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SUMMARY:  27 
This article presents a protocol based on Hydra — a web-based system for clinical decision 28 
support that integrates a full and detailed set of functionalities and services required by 29 
physicians for complete cardiovascular analysis, risk assessment, early diagnosis, treatment, and 30 
monitoring over time.  31 
 32 
ABSTRACT:  33 
Cardiovascular diseases (CVDs) are the leading cause of death throughout the world. The total 34 
risk of developing CVD is determined by the combined effect of different cardiovascular risk 35 
factors (e.g., diabetes, raised blood pressure, unhealthy diet, tobacco use, stress, etc.) that 36 
commonly coexist and act multiplicatively. Most CVDs can be prevented by an early identification 37 
of the highest risk factors and an appropriate treatment. The stratification of cardiovascular risk 38 
factors involves a wide range of parameters and tests that specialists use in their clinical practice. 39 
In addition to cardiovascular (CV) risk stratification, ambulatory blood pressure monitoring 40 
(ABPM) also provides relevant information for diagnostic and treatment purposes. This work 41 
presents a list of protocols based on the Hydra platform, a web-based system for clinical decision 42 
support which incorporates a set of functionalities and services that are required for complete 43 
cardiovascular analysis, risk assessment, early diagnosis, treatment and monitoring of patients 44 
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over time. The program includes tools for inputting and managing comprehensive patient data, 45 
organized into different checkups to track the evolution over time. It also has a risk stratification 46 
tool to compute a CV risk factor based upon several risk stratification tables of reference. 47 
Additionally, the program includes a tool that incorporates ABPM analysis and allows the 48 
extraction of valuable information by monitoring blood pressure over a specific period of time. 49 
Finally, the reporting service summarizes the most relevant information in a set of reports that 50 
aid clinicians in their clinical decision-making process.  51 
 52 
INTRODUCTION:  53 
Cardiovascular diseases (CVDs) are a group of disorders of the circulatory system that constitute 54 
the leading cause of disability and premature death throughout the world1,2. According to the 55 
World Health Organization (WHO), an estimated 17.7 million people died from CVDs in 2015, 56 
representing 31% of all global deaths1,2. There are many risk factors for CVDs, including 57 
behavioral factors such as tobacco use, an unhealthy diet, harmful use of alcohol and inadequate 58 
physical activity as well as physiological factors, including raised blood pressure (hypertension), 59 
high cholesterol or elevated blood glucose, among others2,3. Hypertension represents a major 60 
risk factor for premature cardiovascular disease, being responsible for a high level of 61 
cardiovascular morbidity and mortality4,5. Furthermore, it is estimated that the incidence of 62 
hypertension among adults in developed countries is almost 40%6,7,8. However, it remains widely 63 
undetected, undertreated and poorly controlled3,4. 64 
 65 
CVD is a major public health problem which imposes a significant economic burden on any given 66 
health-care system6. Early identification of the highest cardiovascular risks and appropriate 67 
treatment can prevent clinical events and premature deaths4,5. Hence, there are noticeable 68 
health and economic gains attached to comprehensively and thoroughly tracking all these 69 
factors. The total risk of developing a CVD is determined by the combined effect of cardiovascular 70 
risk factors2,4,5, which commonly coexist and act multiplicatively. Therefore, a total-risk approach 71 
is advisable for early detection, as well as for clinical decision-making on the intensity of 72 
preventive interventions. Thus, morbidity, early mortality and disability could be reduced and the 73 
quality of life could be improved in individuals with an elevated total CVD risk2. 74 
 75 
The diagnosis of CVDs is determined by the analysis of a wide range of parameters that are 76 
gathered by different procedures used by physicians in their clinical practice. The assessment of 77 
these parameters allows the computation of a total CV risk factor which is useful for diagnostic 78 
and treatment purposes2,4,5. In addition to the stratification of CV risks, ambulatory blood 79 
pressure monitoring (ABPM)9 also provides valuable information. The ABPM test allows the 80 
tracking of the patient’s blood pressure (BP) during their daily routine, avoiding the influence of 81 
the clinical setting (white coat syndrome). Thus, a reliable set of measurements is obtained, 82 
allowing the extraction of additional information that supports the clinical decision-making 83 
process. 84 
 85 
Therefore, the analysis of the cardiovascular system involves a large amount of data, entailing a 86 
tedious and time-consuming task that complicates diagnosis and treatment prescription. In this 87 
regard, the availability of a patient’s full profile that gathers all the required data together with a 88 



set of automated services to extract the necessary information would be a significant 89 
improvement to guide clinicians in their decision-making process. Apart from this, the availability 90 
of an accessible platform that centralizes all patient information not only enables collaboration 91 
among different specialists from different locations but also allows discussion of debatable cases 92 
and provides reliable diagnoses.  93 
 94 
In recent years, the use of computer-based applications and telemedicine has increased 95 
considerably, playing an important role in improving public health and welfare in all sectors of 96 
the population. This is due to their ability to extract relevant and useful information for the early 97 
diagnosis and treatment of several diseases10. The use of these tools improves the quality of 98 
health-care services, thus conveniently and reliably satisfying patient demand as well as reducing 99 
costs11. As a reference, the number of global imaging-based procedures has risen considerably, 100 
given the increasing availability of medical equipment and more sophisticated capture devices. 101 
Therefore, Lundberg et al.12 proposed a telemedicine tool to assess digital image quality and 102 
agreement between examiners in the field of the otorhinolaryngology. Ortega et al.13 developed 103 
SIRIUS, a computer-aided diagnosis framework for the analysis of retinal images. Novo et al.14 104 
also presented their platform for the analysis of retinal microcirculation in combination with 105 
carotid macrocirculation. 106 
 107 
With regard to CV assessment, there has been a steady increase in the number of tools available 108 
throughout the years. Some of the utilities are designed to predict cardiovascular disease risk — 109 
such as the tool proposed by Paredes et al.15 — or to calculate risk online by implementing the 110 
algorithm proposed by Goff et al.16 according to a guideline on the assessment of cardiovascular 111 
risk to calculate the 10-year risk of heart disease. Other systems are designed to be used with 112 
mobile phones, such as the proposal of Sufi et al.17 that identifies diseases from body sensors, 113 
the device designed by Lin et al.18 for tracking the electrocardiogram in order to detect the 114 
presence of abnormal rhythms and send an alarm, the app from Lee et al.19 for monitoring 115 
breathing and heart rate values while a person exercising or the application implemented by Kang 116 
and Park20 to manage raised blood pressure on the basis of clinical guidelines.  117 
 118 
The available utilities are mainly designed to satisfy patient demand in specific scenarios. On the 119 
other hand, this article describes a protocol based on Hydra21, a platform focused on the analysis 120 
of the cardiovascular system, that is designed entirely to support specialists in their clinical 121 
decision-making process. This tool incorporates a set of functionalities and services that 122 
physicians require for reliable cardiovascular analysis including risk assessment, early diagnosis, 123 
treatment prescription and the monitoring of patients over time. Therefore, there is a tool for 124 
the input and management of patient data recorded in different checkups. Then, a risk 125 
stratification tool automatically provides a CV risk factor based on different risk stratification 126 
tables of reference. In addition to this, the ABPM analysis tool allows the extraction of valuable 127 
information from the analysis of blood pressure recordings over a specific period of time. Finally, 128 
the most relevant information is summarized in a set of reports that guide clinicians in diagnosis 129 
and proper treatment prescription. In this way, the described protocol leads to an improvement 130 
in complete cardiovascular analysis supporting a reliable diagnosis and proper treatment. 131 



Furthermore, the presented platform allows collaboration among experts, thereby promoting 132 
clinical research. 133 
 134 
PROTOCOL:  135 
All procedures were conducted under institutionally approved protocols with patient consent. 136 
 137 
1. Patient and checkup registration  138 
 139 
NOTE: See Figure 1. 140 
 141 
1.1 Go to http://www.varpa.org/Hipertension/ using any modern web browser. 142 
 143 
1.2. Use an existing account associated with a doctor to Log In to the Hydra web tool. 144 
 145 
1.3. Fill in the patient registration form including patient code, date of birth, gender and ethnicity 146 
to register a new patient. Click on the include button to fill in the family background of premature 147 
CVDs. Click on the Next button to move forward to introduce the first checkup. 148 
 149 
NOTE: These global parameters are included in patient enrollment and the information added 150 
from here relates to a specific checkup.  151 
 152 
1.4. Add a new checkup. 153 
 154 
NOTE: The input data is organized in thematic blocks. Each block includes the option to be hidden 155 
or visible. If all the information of a block is unknown, use the hidden option. Keep the option 156 
NR/DK (no response/do not know) in the fields that do not match any case. See Figure 2. 157 
 158 
1.4.1. Fill in the checkup date; the current date used by default. 159 
 160 
1.4.2. Fill in the block corresponding to patient habits such as smoking, exercise, diet, etc. 161 
 162 
1.4.3. Fill in the block corresponding to precedents of cardiovascular illness such as cardiopathy, 163 
acute aortic dissection, strokes, etc. 164 
 165 
1.4.4. Fill in the block corresponding to concomitant illnesses such as diabetes, obesity, 166 
nephropathy, etc. 167 
 168 
1.4.5. Fill in the block corresponding to urological records with the information related to erectile 169 
malfunction, prostatic hyperplasia, etc.  170 
 171 
NOTE: This block is enabled in the checkup form when the gender of the patient is male.  172 
 173 
1.4.6. Fill in the block corresponding to gynecological records with the information related to 174 
hypertension in pregnancy, menopause, the age of menopause, surgical menopause, etc.  175 
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 176 
NOTE: This block is enabled in the checkup form when the gender of the patient is female.  177 
 178 
1.4.7. Fill in the block corresponding to anti-hypertensive treatment taken before the checkup 179 
date including the treatment type, the schedule, and the dose. 180 
 181 
1.4.8. Fill in the block corresponding to treatments that can alter blood pressure such as 182 
vasoconstrictors, oral contraceptives, corticosteroids, etc. 183 
 184 
1.4.9. Fill in the block corresponding to any other treatments such as fibrates, statins, insulin, etc. 185 
 186 
NOTE: The options to input the timetable, dose or type are only enabled when each specific 187 
treatment is selected.  188 
 189 
1.4.10. Click on the Next button to move forward to the second checkup form relating to the 190 
physical examination and clinical analysis. 191 
 192 
NOTE: See Figure 3. 193 
 194 
1.4.11. Fill in the block corresponding to the physical examination with the information related 195 
to height, weight, circumference of the dominant arm, etc. 196 
 197 
NOTE: The body mass index and the waist height index are automatically computed from the 198 
previous data.  199 
 200 
1.4.12. Fill in the block corresponding to blood pressure recordings such as systolic blood 201 
pressure (SBP), diastolic blood pressure (DBP) and pulse, including 1 measurement standing and 202 
3 measurements sitting. Check the boxes related to abdominal murmurs, carotid murmur, etc. 203 
 204 
NOTE: The mean of the 3 repetitions of sitting blood pressure measurements is automatically 205 
computed.  206 
 207 
1.4.13. Fill in the block corresponding to the ABPM recording. Upload the ABPM file and complete 208 
the information related to the time during which the patient wore the monitor such as the hours 209 
and quality of sleep, the time of going to bed and waking up, etc.  210 
 211 
NOTE: The ABPM upload is mandatory for the block related to ABPM information to be included. 212 
If there is no ABPM file available, click on the hide button.  213 
 214 
1.4.14. Fill in the block corresponding to biological/analytical recordings with the information 215 
related to blood analysis such as glycemia, creatinine, ferritin, microalbuminuria, etc. 216 
 217 
NOTE: The standard units for the parameters are indicated on the checkup form, as reference. 218 
 219 



1.4.15. Fill in the block corresponding to the electrocardiogram recording with the information 220 
related to the different wave intensities, arrhythmia, ischemic cardiopathy, etc. 221 
 222 
1.4.16. Fill in the block corresponding to the echocardiogram recording with the information 223 
related to the interventricular septum, left ventricle diameter in systole, posterior wall of the left 224 
ventricle, etc. 225 
 226 
1.4.17. Fill in the block corresponding to other measurements such as pulse wave velocity, carotid 227 
stenosis, ankle-arm index, etc. 228 
 229 
1.4.18. Click on the End button to record the checkup associated with the corresponding patient 230 
on the platform.  231 
 232 
NOTE: The platform moves forward to the checkup page that includes all the introduced data. 233 
See Figure 4. 234 
 235 
1.4.19. Click on the Edit button to add new information or update the introduced data 236 
throughout the checkup forms. Click on the End button to go back to the checkup page. 237 
 238 
1.4.20. Click on the Implemented treatment button to move forward to the form and prescribe 239 
any specific treatment. 240 
 241 
1.4.21. Fill in the block corresponding to anti-hypertensive treatment including the dose, the 242 
schedule and the type of the prescribed treatment. 243 
 244 
1.4.22. Fill in the block corresponding to treatments that can affect blood pressure such as 245 
vasoconstrictors, oral contraceptives, corticosteroids, etc. 246 
 247 
1.4.23. Fill in the block corresponding to other treatments such as fibrates, statins, insulin, etc. 248 
 249 
1.4.24. Click on the Definitive report button to generate the final report. It proceeds to the 250 
checkup report including all the introduced data and the prescribed treatment. 251 
 252 
1.5. Update patient profile and perform checkup management. 253 
 254 
1.5.1. Click on the Find patient link on the main menu bar and insert the patient code, or press 255 
the List patients link and select the patient code to proceed to the profile of a registered patient. 256 
 257 
1.5.2. Click on the Update button to revise and update any patient information (except the 258 
patient code, which is fixed) in the patient profile. 259 
 260 
1.5.3. Click on the Revise checkup link to access the checkup report (see step 4.2). 261 
 262 
1.5.4. Click on the Smart report link to access a brief checkup overview (see step 4.3). 263 



 264 
1.5.5. Click on the ABPM report link to access an overview of the ABPM results (see step 4.4). 265 
 266 
1.5.6. Click on the Edit link to add new information or modify the information introduced in the 267 
checkup. 268 
 269 
NOTE: This option is available only before the generation of the definitive report.  270 
 271 
1.5.7. Click on the New checkup button to add a new checkup for the patient.  272 
 273 
NOTE: Consecutive checkups are automatically prefilled with the information details that were 274 
included in the previous revision. See Figure 5. 275 
 276 
2. Risk stratification tables  277 
 278 
NOTE: The risk stratification service provides an automatic computation of the CV risk factor 279 
based upon various risk stratification tables that are recommended in the guidelines of the 280 
European Society of Hypertension/European Society of Cardiology (ESH/ESC)22. For each of the 281 
tables, the CV risk factor is computed and recorded based upon various parameters that are 282 
uploaded in the patient profile throughout the steps of the checkup data input. The higher or 283 
lower importance of each of the tables in the analysis is provided by the specialist while ensuring 284 
that each designed stratification table pays special attention to the specific conditions of the 285 
patient.  286 
 287 
2.1. Click on the Find patient link and insert the patient code or click on the List patients link and 288 
select the patient code for a patient with existing registered checkups. 289 
 290 
2.2. From the list of checkups, click on the Revise checkup link to access the checkup report and 291 
go to the block of risk stratification tables. 292 
 293 
2.3. Click on the ESH/ESC table link to access the table page. Check the highlighted cell to get the 294 
qualitative level of cardiovascular risk. Check the recommendations and possible 295 
antihypertensive treatment related to the resulting risk. Click on the Go back link to access the 296 
general checkup report. 297 
 298 
NOTE: This decision table uses the SBP and DBP measurements together with several risk factors 299 
and diseases (age, abdominal obesity, dyslipidemia, metabolic syndrome, etc.) to provide the CV 300 
risk factor as well as recommendations or treatment23.  301 
 302 
2.4. Click on the MS table link to access the Metabolic Syndrome (MS) table page. Check the 303 
presence of MS on the basis of the Adult Treatment Panel (ATP) III criterion. Check the presence 304 
of MS on the basis of the International Diabetes Fund (IDF) 2005 criterion. Click on the Go back 305 
link to access the general checkup report. 306 
 307 



NOTE: This table uses the information related to abdominal obesity, triglyceridemia, c-HDL, BP 308 
and fasting glucose24. ATP III criterion indicates the presence of MS if 3 of the above measures 309 
are outside the tolerance levels. According to IDF 2005 criterion, MS is determined by the 310 
presence of abdominal obesity together with 2 of the other measures outside the tolerance 311 
levels.  312 
 313 
2.5. Click on the Score table link to access the Systematic Coronary Risk Evaluation (SCORE) table 314 
page. Check the highlighted cell to obtain the 10-year risk of fatal cardiovascular events. Check 315 
the color of the highlighted cell in the legend to obtain the qualitative level related to the risk. 316 
Click on the Go back link to access the general checkup report. 317 
 318 
NOTE: This table uses information related to age, gender, SBP, smoking, and cholesterol25. 319 
 320 
2.6. Click on the Framingham table link to access the table page. Check the highlighted cell in the 321 
last table to obtain the 10-year risk of suffering a coronary event (angina, heart attack, with or 322 
without symptoms, fatal or not). Click on the Go back link to access the general checkup report. 323 
 324 
NOTE: This table uses information related to the parameters of age, gender, smoking, diabetes, 325 
cholesterol, cholesterol HDL, and BP26. The highlighted cells indicate the contribution of each 326 
category to the final risk.  327 
 328 
3. ABPM analysis 329 
 330 
NOTE: ABPM is a common test that allows the monitoring of the patient’s blood pressure 331 
throughout their daytime/nocturnal routine9. The device selected for recording ABPM 332 
measurements (see the Table of Materials) is among the few BP monitors that are officially 333 
validated by international organizations such as the British Hypertension Society (BHS) or the 334 
ESH.  335 
 336 
3.1. Put the BP monitor on the patient and check that it is operating properly by taking an initial 337 
manual measurement. Instruct the patient on how to obtain the measurements manually before 338 
going to sleep and on waking up in order to delimit the day and night recordings.  339 
 340 
3.2. After the recording period, remove the BP monitor from the patient and retrieve the ABPM 341 
file. Upload the ABMP file to the block of ABPM measurements of an existing or a new checkup 342 
related to the patient (step 1.4.13). 343 
 344 
NOTE: The monitor remains connected throughout a period of time (usually 24h or 48h) and the 345 
measurements are regularly recorded at predefined intervals (typically 15 or 30 minutes).  346 
 347 
3.2. Perform ABPM analysis. 348 
 349 
3.2.1. Click on the Find patient link and insert the patient code, or click on the List patients link 350 
and select the patient code of a patient with any registered checkup containing ABPM data. 351 



 352 
3.2.2. Click on the Revise checkup link to access the checkup report and go to the block of ABPM 353 
analysis. 354 
 355 
3.2.3. Click on the ABPM link to access the ABPM information display. 356 
 357 
3.2.4. Check the rate of valid records in the general information section to ensure that the results 358 
extracted from the ABPM file are reliable. 359 
 360 
3.2.5. Check the information regarding the period of time during which the patient wore the 361 
monitor such as the number of hours and quality of sleep, the time of going to sleep and waking 362 
up, etc. 363 
 364 
3.2.6. Check the ABPM map including the graphical representation of all the recordings, such as 365 
the SBP, DBP and pulse as well as the areas under or over the maximum normal levels for each 366 
measurement. 367 
 368 
3.2.7. Click on the buttons for 48h, 24h (i) or 24h (ii) to change the visualization mode for the 48 369 
h ABPM files. 370 
 371 
3.2.8. Click on the means button to switch the visualization mode to an even representation of 372 
the measurements. 373 
 374 
NOTE: This visualization mode computes each point from the average among consecutive 375 
measurements in the raw data. 376 
 377 
3.2.9. Check the additional information extracted from the original data such as the means and 378 
standard deviations of SBP, DBP, pulse rate and pulse pressure (the difference between SBP and 379 
DBP). 380 
 381 
3.2.10. Check the parameters regarding BP evolution that were automatically computed by the 382 
tool: nocturnal BP drop, sleep thought, pre-waking morning surge and day/night quotient for SBP 383 
and DBP measures. 384 
 385 
3.2.11. Check the summary table that contains the automatically computed areas under or over 386 
the maximum clinically defined thresholds for the nocturnal and diurnal measurements of SBP, 387 
DBP, and pulse pressure.  388 
 389 
NOTE: Furthermore, the ABPM service also calculates the circadian profile from the relation 390 
between the daytime and nocturnal BP²³. This profile allows cardiovascular risks to be 391 
determined by analyzing the presence of BP deviations. The smart report (step 4.4) and the ABPM 392 
report (step 4.5) contain the information related to the circadian profile.  393 
 394 
4. Clinical reports 395 



 396 
NOTE: The report service provides a set of reports that gather all the relevant information to 397 
support the clinical decision-making process, helping physicians in their clinical practice and 398 
promoting collaboration among experts. 399 
 400 
4.1. Click on the Find patient link and insert the patient code, or click on the List patients link and 401 
select the code of a patient with any registered checkup. 402 
 403 
4.2. Click on the Revise checkup link to access the full checkup report which contains all the data 404 
recorded during the checkup registration process grouped into the various categories.  405 
 406 
4.3. Click on the ABPM link to access the data extracted from the ABPM analysis. Click on the 407 
specific link of each risk stratification table to review all the information regarding the 408 
computation of the risk value. Click on the Go back link to return to the patient page. 409 
 410 
NOTE: The parameters that are outside their normal levels are shown in red in order to facilitate 411 
their identification. In the same way, the Yes/No fields are also marked with green or red icons 412 
for an intuitive visualization of the normal and pathological cases, respectively. 413 
 414 
4.4. Click on the Smart report link to access a brief overview of the checkup which only contains 415 
essential information.  416 
 417 
4.4.1. Check the summary of the risk stratification tables, containing the results that were 418 
extracted from each table. Check the ABPM graph included in the final report and click on the 419 
ABPM map link for further information. Click on the Go back link to return to the patient page. 420 
 421 
4.5. Click on the ABPM report link to access an additional smart report, in this case focused on 422 
the ABPM information and results. Check the information corresponding to the ABPM recording 423 
such as the statistical measurements extracted from the SBP, DBP, and pulse, the areas over and 424 
under the normal values, the circadian profile, etc. Click on the Go back link to return to the 425 
patient page. 426 
 427 
NOTE: The report service provides the option to print the reports or export to standard formats, 428 
such as PDF, making it easier to present the report to the patient or use it for discussions with 429 
other clinicians. 430 
 431 
REPRESENTATIVE RESULTS:  432 
The patient registration described in step 1 is carried out by filling in the form presented in Figure 433 
1. Once the user registers a new patient, the application moves forward to introduce the first 434 
checkup, which allows the input of comprehensive patient data. Figure 2 shows a screenshot of 435 
the first form of the checkup information. Once the Next button is clicked, the application moves 436 
forward to the second checkup form presented in Figure 3. After clicking on the End button, the 437 
checkup is recorded by the system (assigned to the patient). Hydra (referred to as the ‘platform’) 438 
moves forward to the register checkup page, including all the introduced data. From this page, 439 



the user can edit the introduced data or access the implemented treatment form shown in Figure 440 
4, in order to prescribe the patient a specific treatment. Once the checkup registration process is 441 
complete, the platform moves forward to the patient page shown in Figure 5, including general 442 
data and a list of the submitted checkups.  443 
 444 
Besides the centralized management of all the patient data, the platform also provides an 445 
automatic computation of the total cardiovascular risk factor based on different risk stratification 446 
tables recommended in the standard guidelines of the ESC/ESH. Figure 6 shows an example of 447 
CV risk calculation on the basis of the antihypertensive treatment decision table. In this case, the 448 
computed risk appears highlighted in the table, and below, the recommendations and treatment 449 
related to this risk are shown. Moreover, the different factors that have contributed to the 450 
computation of the risk are listed below. An example of the metabolic syndrome (MS) table is 451 
shown in Figure 7 including the risk that is obtained using two different criteria of reference and 452 
the factors involved in these computations. Figure 8 shows an example of the systematic 453 
coronary risk evaluation (SCORE) table indicating the 10-year risk of suffering a coronary event 454 
and the list of relevant parameters. Finally, Figure 9 shows an example of the Framingham table 455 
that calculates the risk of severe CVD or a hard event and the contribution of each category to 456 
the final risk. This way, the service of risk stratification allows an automatic computation of the 457 
CV risk on the basis of different tables of reference as well as the involvement of the different 458 
parameters that have contributed to reaching the related risk, for a more detailed analysis by the 459 
expert clinician.  460 
 461 
In addition to risk stratification, the ABPM also provides valuable information to support the 462 
clinical decision-making process. Therefore, given an ABPM file containing recordings over a 463 
period of time, the tool can provide automatic computation of additional relevant parameters 464 
such as the mean and standard deviation of the different measurements (SBP, DBP and pulse), 465 
the area of the records over and under the thresholds that represent the maximum normal 466 
values, the circadian profile, etc. Figure 10 shows a graphical representation of the ABPM map 467 
and a table containing the information automatically computed by the ABPM tool.  468 
 469 
Finally, the reporting service provides summarized reports that gather all the relevant, available 470 
information to help clinicians in their decision-making process and promotes collaboration 471 
among experts. An example of some representative parts of a full report is shown in Figure 11. 472 
Similarly, Figure 12 and Figure 13 show examples of a smart report and an ABPM report 473 
respectively. All the services the platform has to offer result in improved quality of health-care, 474 
while helping physicians perform complete cardiovascular analysis. 475 
 476 
FIGURE AND TABLE LEGENDS: 477 
 478 
Figure 1. Patient registration form. The form is used to register a new patient and includes 479 
various global parameters related to patient enrolment. The block of family precedents of 480 
premature cardiovascular illness can be hidden.  481 
 482 



Figure 2. First form for checkup registration. This includes information about habits, pathologies 483 
and previous treatments grouped into different blocks. All the different blocks have the option 484 
to keep them hidden or visible. If all the information of a block is unknown, the user should use 485 
the hide the block. 486 
  487 
Figure 3. Second form for checkup registration. This covers the physical and clinical analyses, 488 
grouped in different blocks. All the different blocks include the option to be hidden or visible. If 489 
all the information of a block is unknown, the user should use the hidden option.  490 
 491 
Figure 4. Implemented treatment form to prescribe the patient any specific treatment. This 492 
includes blocks for anti-hypertensive treatment, treatments that can affect blood pressure and 493 
other treatments. 494 
 495 
Figure 5. The patient profile page. This includes general data and a list of submitted checkups. 496 
From this list, it is possible to access the different reports of each checkup.  497 
 498 
Figure 6. Example of an antihypertensive treatment decision table. The highlighted cell 499 
represents the computed CV risk and the “Risk/treatment” field details the recommendations 500 
related to this risk. Moreover, the contribution of the different factors to the final result is listed 501 
below. 502 
 503 
Figure 7. Example of an MS risk stratification table on the basis of two different criteria. The 504 
conditions that are true for each criterion are highlighted in red. The results for each criterion 505 
and the factors involved in these computations are shown on the right-hand side.  506 
 507 
Figure 8. Example of a SCORE risk stratification table. The highlighted cell corresponds to the 508 
10-year risk of CVD and the list of risk factors summarizing the parameters that lead to this result. 509 
  510 
Figure 9. Example of a Framingham risk stratification table. In each table, the contribution of 511 
each category is highlighted in red. The computed risk of severe CV or hard events is shown below 512 
the tables as well as the risk factors involved in the calculation.  513 
 514 
Figure 10. Example of an ABPM map. This includes the graphical representation and 515 
complementary measurements of a 48 h monitor register. Green dots represent manual 516 
measurements. The red and blue lines are related to the maximum levels for systolic and diastolic 517 
blood pressure, respectively. The filled areas correspond to the intervals that exceed these 518 
maximum levels during the day and night.  519 
 520 
Figure 11. Example of a full report. This report lists all the introduced data for a specific checkup. 521 
Some representative portions are included. 522 
 523 
Figure 12. Example of a smart report. This report includes essential information to support the 524 
clinical decision-making process. It includes the results of the risk stratification tables, the ABPM 525 
map and a list of relevant parameters for diagnosis and treatment.  526 



Figure 13. Example of an ABPM report. It includes the ABPM map and all the information 527 
extracted from the ABPM service.  528 
 529 
DISCUSSION:  530 
The early identification and monitoring of various cardiovascular risk factors together with an 531 
appropriate treatment are critical for the prevention of cardiovascular diseases and premature 532 
deaths. In the daily clinical routine, clinicians have to handle large amounts of diverse information 533 
to check all the different variables and parameters that affect the circulatory system. Hence, it is 534 
a tedious and time-consuming task that complicates diagnosis and treatment prescription.  535 
 536 
The proposed protocols allow a complete analysis of the cardiovascular system. These protocols 537 
include the input of all data related to cardiovascular analysis which are recorded in a full patient 538 
profile and organized into different checkups throughout time. The centralized management of 539 
these data together with the various services provided by the platform facilitates the clinical 540 
decision-making process as well as information interchange between experts. The various 541 
services included on the platform were designed and implemented considering the needs and 542 
preferences of expert clinicians in order to incorporate all the necessary tools in the best possible 543 
way for a comfortable professional use. This way, the checkup service allows the recording of 544 
comprehensive patient data, organized into different checkups to track the evolution over time. 545 
From the raw data, the platform automatically analyzes and extracts all the properties that are 546 
needed for diagnostic and treatment purposes resulting in considerable reduction in time and 547 
effort. Here, various risk stratification tables of reference are incorporated into the platform for 548 
automatic CV risk computation. Furthermore, the ABPM service allows the tracking of blood 549 
pressure over a period of time, allowing the extraction of additional, valuable information. 550 
Finally, the report services allow an efficient review of the summarized relevant data.  551 
 552 
Therefore, the proposed platform collects a large quantity of diverse, relevant parameters and 553 
gathers them using different standard protocols according to ESH/ESC guidelines22 in order to 554 
support the decision-making process. The limitation of this protocol is the availability of the large 555 
amount of data involved since it comprises an exhaustive anamnesis, a physical examination, 556 
recordings of several measurements, biological data extracted from the blood test, knowledge 557 
about family precedents, etc. Each of the tools/services combines multiple medical parameters 558 
to compute the cardiovascular risk factors in such a way that these calculations cannot be 559 
performed when no data are available. However, even if the patient profile is not complete, the 560 
availability of partial data allows the computation of some of the risk factors providing relevant 561 
results to support the clinical decision-making process. Each service details the data involved in 562 
its computation and the results are incremental on the basis of the available data.  563 
 564 
There are a number of tools available for CV assessment which are mainly focused on satisfying 565 
patient demand in specific scenarios. However, the proposed protocol is fully oriented to medical 566 
specialists, covering all the services to support the decision-making process in their daily routine. 567 
Regarding BP monitoring, there are several commercial systems that are mostly focused on the 568 
performance of the measurements, the compatibility with other operative systems, the ease of 569 
use, etc. These devices do not analyze recorded data whereas the ABPM service, given a 570 



recording file, will analyze all the information from the measurements and automatically extract 571 
valuable parameters relevant for clinical practice. Moreover, it provides a graphical 572 
representation incorporating additional data that facilitates visualization and analysis. Finally, the 573 
reporting service allows an efficient review of the summarized data containing all the relevant 574 
information with the aim of helping clinicians in their clinical practice. Therefore, the proposed 575 
protocol allows a complete and reliable analysis of the cardiovascular system to support the 576 
clinical decision-making process via a set of functionalities and services that are required by 577 
physicians for risk evaluation, early diagnosis, treatment prescription, and tracking over time. 578 
This leads to a qualitative improvement in health-care services and a reduction in time and effort, 579 
facilitating the work of clinicians in their daily practice.  580 
 581 
The large amount of medical data involved together with the possibility of discussions among 582 
experts provides an adequate environment for clinical research. Future work in this field will 583 
include the analysis of the impact of the different CV risk factors and the correlation between 584 
various medical parameters in order to extract additional information relevant to clinical 585 
practice. The gathering and storage of significant volumes of clinical data can also serve as a basis 586 
for computational analysis of big data with the objective of data dimensionality reduction; this 587 
can also serve as a complementary source of information for the clinical users of the platform. 588 
Furthermore, future work will involve the inclusion of specific questionnaires — for a more 589 
exhaustive analysis of some factors (e.g., stress, diet or exercise) — and internalization in the 590 
form of support for more languages and reference units. Graphical improvements are also 591 
planned, e.g., the integration of cosinor analysis for blood pressure times series which can 592 
facilitate the inspection of blood pressure characteristics and tendencies. 593 
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