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Abstract
BACKGROUND
Cardiogenic shock (CS) secondary to acute myocardial infarction (AMI)
complicates management of the condition, and often leads to poor prognosis.
Prompt and accurate monitoring of cardiovascular and accompanying
hemodynamic changes is crucial in achieving adequate management of the
condition. Advances in technology has availed procedures such as pulse index
continuous cardiac output (PiCCO), which can offer precise monitoring of
cardiovascular functions and hemodynamic parameters. In this study, PiCCO is
evaluated for its potential utility in improving management and clinical
outcomes among elderly patients with AMI complicated by CS.

AIM
To assess whether use of the PiCCO system can improve clinical outcomes in
elderly patients with AMI complicated by CS.
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METHODS
Patients from emergency intensive care units (EICU) or coronary care units
(CCU) were randomized to receive PiCCO monitoring or not. The APACHE II
score, SOFA score, hs-TnI, NT-proBNP, PaO2/FiO2 ratio and lactate levels on day
1, 3 and 7 after treatment were compared. The infusion and urine volume at 0-24
h, 24-48 h and 48-72 h were recorded, as were the cardiac index (CI),
extravascular lung water index (EVLWI), intrathoracic blood volume index
(ITBVI) and global end diastolic volume index (GEDVI) at similar time intervals.

RESULTS
Sixty patients with AMI complicated by CS were included in the study. The
PiCCO group had a significantly lower APACHE II score, SOFA score, hs-TnI
and NT-proBNP levels on day 1, 3 and 7 after treatment. The infusion and urine
volume during 0-24 h in the PiCCO group were significantly greater, and this
group also showed significantly higher ADL scores. Furthermore, the PiCCO
group spent lesser days on vasoactive agents, mechanical ventilation, and had a
reduced length of stay in EICU/CCU. Additionally, the CI was significantly
higher at 48 h and 72 h in the PiCCO group compared with that at 24 h, and the
EVLWI, ITBVI and GEDVI were significantly decreased at 48 h and 72 h.

CONCLUSION
Applying the PiCCO system could improve the clinical outcomes of elderly
patients with AMI complicated by CS.

Key words: Pulse index continuous cardiac output; Elderly patients; Cardiogenic shock;
Acute myocardial infarction

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Previous studies investigating the usefulness of the pulse index continuous
cardiac output (PiCCO) system have mainly focused on patients with septic shock, acute
respiratory distress syndrome and necrotizing pancreatitis. There are few reported studies
conducted in elderly patients with acute myocardial infarction (AMI) complicated by
cardiogenic shock (CS). Therefore, the aim of the present randomized controlled trial
was to assess whether the application of PiCCO could improve clinical outcomes for
elderly patients with AMI complicated by CS.

Citation: Zhang YB, Zhang ZZ, Li JX, Wang YH, Zhang WL, Tian XL, Han YF, Yang M,
Liu Y. Application of pulse index continuous cardiac output system in elderly patients with
acute myocardial infarction complicated by cardiogenic shock: A prospective randomized
study. World J Clin Cases 2019; 7(11): 1291-1301
URL: https://www.wjgnet.com/2307-8960/full/v7/i11/1291.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i11.1291

INTRODUCTION
Acute myocardial infarction (AMI) is a leading cause of hospitalizations and mortality
worldwide.  The incidence of AMI increases progressively with age,  and a larger
proportion of patients presenting with AMI in the future is predicted to be older than
65 years. Classic symptoms of AMI include chest pain but, in the elderly, atypical
presentations  without  chest  pain  are  more  common;  this  may lead to  missed or
delayed diagnosis[1]. Cardiogenic shock (CS) is a primary complication following AMI,
and is the main cause of early death[2]. Therefore, AMI complicated by CS remains one
of  the  most  serious  and challenging conditions  to  manage,  with  mortality  rates
approaching 50-80% according to data from the SHOCK registry[3,4].  Additionally,
elderly patients, with a variety of disorders and multiple organ dysfunction have
significantly higher mortality risks[5,6]. When it occurs, CS is an emergency requiring
rapid diagnosis and effective clinical management. Hemodynamic monitoring and the
associated  fluid  therapy  are  of  critical  importance  in  the  management  of  these
conditions. Prognosis of CS depends on the degree of hemodynamic abnormalities. In
critical care settings, the management and optimization of fluid status remains a
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considerable challenge because inadequate circulatory volume can lead to insufficient
tissue perfusion and oxygen delivery, whereas fluid overload can cause heart failure
and pulmonary edema. Thus, inadequate fluid balance can increase the mortality
associated with these conditions. For this reason, a monitoring method capable of
reflecting the real status of the entire circulatory system is paramount for sufficient CS
management.

Pulse index continuous cardiac output (PiCCO) is an efficient advanced procedure
of  continuously  monitoring  the  hemodynamic  status  in  clinical  practice.  The
procedure is based on the use of a specific thermodilution arterial (femoral, brachial,
or axillary) catheter and a central venous line[7]. The technique is minimally invasive,
and can quantify different hemodynamic parameters reflecting the vascular tone,
preload, and cardiac function. Cardiac function profiles that can be discerned from
PiCCO  include  cardiac  output,  intrathoracic  blood  volume  (ITBV),  global  end-
diastolic volume (GEDV), extra vascular lung water (EVLW) and peripheral vascular
resistance. Monitoring these parameters can enable a clinician to optimize volume
status, myocardial contractility, and tissue perfusion[8]. Previous studies investigating
the usefulness of the PiCCO system have mainly focused on patients with septic
shock[9,10],  acute respiratory distress syndrome[10,11]  and necrotizing pancreatitis[12],
while  there  are  few  available  studies  conducted  in  elderly  patients  with  AMI
complicated by CS. Therefore, the aim of the present randomized controlled trial was
to assess whether the application of PiCCO can improve clinical outcomes for elderly
patients with AMI complicated by CS.

MATERIALS AND METHODS

Patient selection
This prospective study was conducted from January 2015 to January 2017 in the
Department of Emergency Medicine, PLA Army General Hospital, Beijing, China. The
study was approved and monitored by the Institutional Review Board of the PLA
General Hospital, Beijing, China. The registration identification number for the study
is ChiCTR-IOC-16009923. Patients admitted to the emergency intensive care unit
(EICU) or coronary care unit (CCU) were recruited if they were over 65 years of age
and had CS consequent to AMI. The diagnosis of AMI was confirmed as follows: (1)
An increase in cardiac troponin I (cTnI) or creatine kinase-MB (CK-MB) levels above
the 99th percentile of a healthy; (2) Characteristic electrocardiogram (ECG) changes-
either  ST  segment  elevation,  new  ST  segment  depression  or  T  wave  flattening,
inversion; and (3) At least one of the following signs or symptoms: (a) Persistent
ischemic  chest  pain;  (b)  Echocardiographic  findings/segmental  wall  motion
abnormalities; and (c) Abnormal coronary angiography findings. CS was diagnosed
on the basis of the following criteria: (1) Objective evidence of cardiac dysfunction; (2)
Systolic blood pressure < 90 mmHg for at least 30 min, or vasopressors required to
maintain the systolic blood pressure ≥ 90 mmHg; (3) A reduced cardiac index (CI) (<
2.2 L/min/m2); and (4) Clinical signs of tissue hypoperfusion (cold, clammy skin,
altered mental  status,  oliguria or peripheral  vasoconstriction).  Exclusion criteria
included the following: viral myocarditis, pericardial tamponade, CS due to chronic
heart failure and congenital heart disease, malignant tumor, septic shock and multiple
organ dysfunction syndrome, moribund, or informed consent cannot be obtained;
contraindications to catheter insertion, including overlying infection and arterial
grafting;  conditions likely to render PiCCO measurements inaccurate,  including
intracardiac shunts, significant tricuspid regurgitation, and cooling or rewarming. A
written informed consent form was provided by family members of the patients, and
the study was approved by the Ethics Committee of PLA Army General Hospital.

This study aimed to explore the clinical efficacy of PiCCO versus control group in
the treatment of elderly patients with AMI complicated by CS. The patients were
randomized  into  the  two  groups.  The  APACHE  II  score  was  used  as  the  main
measuring  index.  Considering  the  outcomes  based  on  the  work  by  Zhang  and
colleagues[13],  a  minimum sample  size  of  20  patients  in  each group (control  and
PiCCO) was determined to be enough to provide statistical differences with α = 0.05
and 80% power, assuming a 20% failure rate.

Treatment methods
Patients that met the inclusion criteria were randomly assigned to either PiCCO or
control  groups  based  on  the  random  number  table  method.  The  control  group
received  conventional  treatment,  such  as  ECG  monitoring,  oxygen  inhalation,
establishing  intravenous  access  and  inserting  a  central  venous  catheter  for  the
measurement of central venous pressure (CVP). Anticoagulants, antiplatelet agents
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and antiarrhythmic therapy were offered. Emergency revascularization with direct
percutaneous coronary intervention (PCI) or emergency coronary artery bypass graft
(CABG) was required. If patients were not suitable for receiving revascularization
therapy, intravenous thrombolysis was given. In the control group, blood pressure,
heart rate and CVP were used to guide fluid resuscitation therapy, including the
administration of intravenous fluid, vasoactive agents, diuretics or inotropic drugs to
maintain appropriate cardiac output.

For the patients enrolled in the PiCCO group, either they themselves or their legal
representatives signed the consent forms for arterial  catheterization.  The PiCCO
procedure was conducted within 2 h of patient enrollment. A central venous catheter
was placed into a central vein (right subclavian or jugular vein), and a thermistor-
tipped arterial catheter was inserted into the femoral artery; both were then connected
to the PiCCO system for detecting hemodynamics[14]. An infusion via central venous
catheter was stopped for at least 30 s before the infusion of saline. Then, 10-15 mL of
normal saline at a temperature of 0-8 °C was injected into the central vein, and various
hemodynamic  parameters  were  obtained via  the  analysis  of  variations  in  blood
temperature taken by the temperature sensor of the arterial catheter[15]. At least three
cold boluses were considered necessary for each calibration to obtain readings with
acceptable precision. The measurements of hemodynamic parameters representing an
average of three readings were recorded at least every 8 h[16]. These hemodynamic
parameters  were  used  to  guide  the  application  of  vasoactive  drugs,  fluids  and
diuretics according to the protocol of our institution on the basis of conventional
treatment.  If  CI  < 3  L/min/m2,  global  end-diastolic  volume index (GEDI)  < 680
mL/m2 and extravascular lung water index (EVLWI) < 3 mL/kg, intravenous fluid
was applied. Vasoactive drugs (inotropes and vasopressors) were used to improve
cardiac contractility when CI < 3 L/min/m2, 800 mL/m2 > GEDI > 680 mL/m2 and
EVLWI < 3 mL/kg. If CI < 3 L/min/m2, GEDI > 800 mL/m2 and EVLWI > 3 mL/kg,
both vasoactive drugs and diuretics were applied. If CI > 3 L/min/m2, GEDI < 680
mL/m2  and  EVLWI <  3  mL/kg,  intravenous  fluid  was  administrated.  If  CI  >  3
L/min/m2, 800 mL/m2 > GEDI > 680 mL/m2 and EVLWI < 3 mL/kg, there was no
need to give intravenous fluid, and real-time monitoring was performed based on the
changes of patient conditions. Diuretics were used to reduce fluid overload when CI >
3 L/min/m2, GEDI > 800 mL/m2 and EVLWI > 3 mL/kg. The target was to maintain
5 L/min/m2 > CI > 3 L/min/m2, 800 mL/m2 > GEDI > 680 mL/m2 and EVLWI < 3
mL/kg. The PiCCO procedure was discontinued and removed if  the patient was
clinically stable for 48 h, as determined by the attending physicians. The system was
maintained for a maximum of 10 d. If catheter-related bloodstream infection was
suspected, the central venous catheter was removed and sent for microbiological
study, and the catheter was exchanged for a new one.

Data collection
The following data were recorded: age, sex, body mass index, comorbidities, acute
physiology and chronic health evaluation II (APACHE II) score, sequential organ
failure assessment (SOFA) score, high-sensitive Troponin I (hs-TnI), N-terminal pro-
brain natriuretic peptide (NT-proBNP), PaO2/FiO2 ratio, lactate levels, urine output,
infusion volume, activities of daily living (ADL) scale, days on vasoactive agents,
days  on mechanical  ventilation,  duration of  mechanical  ventilation,  EICU/CCU
length of stay and incidence of pulmonary edema. The CI, EVLWI, ITBVI, and GEDVI
were recorded at various time points: 0-24 h, 24-48 h and 48-72 h of the PICCO group.

Statistical analysis
Statistical analyses were completed using SPSS 17.0 software. Data are reported as the
mean (standard deviation) or number (%). Outcomes were compared between two
groups  with  two-sided  t-tests  for  continuous  variables  and  chi-square  tests  for
categorical variables; ANOVA was used to calculate multi-parametric significance. All
tests were two-sided, and P < 0.05 was considered to be statistically significant.

RESULTS

Comparison of baseline characteristics in patients
The patient screening process is as outlined in Figure 1. A total of 92 patients were
assessed for  eligibility  to  participate  in  the  study.  Out  of  this,  21  patients  were
excluded for: not meeting inclusion criteria (n = 13), declined to participate (n = 5),
and other reasons (n  = 3). The remaining 71 patients were randomized to control
group (n = 35) and PICCO group (n = 36). However, in the control group, 5 patients in
the control group were lost to follow-up, leaving 30 patients who completed the
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study. On the other hand, in the PICCO group, 34 patients received the procedure, 2
patients did not receive the procedure due to relative’s refusal, and 4 patients were
lost to follow-up. Therefore 30 patients from this group were analyzed at the end of
the study. Consequently, a total of 60 patients, comprising 34 men and 26 women,
with AMI complicated by CS were included in the present study. The age range was
66-87 years. Baseline characteristics of patients in the two groups are presented in
Table 1. No statistically significant differences regarding baseline characteristics of
patients between the two groups were observed (all P > 0.05).

Comparison of clinical outcome variables in patients
A comparison was made of the APACHE II score, SOFA score, hs-TnI, NT-proBNP,
lactate levels and oxygenation index on day 1, 3 and 7 after treatment between the
groups (Table 2). In the PiCCO group, APACHE II score, SOFA score, hs-TnI and NT-
proBNP  levels  gradually  decreased  after  treatment,  and  these  indicators  were
significantly lower (P < 0.05 or P < 0.01) in comparison to the control group. When
comparing oxygenation index and lactate levels, no significant difference on day 1
and 3 after treatment was seen between two groups (P > 0.05). However, on day 7
after treatment, the PiCCO group showed greater oxygenation indices and lower
lactate levels (P < 0.05).

The infusion and urine volume at various time frames are presented in Table 3. The
infusion (P < 0.05) and urine volume (P < 0.01) during 0-24 h in the PiCCO group was
significantly  greater  than the  control  group.  Notably,  there  were  no differences
between the two groups in the infusion and urine volume between 24-48 h and 48-72
h.

A comparison was made of the primary outcomes of ADL score, and secondary
outcomes such as the days on vasoactive agents,  days on mechanical ventilation,
duration of  mechanical  ventilation,  EICU/CCU length of  stay and occurrence of
pulmonary edema between the two groups (Table 4).  The PiCCO group showed
significantly higher ADL scores (P  = 0.000)  compared to control  group.  Days on
vasoactive agents (P = 0.013), duration of mechanical ventilation (P = 0.000), days on
mechanical ventilation (P = 0.011) and EICU/CCU length of stay (P = 0.005) were
significantly  lower in  the  PiCCO group than in  the control  group.  However,  no
significant difference was observed in the incidence of pulmonary edema between the
two groups (P = 0.589).

The  parameters  CI,  EVLWI,  ITBVI  and GEDVI  were  assessed at  various  time
points, and the results are summarized in Table 5. The results show that the levels of
EVLWI (P = 0.000), ITBVI (P = 0.000) and GEDVI (P = 0.000) were significantly lower
at 48 h and 72 h than those at 24 h. On the other hand, the value of CI (P = 0.001) was
significantly higher at 48 h and 72 h than that at 24 h.

DISCUSSION
AMI is a serious cardiovascular emergency, and CS, characterized by inadequate
tissue perfusion resulting from cardiac dysfunction, is a dreadful complication of
AMI, occurring in around 10% of patients with AMI[17]. Elderly patients with AMI are
more likely to have severe coronary artery disease and large MI size, and most of
them often suffer from diabetes mellitus, hypertension and other chronic diseases.
The clinical features and prognosis associated with AMI in the elderly warrant special
consideration. The elderly are considered to be at high risk for AMI complicated by
CS[18]. Abnormal distribution of systemic blood flow upon CS leads to absolute or
relative lack of effective circulating blood volume, which also makes CS refractory. To
improve prognosis, in addition to the need for an early and accurate diagnosis, fast
coronary artery revascularization including PCI and CABG is performed to improve
perfusion.  Then,  medications  such  as  vasoactive  drugs,  diuretics  and  positive
inotropic  agents  are  a  key  component  of  treatment  strategies  for  hemodynamic
stabilization and shock reversal. For these critically ill patients, effective mechanical
circulatory support is also required.

Presently, there are several different monitoring systems available for patients with
circulatory failure to evaluate cardiac output, cardiac function and preload. However,
none of these methods are ideal, as they do not meet all the criteria in being non-
invasive, continuous, safe, reproducible and having a fast response time. Pulmonary
artery catheterization, also known as Swan-Ganz catheter, has been accepted as a gold
standard for the clinical measurement of cardiac output for more than 20 years, and it
is  an important  hemodynamic monitoring tool  for  critically  ill  patients  to  guide
diagnosis  and  treatment.  However,  its  use  has  progressively  declined  due  to
difficulties in data interpretation and the potential  development of  serious com-
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Table 1  Baseline characteristics of patients in PiCCO and control groups

PiCCO group, n = 30 Control group, n = 30 P value

Age in yr 76.37 ± 6.67 75.93 ± 6.55 0.801

Male 18 (60.0%) 16 (53.3%) 0.602

BMI 24.89 ± 2.90 24.50 ± 3.52 0.752

Comorbidities

Hypertension 18 (60.0%) 15 (50.0%) 0.436

Hyperlipidemia 8 (26.7%) 7 (23.3%) 0.766

Diabetes 8 (26.7%) 7 (23.3%) 0.766

Pneumonia 8 (26.7%) 6 (20.0%) 0.542

Respiratory failure 3 (10.0%) 4 (13.3%) 0.688

APACHE II score 24.07 ± 6.54 26.03 ± 7.00 0.266

SOFA score 10.07 ± 3.34 10.09 ± 3.23 0.330

Hs-TnI in ng/mL 0.39 ± 0.32 0.48 ± 0.32 0.304

NT-proBNP in pg/mL 10459.47 ± 4784.84 12871.13 ± 8681.39 0.189

PaO2/FiO2 in mmHg 239.18 ± 96.67 252.50 ± 109.64 0.619

Lac in mmol/L 2.32 ± 1.13 2.40 ± 1.35 0.820

Continuous data are expressed as mean ± SD. Categorical variables are expressed as n (%). PiCCO: Pulse
index continuous cardiac output; BMI: Body mass index; APACHE II: Acute physiology and chronic health
evaluation II; SOFA: Sequential organ failure assessment; Hs-TnI: High-sensitive Troponin I; NT-proBNP: N-
terminal pro-brain natriuretic peptide; PaO2/FiO2: Oxygenation index; Lac: Lactate.

plications[19,20]. Doppler echocardiography has become a standard imaging modality
for the assessment of cardiac pumping function, and can provides a number of non-
invasive  hemodynamic  measurements.  Unfortunately,  its  clinical  utility  for
hemodynamic monitoring is limited by the fact that echocardiography cannot be used
as a continuous monitoring procedure at the patient’s bedside[21,22]. Intra-aortic balloon
pump  counter-pulsation  (IABP)  is  a  widely  used  mechanical  assist  device  for
hemodynamic support in the clinical treatment for patients with CS due to AMI[23].
Unfortunately, in the largest randomized controlled clinical trial (IABP-SHOCK II)
where 600 patients with CS in 37 centers in Germany were enrolled, results showed
that IABP support was not associated with reduced 30-d mortality compared with
control[24].  As a result,  there are an increasing number of alternative methods for
hemodynamic  monitoring.  The PiCCO system is  one such alternative  in  clinical
practice,  integrating a wide array of both static and dynamic hemodynamic data
through a combination of the lung heat dilution method and pulse contour analysis
technique.  Readings obtained from PiCCO procedures such as CVP, GEDVI and
ITBVI provide more precise estimations of the cardiac preload, and are able to more
accurately predict a patient’s response to fluid administration[25,26]. In addition, for the
elderly with CS, the elasticity of peripheral vessels decreases and central venous
access is often required in the care of critically ill patients. During PiCCO, only a small
arterial thermodilution catheter is inserted into the femoral artery, then an accurate
assessment and monitoring of cardiac function can be performed. For this reason, use
of PiCCO is very suitable among these elderly patients.

Severity  assessment  is  necessary  for  the  management  of  patients,  including
decision-making for treatment choices and patient disposition. The results of the
present study showed that in comparison to the control group, the PiCCO group had
a  significantly  lower  APACHE II  score  and SOFA score  on  day  1,  3  and 7  after
treatment  (P  <  0.05  or  P  <  0.01).  APACHE II,  a  severity-of-disease  classification
system, has been widely used to measure the illness severity among critically ill
patients admitted to the intensive care unit (ICU). It has been demonstrated that the
APACHE II is a very useful tool to prognosticate hospital mortality of ICU patients[27].
On the other hand, the SOFA score is commonly used to quantify the degree of organ
dysfunction/failure and the prognosis of severely ill patients[28]. A previous study
showed that the SOFA score can provide potentially valuable prognostic information
for predicting long-term mortality in AMI patients[29]. Lower APACHE II and SOFA
scores indicate a decrease in disease severity. Cardiac troponin I (cTnI) is a highly
sensitive, specific marker for myocardial cell injury, and is recommended for the
management of patients presenting with AMI. However, Hs-TnI has been shown to
be more sensitive in detecting AMI than cTnI[30]. On the other hand, NT-proBNP is
synthesized by myocytes and fibroblasts principally in the ventricles in response to
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Figure 1

Figure 1  Flowchart of patient screening process in the study.

left ventricular filling pressure and wall stress[31]. In a study, blood NT-proBNP levels
showed a positive correlation with GEDVI and CI, suggesting that it can be used as a
good indicator of cardiac preload in hemodynamically unstable patients[32]. Lower
levels of both hs-TnT and NT-proBNP in the PiCCO group were associated with
sufficient coronary perfusion and improved heart function. The PaO2/FiO2 ratio is
often used as an indicator of lung function in critically ill patients. Our study found
that there were significant differences in the PaO2/FiO2 ratio and lactate levels on day
7 after treatment between the two groups (P < 0.05). This reveals that tissue oxygen
supply and metabolic status of patients in the PiCCO group improved over the course
of treatment. In terms of fluid management, although the infusion (P < 0.05) and urine
volume (P < 0.01) during 0-24 h in the PiCCO group was significantly greater than the
control group, there was no significant difference in the incidence of pulmonary
edema  (P  >  0.05).  Adequate  fluid  resuscitation  is  one  of  the  most  important
components of early management following CS, which can effectively maintain tissue
perfusion and increase aerobic metabolism.

This randomized trial showed that days on vasoactive agents, days on mechanical
ventilation and EICU/CCU length of stay (all P  < 0.05) in the PiCCO group were
significantly  lower  than in  the  control  group.  This  indicates  that  for  the  elderly
patients  with  AMI  complicated  by  CS,  the  use  of  PiCCO  technology  with  the
conventional treatment can guide accurate adjustments in the use of vasoactive drugs
and optimize mechanical ventilation therapy, thereby improving rehabilitation and
survival  of  patients.  The  patients  in  the  PiCCO  group  had  higher  ADL  scores
reflective of improved functional status. ADL scoring is an instrument widely used
for functional status assessment, and has been effective as a significant predictor of
prognosis in elderly patients with AMI[33].

Guided by the results of the study, we thus conclude that the clinical outcomes of
elderly patients with AMI complicated by CS are improved under the monitoring and
guidance of the PiCCO system. This randomized controlled trial, therefore, provides
support  for the use of  the PiCCO technique in fluid management in critical  care
settings.
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Table 2  Comparison of APACHE II score, SOFA score, Hs-TnI, NT-proBNP, PaO2/FiO2 and Lac on day 1, 3 and 7 after treatment between
PiCCO and control groups

Group No.
Treatment
time

APACHE II
score SOFA score Hs-TnI

(ng/mL)
NT-proBNP
(pg/ml)

PaO2/FiO2

(mmHg) Lac (mmol/L)

Control group 30 1 d 25.03 ± 7.35 11.31 ± 3.57 0.54 ± 0.33 13781.31 ±
9508.70

260.32 ± 111.50 2.41 ± 1.17

3 d 22.00 ± 5.61 9.00 ± 3.39 0.40 ± 0.35 11537.69 ±
9701.62

294.94 ± 102.80 2.30 ± 1.03

7 d 17.57 ± 4.89 7.09 ± 3.34 0.33 ± 0.28 9083.04 ±
7702.01

341.10 ± 98.05 1.99 ± 0.70

PiCCO Group 30 1 d 21.10 ± 5.95a 8.37 ± 3.44b 0.34 ± 0.25a 8947.00 ±
5739.86a

284.05 ± 127.06 2.15 ± 1.13

3 d 17.52 ± 4.88b 6.38 ± 3.05b 0.17 ± 0.24b 7294.83 ±
3638.23a

346.96 ± 108.39 1.80 ± 0.95

7 d 11.89 ± 3.38b 4.07 ± 2.02b 0.11 ± 0.14b 5939.14 ±
2396.84a

395.36 ± 88.20a 1.52 ± 0.74a

Data are present as mean ± SD. Compared with control group,
aP < 0.05 and
bP < 0.01. PiCCO: Pulse index continuous cardiac output; APACHE II: Acute physiology and chronic health evaluation II; SOFA: Sequential organ failure
assessment; Hs-TnI: High-sensitivity cardiac troponin I; NT-proBNP: N-terminal pro-brain natriuretic peptide; PaO2/FiO2: Oxygenation index; Lac:
Lactate.

Table 3  Infusion and urine volume in patients in PiCCO and control groups

Group No. Time frame Infusion volume in mL Urine volume in mL

Control group 30 0-1 d 2673.52 ± 945.22 1895.28 ± 717.58

1-2 d 2806.61 ± 724.07 2111.75 ± 684.02

2-3 d 2643.42 ± 674.59 2199.85 ± 666.83

PiCCO group 30 0-24 h 3201.07 ± 967.64a 2492.67 ± 868.05b

24-48 h 3162.48 ± 770.95 2363.10 ± 755.36

48-72 h 2842.76 ± 765.30 2502.76 ± 728.34

Data are present as mean ± SD.
aP < 0.05,
bP < 0.01, vs control group. PiCCO: Pulse index continuous cardiac output.

Table 4  Comparison of primary and secondary outcomes between PiCCO and control groups

PiCCO group, n = 30 Control group, n = 30 P value

Primary outcome

ADL score 66.83 ± 14.65 11.33 ± 5.71 0.000

Secondary outcomes

Days on vasoactive agents 10.04 ± 2.52 12.09 ± 3.16 0.013

Duration of mechanical ventilation in d 8.13 ± 1.51 10.81 ± 2.10 0.000

Days on MV 9.21 ± 4.40 12.39 ± 4.14 0.011

EICU/CCU length of stay 12.57 ± 2.78 14.83 ± 2.59 0.005

Pulmonary edema 18 (60%) 21 (70%) 0.589

Continuous data are expressed as mean ± SD. Categorical variables are expressed as n (%). PiCCO: Pulse index continuous cardiac output; ADL: Activities
of daily living scale; MV: Mechanical ventilation; EICU: Emergency intensive care unit; CCU: Coronary care unit.
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Table 5  The monitoring indexes of PiCCO group at three point-in-times

Index 24 h 48 h 72 h
Integral analysis Multiple comparison

Adjustment coefficients F P P1 P2 P3

CI in L/min/m2 2.16 ± 0.43 2.62 ± 0.39 2.88 ± 0.91 0.835 13.723 0.001 0.000 0.000 0.104

EVLWI in mL/kg 8.95 ± 1.85 7.59 ± 1.45 6.84 ± 0.82 1.024 21.669 0.000 0.001 0.000 0.018

ITBVI in mL/m2 972.49 ± 104.28 753.91 ± 85.28 583.18 ± 65.61 0.799 199.825 0.000 0.000 0.000 0.000

GEDVI in mL/m2 783.85 ± 88.36 604.28 ± 94.11 452.29 ± 67.89 0.948 133.476 0.000 0.000 0.000 0.000

P1 is 48 h vs 24 h, P2 is 72 h vs 24 h, and P3 is 72 h vs 48 h. CI: Cardiac index; EVLWI: Extravascular lung water index; ITBVI: Intrathoracic blood volume
Index; GEDVI: Global end diastolic volume index.

ARTICLE HIGHLIGHTS
Research background
Acute  myocardial  infarction  (AMI)  continues  to  cause  morbidity  and  mortality,  with  the
outcomes worsened by the development of cardiogenic shock (CS). Classical management of
AMI in the setting of CS is based on hemodynamic monitoring and the use of vasopressor, as
well as inotropic agents. To effectively monitor and control hemodynamic changes, techniques
such as Pulse index Continuous Cardiac output (PiCCO) can be applied. In PiCCO, a central
venous pressure (CVP) catheter and a thermodilution arterial line are used to monitor pressure
changes thereby enabling precise evaluation of cardiovascular functions. The technique has been
applied in hemodynamic assessments of conditions such as septic shock and acute respiratory
syndrome. However, there is scanty utilization of the technique reported in the management of
AMI complicated by CS, more so among elderly patients.

Research motivation
During AMI, compromised cardiovascular functions leading to CS often occur, and this can be
fatal in the absence of timely intervention. Hemodynamic changes that manifest in the setting of
CS can cause heart failure and inadequate tissue perfusion. Accurate and precise measurement
of  hemodynamic  parameters  that  reflect  the  changes  experienced during CS is  critical  for
adequate management of the condition. There is clinical need to adopt methods and techniques
that can provide the clinician with accurate hemodynamic changes for appropriate measures to
be instituted to correct the condition. When this is achieved, better prognosis following CS after
AMI can be attained.

Research objectives
The main objective of the study was to explore the usefulness of PiCCO in the management of
elderly patients who have suffered from AMI and developed CS. Accordingly, the study aimed
to evaluate and compare various hemodynamic parameters reflective of vascular tone and
myocardial contractility among patients who received the PiCCO services and the control group,
which was not assigned to receive PiCCO. A further objective was to compare the clinical
outcomes and functional status, as described by daily activity life scores, in addition to the
duration of hospitalization between the two groups.

Research methods
This was a prospective clinical  trial  study involving patients  who satisfied predetermined
inclusion criteria,  which included being over  65-years-old and having suffered from AMI,
together with encountering CS. All participants or their legal representatives provided written
informed consent to participate in the study, which received ethical approval from the Review
Board of the PLA General Hospital,  Beijing, China. Diagnosis of AMI was confirmed using
classic clinical techniques such as ECG readings, echocardiogram findings and determination of
cardiac troponin I and creatine kinase-MB levels. On the other hand, CS was established by
clinical observation of features consistent with hypoperfusion, and measurements of blood
pressure changes during the cardiac cycle. The PiCCO procedure was conducted by insertion of
a CVP catheter and a thermodilution arterial line. These allowed for the measurement of cardiac
output functions and hemodynamic parameters. Other information gathered during the study
included patients’ biodata and history of prevailing comorbidities, as well as biomarkers of AMI.
Additionally, details regarding the use of vasoactive agents, mechanical ventilation and length of
hospitalization in the emergency and critical care units were gathered. Differences between the
groups were analyzed using the SPSS 17.0 software with two-sided t-tests and chi-square tests
used for  continuous and categorical  variables,  respectively.  Multiparametric  analysis  was
performed using ANOVA and, in all cases, a P < 0.05 was considered statistically significant.

Research results
This study provides promising outcomes in the use of PiCCO among elderly patients being
managed  for  AMI  with  accompanying  CS.  Compared  to  the  control  group,  patients  who
received PiCCO services displayed statistically significant lower APACHE II and SOFA scores,
as well as lower levels of hs-TnI and NT-proBNP. Similarly, there were generally lower lactate
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levels, and a diminished oxygenation index among patients in the PiCCO group on day 7 after
treatment. Infusion and urine volumes were evidently higher (P < 0.01) in the PiCCO group in
the first day after treatment; thereafter, no differences in these parameters were discernible on
subsequent days between the two groups. There was an appreciable increase in the functional
health status of patients in the PiCCO, as demonstrated by the greater ADL scores (P < 0.001).
Moreover, patients in this group needed less critical care support, use of mechanical ventilation,
and blood pressure modifying drugs compared to the control group (all P < 0.05). The difference
in the incidence of pulmonary edema, although significantly higher among the control group,
did not reach the threshold for statistical significance (P  = 0.589). Considering indicators of
cardiac function and vascular competence, the levels of EVLWI, ITBVI and GEDVI were all
significantly lower at 48 h and 72 h as compared to 24 h after initiation of the PiCCO procedure
(P < 0.001).

Research conclusions
Our  study  provides  clinical  data  that  supports  the  need  to  consider  applying  PiCCO  in
managing elderly patients who have AMI that has been further confounded by CS. Improved
precision in the monitoring of cardiovascular and hemodynamic changes empowers the clinician
to implement appropriate and timely interventions to maintain systemic functions. Importantly,
there  is  undisputable  benefits  with  regards  to  reduced  length  and,  by  inference,  cost  of
hospitalizations when the PiCCO technique is used. Additional positive outcomes of using
PiCCO concerns the improved prognosis as manifested in better ADL scores. Based on the study
findings  and  resources  permitting,  we  argue  for  the  consideration  to  employ  the  PiCCO
procedure when attending to elderly patients with AMI who have also developed CS. More
studies involving this technique and incorporating more, and diverse patient groups are needed
to provide threshold clinical evidence that can influence future practice in managing these
conditions.

Research perspectives
Arising from the present study, it is evident that the application of PiCCO can go beyond its
traditional use in septic shock and respiratory distress syndrome. Improved clinical outcomes
observed among patients who received the PiCCO procedure call for conscious efforts to explore
this technique more routinely among related groups of patients. For greater application, more
robust data involving clinical trials in other population segments and geographical settings need
to be generated to contribute to the pool of evidence in support of the utility of this method in
managing AMI confounded by CS.
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