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ABSTRACT
The principles of hemodynamic monitoring have not yet al-
tered in terms of technological development in recent years. 
The main goal of hemodynamic monitoring system is tar-
geted for critically ill patients’ remains to be an accurate 
assessment of the systemic circulation and its response to 
tissue oxygen requirements. The problem due to heart fail-
ure caused by a different disease that harms the activity of 
the heart and hemodynamic circulatory system. It comprises 
cardiomyopathy, heart disease, a high blood pressure, heart 
inflammation, and increased heart rate. In present research 
an attempt was made for hemodynamic monitoring of heart 
rate by using fabricated cardiac sensor which provide to de-
tect abnormal physiology and take action before the prob-
lem starts, such as the cases of organ failure and death arise. 
The most popular invasive hemodynamic monitoring system 
is arterial pulse-wave analysis, pulmonary artery catheters, 
but also central venous catheters. It finds that monitoring 
of the patient’s cardiac output, Pulmonary Artery Pressure 
(PAP), volume status, and tissue oxygen absorption may be 
necessary in certain critical cases. It concludes that as medi-
cal knowledge of a patient’s critical disease is improved, their 
capacity to monitor and treat efficiently will increase with 
help of hemodynamic monitoring. In future, On the basis of 
large data, the advent of artificial intelligence and machine 
learning may enable predictive analyses of hemodynamic is-
sues before they really arise. 

KEYWORDS
Cardiac Sensor, Cardiomyopathy, Hemodynamic Monitoring, 
Heart Rate, Pulmonary Artery Pressure

Imprint
Bhuava J, Vishvanayak, Anshu SS Kotia. Optimization of Hemo-
dynamic Monitoring System of Heart Rate using Cardiac Sen-
sor. Cardiometry; Issue No. 26; February 2023; p. 404-411; DOI: 
10.18137/cardiometry.2023.26.404411; Available from: http://
www.cardiometry.net/issues/no26-february-2023/optimiza-
tion-hemodynamic-monitoring-system

1. INTRODUCTION
The idea that closely monitoring system for very 

sick patient’s leads to improved outcomes has explod-
ed in popularity and acceptance over the last several 
decades. This idea gave rise to the age of critical care 
units (ICUs). However, there are no randomized con-
trol studies that demonstrate the value of even non-
invasive monitoring of typical vital signs. In reality, 
it’s unlikely that any such trials will ever be held. The 
lack of high-quality validation of frequently used he-
modynamic monitoring methods is disheartening to 
consider [1]O, [2]. Hemodynamic monitoring, to put 
it simply, is the measurement and evaluation of bio-
logical signals coming from of the cardiovascular sys-
tem. The physiologic response is then observed while 
therapies depending on these biological indicators are 
titrated [3], [4]. Hemodynamic monitoring, as thus 
stated, is merely one aspect of the problem. The in-
tense care of the critically sick patient should ideally 
include a comprehensive strategy. At both the regional 
and global levels, it is important to evaluate cellular 
health, oxygen delivery (DO2), and tissue perfusion 
[5], [6] analyzed as intention-to-treat (ITT. The ca-
pacity to monitor patients in this way is currently re-
stricted, despite the fact that this aim is simple to state. 
The raw data that is currently shown by hemodynamic 
monitors lacks considerable sophisticated integration 
[7], [8]. There is strong evidence that many doctors 
have severe gaps in their knowledge of the fundamen-
tals of hemodynamic monitoring. Regarding the ideal 
treatment approach for a certain set of hemodynamic 
characteristics, there is no agreement among doctors 
[9], [10] predict the response to fluid boluses, measure 
right ventricular function, assess left ventricular dis-
tention (for VA ECMO. Additionally, there is less evi-
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dence to support the claims that hemodynamic mon-
itoring enhances patient outcomes, that the methods 
used are the right ones, or even that the signals moni-
tored are suitable. 

The justification for hemodynamic monitoring is 
based on two fundamental presumptions: first, it is 
crucial for the clinician to comprehend the patient’s 
underlying pathophysiologic condition; and second, 
observing and responding to any derangements will 
either stop the disease from progressing or improve 
the outcome. Therefore, monitoring is not treatment. 
The knowledge of the pathophysiology and underlying 
abnormalities of the majority of critical care patholog-
ical conditions is incomplete, and a little control over 
how many of these diseases develop. It is just absurd 
to anticipate that a monitoring system would enhance 
performance in a sickness condition for which there 
is no efficient treatment. The clinicians are advised 
to be skeptical given the dearth of high-quality data 
demonstrating better patient outcomes with existing 
hemodynamic monitoring technologies. Today’s ICU 
monitoring practices use physiology and technology 
to a large extent. The emphasis is increasingly turning 
towards a more noninvasive monitoring as technol-
ogy advances. Refining our knowledge of the precise 
factors to measure is a work that lies ahead. It must 
develop the skills to accurately assess them and, when 
appropriate, implement effective treatments. Finally, 
this entire work must be done with little to no patient 
risk and at a reasonable cost. 

A test called hemodynamic monitoring looks at 
your blood flow and gauges how effectively your heart 
is functioning. It is also known as a technetium he-
modynamic test or even a hemodynamic tilt test. 
Nuclear imaging is used. The purpose of monitoring 
is to ensure adequate perfusion. Early identification 
of inadequate perfusion – determination of whether 
monitoring is adequate. In unstable patients, to titrate 
treatment to certain hemodynamic targets. To distin-
guish between distinct organ system dysfunctions. In 
fact, utilizing hemodynamic monitoring but also oxy-
gen transport evaluation, it has been possible to differ-
entiate between the relative severity of respiratory and 
cardiovascular impairments which contribute to hy-
poxemia. This is important because treatment meant 
to alleviate pulmonary dysfunction could negatively 
impact both cardiac output and venous return. All 
patients admitted to the ICU must get standard basic 
hemodynamic monitoring (Temperature, peripheral 

venous oxygen saturation, pulse rate, blood pressure, 
and central venous pressure, ECG, and blood gas anal-
yses). All critically ill patients requires regular intake 
and output monitoring as well as ongoing intravas-
cular volume performance monitoring. Additionally, 
frequent quantitative evaluations of urine production 
is also necessary. When keeping an eye over surgical 
patients, it’s critical to look for evidence of bleeding 
or suture breakdown in the wounds. These drainage 
systems should also be examined for fluid loss and any 
signs of recent or continuous bleeding. Beyond that, 
further criteria will be determined by the particular 
clinical circumstances of the each patient. 

In the present research an attempt was made for 
hemodynamic monitoring of heart using cardiac sen-
sor. This research is featured in various dimension and 
its impact on hemodynamic monitoring for ambulato-
ry left ventricular assist device patients. 

2. LITERATURE REVIEW
Michele Lacerenza [11] et al. have presented a 

portable, wearable time-domain near-infrared spec-
troscopy (TD-NIRS) apparatus (two wavelengths, 
one detection channel) for taking real-time hemody-
namic measurements of patients’ brains and muscles 
while they are moving around freely. Deoxygenated 
hemoglobin (HHb), whole hemoglobin (tHb = O2Hb 
+ HHb), as well as oxygenated hemoglobin (O2Hb) 
concentration measurements may be provided (StO2). 
This technology may be operated remotely and is 
battery-powered. It developed characterization tech-
niques for evaluating the performance of diffuse op-
tics instruments and produced results on par with cut-
ting-edge research-grade TD-NIRS systems. Finally, 
these characteristics have a wide range of applications, 
including athletics and neuro-functional monitoring. 

Thomas Mondritzki [12] et al. have to minimize re-
admissions by early patient identification and prompt 
medical treatment modification. Implantable devices 
can constantly and remotely monitor left ventricular 
(LV) hemodynamics, identify early indications of de-
compensation, and initiate therapies to lower the risk of 
heart failure hospitalization (HF). The first preclinical 
research validating a novel LV-microelectromechanical 
device to evaluate LV function that requires no bat-
teries and is simple to implant. A wireless implanted 
miniaturized pressure sensor was modified for LV apex 
implantation. In a canine model of HF, the LV-micro-
electromechanical system sensors was evaluated. No 
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thrombotic deposits, inflammation or fibrotic tissue 
reactions, or other pathological tissue reactions could 
be seen. In conclusion, it may eventually serve as a tele-
metric tool to direct the care of HF patients. 

Abhinav Saxena [13] et al. have the potential for he-
modynamic monitoring using such a pulmonary artery 
catheter to successfully affect therapeutic decision-mak-
ing here on optimization of therapy for patients having 
cardiogenic shock (CS) (PAC). In order to totally im-
prove both early and later effects and prevent the on-
set of end-organ problems, this study aims to discuss 
the role of PACs inside the treatment of patients with 
CS. To accomplish this, a rapid introduction, optimiza-
tion, and, if necessary, escalation of medication and de-
vice-based treatment are recommended. Standardized 
methods for assessing hemodynamics in these individ-
uals may enhance outcomes and judgment. A strong 
argument for PAC monitoring in CS patients is made 
by the hemodynamics of CS patients getting combined 
mechanical circulatory support using PAC-derived 
measures. With the use of a predetermined dosage of 1 
inotrope or pressor, it was shown that PACs should be 
utilized in patients who come with CS and who do not 
improve between 30 and 60 minutes. 

Brent C. Lampert and Sitaramesh Emani [14] have 
in patients with end-stage heart failure, left ventricular 
assist devices (LVADs) have been shown to significantly 
increase survival and quality of life. It talks about the 
most recent remote hemodynamic techniques as well 
as possible LVAD patient uses. The non-LVAD heart 
failure population has comparable difficulties, although 
recent attempts to apply remote hemodynamic moni-
toring methods to enhance outcomes have showed 
promise. Although a potential advantage may be ex-
trapolated, there are presently no data proving that 
this benefit extends to the LVAD population. Finally, 
the Cardio-MEMS system measures heart rate in ad-
dition to monitoring PAP, enabling early diagnosis of 
tachy-arrhythmias which may impair VAD operation. 

Thomas W. L [1] et al. have described the methods 
that are now being employed in the treatment of car-
diovascular patients and discussed their advantages 
and disadvantages. The extravascular lung water is per-
haps the most intriguing of the additional useful factors 
that the Trans Pulmonary Thermodilution Method of-
fers the user along with precisely measuring CO. The 
arterial pressure waveform is recreated using finger 
cuffs using completely noninvasive techniques like the 
volume clamp method, from which stroke volume and 

CO are determined. Because all of these less intrusive 
CO monitoring devices exhibited percentage errors 
of around 40% relative to the reference procedures, 
the findings show that the numbers aren’t actually in-
terchangeable (thermodilution). The transition to less 
intrusive monitoring methods, at least in the perioper-
ative context, and the change from statically to dynamic 
variables to check for problems like cardiac preload and 
fluids responsiveness are new advancements. 

David s. Feldman [15] et al. have compared to ex-
isting techniques, implantable hemodynamic mon-
itoring devices may provide doctors the physiologic 
knowledge they need to better time LVAD installation 
and enhance LVAD function. All patients, according to 
the author, were randomly assigned to treatment and 
control groups after having a pulmonary artery (PA) 
pressure monitoring device implanted. Most patients 
in the therapy group kept giving doctors physiologic 
data from the hemodynamic monitoring device after 
having an LVAD implanted. In conclusion, it appears 
that the time of LVAD installation was improved by 
implantation hemodynamic monitoring. 

Mathieu Jozwiak [16] et al. have discussed the 
prospects of hemodynamic monitoring as well as how 
to choose the most suitable hemodynamic monitor-
ing methods in shock patients. In order to determine 
the kind of shock, choose the best therapies, and eval-
uate the patient’s reaction to the chosen therapy, the 
author states that hemodynamic tests are necessary in 
patients with shock. It was observed that the methods 
of hemodynamic monitoring have changed from inva-
sive to less invasive procedures, and from intermittent 
measures to continuous and real-time ones. They also 
provide additional helpful factors that are helpful for 
handling the trickiest circumstances. In the critical 
care situation, noninvasive cardiac output monitoring 
that are not calibrated are not dependable enough. 

Moshe Rav Acha [17] et al. have one of the important 
developments in cardiac technology was the creation of 
a leadless PPM that didn’t need venous leads to func-
tion. As a result, most endovascular PPM-related issues 
are prevented. A single implanted device containing an 
electronic chip, a tiny power supply, and an anchoring 
mechanism makes up leadless PPMs. Systemic infec-
tions are almost non-existent with these equipment, 
and device-related problems are rare. Lead-free PPMs 
of the present day only sense and pace cardiac ventricle. 
The FDA has just approved a ground-breaking leadless 
device, however, and smaller devices meant to synchro-
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nize the right and left ventricles are currently under-
going final testing using ground-breaking intra-body 
inner-device communication systems. In conclusion, 
technology and miniaturization advancements have 
increased the use of micro-devices to assess and treat a 
variety of cardiac function issues in pathological condi-
tions and disease prevention. 

Alina Y. Rwei [18] et al. have presents a wireless mea-
suring system that really is mechanically pliable, flexi-
ble, and capable of quantitative measurements that are 
equal to current clinical standards. For simultaneous 
monitoring of systemic regional cerebral hemodynam-
ics utilizing multi-wavelength reflectance-mode pho-
toplethysmography and operational near-infrared elec-
tron microscopy, the device includes a multi-photodiode 
arrays and two light-emitting devices. It can also monitor 
peripheral oxygen concentration, pulse rate, brain oxy-
genation, and possibly even cerebral pulse pressure but 
also vascular tone. The potential for implementing this 
technology in operational hospitals is shown in clinical 
studies on pediatric patients both with and without he-
reditary central hypoventilation syndrome, as well as the 
benefits it has over existing technologies. In addition to 
advanced hospital settings, this technology has the po-
tential to significantly improve the quality overall pedi-
atric treatment across a variety of illnesses and use cases 
in clinics across low- and middle-income nations. Lastly, 
improving modern clinical techniques for the detection 
and research of brain diseases. 

Issa Pour-Ghaz [4] et al. have highlighted the 
benefits, downsides, and limitations of the various 

minimally invasive and non-invasive hemodynamic 
monitoring techniques. According to the author, in-
vasive methods which monitor blood pressure and 
heart activity precisely and reliably include pulmo-
nary artery catheter placement without arterial line. It 
has been demonstrated that non-invasive treatments 
provide patients having critical or non-critical condi-
tions an excellent and suitable alternative to invasive 
procedures during hemodynamic monitoring. Be-
cause these technologies are less expensive, less unaf-
fordable, and have less issues, they may be utilized on 
patients who need more extensive monitoring of their 
entire hemodynamic status. In conclusion, it is still ad-
vised to utilize both invasive and minimally invasive 
monitoring techniques on critically sick patients. 

The above study provides a mechanically soft, flex-
ible, wireless measuring system that can allow mea-
surements quantitatively equivalent to current clinical 
standards. The available research literature provides 
the prospects of hemodynamic monitoring as well as 
how to choose the most suitable hemodynamic moni-
toring methods in shock patients. In this study, a pro-
posed model for hemodynamic monitoring of heart 
using cardiac sensor is designed. 

3. METHODOLOGY

3.1. Research Design: 
In the research design of hemodynamic monitor-

ing of the heart using cardiac sensors is summarized 
in block diagrams (Figure 1). Lung congestion, or the 

Figure 1: Schematic block diagram of hemodynamic monitoring of heart rate. 
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buildup of mucus in the lungs and lower respirato-
ry tract, is monitored after initially measuring blood 
pressure with reference to the pulmonary artery and 
left atrial pressure (bronchi). It often comes with a 
productive, wet cough that produces thick mucus. 
Some can experience or hear a wheezing or cracking 
sound as they breathe in and out because of tightness 
in your chest. Using the use of a manometer, that fea-
tures a U-tube manometer-type construction made 
up of a vertically or inclination U-tube column that is 
employed to show the pressure is done for Level, vital 
signs including weight, heart rate, and blood pressure 
are then monitored. One contains a reference liquid 
(mercury). The fluid concentrations in the organs 
equalize whenever the instrument’s column comes 
into contact with the surrounding atmosphere, which 
shows atmospheric pressure. 

The cardiac sensor next learns that the quantity 
of blood flow is governed by the heart’s pulse rate, 
and because light is absorbed by blood, a signal pulse 
is delivered. Next, a pressure sensor is a device for 
measuring the blood flow’s pressure. The heart that 
is the same for heart rate. And lastly, the quantity of 
display units indicates it. In order to better reliably 
forecast increasing heart failure and cut down on 
hospitalizations, a number of different hemodynam-
ic techniques have been developed in response to the 
inability of noninvasive monitoring system of heart 
failure. Remote hemodynamic monitoring has the 
advantage of allowing for the detection of changes 
in intra-cardiac and pulmonary pressures that may 
take place days or weeks before heart failure symp-
toms appear. Devices that assess the pressure inside 
the left atrium, the pulmonary artery, as well as the 
RV are now available. 

3.2. Instrument: 
Patient self-management is an essential compo-

nent of the overall treatment plan at all stages of the 
illness due to the complexity and complications of 
heart failure. Traditional methods of monitoring pa-
tients with heart failure are hypersensitive, and they 
haven’t proven able to lower readmission rates to 
hospitals or increase the quality of life. It has been 
shown that recent advances in remotely monitoring 
hemodynamics significantly reduce hospital hospi-
talizations for heart problems and enhance quality 
of life. The various instrument component are used 
which is categorized as: 

3.2.1. Cardiac/Heart Beat Sensor: 
The heart’s valves contract or expand as they move 

blood from one region to another, creating the sounds 
of a person’s heartbeat. The pulses, which may be felt 
in just about any artery that is really very close to the 
skin, is the number of times that the heartbeats per 
second (RPS), as well as the heartbeat rate usually 
measured with beats per minute (BPM). The heartbeat 
sensor is based on the photoplethysmography hypoth-
esis. It keeps track of changes in blood flow through 
any organ within the body that affect how much light 
passes through in that organ (avascular region). So 
because frequency of the impulses is particularly im-
portant while the heart rate is being monitored. Blood 
absorbs light, hence the rate at which a heartbeat oc-
curs dictates how much blood flows; therefore, signal 
pulses are similar to heartbeat pulses. 

3.2.2. Manometer: 
It makes reference to a device or gauge that is used 

to measure line pressure. Additionally, any kind of 
pressure is permitted, including that of blood fluid, 
gas, vapor, etc. It is also a simple structure to deter-
mine the air pressure on either a liquid column as 
component of a scientific experiment. The manome-
ter is attached to a gas-tight seal solely on a single end 
in order to test various pressure sources. In addition, 
the other end of the tube remains exposed to the at-
mosphere and will be subject to pressure from around 
1 atmosphere (ATM). Furthermore, because the test 
pressure is greater than 1 ATM air pressure, the bulk 
of the liquid inside the column would be forced down-
ward by the pressure. Additionally, the liquid in a nor-
mal column will expand by the same amount. 

3.2.3. Pressure Sensor: 
A pressure sensor is a piece of equipment or a gad-

get that can measure pressure in liquids and gases. A 
pressure sensor is a device that really can detect actual 
pressure being applied and also contains components 
to convert the information into a specific output signal. 
A pressure sensor would emit a signal in response to 
the measurement of pressure applied. Typically, a pres-
sure sensor serves as a transducer by creating a signal 
throughout response to the application of pressure. 

3.2.4. Display Screen: 
In computing, a display is a device with a screen 

that shows an electronically created image made up of 
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individual pixels that are lighted in a way that distin-
guishes text from visual elements. On a single display, 
millions of pixels, tiny areas of illumination, or daz-
zling points of light, can be seen. They generate images 
by utilizing liquid crystals in their operation. The dis-
play screen’s liquid crystals were implanted, as well as 
a backlight of some kind is utilized to highlight them. 
Electrodes and polarized filters are two of the many 
layers that make up a real liquid crystal screen. 

3.3. Data Collection: 
Regarding their respective roles, structures, and ca-

pacity for producing pressure, the right and left hearts 
must always be monitored individually. The flexible 
pulmonary capillary beds, which have a sizable poten-
tial to sequester blood, are situated between the right 
and left hearts. The cardiovascular system is divided 
into the circulatory system, which has a high pressure 
architecture and blood flow resistance, and also the 
pulmonary circulation, which has a low pneumatic 
cylinder with low blood flow resistance. The following 
factors are included in Table 1 for the patient’s heart 
rate measurement. 

Table 1
Parameters of Heart Rate and their specification. 

Parameters Specification
Hemoglobin (g/DL) Normal Range (13) 

Oxygen Saturation (SaO2) Normal Range 
(95% to 100%) 

Heart rate (beats/minute), Normal Range 
(60 to 100 Beats) 

Diastolic blood pressure (mmHg) Normal Range 
(Diastolic: less than 80) 

Systolic blood pressure (mmHg) Normal Range 
(Systolic: less than 120) 

Elevated pulmonary artery systol-
ic pressure (PASP) (mm Hg) 

Normal Range 
(8-20) 

Stoke volume of heart Normal Range 
(50 to 100 ml) 

3.4. Data Analysis: 
A wireless, implanted Pulmonary Artery Pressure 

(PAP) monitoring device is the Cardio cardiovascu-
lar disease device. The system includes a PAP sensor, 
a cardiac external electronics measurement device, 
and a secure website where clinicians can access the 
hemodynamic data. The identical pulmonary artery 
sensor is implanted using a specialized delivery sys-
tem through right cardiac catheterization as well as a 
femoral route. 

The sensor never has to be changed since it is bat-
tery-free. Patients are urged to use the electronic mea-
suring device at home to collect daily pressure mea-
surements. The secure website receives information 
from of the measuring system and makes it instantly 
accessible for physician examination. One of the main 
objectives of resuscitation is to provide adequate cel-
lular oxygenation. Monitoring is consequently used to 
manipulate physiologic factors in order to achieve this 
goal. Monitoring cellular hypoxia is not feasible with-
out experimental technology in Figure 2.The oxygen 
and DO2 consumption indices (VO2). 

Figure 2: Oxyhemoglobin dissociation curve in respect to the 
SAO2 and PAO2 [19].

4. RESULTS AND DISCUSSION
The functioning of the cardiovascular system, in-

cluding blood pressure, blood flow, volumes status, 
arterial stiffness, and cardiac function, in addition 
to lung status, such as pulmonary edema, may be as-
sessed using advanced hemodynamic monitoring. In 
order to make decisions during hemodynamic insta-
bility, clinicians continually monitor and analyze the 
pulsatile pressure waves produced by the heart, the 
mechanical and structural characteristics of the mi-
crocirculation, as well as the physical characteristics of 
the blood. Patients who are sent to critical care institu-
tions often have (one or more) system failures or are at 
risk of developing such organ failures. Hemodynamic 
instability, which imbalances the supply and demand 
of tissue oxygen, often results in organ failure. For any 
and all critically sick patients, the amount of surveil-
lance would change based on the severity of organ 
failure. Patients who are suffering or are at high risk 
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of having respiratory or cardiovascular failure should, 
at the very least, have had an arterial line that allows 
for regular arterial blood gas and serum lactate col-
lection in addition to continuous noninvasive blood 
pressure monitoring. It gauges the degree of strain 
throughout the muscle fibers by referring to the di-
ameter of each individual fiber just before to contrac-
tion. Sarcomere length increases muscle contraction 
force. Whenever the centrosome achieves its maxi-
mal length, the contraction intensity stops increasing. 
When an increasing percentage of sarcomeres become 
stretched beyond their maximum length, the intensity 
of contraction in that area of muscle tissue approaches 
a plateau. This is shown by the Frank Starling curve 
depicted in Figure 3.

Figure 3: Frank Starling law of the heart for right and end dia-
stolic volume [20]. 

Most pressures and inotropes need to be adminis-
tered centrally. Even though the role of central venous 
hypertension in determining volume status has often 
been debated in the studies, it is still feasible to mon-
itor central venous pressure. In only certain circum-
stances, it may be required to monitor the patient’s 
cardiac output, PAP, volume status, especially tissue 
oxygen absorption more often. However, because it 
depends on a proprietary algorithm that tracks both 
the diastolic and systolic pressure concurrently, it 
could be challenging to measure diastolic pressure. Pe-
ripheral blood circulation must be sufficient when us-
ing photoelectric & fingertip electroencephalography 
techniques that need peripheral pulse transit time. For 
stunned, peripherally shut down patients, the group 
whose therapy benefits the most from routine arterial 
pressure monitoring, it is challenging to get accurate 
data. 

5. CONCLUSION
Treatments with a history of better patient out-

comes based on specialized hemodynamic monitor-
ing have a limited but significant body of evidence. 
Less fluid being infused and less time spent in hy-
potension are examples of better treatment process-
es that are often identified as surrogates for efficacy. 
Importantly, it is both required and crucial for illness 
and process-specific clinical trials to include focused 
patient-centered outcome if they are to continue em-
ploying monitoring to efficiently and effectively advise 
patient therapy and identify instability in the future. 
Humans are about to determine the best path where 
hemodynamic monitoring combined with the best 
patient care algorithm produces the best clinical out-
comes. When these treatments are ineffectual, a one-
size-fits-all approach can discourage their usage and 
prevent patients from receiving life-saving hydration 
and vasoactive medication therapy. It suggests that pa-
tients’ and corresponding healthcare providers’ scores 
were in the frequency band of average to good when 
evaluating how easy it was to carry out routine but im-
portant tasks like donning and fastening the thoracic 
belt, and much more specifically how easy it was to 
consistently find the right position for optimum mea-
surements. 
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