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Introduction
Studies of hemodynamics in critical patients under intensive 
care unit conditions have been a very difficult task until now 
[1]. There are a number of reasons for that. No instruments ca-
pable of noninvasively recording data on hemodynamics and 
metabolism, as well as the cardiovascular system performance, 
could be used. Of course it is reasonable that, according to 
the relevant methodology, all the data should be recorded on 
the 'here-and-now' basis, in real time, to enable rapid deci-
sion-making in order to save the patient's life. 
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Introduction
Studies of hemodynamics in critical patients un-

der intensive care unit conditions have been a very 
difficult task until now [1]. There are a number of 
reasons for that. No instruments capable of nonin-
vasively recording data on hemodynamics and me-
tabolism, as well as the cardiovascular system perfor-
mance, could be used. Of course it is reasonable that, 
according to the relevant methodology, all the data 
should be recorded on the 'here-and-now' basis, in 
real time, to enable rapid decision-making in order to 
save the patient's life. Such possibilities have not been 
available. Only heart rate and blood circulation were 
monitored, i.e. the parameters that can be informa-
tively evaluated post factum only and that cannot be 
used to predict the organism state. This paper pres-
ents results of noninvasive examinations in critical 
patients in an intensive care unit with the use of the 
cardiometric method. The method is implemented 
using device Cardiocode designed and manufactured 
for cardiology diagnostics [2]. Using the device it be-
comes possible to estimate the boundaries of critical 
states, which allows predicting the development of 
the patient’s condition and make adequate decisions 
without any delay at the bedside. 

Aims
The aim of the study is to analyze the hemodynam-

ics data recorded in critical patients under the inten-
sive care unit conditions.

Methods
The methods thereof is based on the ECG record-

ing, identification of the cardiac cycle phases and the 
automatic mathematical calculation of the following 
parameters: 
1. Hemodynamic parameters
SV - stroke volume of blood, ml;
MV - minute volume, l/min;
PV1 - volume of blood entering the ventricle during 
early diastole phase, ml;
PV2 - volume of blood entering the left ventricle 
during atrial systole, ml;
PV3 - volume of blood ejected by the ventricle during 
rapid ejection phase, ml;
PV4 - volume of blood ejected by the ventricle during 
slow ejection phase, ml;
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PV5 - blood volume (part of SV), pumped by the as-
cending aorta as a peristaltic pump, ml.
RV1 - ejection fraction, %. 
2. Parameters of metabolism    
Qualitative assessment of metabolism in the cardiac 
muscle fiber cells:
- Aerobic biochemical reaction (oxygen level) (in ar-
bitrary units);
- Glycolytic reactions (lactate level) (in arbitrary units);
- Level of phosphocreatine (in arbitrary units).
The experimental studies have been conducted with 
the use of hemodynamic PC-assisted analyzer "Car-
diocode”, Approval No. RU 26797 issued by Ro-

szdravnadzor, July, 12, 2011, Specifications TU 9441-
001-73270813-2006.
The research study program has included the  
following:
1. Noninvasive hemodynamic examinations at least in 30 
patients under critical conditions in intensive care unit.
2. Studying diagnosis of each examinee's according to 
his/her medical history at admission to hospital.
3. Recording the cardiometric parameters on the basis 
of periodic monitoring.
4. Identifying the boundaries in the critical hemody-
namic and metabolic parameters, beyond which the 
lethal outcome occurs.

Figure 1. Cardiometric data upon completion of one measurement procedure.

Figure 2. The monitoring data on hemodynamics in the above patient. Six measurements have been made.
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Results and discussion 
The cohort of 36 patients has been covered by the 

above hemodynamic examinations, and 28 of the ex-
amined patients have died. The obtained information 
was compared with the medical history records issued 
to the patients before admission to hospital. Findings 
prepared by pathologists have been also obtained and 
considered herein. Some summarized data on the pa-
tients are presented in a table given further herein. 

Figures 1 and 2 herein show cardiometric data in 
one of the critical patients treated in an intensive care 
unit. After careful examination of the screenshots you 
can see that the PV1 and PV2 phase blood volumes 
have changed. As to parameter PV1-atrial systole, it 
has been reduced: its deviation from the norm reaches 
36.17%, while the ventricles are overloaded by 23.50%. 
The PV5 parameter representing the aorta pump 
function is also overloaded by 5.36%. The oxygen 
concentration is 0.29 arb.u., and it is significantly be-
low the norm. It is evident that the heart accumulates 
lactate. While the normal value of lactate is 7 arb.u., 
in our treated case we record the actual lactate level 
of 26.39 arb.u.. The phosphocreatine concentration is 
also below the norm and reaches 0.17 arb.u.. But it is 
important that the RV1parameter of ejection fraction 
is 15,31% that is very low as compared with its norm of 
62%. The respective Rheo shows blood pressure spikes 
that confirms weakness of the heart performance.

Figure 2 herein shows the monitoring results in the 
same critical patient: next six measurements have been 
made. The resulting diagrams show that in parallel 
oxygen, lactate and phosphocreatine concentrations 
have decreased below the norm in the patients before 
his lethal outcome. The ejection fraction parameters 
in this case have been also decreased dramatically. At 
the same time, the stress index SI values demonstrates 
its sharp increase. Next day the patient died.

Other phenomena, which have occurred before the 
death, have been also recorded. The most pronounce 
regularity has been detected in our analysis of the re-
corded heart rate variability values. So, before the death 
stress index SI has increased sharply and exceeded the 
level of 1000 (see Figure 2 herein) that indicates the 
presence of one and the same heart rate level. Imme-
diately prior to the lethal outcome, the variability has 
been restored. 

The phenomenon of the restoration before the 
lethal outcome has been observed in all segments of 
the ECG complex. It has seemed that the critical pa-

tient suddenly have become fully healthy. AP has been 
maintained at the same level.

One more factor of interest is the S-L phase ele-
vation. This is a compensatory mechanism for main-
taining the proper hemodynamic parameters, and the 
elevation appears under critical conditions. In our 
case it has been reported before each fatal outcome. 
An ECG with the S-L phase smoothing has been also 
recorded. It refers to the case of "the adrenaline heart", 
when Ca++ accumulates in large quantities in cells and 
disrupts mitochondrial membranes that leads to a de-
cline in the myocardial contraction. It also has led to 
the patients’ death. 

Before the death, the rheogram curve rises with 
each inhaling and falls with each exhaling; if the respi-
ration rate is low, the critical patient can live up to 12 
hours. The performance of the lungs makes a direct 
effect on the rheogram shape, since the lungs are capa-
ble of supplying blood before the critical patient’s un-
favorable outcome. In case when the Cheyne–Stokes 
respiration is found, then after 12 hours, such a critical 
patient dies.

Conclusions
The obtained evidence data have been properly an-

alyzed, so that identified are those critical values of the 
hemodynamic and metabolic parameters, the exceed-
ing of which leads to lethal outcome in critical patients 
under the intensive care unit conditions.
1. Diagnostic efficacy of the identified criteria appli-
cable to critical hemodynamic and metabolic parame-
ters in intensive care unit patients, exceeding of which 
leads to lethal outcome, is high and sufficient to pro-
vide effectively decision-making. 
2. Prior to the lethal outcome, there is a rise in the 
stress index value observed: it demonstrates a sharp 
increase over 1000.
3. In the period immediately before the lethal out-
come, themodynamics is provided due to the lungs 
performance.
4. Simplicity and accessibility of the diagnostic method 
is based on using an electrocardiogram processing only
5. The data of high value are obtained very easy and 
fast due to automatic data processing technology.
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