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SUMMARY:  24 

Transthoracic (TTE) and transesophageal (TEE) echocardiography represent the basic imaging 25 

tools for interatrial septum examination. Three dimensional (3D) TEE provides incremental 26 

information in the assessment of the interatrial septum. Further advanced echocardiography 27 

techniques using speckle tracking echocardiography are applied for sensitive volumetric and 28 

functional assessment of the heart chambers.  29 

  30 

ABSTRACT:  31 

Transthoracic (TTE) and transesophageal echocardiography (TEE) is the standard imaging 32 

method for atrial septal defect (ASD) and patent foramen ovale (PFO) detection, for patient 33 

selection for transcatheter ASD/PFO closure, for intraoperative guidance and for long-term 34 

follow-up. The size, shape, location and the number of the atrial communications schould be 35 

determined. The accuracy of PFO detection can be improved by using agitated saline together 36 

with maneuvers to transiently increase the right atrial (RA) pressure. The appearance of 37 

microbubbles in the left atrium (LA) within 3 cardiac cycles after opacification of the RA is 38 

considered positive for the presence of an intracardiac shunt. Three dimensional TEE 39 

identifies further septal fenestrations and describes the dynamic morphology of ASD/PFO and 40 

atrial septal aneurysm. Follow-up evaluations with TTE is recommended at 1, 6, and 12 41 

months after the procedure, with a subsequent evaluation every year. Previous studies 42 

showed an increased incidence of atrial arrhythmias early after device closure. Speckle 43 

tracking analysis may help to understand functional left atrial remodeling following 44 

percutaneous closure and its impact on atrial arrhythmias. 45 

 46 

INTRODUCTION:  47 
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Patent Foramen Ovale (PFO) is not a true tissue deficiency of atrial septum; it is present in 48 

about 20-25% of the adult population, and in most cases it does not have any clinical 49 

significance (Figure 1). Cryptogenic stroke accounts for ~30% of ischemic strokes and is 50 

defined as a condition without an apparent cause at the early inpatient work-up. Patients 51 

under 45 years of age represent 10% of stroke burden with as much as 40% defined as 52 

cryptogenic. Secondary prevention of stroke using transcatheter closure technique remains 53 

paramount in reducing morbidity and mortality1. 54 

 55 

Atrial septal defects (ASDs) include different lesions on different atrial septum locations, 56 

resulting in shunting. The most common form is ostium secundum ASD, usually optimal for 57 

percutan devise closure. ASDs are generally discovered during the workup of right ventricular 58 

(RV) dysfunction and/or dilatation, and rarely after a suspected paradoxical embolism or 59 

cryptogenic stroke2,3. 60 

 61 

Transthoracic (TTE) and transesophageal (TEE) echocardiography is performed for qualitative 62 

and quantitative assessment of atrial septum deficiencies. Three dimensional (3D) TEE 63 

provides more in depth information of the interatrial septum, and it gives more precise 64 

imaging of catheters and the closure device during intraoperative guiding. Postoperative 65 

follow up evaluations with TTE should be performed at 1, 6, and 12 months after the 66 

procedure, with a subsequent evaluation every year to assess device position, residual shunts, 67 

pericardial effusion, changes in size and function of the cardiac chambers and pulmonary 68 

circulation. Further advanced echocardiography techniques using speckle tracking 69 

echocardiography may help to understand potential functional left atrial remodeling 70 

following percutaneous closure and its impact on atrial arrhythmias2.  71 

 72 

PROTOCOL:  73 

 74 

In the following part we describe the protocol steps of clinical and imaging evaluation of atrial 75 

communications before transcatheter closure based on international clinical guidelines. 76 

These protocols follow the guidelines of the Semmelweis University Regional and Institutional 77 

Committee of Science and Research Ethics. Informed written patient consent is needed. 78 

 79 

1. Clinical evaluation and workflow of cryptogen stroke and PFO for transcatheter 80 

closure 81 

 82 

1.1. For the diagnostic work-up of stroke, determine whether the stroke is ischemic or 83 

hemorrhagic in origin using computed tomography scan (CT) or magnetic resonance brain 84 

imaging (MRI).  85 

 86 

1.2. In case of ischemic etiology, perform subsequent CT- or MR-angiography of the head 87 

and neck to exclude any intracranial- and cerebral- or extracerebral vascular pathology, which 88 

would warrant specific therapy.  89 

 90 

1.3. Perform blood work to test for a hypercoagulable state, most importantly an 91 

antiphospholipid syndrome or other genetic alterations leading to a coagulation disorder. A 92 

patient with hypercoagulability is not a good candidate for closure, as thrombus formation 93 

could occur on the surface or near the implanted device in these cases4,5.  94 



 95 

1.4. Use inpatient ECG monitoring to rule out atrial fibrillation.  96 

 97 

NOTE: Further extended outpatient rhythm monitoring with an ambulatory 24-36-hour 98 

Holter, with an external event recorder or even with an insertable monitoring device, should 99 

be considered to detect the occurrence of atrial fibrillation, which is silent in a considerable 100 

proportion of stroke patients.  101 

 102 

1.5. Perform a TTE scan to exclude cardioembolic sources other than atrial fibrillation, such 103 

as non-compaction cardiomyopathy, dilated cardiomyopathy with severely depressed left 104 

ventricular ejection fraction, any intracardiac mass, vegetation or intracavitary thrombus and 105 

to assess the morphology of the interatrial septum for the presence of septal aneurysm.  106 

 107 

NOTE: The latter can raise the suspicion for the presence of PFO.  108 

 109 

1.6. For the final work-up step in patient selection for PFO closure, make a multidisciplinary 110 

team decision involving the neurologist, the cardiologist and the cerebral imaging specialist. 111 

 112 

2. Clinical evaluation and workflow of ASD for transcatheter closure 113 

 114 

2.1. Perform preprocedural cardiac MR (CMR) and right heart catheterisation (RHC) to 115 

diagnose complex congenital heart disease, where an ASD is only one element of a complex 116 

case. In these cases, closure of the ASD is usually part of a complex surgical repair procedure, 117 

rather than a transcatheter one.  118 

 119 

NOTE: Simple, secundum type ASDs with a volume-overloaded RV due to a 120 

pulmonary/systemic flow (Qp/Qs) ratio of >1.5 and not elevated RV pressure are suitable for 121 

a single-step transcatheter closure if surrounded by a minimum rim of 5 mm6. Multi-122 

fenestrated defects are often amenable for closure with multiple devices.  123 

 124 

2.2. Measure pulmonary vascular resistance (PVR) at baseline by RHC when shunting is 125 

excessive and there is elevated RV systolic pressure.  126 

 127 

2.2.1. In case of moderately elevated PVR (4-8 Wood units), perform a staged transcatheter 128 

closure by implanting a fenestrated closure device first to reduce the amount of initial 129 

shunting. Perform full closure after improvement of RV function and a decrease in PVR a 130 

couple of months later in a second step. Markedly elevated baseline PVR values above 8 131 

Wood units usually form a contraindication for closure, as this would deteriorate RV function 132 

even further. 133 

 134 

3. 2D transthoracic echocardiography imaging for the interatrial septum 135 

 136 

NOTE: The assessment of interatrial septum is recommended according to the 2015 ASE 137 

guidelines2. The patient is lying in the left decubitus position with the left arm placed under 138 

the head. Standard parasternal, apical and subcostal views are obtained.  139 

 140 



3.1. Use the subxiphoid frontal four-chamber view; it provides good axial resolution to 141 

measure the diameter of the defect along its long axis.  142 

 143 

3.2. Use the subxiphoid sagittal view to visualize the atrial septum along its superior–144 

inferior axis. 145 

 146 

3.3. Use the apical four-chamber view to estimate haemodinamic consequencies of 147 

interatrial left to right shunting including RA, RV dilation and RV pressure.  148 

 149 

3.4. Use the parasternal short-axis view to measure the aortic and posterior rim of the 150 

septal defect. 151 

 152 

4. 2D/3D Transthoracic Echocardiography Imaging for the anatomical and functional 153 

quantification of heart chambers 154 

 155 

NOTE: Assessment of atria is recommended according to the consensus statement from the 156 

ASE and EACVI on chamber quantification7. 157 

 158 

4.1. Perform conventional volumetric and functional LA measurement.  159 

 160 

4.2. Perform advanced echocardiography techniques using speckle tracking. Optimize 161 

acquisition frame rates for speckle tracking to provide the highest frame rate per cardiac cycle 162 

without significantly decreasing spatial resolution.  163 

 164 

4.2.1. In the 2D LA strain curve, set the zero strain reference at the left ventricular end-165 

diastole. Calculate the LA strain values of each phase as the difference of two of these 166 

measurements8. LA function is divided into reservoir, conduit and contraction phase. All 167 

considerations made for LA measurements can be applied for RA assessment as well.  168 

 169 

4.3. Measure the tricuspid annular plane systolic excursion, the RV fractional area change, 170 

the Doppler tissue imaging (DTI) S’ velocity, and the RV ejection fraction from 3D volumetric 171 

evaluation. Perform 2D speckle tracking analysis with RV strain parameters for the evaluation 172 

of RV systolic function9.  173 

 174 

NOTE: RV measurements are highly important in case of hemodynamically significant ASD, 175 

when RV function can be impaired and significant pulmonary hypertension can occur. 176 

 177 

4.4. Obtain electrocardiographically gated full-volume 3D data sets from apical four 178 

chamber view for 3D LA, LV and RV volume and function measurement, representing 179 

parameters of incremental prognostic value over 2D LA parameters10,11. 180 

 181 

4.5. Perform conventional volumetric and functional LV measurements, including LV 182 

diastolic function assessment using mitral inflow and annular tissue Doppler imaging.  183 

 184 

NOTE: In case of diastolic dysfunction, acute heart failure may develope after ASD closure due 185 

to LV volume overload.  186 

 187 



4.6. Assess LV global longitudinal strain due to its prognostic value.  188 

 189 

NOTE: However, circumferential and radial strain can be also assessed12,13. 190 

 191 

5. Transesophageal echocardiography imaging for the interatrial septum 192 

 193 

5.1. Perform TEE examination in patients clinically suitable for potential percutaneous 194 

device closure to assess technical feasibility of the closure as well. Otherwise, perform TTE 195 

examination or transcranial doppler (TCD) using agitated saline to prove the presence of an 196 

interatrial shunt2,14-16. Informed written patient consent is mandatory before TEE 197 

examination. 198 

 199 

5.2. Position the patient on the left lateralis decubitus in case of preoperative screening 200 

TEE and on the back position in case of intraoperative TEE. Ensure that patients fast for at 201 

least 4 h and remove dental fixtures.  202 

 203 

5.3. Use topical oropharyngeal anesthesia (such as lidocaine) and intravenous sedatives 204 

(such as midazolam, typical dose 1-5mg) before screening TEE. The intraoperative guiding TEE 205 

is performed usually under general anaesthesia.  206 

 207 

5.4. Monitor ECG, blood pressure and oxygen saturation. Furthermore, availability and 208 

experience with resuscitation equipment is mandatory. 209 

 210 

5.5. Define the number, size and location of defects as well as the surrounding atrial septal 211 

tissue (rims) and the presence of atrial septal aneurysm. Determine the hemodynamic 212 

consequences of atrial septal defects using conventional 2D TEE views, of which 213 

midesophageal bicaval and aortic valve short axis view are the most important (Figure 2). 214 

 215 

5.6. Verify communication through the foramen using agitated saline contrast during the 216 

Valsalva maneuver, when the right atrial pressure temporarily increases, the overlapping 217 

septum primum and secundum opens, and the bubbles can cross the canal of PFO from the 218 

right atria to the left atria within 3 cardiac cycles.  219 

 220 

NOTE: The amount of crossing bubbles depends on the size of PFO. A large (grade III) shunt is 221 

defined when the number of bubbles exceeds 20. 222 

 223 

5.7. Use 3D TEE acquisition methods mainly from the midesophageal short axis view or the 224 

bicaval view. Use the narrow-angled (zoomed) and wide-angled (full volume) mode to obtain 225 

additional information on the complex and dynamic anatomy of interatrial septum. Measure 226 

the size of atrial septal defect at the atrial end-diastole and end-systole in en face views from 227 

either the RA or LA (Figure 3). 228 

 229 

5.8. Use intraoperative transesophageal echocardiography to guide all steps of the 230 

procedure mainly from midesophageal bicaval and short axis view, including advancing the 231 

guidewire through the PFO tunnel or ASD and closure device delivery (Figure 1, Figure 4, 232 

Figure 5). 233 

 234 



5.9. Perform balloon sizing of the stretched diameter of ASD using fluoroscopy and TEE as 235 

well.  236 

 237 

NOTE: The maximum size of the closure device is 90% of the atrial septal length; nevertheless, 238 

the ratio of the device to defect should not exceed 2:1 (Figure 6). 239 

 240 

5.10. Before the delivery system detachment, evaluate the presence of the residual shunt 241 

evaluation and measure the atrial septal tissue rim and atrial roof to closure device distance 242 

using a four chamber, short axis and bicaval TEE view.  243 

 244 

6. Postoperative follow-up 245 

 246 

6.1. Perform the TTE study before hospital discharge and repeat within 1 month to assess 247 

device position, residual shunt and pericardial effusion due to device errosion. 248 

 249 

6.2. Perform TTE examination and 12-lead electrocardiography follow up studies at 6, and 250 

12 months, with a subsequent evaluation every year.  251 

 252 

6.2.1. Measure conventional Doppler parameters to evaluate the effect of transcatheter ASD 253 

closure on left-sided chambers.  254 

 255 

6.2.2. Measure atrial and ventricular volumetric changes and longitudinal strain parameters 256 

are measured in order to track cardiac remodelling (Figure 7, Figure 8). Atrial arrhythmias 257 

occur mainly within 1 month after device deployment17.  258 

  259 

REPRESENTATIVE RESULTS: 260 

Clinical evaluation of symptomatic, 41 years old female patient revealed ostium secundum 261 

type ASD and floppy atrial septum using TTE and TEE examination 262 

TTE examination showed right ventricular and biatrial enlargement with elevated pulmonary 263 

artery systolic pressure. TEE examination was used to estimate the size and shape of ASD 264 

using 2D and 3D methods. 2D, 3D native and balloon sizing TEE measurements were 265 

compared (Figure 4, Figure 5, Figure 6). In the case of floppy atrial septum, intraoperative 266 

balloon sizing is really important, as the fully stretched ASD size in such cases are 267 

underestimated even with 3D measurements. According to balloon sizing measurements (23-268 

24 mm of ASD stretched diameter), a 29 mm of diameter ASD closure device was chosen. 269 

Following deployment, the presence of interatrial tissue in between the discs, residual shunts 270 

and pericardial effusion are evaluated.  271 

  272 

FIGURE LEGENDS: 273 

Figure 1. Intraoperative 3D zoom image of catheter while crossing the PFO tunnel. The 274 

catheter can elevate the interatrial septum while crossing the PFO tunnel. The 3D zoom image 275 

was performed from 60° midesophageal aortic valve short-axis view. LA: left atrium; RA: right 276 

atrium; Ao: aorta 277 

 278 

Figure 2. Measurement of ostium secundum ASD using 2D TEE color flow from mid-279 

esophageal short axis view. The 2D TEE image shows 2D color flow technique to measure 280 

one dimensional ostium secundum ASD size at the largest size. The 2D TEE image was 281 



performed from 60 degree midesophageal aortic valve short-axis view. LA: left atrium; RA: 282 

right atrium; Ao: aorta; ASD: atrial septal defect. 283 

 284 

Figure 3. Measurement of ostium secundum ASD using 3D zoom” en face” view (same 285 

patient of Figure 2). The image demonstrates the importance of 3D aquisition technique 286 

when measuring ASD size as the shape of the ASD usually is ovale. The measurement was 287 

performed on the same patient of Figure 2. ASD: atrial septal defect. 288 

 289 

Figure 4. Intraoperative 3D zoom acquisition of PFO closure device approaching the 290 

interatrial septum from the left side. The image showes the opening of the left-sided disc of 291 

the PFO closure device in the left atrium and its approaching to the interatraial septum. The 292 

3D zoom image was performed from 60 degree midesophageal aortic valve short-axis view. 293 

LA: left atrium. 294 

 295 

Figure 5. Intraoperative 3D zoom image of fully deployed PFO closure device. 3D image of 296 

fully deployed PFO closure device demonstrating the interatrial septum between the the left- 297 

and right-sided discs (white asteroid). The 3D zoom image was performed from 60 degree 298 

midesophageal aortic valve short-axis view. LA: left atrium; RA: right atrium. 299 

 300 

 Figure 6. Intraoperative 2D TEE balloon sizing of ASD (same patient of Figure 2 and 3). The 301 

image demonstrates the importance of intraoperative balloon sizing In the case of floppy 302 

atrial septum as the fully stretched ASD size in such cases are underestimated even with 3D 303 

measurements. The measurement was performed on the same patient of Figure 2 and 3. LA: 304 

left atrium; RA: right atrium. 305 

 306 

Figure 7. Off-line 2D speckle tracking analysis of left atrium in order to measure volumetric 307 

and functional parameters (reservoir, conduit and contraction strain). 2D TTE apical four 308 

chamber view was obtained to analyse left atrium. The semi-automated software delineates 309 

the endocardial border of the left atrium than volumetric and functional measurements are 310 

calculated during the cardiac cycle (left upper and lower panel). The contraction strain can be 311 

measured only in sinus rhythm. LA: left atrium; RA: right atrium. 312 

 313 

Figure 8. 3D TTE full volume acquisition from apical four chamber view for 3D volumetric 314 

and functional analysis. 3D TTE apical four chamber full volume aquisition view was obtained 315 

to analyse left atrium 3D volumes and function. LA: left atrium; RA: right atrium; LV: left 316 

ventricle; RV: right ventricle.  317 

 318 

DISCUSSION:  319 

Careful patient selection for transcatheter PFO closure represents one of the most challanging 320 

steps of the clinical evaluation, as ruling out atrial fibrillation can be difficult. Several trials in 321 

the past few years have suggested greater yield with longer term monitoring to detect atrial 322 

fibrillation.18 The Cryptogenic Stroke and Underlying Atrial Fibrillation (CRYSTAL-AF) trial 323 

detected increased atrial fibrillation rate in the insertable cardiac monitor group (8,9%) 324 

compared with standard monitoring techniques (1.4%) by 6 months and this rate climbed up 325 

to 12.4% vs 2.0 % by 12 months in cryptogenic stroke patients19. Accordingly, older patients 326 

with cryptogenic stroke and comorbidities should be considered for longer term monitoring, 327 

such as 30-day monitoring, before scheduling for transcatheter PFO closure. In patients with 328 



comorbidities sometimes it is hard to judge the role of the PFO as a cause of cryptogenic 329 

stroke or just as a bystander. The externally validated Risk of Paradoxical Embolism clinical 330 

score model (RoPE score) can add further certainty, as an 8 or higher value points towards a 331 

causative role of PFO in cryptogenic stroke20. Based on RESPECT trial, there is 54% relative 332 

risk reduction of recurrent cryptogenic stroke in favor of PFO closure compared with medical 333 

therapy alone. 334 

Because direct visualization of the PFO is not feasible in the majority of adults by conventional 335 

TTE, TCD can be performed using agitated saline to prove the presence of a shunt. In case of 336 

clinical suitability for potential percutan device closure, TEE with Valsalva manoeuvre is 337 

needed as a further step to give proof of right-to-left shunting. While TCD has the highest 338 

sensitivity for PFO, TEE has the advantage to map the morphology of the septum, the 339 

appendage, and the PFO-channel in high detail and helps design a future transcatheter 340 

closure.  341 

Advanced echocardiography techniques using 2D and/or 3D methods has incremental impact 342 

in diagnosis, decision making and planning for clinical evaluation of transcatheter PFO or ASD 343 

closure and intraoperative guiding. 3D TTE/TEE examination of the heart overcomes most of 344 

the 2D TTE/TEE limitations avoiding angulation issues and geometric assumptions. Evaluation 345 

of PFO and ASD includes the detection and quantification of the size and shape of septal 346 

defects, the rims of tissue surrounding the defect and the degree and direction of shunting. 347 

Concomitant atrial septal abnormalities should be determined during preoperative 348 

examination and reevaluated during intraoperative guiding. It is important to emphasize that 349 

the guidewires and catheters might change the biomechanical characteristics of atrial 350 

septum, thus undiagnosed concomitant septal abnormalities might be revealed with relevant 351 

clinical impact regarding the size and the number of closure devices. Therefore, following the 352 

introduction of catheters, time should be dedicated for careful reevaluation of atrial septum 353 

using 2D or 3D TEE2, 21. However, some centers use safely TTE guidance and fluoroscopy 354 

during percutaneous closure of PFO, which shortens the procedural time and prevents the 355 

need for general anesthesia or endotracheal intubation.22 Apart from structural assessment 356 

of atrial septum, attention should be made on functional parameters of the atria and 357 

ventricles to determine indication for transcatheter closure, mainly in case of ASD. 358 

Furthermore, transcatheter closure of ASD with significant left to right shunting may change 359 

the hemodynamics and the chamber affected with volume overload, thus RV enlargement 360 

and dysfunction may influence clinical decision and procedural closure planning to avoid 361 

postoperative adverse clinical outcome. It is important to characterize the size and function 362 

of the RV and LV, to assess the magnitude of shunting, tricuspid regurgitation, and to calculate 363 

the RV systolic pressure. Beyond conventional echocardiography, 2D and 3D speckle tracking 364 

provide sensitive functional parameters or cardiac MR and even an invasive right heart 365 

catheterisation can be performed if needed.  366 
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Name of Material/ Equipment Company Catalog Number Comments/Description

TomTec Imaging workstation

TomTec Imaging, Unterschleissheim, 

Germany

4D LALV Function analysing 

software

Ultrasound machine Philips Epiq CvX

serial number 

US81881251 X5-1 and X7 transducers
Wiwe external ECG single chanel 

recorder Sanat Metal 5-810-200-1611

external ECG single chanel 

recorder
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REBUTTAL LETTER 

 

 

We would like to thank Dr. Nam Nguyen Manager of Review of Journal of Visualized 

Experiments for further evaluation of our manuscript entitled: "Echocardiographic evaluationmof atrial 

communications before transcatheter closure. " Please find our point-by-point responses to the comments 

below. All suggested further alterations in the manuscript are highlighted with yellow. The green text 

represents the steps of the protocols that should be visualized. 

 

Editorial comments: 

 

1. Additional details are needed in the protocol so that others can replicate the protocol. There is 

much description of what is done but we need to describe how the steps are performed as well. 

Please provide all experimental parameters used to perform the experiment. How is patient 

positioned throughout, etc. 

 

We added additional details of the protocol in the manuscript as follows (highlighted with yellow):  

„The assessment of interatrial septum is recommended according to the 2015 ASE guidelines2. The 

patient is lying on left decubitus position with the left arm placed under the head. Standard parasternal, 

apical and subcostal views are obtained.  Briefly:” 

„5.1. TEE examination is indicated in patients clinically suitable for potential percutaneous device closure 

to assess technical feasibility of the closure as well. Otherwise, TTE examination or transcranial doppler 

(TCD) using agitated saline is performed to prove the presence of interatrial shunt.2, 14-16 Informed written 

patient consent is mandatory before TEE examination. 

5.2. The patient is positioned on left lateralis decubitus in case of preoperative screening TEE and on back 

position in case of intraoperative TEE.  At least a 4-hour fasting is needed and dental fixtures must be 

removed.  

5.3. Use topical oropharyngeal anesthesia (such as lidocaine) and intravenous sedatives (such as 

midazolam, typical dose 1-5mg) before screening TEE. The intraoperative guiding TEE is performed 

usually under general anaesthesia.  

5.4. Monitor ECG, blood pressure and oxygen saturation. Furthermore, availability and experience with 

resuscitation equipment is mandatory.” 
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We have to emphasize that no experiment or study is decribed in the manuscript. All protocol steps 

represent clinical standard of care patient evaluation based on international guidelines. The manuscript 

summerizes the essentials of clinical guidelines how to perform each step. 

 

2. Please provide an ethics statement before the protocol stating that the procedure was approved 

by the ethics committee. 

 

We have added to the Introduction part the ethics statement (highlighted with yellow): 

„In the following part we describe the protocol steps of clinical and imaging evaluation of atrial 

communications before transcatheter closure based on international clinical guidelines.  These protocols 

follow the guidelines of the Semmelweis University Regional and Institutional Committee of Science and 

Research Ethics. Informed written patient consent is needed.” 

 

3. Please number the figures in order of appearance in the manuscript. Figure 1 is referenced first 

followed by Figure 4. 

 

The Figures are renumbered according to the appearance in the manuscript.  

 

4. Please include an acknowledgements section specifying any funding you have received, etc. 

 

We included „Acknowledgement” section. 

 

 

 

Once again, we would like to thank the Editor and the Reviewers for their in-depth review and insightful 

comments and suggestions!  

 

On behalf of all authors and with kind regards, 

 

 

Andrea Ágnes Molnár MD, PhD 

       corresponding author

 


