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ABSTRACT:  45 
TBase is an electronic health record (EHR) for kidney transplant recipients (KTR) combining 46 
automated data entry of key clinical data (e.g., laboratory values, medical reports, radiology and 47 
pathology data) via standardized interfaces with manual data entry during routine treatment 48 
(e.g., clinical notes, medication list, and transplantation data). By this means, a comprehensive 49 
database for KTR is created with benefits for routine clinical care and research. It enables both 50 
easy everyday clinical use and quick access for research questions with highest data quality. This 51 
is achieved by the concept of data validation in clinical routine in which clinical users and patients 52 
have to rely on correct data for treatment and medication plans and thereby validate and correct 53 
the clinical data in their daily practice. This EHR is tailored for the needs of transplant outpatient 54 
care and proved its clinical utility for more than 20 years at Charité - Universitätsmedizin Berlin. 55 
It facilitates efficient routine work with well-structured, comprehensive long-term data and 56 
allows their easy use for clinical research. To this point, its functionality covers automated 57 
transmission of routine data via standardized interfaces from different hospital information 58 
systems, availability of transplant-specific data, a medication list with an integrated check for 59 
drug-drug interactions, and semi-automated generation of medical reports among others. Key 60 
elements of the latest reengineering are a robust privacy-by-design concept, modularity, and 61 
hence portability into other clinical contexts as well as usability and platform independence 62 
enabled by HTML5 (Hypertext Markup Language) based responsive web design. This allows fast 63 
and easy scalability into other disease areas and other university hospitals. The comprehensive 64 
long-term datasets are the basis for the investigation of Machine Learning algorithms, and the 65 
modular structure allows to rapidly implement these into clinical care. Patient reported data and 66 
telemedicine services are integrated into TBase in order to meet future needs of the patients. 67 
These novel features aim to improve clinical care as well as to create new research options and 68 
therapeutic interventions. 69 
 70 
INTRODUCTION:  71 
Motivation for an integrated electronic health record and research database 72 
Clinical research is based on the availability of high-quality data, regardless of whether classical 73 
statistical methods or Machine Learning (ML) techniques are used for analysis1,2. In addition to 74 
routine data (e.g., demographic, laboratory, and medication data), domain-specific data (e.g., 75 
transplantation-relevant data) are required with high granularity3,4. However, routine care at 76 
many university hospitals is performed with hospital information systems (HIS) that neither allow 77 
for systematic collection of research-specific data nor for easy data extraction of routine data5-7. 78 
As a result, clinical researchers create specific research databases, which have a variety of 79 
problems including complex process of setting up a database, manual data entry, data protection 80 
issues, and long-term maintenance (Table 1). Limited amount of data, missing data, and 81 
inconsistencies are a major problem for clinical research in general and impede the use of ML 82 
technologies8-13. These standalone research databases are usually focused on certain disease or 83 
patient aspects, not connected to other databases, and often discontinued after a certain period, 84 
resulting in inaccessible “data silos”. Ultimately, high-quality, long-term data on various disease 85 
aspects are sparse. In the era of digital medicine there is an increasing need for a comprehensive 86 
electronic health record (EHR)7,14,15, which enables easy documentation of domain-specific data 87 
and automated collection of routine data from the systems of inpatient and outpatient care. 88 



   

 

 89 
These general considerations apply to transplantation medicine as well16. Hence, a complete 90 
documentation of the patient’s medical history including all inpatient and outpatient treatments, 91 
clinical routine data as well as transplantation-specific data is necessary for successful follow-up 92 
care17,18. Since ordinary HIS are static and focused on inpatient treatment, they cannot integrate 93 
transplantation-specific data, such as donor data, cold ischemia times, and human leukocyte 94 
antigens (HLA) data. However, these data are a basic prerequisite for transplantation research19-95 
22 as well as from long-term clinical care. While the initial hospital stay usually is only 1-2 weeks 96 
and processes as well as early outcomes after kidney transplantation are comparable between 97 
many transplant centers, lifelong post-transplant care is complicated and lacks a common 98 
structured approach. This motivates an integrated EHR and research database to capture the 99 
lifelong post-transplant patient journey.23 100 
 101 
In order to integrate these functionalities for routine care and research of KTR, an EHR named 102 
“TBase” was developed with the idea that the routine use for post-transplant care will create a 103 
unique research database with highest data quality (Table 2). 104 
 105 
Design and Architecture 106 
TBase is based on a typical client-server architecture. For development, the components and 107 
tools of SAP High Performance Analytic Appliance extended application advanced (SAP HANA 108 
XSA) were used. Based on the latest Hypertext Markup Language 5 (HTML5) web-technologies 109 
the EHR has been developed and tested for the Google Chrome Engine. This web engine is used 110 
by Chrome and the Microsoft Edge Browser and allows to use the EHR in the most frequently 111 
used web browsers24 without the need for local installation. The applied technology enables a 112 
responsive web design and allows the web-based EHR to be used on all devices (PC, tablet, 113 
smartphone). The innovative high-performance development platform is composed of various 114 
components (Web IDE, UI5 and HANA DB) and has enabled us to rapidly implement the EHR 115 
project TBase with state-of-the-art software tools (Figure 1). 116 
 117 
For the representation of patient data, a simple table structure was implemented for an intuitive 118 
and self-explanatory design of the EHR. For example, the patient table with the PatientID as the 119 
primary key is at the center of the table structure. Almost all tables (except individual sub-tables) 120 
are connected to this central table through PatientID (Figure 2). 121 
 122 
Figure 3 shows part of TBase‘s table structure and the data types used in greater detail. The end 123 
user can access the data fields via graphical user interface (GUI), for which an example is shown 124 
in Figure 4.  125 
 126 
This EHR contains all current patient data and is used for routine outpatient care. Important 127 
routine clinical data (e.g., laboratory data, medical results, radiology, microbiology, virology and 128 
pathology data, hospital data, etc.) are directly imported into TBase via standardized interfaces 129 
(e.g., on the basis of Health Level Seven (HL7) – a standard for digital communication in the 130 
healthcare sector25). Transplant-specific data such as cold ischemia times, donor data, HLA data 131 
as well as follow-up notes, vital signs, medical reports and the medication list are entered by the 132 



   

 

users via GUI into the EHR. Before data are transferred to the database, an automated plausibility 133 
check is performed for prompt detection of erroneous data entry providing the option to correct 134 
immediately. In addition, data validation takes part during clinical routine in which clinical users 135 
routinely write reports and letters to patients and physicians. These letters must provide correct 136 
data (e.g., on medication, lab values and clinical remarks) for further treatment and medication 137 
plans. As a consequence physicians and patients constantly validate and correct the clinical data 138 
in their daily practice, a process resulting in high data quality. If data are entered via application 139 
programming interfaces (API) or other interfaces, plausibility checks are performed in the backend 140 
similarly to the plausibility checks in the frontend. 141 
 142 
Frontend (GUI) 143 
To implement the frontend, the UI5 Framework is used. This framework provides an extensive 144 
library for frontend elements as well as a variety of additional features such as multilingualism 145 
and graphical libraries for data visualization. Currently, TBase frontend elements are displayed 146 
either in English or German depending on the language setting of the browser. 147 
 148 
A master-detail interface is used for the frontend to ensure a simple, intuitive page structure. 149 
The upper part of the viewing page consists of individual tabs for the detail pages (basic data, 150 
medical data, transplantation data, etc.). This master part remains unchanged regardless of 151 
which detail page is shown below (Figure 4). The detail view of each page enables an easy 152 
overview on the page topic.  153 
 154 
For data manipulation, the EHR has different levels of user rights ("read", "write", "delete", and 155 
"administrator"). There is an "edit" level in addition to the "view" level, which can only be 156 
activated by users with higher rights than "read". If the user has the right to write, all input fields 157 
for data entry are activated and can be filled with data. Users with “delete” rights can delete data 158 
via a corresponding button, but only after confirmation through a pop-up window. 159 
 160 
Database structure and interfaces 161 
The development of TBase is performed in the development database. Extensive and detailed 162 
testing of all software changes such as new functionalities is carried out in the quality assurance 163 
database. Software updates that pass the quality control checks are transferred to the live 164 
system. For research purposes the live system is copied into the replication database, which can 165 
be queried via standard Open Database Connectivity (ODBC) interfaces (e.g., via open-source 166 
software R Studio). As there is no direct connection between replication and live system the data 167 
in the live system are protected from corruption, loss or manipulation of data. This modular 168 
structure and the clear separation of the four databases (development, quality assurance, live 169 
system and replication database), which are tailored to the specific needs of developers, 170 
researchers, and clinicians facilitates maintenance and data protection of sensitive patient data. 171 
 172 
The EHR is fully integrated into the Data Infrastructure of Charité and relies on different interfaces 173 
for data import from various data sources. The interface to the HIS imports all relevant data such 174 
as administrative data, examinations, medications, laboratory findings and discharge letters. This 175 
interface connects both systems via a staging area. Here, all new data (data delta) are transferred 176 



   

 

from the HIS to TBase in real time. Patients are identified via a patient number or case number 177 
and the corresponding data from the HIS is imported (if not already available in TBase). 178 
 179 
For outpatients, our laboratory partner provides the laboratory results via HL7 messages. These 180 
are deployed to a shared area in the laboratory system and picked up via an HL7 interface and 181 
imported into the EHR. For bi-directional communication and data exchange with KTR (via 182 
smartphone apps) and home nephrologists, a HL7 Fast Healthcare Interoperability Resource (HL7 183 
FHIR) interface was implemented26. This interface grants interoperability and flexibility for a safe 184 
data exchange with other data sources (e.g., Eurotransplant, patient apps) in the future. 185 
 186 
User Management and Data Protection 187 
TBase is based on user management at the application level. Thus, the user can only access the 188 
frontend of the application, but not the database itself. As described above, a four-stage 189 
authorization concept was chosen, reserving user management for those with administrative 190 
rights. Administrators use an "Identity Management Console" application to add new users from 191 
the Charité user pool for the TBase application and to maintain their user rights (Figure 5). Most 192 
users can access all patients in the database. However, it is possible to restrict access for specific 193 
users such as study monitors to a group of patients. 194 
 195 
Using the commercial in-memory database platform a secure database technology that protects 196 
data with strategies such as application-level authorization, single sign-on (SSO), MIT-Kerberos 197 
protocol and Security Assertion Mark-up Language (SAML) is used. The platform secures 198 
communication, data storage, and application services using the latest encryption and testing 199 
techniques. All developments on the database are controlled by authorizations. This ensures the 200 
security of data by design at a high level. In addition, all data are kept behind the certified Charité 201 
firewall. In compliance with the latest European Union General Data Protection Regulation (EU 202 
GDPR) a robust data protection concept was implemented, including data flow diagrams, data 203 
protection risk assessment (DSFA) and authorization concept. All documents are laid down in a 204 
procedure directory of the Charité Data Protection Office. 205 
 206 
PROTOCOL: 207 
 208 
The protocol demonstrates the use of the electronic health record TBase, how to add data into 209 
the database, and how to extract them for research purposes. All steps are in accordance with 210 
the guidelines of the human research ethics committee of Charité – Universitätsmedizin Berlin. 211 
 212 
1. Register a new patient and add basic patient data into TBase 213 
 214 
1.1 Upon registration, transfer the patient’s basic data (name, birth date, and health 215 
insurance data) from the patient’s health insurance card to the hospital information system. 216 
During this process, a new unique case number is created. If the patient has never been treated 217 
at Charité – Universitätsmedizin Berlin, a new unique patient number is created as well, that 218 
clearly identifies this particular patient in the hospital system. 219 
 220 



   

 

1.2 During this registration process, obtain written informed consent from the patient for 221 
TBase data processing by Charité – Universitätsmedizin Berlin and the outpatient clinic of Charité 222 
(Ambulantes Gesundheitszentrum der Charité) according to the EU GDPR. 223 
 224 
1.3 Have an employee with appropriate permission add this new patient to TBase. First, sign 225 
into TBase via the GUI. For that, enter “https://nephro.tbase.charite.de” into a Chrome-Engine 226 
based Web Browser in Charité Intranet. Next, enter the username and password assigned by the 227 
TBase administrator. Click Log On. 228 
 229 
1.4 Next, click on the Add new patient button on bottom of the Patient overview frame on 230 
the left. Then, an input screen appears. 231 
 232 
1.5 Enter the patient’s name, birth date, Charité hospital patient number (see above, or 233 
alternatively a Charité hospital case number), and the information about patient data processing 234 
consent (if it is granted, not granted or revoked by the patient). Click on the Save button on the 235 
bottom right when data entry is completed. 236 
 237 
NOTE: Now, a new patient has been added to TBase and automatically all available patient data 238 
are now transferred from HIS into the TBase EHR system. 239 
 240 
2. Viewing and adding data to a patient record in TBase in the Sections: Master Data, 241 
Medical Data, Doctors, Diagnosis, Procedures, Transplantation Data, Hospital 242 
 243 
2.1 Log in to EHR as described in step 1.3. 244 
 245 
2.2 Search for the desired patient via the search field on the top left via name or birth date. Click 246 
on the search button right of the search field or hit Enter. From the results in the Patient overview 247 
frame on the left, choose the right patient and click on the name. A new screen appears, showing 248 
the selected patient’s Master Data. 249 
 250 
2.3 After searching for a patient, the patient’s Master Data viewing page appears by default. To 251 
navigate there from another page, click on the Master Data tab on the top left. 252 
 253 
2.3.1 To change Master Data, click on the Change button on the bottom right. A new input screen 254 
appears. 255 
 256 
2.3.2. Now, change data such as patient’s phone number, address, add or correct an 257 
identification code by typing the new information into the designated input fields. After data 258 
entry is completed, submit the changes by clicking on the Save button on the bottom right. After 259 
being redirected to the Master Data viewing page, changes can be seen and verified. 260 
 261 
2.4. To view and change Medical Data, click on the Medical Data tab on the top left. The Medical 262 
Data overview appears and shows the existing medical data. They are structured as follows: 263 
patient’s height, blood type, first dialysis date, primary disease, HLA, genetics data, dialysis data, 264 



   

 

data on existing HLA-antibodies, transfusion data, risk factors, allergies, structured anamnesis 265 
data, death.  266 
 267 
2.4.1 To change some of the medical data, click on the Change button on the bottom right. A new 268 
input screen appears. 269 
 270 
2.4.2 For example, add a primary disease to the patient’s medical data by clicking on Primary 271 
disease to expand or collapse the data entry form. On the right, the primary disease input field 272 
can be used to select one disease out of the preexisting suggestions (e.g., from Eurotransplant 273 
primary disease table) or to enter a new disease. Additionally, information about the diagnosis 274 
date, the certainty of the disease (biopsy-proven or not) and a comment can be entered. After 275 
data entry, submit by clicking on the Submit Values button. 276 
 277 
2.4.3. After all changes have been entered and submitted, save the changes by clicking on the 278 
Save button on the bottom right. After being redirected to the Medical Data viewing page, all 279 
changes can be seen and whether they have been saved correctly. 280 
 281 
2.5. To view information about the treating physicians, click on the Doctors tab. The Doctors 282 
viewing page opens up and shows the existing data about treating physicians. They are structured 283 
as follows: physician’s name and address, specialization, type (consultant, general practitioner, 284 
resident), working facility (dialysis ward, outpatient clinic, etc.), phone number. 285 
 286 
2.5.1 To add a new physician, click on the New button on the bottom right. A new input screen 287 
opens up. Alternatively, information about existing physicians can be modified by clicking on the 288 
physician’s name first, and afterward clicking on the Change button on the bottom right. 289 
 290 
2.5.2 For example, a new physician can be added to the patient’s EHR. Search the list of previously 291 
added physicians by entering a name into the search field and clicking on the right entry from the 292 
different suggestions. Alternatively, if the desired physician is not in the list, enter the data into 293 
the input field below after selecting Add New Physician first. 294 
 295 
2.5.3. After all changes have been entered, save the changes by clicking on the Save button on 296 
the bottom right. After being redirected to the Doctors viewing page, all changes are visible and 297 
the user can verify that the changes have been applied correctly. 298 
 299 
2.6. To view and change diagnoses, click on the Diagnosis tab on the top left. 300 
 301 
NOTE: Most of the diagnoses, procedures and investigations are automatically imported via 302 
predefined interfaces from the HIS about inpatient treatment data. 303 
 304 
2.6.1 Enter diagnoses made in the outpatient clinic by clicking the New button on the bottom 305 
right. 306 
 307 
2.6.2 A new diagnosis can be entered, based on International Classification of Diseases 10: Revision 308 



   

 

(ICD-10). Enter the ICD-10 code or the diagnosis name into the search field in the center of the 309 
screen and select the right one from a suggestion list by clicking on it. Next, define the start and 310 
end date if applicable and the context, where the diagnosis was made (inpatient or outpatient) 311 
by typing these data into the designated input fields. 312 
 313 
2.6.3 Submit the data by clicking the Save button on the bottom right. After being redirected to 314 
the Diagnosis viewing page, the changes become visible and the user can see, whether data entry 315 
was correct. 316 
 317 
2.7. To view and change procedures, click on the Procedures tab on the top. 318 
 319 
2.7.1 Enter additional procedures performed in the outpatient clinic by clicking the New button 320 
on the bottom right. 321 
 322 
2.7.2 A new procedure can be entered, based on OPS-Code (German version of International 323 
Classification of Procedures in Medicine (ICPM) codes). Enter the OPS-code or the procedure’s 324 
name into the search field in the center of the screen and select the right one from a suggestion 325 
list by clicking on it. Next, define the localization (left, right, none) and the context, where the 326 
procedure was performed (inpatient or outpatient) by typing these data into the designated 327 
input fields. 328 
 329 
2.7.3 Submit the data by clicking the Save button on the bottom right. After being redirected to 330 
the Procedures viewing page, verify that the changes have been applied correctly. 331 
 332 
2.8 To view and change data on investigations, click on the Investigations tab on the top. 333 
 334 
NOTE: Since most of the reports in the HIS are provided as text-files, most of the corresponding 335 
results in the EHR are text-based as well. In contrast, pathological reports from kidney transplant 336 
biopsies are classified according to Banff Classification 201727,28 and the resulting discrete 337 
classification data are saved into a corresponding table in the EHR. 338 
 339 
2.8.1 To look at the findings of a specific investigation click on the right one in the list below or 340 
use the search field above to select it from the suggestion list. 341 
 342 
2.8.2 Enter additional investigations performed in the outpatient clinic by clicking the New button 343 
on the bottom right. 344 
 345 
2.8.3 Enter a new investigation by typing date, type (ultrasound, holter-monitoring, etc.), 346 
involved organ and the findings into the designated input fields. 347 
 348 
2.8.4 Submit the data by clicking the Save button on the bottom right. After being redirected to 349 
the Investigations viewing page, the changes can be seen and verified by the user. 350 
 351 
2.9 To view and change data on hospitalizations, click on the Hospital tab on the top. 352 



   

 

 353 
NOTE: Regularly, KTR that have been transplanted at Charité are hospitalized at the transplant 354 
center for subsequent complications. Generated data is firstly stored in the HIS and relevant data 355 
(e.g., data about admission or discharge, medical reports) are imported into EHR via HIS interface. 356 
External hospitalization have to be entered into EHR manually. 357 
 358 
2.9.1 The data on hospitalization is structured as follows: admission, discharge, medical report if 359 
available, hospital, ward, and reason for hospitalization. To read the medical report, click on the 360 
right one in the list or use the search field above to select it from the suggestion list. 361 
 362 
2.9.2 Enter an additional hospitalization (e.g., external hospitalization) by clicking the New button 363 
on the bottom right. 364 
 365 
2.9.3 Enter a new hospitalization by typing above-mentioned data into the designated input 366 
fields. 367 
 368 
2.9.4 Submit the data by clicking the Save button on the bottom right. After being redirected to 369 
the Hospital viewing page, where the changes become visible and can be verified. 370 
 371 
2.10. To view and change transplantation data, click on the Transplantation tab on the top right. 372 
The Transplantation viewing page appears and shows the existing transplantation data. On the 373 
top, navigate between different transplantations by clicking on the corresponding button, if more 374 
than one transplantation has been performed. 375 
 376 
2.10.1 To view or change information about the donor, click on the View Donor button below 377 
the corresponding transplantation date. To enter or change information about the donor, click 378 
on the Change button at the bottom right and enter data into the designated input fields and 379 
save the changes by clicking on the Save button on the bottom right thereafter. 380 
 381 
2.10.2 To add a new transplantation to the patient’s EHR, click on the New button on the bottom 382 
right on the Transplantation viewing page. Enter transplantation specific data according to the 383 
input fields (including information about organ type, transplantation date, ischemia time, 384 
procedural complications among others). Save the data to the EHR by clicking on the Save button 385 
at the bottom right. The user is then redirected to the Transplantation viewing page to see 386 
whether the changes have been saved correctly. 387 
 388 
2.10.3. To change information about an existing transplantation, click on the Change button on 389 
the bottom right on the Transplantation viewing page, and a new input screen appears where 390 
the existing data for the selected transplantation are shown. Change these transplantation 391 
specific data according to the input fields (including information about organ type, 392 
transplantation date, ischemia time, procedural complications among others). Save the new 393 
entry data in the EHR by clicking on the Save button at the bottom right. After being redirected 394 
to the Transplantation viewing page, see the changes and check whether changes are entered 395 
correctly. 396 



   

 

 397 
3. Viewing and selecting laboratory data 398 
 399 
3.1. Log in to TBase and select the desired patient as described in 1.3 and 2.2. 400 
 401 
3.2. To view the laboratory data, click on the Laboratory tab on the top, and a tabular overview 402 
of the latest laboratory results appears. On the top, all data of the last investigation are visible 403 
with a drop-down menu to search for previous lab data and a search field next to it, where one 404 
can search for specific laboratory values (e.g., creatinine). 405 
 406 
NOTE: The laboratory values are displayed as follows: date of sample receipt, date of processing, 407 
name of the laboratory value, value, unit, reference range, a comment (H … high, L … low, N … 408 
normal), and the previous two historic lab values for comparison. 409 
 410 
3.3 To change a date for view of a historic laboratory investigation, click on the drop-down menu 411 
on the top left and select the desired date by clicking on it. All corresponding lab values from this 412 
date is then displayed as described above. 413 
 414 
3.4 To select a specific laboratory value such as creatinine and examine its course over time, type 415 
its name into the search field on the top and select the right one from the suggestion list. After 416 
clicking the Show Labor button, every result for the selected value of this patient is shown in the 417 
chart below. 418 
 419 
3.4.1 Alternatively, simply click on the desired value in the initial tabular presentation of a single 420 
investigation. This again shows all previous and the current results for this specific laboratory 421 
value.  422 
 423 
3.5 To plot the course of a laboratory value, click the plot symbol next to the desired value. This 424 
automatically creates a plot of all existing results for this value. If needed, specify the time range 425 
for the plot by selecting a start and end date in the input fields on the top right and add a second 426 
value to the plot by selecting it in the designated input field. Go back to the Laboratory viewing 427 
page by clicking on the Back button on the bottom right. 428 
 429 
4. Viewing and changing medication data: creating a standardized medication list 430 
according to German regulations (“Bundeseinheitlicher Medikationsplan”) 431 
 432 
4.1 Log in to TBase and select the desired patient as described in 1.3 and 2.2. 433 
 434 
4.2 To view the medication data, click on the Medication tab on the top. A tabular overview 435 
about the patient’s current medication appears. The medication data are shown as follows: 436 
starting date, active substance, single dose (e.g., in mg), trading name, dosing scheme, daily dose, 437 
dosage form, notification, indication, kind of prescription (internal or external physician, or self-438 
treatment by the patient). 439 
 440 



   

 

4.3. To add a new medication, click on the New button at the bottom right. Enter the name of 441 
the substance (or alternatively the trade name), the dosing scheme, and the starting date, which 442 
is set automatically at the current date, but can be changed if the starting date was in the past. 443 
Additionally, indication and a remark can be added into the designated input fields. Add the 444 
medication to the list by clicking on the Save button on the bottom right. 445 
 446 
4.4 To change an existing medication, click on the appropriate item in the medication list and on 447 
the Change button on the bottom right afterwards. Now, changes regarding dosage, application 448 
form can be typed into the designated input fields and the changes can be applied by clicking the 449 
Save button on the bottom right. 450 
 451 
4.5 To discontinue a drug, click on the designated drug and click on the Discontinue button on 452 
the top. 453 
 454 
4.6. To search for previous medication, enter the active substance into the search field on the 455 
top left and select the right one by clicking on it from the historic medication list. A chart with all 456 
previous medications appears, which is structured as stated in 4.2. 457 
 458 
4.7. To create a standardized medication list for the patient according to German regulations, 459 
click on the button Bundeseinheitlicher Medikationsplan on the top right. A PDF-file is created 460 
and downloaded automatically for printout. 461 
 462 
5. Viewing and adding entries to the medical course: generating a medical report semi-463 
automatically 464 
 465 
5.1 Log in to the EHR and select the desired patient as described in 1.3 and 2.2. 466 
 467 
5.2 To view the medical course, click on the Course tab on the top. A tabular overview about the 468 
documentation from the patient’s previous appointments is provided. The data are structured as 469 
follows: date of the appointment, date of the next appointment, blood pressure, heart rate, 470 
temperature, weight, body mass index, urine volume and three text fields divided into public 471 
assessment for the patient, internal assessment for use at Charité, and medical assessment for 472 
other physicians. 473 
 474 
NOTE: Additionally, there is a summary field at the bottom, which is used to summarize important 475 
information about the patient’s medical history and make it visible at first sight. 476 
 477 
5.3 To add a new entry to the medical course, click on the New button on the bottom right. Enter 478 
the information assessed into the desired input fields (e.g., vital signs, treating physician, internal 479 
assessment or public assessment). Add the date of the next appointment into the designated 480 
input field on the top right. Submit the data by clicking the Save button on the bottom right. 481 
Users are then redirected to the Course viewing page. 482 
 483 
5.4 To change an existing entry, click on the appropriate one and click the Change button on the 484 



   

 

bottom right next. Now, enter additional data into the designated input fields or change existing 485 
data. Change or update information in the notification field by typing into it, and submit the 486 
changes by clicking the Save button on the bottom right. Users are then redirected to the Course 487 
viewing page. 488 
 489 
5.5 To create an automated medical report, click on the Medical Report button on the bottom 490 
right. A new screen appears, with 18 different options (ranging from laboratory results to 491 
complete medical report). 492 
 493 
5.5.1 For example, create a medical report with a few clicks: Click on Outpatient Medical Report. 494 
The patient name, the treating physician, the last date of the laboratory values and last date of 495 
medical course are automatically filled out, but can be changed if needed. After confirmation by 496 
clicking on OK, a properly formatted word (.doc-) document file is created and downloaded for 497 
printout containing the selected information. 498 
 499 
6. Logging out 500 
 501 
6.1. To actively log out of TBase, click the Log out button at the bottom right. Additionally, 502 
one is logged out automatically after 60 minutes of inactivity or if the browser is closed.  503 
 504 
7. Using the collected data 505 
 506 
7.1. To query the collected data, use replication server (Figure 1) as described in the Database 507 
structure and interfaces section. Any data processing programs that can connect to a database 508 
via Open Database Connectivity (ODBC), Java Database Connectivity (JDBC) can be used for the 509 
queries. Once the connection to the database has been established, use the open-source 510 
software R Studio. 511 
 512 
7.2. To set up an ODBC database connection, for example, in the Windows operating system, 513 
open the ODBC tool and click Add for a new user data source name (DSN) under Control Panel 514 
and Security Management. There, enter the available connection data to the replication 515 
database. Enter the following data: "Driver Name", "ODBC Connection Name" (set by the user), 516 
"Hostname" and the SQL authentication details "User Name", "Password" and "Database Name". 517 
 518 
7.3. In order to generate a very simple query (e.g., number of transplants divided by gender 519 
in the years 2000-2020) in the open-source software R Studio after the ODBC database 520 
connection has been set up, open File, New File in the application R Studio at the top left and 521 
click on R Script. The example script code (Code 1) is entered in the empty script window that 522 
opens. 523 
 524 
7.4. Click on button Source on the top of the script window and the script is running and then 525 
generates the bar chart defined in the script with the data from the connected database (Figure 526 
6). 527 
 528 



   

 

REPRESENTATIVE RESULTS: 529 
TBase was first released in 1999 at Charité Campus Mitte and is in use ever since. For more than 530 
20 years the TBase-EHR prospectively collects data from all KTR. Starting in 2001, the other 531 
transplant programs at Charité used TBase for the routine care of KTR and wait-listed patients as 532 
well. Since 2007, this EHR is in use for routine care of living donors and all patients in the 533 
department of nephrology.  534 
 535 
By providing the TBase software with its functionalities, which has been further developed in 536 
recent years into a modular web-based research database with modern software architecture, a 537 
total of 6,317 patients with 7,595 kidney transplantations were documented over a period of 538 
more than 20 years. In total the KTR have 220,877 diagnoses, 332,299 procedures, 1,033,941 539 
laboratory reports, 24,478,441 Laboratory values, 539,922 medication episodes, 324,339 540 
investigations, 6,489 donor data, and 54,350 discharge letters among others (Table 3).  541 
 542 
In addition, data of 20,724 patients were collected including patients on the waiting list, living 543 
donors and patients with chronic kidney disease. These patients have a total of 232,783 544 
diagnoses, 408,857 procedures, 546,661 laboratory reports, 13,399,048 Laboratory values, 545 
114,657 medication episodes, 226,206 investigations and 70,278 discharge letters. 546 
 547 
More than 50 scientific publications from the TBase database as original research in peer-548 
reviewed journals were published over the last 10 years1-4,6,9-13,17-19,21,29-36. A thorough data 549 
protection assessment was performed and laid down at the data protection officer. TBase is 550 
supervised by a development team consisting of four fulltime computer scientists with the 551 
support of IT department and the department of Nephrology.  552 
 553 
FIGURE AND TABLE LEGENDS: 554 
Table 1: Problems of clinical databases and standalone research databases. This table lists the 555 
problems of hospital information systems (HIS) on the one hand and specific research databases 556 
with a variety of problems of the other hand.  557 
 558 
Table 2: Benefits of TBase in clinical care and research. This table lists the benefits of an 559 
integrated EHR and research database for clinical uses and researches. 560 
 561 
Table 3: Number of patient records and patient data. For more than 20 years TBase 562 
prospectively collects data from all KTR. Starting in 2001, the other transplant programs at 563 
Charité used TBase for the routine care of KTR and wait-listed patients as well. 564 
 565 
Figure 1 - TBase architecture. The EHR TBase is based on four different databases with the live 566 
system at core enabling different groups of agents to work in parallel. Clinical users enter data 567 
via the graphical user interface (GUI) and maintain the high data quality. Most information is 568 
automatically imported via interfaces from hospital information systems, laboratory partners, 569 
and drug-drug interactions checkers. Developers can implement new functionalities, which are 570 
tested on the quality database before integrating them into the live system. For research 571 
purposes the live database is replicated regularly, so that no interference with the live system is 572 



   

 

necessary when database queries are performed by clinical researchers. 573 
 574 
Figure 2: TBase data tables. For the representation of patient data, a simple table structure was 575 
implemented for an intuitive and self-explanatory design. For example, the patient table with the 576 
PatientID as the primary key is at the centre of the table structure. Almost all tables (except 577 
individual sub-tables) are connected to this central table through PatientID. 578 
 579 
Figure 3: TBase data types. To exemplify how different key clinical data are represented in the 580 
database underlying TBase, parts of the tables Medication, Patient, and Transplantation with the 581 
corresponding data types are shown. The data fields are represented in the TBase GUI. For 582 
instance the Medication table is typified in the Medication mask. 583 
 584 
Figure 4: TBase screenshot. on top the Master view displays patient name and different tabs for 585 
different Detail masks, here the Medication mask. On the left drug-drug interactions are 586 
displayed by color codes. In each line, start date, drug and trading name, dosing schedule, 587 
potential notes and the indication for prescription are shown. Additional buttons in the mask and 588 
below indicate different functionalities such as historic search, start and stop of medication, as 589 
well as print of medication plan for the patient. 590 
  591 
Figure 5: Authorization concept. The EHR is based on user management at the application level. 592 
Thus, users can only access the frontend of the application, but not the database itself. A four-593 
stage authorization concept was chosen reserving user management for those with 594 
administrative rights. Administrators use an "Identity Management Console" application to add 595 
new users from the Charité user pool for the TBase application and to maintain their user rights. 596 
 597 
Figure 6: Result of a very simple database query. The database can be connected via a database 598 
interface (e.g., ODBC). Data processing software (e.g., the open-source software R Studio) can be 599 
easily sent queries to the database and graphical results can be generated. 600 
 601 
Figure 7: TBase on a professional modern in-memory database system. Using the development 602 
system facilitates the simultaneous development of TBase applications in different development 603 
containers for other user groups with their unique domain requirements. The specific containers 604 
for different user groups run in parallel and are brought into the live system via the TBase Master 605 
Template. 606 
 607 
DISCUSSION: 608 
TBase combines a web-based EHR for specialized outpatient care of KTR with a research 609 
database, creating a comprehensive long-term database for patients with kidney disease6,11,15,37. 610 
Regarding organizational structure, this is enabled by implementing a modern software design 611 
process as an institutional agent and including over 20 years of experience as developers, clinical 612 
users and researchers to develop the current version. Additionally, it is constantly improved and 613 
updated according to the needs of the clinical users, since it is the main outpatient 614 
documentation software for nephrological patients at Charité - Universitätsmedizin Berlin. For 615 
the clinical user, this EHR offers automated integration of all relevant data from inpatient and 616 



   

 

outpatient systems and allows for easy and intuitive documentation of transplant-specific data 617 
and long term patient pathways. Regarding medication data, a commercially available database 618 
is connected to the EHR, providing information about every pharmaceutical product approved in 619 
Germany, which is updated every two weeks. Prescribed medication is checked for drug-drug 620 
interactions by cooperating with a commercial system from the Department of Clinical 621 
Pharmacology & Pharmacoepidemiology at the University Hospital Heidelberg through an API. 622 
With each medication change in TBase, the respective medication data are sent to the system in 623 
a pseudonymized form. The software identifies potential drug-drug interactions of the active 624 
agents. The results are sent back to the EHR, where they are stored and displayed in the 625 
medication mask in real time. A color code marks the severity of potential interactions and a pop-626 
up window provides detailed information on the type of interactions (Figure 4). The patient can 627 
access the same medication data as a standardized medication list as part of a semi-automated 628 
medical report or via live updates on the smartphone16.  629 
 630 
Regarding its database architecture, the EHR is based on four different databases with the live 631 
system at core, hence enabling different groups of agents to work in parallel. It is practice-632 
approved that development, testing, and clinical work do not hinder each other. For research 633 
purposes the live system is replicated weekly but not automatically, which to improve is under 634 
development. Most importantly, the live system is separated from developers and researchers 635 
providing highest level of data protection for the sensible patient data by design. In addition, by 636 
this means data manipulation and corruption is limited and data validity in maintained as much 637 
as possible. 638 
 639 
Technologically, the EHR is based on a modern in-memory database technology consisting of 640 
various components and guaranteeing secure communication and data storage. In the backend, 641 
patient data are protected by a granular authorization concept. For that purpose, the 642 
development platform is separated from the live system and different authorization levels are 643 
deployed. Additionally, all data are saved on Charité servers behind the certified firewall, further 644 
increasing data protection.  645 
 646 
Regarding the frontend, the EHR is based on HTML5 technology, which enables responsive web 647 
design and allows to use the web-based EHR on all end devices at any place in the hospital. The 648 
development environment supports numerous standard programming languages such as Java, 649 
Javascript, PHP, and Python, thus enabling easy and successful recruitment of developers. 650 
Furthermore, numerous pre-designed visualization options are available, generating graphics for 651 
the course of laboratory parameters as described in the protocol. In the next developmental 652 
steps real-time monitoring of patient data (e.g., renal function, vital signs) and important 653 
outcomes such as patient and graft survival will be integrated. Automated display of waitlisted 654 
patients and their current status will improve process management regarding organ allocation 655 
from Eurotransplant. For this purpose, interfaces to external partners (physicians, dialysis wards, 656 
Eurotransplant) are necessary, as discussed next. 657 
 658 
One primary goal when creating TBase was to bring all outpatient and inpatient routine data into 659 
one database. This is enabled by APIs and self-developed interfaces, which, to this point, import 660 



   

 

different kinds of laboratory results and other investigations from inpatient and outpatient 661 
treatment, while new interfaces to Eurotransplant and other external partners are under 662 
development. Regarding laboratory data for outpatients, our laboratory partner provides the 663 
laboratory results via HL7 messages. These are deployed to a shared area in the laboratory 664 
system and picked up via an HL7 interface and imported into the TBase system. Since it is an 665 
external provider and does not have access to the hospital information system, the Charité 666 
hospital patient number or case numbers cannot be used for patient identification. So far, the 667 
only other possibility for identification via laboratory order numbers could not be used either, 668 
because the electronic laboratory orders are generated in a separate system and the EHR does 669 
not have automatic access to these. For this reason, incoming data can only be automatically 670 
identified by name, first name and date of birth. Since spelling in the different systems may differ, 671 
it occasionally happens that data cannot be automatically matched in TBase. These observations 672 
are cached in a queue until they are assigned by a user manually to the correct patient in the 673 
EHR. The assigned patient identifiers are stored in the system and will be used for automatic 674 
identification in the future. 675 
 676 
An important concern when designing clinical databases is changing data quality over time. Since 677 
the effects depend on the type of data considered, we deliberate this for different data types 678 
independently, based on those mentioned in Table 3. Most data in TBase are routine laboratory 679 
data. While laboratory methods may have changed, the parameters themselves remained the 680 
same throughout time, such as creatinine, urea, electrolytes, liver enzyme assays, coagulation 681 
parameters, and blood count. The parameters and the corresponding normal ranges are 682 
comparable over time, even if the latter differ slightly between different assays. At our 683 
laboratory, most laboratory measurement do not use SI units, but metric units. While this 684 
requires to implement conversion factors when incorporating external data, it ensures 685 
comparability of internal laboratory data over the last 20 years. The second largest group are 686 
medication data. Despite the fact that standard immunosuppressive regimes have changed, data 687 
quality about medication did not change over time. Procedures are encoded as OPS-codes, which 688 
are the German adaption of the International Classification of Procedures in Medicine (ICPM) and 689 
are universally accepted and used ensuring continuous data quality over time. The same holds 690 
true for diagnosis data, which are encoded according to ICD-10 that is obligatory for outpatient 691 
medicine in Germany since 2000. Another big group of data are those about medical 692 
investigations. In kidney transplantation, especially data about kidney transplant biopsies are 693 
important. For pathology data of kidney transplant biopsies, currently the Banff 2017 694 
classification is used, but classification for kidney transplant biopsies have changed multiple 695 
times over the last 20 years. We therefore decided to reclassify all kidney transplant biopsies 696 
made at Charité Berlin according to Banff 2017 to remarkably increase data quality for research 697 
purposes27,28. Other medical data such as imaging reports or those from examinations such as 698 
colonoscopy or bronchoscopy are recorded as strings. To restructure those data according to the 699 
latest medical standards and to make it available for research purposes, we currently work on 700 
categorizing such data retrospectively. The same applies to medical records. Their formatting and 701 
structure vary among different departments and over time, so we currently decided to record 702 
them as strings. This enables us to use the incorporated information in the clinic and for research 703 
purposes. The last group of data, are patient data such as age, gender, treating physicians, but 704 



   

 

also general medical data such as allergies, duration and form of dialysis. These did not change 705 
remarkably over the last two decades. There is, indeed an increase in data quality about 706 
underlying kidney diseases with greatest progress made in the detection of genetic diseases. 707 
Rarely, patients who are registered for a second transplantation are tested for genetic diseases 708 
and their diagnosis is corrected subsequently, but for most patients such correction cannot be 709 
achieved. Similarly, progress has been made regarding transplantation data. Especially detection 710 
of donor-specific anti-HLA antibodies is a highly dynamic field of research with source data from 711 
HLA-laboratories filling their own databases. Hence, it is only recorded, if donor-specific HLA-712 
antibodies are present. Therefore, changes in detection method are not considered. Overall, for 713 
most data types, we already ensure homogenous data quality over time. In the future, we will 714 
implement methods like Natural Language Processing to extract relevant information from text 715 
based data like medical reports or examination reports. 716 
 717 
Outlook – TBase User Group, Artificial Intelligence, and Telemedicine 718 
Since TBase is designed in a modular way, scalability into other transplant centers and to different 719 
outpatient clinics in other hospitals is possible and under current development (Figure 1). 720 
Especially other transplant centers and specialized outpatient clinics of Charité are now 721 
implementing the EHR for their individual clinical and research purposes. The basic structure is 722 
maintained and extensions tailored to the individual needs are programmed for endocrinology, 723 
rheumatology, neurology, cardiology and gastroenterology. One main advantage for the 724 
different departments is TBase's integration into the IT landscape of Charité with a state-of-the-725 
art data protection concept. The different TBase containers were implemented in a short time 726 
thanks to the modular structure and the existing interfaces (Figure 7). Recently, a database for 727 
follow-up and clinical research of COVID-19 patients based on TBase was established as well.  728 
 729 
Sharing and developing the integrated database with other departments and hospitals helps to 730 
build a more sustainable research platform that is open to other transplant centers. The goal of 731 
such an open source developmental process is to create synergies via a TBase User Group. This 732 
raises new problems of varying data protection measures at different institutions, but offers the 733 
possibility to enhance further development by including other institutional agents with additional 734 
expertise as well. The user group can join forces and implement new modules (e.g., for clinical 735 
trials) or interfaces (e.g., for Eurotransplant, quality assurance, transplant registry). Another 736 
important perspective for TBase is the certification as a medical device, which can be better 737 
achieved if several partners work together. The aim of the TBase User Group is to create a flexible 738 
platform that each department can use on its own, but which is also available for larger common 739 
clinical research projects.  740 
 741 
Another important aspect worth considering is that integrating algorithms, especially Machine 742 
Learning technologies, into medical workflows is most promising, when performed on high 743 
quality health data16,38. TBase seems well-suited for the development as well as the 744 
implementation of novel AI methods in kidney transplantation by a variety of captured variables, 745 
the availability of structured and unstructured data as well as high-quality long-term data. Future 746 
AI-based clinical decision support systems can be integrated seamlessly into the Graphical User 747 
Interface of the EHR. Before such systems can be deployed, clinical, technical, ethical and legal 748 



   

 

challenges have to be overcome. First of all, the clinical utility of such AI-based algorithms has to 749 
be proven. Therefore, we currently conduct a study, in which we test the accuracy of an AI-based 750 
algorithm for predicting rejection, transplant graft failure or infection in KTR. The algorithm was 751 
developed by the German Research Institute for Artificial Intelligence (DFKI) based on TBase data 752 
using Gradient Boosted Regression Trees. The study will compare the ability of experienced 753 
physicians to predict different endpoints with and without information provided by the AI-model. 754 
In a next step, we will apply text mining and methods from the field of Natural Language 755 
Processing. Hereby, we aim to create structured data from medical reports and examination 756 
reports to make this huge body of valuable data available to research and the clinician. This will 757 
later enhance model accuracy of AI-based prediction models, which are currently not 758 
incorporating these unstructured data. Beyond those technical and medical consideration, 759 
ethical and legal challenges have to be met. Therefore, we additionally examine human-machine 760 
interaction in the abovementioned experiment to understand what opportunities, but also what 761 
risks and disadvantages arise when implementing such systems from the physicians’ perspective. 762 
Therefore, we conduct structured interviews and examine how the use of such decision support 763 
systems changed the physicians’ approach to medical decision making. 764 
 765 
A third forward looking modular expansion of TBase is to integrate telemedicine solutions. In 766 
contrast to many telemedicine approaches, which cannot be transferred into the existing digital 767 
infrastructure, complete integration of all incoming patient data from the telemedicine project 768 
MACCS1,18,19,21,26,39 into these EHR was enabled. For this purpose, a telemedicine dashboard was 769 
built directly in TBase, which is connected via a HL7 FHIR interface to the smartphone of the 770 
patient and the home nephrologist. Consequently, the telemedicine physician in the hospital has 771 
access to vital signs collected by the patient at home20. The automatic transmission of relevant 772 
patient data (including laboratory data) from the home nephrologist provides an additional 773 
clinical benefit for the physician and creates a more comprehensive database for research. In the 774 
future, with implementing new interfaces, the EHR shall be able to capture data from online 775 
patient communication (e.g., chat), IoT devices (e.g., mobile ECGs, point of care devices), and to 776 
integrate all incoming data in real-time as well as displaying patients at risk with the help of AI 777 
algorithms. 778 
 779 
Conclusion 780 
In summary, TBase offers a practice-approved and comprehensive electronic patient record for 781 
KTR optimized for research-oriented transplant centers. It can be easily transferred to other 782 
transplant centers due to its modularity and platform independence. Its design allows the 783 
integration of data from home monitoring and AI-driven data analyses. The TBase user group will 784 
drive its further development with the goal to foster transplantation research.  785 
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Disadvantages of hospital information systems (HIS)

Relevant data are not fully available

No or limited adaptation to domain-specific needs 

Designed for either inpatient or outpatient care

Changing the HIS often results in loss of previous data.

Difficult data extraction for research purposes 
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Disadvantages of standalone research databases

Manual data entry, no automated data transfer of routine clinical data

Data entry limited to key variables, thus impeding machine learning applications

Data validation is difficult and time-consuming

Single user standalone systems often result in short-lived data silos.

Usually unemployable for new needs. Thus, a new database is created.



Benefits in clinical practice

Interfaces realize the automatic import of

         Clinical reports (laboratory, pathology, radiology, virology, 

microbiology)
         Hospital data

         ET donor data (in progress)
Documentation fields (partially with selection lists) allow the 

inclusion of numerous subject-specific data and their 

maintenance by the treating physicians

         Demographic data, personal data (address, telephone 

number, e-mail etc.), basic medical data, diagnoses, histories, 

procedures, laboratory data, medications, examinations, 

hospital data, transplantation data, donor data, rejections

More than 20 years of follow up data for individual patients 

through continuous development of the same database

Easy access at outpatient clinic, medical ward and emergency 

room to all relevant medical data including:

          Transplant data

         Examination results, laboratory values, medical reports 

and notes
         Medication lists (current and historical)

         Phone numbers and other core data

Semi-automated generation of

         Medical reports for external physicians

         Medication lists and laboratory values for patients

Compliance with EU GDPR data protection requirements

Graphical historical data display (e.g.  multiple laboratory values 

over time and their correlation in a diagram with just a few clicks 

possible) 
Display of the annual GFR decline (planned)
Monitoring dashboard for real time display of outcome 

parameters, waitlist, special patient groups (planned)

Facilitating quality assurance

         Automatic export of the relevant data to the hospital QA 

module (planned) 
         Easy queries for quality control or other evaluations

Implementation of new methods in clinical routine such as 

telemedicine, or predictive AI models for identifying patients at-

risk
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Benefits for research

100% follow-up of patient and transplant survival, complete and validated 

data set for laboratory values, medication lists, diagnoses, procedures, and 

examinations, donor and transplant data available

Connection to different statistical analysis tools (e.g. SPSS, R) via standard 

interfaces

Analysis of new data sources from telemedicine and mobile activity trackers

Easy data collection for clinical observational studies as well as for case 

reports / case series

Fast data access for documentation in clinical trials / studies

Simple data extraction for research projects with other researchers 

regarding different aspects (e.g., Eurotransplant Senior Program, new drug 

therapies, intensive care stays, patients with postoperative complications)

High data quality due to continuous data validation in routine care by clinical 

users 

Easy data extraction from unstructured data (notes, letters, medical reports) 

by using modern text mining techniques

Analyses with artificial intelligence methods enable the development of 

predictive models



patients with kidney transplant N = 6.317

kidney transplant 7,595

diagnoses 220,877

procedure 332,299

laboratory 1,033,941

laboratory values 24,478,441

medications 539,922

investigations 324,339

discharge letters 54,350

donor data 6,489
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Name of Material/Equipment Company Catalog Number Comments/Description

Developer platform SAP Web IDE SAP SE

GUI Toolbox SAPUI5 SAP SE

In-memory database SAP-HANA SAP SE

Interface Standard HL7 Health Level Seven International

Interface Standard HL7 FHIR Health Level Seven International

RStudio RStudio Inc.

TBase - Electronic Health Record Charité - Universitätsmedizin Berlin

Webserver SAP-HANA XSA SAP SE
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Response Letter 

 

Dear editor, dear reviewers, 

 

thank you very much for your valuable feedback, which helped us to further improve our manuscript. In 

the following, we will explain point by point how we addressed the editorial and reviewers comments. 

We are confident that our manuscript now is acceptable for publication in your journal.  

 

Danilo Schmidt on behalf of the co-authors 

 

 

Editorial comments: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. 

 

Answer: We proofread the manuscript twice before resubmission. 

 

2. Please define the abbreviations before use. (EHR, API, HL7, EU GDPR, ICD-10, DSN, ODBC, 

JDBC) 

 

Answer: Sorry for this mistake, in the revised manuscript we now defined abbreviations before use. 

 

3. Please ensure that, for in-text formatting, the corresponding reference numbers appear as 

numbered subscripts after the appropriate statements. Multiple references must be separated by 

commas. 

 

Answer: In the revised manuscript we edited the references according the guidelines. 

 

4. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text 

between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per 

step and a maximum of 4 sentences per step. 

 

Answer: We revised the protocol accordingly and checked that now all protocol steps meet these 

criteria. 

 

5. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only be 

used to provide extraneous details, optional steps, or recommendations that are not critical to a step. 

Any text that provides details about how to perform a particular step should either be included in the 

step itself or added as a sub-step. Please consider moving some of the notes about the protocol to the 

discussion section. 

 

Answer: We reduced the amount of “Notes” in the revised protocol. In order to discuss some aspects 

in greater detail, we expanded the discussion about pathology classifications in Line 682 – 687 (see 

next comment below) and medication data to lines 611 – 622. 

 

6. Line 326: Please add the details regarding the basis of the classification. An appropriate citation 

would suffice. 

 

Answer: We added information about the classification of kidney transplant biopsies in Line 330 and in 

Line 682-687 in the discussion part together with an appropriate citation. 
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7. Line 358: Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. 

(“2.8.3” should be “2.9.3”, “2.8.4” should be “2.9.4”) 

 

Answer: We changed the numbering according your instructions.  

 

8. Each Figure Legend should include a title and a short description of the data presented in the 

Figure and relevant symbols. The Discussion of the Figures should be placed in the Representative 

Results. Details of the methodology should not be in the Figure Legends, but rather the Protocol. 

 

Answer: We shortened the description of Table 1 and 2.  

 

9. Please do not use any abbreviations for the journal titles and book titles. 

 

Answer: We replaced the abbreviations for journal titles by full titles. 

 

10. Figure 1: Please remove the commercial branding: SAP, SAP HANA (also in Figure 5), Labor 

Berlin, etc. 

 

Answer: We edited the figures accordingly and removed all commercial brandings. In the text we only 

mention the commercial product once, because it is important for the reader to know the exact current 

development system of the database. 

 

11. Figure 6: Please define the dataset labels on the top right corner so that it does not cove the 

represented data bars. 

 

Answer: The dataset was recreated in a way that the label does not cover the data bars.  

 

12. Please move the code from step 7.2 to a supplementary file. 

 

Answer: The code from step 7.2. was moved to a supplementary file. 

 

13. Please include an Acknowledgements section, containing any acknowledgments and all funding 

sources for this work. 

 

Answer: An Acknowledgements section as well as an Authors’ contributions section was added. 

 

14. Please spell out the journal titles. 

 

Answer: The journal titles were spelled out in the references. 

 

 

Reviewer #1: 

Major Concerns: 

“There is not a real description of the relationships and transformations between the EHR and the 

TBase database structures. This needs to be much more explained. How have the authors mapped 

the elements of the EHR to the working structure of the database? Moreover there is nor any 

description of TBase itself. How is it organized? Why is it such a good database for secondary use? 

Why is it so smoothly connected to the EHR. An example or figure could be very helpful. The authors 

speak a lot about its operation but almost nothing about its working structure and characteristics.” 

 

Answer: We explicated throughout the revised manuscript that TBase and the electronic health record 

(EHR) are the same. The database and the graphical user interface (GUI) together, build the EHR for 

kidney transplant recipients named TBase. We added Figure 3, showing exemplarily which data types 

are used for representation of different clinical data in the underlying database. In line 115-121 we 



explained briefly, in which way the database structure is mapped to the graphical user interface of 

TBase and that this is the electronic health record, which end users like physicians and nurses use.  

 

Minor Concerns: 

“On page 3 the "concept of data validation in clinical routine" needs to be explained and clarified.” 

 

Answer: This passage found in the Abstract was replaced by “This is achieved by the concept of data 

validation in clinical routine in which clinical users and patients have to rely on correct data for 

treatment and medication plans and thereby validate and correct the clinical data in their daily 

practice” in lines 51-54. Similarly, we added a sentence on page 3 (Line 130-134). 

 

“I'm not sure if Figure 4 on p. 10 refers to the the text in that page according to the foot label of that 

figure on p. 11.” 

 

Answer: We corrected the text of all figures. 

 

“Where is Figure 5 referenced in text?” 

 

Answer: We referenced Figure 5 in section “Management and Data Protection” in line 183 in the new 

manuscript. 

 

Reviewer #2: 

Major Concerns: 

T-Base was first released in 1999. A major concern is that the data quality has been changing 

dynamically during the data period. This manuscript described data quality in general, but there is no 

discussion on how the data quality has been changed during the data period and how those changes 

affected data integration. 

 

Answer: We commented how changing data quality over time affects the data recorded in our 

database and how we addressed the problems arising. We therefore included lines 665 to 704 into our 

revised discussion. We herein explained that laboratory, medication, procedure and diagnosis data did 

not change remarkably over time. For pathology data, we reclassified all kidney transplant biopsies 

according to the latest BANFF 2017 classification. For other data such as medical reports or 

examination reports, which are currently recorded as strings, we aim to use methods from Natural 

Language Processing to structure those data in the future. As a limitation we stated that some data, 

such as those about genetic diseases cannot be generated retrospectively for previously transplanted 

patients. 

 

 

Minor Concerns: 

One interesting forward-looking expansion is the implementation of Artificial Intelligence, but there is 

no enough detail about this potential expansion 

 

Answer: We acknowledge the demand for more detail about the implementation of methods from 

Artificial Intelligence into our EHR, but have to mention that most of our work in this field is preliminary. 

In the previous version of our manuscript, we already outlined the design of a study that is still 

ongoing, in which we are comparing the predictive accuracy of an AI-based model with experienced 

human physicians. We added information about the underlying AI method, that we use “Gradient 

Boosted Regression Trees” for our current model in line 735. We additionally envisioned the use of 

Natural Language Processing to structure text based data from medical reports or examination reports 

in lines 740 to 744. These data may further increase the predictive accuracy of the previously 

mentioned AI based prediction models.  
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