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Abstract
Objective. The respiratory rate (RR) is considered one of themost informative vital signals. Awell-
validated standard for RRmeasurement inmechanically ventilated patient is capnography; a
noninvasive technique for expiratory CO2measurements. Reliable RRmeasurements in sponta-
neously breathing patients remains a challenge as continuousmainstream capnographymeasure-
ments are not available. This study aimed to assess the accuracy of RRmeasurement using electrical
impedance tomography (EIT) in healthy volunteers and intensive care unit (ICU) patients on
mechanical ventilation and spontaneously breathing post-extubation. Comparatormethods included
RRderived fromboth capnography and bioimpedance electrocardiogram (ECG)measurements.
Approach. Twenty healthy volunteers wore an EIT belt and ECG electrodes while breathing through a
capnometer within a 10–40 breaths perminute (BPM) range. Nineteen ICUpatients underwent
similarmeasurements during pressure support ventilation and spontaneously breathing after
extubation frommechanical ventilation. Stable periods with regular breathing and no artefacts were
selected, and agreement betweenmeasurementmethods was assessed using Bland–Altman analysis
for repeatedmeasurements.Main result. Bland–Altman analysis revealed a bias less than 0.2 BPM,
with tight limits of agreement (LOA)±1.5 BPM in healthy volunteers and ventilated ICUpatients
when comparing EIT to capnography. Spontaneously breathing ICUpatients hadwider LOA (±2.5
BPM)when comparing EIT to ECGbioimpedance, but gold standard comparisonwas unavailable.
RRmeasurements were stable for 91%of the time for capnography, 68% for EIT, and 64%of the ECG
bioimpedance signals. After extubation, the percentage of stable periods decreased to 48% for EIT
signals and to 55% for ECGbioimpedance. Significance. In periods of stable breathing, EIT
demonstrated excellent RRmeasurement accuracy in healthy volunteers and ICUpatients. However,
stability of both EIT and ECGbioimpedance RRmeasurements declined in spontaneously breathing
patients to approximately 50%of the time.

List of abbreviations

ECG Electrocardiography

EIT Electrical impedance tomography

etCO2 End-tidal CO2

CO2 Carbon dioxide

CVcapno_breath-duration Coefficient of variation of capnography breath duration

CVcapno_etco2 Coefficient of variation of capnography end-expiratory CO2 level
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CVcapno_tidal Coefficient of variation of capnography tidal difference inCO2 level

CVecg_breath_duration Coefficient of variation of ECGbreath duration

CVecg_tidal Coefficient of variation of ECG tidal difference

CVEIT_tidal-volume Coefficient of variation of EIT tidal volume

CVEIT_breath-duration Coefficient of variation of EIT breath duration

CVEIT_EELI Coefficient of variation of EIT end-expiratory lung impedance

BPM Breath perminute

ICU Intensive careUnit

LOA Limits of agreement

RR Respiratory rate

RRDETECTED Respiratory rate detectedwith the STBP algorithm in the ECGbioimpedance waveform

RRECG Respiratory ratemeasuredwith bioimpedance ECG after application of strict selection
criteria based on the ECGwaveform

RREIT Respiratory ratemeasuredwith EIT

RRCAPNO Respiratory ratemeasuredwith capnography

RRECGmonitor Respiratory ratemeasuredwith bioimpedance ECG

STBP Stable tidal breathing period

Introduction

Monitoring of respiratory function is important in both clinical and research settings. The respiratory rate (RR)
plays a crucial role in thediagnosis andmanagement of various respiratory conditions andprediction of patient
deterioration (Addison et al 2015). Therefore, it is important to have accurate and reliableRRmeasurements. In
mechanically ventilated patients, RR canbe read from themechanical ventilator directly, or is computed from
capnographywaveformswith end-tidalCO2measurement (etCO2) as awell-validated gold standard (Donnelly et al
2013, Subbe andKinsella 2018).However, continuousmainstreamcapnographymeasurements in non-ventilated
spontaneouslybreathingpatients are not possible or require a dedicated oxygenmask (Gaucher et al2012). It is of
great importance to have accurateRRmeasurements in spontaneously breathingpatients, especially for the timely
identificationofRR alterations following respiratory distress (Gandevia andMcKenzie 2008). This enables health
care providers to promptly recognize patient deterioration and to anticipate accordingly (Subbe andKinsella 2018).
In these patients, continuousRR is commonly available at the bedside. TheseRRmeasurements are derived from
impedance changes inducedby respiration (ECGbioimpedance) andmeasuredbyECGelectrodes.However, the
accuracy of thismethodmaybe limited especially in dynamic situations, provided that the frequency spectrumof
the heart rate and respiratory rate couldoverlap and is time-varying.

Another noninvasive technique tomonitor respiratory physiology is electrical impedance tomography
(EIT). This is a bedside, radiation free and non-invasive functional imagingmodality tomonitor both global and
regional lung ventilation (Frerichs et al 2017). Before routine and clinical application, the reliability of the RR as
measured from the global EIT signal should be evaluated.

The aimof this study is therefore to evaluate the accuracy of the RRmeasurement of the LuMon device in
both healthy volunteers and intensive care (ICU) patients onmechanical ventilation and spontaneously
breathing after extubation. Comparatormethodswere the RR as derived from capnography and/or the ECG
bioimpedancemeasurement, according to their availability within these settings.

Methods

Study population
This studywas performed in both healthy human subjects and intensive care patients. The study protocol was
approved by the ethics committee of ErasmusMC (Rotterdam, theNetherlands) (MEC-2020-0521,MEC-2020-
0767). All subjects or legal representatives providedwritten informed consent.

The used ICUpatient data was a secondary analysis of an observational study in ICUpatients around the
weaning period frommechanical ventilation (Wisse et al 2024). Adults whowere invasively ventilated for at least
24 h and considered ready for a spontaneous breathing trial within the next 48 hwere considered for enrollment.
Measurements were performed around extubation. All included patient were on pressure support ventilation
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before extubation and spontaneously breathingwith optional oxygen support via a nasal cannula after
extubation. Admission diagnosis was not a predefined inclusion criterion. In both groups, the RRwasmeasured
using threemethods: the RR as providedwith EIT (RREIT), the capnography derived RR (RRcapno), and ECG
bioimpedance derived RR (RRECGmonitor).

Devices and acquisition

(1). Electrical impedance tomography: EIT measures impedance changes in the thorax using a belt embedded
with 32 electrodes around the chest. Lung impedance changes are displayed in a global dynamicwaveform
(plethysmogram). Breaths are detected by evaluation of the course of the plethysmogram, an increase
during the inspiratory phase followed by a decrease in the expiratory phase is a potential breath. EIT
measurements were performedwith the LuMonTM (Sentec AG, Therwil Switzerland)which has recently
entered clinical practice (Khodadad et al 2018). Themeasurement range for RREIT is 5–60 breaths per
minute (BPM)with a specified accuracy of± 2 BPM (SenTec 2020). Small currents 0.7–3.8mArmswere
injectedwith a frequency of 200 kHz±10%. The image rate of the EITmeasurement was 50.2Hz and the
respiratory rate trendwas reportedwith 1Hz.

(2). Capnography: RRcapno monitoring was performed with the Draeger Infinity mainstream CO2 sensor
(Draeger Infinity AcuteCare System,DrägerwerkAG, Lübeck, Germany). It uses an infrared sensor to
measure the etCO2. The respiratory rate can be derived from the capnometry signal. Themeasurement
range formainstreammeasurements is 0–150 BPM.This device has a specified accuracy of±1BPM in the
range of 0–70BPM,±2BPM for 71–120 BPMand±3BPM for 121–150 BPM.The sample frequency of the
used trend report was 1Hz.

(3). ECG bioimpedance: the RRECGmonitor is derived from impedance measurements. A high-frequency current
is injected between twoECG-electrodes on the subjects’ chest. The impedance between the two-ECG
electrodes varies during inspiration and expiration by the expansion and relaxation of the chest
(Charlton et al 2018). The respiratory rate can be derived from these impedance changesmeasured between
ECG lead 1 or 2. RRECGmonitormonitoringwas performedwith theDraeger Infinity (Draeger Infinity Acute
Care System,Drägerwerk AG, Lübeck, Germany). The reportedmeasurement range is 0–150BPMwith a
specified accuracy of±1BPMor 2%of the rate value, whichever is greater. The excitation frequencywas
39.9 kHzwith 50μA. The sample frequency of the used trend report was 1Hz.

Set up
A6-lead ECGwas connected to each study participant and the appropriate size EIT belt was placed around the
thorax according to themanufacturer’s instructions. Volunteers were asked to breathe through amainstream
capnometer connected to amask. Capnographymeasurements in intubated ICUpatients were performedwith
amainstream capnometer connected to the endotracheal tube. Capnographymeasurements were not available
in spontaneously breathing ICUpatients.

Respiratory rate comparison
Volunteers were asked to breath in a regular patternwith 4 different rates, each lasting 1 min andwith an
adjustment time of 20 s in between. Rates varied between 10–20BPM, 20–30 BPM, 30–40 BPMand 10–30 BPM.
An animationwas shown to the participant, facilitating the volunteer to follow the suggested breathing rate and
to announce the start and stop of eachmeasurement.

No breathing rate instructions were given to the ICUpatients;measurements were purely observational
within clinical care.

Data synchronization
The three respiratorywaveforms (global EIT, capnography and ECGbioimpedance signal)were synchronized
and corrected for any offset and drift. Synchronizationwas performedmanually atmultiple time points based
on the respiratorywaveforms. This is needed because of the unknow algorithms calculating the respiratory rates
using different averaging times.Matching time periods for the stable tidal breathing periods (STBP) of the
differentmeasurements were included in the analysis.

Stable tidal breathing period detection
Data processingwas performed inMatlab R2022a (Mathworks, Natick, USA). Tofind STBP in the EIT signal, a
method proposed byHaris et alwas used for identification and analysis of stable breathing period in EIT
recordings (Haris et al 2021). Three criteria were used for identification of STBPs, namely the coefficient of
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variation of tidal volume (CVEIT_tidal-volume), breath duration (CVEIT_breath-duration) and end-expiratory lung
impedance (CVEIT_EELI). A periodwas selected as an STBPwhen it had a duration of at least 30 s andwhen
CVEIT_tidal-volume< 0.25, CVEIT_breath-duration< 0.3 andCVEIT_EELI< 0.2.

We developed a similar algorithm for detection of STBP in the capnography and bioimpedance signals. The
three criteria for identification of STBPs in the capnography signal were, the coefficient of variation of breath
duration (CVcapno_breath-duration), the end-expiratory CO2 level (CVcapno_etco2) and the tidal difference inCO2

level (CVcapno_tidal). A periodwas selected as an STBPwhen it had a duration of at least 30 s andwhen
CVcapno_breath-duration< 0.1, CVcapno__etco2< 0.3 andCVcapno_tidal< 0.2.

Two criteria were used to identify a STBP in the bioimpedance signal breath duration (CVecg_breath_duration)
and the tidal impedance difference (CVecg_tidal). A periodwas selected as an STBPwhen it had a duration of at
least 30 s andwhenCVecg_breath_duration< 0.3, CVecg_tidal< 0.2. Stricter STBP criteria for the ECGbioimpedance
signal (RRECG_monitor)were necessary for reliable comparison and the periodswhere the respiratory ratewas
close the detected heart rate were discarded (see supplement 1 for a detailed description). This stricter selection
of RRECGmonitor based on the ECGwaveform is called RRECG.

The percentage of timewhere the signals were stable was calculated based on STBPdetectionwithout
limiting the period of the STBP to 30 s.

Manualwaveform counting
An additional analysis was done to evaluate if the RR as provided by the LuMonEIT reflected the RR as based on
manual counting of the EIT, capnography and bioimpedance waveforms. Thismanual countingwas performed
by three different experts; for further details, see supplement 2.

Statistics
For respiratory rate analysis the RRcapnowas used as the gold standard. Both the RRECGmonitor, RRECG andRREIT

were compared against this gold standard. The accuracy and limits of agreement (LOA) for the different
breathing frequencies were compared for bothmeasuring techniques. In ICUpatients after extubation, the only
remaining comparisonwas RRECG against RREIT, because capnographymeasurements were unavailable in
patients off the ventilator.

Comparisons were evaluated using a BlandAltman analysis tomeasure LOA. The BlandAltman analysis was
corrected for repeatedmeasures within each subject to account for the variable amount of breaths per setting
and subject, using bootstrap resampling (N= 1000) for the confidence intervals of limits of agreements for the
volunteers (Martin Bland andAltman 1986, Parker et al 2016; Pinheiro et al 2020). The 95% confidence intervals
were computed. Statistical tests were performedwith R version 2022.07.2 (RStudio, Posit Software, Boston
MA,USA).

Results

Study population
Adiverse group of 20 healthy volunteers (male 9, female 11, age: 26 (24–30.25)), BMI: 21.93 (21.13–24.86), and
19 ICUpatients were enrolled (male 11, female 8, age: 63 (51.5–69)), BMI: 25 (24–32.5). The studied ICU
patients exhibited a broad range of admission diagnosis, such as sepsis, trauma, respiratory, cardiovascular and
neurological conditions, resulting in a varying degree of lung (in)homogeneity. The totalmeasurement duration
was 79 min in healthy volunteers and 679 h in ICUpatients.

Stable tidal breathing periods
Respiratorywaveforms from the volunteer populationwere included in the analysis if theywere continuously
stable for aminimumof 30 s. 69/79 of the one-minute capnographywaveformswere included, 72/79 of the EIT
waveforms and 61/79 of the ECGwaveforms.

In the ICUpopulation 91%of the capnography signal was classified stable, 68%of the EIT signal and 64%of
the ECGbioimpedance signal were classified as stable. The percentage of stability decreased after extubation
from67% to 55% for the ECGbioimpedance and 73% to 48% for the EIT signal. The RRdisplayed on the
patient’s bedsidemonitor often corresponded to the heart rate. Figure 1 provides representative examples of
stable and unstable waveformof the capnometer, EIT and ECGbioimpedance signals.

Analysis volunteers
Table 1 summarizes the Bland–Altman results for the volunteers with the corresponding Bland–Altman plots
visualized infigure 2. The bias of comparison 1 (RREIT versus RRcapno) is 0.16 BPMwith LOAwithin± 1 BPM.
The bias of comparison 2 (RRECGmonitor versus RRcapno)was−0.08with LOAwithin± 2BPM.
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Analysis ICUpatients
Table 2 summarizes the Bland–Altman results for the adult ICUpatients, the corresponding Bland–Altman
plots are visualized infigure 3 and supplemental figure A-3. The bias of RREIT versus RRcapnowas 0.16 and the
lower and upper LOAwerewithin±1.2 BPM.The bias of the RRECGmonitor as displayed on the patient’s bedside
monitor versus RRcapno was larger withwide limits of agreement of±8BPM; evaluation of the actual ECG signal
confirmed that this displayed rate often reflected the heart rate instead of respiratory rate (supplemental figure
A-3). After removing data periodswhere RRECGmonitor closely reflected the heart rate instead of respiratory rate
(further referred to as RRECG, seeMethods section and supplement 1), bioimpedance performance improved:
bias of−0.05with limits of agreement of± 1.3 BPM.The performance in spontaneous breathing ICUpatients

Figure 1.Representative examples of stable (green) respiratory waveforms and unstable (orange) respiratory waveforms of the end-
tidal CO2 (capnography), bio impedance ECG signal and EIT signal. Both the end-tidal CO2 and EIT signal shows recalibration
artefacts. The bioimpedance ECG signal shows an irregular signal withmultiple (cardiac) artefacts.

Figure 2.Bland–Altman plots of the volunteers. A. Capnography versus EIT, the black line is the bias (0.16) and the striped lines are
LOAs (i.e.±1.96 times the standard deviation)with their confidence intervals, lower LOA=−0.6 upper LOA= 0.93. B. Capnography
versus ECGbioimpedance. The black line is the bias (−0.08) and the striped lines are LOAs (i.e.±1.96 times the standard deviation)
with their confidence intervals, lower LOA=−1.88 upper LOA= 1.05.

Table 1.Bland–Altman comparison of the STBP periods in healthy volunteers.

Bias (BPM) SD (BPM) Lower LoA Upper LoA

Comparison 1: RREIT versus RRcapno 0.16 0.39 −0.6 0.93

95% confidence interval (BootstrappedN= 1000) 0.07 0.33 −0.77 0.78

0.26 0.46 −0.44 1.10

Comparison 2: RRECGmonitor versus RRcapno − 0.08 0.75 −1.55 1.39

95% confidence interval (BootstrappedN= 1000) −0.28 0.62 −1.88 1.05

0.11 0.88 −1.21 1.71
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could not be evaluated against capnography, andwas therefore evaluatedwith RRECG against RREIT. The LOA
were between−1.36 and 2.42with a bias of 0.53.

Manual waveforms counting
Manual counting of RR from capnography, bioimpedance and EITwaveforms confirmed that the LuMon-
derived RRwas reliable during stable breathing periods (average bias of−0.05 bpm; see supplemental file 2).

Discussion

In the present study, we evaluated the accuracy of respiratory ratemeasurements with EIT against ECG and
capnography.We evaluated the performance in a heterogeneous group of volunteers and adult ICUpatients.

Figure 3.Bland–Altman comparisons of the ICUpatients, as per the comparisonsmentioned in table 2. A. Comparison 1, RRCAPNO

versus RREIT, the black line is the bias (0.16) and the striped lines are LOAs (i.e.±1.96 times the standard deviation)with their
confidence intervals, lower LOA=−0.82 upper LOA= 1.14. B. Comparison 3, RRCAPNO versus RRECG, the black line is the bias
(−0.05) and the striped lines are LOAs, lower LOA=−1.29 upper LOA= 1.18. C. Comparison 4, RRECG versus RREIT during
mechanical ventilation (on-vent), the black line is the bias (0.25) and the striped lines are LOAs, lower LOA=−0.95 upper
LOA= 1.44. D. Comparison 5, RRECG versus RREIT during spontaneous breathing (off-vent), the black line is the bias (0.53) and the
striped lines are LOAs, lower LOA=−1.36 upper LOA= 2.42. Comparison 2 is visualized in the supplemental file 3.

Table 2.Bland–Altman comparison of the STBP periods in ICUpatients.

Number of

STBPs

On/

Off vent

Bias

(BPM) SD (BPM) Lower LoA Upper LoA

Comparison 1: RREIT versus RRcapno 13009 On vent 0.16 0.5 −0.82 1.14

Comparison 2: RRECGmonitor versus RRcapno 20562 On vent −1.09 3.63 −8.19 6.01

Comparison 3: RRECG versus RRcapno 17908 On vent −0.05 0.63 −1.29 1.18

Comparison 4: RRECG versus RREIT 10031 On vent 0.25 0.61 −0.95 1.44

Comparison 5: RRECG versus RREIT 2840 Off Vent 0.53 0.96 −1.36 2.42
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Ourfindings reveal several important insights regarding the accuracy of themeasurement techniques. Firstly,
EIT provides a reliable respiratory rate agreementwith LOA±1.5 BPM from the reference capnography in both
volunteers and ICUpatients during stable tidal breathing periods. The performance of ECGbioimpedance RR as
derived from the bedsidemonitor was accurate for the volunteermeasurements with LOAof±2BPM.The
percentage of timewith stable tidal breathing periods in ICUpatients was 91% for capnographymeasurements,
68% for EITmeasurements and 64% for ECGmeasurement. After extubation, when patients weremoremobile,
the percentage of stability decreased to 48% for EIT signals and to 55% for ECGbioimpedance.

Allmeasured respiratory rates were within a clinically acceptable range of±2 BPM.
The volunteer studywas performed in a controlled set-upwith volunteers breathing at various suggested

rates. All respiratory waveformswere visually inspected for stability before the start of themeasurement and the
breathing rates were stable. In contrast, the ICUpatient datawas part of an observational study duringweaning
frommechanical ventilation, withmeasurements up to 72 h and including periodswith unstable EIT and ECG
signals. During the observationalmeasurement no extra attentionwas spend to the reliability of the ECG
impedancewaveform.Weused the ECG impedance data as how it was continuouslymeasured and shownon
the patient’smonitor. Our findings showed that the accuracy of the RRECGwas low (LOA±8BPM) and the
measuredRRoften corresponded to the heart rate (visual example in supplement 4). Clinically, with our specific
patient bedsidemonitor it is possible to activate awarning on themonitor when the detected RR is too close to
the actual heart rate and to set a certain breath detection threshold. These settingswere not activated in our ICU.
Therefore, to optimized comparisons between EIT and ECG signals, we applied our own selection criteria offline
to eliminated STBPs from the ECG signal that demonstrated artefacts or when theRRwas close to the actual
heart rate. This strict selectionwas not performed in the healthy volunteer data due to the controlled and
prospective study setup, where stability of the signals was confirmed prior to themeasurements. In contrast,
when applying the strict selection criteria in adult ICUpatients we found that RRECGmonitor values displayed on
the patient’s bedsidemonitor were incorrect for over 50%of the time. Awareness of these artefacts and hence,
more careful positioning of the ECG electrodes, and better bedside or offline algorithms to compute RR from
ECGmay improve reliability of RRmonitoring.

Both EIT and ECG respiratory ratemeasurements are susceptible to changes in patient position,movement
artefacts and electrode quality,making accuratemeasurement of respiratory rate especially challenging in
spontaneously breathing patients. The percentage of timewith stable tidal breathing decreased to±50%of the
time for bothRREIT andRRECG in these patients after extubation. Future advancement in electrode positioning
and quality could potentiallymitigate some of these limitations.

We developed stable period detection algorithms for EIT, ECG and capnographymeasurements.We suggest
manufacturers to incorporate stable period detection in algorithms in their software and alarm for unstable
signals to ease reliable clinical interpretation of the vital signs for patient care.

Strengths and limitations
This study has some strengths and limitations.We included respiratory data fromboth healthy volunteers and
ICUpatients with varying underlying causes of respiratory distress. The accuracy of respiratory rate
measurement was evaluated over the entire physiological range of the respiratory rate. In addition,manual
waveform countingwas performed and the results confirm the reliable performance of the LuMon inmeasuring
RRduring stable breathing.

Some limitation should be acknowledged. This was a retrospective study and no sample size was calculated
for this secondary analysis; however, we included a large number of breaths (i.e. from> 20 000 STBPs). No
subgroup analysis on age and gender was performed due to the small sample size and considering that patients
were their own controls.

The respiratory ratemeasurement performance for spontaneous breathing ICUpatients should be
interpreted carefully formultiple reasons. First, the respiratory rate of the spontaneous breathing ICUpatients
could not be evaluated against the gold standard. Therefore, we performed the comparison of RRECG against
RREIT. The use of sidestream capnographywith sub-nasal sampling could help to increase the reliability of RR
evaluation in spontaneous breathing ICUpatients. However, in our ICU thismethod is not available and for this
retrospective studywe used clinicallymeasurements for comparisons.

Second, the included STBP periodswere based on our own algorithm, which could only be validated against
RRcapno during invasive ventilation. Nevertheless, the results indicate that the RREIT performance in
spontaneous breathing ICUpatients is slightly less accurate compared to the RREIT performance in spontaneous
breathing volunteers andmechanically ventilated ICUpatients, but the performance is still within an acceptable
range.
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Clinical relevance
In patients on invasivemechanical ventilation, ventilatormonitors provide reliable real timemeasurements of
respiratory parameters, including respiratory rate, tidal volume andminute ventilation.Moreover, capnography
offers comprehensive assessment of ventilatory status through the respiratory rate andmeasurement of exhaled
CO2. The role of respiratory ratemonitoring by as EIT or ECG impedance is limited in this context, but of great
importance in non-ventilated spontaneously breathing patients on theward or in the ICU. In these settings
accuratemeasurement of respiratory rate remains a challenge, and the limitations of conventionalmethods
becomes evident. Intermittentmanual assessment of respiratory rate is often still the standard of care,
introducing subjectivity and limiting continuousmonitoring (VanLeuvan andMitchell 2008, Addison et al
2015). Having accurate RRmeasurements in spontaneously breathing patients is essential for early identification
for respiratory distress and timely recognition can facilitate early intervention (Krieger et al 1986).Manual
assessment also has variable accuracy, especially for the respiratory rate (Kellett and Sebat 2017).

Wireless sensors are increasingly used for continuous vital signalmonitoring but variable accuracy of such
remote systemswere reported (Breteler et al 2020). Therefore, further investigation is essential to refine
techniques and develop stable (wireless) respiratory ratemeasurement techniques suitable for spontaneously
breathing patients.

Conclusion

Our study confirms the accuracy of the LuMonEIT respiratory rate detection algorithm, which exhibits a±2
BPMaccuracy in both volunteers andmechanically ventilated ICUpatients during stable periods (regular
breathing, no artefacts). Nevertheless, the stability of RRmeasurements obtainedwith EIT and ECG
bioimpedance declined notably when applied to spontaneously breathing ICUpatients, with stability
diminishing to approximately 50%of the time. The acquisition of reliable RRmeasurement in spontaneously
breathing patients remain a significant challenge.
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