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SUMMARY:  29 
This protocol describes a method for calculating Heart Rate Variability (HRV) from 30 
electrocardiogram (ECG) waveforms. Waveforms from continuous heart rate (HR) recordings 31 
during active video game (AVG) sessions were used to measure the aerobic performance of 32 
youth with cerebral palsy (CP).  33 
  34 
ABSTRACT:  35 
The aim of this study was to generate a method for calculating heart rate variability (HRV) from 36 
electrocardiogram (ECG) waveforms. The waveforms were recorded by a HR monitor that 37 
participants (youth with cerebral palsy (CP)) wore during active video game (AVG) sessions. The 38 
AVG sessions were designed to promote physical activity and fitness (aerobic performance) in 39 
participants. The goal was to evaluate the feasibility of AVGs as a physical therapy (PT) 40 
intervention strategy. The maximum HR (mHR) was determined for each participant and the 41 
Target Heart Rate Zone (THRZ) was calculated for each of three exercise phases in the 20 min 42 
AVG session: (warm-up at 40-60% mHR, conditioning at 60-80% mHR, and cool down at 40-60% 43 
mHR). Each participant played three 20 min games during the AVG session. All games were 44 
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played while sitting on a bench because many youth with CP cannot stand for extended periods 45 
of time. Each game condition differed with participants using hand icons only, hand and feet 46 
icons together or feet icons only to collect objects. The objective of the game (called KOLLECT) 47 
is to collect objects to gain points and avoid hazards to not lose points. Hazards were used in 48 
the warm-up and cool down phases only to promote slower, controlled movement to maintain 49 
HR in the target heart rate zone (THRZ). There were no hazards in the conditioning phase to 50 
promote higher levels and more intense physical activity. Analytic methods were used to 51 
generate HRV (selected time-domain and frequency-domain measures) from ECG data to 52 
examine aerobic workload. Recent applications of HRV indicate that short-term measurements 53 
(5 min bouts) are appropriate and that HRV biofeedback may help improve symptoms and the 54 
quality of life in a variety of health conditions. Although HR is a well-accepted clinical measure 55 
to examine aerobic performance and intensity in PT interventions, HRV may provide 56 
information of the autonomic system functions, recovery and adaptation during AVG sessions.   57 
 58 
INTRODUCTION:  59 
Cerebral palsy (CP) is the most common physical disability of childhood1. CP is caused by a 60 
neurologic insult to the developing brain and is associated with motor impairments such as 61 
muscle weakness, spasticity, deconditioning, and decreased motor control and balance2,3. CP is 62 
a non-progressive condition but with age, children become less physically active and more 63 
sedentary compared to their peers with typical development (TD) mostly because of the 64 
increased demands of growth on their compromised neuromuscular and musculoskeletal 65 
systems4.  66 
 67 
Youth with CP usually receive physical therapy (PT) services to improve functional mobility and 68 
promote physical activity and fitness (e.g. aerobic and muscular endurance)2. Oftentimes, there 69 
is limited access to PT services and community resources to achieve and sustain these PT 70 
goals5,6. Active video games (AVGs) may be a feasible strategy in activity-based PT interventions 71 
in clinic, home or community settings7,8. Commercial AVGs have limited flexibility to adapt 72 
game play and meet the specific needs and PT goals for youth with CP9. However, customized 73 
AVGs provide flexible gaming parameters to challenge youth with CP while promoting physical 74 
activity and fitness10.  75 
  76 
Our team has developed a customized AVG (called KOLLECT) to examine youth exercise 77 
responses (e.g., physical activity and aerobic fitness). The game uses a motion sensor to track 78 
youth motion during game play. The goal of the game is to ‘collect’ as many objects as possible 79 
for a high score and to avoid the hazards to avoid losing points. Objects may be collected with 80 
hand and/or feet icons as determined by the therapist in the flexible game parameters.  81 
 82 
Designing activity-based PT interventions that dose physical activity intensity to promote 83 
aerobic fitness is critical for youth with CP11. Custom AVGs may be an effective strategy to dose 84 
intensity and engage youth in physical activity to promote fitness10. Heart rate (HR) monitors 85 
are often used in clinical PT practice to determine aerobic performance and activity intensity. 86 
Therefore, HR monitors will help determine feasibility of AVGs in dosing physical activity 87 
intensity to promote aerobic fitness9. ECG data generated from a HR monitor can be used to 88 



   

calculate heart rate variability (HRV). Analytic methods were used to generate HRV from ECG 89 
data to examine aerobic workload. Recent applications of HRV indicate that short-term 90 
measurements (5 min bouts) are appropriate and that HRV biofeedback may help improve 91 
symptoms and the quality of life in a variety of health conditions32,33,34. The application of short-92 
term HRV measures is an appropriate means of assessing cardiovascular function during AVG 93 
sessions. Given that HRV is derived from the R-R interval of an ECG, we used selected time-94 
domain and frequency-domain measures. Time-domain measure of HRV quantify the amount 95 
of variablility in the interbeat intervals which represents the time between successive 96 
heartbeats. We used the AVNN (average NN interval), RMSSD (root mean square of successive 97 
differences), SDNN (standard deviation of NN interval), NN50 (number of NN intervals >50 ms) 98 
and PNN50 (percentage of NN intervals). Frequency domain measures estimate the 99 
distributionof absolute or relative power into possibly four frequency bands, we specifically 100 
addressed on two bands, low frequency (LF) power and high frequency (HF) power along with 101 
the LF/HF ratio. Although HR is a well-accepted clinical measure, HRV may be useful because it 102 
provides information about autonomic system function, recovery, adaptation, and provides an 103 
estimate of aerobic workload during an AVG session28. 104 
 105 
The purpose of this study was to examine the feasibility of using AVG strategies to promote 106 
physical activity and fitness. A second purpose was to present the AVG data collection protocol 107 
and the methodology to calculate HRV from ECG data obtained via a HR monitor. These 108 
measures and this protocol may prove relevant to clinicians to monitor and dose PT 109 
intervention sessions.  110 
 111 
PROTOCOL:  112 
 113 
Institutional Review Board approval was obtained. All youth provided written assent and 114 
parents provided consent prior to participation. 115 
 116 
1. AVG data collection sessions 117 
 118 
1.1. The AVG game session  119 
 120 
1.1.1. In this study, have youth with CP participate in an AVG session which is comprised of 121 
three 20 min games. See Table 5 for Youth Demographics. It was expected that a total of 30 122 
games would be played; however, 29 games were completed because one subject only played 2 123 
games in his AVG session.  124 
 125 
1.1.2. Have the subjects wear a HR monitor throughout the session to record HR and ECG 126 
responses.  127 
 128 
1.1.3. In the AVG session, have youth play each AVG while seated on a bench with feet flat on 129 
the floor and knees and hips flexed to 90 degrees (90/90 sitting) for postural support and 130 
stability.  131 
 132 



   

1.1.4. Use the following three gaming conditions for collection objects: 1) hand icons only; 2) 133 
feet icons only; and 3) both hand and feet icons. Use a counterbalanced order between 134 
subjects. Choose these three conditions to determine which is more effective in promoting 135 
physical activity and fitness and not too demanding to cause early, undue fatigue.  136 
 137 
NOTE: Each game was designed using the phases of exercise prescription: warm-up, 138 
conditioning and cool-down. [Please see Table 1]. Additionally, there was a rest phase before 139 
game play began to document baseline HR and a recovery phase after game play to document 140 
time to return to baseline HR.  141 
 142 
1.1.5. Allow subjects a rest period between games for HR to return to baseline level.  143 
 144 
1.2. Calculating HRV from ECG Data  145 
 146 
1.2.1. Organize data into 5 min time intervals to ensure comparable data for each phase. 147 
Therefore, there were 6 phases defined for these calculations: 1) Rest; 2) Warm-up; 3) 148 
Conditioning 1 (first 5 min); 4) Conditioning 2 (second 5 min); 5) Cool-Down (5 min) and 6) 149 
Recovery. Dividing the conditioning phase into two 5 min phases allows examination of subject 150 
aerobic performance in shorter intervals to account for fatigue due to deconditioning 12 (Table 151 
4). 152 
 153 
1.2.2. To properly calculate HRV measures for each segment of a subject’s session, perform R-154 
peak detection on the raw ECG signal12,13. Use the raw signal to avoid manipulations that could 155 
skew the data. 156 
 157 
1.2.3. To process the data, obtain the start times of each recording session and convert from 158 
‘datetime’ variables (MM/DD/YYYY HH:MM:SS.SS) to seconds. None of the sessions occurred 159 
across two days which allowed the MM/DD/YYYY portion to be ignored during these 160 
calculations. Acquire the start time of the game of interest from the timing table to locate each 161 
game session within the electrocardiogram (ECG) file; this time was converted to seconds after 162 
it had been extracted from the timing file. The timing file contained start times for each phase 163 
of the game as well as the end of the recovery period (Table 2).  164 
 165 
1.2.4. Calculate the rest period as the 5 min prior to the game start and the Recovery Phase as 166 
the 5 min after the end of the Cooldown Phase. Once these times were obtained, obtain the 167 
location (S) of the game phase of interest within the ECG file through the following equation: 168 
 169 

𝑆 = 𝑟𝑜𝑢𝑛𝑑(
(𝑃ℎ𝑎𝑠𝑒(ℎ)∗3600)+(𝑃ℎ𝑎𝑠𝑒(𝑚𝑖))∗60+𝑃ℎ𝑎𝑠𝑒(𝑠)−𝑆𝑡𝑎𝑟𝑡

1/𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦
)   (1) 170 

 171 
where Phase is set to either Rest, Warmup, Conditioning 1, Conditioning 2, Cooldown, or 172 
Recovery; the time was divided by 1/Frequency to account for the ECG sample rate. The HR 173 
monitor had a sampling rate of 250 Hz and therefore contained a measure every 4 ms.  174 
 175 



   

1.2.4.1. Change this number by altering the sampling rate with the first prompt from the 176 
Peak_Detection.m program to account for the use of alternate recording devices. Choose which 177 
5 min segment to work with while running the peak detection program. This was done via a 178 
prompt to the user. Set the end time to 5 min after the start time and take the frequency of the 179 
recording device into consideration. 180 
 181 
1.2.5. Once the 5 min section had been chosen, calculate a threshold for peak-detection based 182 
upon the average and standard deviation of the waveform.  183 
 184 
1.2.5.1. Set the threshold as 𝑚𝑖𝑛𝐻 =  + (𝑜. 5 ∗ 𝜎) but this can be increased in the 185 
program if the data are uniform to reduce false-positive detection from T peaks which are 186 
higher than their corresponding R peaks. Examples of these false positives can be seen in Figure 187 
1.  188 
 189 
1.2.5.2. Along with a minimum height for the R peak, assign a minimum distance 190 
between peaks to minimize the detection of incorrect peaks around the desired R. Set this 191 
value to 75 which corresponded to 0.3 s between peaks or 200 beats per min (bpm) (this value 192 
changes with frequency). The value of 200 bpm is higher than any HR achieved by the subjects 193 
in this study and can be changed based on the population being studied. 194 
 195 
1.2.6. Once the threshold was calculated, let the program run through the waveform and 196 
attempt to discern all the R’s for RR interval and HRV calculations. Generate a preliminary plot 197 
so that the user could review it for irregularities such as those shown in Figure 1 or Figure 2.  198 
 199 
1.2.6.1. Correct these irregularities manually by editing the Detection variable which 200 
contains the microvolt (µV) reading of the peak in column 1 and the location in the current 201 
game session (s/0.004) in the second column. In most cases the proper R peaks can easily be 202 
found by zooming into the problem location as seen in Figure 1. Many data sessions are fairly 203 
uniform as shown in Figure 3 and will therefore only require a few corrections. Some cases, 204 
however are fairly messy and require more time to review and obtain proper R locations.  205 
 206 
1.2.6.2. If the fluctuations in the waveform make it excessively difficult to properly locate 207 
a peak, ignore small segments ~1-2 s and attribute to ectopic beats which are not used in HRV 208 
calculations12.  209 
 210 
1.2.7. After the R’s have been located, run the HRV_Measures program. Calculate RR intervals 211 
first as they are the basis of the HRV measures used in this study12.  212 
 213 
1.2.7.1. Obtain a matrix of intervals and ignore any interval greater than 1.5 s (40 bpm) 214 
as it was due to the aforementioned ectopic beats being removed from the calculations. Save 215 
these RR intervals for further calculations and verification of data. Use these intervals to 216 
calculate the Root Mean Square of the Successive Differences (RMSSD) with the following 217 
equation: 218 
 219 



   

RMSSD =  (2) 220 
 221 
Where N = Number of RR Intervals (R-R)i = Interval between neighboring QRS Peaks (R-R)i+1 = 222 
Interval between subsequent set of peaks      223 
 224 
1.2.8. Choose this variable as it has been shown to be efficacious on intervals ranging from 1 225 
min to 24 h in length13,14,15,16,17 and can therefore be used to assess these 5 min intervals in the 226 
game phases. Along with RMSSD, obtain the Standard Deviation of NN intervals to measure 227 
changes in HR throughout the phase14,16,18.  228 
 229 
1.2.9. Use the RR intervals to calculate NN50, the number of intervals that differ from the 230 
previous interval by more than 50 ms12 which has also been used on intervals ranging from one 231 
min to 24 h16,17,19,20,21.  232 
 233 
1.2.9.1. Calculate the NN50 variable via a simple count function that checked whether or 234 
not the difference between consecutive RR interval lengths was greater than 50 ms. Once NN50 235 
was obtained in this manner, divide by the total number of intervals to calculate pNN50 which 236 
is the percentage of intervals that differ by more than 50 ms. This calculation allowed the 237 
measured data to be compared across subjects, games, and even sessions of varying lengths as 238 
it is a unit-less variable13,14,16,17.  239 
 240 
1.2.10. Calculate mean RR interval length for each phase and subject as a separate HRV 241 
measure16,17,19,22,23,24. Use this measure to calculate Average HR by dividing the mean RR 242 
interval by 60 s. Both of these measures are easily comparable across game sessions to observe 243 
the trend of the subject’s activity16,17,19,22,23,24.  244 
 245 
1.2.11. Once these measures were calculated, calculate the Low Frequency and High Frequency 246 
Power Spectral Density (PSD) for both the raw ECG of the 5-min interval and the RR interval 247 
matrix by obtaining PSD from Fast-Fourier transforms13,14,17,19,25. All these data were then 248 
stored in a table, an example of which is shown in Table 4. 249 
 250 
2. Acquire ECG Data from the Patient 251 
 252 
2.1. Prepare the HR monitor chest strap and Bluetooth module for application to the subject. 253 
 254 
2.1.1. Ensure that the Bluetooth module has been fully charged (3 h) using the charge cradle. 255 
 256 
2.1.2. Plug the module into the data computer via the charge cradle and open the config tool. 257 
Enter a name for logging purposes.  258 
 259 
2.1.3. Select the HR device, click the Time tab and select Set Date/Time to sync the module to 260 
the correct time and date. The device can now be removed from the charge cradle. 261 



   

 262 
2.1.4. Moisten the conductive areas (beige) on the HR monitor chest strap by placing a hand in 263 
water and rubbing the conductive areas. 264 
 265 
2.1.5. Place the HR monitor Bluetooth module into the chest strap with the conductive 266 
surfaces of the module lined up with those of the chest strap: it will click into place. 267 
 268 
2.1.6. Press and hold the button on the module until the lights flash. The module is now on 269 
and recording. 270 
 271 
2.1.7. Apply the HR monitor chest strap (with Bluetooth module) to the player with the 272 
module aligned with the left mid-axillary line and the strap just under the pectoral muscles. 273 
Once properly positioned, tighten the device so that it will not move during the session but is 274 
not uncomfortable for the player. 275 
 276 
2.2. Acquire a signal and view the live feed. 277 
 278 
2.2.1. Plug the connector into the USB port of computer that will be used to view the data. 279 
 280 
2.2.2. Open the Live View program and enter Setup Mode by clicking the icon with the wrench 281 
and screwdriver. 282 
 283 
2.2.3. Choose a player from the list if appropriate or add a new subject with the New button in 284 
the bottom left corner of the screen. 285 
 286 
2.2.4. Enter Subject information as desired for identification purposes (name, age, gender, 287 
height, weight). 288 
 289 
2.2.5. Click on the Hardware tab and select the current subject. 290 
 291 
2.2.6. Click Assign in the bottom of the tab and select the current device (listed as 01 if no 292 
other devices are present). Then click assign in the pop-up box. 293 
 294 
2.2.7. Click on the Team tab. Highlight the subject and then click the right arrow button to 295 
place the player on Team A. 296 
 297 
2.2.8. Click on the Deployment tab and then move the newly created team to the first tab.  298 
 299 
2.2.9. Open the Live Mode tab by clicking the blue Wi-Fi symbol in the top left corner. 300 
 301 
2.2.10. Use the Live Mode tab to monitor HR, respiratory rate, and posture of the subject in 302 
real time.  303 
 304 
NOTE: Signal strength, battery power, and confidence of the measures can also be viewed. 305 



   

 306 
2.2.11. Record accurate timing (MM/DD/YYYY HH:MM:SS) of the start and end of each session 307 
and phase for processing. 308 
 309 
2.3. Download the ECG Data from the HR monitor. 310 
 311 
2.3.1. Remove the strap from the player at the end of the session and remove the Bluetooth 312 
Module from the chest strap. 313 
 314 
2.3.2. Place the module in the charge cradle and plug it into a computer with the software 315 
program installed. 316 
 317 
2.3.3. Open the log. 318 
 319 
2.3.4. Select the device from the dropdown menu. All sessions currently on the device are 320 
displayed with dates and times. 321 
 322 
2.3.5. Uncheck the box that says Use Default Save Location and chose a new save location.  323 
 324 
2.3.6. Click Save. A progress bar will then appear. Saving may take up to an hour depending on 325 
the length of the session. 326 
 327 
2.3.7. Rename the date, once it has been saved.  328 
 329 
3. Data Analysis and Calculation of Heart Rate Variability Measures 330 
 331 
3.1. Prepare files for processing. 332 
 333 
3.1.1. Name ECG files as ‘KOLLECT_Subject#_AVG4’ (e.g., KOLLECT_01_AVG4.csv’).  334 
 335 
3.1.2. Generate a timing table in comma separated variable (.csv) format to draw timing data 336 
from during data processing. See Table 1 for an example of the correct format. 337 
 338 
3.1.3. Import the Date-time data from the .csv file and right click on the name of the newly 339 
created variable and change it to ‘Timing.mat’.  340 
 341 
3.2. Preliminary R peak detection. 342 
 343 
3.2.1. Open and run Peak_Detection.m. 344 
 345 
3.2.2. Enter the frequency of ECG recording device when prompted by the program. 346 
 347 
3.2.3. Enter the player number for the data to be analyzed when prompted.  348 
 349 



   

NOTE: Some players did not complete active video game 4 (AVG4) and therefore only players 1-350 
10 are used for this study. Other numbers will provide an error message. 351 
 352 
3.2.4. Enter the number of the game to be analyzed (1, 2, or 3) when prompted. 353 
 354 
3.2.5. Enter the phase to be analyzed (Rest, Warmup (WU), Conditioning (Con), Rest, or 355 
Recovery).  356 
 357 
3.2.5.1. Enter an offset in minutes if desired, or enter 0 for no offset. 358 
 359 
3.2.6. Select the magnifying tool and select an area of the plot that is output to create a 360 
window with a width of approximately 2000 (s/0.004) and a height that will show the full 361 
waveform as shown in Figure 3. Zoom in or out if the window is not easily inspected visually. 362 
 363 
3.2.7. Visually inspect the graph to evaluate if the peaks detected are correctly labeled. See 364 
Figure 1 for example of incorrectly detected and missed peaks caused by irregular ECG data 365 
(Figure 2).  366 
 367 
3.3. Peak Correction 368 
 369 
3.3.1. Correct the incorrectly detected or missing peaks by locating the Detection variable and 370 
double clicking in the workspace. 371 
 372 
3.3.2. Utilize the Data Cursor tool on the plot of the ECG waveform to obtain the x and y 373 
coordinates of the incorrect peak; X (time*frequency) is the first column in Detection.mat and Y 374 
(Voltage) is the second column (Figure 3). 375 
 376 
3.3.2.1. Right click the text box that appears and click Select Cursor Update Function.  377 
 378 
3.3.2.2. Select TooltipUpdate.m from the folder containing the files used for this 379 
analysis. This will allow the tooltip to display more exact values. 380 
 381 
3.3.3. If the point is a false positive, remove it from the array by clicking on its row in the 382 
Detection.mat variable and pressing Control and the Minus key. An example of false positive 383 
detection can be seen in Figure 3. 384 
 385 
3.3.4. Edit incorrectly marked peaks that are adjacent to unmarked peaks, as shown by the 386 
two T peaks marked as R in Figure 1, by changing their values to match that of the unmarked 387 
peak.  388 
 389 
3.3.5. Obtain the value of the missed peak can be obtained with the Data Cursor tool. 390 
 391 
3.3.6. Add additional rows to Detection.mat using control and the plus key for peaks missed 392 
due to low voltage levels.  393 



   

 394 
3.3.7. Enter the values in numerical order to avoid negative values during the calculation 395 
process (i.e., add the peak located at 11000 between the peaks at 10908 and 11167) (Figure 5). 396 
 397 
3.3.8. Ensure that values are entered correctly before continuing through the full session as 398 
numbers are occasionally clipped off when entered.  399 
 400 
3.3.9. Repeat step 2.3 until all peaks have been checked and/or corrected. 401 
 402 
NOTE: Some files have limited variability in waveform amplitude and are quicker to check, as 403 
seen in Figure 4 while others are more variable and may require closer zoom to accurately 404 
locate peaks during visual inspection.  405 
 406 
3.4. Obtain HRV measure calculations. 407 
 408 
3.4.1. Save the original plot generated from Peak_Detection.m for later reference. 409 
 410 
3.4.2. Run HRV_Measures.m to generate the correctly labeled plot. A sample of corrected 411 
data is shown in Figure 6. 412 
 413 
3.4.2.1. Change the plot title by using Insert | Title on the plot window and changing it to 414 
the desired title. 415 
 416 
3.4.2.2. Check the window for output, the program will notify the user of the location 417 
incorrectly entered data if any exists. 418 
 419 
3.4.3. Save the variable named interval.  420 
 421 
3.4.4. Open the variable entitled HRV from the Workspace window to view Mean RR (ms), 422 
Average HR (bpm), RMSSD (ms), SDNN (ms), NN50 (count), pNN50 (%), low frequency (LF)/ high 423 
frequency (HF) (ECG), LF/HF RR, Low Frequency Power RR, and High Frequency Power (RR)). 424 
Save the h values of these variable to a table such as the one shown in Table 4. 425 
 426 
3.5. Repeat Sections 3.2 – 3.4 for all other segments, sessions, and subjects that need 427 
analysis. 428 
 429 
REPRESENTATIVE RESULTS:  430 
This method provides data for use in analyzing the effect that a newly developed method has 431 
on the subject’s Heart Rate Variability (HRV). It does this by locating the R portion of the QRS 432 
waveform of a subject’s ECG data, as shown in Figure 6, and by calculating various HRV values 433 
from it. If the HR monitor is making proper contact with the subject, the data will be uniform, 434 
substantially reducing the need for corrections (as seen in Figure 4).  435 
 436 
Thresholds should be set to handle messy and irregular data as depicted in Figure 1 and Figure 437 



   

2. If the data are sufficiently variable due to momentary changes in the HR monitor skin 438 
contact, the initial analysis may incorrectly label peaks as shown in Figure 3. This error can be 439 
rectified by manually correcting values or entering extra data points as explained in Section 3 of 440 
the protocol. Altering the threshold levels and minimum time between peaks can also help to 441 
clean up the detection values and produce an adjusted plot like Figure 6 from Figure 5. 442 
 443 
Once the data have been obtained and analyzed for discrepancies, they can be used to 444 
calculate HRV values for statistical analysis. The analysis of ECG data can be used to quantify 445 
observations made during sessions for evaluation purposes.  446 
 447 

Figure 1. Representative graph of continuous HR (y-axis) in v) across time (x-axis in s) for 448 
subject one game 3 during the warmup session representing ‘messy’ data. Messy data: In this 449 
section R peaks are smaller than the T portion of the waveform. This can cause issues with peak 450 
detection. 451 

 452 
Figure 2. An example of some electrocardiogram (ECG) irregular waveform patterns. Irregular 453 
Waveform Patterns: Changes in contact with the subject due to movement can cause voltage 454 
variations reducing uniformity of the waveform.  455 

 456 
Figure 3. An example of an electrocardiogram (ECG) output with an incorrectly labeled peak 457 
HR Incorrectly Labeled Peak. Near the top of the figure a spike in voltage causes part of the 458 
waveform to be detected as matching the R pattern. It can also cause nearby R patterns to be 459 
ignored due to proximity such as the one highlighted at (9924, 2074).  460 

  461 

Figure 4. Representative graph of continuous HR (y-axis) in v) across time (x-axis in s) clean 462 
electrocardiogram (ECG) waveform. Clean Waveform: An example of a section of uniform ECG 463 
data with a relatively even waveform and voltage level.  464 

  465 

Figure 5. Representative graph of continuous HR (y-axis) in v) across time (x-axis in s) of a 466 
raw electrocardiogram (ECG) prior to cleaning. Data Prior to Cleaning: A 30 sec segment of ECG 467 
data from Subject 01 Game 3 during the conditioning phase is shown. Some peaks have been 468 
missed and some are incorrectly labeled due to high voltage variability.  469 

 470 

Figure 6. Representative graph of continuous HR (y-axis) in v) across time (x-axis in s) of a 471 
raw electrocardiogram (ECG) after clearning. Data Post cleaning: The same 30 sec of ECG data 472 
from Subject 01 Game 3 after it has been properly labeled as described in Section 3 of the 473 
protocol.  474 
 475 
Table 1. Active video game (AVG) game phases. KEY: Target heart rate (THR); NA (Not 476 
applicable). 477 

  478 
Table 2. Timing File KEY: AVG = Active video game 479 
 480 
Table 3. Heart Rate Variability (HRV) Data for Subject 03 Game 01  481 



   

 482 
Table 4. Descriptive Statistics of Heart Rate Variability Measures for Various Phases of 483 
Exercise for Each Game 484 
 485 
Table 5. Patient demographics 486 
 487 
DISCUSSION:  488 
Ten youth with CP participated in this study (mean + SD) [ age (yrs) = 15.53 ± 3.57 ; height (cm) 489 
154.8 ± 12.6; weight (kg) 50.69 ± 11.1; body mass index (BMI) 50.46 ± 29.2; mHR 9 bpm) = 490 
186.8 ± 12.4]. Please see Table 5 for patient demographics. 491 
 492 
There are some considerations for use of HR monitors and the associated measures of HR and 493 
HRV which relate to modifications and troubleshooting. Two issues that are apparent, 494 
regardless of the technology employed to acquire the data are: 1) motion artifacts and 2) 495 
ectopic beats. The problems that arise from motion artifacts and ectopic beats are typically 496 
addressed through post-processing activities subsequent to the acquisition of the RR 497 
interval12,13,18,22,26. Troubleshooting post-processing manipulations require consideration of the 498 
temporal fluctations in HR which highlight respiratory sinus arrythmias as well as calculation of 499 
the normalized HRV values so differentiations can be made between physiologically and 500 
mathematically mediated changes in HRV13,27,29. 501 
 502 
Limitations in HRV measurements were initially identified with the application of spectral 503 
analysis techniques (i.e., frequency domain measures)13,27,29. There are physiological 504 
considerations which include the respiratory sinus arrythmias, cardiovascular drift, hydration 505 
status and environmental factors (e.g., temperature, heat, cold, altitude) that are associated 506 
with day-to-day variations in HR27,29. Mathematical considerations involve time domain 507 
measures (e.g., SDNN, r-MSSD, pNN-50 index) as well as the recent inclusion of non-linear 508 
dynamic analysis techniques13,27,29. To correctly interpret the various HRV measures we need to 509 
consider whether the body is in a state of rest or stress. Typically we expect parasympathetic 510 
influences when the body is rested which increased variability in the responses and results in 511 
higher HRV while during stress we expect sympathetic influences which reduce variability and 512 
have lower HRV measures. The limitations in HRV measurements can influence the accuracy 513 
autonomic balance hypothesis is associated with the LF/HF ratio. This hypothesis assumes that 514 
the sympathetic nervous system and parasympathetic nervous system are in competition to 515 
regulate SA node firing. The authors note tha the LF/HR ratio needs to be interpreted with 516 
caution while noting the context of obtaining information as well as reviewing the LF and HF 517 
values. Concerning the application of LF/HF ratio to AVG games in short-term episodes of HR 518 
measurements and HRV, a high LF/HF ratio may indicate higher sympathetic activity that may 519 
be observed when meeting a challenge that requires effort and increases the sympathetic 520 
nervous system activation35. 521 
 522 
It is important to use optimal measures to determine aerobic performance and capacity in 523 
youth with CP to examine appropriate intervention dosing and effectiveness6,11. Clinical 524 
standards of care most often include measuring HR to determine intervention dosing 525 



   

(intensity)6,11. However the inherent variability in HR measures make it difficult to determine 526 
actual workoad in aerobic training12,13,22,27. Therefore, this methodology of calculating HRV from 527 
ECG data from a HR monitor provides a more accurate measure to assess intervention 528 
outcomes27,28. Also, the HRV measures provide new information on the autonomic nervous 529 
system responses, adaptation and recovery during the AVG exercise12,13,29,34,35. We posit that 530 
application of HRV measures during short durration exercise may provide information on the 531 
improvement of the physiological systems based on work by Kerppers and colleagues with a 532 
short duration32.  533 
 534 
Noted here are the important applications we have made relative to the existing applications of 535 
HR monitoring and HRV measures during exercise performance. This methodology allows the 536 
user to extract RR intervals and HRV measures from ECG waveforms during gaming physical 537 
activities in youth with CP. The method is currently tailored towards AVG sessions in a specific 538 
game but could easily be adapted to other protocols and ECG devices for future experiments. In 539 
cases where the data are uniform and the ECG recording device is well fitted to the subject, this 540 
protocol will allow for quick data processing with minimal input from the user. However, in the 541 
case of non-uniform data with large variances in signal amplitude the protocol will require user 542 
input to correctly label missed peaks and to remove false positives from the data set. In the 543 
future this method may be improved with a more robust detection method to reduce user aid 544 
for peak detection and correction (e.g., non-linear dynamic analysis techniques29). 545 
 546 
Throughout execution of the protocol, it is essential that the following critical steps are 547 
performed. It is important to ensure a high level of signal confidence throughout data collection 548 
sessions to reduce the processing and peak correction time required. This can be improved by 549 
ensuring that the ECG recording device is making proper contact with the subject prior to each 550 
session. It is also important to keep the conductive contacts moist during the sessions which 551 
can be done by rewetting the recorder prior to each session. As well, after the data are 552 
collected, post-processing activities need to address the methodological considerations with 553 
time domain measures, frequency domain measures, non-linear dynamic analyses as well as 554 
calculating normalized HRV values to distinguish between physiologically derived and 555 
mathematically mediated changes in HRV12,13,29. 556 
 557 
Considerations for future work include application of HRV measurements for children and 558 
adults involved in physically challenging activities of different intensities and body 559 
positions6,7,8,9,10,17,23,26,29, cognitively challenging games and mental workload24,25,26,27, virtual 560 
and simulation type experiences, assessment of overtraining23,31, quality of sleep 561 
assessments13,26,27,31, chronic fatigue, physical exhaustion and combat readiness31 as well as the 562 
vagal connection between HR and the brain regarding prosocial behavior30.  563 
 564 
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Phase Time THR Zone Game Features 

Resting 5 min Baseline rest NA

Warm-up 5 min 40-60% mHR 4 objects + 4 hazards; slower speed 

Conditioning 10 min 60-80% mHR 8 objects + 0 hazards; faster speed

Cool-down 5 min 40-60% mHR 4 objects + 4 hazards; slower speed

Recovery 5 min Baseline  rest NA 

Table 1.   Active Video Game (AVG) Game Phases

KEY:  THR = Target Heart Rate;  NA = Not applicable

Table 1 Click here to access/download;Table;Table 1 - revised AVG
Game Descriptions.xlsx
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Subject AVG Game Warmup Start Conditioning Start Cooldown Start

(MM/DD/YYYY) (MM/DD/YYYY) (MM/DD/YYYY)

(HH:MM:SS) (HH:MM:SS) (HH:MM:SS)

1 4 1 11/25/2015 11/25/2015 11/25/2015

1 4 1 16:33:53 16:39:03 16:49:04

1 4 2 11/25/2015 11/25/2015 11/25/2015

1 4 2 17:27:47 17:32:57 17:43:01

1 4 3 11/25/2015 11/25/2015 11/25/2015

1 4 3 18:25:22 18:30:33 18:40:35

2 4 1 4/10/2016 4/10/2016 4/10/2016

2 4 1 11:59:19 12:04:29 12:14:36

2 4 2 4/10/2016 4/10/2016 4/10/2016

2 4 2 12:40:25 12:45:37 12:55:44

2 4 3 4/10/2016 4/10/2016 4/10/2016

2 4 3 13:19:57 13:25:02 13:35:04

3 4 1 11/18/2015 11/18/2015 11/18/2015

3 4 1 17:08:10 17:13:20 17:23:21

3 4 2 11/18/2015 11/18/2015 11/18/2015

3 4 2 17:59:46 18:04:48 18:14:54

3 4 3 11/18/2015 11/18/2015 11/18/2015

3 4 3 18:42:03 18:47:03 18:57:04

Table 2.  Timing File
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Recovery Start

(MM/DD/YYYY)

(HH:MM:SS)

11/25/2015

16:54:09

11/25/2015

17:48:03

11/25/2015

18:45:38

4/10/2016

12:19:50

4/10/2016

13:00:53

4/10/2016

13:40:11

11/18/2015

17:28:28

11/18/2015

18:19:55

11/18/2015

19:02:02

Table 2.  Timing File



ID_AVG_Game AVNN (s) Avg HR (bpm) RMSSD (ms)

03_AVG4_G1_Rest 719.875 83.347 29.827

03_AVG4_G1_WU 656.373 91.411 26.52

03_AVG4_G1_Con 1 -5 557.772 107.57 20.651

03_AVG4_G1_Con 6 10 532.483 112.679 27.771

03_AVG4_G1_Con 2 - 7 538.546 111.41 20.389

03_AVG4_G1_Con 3 - 8 530.761 113.045 27.756

03_AVG4_G1_Cool 597.019 100.499 31.806

03_AVG4_G1_Recovery 665.511 90.156 42.136

Table 3.  Heart Rate Variability (HRV) Data for Subject 03 Game 1

AVNN = Average NN Interval; Avg HR = Average heart Rate; RMSSD = Root Mean Square of Successive Differences; SDNN - 

Standard Deviation of NN Interval; NN50 = Number of NN Intervals > 50 ms; pNN50 = % of NN intervals > 50 ms; LF = Low 

Frequency Power; HF = High Frequency Power; LF/HF = Low Frequency - High Frequency Ratio.  bpm = beats per minute; ms 

= milliseconds; ECG = Electrocardiogram - which contains the QRS complex;  RR =  where R is a point associated with a peak 

of the QRS complex of the ECG wave and RR is the interval between successive R points; 

Table 3 Click here to access/download;Table;Table 3 revised - HRV for
Subject 03 Game 1.xlsx
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SDNN (ms) NN50 pNN50 (%)

LF / HF 

(ECG)

LF / HF 

(RR) LFP (RR) HFP (RR)

55.604 35 8.393 1.328 0.602 0.123 0.204

50.372 28 5.932 1.288 0.675 0.125 0.185

43.932 4 0.743 1.187 0.76 0.119 0.157

33.481 9 1.599 1.244 0.809 0.118 0.146

34.351 6 1.077 1.198 0.819 0.118 0.144

34.26 8 1.413 1.192 0.826 0.118 0.143

41.96 16 3.181 1.281 0.712 0.120 0.169

70.698 57 12.639 1.301 0.636 0.122 0.191

Table 3.  Heart Rate Variability (HRV) Data for Subject 03 Game 1

AVNN = Average NN Interval; Avg HR = Average heart Rate; RMSSD = Root Mean Square of Successive Differences; SDNN - 

Standard Deviation of NN Interval; NN50 = Number of NN Intervals > 50 ms; pNN50 = % of NN intervals > 50 ms; LF = Low 

Frequency Power; HF = High Frequency Power; LF/HF = Low Frequency - High Frequency Ratio.  bpm = beats per minute; ms 

= milliseconds; ECG = Electrocardiogram - which contains the QRS complex;  RR =  where R is a point associated with a peak 

of the QRS complex of the ECG wave and RR is the interval between successive R points; 



Phase Game 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Mean 607.434 625.109 634.144 100.596 97.603 95.766 34.979 45.690 49.561 47.398 54.741 59.588 43.767 52.917 54.722 10.238 12.484 12.610 1.278 1.218 1.230 0.727 0.702 0.684 0.120 0.120 0.120 0.169 0.175 0.179

SD 86.463 84.159 70.268 13.205 12.423 10.722 24.675 38.826 42.259 21.967 28.994 30.265 59.214 67.607 57.603 15.816 17.896 14.587 0.058 0.132 0.141 0.102 0.094 0.084 0.002 0.002 0.002 0.026 0.025 0.022

Mean 621.654 633.038 643.475 97.712 95.902 93.763 33.804 47.644 47.183 44.847 51.613 55.802 44.100 51.600 56.556 10.215 12.075 12.741 1.291 1.258 1.248 0.703 0.688 0.670 0.121 0.121 0.121 0.174 0.178 0.182

SD 75.744 74.569 49.095 11.024 10.663 7.684 23.801 33.747 30.034 19.018 22.047 20.463 65.927 71.878 58.117 17.022 18.468 13.719 0.032 0.074 0.074 0.075 0.074 0.055 0.003 0.002 0.001 0.022 0.022 0.015

Mean 566.554 588.718 601.407 107.323 103.272 100.399 28.267 45.965 58.614 37.877 49.725 57.239 33.300 40.900 40.111 7.544 9.364 8.841 1.248 1.155 1.194 0.782 0.746 0.715 0.119 0.119 0.119 0.155 0.163 0.169

SD 74.474 76.127 50.550 12.114 11.771 8.517 23.173 33.815 70.239 14.644 20.961 42.810 64.476 70.205 50.126 16.237 18.270 12.043 0.064 0.166 0.185 0.101 0.091 0.074 0.002 0.002 0.001 0.024 0.023 0.017

Mean 543.665 571.824 582.587 111.855 106.760 103.622 26.957 53.558 48.786 32.410 48.941 50.082 22.800 40.100 31.222 5.066 9.501 6.457 1.238 1.153 1.174 0.824 0.780 0.737 0.118 0.119 0.119 0.146 0.155 0.163

SD 72.344 86.899 47.705 12.574 13.582 8.728 23.513 73.722 46.815 17.348 42.468 33.215 48.691 75.552 41.236 11.799 20.383 8.795 0.080 0.170 0.220 0.111 0.114 0.077 0.002 0.001 0.002 0.025 0.026 0.018

Mean 591.029 609.573 615.464 102.845 99.638 98.282 34.369 36.347 44.513 41.925 44.110 50.601 38.000 41.900 41.444 8.653 9.673 8.978 1.296 1.192 1.196 0.739 0.711 0.701 0.120 0.120 0.120 0.164 0.171 0.173

SD 76.179 72.048 57.180 11.587 11.465 9.676 30.433 23.829 42.068 18.842 17.672 28.022 61.898 68.714 54.599 16.052 17.307 12.365 0.060 0.155 0.153 0.087 0.087 0.081 0.002 0.002 0.001 0.023 0.022 0.020

Mean 654.850 654.928 657.790 92.740 92.260 92.585 41.925 42.968 44.174 62.665 67.747 73.881 54.700 60.000 70.222 13.320 13.717 16.571 1.302 1.267 1.293 0.660 0.657 0.666 0.121 0.121 0.121 0.185 0.186 0.186

SD 81.424 57.397 80.696 10.101 8.224 12.805 26.715 23.642 26.685 24.959 35.258 26.305 60.764 59.279 64.569 17.950 14.047 16.706 0.031 0.077 0.053 0.057 0.053 0.115 0.001 0.001 0.002 0.019 0.016 0.027

AVNN = Average NN Interval; Avg HR = Average heart Rate; RMSSD = Root Mean Square of Successive Differences; SDNN - Standard Deviation of NN Interval; NN50 = Number of NN Intervals > 50 ms; pNN50 = % of NN intervals > 50 ms; LF = Low Frequency Power; HF = High Frequency Power; LF/HF = Low Frequency - High Frequency Ratio

bpm = beats per minute; ms = milliseconds; ECG = Electrocardiogram - which contains the QRS complex;  RR =  where R is a point associated with a peak of the QRS complex of the ECG wave and RR is the intrval between successive R points; 

LF / HF (ECG) LF / HF (RR) LFP (RR)

Table 4.  Descriptive Statistics of Heart Rate Variability Measures For Various Phases of Exercise For Each Game.

Recovery

Cooldown

Conditioning 

Min 6-10

Conditioning 

Min 1-5

Warmup

NN50 pNN50 (%)RMSSD (ms) SDDN (ms)

Rest

Avg HR (bpm)AVNN (ms) HFP (RR)

Table 4 Click here to access/download;Table;Table 4 Revised - HRV measures descriptive
statistics -.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=962197&guid=7de46ec9-4719-4f74-8d38-52d585f3da76&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=962197&guid=7de46ec9-4719-4f74-8d38-52d585f3da76&scheme=1


ID Age (years) Gender GMFCS Level Clinical Diagnosis Movement Disorder

1 15.83 boy 2 diplegia dystonia

2 12.17 boy 3 diplegia spasticity

3 16.50 boy 2 left hemiplegia spasticity

4 16.08 boy 3 diplegia spasticity

5 17.67 girl 2 left hemiplegia spasticity

6 15.92 girl 2 left hemiplegia spasticity

7 20.08 girl 2 right hemiplegia spasticity

8 20.17 girl 3 left hemiplegia spasticity

9 11.58 boy 2 left hemiplegia spasticity

10 9.25 boy 3 diplegia spasticity

KEY:   GMFCS= Gross Motor Function Classification System;  BMI= Body Mass Index

Table 5.   Patient Demographics 
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Dominant Side Height (cm) Weight (kg) BMI (kg/m2) BMI percentile

right 161.20 47.60 18.32 17.00

left 141.17 49.20 24.70 95.00

right 165.80 50.50 18.40 13.00

right 154.30 57.00 23.90 83.00

right 161.20 60.30 22.86 71.00

right 146.40 40.80 19.00 30.00

left 154.60 64.00 26.80 85.00

right 166.10 61.20 22.20 42.00

right 168.10 49.70 17.60 51.00

right 135.00 29.80 16.00 43.00

KEY:   GMFCS= Gross Motor Function Classification System;  BMI= Body Mass Index

Table 5.   Patient Demographics 



Name of Material/ Equipment Company Catalog Number

BioHarness Bluetooth Module (Electronics sensor) Zephyr 9800.0189

BioHarness Chest Strap Zephyr 9600.0189, 9600.0190

BioHarness Charge Cradle & USB Cable Zephyr 9600.0257

BioHarness Echo Gateway Zephyr 9600.0254

MATLAB R2016a Mathworks 1.7.0_.60
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Comments/Description

Detects Heart Rate, Resiration Rate, Posture, and Skin Temperature.

Sizes Small XS-M, Large M-XL

Used to Transfer Data from the Module to a Computer for Analysis.

Allows for Realtime Viewing of Subject's Heart Rate.

Used for All Programming.
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Your manuscript, JoVE59230 "Calculating Heart Rate Variability from ECG Data from Youth 

with Cerebral Palsy during Active Video Game Sessions," has been editorially and peer 

reviewed, and the following comments need to be addressed. Note that editorial comments 

address both requirements for video production and formatting of the article for publication. 

Please track the changes within the manuscript to identify all of the edits. 

 

After revising and uploading your submission, please also upload a separate rebuttal document 

that addresses each of the editorial and peer review comments individually. Please submit each 

figure as a vector image file to ensure high resolution throughout production: (.svg, .eps, .ai). If 

submitting as a .tif or .psd, please ensure that the image is 1920 x 1080 pixels or 300 dpi. 

 

Your revision is due by Jan 02, 2019. 

 

To submit a revision, go to the JoVE submission site and log in as an author. You will find your 

submission under the heading "Submission Needing Revision". 

 

Best, 

 

Nam Nguyen, Ph.D. 

Manager of Review 

JoVE 

617.674.1888 

Follow us: Facebook | Twitter | LinkedIn 

About JoVE 

____________________________________ 

 

Editorial comments: 

1. Please highlight 2.75 pages of the protocol text for inclusion in the protocol section of the 

video. This is a hard production limit to ensure that videography can occur in a single day. 

There are 44 single spaced lines per page, thus there will be 121 lines  of protocol text for 

inclusion in the protocol section of the video.   As requested, the information is 

highlighted.     

 

2. Figure 1: Please provide units for the time in the X-axis. 

Completed. 

 

3. Figure 2: Please define the x and y axes. Please provide units as well. 

Completed. 

 

4. Figure 3: The y-axis title is cut off. 

The Figure now has a the y-axis and appropriate abbreviations.  
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5. Please use SI abbreviations for time throughout (s instead of sec). 

Completed. 

 

6. Please use the Greek symbol mu throughout for the microvolts abbreviations. 

 

Completed. 

 

 

Reviewers' comments: 

 

 

 

Reviewer #1: 

Manuscript Summary: 

The study is interesting and proposes a new method for calculating HRV during active video 

games. However, introduction should address why calculating HRV during exercise is important 

for this population, despite all the possible limitations present in the method (e.g. signal 

interference, nonstationary signals, ectopic heart beats etc) and considering that simple 

methods for monitoring the HR are effective. Please, find bellow more detailed comments. 

 

Major Concerns: 

INTRODUCTION 

-Introduction is superficial and fails to provide rationale behind HRV calculation during AVGs for 

CP patients. 

-Considering only the introduction and the abstract, it seems to be a misinterpretation regarding 

HRV concept. The authors do not mention anything related to HRV indices, but instead 

comment about the HR, mHR and target HR during exercise. So, it is not clear why it is relevant 

monitoring HRV in CP patients during AVG. Moreover, several papers have addressed the 

limitations on quantifying HRV during short no continuous activities. This point could also be 

addressed in the introduction. 

-Finally, the introduction leads the reader to suppose that one of the goals of the study was also 

to assess the effectiveness of the KOLLECT in improving fitness and aerobic capacity in CP 

children. So, I suggest the authors reformulate it. 

We appreciate the reviewers’ interest in highlighting HRV and a clinical perspective.  We 

have addressed the reviewers’ suggestions within the Long Abstract and the 

Introduction.  

 

 

 

PROTOCOL 

-Provide the model and the brand of the HR monitor used in the study. 



We appreciate that the reviewer is interested in the brank of the HR monitor (Bioharness).   

Do note that JOVE requests that brand information of the equipment is not presented in 

10.1186/particular information submitted with the document. 

 

-Provide more details about the HRV analysis: E.g. number of points/beats considered for 

analysis (e.g.: FFT should be applied on segments with 256 beats or multiples). 

Please see the HRV calculations via MATLAB that are posted at the end of this response 

to this document.   The majority of information is noted already in  the paper – including 

the fact that we used a FFT for the measures (see line 256).      

 

Did the authors record ECG or RR intervals using a validated equipment (e.g. Polar V800) and 

analyzed HRV using a validated software (e.g. Kubios) in order to check for reliability and 

agreement between the new proposed method and a previous validated method? 

The Zephyr Bioharness, a physiological monitoring telemetry device, consists of a chest 

strap and an electronic sensor that is attached to the strap.  The device transmits a radio 

frequency (transmission mode)  or stores data (logging mode).  The biosignals of 

interestwhile HR is sampled at 1 Hz.  

The device that we used, Zephyr Bioharness, is considered a reliable and valid tool for 

obtaining HR and then making the necessary calculations for HRV.   Nazari and 

colleagues (2018) reported a systematic review of 10 studies that used the device.   

Intraclass correlation coefficients ranged from 0.85-0.95.  Comparisons of construct 

validity coefficients to gold standard measures ranged from 0.74-0.99.  Agreement error 

for the Zephyr Bioharness ranged from approximately 5 beats/min underestimation to 3 

beats/min overestimation.  Based on the findings, the authors suggested that the Zephyr 

Bioharness can provide reliable and valide measures of heart rate across varying 

contexts.   

Nazari, G., Bobos, P., MacDermid, J.C., Sinden, K.E., Richardson, J., Tang, A. Psychometric 

properties of the Zephyr bioharness device:  A systematic review.  BMC Sports Science, 

Medicine and Rehabilitation10,6. DOI: doi.org/10.1186/13102-018-0094-4 (2018).  

 

-How the authors solved the problem of nonstationary signals? 

We reviewed determined the minimum height for the R peak and the minimum distance 

between peaks.  If there were unusual, elongated distances between R peaks then further 

inspection was done to ensure that the ECG sample was sufficient as well as setting a 

threshold for data to reduce false-positive detection of from T peaks.    

Ideally, another post-processing method of addressing nonstationary signals is to plot 

the  R-R interval time series as a function of the respiratory rate for each of the different 

AVG phases.   This may be an interesting assessment of the role of nonstationary 

signals during fitness conditioning with deconditioned performers. 



 

 

DISCUSSION 

 

-HRV has been studied in CP patients. So, providing more details about each participant (e.g.: 

age, GMFCS, Limb distribution etc…) might be important in order to compare the values 

reported with the values presented in the literature. 

Participant Demographic Table has been created with individual patient information 

included 

 

-Authors should discuss why quantifying HRV indices during exercise is important for this 

population, and what these measures add to the measurement of HR, considering that usually 

aerobic exercises are prescribed based on HR of reserve. Also, since we present the "inherent 

variability", as recognized by the authors, the exercise intensity prescription usually considers a 

range or target HR zone (e.g. 50-70%HRR). So, why HRV during exercise would be better? 

HRV may not be better, it provides a different method to examine exercise response and 

unlike straight HR, HRV does allow for some information on autonomic nervous system 

responses 

 

-How long it takes for performing all the protocol?  

Did the authors believe this method would be feasible to be used in a clinical setting? Please, 

comment about it. 

The game play session was 60 minutes (3 games at 20 minutes each).  The rest time 

between games to wait until the child HR was back to baseline was about 3-5 minutes.  

The AVG set up and getting the HR monitor on the child is another 20 minutes – So the 

session was close to 2 hours.  However, in the clinic, there would not be three games in 

one session, so that may leave time for donning the HR monitor and using AVGs.  

Another perk of the HR monitor is that we can download the HR data into an Excel file 

and save these data.  Most HR monitors used in clinics do not have this feature. 

 

 

Minor Concerns: 

None 

 

 

Reviewer #2:  

Manuscript Summary: 

Authors have described the protocol to measure HRV during Active video game sessions in 

cerebral palsy participants. 

Authors have primarily addressed how movement artifacts are corrected. 

 

Major Concerns: 



Nil 

 

Minor Concerns: 

LF/HF ratio of ECG is not clear from physiological point of view since it is not mentioned in the 

task force guidelines for HRV measurement. 

We appreciate that the reviewer pointed out the lack of clarity of LF/HF ratio and have 

addressed this point in the review.   Shaffer, McCraty and Zeir (2014) note that autonomic 

balance hypothesis is associated with the LF/HF ratio. This hypothesis assumes that the 

sympathetic nervous system and parasympathetic nervous system are in competition to 

regulate SA node firing.  The authors note tha the LF/HR ratio needs to be interpreted 

with caution while noting the context of obtaining information as well as reviewing the LF 

and HF values.   Concerning the application of LF/HF ratio to AVG games in short-term 

episodes of HR measurements and HRV,  a high LF/HF ratio may indicate higher 

sympathetic activity that may be observed when meeting a challenge that requires effort 

and increases the sympathetic nervous system activation.  

  



%%HRV Measure Calculations, Corey Landis 6 / 3 / 16 

%% Calculate RR Intervals  

 

%Separate out peaks and loc arrays for calculation 

loc = Detection(:,1); 

peaks = Detection(:,2); 

 

count = length(loc); 

interval = [i,1]; 

 

%Calcualte time between peaks ( 'peak intervals' ) 

for i = 1:count-1 

    t1 = datevec(time(loc(i),1),'mm / dd / yyyy HH:MM:SS.FFF'); %obtain time of the peak 

    t2 = datevec(time(loc(i+1),1),'mm / dd / yyyy HH:MM:SS.FFF'); %obtain time of 

susequent peak 

    diff = t2 - t1; %find difference for RR interval in matrix form 

    dif = (diff(4) * 3600) + (diff(5) * 60) + diff(6); %difference in seconds accurate to 4 ms  

    if dif < 1.5 

        interval(i) = dif; 

    end 

end 

if min(interval) < 0 

     

    [m, Check] = min(interval); 

    Warning = sprintf('Data Entered Incorrectly. Please Check the row %d of the Detection 

Variable. Once fixed, rerun this program.', Check); 

    disp(Warning); 

     

end 

% Replot time corrected graphs 

locs = loc * Freq; 



times = 0:Freq:(E-S) * Freq; 

plot(times,ECG(S:E)) 

hold on 

plot(locs , peaks, 'ro') 

hold off 

title('KOLLECT 12 AVG4') %Should be changed based on subject being used 

xlabel('Time (sec)') 

ylabel('uV') 

 

%% Calculate RMSSD & NN50 

count = length(interval) + 1; 

rSum = 0; 

NNfif = 0; 

 

% Calculate difference between successive intervals 

for j = 1:count - 2 

    r = interval(j+1) - interval(j); %Square of successive RR difference 

    rSum = rSum + r^2; 

    if abs(r) > 0.05 

        NNfif = NNfif + 1; 

    end 

end 

 

RMSSD = sqrt((1/(count-1))*rSum) * 1000; 

pfifty = (NNfif / count)*100; 

 

SDNN = std(interval(interval~=0)) * 1000; %Find SDNN in ms 

MRR = mean(interval(interval~=0)); 

AvgHR = 60 / MRR; 

MRR = mean(interval(interval~=0)) * 1000; % Set to ms 



 

 

%% LF / HF  Calculations 

X = ECG(S:E); 

 

Fs = 250; %Set sampling rate 

t = 0:1/Fs:300; %Set time frame (5 minutes or 300 seconds) to length of observed session 

incremented by frequency 

L = length(t); %Find length of time frame 

n = 2^nextpow2(L); 

Y = fft(X,n); %Calculate the FFT for ECG signal 

P = abs(Y/n); %Find absolute value of power 

LF = sum(P(22:77)); %Sum of Low Frequency Powers 

HF = sum(P(78:205));%Sum of High Frequency Powers 

 

RatioECG = LF / HF; 

 

X = interval; 

Y = fft(X,n); %Calculate the FFT for RR interval 

P = abs(Y/n); %Find absolute value of power 

LF = sum(P(22:77)); 

HF = sum(P(78:205)); 

 

RatioRR = LF / HF; 

 

%Place all HRV measures in one matrix for ease of access 

HRV = [MRR, AvgHR, RMSSD, SDNN, NNfif, pfifty, RatioECG, RatioRR, LF, HF]; 

%'Mean RR', 'Average HR', 'RMSSD', 'SDNN', 'NN50', 'pNN50', 'LF/HF ECG', 'LF/HF RR', 

'LF Power RR', 'HF Power RR' 

 



Supplemental File (Figures, Permissions, etc.) Click here to access/download;Supplemental File (Figures, Permissions,
etc.);Appendix figure.jpg

https://www.editorialmanager.com/jove/download.aspx?id=962243&guid=a4f7f79b-8927-476c-9352-34383f88bf3a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=962243&guid=a4f7f79b-8927-476c-9352-34383f88bf3a&scheme=1

