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Abstract Respiratory rate has been shown to be an im-

portant predictor of cardiac arrest, respiratory adverse

events and intensive care unit admission and has been

designated a vital sign. However it is often inadequately

monitored in hospitals. We test the hypothesis that Respi-

raSense, a piezoelectric-based novel respiratory rate (RR)

monitor which measures the differential motion of the

chest and abdomen during respiratory effort, is not inferior

to commonly used methods of respiratory rate measure-

ment. Respiratory rate was compared between the devel-

oped RespiraSense device and both electrocardiogram and

direct observation by nursing staff. Data was collected

from 48 patients admitted to the post-anaesthesia care unit

in a tertiary level hospital. The primary outcome measure

was difference in average RR calculated over a 15 min

interval between (1) RespiraSense and ECG and (2)

RespiraSense and nurses’ evaluation. The secondary out-

come measure was the correlation between the respiratory

rates measured using these three methods. The 95 % con-

fidence interval for the difference in average RR between

RespiraSense and ECG was calculated to be [-3.9, 3.1].

The 95 % confidence interval for the difference in average

RR between RespiraSense and nurses’ evaluation was

[-5.5, 4.3]. We demonstrate a clinically relevant agree-

ment between RR monitored by the RespiraSense device

with both ECG-derived and manually observed RR in 48

post-surgical patients in a PACU environment.

Keywords Anaesthesia � Monitoring � Respiration �
Vital signs � Piezoelectric

1 Introduction

The level of documentation of vital signs in many hospitals is

poor [1, 2]. Of the four vital signs, respiratory rate (RR) in

particular is often not recorded, even when the patient’s

primary problem is a respiratory condition [3–6]. This is in

spite of the fact that an abnormal respiratory rate has been

shown to be an important predictor of serious events such as

cardiac arrest and admission to an intensive care unit (ICU)

[7–10]. Retrospective studies of charts suggest that recorded

respiratory rates are abnormal in about 1 % of patients, but

when intensive automatic monitoring is used, abnormalities

are noted at least ten times more frequently [11].

Respiratory rate is an important predictor of cardiac

arrest [7] and is likely a more useful indicator of critical

illness than changes in systolic blood pressure or pulse [9].

Greater than half of all patients suffering a serious adverse

event on the general wards had a respiratory rate greater

than 24 breaths per minute [10]. These patients could have

been identified as high risk up to 24 h before the event with

a specificity of over 95 %. Abnormal RR is also an im-

portant indicator of sepsis, pneumonia and respiratory de-

pression. Improved detection and treatment of respiratory

problems improves long-term outcome [12].

Although the ability to monitor heart rate continuously

and effectively has been developed, an effective, reliable

RR monitoring sensor has yet to be developed. Two

methods of RR measurement are in common clinical use:

direct observation and electrocardiogram-derived. A third

method, capnography (monitoring of the concentration or

partial pressure of carbon dioxide in the respiratory gases)
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is usually seen as the gold standard in the hospital envi-

ronment, however it’s use is currently largely restricted to

intensive care units and operating theatres, although more

widespread use has been recommended [13]. A need for

further refinements in capnography technology to decrease

false-positive alarms and improve patient comfort has also

been identified [14]. As the trials were performed in the

PACU ward of the hospital, for the purpose of this paper

the PMD RespiraSense will be compared to the respiration

monitors currently utilised within the PACU ward.

Direct measurement is performed by manual observa-

tion of RR by look or touch. However, reproducibility of

RR measurement is limited by significant inter-observer

variability [15]. Electrocardiogram (ECG) leads are used to

measure the change in electrical impedance as the chest

wall expands. This may give rise to inaccurate measure-

ments at lower respiratory rates, when there is interference

by blood flow, when low skin–electrode impedance is not

maintained throughout the monitoring period [16], or when

there is excessive subject motion.

Neither clinical measurement by nurses nor electronic

measurements, using transthoracic impedance plethys-

mography, provide accurate measurement of RR in an

emergency department setting [17].

We present a pilot study to assess the non-inferiority of

the RespiraSense device compared to existing respiratory

rate monitoring techniques commonly used in hospital

wards, namely ECG-derived respiratory rate and direct

manual observation by nursing staff.

2 Materials and methods

Permission was obtained from the Cork Research Ethics

Committee to recruit adult patients scheduled for non-ur-

gent surgery at a tertiary hospital (Cork University

Hospital). Inclusion criteria were: age greater than

18 years, scheduled for admission to the post anaesthesia

care unit (PACU) following surgery under general, re-

gional or local anaesthesia. Exclusion criteria were: pa-

tients with diagnosed respiratory disorders (chronic

obstructive pulmonary disease, asthma, pulmonary fibro-

sis), a history of allergy to medical grade skin adhesive or

latex, planned postoperative ventilation, pregnancy, pa-

tients requiring legally authorized representatives.

The RespiraSense respiratory rate monitor is based upon

piezoelectric technology. This technology is in the form of

films of an ultra-flat laminated layer of piezo material. This

material, when bent or strained, produces a small varying

voltage difference. This monitor measures the differential

motion of the chest and abdomen during respiratory effort

to derive a respiratory rate. The housing for the piezo

material was made out of a silicone material and can be

seen in Fig. 1. The housing was attached to the patient

using 3M medical grade adhesive tape. A Shimmer Re-

search Platform unit (Fig. 2) was used to acquire the data

from the sensor at a sampling rate of 20.1 Hz and wire-

lessly transmitted the data to the external tablet device

(Fig. 3). Wireless transmission of information conforms to

standard Bluetooth communication protocols as currently

used in clinical settings. The received data was stored on

the tablet for the duration of the trial and post-processing

was performed using Octave on a desktop computer. The

dimensions of the RespiraSense sensor unit are: length

80 mm, width 50 mm, depth 15 mm, weight 50 g.

On admission to the PACU standard monitoring (pulse

oximetry, electrocardiography, non-invasive arterial blood

pressure (Datex AS/3 monitor; Datex Corp., Helsinki,

Finland) was attached by the PACU nursing staff. Institu-

tional standard monitoring procedures were commenced,

including recording of RR as observed by the attending

nurse every 5 min. The upper limb of the RespiraSense

monitor was attached along the chest wall overlying the

10th rib, the lower limb was placed over the abdomen and

the shimmer unit attached in the mid-axillary line (Fig. 4).

A wireless Bluetooth connection was then established with

the computer tablet to record RR from the RespiraSense

device. The attending nurse and principal investigator were

both blind to the RespiraSense reading.

During each trial, the following measurements were

obtained by the principal investigator:

• subject age, mode of anaesthesia, surgery type

• RR as observed by attending PACU nurse every 5 min

• patient rating of comfort of device using 11 point verbal

rating scale (VRS; 0 = least comfort imaginable,

10 = most comfort imaginable)

Fig. 1 RespiraSense sensing element
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• attending PACU nurse rating of ease of device use,

using 11 point VRS (0 = least difficulty imaginable to

use, 10 = most difficulty imaginable to use)

• adverse respiratory events (RR\ 5 or[25 breaths per

minute, hypoxaemia\92 %, airway obstruction requir-

ing at least jaw thrust or chin lift manoeuvre).

The following measurements were recorded electronically:

• ECG-derived RR, recorded on Dell Laptop connected

to Datex monitor

• RespiraSense derived RR, recorded on Panasonic

ToughPad tablet.

Patients were considered fit for discharge from PACU as

per institutional protocol. The RespiraSense monitor was

removed immediately prior to discharge from PACU.

2.1 Statistical analysis

The primary outcome measure for the study was mean

difference in average RR between (1) RespiraSense and

ECG and (2) RespiraSense and nurses’ evaluation. Each

RR point was output for a non-overlapping 15 min interval.

The secondary outcome was the correlation between the

respiratory rates measured for (1) RespiraSense versus

ECG and (2) RespiraSense versus nurses’ evaluation.

The difference in average RR between monitoring

techniques over this 15 min interval was summarised using

the mean, standard deviation, median and range. The ef-

fectiveness of the RespiraSense monitor versus nurse ob-

servation of RR and ECG-derived RR was determined by

95 % confidence intervals for the mean difference in av-

erage RR between techniques. A difference of three breaths

per minute (bpm) was considered of minimum clinical

relevance. This was chosen from the early warning system

(EWS) which identifies a score difference of 3 bpm to be

meaningful by defining the respiration scores in steps of

3 bpm.

The secondary analysis was to assess the direct rela-

tionship or correlation between the average measured res-

piratory rate for the RespiraSense device and each of the

examined measuring techniques. A Pearson’s Product-

Moment correlation analysis was performed.

The RespiraSense monitor would be considered effec-

tive in detecting changes in RR comparable to nurse

Fig. 2 Shimmer platform to facilitate wireless Bluetooth connection

from sensing element to computer

Fig. 3 Panasonic ToughPad JTB1 tablet computer. The data plotted

on the device is smoothed data representative of the signal produced

on the piezo sensor by the patient’s breathing

Fig. 4 Location of RespiraSense on chest wall
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evaluation if a correlation coefficient greater than 0.6 was

achieved. The RespiraSense monitor would be considered

effective in detecting changes in RR comparable to ECG if

a correlation coefficient greater than 0.7 was achieved.

Correlations greater than 0.6 identify strong relationships

between datasets where the datasets demonstrate similar

and simultaneous increases and decreases in measure-

ments. The expected correlation with ECG-derived RR was

set at 0.7 because the continuous nature of both the PMD

and ECG-derived monitoring could be expected to result in

a closer correlation. Bland–Altman analysis was used to

present the results graphically.

Using an estimated standard deviation of 6 bpm based

on the range of possible values for RR, a sample size of 31

subjects was calculated to be sufficient to estimate a two-

sided 95 % confidence interval of width length 6 bpm for

the difference between techniques in average RR, assuming

at least one evaluable 15 min interval per patient. A 95 %

confidence interval of width 6 bpm was chosen to reflect a

clinically relevant difference of 3 bpm in either direction,

that is [-3, ?3].

3 Results

48 patients who presented for non-urgent surgical inter-

vention at our hospital and who did not violate exclusion

criteria were enrolled in the trial. No patient declined to

enrol in the trial.

The mean age of subjects was 51.5 (median 53, standard

deviation 17.7, range 20–83) years. 28 male and 20 female

subjects were enlisted. 40 patients underwent general

anaesthesia, 6 patients regional anaesthesia and 2 patients

sedation. The mean time spent by the patients in the PACU

was 59.5 (median 58, standard deviation 15.8, range

34–98) min. No patients suffered an adverse respiratory

event during the trial. In terms of comfort, 48 patients

(100 %) rated the RespiraSense device as 10 on a VRS for

comfort while 12 nursing staff (100 %) rated the Respi-

raSense device as 10 on a VRS for ease of use (application

of device only).

Of the total 144 recorded data points, 115 time points

were available for analysis (see Appendix). The remaining

29 time points were lost due to: delays in connecting ECG

monitoring (2 patients), laptop shut down (2 patients),

disconnection of the RespiraSense device (1 patient) and

failure of ECG to generate meaningful RR data (i.e.

RR\ 1 bpm) (nine 15 minute intervals across multiple

patients). Non-overlapping data was required to ensure

variable independence in Bland–Altman analysis.

Comparisons of the RespiraSense with ECG-derived RR

(column 1) and with nurse monitored RR (column 2) are

presented in Table 1. Figure 5 summarises the data from

the utilized 115 epochs for ECG versus RespiraSense in the

form of a Bland–Altman plot. The direction of difference

is: (ECG–RespiraSense). The solid line represents the bias

of the differences. Dashed lines represent the 95 % confi-

dence limits for the differences. The mean difference for

average RR between RespiraSense and ECG is less than

1 bpm, mean (SD) = -0.41 (1.79). The 95 % confidence

interval (CI) for the difference in average RR is calculated

to be [-3.9, 3.1], which does not exclude the clinically

relevant difference of 3 bpm. However, the difference was

greater than 3 bpm in the case of just nine intervals (7.8 %

of intervals).

Similar to Fig. 5, Fig. 6 summarises the data for Nurse

Evaluation versus RespiraSense, with the direction of dif-

ference (Nurse–RespiraSense). The mean difference for

average RR between RespiraSense and the Nurse Evalua-

tion is also less than 1 bpm, mean (SD) = -0.58 (2.50).

The 95 % CI for the difference in average RR is calculated

to be [-5.5, 4.3], which also does not exclude the clinically

relevant difference of 3 bpm. The difference was greater

than 3 bpm in the case of 23 intervals (20 % of intervals).

However, only three of the 23 intervals also showed a

difference of greater than 3 bpm in average RR for

RespiraSense versus ECG.

The Pearson Product-Moment Correlation Coefficient

(PMMCC) of 0.84 demonstrates a very strong relationship

between RespiraSense and ECG in monitoring RR.

Similarly, the PMMCC of 0.78 demonstrates a slightly

weaker, but still strong, relationship between RespiraSense

and the nurse’s evaluation in monitoring RR.

4 Discussion

In this paper we have shown that in a clinical setting the

RespiraSense device can measure RR, with values which

show a clinically relevant agreement with those derived

from ECG and from direct measurement by nursing staff.

Patients in the PACU have a wide variety of breathing

patterns due to different types of anaesthesia used, varying

use of opioid drugs and different body habitus and airway

types such as those associated with obstructive sleep ap-

noea. In addition, postoperative patients are at risk for

adverse respiratory events [18, 19]. Both of these factors

make the results presented herein relevant and externally

valid.

We chose to compare the RespiraSense to two com-

monly used methods: ECG-derived and direct measure-

ment. Although both of these techniques have been shown

to be either inconsistent or unreliable, they remain the most

commonly used techniques at our institution and many

other institutions worldwide. ECG-derived RR monitoring

is restricted to patients attached to ECG monitors at our
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Table 1 Comparison of

average respiratory rate in

breaths per minute between

RespiraSense and ECG (column

1) and RespiraSense and nurse

observation (column 2)

ECG–RespiraSense Nurse–RespiraSense

Number of data points 115 115

Mean -0.41 -0.58

Standard deviation 1.79 2.5

Median -0.6 -0.9

Minimum–maximum -5.8, 6.5 -6.8, 7.7

95 % confidence interval -3.9, 3.1 -5.5, 4.3

95 % confidence interval for mean -0.73, -0.08 -1.04, -0.12

Fig. 5 Bland Altman plot

showing ECG versus PMD.

Direction of difference is

(ECG–PMD)

Fig. 6 Bland Altman plot

showing Nurses’ Evaluation

versus PMD. Direction of

difference is (Nurse Eval–PMD)
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institution and thus occurs only in PACU, monitored

emergency room beds, the intensive care and coronary care

units; the majority of patients will only have RR

monitoring performed at fixed time intervals by manual

observation.

Respiratory rate measurement derived from capnogra-

phy is likely the nearest to a gold standard but is currently

used only in intubated patients and is thus even more re-

stricted in use. While the use of capnography in non-in-

tubated patients is increasing, it’s use remains largely

confined to the operating room, perhaps because of per-

ceived problems with equipment and patient comfort [13,

14] as well as accuracy [20]. Future analysis of the

RespiraSense device will compare it to capnography out-

side the PACU ward.

In addition to the quantitative results, it has also been

shown that patients consistently rate the device as the most

comfortable imaginable while nursing staff in a busy ter-

tiary PACU find the RespiraSense device to be very easy to

use.

Limitations of the study include the absence of blinding

and the lack of a ‘gold standard’ for RR monitoring for

comparison. Both ECG-derived RR monitoring and manual

observation are suboptimal techniques. We used these

techniques as comparison because they are the most com-

monly used non-invasive monitoring techniques in our

hospital, and thus may reflect current ‘real life’ clinical

practice. Comparing the RespiraSense monitor to these

controls may have underestimated the accuracy of the

RespiraSense device. This study was not powered to the

incidence of postoperative obstructive apnoea and no such

clinically significant apnoea occurred. As a result it is

unclear whether the RespiraSense device would detect

obstructive apnoea as well as clinical observation or

capnography. A larger study powered to the incidence of

such obstructive apnoea is planned. As the average

recording time for the current trial was 59.5 min, a study

with extended observational periods is required to inves-

tigate the trending capability of the RespiraSense.

Similarly further trials are required to demonstrate the

practical aspects of device use in different types of surgery,

e.g. thoracic or paediatric surgery. Finally, patients with a

history of respiratory disease were excluded from this study

in order to demonstrate safety in a lower risk population—a

further study investigating utility in patients with respira-

tory disease will be required. Strengths of the study include

the use of patients with a broad range of ages, anaesthetic

techniques and levels of sedation and the use of patient and

nurse assessments of comfort and ease of use.

5 Conclusion

We demonstrate a clinically relevant agreement between

RR monitored by the RespiraSense device with both ECG-

derived and manually observed RR in 48 post-surgical

patients.
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Appendix

See Table 2.

Table 2 Respiratory rate data

Patient 15 min

interval

Average

RR: PMD

Average

RR: ECG

Average

RR: manuala
DIFF

(ECG–PMD)

Mean

(PMD, ECG)

DIFF

(manual–PMD)

Mean

(PMD, manual)

3 1 15.9 18.1 18 2.2 17.00 2.1 16.95

3 2 14.7 17.3 15.5 2.6 16.00 0.8 15.10

4 1 14.5 18.3 12.5 3.8 16.40 -2 13.50

4 2 13 11.3 11.5 -1.7 12.15 -1.5 12.25

5 1 12.8 13.9 12 1.1 13.35 -0.8 12.40

5 2 12.8 12.6 12 -0.2 12.70 -0.8 12.40

5 3 12.4 11.8 13 -0.6 12.10 0.6 12.70

5 4 12.3 11.6 14 -0.7 11.95 1.7 13.15

6 1 10 12.6 9.5 2.6 11.30 -0.5 9.75

6 2 9.2 9.9 14 0.7 9.55 4.8 11.60

6 3 9 9.1 12 0.1 9.05 3 10.50

7 1 13.1 14.4 12.5 1.3 13.75 -0.6 12.80
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Table 2 continued

Patient 15 min

interval

Average

RR: PMD

Average

RR: ECG

Average

RR: manuala
DIFF

(ECG–PMD)

Mean

(PMD, ECG)

DIFF

(manual–PMD)

Mean

(PMD, manual)

7 2 12.1 11.6 9.5 -0.5 11.85 -2.6 10.80

8 1 14.5 12.4 14 -2.1 13.45 -0.5 14.25

8 2 14.8 12.4 17 -2.4 13.60 2.2 15.90

8 3 14.3 10.9 19 -3.4 12.60 4.7 16.65

9 1 18.4 14.9 18 -3.5 16.65 -0.4 18.20

9 2 16.2 15.1 20 -1.1 15.65 3.8 18.10

9 3 15.6 13.9 18 -1.7 14.75 2.4 16.80

11 1 13 14.1 16 1.1 13.55 3 14.50

11 2 13.1 12.6 12 -0.5 12.85 -1.1 12.55

11 3 13.2 12.5 11 -0.7 12.85 -2.2 12.10

11 4 13.2 12.7 10 -0.5 12.95 -3.2 11.60

12 2 10.5 10.2 10 -0.3 10.35 -0.5 10.25

13 1 11.4 12.4 8 1 11.90 -3.4 9.70

13 2 10.2 9 8 -1.2 9.60 -2.2 9.10

13 3 10.6 8.3 9 -2.3 9.45 -1.6 9.80

13 4 10.2 9.8 9 -0.4 10.00 -1.2 9.60

14 1 19.1 17.5 17.5 -1.6 18.30 -1.6 18.30

14 2 19.1 17.3 16 -1.8 18.20 -3.1 17.55

14 3 19.2 16.2 16 -3 17.70 -3.2 17.60

15 1 10.5 9.3 7.5 -1.2 9.90 -3 9.00

15 2 12.4 11.6 10 -0.8 12.00 -2.4 11.20

15 3 11.9 12.2 10 0.3 12.05 -1.9 10.95

16 1 16.2 15.7 14 -0.5 15.95 -2.2 15.10

16 3 16.2 14.6 17 -1.6 15.40 0.8 16.60

17 1 12.4 12.5 11 0.1 12.45 -1.4 11.70

17 3 11.3 9.7 10 -1.6 10.50 -1.3 10.65

17 4 11.6 10.1 8 -1.5 10.85 -3.6 9.80

18 2 13.5 11.4 12 -2.1 12.45 -1.5 12.75

19 1 12.1 10.6 10 -1.5 11.35 -2.1 11.05

19 2 11.3 9.7 8 -1.6 10.50 -3.3 9.65

19 3 12.6 10.7 10 -1.9 11.65 -2.6 11.30

19 4 11.6 10.7 11 -0.9 11.15 -0.6 11.30

20 1 12.8 12 11 -0.8 12.40 -1.8 11.90

20 2 13.2 12.8 13 -0.4 13.00 -0.2 13.10

20 3 13.6 13.1 13 -0.5 13.35 -0.6 13.30

21 1 10.8 11.3 12 0.5 11.05 1.2 11.40

21 2 10.2 11.9 10 1.7 11.05 -0.2 10.10

21 3 10.9 11.4 10 0.5 11.15 -0.9 10.45

22 1 9.8 12.1 9 2.3 10.95 -0.8 9.40

22 2 11.5 11.6 12 0.1 11.55 0.5 11.75

22 3 11.8 10.5 12 -1.3 11.15 0.2 11.90

22 4 11.5 9.6 12 -1.9 10.55 0.5 11.75

23 2 18 15.2 12 -2.8 16.60 -6 15.00

24 1 12.3 13.1 10 0.8 12.70 -2.3 11.15

24 2 11.9 11.3 10 -0.6 11.60 -1.9 10.95

24 3 11.9 9.9 10 -2 10.90 -1.9 10.95

25 4 13.8 20.3 16 6.5 17.05 2.2 14.90
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Table 2 continued

Patient 15 min

interval

Average

RR: PMD

Average

RR: ECG

Average

RR: manuala
DIFF

(ECG–PMD)

Mean

(PMD, ECG)

DIFF

(manual–PMD)

Mean

(PMD, manual)

26 1 10.6 11.4 9.5 0.8 11.00 -1.1 10.05

26 2 11.2 10.6 10 -0.6 10.90 -1.2 10.60

28 1 18.2 22.1 23 3.9 20.15 4.8 20.60

28 2 18.2 18 21 -0.2 18.10 2.8 19.60

28 3 17.5 16.6 13.5 -0.9 17.05 -4 15.50

29 1 12.3 11.2 11.5 -1.1 11.75 -0.8 11.90

29 2 10.7 11.6 9 0.9 11.15 -1.7 9.85

29 3 12.5 12.6 14 0.1 12.55 1.5 13.25

30 1 8.4 7.6 7.5 -0.8 8.00 -0.9 7.95

30 2 9.1 9.1 8 0 9.10 -1.1 8.55

30 3 9.1 7.6 8 -1.5 8.35 -1.1 8.55

31 1 13.3 13.4 11 0.1 13.35 -2.3 12.15

31 2 13.3 12.4 12 -0.9 12.85 -1.3 12.65

31 3 13.5 13.2 13 -0.3 13.35 -0.5 13.25

32 1 11.5 14.3 11 2.8 12.90 -0.5 11.25

32 2 11.3 11.3 18 0 11.30 6.7 14.65

32 3 10.7 14.1 16 3.4 12.40 5.3 13.35

32 4 11.4 13.4 11.5 2 12.40 0.1 11.45

33 1 16.3 18 24 1.7 17.15 7.7 20.15

33 2 22.3 16.5 24 -5.8 19.40 1.7 23.15

33 3 20.3 14.8 18 -5.5 17.55 -2.3 19.15

33 4 18.1 15 16.5 -3.1 16.55 -1.6 17.30

34 1 13.8 13.3 7 -0.5 13.55 -6.8 10.40

34 2 14 15.4 14 1.4 14.70 0 14.00

34 3 16.6 14.6 15 -2 15.60 -1.6 15.80

34 4 14.9 14.5 10 -0.4 14.70 -4.9 12.45

35 1 14.4 11.7 14.5 -2.7 13.05 0.1 14.45

35 2 15.9 13.3 16 -2.6 14.60 0.1 15.95

35 3 16.7 13.9 15 -2.8 15.30 -1.7 15.85

35 4 18.8 17.9 13 -0.9 18.35 -5.8 15.90

36 1 11.8 10.9 9.5 -0.9 11.35 -2.3 10.65

36 2 13 13 9 0 13.00 -4 11.00

36 3 12.8 11.8 13 -1 12.30 0.2 12.90

37 1 11.1 12.4 10 1.3 11.75 -1.1 10.55

37 2 10.7 12 9 1.3 11.35 -1.7 9.85

37 3 11.4 10.6 11 -0.8 11.00 -0.4 11.20

38 1 10.4 10.7 11 0.3 10.55 0.6 10.70

39 1 12 13.1 9.5 1.1 12.55 -2.5 10.75

39 2 12.4 12 11 -0.4 12.20 -1.4 11.70

39 3 12.2 14.2 12.5 2 13.20 0.3 12.35

40 1 11 10.1 9 -0.9 10.55 -2 10.00

40 2 12.3 10.2 12 -2.1 11.25 -0.3 12.15

40 3 9.6 8.9 10 -0.7 9.25 0.4 9.80

42 1 10.2 11.5 10.5 1.3 10.85 0.3 10.35

42 2 10.7 9.6 16 -1.1 10.15 5.3 13.35

44 1 19.8 19.2 18 -0.6 19.50 -1.8 18.90

44 2 19.5 20 18 0.5 19.75 -1.5 18.75
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Table 2 continued

Patient 15 min

interval

Average

RR: PMD

Average

RR: ECG

Average

RR: manuala
DIFF

(ECG–PMD)

Mean

(PMD, ECG)

DIFF

(manual–PMD)

Mean

(PMD, manual)

44 3 18.9 18.1 18 -0.8 18.50 -0.9 18.45

44 4 18.5 18.9 18 0.4 18.70 -0.5 18.25

45 1 12.3 14.2 14 1.9 13.25 1.7 13.15

45 2 13 13.5 12 0.5 13.25 -1 12.50

45 3 13.5 12.6 16 -0.9 13.05 2.5 14.75

46 1 24.1 23.5 23.5 -0.6 23.80 -0.6 23.80

46 2 22 19.2 26 -2.8 20.60 4 24.00

47 1 15.9 14.8 12 -1.1 15.35 -3.9 13.95

47 2 15.4 14.6 10.5 -0.8 15.00 -4.9 12.95

a Manual refers to Nurses’ Evaluation
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