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Abstract

Targeted temperature management (TTM) i1s a clinical technology that has recently been
promoted. It maintains the temperature of patients with cardiac arrest (and who have been rescued) at
32°C-34°C to lower the rate of cerebral oxygen metabolism in the patients, stabilizing their medical
conditions. because of COVID-19, contactless healthcare and automatic systems have become
increasingly critical. This study used millimeter wave technology, a non-invasive technique, to collect
patients’ physiological data to be fully informed about their physiological statuses. In addition to
establishing a model for predicting TTM effectiveness, this study also verified the data collection
effectiveness of millimeter wave technology.
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INTRODUCTION

Sudden cardiac arrest is a global public health issue. Cardiac arrest can be divided into out-of-
hospital cardiac arrest (OHCA) and in-hospital cardiac arrest (IHCA) based on the location it occurs.
According to relevant medical research statistics, the survival rate of patients with OHCA is merely
1.4%-7.2%; even when emergency treatment is provided in time, mortality rate can still be as high as
30%-50% ( Chang & Lin, 2005 ) . The risk factors of OHCA include being male and aged 60 years
or above, being under great financial stress, having diabetes, having a history of cardiovascular
diseases or arrhythmias, and being on kidney dialysis ( Chen &Wang, 2017 ) .

According to Bernard (2002), lowering the body temperature of patients with cardiac arrest by 1°C
can reduce their cerebral oxygen metabolism rate by 6%—8%. For patients with OHCA who are still in
comas after emergency treatment, implementing TTM within a few hours to maintain their body
temperatures at 32°C—-34°C can continuously improve their prognoses and the probability that they
reawaken. Holzer (2010) reported that implementing TTM can increase patients’ survival rates from
30%—-50% to 50%—70% and improve their neurological functions from 15%-25% to 25%—-35%. The
American Heart Association (AHA) has added TTM to its guidelines in 2015, advocating that applying
TTM for more than 24 h enhances patients’ survival rates (Callaway, et. al., 2015).

However, Dumas (2011) contended that TTM cannot effectively restore the consciousness of
patients with pulseless electrical activity (PEA) or noncardiogenic cardiac arrest. Scales (2017)
compared the differences between patients who received TTM and those who received other
supportive care during the first six hours after their cardiac arrest, and found no significant increase in
the survival rate of the TTM group and no statistically significant improvements in neurological
functions. Zhang (2015) also noted that mild hypothermia did not improve the in-hospital and 6-month
mortality results of adult patients with cardiac arrest.

In general, TTM requires relevant equipment to be installed and patients’ physiological statuses to
be monitored for 24—72 h. Previously, body temperature was measured via an invasive method (i.e.,
esophageal temperature monitoring), which required the medical staff to monitor every 0.25 unit of
temperature change and ensure that a patient does not have fever and subtle changes in physiological
signs during the 72 hours after their temperature returned to normal ( Arrich J, 2007 ) . Because
contact with patients and the use of invasive equipment can increase the risks of infection, after the
outbreak of COVID-19, contactless healthcare and automatic warning control systems have become
increasingly crucial.

According to recommendations made by existing studies and American Heart Association
guidelines, this study collected the influencing factors of the temperature cooling period, maintained
period, and rewarming period on the prognosis of patients receiving TTM to build a model for effective
prognosis prediction. Additionally, this study used millimeter wave technology to collect patients’
physiological parameters, such as breathing rate, heart rate, breathing status, body temperature, activity
pattern, and blood pressure, to develop an artificial intelligence-based physiological analysis and early
warning system. The system can alert medical staff of patients’ medical conditions (i.e., degrees of
improvement or deterioration) in advance, enabling the staff to intervene in a timely manner. Such a
noninvasive system eliminates the risks of infection and radiation exposure, and may be used as a tool
for evaluating the practicality of remote health care.



LITERATURE REVIEW

Cardiac Arrest is defined as "a sudden loss of heart function that can be restored with appropriate
therapy, but in the absence of appropriate treatment, can result in death"; nevertheless, if the time and
method of occurrence are unpredictable, the condition is referred to as "Sudden Cardiac Arrest." While
men account for approximately 60% of cardiac arrest cases, survival rates are higher in men compared
to that of women, with no significant difference in neurological survival rates for discharge from
hospital (Brady et al.,2011 ) ; while for out-of-hospital cardiac arrests (OHCAs), patients seen and
cared for have a better neurological profile, with a 96% survival rate at one year for those with a better
neurological prognosis (CPC=1o0r2), but a significantly higher mortality rate at one year for CPC=3 or
4 (Corrada et al., 2013 ) . Infrequently discussed in the literature is the prevalence of in-hospital
cardiac arrests (IHCAs), and while the Utstein style guidelines suggest that the older a patient is, the
lower his or her likelihood of being discharged alive, while no effect of gender on survival has been
demonstrated (Schwenzer et. al, 1993 ; Cummins, et. al., 1997; Booth C.M., 2004; Mcmanus et. al.,
2012).

According to Nielsen (2013), patients with a target temperature setting lower than 34 degrees
experienced more favorable prognosis outcomes compared to those who did not receive Targeted
Temperature Management (TTM) therapy (Nielsen N et al., 2013). Typically, the important
determinant of temperature reduction is the patient's body surface area, with patients of larger
dimensions experiencing greater difficulty in achieving therapeutic effects, while patients of lighter
weight or older age are more likely to achieve temperature reduction effects (Maier, C.M., etal., 2002;
Nielsen N et al., 2011 ; Lyden P et.al, 2012 ) .

TTM consists of three phases: (a) Cooling phase: Patients with return of spontaneous circulation
(ROSC) following cardiac arrest experience a rapid temperature reduction to 32-34°C within 3 hours,
sustained over 24 hours. During this period, patients are prone to hypovolemia, electrolyte imbalance
and hyperglycemia. A further extension of six hours in this phase has demonstrated to have a
neuroprotective effect. (b) Maintenance phase: With temperature maintained at 33°C for an additional
24 hours; during this period, the patient is prone to shivering, immune deficiency, and pressure sores.
(c) Recovery phase: During this period, if patients experience a stable physiological condition,
temperature recovery is controlled at 0.2~0.5 degree Celsius per hour, ramping up slowly to the
standard 37 degree Celsius. During this phase, patients are prone to electrolyte imbalance and
hypoglycemic symptoms. The use of neuromuscular blocking drugs (Cisatracunum) during recovery
of normal body temperature restoration necessitates discontinuation, and the patient should be in a
sedated state until the temperature reaches 36°C. Upon recovery of body temperature, sedative drugs
should be adjusted or administered as appropriate to the patient's condition ( Shlee S. S., etal, 2012) .
Although the American Heart Association recommends that target temperature management be
maintained for at least 24 hours, a study conducted in European hospitals found that extending the
temperature to 48 hours did not increase survival over 24 hours, but side effects increased over time,
resulting in prolonged ICU stays ( Callaway CW, et al, 2015) .

Currently, the use of TTM is associated with a risk of complications, with poor outcome factors
including advanced age, chronic renal failure and abnormal left ventricular function (EF<30) (Laish-
Farkash A et al., 2007). Several studies have shown a significant positive association between an age
<75 years, prompt witnessing and resuscitation of the patient at the time of collapse and a return of
spontaneous circulation (ROSC) index <40 minutes and a favorable prognosis (Peberdy MA et. al.,
2010; Perman SM et al., 2015). It is recommended in the AHA guidelines that continuous monitoring
of brain wave variations is necessary when performing TTM for prevention of seizures with



neuromuscular blocking agents, whereas continuous monitoring of brain waves is the only way to
detect epilepsy ( Polderman KH, Herold, 2009 ) ; while monitoring changes in electrolyte potassium
and magnesium ions can prevent the risk of arrhythmias. In the case of further hemorrhage during the
implementation of target temperature management, rapid rewarming, and rapid hemostasis and
transfusion are necessary to reduce subsequent brain damage so as to minimize the complications
caused by hypothermia and avoid more severe injuries. Thus, it is essential to monitor the patient's
vitals at all times.

A majority of hospitals utilize Rapid Response Teams (RRTs) to prevent and manage patients in
the event of an unexpected deterioration of their condition to avoid serious adverse events. In general,
RRTs aim to identify and manage patient emergencies before the team is mobilized, so as to reduce
nighttime staffing and workload, achieve staff consensus on patient care, reduce stress, reduce medical
disputes, and improve quality of care, all of which can lead to improved patient prognosis (Maharaj
et.al., 2015; Solomon, etal., 2016). Furthermore, it has been demonstrated that RRT is effective in
reducing cardiopulmonary arrest and hospital mortality outside the intensive care unit (Schneider, et.al,
2013; Joonas et. al., 2018). RRT attention can be distinguished into two, the Afferent arm and Efferent
arm, in which the Afferent arm highlights its ability to "timely" detect signs of clinical deterioration
and "efficiently" mobilize the team to avoid delays; while Early Warning Systems (EWS) are often
employed in clinical settings to assess, predict, and select responses to detect and prevent emergencies.
As patients undergoing TTM are all patients previously experiencing OHCAs, in order to avoid IHCA
during TTM monitoring, immediate notification of patient risk is necessary for immediate emergency
intervention. To address the challenges of delayed recording and alerting, wireless monitoring
technologies provide continuous data, enabling more timely and less labor-intensive early warning
monitoring, while reducing the risk of frequent direct contact resulting in infections, thus can serve as
the standard for effective next generation alerting systems.

METHODS

This study comprises of two stages. The first stage consists of the identification of significant
factors affecting the prognosis of TTM patients utilizing retrospective data, followed by the collection
of CPOE, CIS, NIS, referral forms, and emergency physiological data from ambulances for
crosstabulation upon confirmation of TTM cases. Prior to data collection, patient privacy
considerations were taken into account and de-identification processes were performed.

According to existing literature, 728 patients with OHCA were identified in the retrospective
database of the case hospitals from 2017 to 2020, totaling 148 patients upon excluding for failure to
achieve ROSC prior to arrival, automatic discharge and transfer, severe brain injury, and death 48
hours after admission, 141 patients upon excluding for IHCA, and 109 patients following exclusion
based on TTM model of patient hospitals. Following a comparison of the 109 patients who underwent
TTM with a total of 180 patients sampled for conventional supportive care by gender and age. Basic
information of patients, emergency characteristics, time duration of cooling procedures, and
emergency outcomes were collected. Age, sex, disease history, patient origin, use of AED, initial heart
rhythm, defibrillation exposure, pre-arrival ROSC, CPR time, post-ROSC consciousness index,
cooling implementation, co-morbidities, interventions, survival to discharge, and post-discharge
consciousness status were identified as independent variables, while survival after TTM and supportive
care were used as dependent variables for comparison model construction.

The second stage consists of testing the effectiveness of the wireless physiological alert system
developed by the research team based on the impact factors established in the first stage. Forty subjects
utilizing TTM in collaborating hospitals were enrolled in the experiment for automatic measurement



of physiological signs via a zero-contact wireless motion sensor based on Millimeter Wave
Technology developed by Wistron Medical Technology, featuring radar sensing technology that
registers pulse and respiratory signals. Radar detection enables continuous monitoring of the patient's
heart rate and respiration values and real-time cloud uploading independent of external light sources
and circadian environment, eliminates the necessity of contact and wearing of device, thus minimizing
disturbance to the user, and obviates privacy concerns owing to device non-video recording properties.
For the control group, patient heart rate and respiratory values were continuously monitored and stored
in a designated device for follow-up comparison using a general patient monitor with at least 3 Lead
ECG modules affixed by the caregiver to the sides of the clavicle and below the rib cage respectively
for the acquisition of cardiac and respiratory measurements. A comparison of the results of the two
groups was then performed and consistency of the physiological measurements were tested. Lastly,
TTM prediction models were constructed by integration of significant factors from the first stage and
the physiological information collected from the wireless zero-contact device in the second stage by
means of a data mining classification.

RESULTS

Of the 109 TTM cases collected in the first stage, patients ranged from 18 to 92 years of age,
with a mean age of 60.8, predominantly males (65.8%), with a history of hypertension (62.2%),
diabetes mellitus (38.7%), and coronary artery disease (23.4%). 72.1% of patients experienced OHCA,
26.1% experienced IHCA, 50.5% received AED resuscitation. The majority of initial rhythms were
VT/VF (56.8%), 35.1% of the patients experienced pre-arrival ROSC, the majority of patients had
endotracheal tubes inserted for all verbal response (68.5%), followed by tracheotomy (28.8%),
hypokalemia (48.6%) and infection (17.1%) were the most common complications in performing
cooling procedures, and 7.2% were treated with ECMO, with a final survival rate of exactly 51%, with
24.3% having undergone coronary angiography.

In this study, Cox regression analysis as table 1, was further performed to analyze the relationship
between duration and temperature of patients undergoing target temperature management and the
independent variables established in this study. Results indicated that: 1. The younger the patient, the
higher the probability of successful survival with targeted temperature management therapy. 2. Within
patients with coronary artery diseases and cardiac arrhythmias, the longer the TTM time period, the
higher the chance of survival. 3. Patients without chronic kidney disease have a higher probability of
survival given a shorter TTM time period. 4. Patients who have experienced defibrillation have a better
TTM efficacy. 5. Patients without de novo cardiac arrhythmia can achieve physiological stability with
a shorter duration of TTM. However, if there is a new onset of epilepsy during the TTM process, TTM
duration requires extension. The life cycle of the TTM treatment as Figure 1.

For the experiments of the second stage of this study, results were compared between patients
monitored with conventional general patient monitors and patients monitored with millimeter wave
technology-based wireless zero-contact automatic physiological data collection and transmission
systems, with data processing steps as follows: 1. MP20 and radar time were first aligned, 2. data was
collected mainly during stable rest, 3. data during activity and respiratory arrest was removed, followed
by analysis of the results of MP20 and millimeter wave radar devices. Results of the analysis indicated
a mean heart rate of 76.05 bpm, a median of 76.00 bpm, and a standard deviation of 10.61; a mean
respiratory rate of 18.60 rpm, a median of 18.00 rpm, and a standard deviation of 4.12. The results of
regression analysis demonstrated that the R2 for the MP20 and radar wave comparisons was 0.998 for
heart rate and 0.9929 for respiratory rate; the mean absolute error (MAE) of heartbeat value was 1.96
bpm and the MAE of respiration value was 1.32 rpm, which suggested a high positive correlation
between the heartbeat and respiration values of the two devices. In addition, according to the results



of Bland-Altman analysis, the measurement discrepancies between the two devices were within the
95% limits of agreement (95% LoA), with error range of heartbeat values within +6.48 to -7.07 and
an average absolute deviation of -0.3; error range of respiration values within +3.66 to -3.85 and an
average absolute deviation of -0.09. According to these results, it can be considered that the
measurement of these two devices are consistent and reliable.
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Figure 1 Life cycle of the TTM treatment
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Figure 2 Compare results between MP20 and Millimeter wave technology radar



Table 1 the results of Cox analyses for TTM patients

Variables B SE Wald df p Exp(B)
basic information
age -.026 .013 4.017 1 .045 974
diabetes 451 411 1.203 1 273 1.570
hypertension 416 335 1.538 1 215 1.516
coronary heart disease .749 367 4.170 1 .041 2.116
congestive heart 432 532|660 1| 417] 649
failure
irregular heart rhythm 3.750 1.334 7.901 1 .005| 42.540
chronic obstructive
[pulmonary disease or 933 679 1.887 1 A70(  2.542
asthma
chronic kidney disease -1.727 410 17.756 1 .000 178
end-stage renal disease 412 504 .668 1 414 1.510
cirrhosis .079 558 .020 1 .887 1.083
stroke -.947 611 2.398 1 121 388
Hyperlipidemia 172 451 .146 1 .703 1.188
tumor =227 .388 343 1 558 797
First Aid Features
Patient source (IHCA,
OHCA) A15 355 104 1 747 1.121
AED 244 409 355 1 551 1.276
initial heart rhythm -.299 765 153 1 .696 742
electric shock -1.070 457 5.489 1 .019 343
ROSC before arrival -.194 366 279 1 597 .824
Comorbidities
new bleeding -.921 597 2.379 1 123 398
new onset arrhythmia -1.299 466 7.783 1 .005 273
new serious infection -.038 394 .009 1 923 963
new-onset epilepsy 922 .500 3.406 1 .065 2.515
Hypokalemia -.056 377 .022 1 .882 945
Hypoglycemia .149 .543 .075 1 783 1.161
related treatment
ECMO 504 .508 .985 1 321 1.655
Coronaryangiography -.137 479 .082 1 75 872
PCI .600 437 1.887 1 170 1.822

Based on the above experimental results, we then adopted the significant factors established in
the first stage and the bestshape VS Al system developed by Wistron Medical Technology in the
second stage to collect physiological data from cases in a zero-contact manner. We adopted five well-
known classification algorithms (including C4.5, SVM, classical neural network, and random forest)



to construct a predictive model, which was validated for regarding validity against a 10-fold cross-
validation on a test set and a training set. The results of the experiments were shown as figure 2, which
indicated that a random forest-based predictive model was the optimal classification method for further
development of classification and early warning systems binding in the healthcare information system
in the case hospital.

Table 2 Experiment results of the classifiers for TTM models

Technique | Sensitivity | Specificity | AUC Accuracy
J48 0.78 0.57 0.73 0.71
RF 0.82 0.75 0.88 0.80
SMO 0.84 0.69 0.76 0.79
LR 0.83 074 0.81 0.81
MLP 0.82 0.67 0.78 0.77

CONCLUSION and SUGGESTION

In this two-stage study, we identified significant factors for the prognostic effectiveness of TTM
and demonstrated the feasibility of wireless monitoring technology prior to the construction of a
random forest-based early warning system. For caregivers of TTM patients, wireless monitoring
technology facilitates the provision of 24-hour continuous monitoring, which allows for more timely
early warning monitoring and real-time alerts to be sent to caregivers' handheld devices enabling them
to keep track of changes in patients' medical status on-the-go, without the need for additional labor-
intensive manual measurements and transcription processes. In terms of pandemic prevention
mechanism, wireless monitoring technology provides safer clinical care by minimizing human contact.
However, as TTM is implemented on non-common cases among patients and the study is conducted
in a single hospital, there are limitations in sample size and data collection, therefore, it is suggested
that future studies can expand the target of sample collection to compare hospital level and regional
differences. Furthermore, to ensure the accuracy and credibility of the experimental results, brain wave
monitoring may be incorporated to further enable more accurate prediction of neurological conditions,
whereas the duration of the study should be extended to observe the degree of neurological recovery
and the level of post-therapy care. Lastly, a clinical decision-making support system may be integrated
to translate examination and consultation-related data into valuable decision-making information,
enabling physicians or decision makers to more accurately assess patient co-morbidities and status at
each stage utilizing the predictive model.
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