of early
hemodynamic monitoring on the results in these patients and
safety of invasive PiCCO monitoring for clinical treatment
guidance are unknown.

Material and methods

The study protocol was approved by the Ethics Review
Board of Chinese PLA general hospital (Beijing, China).

Ethics statement

These authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and resolved.
The trial was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by the
Ethics Review Board of Chinese PLA general hospital (Beijing,
China) (NO. 16BJZ22) and informed consent was taken from all
individual participants.

Subjects

Elderly patients with coronary heart disease and severe
heart failure were consecutively enrolled in the present
study. PiCCO and non-invasive hemodynamic indicators were
measured and relationships among these indicators and adverse
events were prospectively observed in order to evaluate
the safety of invasive PiCCO monitoring and correlation
between monitoring index and hospital results in elderly
patients with coronary artery disease and severe heart failure.
Each patient or his/her family signed the informed consent
before the study.

A total of 190 elderly patients with severe heart failure from
CCU admitted to the Second Clinical Center of Chinese PLA
general hospital between January 2016 and December 2020 were
consecutively enrolled in the study. The PiCCO group included
89 patients aged 68–96 years, with a mean age of 82.30 ± 10.70
years. The non-invasive group included 101 patients aged 67–
95 years, with a mean age of 81.10 ± 8.60 years.

Inclusion and exclusion criteria

Inclusion criteria were as follows: known history of coronary
heart disease; orthopnea (inability to lie down); wet rales in
the lungs; edema in the lower extremities; echocardiography
showing left ventricular end-diastolic diameter of >50 mm and
left ventricular ejection fraction (LVEF) of <50%, or chest X-ray
showing pulmonary congestion or edema; and type I respiratory
failure (partial pressure of oxygen of <50 mm Hg even after
oxygen therapy, requiring tracheal intubation and mechanical
ventilation after conventional treatments, such as cardiotonic
therapy, diuretics, and vasoactive drugs). Exclusion criteria were
as follows: heart failure with uncontrolled severe infection, and
pulmonary diseases.

Study design

This was a prospective observational study with two study
groups: the PiCCO group and the non-invasive group.

Groups and indicators

In the PiCCO group, a central venous catheter was inserted
into the subclavian vein, and an artery thermistor catheter was
inserted into the femoral artery. The PiCCO2 monitor (Pulsion
Medical Systems, Munich, Germany) was then connected. After
a bolus injection of 15 mL of ice-cold saline via the central
venous line, the indicators were measured three times, and the
mean value was recorded for further analysis. Specifically, CI
(cardiac index), GEDVI (global end-diastolic volume index),
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EVLWI, and systemic vascular resistance index were measured
to guide volume management.

In the non-invasive group, the BioZ digital non-invasive
hemodynamic monitor (Cardio Dynamics, USA) was used.
The patient’s height, weight, age, and sex were entered when
prompted on the monitor screen. Monitoring began once
the cardiac function curve was steady. Monitored indicators
included CI, systemic vascular resistance (SVR), acceleration
index (ACI; myocardial contractility index), thoracic fluid
content (TFC), systolic time ratio (STR), LVET, and pre-ejection
period (PEP). Each indicator was measured three times, and the
mean value was recorded for further analysis.

A central venous line was inserted via the subclavian vein
to monitor CVP in both groups. In addition, echocardiography
was performed (patient position: hip angle of 30◦, half-
seating position) to measure LVEF, LVET, and PAP. All
echocardiography exams were performed by the same
experienced sonographer.

A blood sample was collected from both groups on the same
day as hemodynamic monitoring to measure N-terminal pro-
B-type natriuretic peptide (NT-proBNP), myocardial marker
cardiac troponin I/T (cTnI/T), serum creatinine (SCr), and
serum albumin (Alb) at the clinical laboratory of Chinese PLA
general hospital.

Treatments

For the PiCCO group, the normal reference ranges were
680–800 mL/m2 for GEDVI and 3.0–7.0 mL/kg for EVLWI.
PiCCO monitoring was discontinued after EVLWI had been
stable for at least 2 days.

For the non-invasive group, the normal reference ranges
were 4–8 L/min for CO, 2.5–4.2 L/min/m2 for CI, 770–1,500
dynes/s/cm−5 for SVR, 70–150 s2 (male) and 90–170 s2 (female)
for ACI, 30–45 �−1 (male) and 21–37 �−1 (female) for TFC,

0.3–0.5 for STR, 50–120 ms for PEP, and 250–350 ms for LVET.
CVP was kept at 8–10 mmHg, and the volume was managed
based on signs of pulmonary edema on a chest X-ray and
NT-proBNP level.

Hypoproteinemia was corrected in both groups to keep
albumin >30 g/L. Loop diuretics (i.v. intravenous injection),
aldosterone receptor antagonists (p.o. per os), and recombinant
human BNP (i.v. intravenous injection), as well as vasoactive
drugs and positive inotropic drugs, were used to manage
volume. Two groups were treated with full course according
to the course of recombinant human BNP, and loop diuretics
as needed. In addition, measures were taken to prevent and
treat infection.

Based on the PiCCO monitoring, decision tree, and clinical
symptoms, patients with low CI or CO received cardiotonic
therapy until CI or CO improved. Patients with low GEDVI
received rehydration therapy (fluid replenishment). Patients
with high EVLWI received loop diuretics (i.v.), aldosterone
receptor antagonists (p.o.), and recombinant human BNP
(i.v.) to rapidly reduce the circulating volume and improve
cardiac function.

Clinical and hospital medical records were reviewed
as part of in-hospital results to collect information
about serious cardiac events, including unstable angina,
myocardial infarction, revascularization, heart failure, and
cardiac death. A 3-month hospital stay was considered a
minor adverse event.

Statistical analysis

SPSS v22.0 (IBM SPSS Statistics 22) was used for data
analysis. Normally distributed measurement data were
expressed as mean ± standard deviation and analyzed
using a Student’s t-test. Non-normal distribution data were
expressed according to the quartile, and the non-parametric test

TABLE 1 Clinical data for PiCCO and non-invasive groups.

Variables PiCCO group (n = 89) Non-invasive group (n = 101) P

Age (year) 82.30 ± 10.70 81.10 ± 8.60 0.679

Sex (%) 10 (12%) 10 (10%) 0.701

BMI (kg/m2) 21.46 ± 3.60 22.94 ± 3.80 0.190

NT-proBNP (pg/ml) 3276.51 (1591.50, 11372.0) 2357.15 (1328.07, 7014.29) 0.371

cTnI (µg/L) 0.62 (0.31, 1.88) 1.20 (0.60, 3.61) 0.342

CTnT (ng/ml) 0.20 (0.08, 0.77) 0.27 (0.12, 0.97) 0.738

SCr (µmol/L) 142.64 ± 86.83 102.37 ± 53.64 0.080

Alb (g/L) 29.45 ± 2.21 28.45 ± 4.02 0.460

Ultrasound LVEF (%) 40.60 ± 9.00 45.70 ± 7.20 0.534

Ultrasound LVET (ms) 274.00 ± 18.19 277.42 ± 24.30 0.596

Ultrasound AP (mmHg) 38.72 ± 10.61 37.63 ± 12.18 0.753

CVP (cmH2O) 13.96 ± 6.78 12.74 ± 5.71 0.430

PiCCO, pulse-induced contour cardiac output; BMI, body mass index; NT-proBNP, N-terminal pro b-type natriuretic peptide; cTNI/T, cardiac troponin I/T; SCr, serum creatinine; Alb,
albumin; LVEF, left ventricular ejection fraction; LVET, left ventricular ejection time; PAP, pulmonary artery pressure; CVP, central venous pressure.
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method is applied. Analysis of variance was performed
to compare time points. Cox regression analysis was
used to describe outcome data. P < 0.05 was considered
statistically significant.

Results

In-hospital mortality and morbidity

No significant difference in age, sex, body mass index
(BMI), left cardiac indices (per echocardiography), SCr (kidney
function), serum albumin, NT-proBNP (cardiac function), or
CVP (myocardial injury, volume status) was observed between
the PiCCO and non-invasive groups (P > 0.05; Table 1).
The incidence of serious 1-month cardiac events (myocardial
infarction, revascularization, heart failure, and cardiac death)
did not differ between groups (44 vs. 40%, P = 0.787; Table 2).
The 1-month death rate wasn’t difference between the two
groups (16.0 vs. 35.0%, P = 0.141) in elderly patients with severe
heart failure (Table 2). The difference in the 1-month death rate
was not statistically significant, which may be related to the small
sample size. However, the CCU stay was shorter in the PiCCO
group than in the non-invasive group (40.0 vs. 43.0%, P = 0.049;
Table 2).

In the multivariate Cox regression analysis of 1-month
adverse effects in the two groups, PiCCO monitoring was
an independent predictor of survival in elderly patients with
coronary heart disease and severe heart failure [hazard ratio
(HR) = 0.54, 95% confidence interval (CI) 0.087–1.45, P = 0.187)
after controlling for age, sex, and weight.

Correlation between 1-month
mortality endpoint and hemodynamic,
invasive, and non-invasive
pulse-induced contour cardiac output
indicators

Stepwise regression analysis of all hemodynamic indicators
showed that BMI and ultrasound PAP (uPAP) were correlated
with the 1-month mortality endpoint. BMI and PAP were

TABLE 2 Follow-up data for the two groups.

Group Hospital
stay

Cardiac
events

1-month
mortality

PiCCO group 40% 44% 16%

Non-invasive
group

43% 40% 35%

P 0.049 0.787 0.141

PiCCO, pulse-induced contour cardiac output.

independent risk factors for minor adverse events. BMI was
negatively correlated with 1-month mortality (HR = 0.808,
95%CI 0.683–0.956, P = 0.013;Table 3), and uPAP was positively
correlated with 1-month mortality (HR = 1.052, 95%CI 1.009–
1.096, P = 0.017; Table 3).

With regard to invasive PiCCO indicators, EVLWI
(HR = 1.390, 95%CI 1.007–1.071, P = 0.045) was an independent
risk factor for 1-month mortality after controlling for age, sex,
and weight using multivariate Cox regression analysis (Table 3).
For non-invasive indicators, PAP (HR = 1.088, 95%CI 1.028–
1.152, P = 0.004) and LVET (HR = 0.968, 95%CI 0.937–0.999,
P = 0.045) were independent risk factors for 1-month mortality
(Table 3).

Discussion

This clinical study is the first real-world prospective
observational study to investigate the safety and efficacy of
early PiCCO monitoring in elderly patients with coronary
heart disease and severe heart failure. The results showed that
invasive PiCCO monitoring reduced the risk of hospital/CCU
stay without increasing the incidence of 1-month mortality,
which is consistent with other reports (11, 12). PiCCO
indicators reflect cardiac function in order to precisely and
accurately diagnose, treat, and prevent. PiCCO monitoring is
superior to conventional CVP monitoring in helping to improve
the symptoms and prognosis of patients with shock-induced
hemodynamic instability (13).

The value of PiCCO monitoring for improving patient
outcomes is still under debate. PiCCO monitoring can be used
to guide volume support, rehydration, and cardiotonic therapy,
thereby aiding individualized management to protect the heart,
kidneys, and lungs and achieve timely and effective reversal of
the pathophysiological changes occurring during heart failure

TABLE 3 Correlations between indicators and 1-month mortality
endpoint (multivariate analysis).

HR (95% CI) P-value

BMI 0.808 (0.683–0.956) 0.013

uPAP 1.052 (1.009–1.096) 0.017

CTnI 0.963 (0.735–1.260) 0.782

CTnT 1.087 (0.189–6.250) 0.926

NT-proBNP 1.000 (1.000–1.000) 0.771

SCr 1.001 (0.824–0.992) 0.824

LVET 0.968 (0.937–0.999) 0.045

PAP 1.088 (1.028–1.152) 0.004

EVLWI 1.390 (1.007–1.919) 0.045

HR, hazard ratio; CI, confidence interval; BMI, body mass index; cTnI/T, cardiac
troponin I/T; NT-proBNP, N-terminal pro b-type natriuretic peptide; SCr, serum
creatinine; LVET, left ventricular ejection time; uPAP, ultrasound pulmonary artery
pressure; EVLWI, extravascular lung water index.
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(14–16). Early intervention and targeted treatment were guided,
thus improving patient conditions. Some studies have found
that among patients undergoing abdominal emergency surgery,
the incidence of surgical complications was higher and the
prognosis was worse in the PiCCO monitoring group than in
the conventional hemodynamic monitoring group (11), and
that PiCCO monitoring did not reduce the incidence of kidney
failure in patients undergoing abdominal surgery (13, 16). Other
studies have shown that PiCCO monitoring helped to reduce
postoperative complications and hospital stay duration with
no apparent effect on mortality or patient outcomes. This
discrepancy may be due to intervention delays associated with a
high treatment threshold or mismatches between the threshold
and patient condition. Taken together, most evidence shows that
PiCCO monitoring improves prognosis, although it appears to
have no effect on mortality and morbidity (11). This was also
demonstrated by the present results, where the CCU stay was
shorter in the PiCCO group than in the non-invasive group.
PiCCO group has potential economic benefits.

Hemodynamic indicators are correlated with prognosis.
EVLWI was positively correlated with 1-month mortality in the
present study. PiCCO monitoring can detect a small increase in
EVLWI (10–15%), while chest X-ray is negative until EVLWI
has increased by 100–300%. Because it is far more sensitive
than chest X-ray in evaluating pulmonary edema, EVLWI is
a better indicator for guiding early use of diuretics to actively
reduce fluid load in the body, thereby improving the symptoms
and prognosis in heart failure patients (9) EVLWI is correlated
with prognosis in shock patients and positively correlated with
mortality (17). EVLWI may also be used to guide diuretic
therapy to improve the survival and prognosis in patients with
heart failure or shock (18). EVLWI is an independent risk factor
and can be used as an auxiliary indicator for prognosis in elderly
patients with severe heart failure.

The present study also demonstrated that other
hemodynamic indicators were correlated with prognosis. A low
BMI is an independent risk factor for 1-month mortality in
patients with post-infarction heart failure. It also indicates poor
life quality, which has been illustrated by prior studies (19).
PAP is also an independent risk factor for 1-month mortality,
although some studies have shown that PAP is uncorrelated
with adverse prognosis (20). However, multifactor regression
analysis showed that PAP was correlated with adverse prognosis
in the present and other studies (21). In addition, LVET has been
shown to be an independent predictor of heart failure and death
(22), which was also noted by the present study. In summary,
low ELWI, high BMI, low PAP, and high LVET are associated
with favorable results.

All of the patients participated in the hospital investigation
and provided complete data, thereby providing strong evidence
for the present conclusion. The data showed that PiCCO
reduced the 1-month hospital mortality and hospital stay. The
reasons for this decrease were based on the PiCCO monitoring,

decision tree, and clinical symptoms. Patients with low CI
received cardiotonic therapy, those with low GEDVI received
rehydration therapy (fluid replenishment), and patients with
high EVLWI received loop diuretics (i.v.) to rapidly reduce the
circulating volume and improve cardiac function.

This study had some limitations. The threshold (per
decision tree) had to be combined with clinical symptoms in
order to enable individualized treatment. In this prospective
observational study, the two groups of patients were
comparable. However, it was a small, single-center study with
a short follow-up time. Studies with a larger sample size and
longer duration are needed to validate the present results.

In summary, this prospective observational study
demonstrated that PiCCO monitoring is safe and can be
effectively used for early monitoring of elderly patients with
severe heart failure.
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